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ABSTRUCT

In the present study, some heavy metal Cd, Cu, Ni, Pb and Cr were determined in sediment and some
tissue of tilapia (Oreochromisniloticus) fish from Chamo lake which is an important water source for
irrigation. Heavy metal levels in sediment and fish sample were analyzed byAtomic absorption
spectrophotometry (AAS). The result of the heavey metal (Cd,Cu,Cr,Pb and Ni) levels in the sediment
were compared with national and international standard sediment quality guidelines as well as literature
data reported of the lake. The analysis of heavy metals in sediment indicated that among the five heavy
metals were present.the result showed that highest Cd concentration (6.07mg/kg) Cd wasrecorded.
followed by Cu,Pb, Ni, Cr,and Cu. The heavy metals concentration was found to decrease sequence of
Tilapia(Oreochromisniloticus)fish tissue of gill>liver>muscle. In general the heavy metals concentration
in the fish tissue decreased insequence for liver [as Cu>Cd>Cr>Ni>Pb,for gill as Cd>Cu>Ni>Cr>Pb,
for muscle as Cu>Cd>Cr>Ni>Pb]. The result showed the concentration of Cd, Cu, Cr, Ni and Pb in
muscle tissue of tilapia(Oreochromisniloticus) fish from lake chamo were below the value of WHO. While
the concentration of Cr in muscle tissue of fish from lake chamo was higher than WHO. Therefore the
muscle part of tilapia fish is safe interim of Cd, Cu, Ni,and Pb. But interim of Cr bad or may cause
hazard tt the fish. So that the people should not be consume the fish in this area.due to that the high intake
of heavy mtals in our body can case bad impact towards health.

Key words: Heavy metals, tilapia fish, sedimment
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1. INTRODUCTION

1.1 Background of the study
Metals are elements, present in chemical compounds as positive ions, or in the form of cations (+

ions) in solution.Metallic elements which have high atomic weight and density much greater(at
least 5 times) than water are known as heavy metals. Heavy metals are among the most serious
environmental pollutants due to their hightoxicity, abundance and ease of accumulation by

various plant and animal organisms.

The increase in Persistent heavy metals in increase in sediments can be attributed to the
contribution of effluent from wastewater treatment, plants, industries, mining, power stations and
agriculture (Guevara-Riba et al.,2004). Heavy metals areextremely persistent in the environment.
They are non-biodegradable and non-thermo degradable and thereforereadily accumulate to toxic
levels(Guevara-Riba et al., 2004). They are released into the environment fromnatural as well as

anthropogenic activities.

Ethiopian Rift Valley Lakes which comprises of seven principal Lakes are an important area for
commercial fisheries. The Lakes are also used for recreation, irrigation and industrial purposes
(Gebremariamand Pearce, 2003).Despite the growing influences from natural and anthropogenic
origins there exists a general belief that presumes the absence of permanent alteration or
contamination of these Lakes. However, rivers that flowinto some of these Lakes are heavily
loaded with contaminants of natural and anthropogenic origin, such asdischarges from factories

and domestic sources (Gebremariam and Pearce, 2003; Guevara-Riba et al., 2004).

Heavy metals have wide environmental dispersion with the tendency to accumulate in selected
tissues of the living organisms and have the overall potential to be toxic even at relatively low
levels of exposure. Heavy metals enter the fish through gills, skin, oral in food and water. In the
fish’s body, the metal is transported through the blood stream and either stored, transformed or
eliminated in the liver, kidney or the gills (Mozaffarian andEric, 2006; Mwangi, 2013). At high

concentration,they are dangerous because they accumulate faster in living things.

The pollution of the aquatic environment with heavy metals has become worldwide problem

during recent years. Because they are indestructible and most of them have toxic effects on



organism (Macfarlane and Burchett, 2000).Among environmental pollutants, metals are of
particular concern, due to their potential toxic effect on the aquatic environment and ability to
bio accumulate in theaquatic ecosystem (Censietal,2006). Heavy metal concentration in an
ecosystem is usually monitored by measuring their concentrations in sediments and biota
(Camussoetal,1995), which attain considerable concentration in sediments and biota (-
Namminga and wilhm-, 1976). Heavy metals including both essential and non essentiall
elements have a particular significance in eco- toxicology, since they are highly persistent and
all have potential to be toxic to living organisms (Storelli et al., 2005).Studies of heavy metals in
fish and sediments (Ozmen et al., 2004,Begum et al.,2005; Fernandeset al., 2008) were a major
environmental focus especially during the last decade. Sediments are important sinks for various
pollutants. Heavy metals also play a significant role in the remobilization of contaminants in
aquatic system under favorable conditions and the interaction between water and sediment. Fish
sample can be considered as one of the most significant indicators in fresh water systems for the
estimation of metal pollution level (Rashed.2001). The commercial and edible species have been
widely investigated in order to check for those hazardous to human health(Begum et al., 2005).
Heavy metals such as copper,chromium,and nickel are essential metals since they play an
important role in biological systems, where as cadmium and lead are non essential metals, as
they are toxic. Even in trace amounts(Fernands et al., 2008). For the normal metabolisms of the
fish,the essential metals must be taken up from food or sediment Canhand Atli, 2003). These
essential metals can also produce toxic effects when the metal intake is excessively
elevated(Tuzen,2003).0f different pollutants, heavy metal pollution of aquatic environment has
become a great concern in recent years because they are very harmful as a result of their non-
biodegradable nature, long biological half-life and their potential to accumulate in different body
parts of the organism. They can also be concentrated along the food chain, producing their toxic
effect at points far removed from the source of pollution. Thus, compared to other types of
aquatic pollution, heavy metals pollution is less visible, but its effects on the ecosystem and

humans can be intense and very extensive (Edem et al., 2008).

The toxicity of trace metals will vary greatly between organisms in the same trace
metals, and between trace metals for the same organisms. Furthermore, trace metals will not
necessarily follow the same rank order of toxicities between organisms, depending on

differences between uptake rate, detoxification rates and excretion rate of the different
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organisms.However, the general order of toxicity of heavy metals is Hg> Ag> Cu> Cd >Zn> Ni>
Pb> Cr> Sn and so on (Luoma and Rainbow, 2008). Heavy metal toxicity can result in damaged
or reduced mental and central nervous function, lower energy levels, and damage to blood

composition, lungs, kidneys, liver, and other vital organs (WHO, 1984)

Fish is a basic and important food for human nutrition(Abdel-Beki et al.,2011) such as fatty acid
in fish that can reduce the risk of heart diseases and stroke due to their contribution inlowering
thecholesterol levels in blood and alsoprovides minerals and vitamins(Al-Busaid et al., 2011).
The present of heavy metal in fish gives impact to the human health. Besides, fish is a very
suitable bioindicators of heavy metal contaminations (Karmalo et al.,2007).The parts of fish that
take upheavy metals from the gills, body surface, digestive tract, muscle and liver (Bashis et

al.,2012). Figure 1 shows the example of edible part of fish that use for the analysis.

