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DETERMINATION OF TEMPPORAL TREND OF TRACE 
METALS POLLUTION IN ABA SAMUEL LAKE  

BY: MEKONNEN BEKELE 
ADVISORS:   Dr. FELEKE ZEWEGE AND Dr. MOHAMMOD UMER 

ABSTRACT 
In this work the concentration of selected trace metals (Cu, Co, Cr, Cd, Ni, Mn 

and Zn) were determined in the water, water hyacinth plant and sediment core 

samples from Aba Samuel reservoir - artificial lake, 37 km south of Addis Ababa. 

The maximum concentrations of dissolved metals in the water of the reservoir 

were found to be, 0.037, 0.022, 0.12, 0.023, 0.594, 0.045, 0.166 mg/L for Cu, Co, 

Cr, Cd, Mn, Ni and Zn, respectively. The levels of dissolved metals in the water 

were found to be  below the WHO and South African TWQR for drinking water for 

Cu, Co, Ni, and Zn, while the respective guideline values are surpassed for Cr, 

Cd and Mn. 
 

The study has revealed that conc. of the metals to be many folds higher in the 

tissues of the water hyacinth (Echhornia Crassipus) plants than in the ambient 

water of the lake. The ratio of average concentration of the metals in the root of 

the plants to that in the water of the lake was calculated to be 442, 1647, 1546, 

121, 275, 1684, and 1501 for Cu, Co, Cr, Cd, Mn, Ni and Zn,  respectively. 

Moreover, analyses of correlation between level of dissolved metal and the level 

of the metals in plants tissues (roots and leaves) revealed that there exists strong 

correlation between the two. This could be an indicator of the fact that the water 

hyacinths absorb the metals mainly from the lake water.     

 

The depth profile Constructed for the trace metal contaminants from analysis of 

the sediment core sections showed an increasing trend for most of the metal in 

the recent (upper) sections of the sediment cores. Some irregularities are 
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observed in the depth profile of the metals. For example, sub-surfacial maxima 

were observed for some metals which could be due to occasional increased 

metal load at the time corresponding to that particular sediment core section.  

 

 Comparison of the level of the metals in the upper section of the sediment core 

with the Canadian interim and EPA fresh water SQG revealed that the levels  of 

Cd, Cr, and Ni has already surpassed their maximum advisable levels which is 

recommended  as a safe level for protection of aquatic system. The rest of the 

metals have levels which are below their respective maximum permissible values 

that are recommended by the Canadian EPA to protect aquatic life.
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1 INTRODUCTION 

1.1 BACKGROUND 
 

The impact of human population on surface and groundwater is increasing with 

the development of industries and the growth of population size in and around 

the city of Addis Ababa. The  fast growth of the city both spatially and in terms of 

population number is apparent from the following data: In the year 1970 the size 

of the city was 37.4 km2 while in 1999 it reached 230.35km2 (Tamiru et al., 2003). 

The city founded 112 years ago with few thousands of population has today more 

than 2.7 million inhabitants.  The most recent studies estimated that the rate of 

urban expansion was 6.65 km2/yr. This demanded huge increase in the 

extraction of resources and release of huge volume of wastes to the environment 

of the city. 

 

In contrast to the high rate of expansion of the city, the growth of sewage 

disposal facility is relatively stagnant.  The infrastructure that exist now was 

arranged 60 years ago (Krekel, 1995) and the developments achieved since then 

are small. Because of this incompatibility between population growth and 

development of waste removal facilities, majority of the population and industries 

of the city have no access for controlled sewage disposal (Steinbach. & 

Schultheis, 2006). The poor waste removal facilities and the widespread 

uncontrolled waste disposals have put both ground and surface waters at risk of 

pollution by toxic chemicals.  

 

The toxic chemicals released in to the environment can move many kilometers to 

affect distant places from their point of generation. Aba Samuel reservoir, 

through its tributaries, is one of the areas around the city that are directly 

receiving pollutants generated by the activities in and around the city (Feven 

Solomon, 2007). 
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Reviews of previous studies and field observations reveal that surface and 

shallow ground waters around the city of Addis Ababa are under high pressure of 

pollution from indiscriminate disposal of both solid and liquid wastes on open 

sites, drainage channels, rivers, and streets (Addis Ababa city SBPDA, 2003). 

Such indiscriminate damping of wastes on pavements and open drains is 

polluting the two natural draining systems of the city – Little and Big Akaki rivers 

both of which drain in to end in Aba Samuel reservoir.  

 

Aba Samuel reservoir was created in 1939 to produce electricity for Addis Ababa, 

and production continued until 1970 when the machinery became too old to be 

maintained and the plant stopped working. The reservoir has catchment area of 

1,495 km2. The reservoir originally had an area of 12,068 km2, but the catchment 

has suffered much erosion resulting in silt deposition in the reservoir that has 

also been invaded by Water hyacinth (Echhornia crassipes). Both of these 

factors have severely reduced the area of open water.  
  
In recent years, much concern is arising regarding environmental                           

pollution due to toxic chemicals resulting from domestic and industrial activities. 

Pollution by heavy metals and other toxic chemicals has been of considerable 

public and scientific interest in the light of the evidence of their extreme toxicity to 

humans and biological systems (Benson et al., 2006). It has also been discussed 

in Marta et al., (2008) that the study of toxic and trace metals in the environment 

is more important in comparison to other pollutants due to their non-

biodegradable nature and accumulative properties. Moreover, it is difficult to 

remove them completely from the environment once they enter into it. With the 

increased use of a wide variety of metals in industries and in our daily life, there 

is now a greater awareness of toxic metal pollution of the environment. Many of 

these metals tend to remain in the ecosystem and eventually move from one 

compartment to the other within the food chain. In an effort made to monitor the 

environment, lake sediments and biomonitors (plants and animals) are most 

often used. 
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Many literatures explain that the actual environmental toxicity of the heavy trace 

metals is the function of the metals in the bioavailable forms rather than their 

concentration in an environmental compartment (Shao-Wei et al., 2004). The 

soluble fraction of the metals can be distributed in to the biological system once 

they entered the food chain through aquatic plants. Therefore, it is a common 

practice in the environmental pollution monitoring studies to undertake bio-

monitoring analysis in addition to sediment analysis. The level of pollutant trace 

metals in biomonitors (aquatic plants or animals) reveals to what extent the 

metals are being accumulated in biological systems.         

1.2 SOURCES AND ROLES OF TRACE METALS IN THE     

      ENVIRONMENT 
 
Trace metals are intrinsic, natural constituents of our environment. Apart from the 

natural sources, several anthropogenic sources also contribute to metal 

concentrations in the environment. Some of the anthropogenic sources of the 

metals in the environment are mining, smelting, production and use of the 

compounds and materials containing the metals, burning of fossil fuels, waste 

dumping and leaching of waste dumps, urban run-off, sewage effluents and 

agricultural run-off.  

 

Toxic metals to a large extent are dispersed in the environment through industrial 

effluents, organic wastes, refuse burning, and transport and power generation. 

They can be carried to places many miles away from the source depending upon 

whether they are in the gaseous form or as particulates. Another means of 

dispersal, especially in the hydrosphere is the transport of the effluent from 

catchment areas that have been contaminated by wastes from various industries. 

Trace metals can be released to the different environmental medium and finally 

enter to their ultimate sink, lake sediments.  

 

Trace metals, like other trace elements, are best classified in to two categories: 

those metals whose essentiality has been established by accepted standards 
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and those for which proof of essentiality does not exist. Mertz, 1981 postulated 

five criteria for an element to be classified as an essential: These criteria are: 

      (a) The element must be present in all tissues of a given  

           animals;  

      (b) Its concentration in a given tissue must be fairly constant from     

           one animal to the next; 

      (c) Its withdrawals from the diet must lead to a specific deficiency  

          syndrome;  

      (d) The deficiency syndrome must be associated with pertinent 

           biochemical changes;  

      (e) Both the syndrome and the biochemical changes be prevented or      

          corrected by administration of the element.  

 

Based on the above criteria, the following trace metals are now considered 

essential in animals: V, Cr, Mn, Fe, Co, Cu, As, Ni, Zn and Mo. In contrast to the 

essential elements certain metals like Pb, Hg, Cd and As have no known 

physiological importance and are considered as non essential. They are usually 

toxic even in very small amounts and have become serious environmental 

hazards for plants, animals and man alike.  

 

The knowledge about the physiological importance and risks of the trace metals 

is not complete (Belachew, 2006). However, there are some roles of the metals 

identified. 

Copper is an essential element for all known living organisms, including humans. 

However, very large or long-term intakes of copper may harm health. Some one 

may be exposed to copper though inhalation, ingestion or exposed through skin 

contact with soil, water, or other copper-containing substances. Its unique 

chemical and physical properties have made copper one of the most 

commercially important metals. Copper compounds are also used as agricultural 

pesticide, and to control algae in lakes and reservoirs. Biologically copper is 

essential to normal red blood cell formation and connective tissue formation. It 
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acts as a catalyst to store and release iron to help form hemoglobin and 

contributes to the function of the central nervous system. 

 
Cobalt: The largest uses of cobalt are for production of pigments in glass, 

ceramics, and paints; as catalysts in the petroleum industry; as paint driers; as 

trace element additives in agriculture and medicine. The major biological role of 

cobalt is as a component of vitamin B12. 

 
Cadmium: The major intentional uses of cadmium are Ni-Cd batteries, cadmium 

pigments, cadmium stabilizers, cadmium coatings, cadmium alloys and cadmium 

electronic compounds such as cadmium telluride (CdTe). The major classes of 

products where cadmium is present as an impurity are non-ferrous metals (zinc, 

lead and copper), iron and steel, fossil fuels (coal, oil, gas, peat and wood), 

cement, and phosphate fertilizers (Wesley, 1986). Cd is toxic metal in whatever 

route administered and some of the changes produced may result from its 

metabolic antagonism to Cu, Zn, and Fe: these include anemia, hypertension 

and skin changes. The metal has no known physiological importance ( Mertz, 

1981).  

Chromium: main uses are in alloys such as stainless steel, in chrome plating 

and in metal ceramics. Chromium is used in metallurgy to impart corrosion 

resistance and a shiny finish; as dyes and paints, its salts color glass an emerald 

green and it is used to produce synthetic rubies; as a catalyst in dyeing and in 

the tanning of leather; to make molds for the firing of bricks. Chromium (IV) oxide 

(CrO2) is used to manufacture magnetic tape. 

The health hazards associated with exposure to chromium are dependent on its 

oxidation state. The hexavalent form is toxic and its adverse effects include 

ulcerations, dermatitis, and allergic skin reactions. Inhalation of hexavalent 

chromium compounds can result in ulceration and perforation of the mucous 

membranes of the nasal septum, irritation of the pharynx and larynx, asthmatic 
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bronchitis, bronchospasms and edema. Respiratory symptoms may include 

coughing and wheezing, shortness of breath, and nasal itch. 

From the environmental perspective, there are several different kinds of 

chromium that differ in their effects upon organisms. Chromium enters the air, 

water and soil in the chromium (III) and chromium (VI) forms through natural 

processes and human activities. In animals chromium can cause respiratory 

problems, a lower ability to fight disease, birth defects, infertility and tumor 

formation. 

Nickel: is a metal found in natural deposits as ores containing other elements. 

The greatest uses of nickel are in making stainless steel, tubing made of a 

copper-nickel alloy, coinage, Armor plate, colorant for glass, batteries, catalyst 

for hydrogenating vegetables oils and electroplating. Nickel is an essential trace 

element for many plant and animal species with function of interaction with iron 

absorption. Small amount of nickel is essential for normal growth and 

reproduction in some species of animals, plant and microorganisms (Mertz, 

1981). Nickel (II) ion under various conditions could either activate or inhibit 

several enzymatic reactions, which are considered to be of crucial importance in 

humans and other animals, and that interference with these reactions could have 

deleterious effects (Goodman and Gilman, 1990). Taking very small amount 

nickel results in growth depression, anemia, and ultra structural change in liver 

and impaired reproduction]. Nickel compounds are very toxic for plants and 

animals (Guo, 1997).  

 

The highly volatile nickel carbonyl [Ni(CO)4) is extremely toxic. Nickel compounds 

can be made as a by-product during various industrial processes that use nickel 

catalysts, such as coal gasification, petroleum refining, and hydrogenation of fats 

and oils. They have also been identified in residual fuel oil and in atmospheric 

emissions from nickel refineries. The amount t of nickel in seawater and streams 

is normally 2 and 0.3 respectively μg/L (Willson, 1979). 
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Manganese: the wider industrial application of manganese is in the production of 

iron and steel. At present steel accounts for 85% to 90% of the total demand. 

Manganese is a key component of low-cost stainless steel formulations and 

certain widely used aluminum alloys. Manganese dioxide is also used as a 

catalyst. Manganese is used to decolorize glass and make violet colored glasses. 

Potassium permanganate is a potent oxidizer and used as a disinfectant. Other 

compounds that find applications are Manganese oxide (MnO) and manganese 

carbonate (MnCO3): the first goes into fertilizers and ceramics; the second is the 

starting material for making other manganese compounds. 

In the environment manganese is found in different forms such as MnO2 and 

MnCO3. Manganese is one out of three toxic essential trace elements, which 

means that it is not only necessary for humans to survive, but it is also toxic 

when too high concentrations are present in a human body. The uptake of 

manganese by humans mainly takes place through ingestion with food, such as 

spinach, tea and herbs, and to some extent through inhalation of dust and fumes. 

Chronic poisoning of manganese may lead to serious health problem. The central 

nervous system is the chief site of damage from the disease, which may result in 

permanent disability. For other animals manganese is an essential component of 

over thirty-six enzymes that are used for the carbohydrate, protein and fat 

metabolism. With animals that eat too little manganese interference of normal 

growth, bone formation and reproduction will occur, or some animals the lethal 

dose is quite low, which means they have little chance to survive even smaller 

doses of manganese when these exceed the essential dose. Manganese 

substances can cause lung, liver and vascular disturbances, declines in blood 

pressure, failure in development of animal fetuses and brain damage. 

Zinc: A large proportion of all zinc, perhaps more than a third, is used to 

galvanize metals such as iron so as to prevent corrosion. Zinc metal is used for 

dry batteries, roof cladding, and to protect iron structures from corrosion by 

attaching zinc as sacrificial anodes (Wesley, 1986). Zinc is mixed with other 

metals to form alloys such as brass and bronze, and pennies are made from a 
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copper-zinc alloy. The oxide (ZnO) is also combined with other elements such as 

chlorine, oxygen, and sulfur to form zinc compounds used to make white paints, 

ceramics, rubber, wood preservatives, dyes, and fertilizers. Zinc compounds are 

also used in the drug industry as ingredients in common products like sun blocks, 

diaper rash ointments, deodorants, athlete’s foot preparations, acne and poison 

ivy preparations, and anti-dandruff shampoos. The sulphide (ZnS) is used in 

making luminous dials, X-ray and TV screens, paints and fluorescent lights. Zinc 

is one of the most abundant trace elements in the human body (Wesley, G. 

1986). It is typically taken in by ingestion of food and water, although it can also 

enter the lungs by inhaling air, including that contaminated with zinc dust or 

fumes from smelting or welding activities. Zinc is an essential element in our diet, 

but too little or too much can be harmful. Without enough dietary intake, people 

can experience a loss of appetite, decreased sense of taste and smell, 

decreased immune function, slow healing of wounds, skin sores, and may 

increase the toxic effects of arsenic, copper, cadmium and lead; thus an 

adequate amount of zinc can be considered protective against the toxicity of 

these elements.  

 

Because cadmium and lead are commonly present in zinc containing ores, they 

are also typically released during these processes and so areas are often jointly 

contaminated. Zinc can be released to the atmosphere during the production of 

steel and burning of coal or waste. Surface water can be impacted by discharges 

of metal manufacturing and chemical industry wastes, and also by run-off 

following precipitation on soils high in zinc, either due to the natural setting or 

human applications, including use of zinc fertilizer on agricultural soils. 

 

The average concentration of zinc in air (as fine dust particles) is typically less 

than 1 microgram per cubic meter (μg/m3), although concentrations of 5μg/m3 

have been measured near industrial sources. In lakes and rivers, some zinc 

remains dissolved in water or as fine suspended particles, while other zinc settles 

to the bottom in association with heavier particles. Average concentration range 
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from 0.02 to 0.05 mg/L in surface water and 0.01 to 0.1 mg/L in drinking water 

(Wesley, 1986). 