Moreover, gill is a modest accumulation of heavy metal even though it has low metabolic
activity due to the high adsorption of metal on the gill surface of higher metals (Canali M and
Atli G et al.,2003). Besides, water becomes the main source of contamination due to the high
heavy metal contents in the gills (Bervoets., L., and Blus, R. 2003 ). While, the concentration of
heavy metal in fish muscle is always low compared to the other tissues of fish(Z.,Jovanov,.2001)
due to their low metabolic activity (Uluturham. E and Kucuksegin.F.,2007).However, it is still
important to compare muscles in order to determine the safe levels. This is because the
consumption of fish muscle is the greatest mass compared to the other part of the fish(ZhuangP.
and Zou B., 2013). The higher intake of heavy metal in our body can cause bad impact towards
health (Ahmad, A., et al and Othman M et al., 2010)



Figure 1. The edible parts of the fish’s body (muscle and gill)

Source Dowlat.,et al (2013);stein., et al(2007)

1.2 STATEMENT OF THE PROBLEM

Lake Chamo the research area is one of the lakes found in the Ethiopia Rift valley. It is a fresh
closed lake, playing an important role in the lives of many people in the region. It is the source
ofthe commercial fishery.The lake is influenced by human activities such as agricultural
practices, deforestation and discharge of domestic sewage (AbaynehAtaro et al., 2003) solid,
sediment,[ fishes] and aquatic plants. Fish are used as bio indicator of aquatic eco system for
estimation of heavy metal pollution and potential risk for human consumption(Agrawal et
al.,2007). These may make the lake Chamo to receive different kinds of pollutant in the lake. It
contains four types of fish species which are (1) Nile tilapia(Oreochromisniloticus) locally
known as korosso, (2) Burbus(Burbus intermediet)locally known as Barbo,(3) Catfish (Claris
gariepinus) locally known as ambaza and (4) Nile perch(Lates niloticus) locally known as nech
asa(LFDP, 1997). AbaynehAtaro et al.(2003) have also stated the quantitative data on trace
element in fish species from Chamo lake are scarce.The study is conducted on the edible tissue
(Fillet) of Nile Tilapia fish species locally known as korosso which are the most common types
of fish consumed by the local people and found widespread in the lake Chamo.Therefore, this
research has been carried out to determine the level of some heavy metals in tissuesof Nile
tilapia(Oreochromisniloticus) fish species and sediment from Chamo lake. This provided an
insight on the presence or absence of heavy metals in fish and sediment to ensure that levels of
heavy metals whether meet agreed local or international standard requirement .In addition to this



it might also helpful to monitor the lake quality by determining the heavy metals.To the best of
our knowledge from literature survey,there is no work has been carried out on the environmental

quality of the lake and the lack of environmentalregulation.

However the consumer of this area used this fish species as commercially important, but they
didn’t know the effect of heavy metal within the fish body. So this study was important to take
measures on the level of some heavy metals (Cd, Cu, Cr, Ni and Pb in tilapia fish species and

sediment in this lake and to inform the toxicity amount of this heavy metal in the fish.

This study is undertaken to determine the current level of the concentrations of the heavy metals
such as cadimium (Cd),copper (Cu), lead (Pb), nickel (Ni), and chromium (Cr) in sediment and
in the edible tissue of the Tilapia fish in Lake Chamo.As far as the our knowledge, there is no
previous work done on the determination of heavy metals Cd, Cu, Cr, Ni andPb in sediment and

Tilapia fish species from Chamo lake.

1.3.1 GENERAL OBJECTIVES OF THE STUDY
To determine the level of some selected heavy metals in sediment and Tilapia fish species from

lakeChamo.
1.3.2 SPECIFIC OBJECTIVES

» To determine Cu, Cd, Pb, Ni, and Cr concentration in sediment and tilapia fish samples
from lake Chamo.

» To compare the results with previous literature on the same fish species.

» To compare the concentration of Cu,Cd, Pb, Ni and Cr in sediments and tilapia fish

species of the study area with national and international guidelines.

1.4 SIGNIFICANCE OF STUDY
The study is necessary, due toa large number of people consume tilapia fish species in this area .

However, fishes are good indicators of metal contamination in aquatic system because the
consumption of contaminated fish cause the effects to human health.It was also important to
detect the concentration of selected metalsCu, Pb, Ni, Cr and Cd insediment and tilapia fish
species from Chamo Lake. In general, the study is important to take proper measure of heavy

metals in fish and sediment in order to keep fish safe for contamination and to maintain the



aquatic ecosystem.To report the information to the other researchers because there was no
literature report on selected metals such as Cu, Pb, Ni, Cr and Cd concentrations in sediment

and tilapia fish species.

1.5 SCOPE AND LIMITATION OF THE STUDY

This study was focused only some selected heavy metals Cu,Pb,Ni, Cr and Cd concentration in
sediment and Tilapia fish species from Lake Chamo.To compare the concentration of Cu, Cd, Cr,
Pb, and Ni in sediment and tissue of Tilapia(Oreochromis niloticus) fish species of lake Chamo

with national and international guidelines.



UNIT TWO

2 REVIEW OF LITERATURE

2.1. Environmental pollution

Environmental pollution is caused due to the discharge of substances or energy into air, water, or
land that may impart acute (short-term) or chronic (long-term) detriment to the quality of life.
According to Tokaliogluet al. (2003) and Moja., (2007), the impacts of environmental pollution
is insidious and its harmful effects only become apparent after periods of exposure. For this
reason environmental monitoring is recognized as being vitally important in detecting the level
and types of pollutants, and their source. Furthermore this monitoring helps to take measures to
mitigate the effect in those seriously polluted areas. In natural aquatic ecosystems, heavy metals
occur in low concentration. In recent times, however, the occurrence of metal contaminants in
excess of natural loads has become a problem of increasing concern. Heavy metals
contamination of the aquatic environment may lead to deleterious effects from localized inputs
which may be acutely or chronically toxic to aquatic life within the affected area (Calamari
&Naevel., 1994).

The term heavy metal is a general collection term applying to the group of metals and metalloids
with an atomic density greater than 6g/cm® (Alloway and Ayres, 1993). Commonly the term is
used to refer to elements that are associated with pollution and toxicity problems. Common
urban nonpoint sources include runoff from streets or fields; such runoff contains all sorts of
pollutants, from heavy metals to chemicals and sediments. Rural source of non point pollution is

generally associated with agriculture, mining, or forestry (Botkin and Keller, 2007).

2.2 Heavy Metals in the Environment
The heavy metal concentrations in the environment are due to natural sources (rock weathering,

soil erosion, dissolution of water soluble salts) as well as anthropogenic source such as municipal

wastewater, manufacturing industries, and agricultural activities (Glven and Akyncy, 2008).

Heavy metals are of much environmental concern currently. These metals are dangerous as they
tend to bioaccumulate in the food chain and they can be harmful to human and animals. The

heavy metals risk poses to human and animal health is provoked by their Metals can be retained



for long periods of time after entering the environmental medium such as soil (Tokalioglu, et al.,
2003; Moja, 2007). The natural levels of metals are normally increased through various
anthropogenic processes. Currently, anthropogenic inputs of metals are higher than the natural
input and this may pose a great threat to aquatic life in particular, and to whole ecosystems in
general (Weiner, 2008). In natural aquatic ecosystems, heavy metals occur in low concentration.
In recent times, however, the occurrence of metal contaminants in excess of natural loads has

become a problem of increasing concern.

Heavy metals contamination of the aquatic environment may lead from localized inputs which
may be acutely or chronically toxic to aquatic life within the affected area (Calamari &Naevel,
1994).

2.3 Distribution of heavy metals in the aquatic environment

Once in the aquatic environment, heavy metals are partitioned among various aquatic
environmental compartments (water, suspended solids, sediments and biota). The metals in the
aquatic environment may occur in dissolved particulate and complex form. The majority of metal
contaminants partition onto particulate matter such as clay minerals, Fe and Mn
oxides/hydroxides, carbonates, organic substances (e.g., humic acids) and biological materials
(e.g., algae and bacteria) (Calmanoet al., 1993).

However, several mechanisms indicate that heavy metals in water may be removed due to (1)
adsorption onto particulate; (2) chemical transformation into an insoluble form; (3) precipitation
and(4) sedimentation (Balasubramaniaet al., 1997) Adsorption could be the first step in the
ultimate removal of metal from water. In the Adsorption could be the first step in the ultimate
removal of metal from watercourse of distribution, permanent or temporary storage of metal
takes place in the sediments of both freshwater and marine environments (Aksuet al., 1998). ).
redox processes may change the properties of sediments and affect the composition of interstitial
water (Vale et al., 1998). Reworking of the sediments by organisms will also bring heavy metals
from sediments to the surface water. Heavy metals are taken up by both fauna and flora of the
aquatic environment. This uptake could provoke an increase in the concentration of metals in an

organism; if the excretion phase is slow, this can lead to the bioaccumulation phenomenon. Some



heavy metals have been shown to undergo biomagnifications through the food chain (Suter,
1993).

2.4 Accumulation of Heavy Metals in Fish
Fish are used as bio-indicator of aquatic ecosystems for estimation of heavy metal pollution and
potential risk for human consumption (Agrawalet al., 2007).Bioaccumulation of metals in fish
takes place directly, from the water by gills and indirectly from food (Barron, 1990). The metals
such as copper, zinc, iron, and cobalt are essential and have important biochemical functions in
the organism as opposed to non-essential metals like lead, cadmium, mercury, and arsenic. The
essential trace metals are only used in trace amounts by the organism and usually they are found
in small concentration in the environment. The excess amount of heavy metal in the organism
can be regulated by homeostasis (Bryan and Hummerstone, 1973). But, if the heavy metal
concentration at the source of supply such as water and food is too high, the homeostasis
mechanism ceases to function and the essential heavy metal act in either an acutely or
chronically toxic manner. The function of uptake and excretion in fish is determined the
accumulation of metal in fish. The gills are likely sites of metal uptake from water due to their
large surface area and the close proximity of the internal constituent of the body and external
environment (Wepener, 1997).Dallingeret al,1987) stated that as far as fish is concerned, there
are three possible ways by which metals may enter the body (i) the body surface, (ii) the gill, (iii)

thealimentary tract.

2.5. Bioavailability of Metals
The toxicity of trace pollutants to aquatic organisms is related to the bioavailable fraction of
contaminants available for assimilation. Bioavailability is defined as the fraction of the total
amount of a chemical substance that can be taken up by living organisms within a certain time
span (Wang et al., 2002). Bioavailability and bioaccumulation of contaminants in an aquatic
environment is mainly dependent on the partitioning behavior or binding strength of the
contaminant to sediment. Dissolved or weakly adsorbed contaminants are more bioavailable to
aquatic biota compared to more structurally complex mineral-bound contaminants which may
only become bioavailable upon ingestion with food. For example, metals in the aquatic phase are
the most bioavailable compared to particulate, complexed or chelated forms. Cadmium is less

bioavailable in seawater than freshwater due to complexation with chloride ions and organic



binding competition with calcium and magnesium, whereas copper bioavailability increases with
increasing salinity (Forstner et al., 1989). Factors affecting metal bioavailability and
bioaccessability include metal speciation and biotransformation, availability of complexing
ligands (e.g., organic carbon, chloride, carbonate, sulfide, manganese and ferrous oxides),
competition by other cations for membrane adsorption sites (e.g., calcium, magnesium), pH,
redox, particle sorption, sediment and soil physicochemical properties and hydrology.
Weathering or aging of metals over time also can reduce their bioavailability. Hydrogen ion
activity (pH) is probably the most important factor governing metal speciation, solubility from
mineral surfaces, transport, and eventual bioavailability of metals in aqueous solutions. pH
affects both solubility of metal hydroxide minerals and adsorption-desorption processes. Most
metal hydroxide minerals have very low solubility under pH conditions in natural water. Because
hydroxide ion activity is directly related to pH, the solubility of metal hydroxide minerals
increases with decreasing pH, and more dissolved metals become potentially available for
incorporation in biological processes as pH decreases. lonic metal species also are commonly the
most toxic form of aquatic organisms (Salomons, 1995). Temperature exerts an important effect
on metal speciation, because most chemical reaction rates, are highly sensitive to temperature
changes (Elder, 1989). An increase of 10 OC can double biochemical reaction rates, which are
often the driving force in earth surface conditions for reactions that are kinetically slow, and
enhance the tendency of a system to reach equilibrium. Temperature may also affect quantities of
metal uptake by an organism, because biological process rates typically double with every 100C
temperature increment. Because increased temperature may affect both influx and efflux rates of

metals, net bioaccumulation may or may not increase (Luoma, 1983).

In recent organic carbon-rich sediments, trapped interstitial fluids can commonly form a strongly
reducing (anoxic) environment. The low redox potential in this environment can promote sulfate
reduction and sulfide mineral deposition. During diagenesis, much of the non-silicate-bound
fraction of potentially toxic metals such as arsenic, cadmium, copper, mercury, lead, and zinc,
can be co-precipitated with pyrite, form insoluble sulfides, and become unavailable to biota.
Seasonal variation in flow rates or storms that induce an influx of oxygenated water can result in
rapid reaction of this anoxic sediment and thereby release significant proportions of these metals.
Pyritization and/or de-pyritization of trace metals probably can be an important process in

10



controlling the bioavailability of many trace metals, especially in the aquatic environment
(Morse, 1994).

2.6 Heavy Metals under the Study

Copper: is one of the world’s most widely used metals. The most common copper-bearing ores
are the sulfides, arsenates, chlorides, and carbonates (Weiner, 2008). It reaches aquatic systems
through anthropogenic sources such as industry, mining, plating operations, usage of copper salts
to control aquatic vegetation or influxes of copper containing fertilizers (Nussery, 1998). Copper
is an essential trace element for plants, animals and even humans, and although the concentration
of copper is usually low in nature, it happens in adequate quantities for growth in all aquatic
environments. “It is required for bone formation, maintenance of myelin within the nervous
system, synthesis of haemoglobin, component of key metalloenzymes, plus it forms an important
part of cytochrome oxidase, and assorted other enzymes involved in the redox reactions in the
cells of animals. It is also essential for cellular metabolism, where its concentration is well
regulated, but becomes toxic at elevated levels” (Pelgormet al., 1995).Although copper is
important, it is toxic when concentrations exceed that of natural concentrations (< 0.05 pmol/L)
(Stouthartet al., 1996). The toxicity of copper in aquatic organisms is largely attributable to Cu®*
that forms complexes with other ions (Nussey, 1998). A reduction in water dissolved oxygen,
hardness, temperature, pH, and chelating agents can increase the toxicity of copper (Nussey,
1998). Organic and inorganic substance can easily complex the cupric form of copper, which is
the most common speciation of this metal, and it is then absorbed on to particulate matter.
Therefore, the free ion is rarely found except in pure acidic soft water.

The chemical speciation of copper strongly depends on the pH of water (Stouthartet al, 1996).
Copper, in water, particulate at high pH (alkaline) and is thus not toxic, while at low pH (acidic)
it is mobile, soluble and toxic (Nussey, 1998).Acute poisoning result from ingestion of excessive
amount of copper salt and can lead to “nausea, vomiting, stomachache and diarrhea and may
produce death. Copper fume, dusts and mist from industrial exposure affect to upper respiratory
tract. At low concentration, copper can result in anemia, gastrointestinal disturbances, bone
development abnormalities, and death. Copper toxic effects in fish include; change biochemistry,

anatomy, physiology and behavior.
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It damages the gill and head area of fish, could probably cause mucous to accumulate on the gill
area” (Lewis, 1971).

Lead:is major sources in the environment are automobile exhaust, industrial wastewater,
wastewater sludge and pesticides (Balbaet al., 1991). The global mean lead concentration in
lakes and rivers is estimated to be between 1.0 t010.0 pg/L (Weiner, 2008). Lead enters the
aquatic environment through erosion and leaching from soil, lead dust fallout, combustion of
gasoline, municipal and industrial waste discharges, runoff of fallout deposit from streets and

other surfaces as well as precipitation (DWAF, 1996).