 

The physiological effects of various trace elements do not solely depend on the 

given element, they shows rather multifaceted interactions with other nutritive 

elements. Interactions between various elements and trace metal are not are not 

as easy as it is assumed (Samuel, et al., 2003). The correlation between, them 

could be synergetic and antagonistic.   The following picture from Samuel, et al., 

(2003) shows a simplified multifaceted interaction between trace metals. 

 

                                      Cr  

  

Fe               Cd              Cu  

  

 

Zn                 Pb             Ca 

 

Se                  Hg              Cr 

 
Fig. 1 Interaction between trace metals and other nutritive elements. 

1.3 The Bioavailability of Trace Metals and Factors Affecting  

      Their Mobility in the Environment 
 

The development of effective strategies to solve environmental contamination 

problems depends on knowledge of the mobility and bioavailability of the metals 

(Shao-Wei et al., 2004). The environmental risk of trace metal pollution is related 

to concentration of heavy metals available to terrestrial, aquatic and marine 

organisms (i.e. their bioavailability) rather the total concentration of the metal 

present in the soil or sediment.  
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Bioavailability of a metal is determined by the solubilisation and release of metals 

from rock forming minerals and adsorption and precipitation reactions which 

occur in soils and sediments. The degree to which the metals are absorbed 

depends on the properties of the metals concerned i.e. valence, radius, degree of 

hydration and co-ordination with oxygen, physicochemical environment, nature of 

the adsorbent, other metals present and their concentrations and the presence of 

soluble ligands in the surrounding fluids (Shao-Wei et al., 2004). 

 

Toxicity, bioavailability, bioactivity, transport in the organism, bio-geological 

distribution, transportation and, thus, the eventual impact of a the toxic element in 

our body and environment, will be dictated by the particular species or form 

present in the sample. In this sense, total element determinations by atomic 

spectroscopy are insufficient today, and sometimes misleading, to assess the 

toxicity of a food or sediment (Hornberger et al., 1999). Therefore, additional 

speciation information to complement total toxic element determinations is being 

increasingly demanded, both in environmental and in clinical issues.  

 

Normally metals enter lakebed sediments via different routes and accumulate in 

the upper part of the sediment. It is recognized that the ecological risk of polluted 

sediments depends on the bioavailable fraction of pollutants rather than on total 

content. But some studies indicated the existence of different kind of movement 

of the metals. Therefore, knowing their fate in the soil body is another topic of 

interest. There are two main ideas about fate of trace metals in soils and lake 

sediments. Some results prove that trace metals are mobile and a substantial 

redistribution of those elements occurs within the sub sediment and aquifers 

(McBride, 1995, Holm, et al., 1998). This mobility of the metals is attributed to 

their complexation by dissolved organic compounds (Al-Wabel et al., 2002). 

Conversely, other authors indicate that there is stabilization of the metals and 

lack of movement and even their availability decreases. This fate is attributed to 

a progressive change to less soluble forms, due to occlusion in Fe and Al oxides, 
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or precipitation as silicates, phosphates, or carbonates (Brown., et al., 1998) or 

sequestration on organic compounds. 

1.4 The Importance of Lake Sediments in Environmental                         

       Pollution Assesment  

Lake sediments are recognized as an important sink for a wide range of 

contaminants and nutrients. They can provide a record of the natural and 

anthropogenic inputs of contaminants into the aquatic environment (Bin et al., 

2001). Sediment chemistry is closely linked to the water quality of the overlying 

water body. Many water-borne pollutant and nutrient species are predominately 

associated with particulate matters that can settle and become sediment.  

 

Carefully sampled and analyzed sediment core samples are therefore widely 

used to study historical trends of pollution in a given lake environment. The 

geochemistry of lake bed sediments can provide useful indications of their origin 

and record the changes in anthropogenic influences. The underlying principle 

behind the use of geochemistry to aid the study of sediments is that the different 

geochemical composition of rock types is reflected in the chemistry of sediments 

derived from their erosion.  

 

The accumulation of trace metals in sediments can cause significant 

environmental problems in the surrounding areas. It is therefore important to 

understand the mechanisms of accumulation and the spatial distribution of metal 

contaminants in sediments (Martha et al., 2001).The historical inputs of pollutants 

(particularly metals) and changes in the fluxes of pollutants over time are 

frequently estimated by combining the results of different dating techniques and 

the vertical variations in contaminant concentrations in sediment profiles 

(Hornberger et al., 1999) 
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The concentration of trace metals and other toxicants in sediments is a starting 

point for contamination throughout the food chain that can potentially damage 

marine life and human health. Its measurement is a useful way to track long-term 

trends of pollutant concentrations in marine and lake systems. Monitoring 

concentrations of toxicants in sediments will indicate the extent and magnitude of 

pressure imposed by them on the biota of the shallow-water ecosystems. 

Sediment toxicants are an important indicator for State of the Environment 

reporting (Ward et al., 1998). 

 

Aba Samuel is the convergence point for the Akaki river system, (LAR and BAR), 

that naturally drains Addis Ababa. All the studies conducted on the water of these 

rivers (Samuel et al., 2003, Belachew, 2006) proved that the pollutant load 

entering these rivers is increasing with rapid industrial growth in the city. Almost 

all the perennial rivers flowing out of Addis Ababa are converged in this reservoir. 

The low water flow rate in the reservoir causes particle bounded pollutants to 

settled down to the bottom of the reservoir. Therefore it is believed that the 

sediments of the reservoir are the ultimate sink of all pollutants discharged from 

industrial and household activities in Addis Ababa.  Due to less dynamic nature 

of lake bed sediments (Birch and Olmos, 2008), sediment core from Aba Samuel 

reservoir can be an ideal record of temporal variation of anthropogenic pollution 

pressure on the water bodies around Addis Ababa. Therefore sediment cores 

obtained form this artificial reservoir can clearly mirror the recent pollution trend 

in the water of the rivers and the reservoir.  
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1.5 The Role of Water Hyacinth in Environmental Pollution    

       Assessments 
Determination of elemental concentrations in the aquatic organisms provides 

information about bioaccumulation and biomagnification processes. Many 

organisms including aquatic plants act as bio-monitors. Compared to the 

sediments, marine organisms often exhibit greater ability to accumulate metals 

from the water column and are hence more useful for identifying the sources of 

contamination and potential biological risk associated with certain toxic pollutants 

(Thompson et al., 1987). 

 

It has been long known that seaweeds absorb metals directly from the seawater. 

Different studies have been conducted on the uptake of metals by these aquatic 

plants. Most of these studies pointed out that free aqueous ions and some 

organic complexes with certain metallic ligands are soluble, available and thus 

can easily pass through biological membrane of the aquatic plants (Thompson et 

al., 1987).  The model for the mechanism of up take of the metals by seaweeds 

discussed by Tessier et al 1994 (sited in Thompson et al., 1987), explains that 

most trace metals cross the cytoplasmic membrane via mediated transport. In 

addition it is discussed in by the same authors that metal ions can also permeate 

through channel proteins extended across the membrane and the interaction 

taking place between the metals and the hydrophilic surface in the lining of the 

pores.   

 

Although heavy metals are toxic to many aquatic organisms, they are 

significantly accumulated by some fresh water and marine plant species. The 

water hyacinth (Echhornia Crassipes) is one of these aquatic plants with very 

high potential of accumulating the trace metals hundreds of times than the 

background concentrations (Marta et al., 2008).  

 

Water hyacinth is a fast growing, floating plant with a well developed fibrous root 

system and large biomass. It adapts easily to various aquatic conditions and 
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plays an important role in extracting and accumulating metals from water. Hence, 

water hyacinth is considered to be an ideal candidate for use in the 

environmental pollution monitoring and rhizofiltration of toxic trace elements from 

a variety of water bodies (Tassew, 2005).  

 

 
 
Fig.2: The Water of Aba Samuel Lake totally covered by mats of the invasive water 
hyacinth plants. 
 

 Aba Samuel reservoir is severely invaded by water hyacinth. According to 

Tassew (2005), about 48% (6.35 km2 of the total 13.2 km2 of the lake surface 

area) is covered by water hyacinth, a weed which generally grows in lakes, 

rivers, ponds, and ditches of temperate to tropical climates. Water hyacinth is 

one of the worst weeds in the world because it greatly reduces biological 

diversity: Mats eliminate native submersed plants by blocking sunlight, altering 

immersed plant communities by pushing away and crushing them. They also 

alter animal communities by blocking access to the water and by eliminating 

plants the animals depend on for shelter and nesting (Gowanloch, 1944; sited in 

Feven, 2007). In general, water hyacinth mats degrade water quality by blocking 

the air-water interface and greatly reducing oxygen levels in the water, 

eliminating underwater animals such as fish, it makes boating difficult. The dense 
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floating mats impede water flow and create good breeding conditions for 

mosquitoes and it makes all other water activates like navigation, recreation, 

irrigation, and power generation impossible. Regardless of all its negative 

environmental effects mentioned above, these aquatic plants are being 

extensively tasted to be used in environmental biomonitoring and environmental 

phytoremediation. Water hyacinths are considered to be good candidates for 

environmental biomonitoring and phythoremediation because of their high 

capacity to accumulate toxic metal from contaminated effluents. It has been 

shown that they have the capacity to bioconcentrate some meals such as copper 

up 78 time than their concentrations in the effluent (Shao-Wei et al., 2004).     

                                            . 
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1.6 Objectives of the Study 

1.6.1 General Objective  

The main objective of this study is to assess the distribution of trace metals (Cd, 

Cr, Zn, Cu, Ni, Mn and Co) in the different section of sediment cores, surface 

water, and water hyacinth (Echhornia Crassipes) of Aba Samuel reservoir.  

  1.4.2 Specific Objectives 

• To determine the level of trace metals in different sections of sediment 

cores from Aba Samuel lake and thus establish historical trend of input of 

the metals to  the reservoir. 

• To asses the levels of dissolved form of these trace metals in the water 

of the reservoir. 

• To determine the extent to which these trace metals are bioaccumulated   

by water hyacinth. 

 

 

 
 
 
 
 
 
 
 

AAU, ENVIRONMENTAL SCIENCE PROGRMME, 2008 18



 Trend of Heavy metals contamination in Aba samuel reservoir 
 

2 MATETRIALS AND METHODS 

2.1 Description of the study Area 

Aba Samuel is an artificial lake 37 km South of Addis Ababa.  It is the location of 

the first hydroelectric power plant in Ethiopia. The reservoir (artificial lake) is part 

of the upper Awash river   catchment. This reservoir and its adjacent areas are 

inundated most of the year, forming the Akaki-Aba-Samuel wetland system. The 

reservoir and its surrounding area is habitat for endangered birds species and 

thus attracting the attention of many researchers (Tassew, 2005).     

The reservoir receives water form the Akaki river system. The Akaki river system 

consists of two main branches, little Akaki and big Akaki, the confluence of which 

is at the Aba-Samuel reservoir. The western branch of the river (Little Akaki) 

rises from north-west of Addis Ababa on the flanks of Wechacha Mountain and 

flows a total distance of 40 km before it reaches the reservoir. This river has total 

drainage area of 540 km2.  The eastern branch of the river (Big Akaki) rises 

northeast of Addis Ababa and enters the Aba-Samuel reservoir after a flow of 53 

km. The big Akaki river and its tributaries drain an area of 900km2 (Tamiru                           

et al, 2003).  

In the Akaki catchments, there are more than nine perennial river tributaries, 

which drain to main Akaki river. All streams are less affected by pollution in the 

upper parts, however   the water quality at the lower part of the river deteriorates 

gradually caused by organic pollution from domestic and municipal wastes 

exacerbate quality of water during the dry season when the flow of most streams 

is low (Tesfaye, 1988). Many industries are discharging industrial effluent in the 

Little and Big Akaki rivers, which finally join the Aba Samuel reservoir 
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The Akaki sub-basin is one of the most vulnerable parts of the Akaki river 

catchments in the southern margins of Addis Ababa. The two major rivers that 

constitute the basin drain the densely populated and most urbanized part of 

Addis Ababa. The Big Akaki river which constitutes the largest part of the 

catchement area drains the city of Addis Ababa from the northeastern part. The 

other equally significant river that constitutes the Akaki catchement area is the 

Little Akaki river that drains the western part of the catchement area.  The upper 

courses of these rivers originate from the northern mountain ridges of the 

catchement area and enter in to the Aba Samuel reservoir at the southern reach 

of Addis Ababa. The Akaki Sub-basin is the most polluted part of the Akaki 

catchment area by uncontrolled industrial and domestic wastes. 

 

According to Zewdie Abate (1994) sited in Feven, 2007 pressure of human 

activities on Akaki sub-basin have significantly changed the physical, chemical 

and biological properties of its water. The biochemical oxygen demand (BOD) in 

Little Akaki and Big Akaki was 4665 kg/day and 1000 kg/day, respectively. About 

175 kg/day phosphate and nitrogen is added to Aba Samuel Reservoir. However, 

the reservoir is used for drinking by about 25000 cattle and 1500 people. Tamiru 

et al., (2003) showed that there is an increasing concentration of heavy metal 

pollution, coliform and pathogen pollution in the water of Aba Samuel reservoir 

and its tributaries. 
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2.2 Sampling and Sample Pretreatment 

2.2.1 Description of Sampling Sites 
 

 
Figure 3 : Locations of sampling sites within Aba Samuel reservoir 
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Sampling of water, water hyacinth and sediments was limited to the accessible 

part of the reservoir. More number of sediment cores with more length couldn’t 

be taken from predetermined points because of the stone lining that covered the 

bed of the reservoir. In addition, sampling was limited to shore of the reservoir 

because of absence of sampling infrastructure (boat) to access the inner part.     

2.2.2 Water Sampling and Preparation 

Water samples were collected from six sites within the lake in plastic bottles that 

had been previously soaked in 10% nitric acid overnight and thoroughly rinsed 

with deimonized water. From each sampling sites, samples were taken in 

triplicates. The water samples were acidified to pH 2 with nitric acid immediately 

on arrival to the laboratory and kept at 4 0c until analysis. The lower PH is 

required to suppress adsorption of the metals to suspended solids and the lower 

temperature serves the aim of inhibiting chemical processes that may alter the 

form and abundance of the metals (Shao-Wei et al., 2004). All samples were 

then filtered using 0.45 μm filter papers for analysis by FAAS. 

2.2.3 Sampling and Preparation of Water Hyacinth     

         Plants  
 

Three water hyacinth plants were collected from each sampling point as water 

samples. The plants were collected into clean plastic bags, previously soaked in 

dilute nitric acid and thoroughly rinsed with deionized water. In the laboratory, the 

plants were washed with deionized water and then divided into tops and roots, 

and dried for 18 hours at 120 0C in an oven. The samples were then ground to a 

fine powder using a silica pestle and mortar, sieved and the powdered water 

hyacinth plants were digested to extract the metals. 0.5g of each sample was 

extracted using 10 ml of conc. HNO3 and 3 ml of 30% of H2O2 on a block digester 

at approximately 150 0c (Shao-Wei et al., 2004). The resulting clear solution was 

transferred to 50 ml volumetric flask and diluted to volume using deionized water.  
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2.2.4 Sampling and preparation of sediment core samples  

Two sediment core samples were taken, one from sampling point near the dam 

(PS-I), with length of 50 cm and the second sediment core was from sampling 

point (PS-II) approximately a kilometer away from the dam, with length of 42 cm. 

The sediment cores were taken by manually pushing the sediment corer in to the 

bed of the lake. The cores were then carefully transferred to the longitudinally 

sectioned polyethylene tubes, sealed in plastic cover and transported to 

laboratory. The sediment core I was cut in to ten sections of 5cm length each. In 

the same way sediment core II was cut in to sub sections of 5 cm with only the 

upper section having length of 7 cm.  The sediment sub-sections were dried in an 

oven at 120 0c for 18 hours, powdered using pestle and mortar and prepared for 

acid digestion.      

 

From each powdered sediment section, 0.5g sub samples were taken and 

digested according to USEPA method 350B (Mwashote, 2003). In this method, 

the sediment 0.5g sediment sections were heated on a block digester at 1500c 

for 3½ hours in a mixture conc. HNO3/HCl and 30% H2O2. The digestate was 

then transferred to a 50 ml volumetric flask, and made to volume. 