Lead is toxic and a major hazard to human and animals. Lead has two quite distinct toxic effects
on human beings, physiological and neurological. “The relatively immediate effects of acute lead
poisoning are ill defined symptoms, which include nausea, vomiting, abdominal pains, anorexia,
constipation, insomnia, anemia, irritability, mood disturbances and coordination loss. In more
severe situations neurological effects such as restlessness, hyperactivity, confusion and

impairment of memory can result as well as coma and death” (Ansari, et al. 2004).

The main targets of lead toxicity are “the hematopoitic and nervous systems. Several of the
enzymes involved in the synthesis of heme are sensitive to inhibition by lead. Besides this, the
nervous system is another important target for lead toxicity, especially in infants and young
children where the nervous system is still developing. Even at low levels of exposure, children
may show hyperactivity, decreased attention span, mental deficiencies and impaired vision. Lead
damages the arterioles and capillaries resulting in cerebral edema and neuronal degradation.
Another system affected by lead is the reproductive system. The exposure can cause reproductive

toxicity, miscarriages and degenerated offspring” (Kocaket al., 2005).

Nickel:is found in many ores as sulfides, arsenides, antimonide, silicates and oxides. Its average
crustal concentration is about 75 mg/kg and in aquatic ecosystems, dissolved nickel

concentrations are generally between 0.005 and 0.01 mg/L (Galvin, 1996).

Chemical and physical degradation of rocks and soils, atmospheric deposition of nickel-
containing particulates, and discharges of industrial and municipal wastes are released nickel into
ambient waters (USEPA, 1986; WHO, 1991). The main anthropogenic sources of nickel in water

are primary nickel production, metallurgical processes, combustion and incineration of fossil
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fuels, and chemical and catalyst production (USEPA, 1986). The atmosphere is a major conduit
for nickel as particulate matter. The atmospheric loading of nickel comes from both natural
sources and anthropogenic activity. Nickel particulates eventually precipitate from the
atmosphere to soils and waters. Soil-nickel enters waters with surface runoff or by percolation of

dissolved nickel into ground water (Weiner, 2008).

Zinc:is a very common environmental contaminant and usually outranks all other metals and
commonly found in association with lead and cadmium (Finkelman, 2005). Major sources of the
zinc in aquatic environment include the discharge of domestic wastewater, manufacturing

processes involving metals and fallout atmosphere.

Zinc is an essential element for human, animal, and certain types of plant. “The cell of
livingorganisms contain zinc as one of the main components of various enzymes, such as
carbonateanhydrase, carboxy peptidase, superoxide dismutase, lactase, dehydrogenase,
phosphatase and glutamate dehydrogenase. It is also necessary for a healthy immune system, cell
division and synthesis of protein and collagen, which is great for wound healing and healthy
skin. However, a higher amount of it can cause anemia, pancreas damage and lower levels of
high density of lipoprotein cholesterol” (Finkelman, 2005). Even though zinc is an essential trace
element and help in homeostatically control in fish, but at high concentration of zinc can be toxic
to fish (Counture and Rajotte, 2003). Acute toxic zinc concentrations result in gill damage,
which interferes with respiration, leading to hypoxia. Chronically toxic are generally an
extensive deterioration of liver, kidneys, heart, and muscle. Chronic sub-lethal zinc concentration
can also delay or inhibit the growth, sexual maturity and reproduction of the fish, and can also

induce pathological and morphological abnormality in adult fish (Somasundaram et al., 1984).

Zinc toxicity is modified by water, chemical factors, including dissolved oxygen concentration,
hardness, pH and temperature of the water (Nussey, 1998) and can also be changed through other
heavy metals compounds and alkaline earth metals. High temperature tends to increase zinc
toxicity, while an increase in water hardness, alkalinity and organic chelators can reduce its acute
lethality and low dissolved oxygen content in water increases the toxicity of zinc (Chapman,
1978)
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2.7. Relevant Studies in Ethiopia and Other African Countries

AbaynehAtaroat al. (2003) studied trace metals in fish from Lake Hawassa and Ziway. The
results indicated the range of concentration 1.03-2.78 pg/g in Lake Hawassa and 1.03-1.98 ug/g
in lakeZiway for Cu and 23.04 -30.92 pg/g in Lake Hawasa and 26.29-30.92 ug/g in Lake Ziway
for Zn. Theaccumulations of Pb and Ni were below 1.66 and 0.99 in Tilapia fish of both
lakes. SelamawitGeta (2010) found 1.35 Cu, 0.35 Pb and 27.13 Zn in the muscle of
Tilapia fish from Lake Ziway.

The concentrations of Pb in Lake Victoria ranged from 0.04 to 0.94 mg/L and its accumulation
in the muscle of fish were ranged from 3.6 to 20.3 pg/g as studied by Tole and Jenipher (2003)
and Kisamo (2003) found the concentrations of Cu, Pb and Zn in water of Lake Victoria were
>0.01mg/L, 0.35- 0.36-0.63 mg/L and 0.01-5.62 mg/L and their accumulatons in the range of 2.3
-6.6ug/g, 0.01-28.0 ug/g and 17-179 ug/g, respectively. Sanarathne and Pathirathe (2007)
estimated the accumulation of heavy metals in fish inhabiting Bolgada Lake in Sri Lanka.
The result showed that the accumulation ranged from 0.8 - 9.3ug/g wet mass for Cu, 0.1 -
3.0pg/g wet mass for Pb and 5.9 - 11.5ug/g wet mass for Zn. Saeed and Shaker (2008) assessed
the heavy metals pollution in water and sediments and their effect on Nile Tilapia
(OreochromisNiloticus) in the northern delta Lakes in Egypt. The results indicated that the
concentrations of heavy metals in water were maximum at the Lake Manzala (1.36-0.68 mg/L
for Cu and 0.32-0.66 mg/L for Zn) while the minimum at Lake Edku (0.002- 0.054 mg/L) but the
highest Pb concentration was at the Borollus Lake (0.11-0.31 mg/L) and the lowest Lake Edku
(ND — 0.084 mg/L).The accumulations of Cu, Pb and Zn were highest in the fish of Lake
Manzala (44.84 pg/g d.w for Cu, 10.1pg/g d.w for Pb and 212.44 pg/g d.w for Zn) but the lowest
accumulations were recorded at Lake Borollus for Cu (1.77ug/g d.w.) and for Zn (9.88 ug/g
d.w.), and at Lake Edku for Pb (0.59 pg/g d.w

14



UNIT THREE

3 MATERIALS AND METHODS
3.1 Description of Study area

Lake Chamo(Amharic; ChamoHayk) is a lake in the Southern Nations, Nationalities, and the
peoples Region ofSouthernEthiopia. It is Located in the main Ethiopian Rift valley lake at an
elevation of 1,235 meters. It is just to the south of lake Abaya and the city of Arbaminch, east of
the Guge mountains, and west of the Amaro mountains. Lake Chamo is 26 km long and 22 km
wide, with a surface area of 551 km? and a maximum depth of 10 Metre. The lake climate is
further characterized by a high rate of evaporation (about 2300 mm per year on average) and the
precipitation average of about 600 mm. The area in the past has been affected by global climate
change with a shift to a decrease in precipitation peaks and with consequent impact on the lake.
Earlier studies (Amha Belay and Wood, 1982) stated that Lake Chamo has a surface area of 551
km2 and a maximum depth of 16m. However, according to SeleshiBekele (2006), the surface
area of the lake declined to about 335 km2. Elizabeth Kebede (1996) reported a maximum depth
of 13m.