2.3 Instrumentation and Apparatuses 

The pH of water samples was measured by pH/Ion – Meter, WTW, Inolab 

(Germany) in the laboratory. Geographical locations of the sampling sites were 

determined by GPS (GPS-60 navigator, Garmin international Inc. Kansas, USA). 

DIGITHEAT DRY OVEN (J.P.SELECTA, s.a., BARCELONA, SPAIN) was used 

to dry sediment samples and for trace metal analysis BUCK SCINTIFIC 210VGP 

Atomic Absorption Spectrometer (Norwalk, USA) was used. 
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2.4 Reagents and Standard Solutions 

The chemicals and reagents used are 70% HNO3 (Spectra®, BDH, England), 37 

% HCl (Riedel-deHaën), 30% H2O2 (ALDRICH, A.C.S. Reagent, Germany) and 

Buck Scientific puro graphics calibration standards (Norwalk, USA) for Cd, Co, 

Cu, Ni, Mn, Cr and Zn. Only deionized water was used to dilute both the working 

standards and the samples. 

2.5 Analytical Procedures for Trace Metals Analysis by  

      FAAS 
The concentrations of trace metals in water, acid digested water hyacinth plant 

and sediment core sections were determined using FAAS. The optimization of 

operating conditions, such as wavelength (λ), energy (E), and slit width were 

performed before using the FAAS for metal determination. The optimization of 

operating conditions is critically important stage in determination of metals by 

FAAS (Melaku et al. 2004, Botes, et al. 2005).The operating conditions used, i.e., 

wavelength, energy, lamp and burner alignment and slit width were optimized for 

Cu, Co, Cd, Cr, Mn, Ni, and Zn analysis. The optimized analytical parameters are 

given in   Table 1. Standards used in establishing the calibration curve for trace 

metal determinations were prepared from standard 1000 mg/L stock solutions 

(Buck Scientific puro graphics calibration standards, USA). The working solutions 

(10 mg/L) of each metal were then freshly prepared by diluting the stock solution 

in 100ml volumetric flask with deionized water. For each metal four working 

standard solutions were prepared by diluting the 10 mg/L solutions (Table 2). 

Deionized water was used to flush the neublizer between samples to reduce 

memory interferences. Throughout the analysis acetylene-air combination was 

used as an oxidant. 
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Table 1: The operating parameters of FAAS for analysis of the metals 

Element    wavelength      Current         Slit width                      Energy               
                  (nm)                  (A)                (nm)                                (KJ) 

 

Cu              324.7              1.5                 0.70                                3.180 

Co               240.7               4.5                0.02                                3.391 

Cr               357.9               2                   0.70                                3.603 

Cd              228.9                2                   0.70                               3.126 

Mn             279.5                3                    0.70                                3.885 

Ni               232.0                7                   0.20                                3.730 

Zn              213.9                2                   0.70                                3.044 

 

 
Table 2: The concentrations of working standards of the metals used to establish 
calibration curves.  

   Element                                         Concentrations of working  
                                                          Standard solutions (mg/L) 

Cu                                                        0.5, 1.0, 1.5, 3.0 

Co                                                        0.25, 0.5, 1.0, 2.0 

Cr                                                        0.5, 1.0, 1.5, 3.0 

Cd                                                        0.25, 0.5, 1.0, 2.0 

Mn                                                       0.25, 0.5, 1.0, 2.0 

Ni                                                         0.25, 0.5, 1.0, 2.0 

Zn                                                        0.25, 0.5, 1.0, 2.0 

 

 
 

 

 

AAU, ENVIRONMENTAL SCIENCE PROGRMME, 2008 25



 Trend of Heavy metals contamination in Aba samuel reservoir 
 

2.6  Recovery  of  the Plant and Sediment Core Samples 
In situations where of standard reference materials are not available its is 

common practice to performe spiking experiment to evaluate the efficiency of an 

acid  digestion method (Belachew, 2006). Therefore in this study efficiency of the 

digestion method was tested using spiking experiment. In the spiking experiment 

10 mL of solution, containing 10mg/L of each of the metals (Cu, Co, Cd, Cr, Mn, 

Ni, and Zn) was added to 0.5g of plant and sediment samples and the spiked 

samples were digested following the same procedure as for the sediment 

samples explained in section 2.2.4.    

 

Performance of the selected digestion method for the sediment and the water 

hyacinth and sediment was measured by conducting recovery test on spiked 

samples using composite standard solution of the analyzed metals. Percent 

recovery for the metals was calculated using equation (1)   

.....................100×
−

=
S

CCsR  (1) 

Where:  R= percent recovery 

             Cs= measured concentration of a metal in the spiked sample 

              C= Average concentration of the metals in the samples (sediment /               

                    Water hyacinth) 

              S = Concentration equivalent added to the spiked sample 
Table 3: Mean recoveries of sediment samples from Aba Samuel reservoir (n=5) 
 
Metal Water hyacinth Sediment 

Cu 94.8+1.1 85.6+0.2 

Co 92.1+0.8 94.3+0.5 

Cd 95.3+0.6 89.5+0.6 

Cr 97.8+1.2 91.6+0.1 

Mn 97.6+1.8 84.9+0.7 

Ni 94.0+0.9 97.3+1.8 

Zn 98.7+1.4 88.6+0.9 
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2.7 Detection Limits 
Method detection limit (MDL) is defined as the minimum concentration of an 

analyte that can be measured and reported with 99% confidence that the analyte 

concentration is greater than zero (VanLoo et al, 1980). MDL were determined 

for each of the analyte metals as follows: solution of each metal with 

concentrations thee times the instrument’s detection limits (IDL) were prepared 

from standard solutions of the metals. Each of the solutions was analyzed seven 

times. Standard deviations of the seven readings of each solution were 

determined. MDL is the product of the SD and student’s t value (Ebdon, L. et al, 

1998). 

 

........................tSDMDL ×= (2) 

Where MDL is method detection limit 

            SD= Standard deviation of seven measurements 

              t= student’s value at 99% confidence level and n-1 degree of freedom                 

                   (t= 2.896 in this particular case) 

  
Table 4: IDL and MDL of the metals in the sediment 
 

Metal IDL  
(mg/L) 

MDL  
(Mg/L) 

Cu 0.02 0.022 

Co 0.05 0.010 

Cr 0.05 0.052 

Cd 0.005 0.042 

Mn 0.01 0.015 

Ni 0.04 0.030 

Zn 0.005 0.012 
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3 AND DISCUSSION RESULTS 

3.1 Concentration of trace metals in Aba Samuel Reservoir  

       Water 
Concentrations of dissolved metals (Cu, Co, Cr, Cd, Mn, Ni, and Zn) are 

presented below in Fig.6. This graph expresses how the metals vary spatially at 

the three sampling sites (PS-I, PS-II, and PS-III) and at the same time compares 

the level of each metal in water at each station.  
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Fig. 4: Distribution of dissolved trace metals in the water of Aba Samuel 
 

Distribution of copper was found to be constant at all the sampling sites with 

maximum of 0.037 mg/L the lowest value of 0.023 mg/L. This value is far below 

the maximum value of the South African guideline (Table 4) for both domestic 

water supply (1 mg/L), and livestock watering (5 mg/L). Moreover copper is 

below the maximum recommended value (0.0112 mg/L) to protect aquatic 

species (Feven, 2007). Even if it is below the level that cause deleterious health 
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problem, the result of this study is higher than the values reported by previous 

studies for Akaki-Aba-Samuel basin water. For example, Yeshek et al., 1999 

reported the average value of copper in the water of Aba Samuel to be in the 

0.01 mg/L. The higher result of present study could be due to increasing input of 

the metal this metal in to the water of the lake.   

  

Table 5 Tentative South African Target Water Quality Ranges (TWQR) 

 
                                                                                  Livestock watering 

    Element          Domestic                    Irrigation                   Activities 

    

            Cd         0 - 0.005 mg/L          0 - 0.01 mg/L                  0 - 0.01 mg/L             

             Cu        0 - 1.0 mg/L              0 - 0.2 mg/L                    0 - 5.0 mg/L 

             Co        0 - 2.0 mg/L              0 - 1.0 mg/L                    0 - 1.0 mg/L 

             Ni              --                          0 -0.15 mg/L                   0- 0.2 mg/L 

             Mn       0-0.05mg/L                0- 0.5mg/L                      --              

             Cr        0-0.05mg/L                 --                                    0- 1.0 mg/l 

Zn        0-3.0 mg/L                 0 -1.0 mg/L                     0 - 20 mg/L 

 

 
The level of dissolved Co in the lake ranged between 0.017 mg/L and 0.022 

mg/L. Even though previous data is not available on the level of the metal in the 

water of the reservoir, comparison the current result for the reservoir with data for 

LAR and BAR shows lower values for the rivers. Samuel, 2003 reported the 

average concentration of Co in Little Akaki river water to be 0.0018 mg/L which is 

below the result of the current study.  

 

Comparison of the result of this study with some existing guideline values 

suggests that the level of the metal is within the safe range for household 

consumption, irrigational use and for protection of aquatic species. The Canadian 

EPA for example recommends the maximum level of Co to present in water for 
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household consumption and irrigational use to be 0.3 mg/L and 20 mg/L 

respectively.  
 
Analysis of surface water of the reservoir for dissolved chromium gave the values 

ranging between 0.03 mg/l and 0.14 mg/L. Both the WHO and the South African 

guidelines require the maximum concentration of chromium in drinking water to 

be 0.05 mg/L. This recommended level is exceeded by the maximum value 

obtained from this study. Therefore, chromium could be a cause of health 

problem if necessary precautions are not exercised while using this water for 

household purpose. However this value is lower than maximum permissible level 

for livestock drinking, which is 1 mg/l (Samuel et al., 2003). The few available 

data on the chromium level for the same lake and other surface waters in Addis 

Ababa give lesser values. Yesehak et al., (1999) and Tamiru et al., (2005) 

reported value of 0.1 and 0.063 mg/L respectively in the water of reservoir both 

of which are slightly below the current result.  

 
Cadmium Concentration in the water ranged between 0.0l2 and 0.023 mg/l with 

average value of 0.016 mg/L. This value is in the unsafe water quality range in 

the eyes of the national and international water quality standards. The Ethiopian 

ministery of water resources and the WHO recommended maximum level of the 

metal in dirking water is 0.003 and 0.005 mg/L respectively (Feven Solomon, 

2007).  The level of the metal is many folds higher than the recommended level 
by both institutions it is also higher than the results of some of the previous 

studies conducted on the surface water of Aba Samuel reservoir and its 

tributaries. It is also in excess of the South African guideline for irrigation and 

livestock watering. Thus, the potential health risk from this metal cannot be 

undermined as many people use the water for irrigation and to water their 

livestock. 
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Manganese showed concentration with relatively narrow range of values for the 

sampling points between 0.473 mg/L and 0.594 mg/L and the average value is 

0.513 mg/L. Mn was found to be a metal with highest value among the studied 

metals. The average Mn content in the lake is nearly equal to the WHO guide line 

value of 0.5 mg/L for drinking water. So, Mn could be source of health problem in 

the near future as the level of the metal is showing an increasing trend in 

comparison with previous data. The few data available on Mn content of Aba 

Samuel reservoir includes that of Yesihak et al.,(1999) and Tamiru et al, (2005) 

which are 0.1 and 0.204 mg/L  both of which are far  below the current result. 

The higher result from this study may be due to increasing input from upstream 

to the tributaries of the lake.  

 

The recommended health based WHO guideline for Ni is that, there must not be 

more than 0.02 g of the metal in a liter of water to be used for any kind of 

household consumption. The South African guideline for irrigational use is 

0.15mg/l. In this study, the values ranging between 0.030 mg/L to 0.045 mg/L are 

registered. Belachew, 2006 also reported nearly similar results for some points 

along LAR. It is possible to observe that the water can be safely used for the 

purpose of irrigation. However, the water is not fit for household consumption 

from the perspective of level of the Ni as its level is above the maximum 

permissible level. 

 

The concentration of Zn in the water of the reservoir ranged between 0.127 mg/L 

and 0.166 mg/L with average value of 0.146 mg/L. The distribution of the metal is 

constant at all sampling sites. Concentration of Zn is in the water of the lake is 

similar to the average values reported in for the Akaki river system (Belachew, 

2006) many literatures. For the case of Aba Samuel reservoir, Yesihak et al., 

1997, reported a very low value of 0.1 mg/L of the metal. In upper part of LAR 

and BAR, higher value of 0.089+0.005 mg/L was reported by Belachew, 2006. 

The relatively higher concentration of the metal in the up stream of the tributaries 

of this lake is attributed to the fact that most of the metal ending in to the lake 
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originates from Addis Ababa city. Belacchew, 2006 suggested that the chief 

source of the metal entering the lake could be leaching of corrugated Zink roofing 

as the metal can be readily solubilized in acidic rainwater. Albeit, the metal 

cannot problem to use the water for household consumption or for irrigation 

purpose as it is below the WHO health based guideline of 3 mg/L. 

3.2 Concentration of trace metals in the water hyacinth  

   (Echhornia Crassipes) of Aba Samuel Reservoir 
 

As it is clear from comparison of results for analysis of water and that for water 

hyacinth, the level of trace metals in the water hyacinth is generally many folds 

higher than the level of the metals found dissolve in water. The plants analyzed 

for the metals in their leaves (shoots) and roots. The result revealed that the 

content of the metals in the root of the plants is in general higher than content of 

in shoots of the plants.  

 

Generally, the concentration of these seven metals in the roots of the plants was 

1.5 to 7 times higher than those in the shoots. This higher content of metals in 

roots of the plants suggests that the major route of metals in to these aquatic 

plants is direct up take of dissolved species of the metal from the water via their 

roots (Sharma et al., 2007), rather than the other paths of the metals in plants 

tissues. The result of separate analysis of the plants tissues are presented in 

Table 6 below. 
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Table 6: Mean concentration of trace metals in Water hyacinth (Echhornia 
Crassipes) Of Aba Samuel Reservoir 
 

 
Element 

Concentration of trace Metals (mg/kg of dry weight). 
(N = 9) 

Cu 8.67+ 0.41 13.28+ 0.1 

Co 25.19+ 1.79 44.60 + 0.69 

Cr 13.39+ 0.49 44.85+1.09 

Cd 1.55 + 0.52 3.63+ 0.72 

Mn 32.65+ 3.58 141.0+ 4.11 

Ni 13.79+ 1.06 48.85+ 3.79 

Zn 35.59+ 3.78 45.03+ 5.83 

 

 

Separate analyses of the roots and leaves of these aquatic plants is necessary 

not only to predict the route of the trace metals in to the plant but also to identify 

the major contributors to the pollution of the water by the metals. Higher level of 

the toxicant metals in the roots means water is the major source of these metals. 

So it is logical to conclude that the pollution of Aba Samuel water by these toxic 

trace metals is mainly because of the water pollution of the tributaries of the 

reservoir (LAR and BAR) rather than direct atmospheric deposition. Actually it 

takes additional task to identify what particular source release these metals in to 

the major tributaries of this lake (LAR and BAR).  

 

The implication of higher level of the toxicant metals in the plants is that the 

metals have high potential of being redistributed in the biological system through 

the food chain as large number of animals feed on the plants. Moreover, these 

floating plants are easily transported down to Awash river where the water is 
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exploited for irrigational purpose. Therefore the plants are not the end point of the 

metals accumulation. Rather they are the routes through which the metals are 

remobilized in to the environment.    

3.3 Bioaccumulation Factor and Translocation Ability of  

     Water Hyacinth 
 

The most important form of metals in terms of environmental toxicity are 

dissolved species of the metals as they can easily absorbed by the plants, 

bioaccumulated, and transfer through food chain to the higher trophic levels in 

the food chain. Humans are the end-of-the pipe receivers of these toxic metals 

as they are located at top most end trophy level in most food chains (Lokeshwari 

and Chandrappa, 2006). 

 

It has been long known that different plant species concentrate toxic chemicals 

thousands of times than the background concentration in the environment. The 

amount of toxic chemicals accumulated by plants depend on a number of factors 

such as species of the plant, background concentration among others. The 

bioaccumulating capability of a plant tells how much metal is accumulated in the 

plant without causing significant problem.  
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Table 7: BAF and TLA of water hyacinth plants from Aba Samuel  Reservoir  
 

Mean Concentration of the metal in   BAF TLA 
 

 
 
 
Metal Water 

(mg/L) 
Leaf 

(mg/kg) 
Root 
(mg/kg) 

 
Leaf 

 
Root 

 

Cu 0.030         

 

8.67             13.28          289 442   1.5 

Cr 0.029         13.40            44.85          462   1546 3.5 

Cd 0.030         1.55              3.63            52       121       2.3 

Co 0.027         23.3             44.46          823     1647       1.9 

Mn 0.512         32.65          141.01        64       275       4.3 

Ni 0.029         13.78            48.85          475     1684 3.5 

Zn 0.030         35.59            45.03          1186   1501       1.3 

 

 
Bioaccumulation factor is defined in Lokeshwari and Chandrappa (2006) and 

Liao and Chang (2004) as ratio of concentration of a particular metal in tissue of 

a plant/organism to concentration of the metal in the environment (water, soil). 