Study Area

Figure 2. Map of Lake Chamo with sampling site in southern nation nationalities of people
region.
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3.2 Methods Using For Data Collection

3.2.1.Selection of sampling station

Two sampling sites were selected. Sampling site-1 ( Figure 2) located the side of Arbaminch
paradise park, which is near to Chamo lake named Chamo park 1.The site is close to highway,
which sites were used during sampling period the sampling site in the Lake were selected by
considering the source of pollution.Each selected sampling site has been receiving different types
of pollutants from different source of pollution. Due to the sources of pollution in the lake, the

may be receiving particulate pollutants related to motor vehicles.

Sampling site-2 (Figure2) located the side of Arbamich Nech sahar national park, which is
located near Lake Chamo. Itis commonly used for recreational purpose. The site name is Chamo

park 2. It does not have point source of pollution from the agricultural land of the area.
3.2.2 Collection of sediment

Sediment samples were collected using grab sample from two sites, which are park one and park
two. Then the samples were transported to the laboratory and air dried in the laboratory at room
temperature. Once air dried sediment samples were powdered and packed in polyethylene bag

and stored below 20C° prior to analysis.
3.2.3 Collection of fish sampl

The two tilapia fish species were caught and collected at each sampling site with the help of
fishermen  The  fish  freshly  collected fish  species type, namely Nile
Tilapia(oreochromisneloticus) locally known as korosso. After collection, using a glove the fish
to protect any contamination from the sample, then the samples were immediately dissected by
plastic knife and carefully separate selected body part (gill, heart andmuscle)and washed with tap
water to remove dirt after thatput the sample in sterile polyethylene bags and taken in an ice
box.Tissue samples were placed in Aluminum foil,labeled and then frozen at-20C° in deep frozen

until further pretreatment and analysis.
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3.2.3 Instrumentations and Apparatus

The fish samples were ovendried and grounded in mortar and pestle. The 250 mL round bottle
flask was used for digestion purpose and 50mL volumetric flask used for dilution. Atomic

absorption spectrophotometer used for the analysis of heavy metals in sediment and fish sample.

3.2.4. Digestion of Sediment sample
The sediment sample was dried using air at room temperature. 1g of dried sedweighted and
transferred into 250ml bottled flask and the mixture of 10ml nitric acid and 10ml Perchloric acid
prepared in 1:1(v/v) ratio was added. The mixture was digested until a clear solution was
appeared. Filter the solution in watchman filter paper in a 50mL volumetric flask and diluted in
the de ionized water. After that the standard solution of Pb, Cu, Cd,Ni and Cr were prepared.
Then react the sample and blank in atomic absorption spectrophotometer. From atomic

absorption spectrophotometer absorbance of the sample was taken.

3.2.5. Digestion of Fish Sample
The samples were crushed using a clean mortar and pestle to produce powdered forms. 1 g of
dried and powdered fish sample was weighed using an analytical balance. Each of 1 g of
powdered sample was transferred into 250ml round bottle flask and the mixture of 10ml Nitric
acid and 10ml hydrogen peroxide prepared in a 2:1 (v/v) ratio was added. The suspended mixture
was digested for one hour, until a clear solution was obtained. Filter the solution in watchman
filter paper in a 50mLvolumetric flask and diluted in distled water.After that, prepare standard
solution of Pb, Cu, Cd, Ni and Cr. Then react the sample and blank in atomic absorption spectro

photometry. From atomic absorption spectrophotometry absorbance of the sample was take
3.2.7 analysis of heavy metals

Concentration of Cu, Pb, Ni,Cr, and Cd were determined insediment and fish samples. The
analysis of heavy metals in sediment and fish samples were carried out by atomic absorption
spectrophotometer and used for determination of metal concentration in the sample of fish and

sediment.
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3.2.6.Quality control and quality assurance

3.2.6. 1Reagents and standard solution
All chemicals were used analytical grade. Distiled water is used for dilutions throughout the
study. Nitric acid,HNO3(69%), andhydrogenperoxide, H,O, (30%), are used for digestion.
Working standards were prepared by diluting concentrated stock solution of 1000mg/L Cu, Pb,
Ni, Cr and Cd in distiled water

3.2.6.2 Preparation of stock standard solution
Working standard solutions of lead (Pb), copper (Cu), chromium (Cr),nickel (Ni) and cadmium
(Cd)were prepared from the stock standard solutions containing 1000 ppm of the element in 2 N
nitric acid. Calibration and measurement of elements were done by using Atomic Absorption
Spectrophotometer. The calibration curves were prepared for each element individually applying

linear correlation by the least square method.

3.2.6.3 Calibration procedures
Calibration curves for each heavy metals were set to ensure the accuracy of an atomic
absorption spectrophotometer and to confirm that the results of determination were true and
reliable. The calibration of AAS was made with standard solutions. Appropriate working
calibration standards were prepared by serial dilution of concentrated stock solution of
1000mg/L for Cu, Pb, Ni, Cr, and Cd and blanks were tested intoAAS and its absorbance was
recorded.Calibration curves were plotted with different points for each metal standard solution
using absorbance against concentrations (mg/L). After calibration using the standard solutions,
the sample solutions were tested into the AAS instrument and direct reading of the metal
concentrations were recorded. The concentration of standard solution that were used to calibrate
atomic absorption Spectrophotometry was given in (table 1). The absorbance ofeach standard
solution provided in appendix -1. Thecorrelation coefficient of each metals was determined from

the calibration curve, which was provided in appendix-3.

18



Table 1.standard concentration in (mg/L) and its absorbance of metal analyzed by AAS

Cd Cu Cr Ni Pb

Conc Absor Conc absor conce absorb Concen Absor concentrat Absorban

etrati  bance entrat bance ntrati ance tration  bance ion ce
ons ion on

0.4 0.068 0.4 1.117 0.2 0.009 0.2 0.2 0.2 0.025
0.8 0.109 0.8 0.169 04 0019 04 0.4 0.4 0.55
1.2 0.151 1.2 0.231 0.6 0.029 0.6 0.6 0.6 0.081
1.6 0242 1.6 0.728 0.8 0.039 038 0.8 0.8 0.113
2 0.302 2 0.342 1.00 0.047 1 1 1.2 0.142
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Figure 3  Calibration curve of Cu for fish and sediment
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Pb Cahbration curve
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Figure 5 Calibration curve of Ni for fish and sediment
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Figure 6 Calibration curve of Cr for fish and sediment

The correlation coefficient (R2 which was obtained from the calibration curve(appendix-2) of

each metal was greater than 0.99 and it was given in Table 2.

Table 2. Correlation coefficient(R?) value for each metal.

Metal (R?)
Cd 0.991
Cu 0.996
Cr 0.998
Ni 0.997
Pb 0.998

.3.3. Stastical analysis
The data obtained was analyzed for mean value using MS Excell and analysis carried out using
SPSS 16 version.
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UNIT FOUR
4, RESULTS AND DISCUSSION
4.1 Heavy metals concentration in Chamolake sediment in two sampling sites (chamoparkl
and chamopark?2)

In sediment sample according to analysis results the following finding was obtained for the
concentration of heavymetals. The mean concentration of Cd (6.07mg/kg) recorded in the
sediment sample collected at Chamo parkl1(sample site -1) was highest. While the lowest mean
concentration 5.14mg/kg was recorded in the sample obtained atChamo park2mple(sample site-
1) table 1. The highest mean concentration of Pb(3.26mg/kg)recorded at park2 site and the
lowest mean concentration of(2.683mg/kg) at parkl. The concentration Pb was high in sediment
ofChamopark2 (sample site-2) but low in Chamo park 1.The decreasing order of the metals
concentration in sediment,was Cd>Cu>Pb>Ni>Cr.In general the result shows that the mean

concentration of Cd in sediment was highest and the concentration of Cr was the lowest.

Table 3. Heavy metal concentration in Chamo lake sediment mean in mg/kg dry weight.