Mathematically, bioaccumulation is given by: 

3....................i
E
PBAF ⎟
⎠
⎞

⎜
⎝
⎛=       
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Where BAF is a dimensionless parameter, P is concentration of the metal in the 

plant tissue (mg/Kg of dry weight); E is concentration of the metal in the water 

(mg/L). Using equation (1) BAF is calculated for the metals in the water hyacinth 

of Aba Samuel water and the result is presented in Table 7.  

 

Translocation Ability (TLA) is defined as the ratio of level of a pollutant in the root 

of a plant to the level the in the leaf (Bryan et al., 1992) 

4.................i
Ai
ArTLA ⎟

⎠
⎞

⎜
⎝
⎛=  

 

Ai is concentration of the metal in shoot of the plant, Ar is concentration of the 

metal in the root tissue of the plant and i stands for the metal. Equation (4) was 

used to find TLA in Table 7. 

 

 Minimum and maximum BAF obtained were 121 and 1684 for Cd and Ni 

respectively. Very high BAF values of up to 20,000 were reported for Cr in water 

hyacinth plants (Lokeshwari and Chandrappa, 2006). Liao and Chang (2004) 

have reported BAF of Zn in the shoot and root of water hyacinth as 555 and 

4,333 respectively. Zhu et al., (1999) sited in Marta et al., (2008), formulated to 

experimental criteria under which a plant can be classified as a good absorbent 

of toxicants. These are (i) its ability to take up concentration more than 5,000 

mg/kg dry weight of a given element, and (ii) its ability to bioaccumulate the 

element in its tissues; for example, the BAF value exceeds 1,000.  

 

The translocation ability of the water hyacinth was ranged between 1.3 and 4.3 

for the metals. This means the content of all the metals is higher in the roots than 

in the shoot of the plants. The translocation ability of more than one indicates 

poor ability of the plant to distribute the metals absorbed through roots uniformly 

to other tissues of the plant. A plant is considered good absorbent if it’s TLA is 

close to 1 (Carvalho and Martin 2001).      
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3.4 Correlation Matrix Between Trace Metals in Water hyacinth,          

       BAF from Water 
 

Analysis was made to test whether or not significant correlation exist between the 

metals dissolved in the water and that absorbed by the water hyacinth plants of 

the lake. 
Table 8: Correlation matrix between trace metals in the shoots and roots of  
              Water hyacinth plants, water and BAF for Cu and Co. 
  
  CuL CuL CuW BAFWR BAFWL 

Cu       

 CuL 1     

 CUR 0.624     

 CuW 0.865 0.147 1   

 BAFWR 0.786 0.024 0.992 1  

 BAFWL 0.899 0.197 0.992 0.985 1 

Co  CoL CoR CoW BAFWR BAFWL 

 CoL 1     

 CoR 0.12 1    

 CoW 0.49 0.925 1   

 BAFWR 0.738 0.759 0.95 1  

 BAFWL 0.415 0.953 -0.996 0.92 1 
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Table 9: Correlation matrix between trace metals in the shoots and root of water 
hyacinth plants, water and BAF of Cr, Cd and Mn. 
 
Cr  CrL CrR CrW BAFWR BAFWL 

 CrL 1     

 CrR 0.722 1    

 CrW 0.957 0.141 1   

 BAFWR 0.854 0.832 0.666 1  

 BAFWL -0.621 0.973 0.367 0.938 1 

Cd  CdL CdR CdW BAFWR BAFWL 

 CdL 1     

 CdR 0.985 1    

 CdW 0.819 0.708 1   

 BAFWR 0.999 0.976 0.844 1  

 BAFWL 0.955 0.992 0.613 -0.914 1 

Mn  MnL MnR MnW BAFWR BAFWL 

 MnL 1     

 MnR 0.890 1    

 MnW 0.318 0.715 1   

 BAFWR 0.929 0.658 0.964 1  

 BAFWL 0.851 0.848 0.849 0.609 1 
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Table 10: Correlation matrix of trace metals in the shoots and roots of Water 
hyacinth, Water and BAF of Ni and Zn. 
 
Ni  NiL NiR NiW BAFWR BAFWL 

 NiL 1     

 NiW 0.989 1    

 NiR 0.931 0.975 1   

 BAFWR 1.000 -0.988 0.93 1  

 BAFWL -0.988 1 -0.977 -0.987 1 

Zn  ZnL ZnR ZnW BAFWR BAFWL 

 ZnL 1     

 ZnR -0.744 1    

 ZnW 0.924 0.610 1   

 BAFWR 1.000 0.924 0.115 1  

 BAFWL 0.462 1 0.57 -0.751 1 

 

   ML= Concentration of a metal in the leaves of water hyacinth 

   MR=Concentration of the metal in the roots of water hyacinth  

   MW= Concentration of a metal in the water 

  BAFWL = concentration of a metal in the leaves of water hyacinth relative to water 

   BAFWR = Concentration of a metal in the roots of water hyacinth relative to water  

 

Statistical analysis shows that good correlations exist between the 

concentrations of dissolved trace metals and the levels of these metals in tissue 

of the water hyacinth plants. In areas of high atmospheric pollution, in addition to 

absorption from water, it is possible that metal containing aerosols deposited on 

the leaves of plants and then absorbed by plants (Sharma et al., 2008). But the 

good correlation between dissolved metals and the level of metals in plant 

tissues may suggest that the lake water is the most important source of the 

metals in the tissues of water hyacinth plants. 
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3.6 The Level of Metals in the Sediment Core Sections 
 

3.6.1 Temporal profile trace metals in Aba Samuel Reservoir 
 
The temporal trend of trace metals contamination in an aquatic system is best 

understood from sediment cores. The vertical profile of trace metals in 

undisturbed sediment can mirror the change in the input to that particular aquatic 

system. The depth profile of trace metals (Cu, Co, Cr, Cd, Ni, Mn and Zn) in 

sediment core I an II are presented in Fig 7 and 8. 
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Fig. 5:  Depth profile of Trace metals in sediment core I 
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Fig. 6 Depth profile of Trace metals in sediment Core II 

 
It is interesting to note that the level of Copper is increasing over time in both 

sediment cores. Level of this metal increased form an average value of 26.9 

mg/kg in the bottom section to 39.78 mg/kg in the uppermost section of sediment 

core I, which is an increment of 67.6%. Regardless of rapid increment in the level 

of the metal, its concentration in the uppermost section of the sediment cores is 

still below the permissible level for the metal in soil of 270 mg/kg (Lokeshwari 

and Chandrappa, 2006) and the Canadian EPA value of 86 mg/kg for fresh water 
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sediment. The elevated level of copper in the most recent (upper) section of the 

sediment core may suggest that there is change in the input due increased input 

of the metal increased erosion due to the land use change, increased weathering 

of soil materials or rapid industrialization and urbanization along the water shade 

area.   

 
Table 11: The Canadian interim and EPA fresh water sediment quality  
                Guideline for trace metals.  
 

Metals EPA (mg/kg) Interim (mg/kg) 

Cu 149 86 

Co -- -- 

Cd -- 3 

Cr -- 37.3 

Ni 48.6 61 

Zn 459 540 

 
 
Cadmium appears to show only slight variation with depth. There is no 

significant difference between the trends of mean values of the metal in the 

sections of cores I and II. Only small decrease was observed in the level of 

cadmium with depth. Fore example, for sediment core I the maximum 

concentration was 5.70 mg/kg at the water-sediment interface and the minimum 

concentration of 3.08 mg/kg was obtained for the bottom section of the sediment. 