Heavy metals

Sample site

Cu Cd Pb Ni Cr
Chamoparkl 4.76 6.07 2.68 2.269 2.132
Chamopark2 4.26 5.74 3.26 2.978 2.21

4.2. Comparison of the heavy metal concentration in the Chamo lake sediment with
sediment quality guideline and otherglobal published values for deferent Literature.

The metals Concentrationobserved in the sediment samples were compared with sediment
quality guideline, which our result showed in Table-2 that the mean concentration of Cd and Pb
in the present study were higher than those of Avsar dam lake value reported by M.Ozturk et
al.,(2008). Also the concentration of Cd was higher in the Demirkopru Dam lake reported by
Ozturk et al.,2008 and lower than the lake victory reported by Kishe and Machiwa et al., 2003.
While the concentration of Pb, Ni, Cu and Cr at present study were lower than in lake taxom
reported by Uzunogl(1999) and Pb concentration(3.265mg/kg) was lower than the Demirkopru
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Dam lake value(6.5mg/kg) reported by Ozturk et al.,2008 and the lake victory(54.6) reported by
Kishe and Machiwa, 2003. Generally the mean concentration of Pb, Ni, Cu and Cr in Lake
Chamo was found to be lower than the other studies but the Cd was higher. The concentration of

Cd in sediment was maximum compared to the other study.

Table 4. Comparison of heavy metal concentration in Chamo lake sediment with sediment
quality guideline(Table 5) and different literature mean (mg/kg dry weight)

Heavy metals

Locality Reference
Cd Cr Cu Ni Pb

Avsardamlake 0.76x0.4 14.48+0.4 29.98 2999 244 M.Ozturk 2008

Lake texom 2 30 38 17 10 Uzunog 1,999

Chamo lake 6.07 2.132 4.76 2.269 2.68 This study

sitel

Chamolake 5.52 2.21 4.26 2.97 3.265  This study

site2

Lake victory 7.0 12.9 26.1 - 54.6 Kishe
andMachiwa,2003

Demirkopru 0.82 6.75 15.1 14.3 6.5 Ozturk et al.,2008

dam lake

4.3 Concentration of heavy metals in tissue organ of tilapia(Oreochromisniloticus) fish.

Fish are one of the most indicative factors in freshwater systems and may concentrate large
amount of some metals such as Cd, Cu and Pb(KalayM et.al and Canal et al., 2000). These
metals accumulate differentially in fish organs and cause serious health hazards to
humans(Camusso et al.,1995). In the present study the concentration of Cd and Cu in the tissue,
organs of fish ranged from 1.27 to 5.29 and 1.75 to 4.85 (Table 5). The high concentration of Cd
and Cu were recorded in the gill tissue of fish(5.29g/kg) and(4.85g/kg). While the lowest
concentration of Cd in liver(1.217g/kg) and the lowest concentration of Cu in

muscle(1.75g/kg).Also the highest concentration of Pb in fish muscle was found from Chamo
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park 2site while the lowest concentration of Pb in fish muscle from Chamo park2 site(Table 5).
This was due to the highest concentration of Cr was observed in gill and low concentration of Cr
was observed in muscle.The heavy metals concentration present studywas found to decrease
sequence for gill Cd> Cu>Ni> Cr>Pb, for liver Cu> Cd>Cr>Ni>Cr and for muscle Cu>
Cd>Cr>Ni>Pb( Tableb).

Ingeneral tabulated data inTable3 obtained the decrease sequence of heavy metal contents in fish

tissue of gill>liver>muscle for two sites.

Table 5. Level of heavy metals mean, n=3 in g/kg, dry weight fish tissue of
Oreochromisniloticus

Sample site Metals Tissue
Liver Gill Muscle

Cu 2.706 4.85 1.75

Chamo park1 Cd 1.217 5.29 1.47
Pb 0.90 1.083 0.865
Ni 0.957 1.382 0.88
Cr 1.12 1.70 0.98
Cu 1.955 4.33 3.118

Chamo park?2 Cd 1.5 4.74 1.762
Pb 0.61 1.19 0.72
Ni 1.028 1.59 0.92
Cr 1.09 1.9 1.122

4. 4 .Comparison of heavy metals in muscle tissue of tilapia(Oreochromisniloticus) fish with
related reported literature and international standard value.

The level of heavy metals in the muscle of tilapia (Oreonisonus)fish species was compared with
related literature and international standard values as shown in (Table6).Therefore the
comparison of the present results with related work indicated that the concentration of Ni in
muscle of Oreochromisniloticuswas comparable. But Cu and Pb were above the values reported
by AbaynehAtaro et al(2003) and SelemawitGeta(2010) for the same fish species study from
lake Hawssa and lake Ziway.Similarly the concentration ofCu was lower thevalue reported by
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kisimo(2003) study from lake victory. On other hand comparison of the results with guidelines
showed that the concentration ofCu, Cd, Pb and Ni in the muscle of
Tilapia(Oreochromisniloticus)fish from Chamo lake were below the value given by WHO(1989)
table 4. But the concentration of Cr in the present work was above the value given by WHO.
Therefore the muscle part of the tilapia fish is safe interim of Cu, Cd, Pb and Ni. While interim
of Cr may cause hazardto the fish. Therefore the high intake of Cr in our body can cause bad

impact towards health(Camusso et al., 1995).

Table 6. Comparison of heavy metals in muscle tissue of Tilapia (Oreochromisniloticus) fish
from lake Chamo with related reported literature and international standard value.

Location  Cu Cd Pb Ni Cr Referance

Lake 1.75- 1.4-1.7 0.72- 0.88- 0.98- Present study

Chamo 3.18 0.88 0.92 1.22

Lake 1.39- Abaynehataro et al(2003)
Hawssa 1.85 - >1.66 >0.99 -

Lake 1.35 SelemawitGeta et al (2010)
Ziwaye - 0.35 - -

Lake 2.3-66 - 0.01- - - Kismo(2003)

victory 28.0

WHO 30 1.0 2 1 0.15 WHO(1989)
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5 CONCLUSION AND RECOMMENDATIOMNS
5.1. CONCLUSIONS

In conclusion, some of the heavy metals (Cu, Cd, Pb, Ni and Cr) analyzedwere available in
measurable quantities in sediment sample and in the tissuesof Tilapia (Oreochromis
niloticus)fish samples collected from Chamoparkl and Chamopark2.The highest concentration
of Cd(6.07mg/kg) recorded in the sediment sample collected at park 1 site and the high
concentration of Pb(3.26) recorded at park2 while the low concentration Cd(5.14mg/kg) was
recorded in the park2 and the low concentration of Pb(2.68mg/kg) at parkl.The metals
concentration in the sediment sample of our result was decreased the sequence Cd> Cu> Pb>
Ni> Cr.

The heavy metals concentration in  tissue(gill,  liver —and  muscle) of
Tilapia(Oreochromisniloticus)fish was determined in this study. The high concentration of Cd
and Cu were recorded in gill tissue of fish while the low concentration of Cd and Cu were
recorded in muscle. To compare the heavy metals concentration in the muscle tissue of fish from
the lake Chamo in the present study with an international standard value. The result showed the
concentration of Cd, Cu, Ni and Pb in muscle tissue of Tilapia(Oreochromisniloticus)fish from
lake Chamo were below the value.While the concentration of Cr in muscle tissue of fish from
lake Chamo was above WHO(1989). Therefore the muscle part of the
tilapia(Oreochromisniloticus)fish is safe interms of Cd, Cu, Pb and Ni but interm of Cr may
cause hazard to the fish.So that the high intake of Cr in our body can cause bad impact towards
health.
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5.2. RECOMMENDATIONS

The heavy metals concentration in sediment was relatively higher and thelevels in the muscle of
tilapia fish. The potential source of these heavy metals to the fish in aquatic system can be
identified and quantified. Hence, further research is recommended.Eventhough the concentration
of most heavy metals in the lake from the probable source should be taken in order to keep the

fish safe for consumption and to maintain the aquatic eco-system.

27



REFERENCE

AbaynehAtaro, TaddeseWondimu&Chandravanshi, B.S., (2003). Trace metals in selectedfish
species from Lake Hawassa and Ziway, Ethiopia. Eth. Journal of Science, 26(2):103114

Abdel-Baki, A., Dkhil, M., & Al-Quraishy, S. 2011. Bioaccumulation of Some Heavy Metals In
Tilapia Fish Relevant to Their Concentration In Water and Sediment of WadiHanifah,
Saudi Arabia. African Journal of Biotechnology. 10(13): 2541-2547
doi:10.5897/AJB10.1772.

Al-Busaidi, M., Yesudhason, P., Al-Mughairi, S., Al-Rahbi, W. A. ., Al-Harthy, K. ., & Al-
Mazrooei, N. 2011. Chemosphere Toxic Metals in Commercial Marine Fish in Oman
with Reference to National and International Standards.Chemosphere. 85(1): 67-73.
doi:10.1016/j.chemosphere.2011.05.057.

Amha Belay.Wood,R.B.(1982).Liminologicalaspectofalgalbloom on Lake Chamo in Gemu
Gofa Administrative region on Ethiopia in 1978. SINET: Ethiop.J.Sci, 5:1-19

Ansari, T.M., Marr, I.L., & Tarig, N., (2004) Heavy Metals in Marine Pollution Perspective. A
Mini Review. J. Appl. Sci. 4(1): 1-20

Agarwal, R., Kumar, R. &Behari, J. R., (2007). Mercury and lead content in fish Ahmed,A.K.
&Shubaimi-Othman, (2010). Heavy metal Concentration in Sediments and Fishes from

Lake Chini, Pahang,Malaysia. Asia network for scientific information. 1727-3048: 93-.

Aksu, A.E., Yasar, D., &Uslu, O., (1998). Assessment of marine pollution in Izmir Bay: heavy
metals and organic compound concentrations in surficial sediments. Environ. Sci. 22:
387-415.

Alloway, B. J. & B. J. & Ayres, D. C., (1993). Chemical Principles of Environmental Pollution.
BlackieAcademic&Professional,London.291pp.

Balasubramanian, S., Papapathi, R. & Raj, S.P., (1994).Bioconcentration of (Tagus Estuary,
Portugal). Water ScioTechnol; 37, 25— 31. Wepener, V., (1997).Metal zinc, lead and
chromium serially connected sewage fed fish ponds. Bio resource Technology. 51: 193-
19.

28



Balba, A., Shibiny, G., & El-Khatib, E.( 1991).Effect of Lead Increments on the Yield and Lead
Content of Tomato Plants. Water, Air, and Soil Pollution 57-58: 93-99.

Botkin, D. B. & Keller, E. D., (1995).Environmental Science.Earth as a living planet.John Wiley
and son Inc. New York, USA. 7th ed .410-476pp.

Barron, G. M. (1990). Bryan, G.W.,&Hummerstone, L.G., (1973). Adaptation of the
polychaeteNereisdiversicolorto estuarine sediments containing high concentration of zinc
and cadmium.lbid;53 ,145-16.

Barron, G. M. (1990). Bioconcentration. Environ. Sci. Technol. 24, 1612-1618.

Calamari, D. &Naevel,H., (1994). Review of pollution on African aquatic environment. CIEA
technical paper.No. 25. Rome, FAO. 37-38pp. Calamari, D. &Naevel,H., (1994). Review
of pollution on African aquatic environment. CIEA technical paper.No. 25. Rome, FAO.
37-38pp.

Calmano, W., Hong, J. &Forstner, U., (1993).Binding and mobilisation of heavy metals in
contaminated sediments affected by pH and redox potential. Water SciTechnol 1;28:223—
35.

Canli, M., &Atli, G. 2003. The Relationships Between Heavy Metal (Cd, Cr, Cu, Fe, Pb, Zn)
Levels and the Size of Six Mediterranean Fish Species.Environmental Pollution. 121:
129-136.

Copat, C., Bella, F., Castaing, M., Fallico, R., Sciacca, S., &Ferrante, M. 2012. Heavy Metals
Concentrations in Fish from Sicily (Mediterranean Sea) and Evaluation of Possible
Health Risks To Consumers. Bull Environ Contamination Toxicol. 88:78-83.
d0i:10.1007/s00128-011-0433-6.

Dallinger, R., Prosi, F., Segner, H ., & Back, H ., (1987). Contaminated food and uptake of
heavy metals by fish: A review and a proposal for further research. Oceolohgia (Berl.);
73, 91-98.

29



Dowlati, M., Mohtasebi, S. S., Omid, M., Razavi, S. H., Jamzad, M. & Guardia, M. de la. 2013.
Freshness Assessment of Gilthead Sea Bream (SparusAurata) by Machine Vision Based

on Gill and Eye Color Changes. Journal of Food Engineering. 119: 277-287.

Elizabeth Kebede (1996).Phytoplankton in an alkalinitysalinity series of Lakes in the Ethiopian
Rift Valley. PhD Thesis, Uppsala University, Uppsala, Sweden

Gebremariam, Z. and Pearce, J.G. (2003). Concentrations of heavy metals and related trace
elements in someEthiopian Rift-Valley Lakes and their in-flows Hydrobiological,
429:171-178.

Guevara-Riba, A., Sahuquillo, A., Rubio R. and Rauret, G. (2004). Assessment of metal mobility
in dredged harbour sediments from Barcelona, Spain. Science of the Total Environment,
321: 241-255.

Jaric, 1., Visnjic-Jeftic, Z., Cvijanovic, G., Gacic, Z., Jovanovi, L., Skoric, S., & Lenhardt, M.
2011. Determination of Differential Heavy Metal and Trace Element Accumulation
In Liver, Gills, Intestine and Muscle of Sterlet (Acipenser Ruthenus) from the Danube
River in  Serbia by ICP-OES. Microchemical Journal. 98:  77-81.
doi:10.1016/j.microc.2010.11.008.

Kisamo, D. S., (2003). Environmental hazards associated with heavy metals in Lake Victoria
Basin (East Africa) Tanzania. Afr. Newlett on occup H. &Saf. 13: 67-69

Kishe and machiwa (2003) Distribution on heavy metals in sediment of mwaza gulf of lake

victory, Tanzania.

Kocak, S., Tokusoglu, O. &Aycan, S. (2005). Some heavy metals and trace essential detection in
canned vegetable food stuff by differential pulse polarography. J.Environ. Agric.
Chem. 4: 871-878.

Lewis, S.D. & Lewis W. M. (1971). The effect of zinc and copper on the osmolality blood serum
of the channel catfish (Ictalariuspunctatus) Rafinesque, and golden shiner
(NotemigonusCrysoleucas) Mitchell. Transactions of the American fisheries
society. 100: 639-643.

30



of catla, Labeo rohitaand Cirrhina mrigala during chronic exposures. International
Journal of Agriculture and Biology, 12: 881-886.

MacFarlane, G B., Burchett, M. D., (2000).Cellular distribution of Cu, Pb, and Zn in grey man

Mozaffarian, D. and Eric, B. (2006). Fish intake, contaminants, and human health: Evaluating
the risks and thebenefits. Journal of American Medical Association, 296:1885-1900
grove Avicemnia marina (fosk) aquatic botanic 68; 52-59.

Mwangi, J.M. (2013). Determination of concentration of selected heavy metals inTilapia Fish,
Sediments and Water from Mbagathi and RuiruAthiRiver Tributaries, Kenya.MSc thesis,
Kenyatta University, Kenya.