This increment is not as rapid as that for Cu. The level of Cd at the sediment 

water interface is very important as it can easily be remobilized and taken up by 

the aquatic plants. The concentration of Cd at the sediment water interface is 

beyond the range of Canadian interim fresh water quality guideline (ISQG) for the 

protection of aquatic life value of 3 mg/kg. 
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Cobalt lacks well-defined trend with depth. The lack of defined trend and 

subsurficial maxima are clear and prominent in sediment core I. A subsurficial 

maximum of 83.2 mg/kg was observed for section of the sediment at 30-35 cm 

depth. This could be because of the variations of the activities, such as land use, 

industrial activities and the like that generate this metal in to the environment at 

different period of time (Benson et al., 2007) and may be because of occasional 

precipitation of the metal during rainy seasons. The metal showed a decreasing 

trend after this subsurficial maximum in the more recent section of sediment core 

I. Profile of core II also showed high level of the metal at depth of 30-35cm. 

However, the highest value is obtained in the upper most section. The maximum 

level of the metal recorded in the upper sections of the sediments is 74.4 mg/kg 

which is generally higher than the levels the metals in the bottom layers. 

      
Chromium showed a general increasing trend in both sediment cores. The level 

of Cr in the most recent sections of Sediment Core I and II are 76.033 mg/kg and 

63.01 mg/g respectively, both of which exceed the SQG guideline value of 35.7 

mg/kg for the metal. Samuel (2004) has reported the level of the metal in surficial 

sediments along LAR to exceed the Canadian interim SQG level by the order of 

up to 35-70 times. The sources of input of the metal to water of the river was 

direct discharge of industrial effluents from Addis Ababa Tannery and that of the 

battery factory which are located along the up steam course of the river. The 

profile of the metal is also in agreement with the above discussion because the 

increasing tendency of the contamination of the lake sediment could be because 

of the increasing uncontrolled industrial discharge to LAR and BAR the end in 

Aba Samuel Lake.   

 
For manganese, an increasing tendency is evident from profiles of both sediment 

cores. Previous study by Samuel (2004) has identified increasing input of the 

metal from industrial activities such as distilleries, battery factory, public and 

domestic waste disposals, especially from hospitals as permanganate is used as 
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oxidizing agent. The increasing tendency of the metal, especially the high level in 

the most recent sediment sections may not be only because of   increasing input 

from natural or anthropogenic sources. Rather the higher surficial level may be 

due to redox behavior of the metal; that is in the anoxic region of the sediment (in 

lower sections); the metal reduces to soluble Mn2+ ion (Cheevaporn, 1997). The 

dissolved metal ion migrates upward with pore hole water where in oxidizes to an 

insoluble form in the oxic upper layer. The insoluble metal precipitates in the 

upper layer increasing level of the metal in the recent (upper) sediment section. 

Regardless of the general decrement of level of the metal along the depth of the 

sediments, few unexpected subsurificial maxima are observed. The result of this 

study may not be sufficient to explain such unexpected anomalies in the general 

trend.   

 
Depth profile of nickel is not exactly the same for the two sediment core samples. 

A clear increasing trend is observed for Core I and the increment is more gradual 

and not clearly visible for sediment core II. The overall trend may suggest that 

the intensity of emission of the metal in to the lake through its tributaries is 

increasing in the recent years. Still more study is required to identify the sources 

contributing the metal in to the environment of the lake. The metal in the surficial 

sections of both sediment cores exceeds the Canadian ISQG and EPA 

permissible values for fresh water (Table 11).   
 
Significant increasing trend is observed for zinc especially in sediment core I. 

The metal shows a general increasing tendency in core II also, even though the 

change is not as clear as it is for the case of sediment core I. This increment 

could be attributed to the increased natural weathering of soil materials and 

inputs from rapid industrial development and urbanization that could release the 

metal in the last few years. Usually, the increase in natural weathering in the 

watershed area can be reflected by the accumulation of rock-forming elements, 

such as Fe and Al, in sediments. Therefore, it may need further investigation to 

understand the extent of input from natural processes such as weathering rocks 
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and anthropogenic activities like industrialization, urbanization, and change in 

land use and so on. 

 

Overall, the depth profiles of the metals in sediment cores showed increasing 

trend of input of metals to the environment of the reservoir. However, for some of 

sediment sections the unexpected results which are incompatible to the general 

trend are evident. Zolsman et al,(1993), explains that inconsistencies the in lake 

sediment profiles of pollutant could  be due to a number of reasons including 

episodes such as floods, shortage of rainfalls that affects the ingress of pollutants 

in to the lake. Post deposition remobilization of contaminants in the oxic and sub-

oxic section of sediment cores may also be responsible of the few irregularities 

observed (Simpson et al., 2002) 

 

Data are scanty on the extent of heavy metals contamination of sediment of Aba 

Samuel reservoir. The only study on the sediment of Aba Samuel reservoir by 

Feven (2007) suggests the same increasing trend of the heavy metals 

contamination. Comparison of the findings this study with sediment quality 

guidelines have shown that the levels of the metals in sediments of the reservoir 

are below the recommended levels. It should be emphasized anyhow that the 

guide line values can be surpassed if the increasing trend of the metals is not 

intervened.  
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3.6.2 The Correlation Matrix between Different Metals in the Upper  

         Sections of Sediment Cores. 
The linear correlation coefficient calculated for the metals in the upper sections of 

the sediments indicated that Cu/Co, Cu/Cd, Cd/Co, Ni/Cd, Ni/Co had significant 

correlation coefficients (r > 0.95).  
 
Table 12: Correlation matrix between different metals in the upper most section of 
sediment cores 
 
Element Cu Co Cr Cd Mn Ni Zn 

Cu 1       

Co .974 
 

1      

Cr .713 
 

.536 
 

1     

Cd .997 
 
 

.988 
 

.661 
 

1    

Mn .916 
 

.983 
 

.372 
 

.942 
 

1   

Ni .998 
 

.956 
 

.759 
 

.990 
 

.886 
 

1  

Zn -.960 
 

-.998 
 

-.487 
 

-.977 
 

-.992 
 

-.938 
 

1 

 

There is strong statistical correlation between most of the metals. CU/Co, Cd/Cu, 

Ni/Co, Ni/Cu, Ni/Cd, Mn/Co, Cd/Co were metals with very strong correlation 

(Table 12). The strong correlation between these metals may suggest that they 

have the same source.  
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4 CONCLUSIONS AND RECOMMENDATIONS 

4.1 Conclusions 
From this study, it is possible to observe that the level of the dissolved metals is 

below the WHO guideline for dirking water for most of the metals with exception 

of Cd and Mn that exceeded their respective guideline levels. Higher values are 

obtained for most of the metal in the present study when compared with the few 

existing data for Aba Samuel reservoir and its tributaries, suggesting that the 

input of the metals in to the lake is increasing from time to time. Moreover as it 

contains higher level of dissolved Cd and Mn than the maximum recommended 

level, the water is unfit to be used for household consumption. 

 

It is revealed that strong positive correlation exists between dissolve metals and 

the level of the metals in the tissues of water hyacinth plants. This is good 

indication of the environmental risk posed by the metals and the possibility of 

redistribution of the metals in to biological system through food chain.    

 

Analysis of sediment core sections for the trace metal has depicted that the level 

of the metals is higher in the upper section of the sediments. This suggests that 

influx of the metals, (Cu, Co, Cd, Cr, Mn, Ni, and Zn) is increasing in the last few 

decades. The increasing level of the metals in the sediment of the lake may pose 

potential risk on the people residing around the reservoir. This is because large 

number of people use the water to water their livestock and for other household 

purposes. The water of the lake can contain large amount of the metals 

remobilized from the sediment due to different chemical and biological 

remobilization processes  
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4.2 Recommendations 

The result of this study, in combination with previous studies suggests that 

human pressure is increasing on Aba Samuel and its tributaries. Thus the 

following recommendations could be made from this study. 

 

• Studies that make use of strong dating techniques have to be carried 

out on the sediment core of the reservoir to explain the observed 

trend of contamination variation of activities around Addis Ababa as 

the present study is made only on the general trend of pollution.   

• More comprehensive studies are also required to identify the 

sources polluting metals input to the reservoir.  

• Wider assessments that involve speciation of the toxic metals need 

to be conducted to point out the actual ecological risk of the pollutant 

metals.  

• Longer sediment core samples than the present one has to be 

studied to produce data on pre-anthropogenic environment against 

which human influence can be bench marked.   
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