Namminga, H. N., Wilhim, J.,(1976 ). Effect of high discharge and an oil refinery cleanup
operation bon heavy metals in water and sediment s in skeleton Greek proceeding of the
Oklahoma Academy of science, 56: 133-138.

Ozparlak, H., Arslan, G., &Arslan, E. 2012. Determination of Some Metal Levels in Muscle
Tissue of Nine Fish Species from Beshir Lake, Turkey.Turkish Journal of Fisheries and
Aquatic Sciences. 770: 761-770. doi:10.4194/1303-2712-v12.

Oztirk,M., Ozozen,G. ,Minareci,O. &Minareci, E., (2009). Determination of Heavy metals in
Fish, Water and sediments of Avsar Dam Lake in Turkey. Iran J. Environ. Health.
sci. Eng. 6(2):73-80.

Pelgrom, S.M.G., Lamers, L.P.M. , Lock, R. A. C., Balm, P. H. M.&WendelaarBonga, S.E
(1995). Intraction between copper and Cadmium modify metal organ distribution in
mature Tilapia, oreochromisMossambicus. Environment pollution. 90, 415-423

Reynders, H., Bervoets, L., Gelders, M., Coen, W. M. De, &Blust, R. 2007. Accumulation and
Effects of Metals in Caged Carp and Resident Roach Along a Metal Pollution
Gradient.Science of the Total Environment. 391: 82-95.
doi:10.1016/j.scitotenv.2007.10.056.

Rejomon, G., Nair, M.,& Joseph, T. 2010. Trace MetalDynamics in Fishes from the Southwest
Coast of India.Environmental Monitoringand Assessment. 167: 243-55.

31



d0i:10.1007/s10661-009-1046-y.

Saha, N., & Zaman, M. R. 2013. Evaluation of Possible Health Risks of Heavy Metals by
Consumption of Foodstuffs Available in the Central Market of Rajshahi City,
Bangladesh. Environ Monit Assess. 185: 3867-3878.
d0i:10.1007/s10661-012-2835-2. d0i:10.1007/s11356-013-1606-0.

Saeed, S. M., & Shaker, I. M., (2008).Assessment of heavy metals pollution in water and
sediments and their effect on OreochromisNiloticusin Northern Delta Lakes,
Egypt.475-489pp

Seleshi Bekele Awulachew (2006). Abaya-Chamo Lakes Physical andWater Resources
Characteristics, including Scenarios and Impacts. International Water Management Insti

tute.

SelamawiteGeta, (2010). Determination of Bioaccumulation and Food Chain Contamination of
HeavyMetals and Organochlorine Pesticides in Tilapia (Oreochromisniloticus) and
Abyssinian Ground Hornbill (Bucorvusabyssinicus), Lake Ziway, Ethiopia. M.Sc.
thesis.School of Graduate studies. Addis Ababa university

Stien, L. H., Anders, K. &Manne, F. 2007. Rapid Estimation of Fat Content in Salmon fillets by

Colour Image Analysis. Journal of Food Composition and Analysis. 20: 73-79.

Stouthart, X.J.H., Haans, J.L.M, Lock, A.C. &Wendelaarbonga, S.E., (1996). Effect of water pH
on copper toxicity to early life stages of the common Carb (CyprinusCarpio).Aquatic
Toxicology & Chemistry. 15(3): 376- 383

Tokalioglu S., Kartal S. &Birol G., (2003). Application of a Three-Stage Sequential Extraction
Procedure for the Determination of Extractable Metal Contents in Highway Soils.Tuk. J.
Chem. 27: 333-346.Eisler, R. (1997). Copper hazards to fish, wildlife and invertebrates:
A synoptic review. Geological Survey.Bio.Sci. report.BSR-1997-0002. Washington DC.

Tole, M. P. &Shitsama, J. M., (2003). Concentrations of heavy metals in water, fish and
sediments of the Winam Gulf, Lake Victoria, Kenya.Aquatic Ecosystem Health and

Management.1-9pp.

32



Tuzen, M.,(2003).determination of heavy metals in fish sample of the Mid Dam Lake Black

Sea(Turkey) by graphite furnace atomic absorption spectrometry. Food chemistry, 80:33-
59.

USEPA (United State Environmental Protection Agency), (1986). Health assessment document
for nickel and nickel compounds. EPA Report 600/8-83/012FF. 460 pp

Uzunog,.(1999) Gedize river survie sediment,..

Vale, C., Ferreira, A.M., Micaelo, C., Caetano, M., Pereira, E., &Madureira, E., (1998).Mobility
of contaminants in relation to degreding operations in a mesotidal estuary ecotoxicology
of the Olifants River in the Kruger National Park and the effect thereof on fish
haematology.PhD-Thesis.Rand Afrikaans University. WHO (World Health Organization),
(1991).Nickel.Environmental ~ Health  Criteria  108.383pp. Barron, G. M.
(1990).Bioconcentration. Environ. Sci. Technol. 24, 1612-1618.

Weiner, E. R., (2008). Application of Environmental Aquatic Chemistry. Taylor and Francis,
LLC. USA. 109pp.

WHO (World Health Organization), (1991).Nickel.Environmental Health  Criteria
108.383ppYilmaz, F., (2009). The comparison of Heavy Metal Contaminations (Cd, Cu, Mn, Pb
and Zn) in Tissues of Three Economically Important Fish (Anguilla anguilla,
Mugilcephalusand
Oreochromisniloticus) Inhabiting Kdycegiz Lake-Mugla(Turkey). Turkish Journal of Sci.
and Tech.,4(1): 7-15

with Reference to National and International Standards.Chemosphere. 85(1): 67-73.
doi:10.1016/j.chemosphere.2011.05.057.

Yilmaz, F., (2009). The comparison of Heavy Metal Contaminations (Cd, Cu, Mn, Pb and Zn) in
Tissues of Three Economically Important Fish (Anguilla anguilla, Mugilcephalusand
Oreochromisniloticus) Inhabiting Kdycegiz Lake-Mugla(Turkey). Turkish Journal of Sci.
and Tech.,4(1): 7-15

33



Yilmaz, A. B. 2003. Levels of Heavy Metals (Fe, Cu, Ni, Cr, Pb, and Zn) in Tissue of Mugil
Cephalus and Trachurus Mediterraneus from Iskenderun Bay, Turkey. Environmental
Research. 92: 277-281. doi:10.1016/S0013-9351(02)00082-8

34



APPENDIX:IMETALS STANDARD CONCENTRATION AND THEI ABSORBANCE
Standard concentration(in mg/L) and its absorbance of metals analtzed by AAS.

Cd Cu Cr Ni Pb

Concentration Absorb Concen Absorb Concen Absorb Concen abso  Concent Orbanceabs
tration ance tration  ance tration rbanc ration

0.4 0.068 0.4 1.117 0.2 0.009 0.2 0.013 0.2 0.025
0.109 0.8 0.169 0.4 0.019 04 0.037 0.4 0.55
0.8
0.151 0231 0.6 0.029 0.6 0.071 0.6 0.081
1.2
1.2
0.242 61 0.728 0.8 0.039 0.8 030.1 0.8 0.113
1.6
0.302 2 0.342 0.047 1.2 0.134 1.2 0.142
2 1.2
APPENDIX _2 Calibration curve Cu, Pb, Ni Crand Cd
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Pb Cahbration curve
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Ni Cahbration carve
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APPENDIX-3 the correlation coefficient (R?) was obtained from the calibration curve.

Heavy metals Correlationcoefficient(R?) Remark

Cu 0.996 AAS

Pb 0.998 AAS

Ni 0.997 AAS

Cr 0.998 AAS
AAS

Cr 0.991

38




