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ABSTRACT

Environmental pollution with heavy metals is one of a great concern in both developed and
developing countries. In Ethiopia, the heavy metals pollution has become a great challenge
specially in industrial areas. Kombolcha town is one of the industrial areas in which the industries
discharge their waste water containing heavy metals without treatment in to the Worka and Leyole
rivers. The people living around to these rivers use the polluted water for cultivation of vegetables.
So the vegetables grown at industrially contaminated sites may up take and accumulate the heavy
metals in their edible parts. However, there is no recent information about the levels of heavy
metals in vegetables in this town. A field study and laboratory experiment was carried out on May
and July, 20014. The objective of this study is to assess the heavy metals levels in vegetables grown
in the farmland using the Worka and Leyole rivers. In the study four types of vegetables (Tomatoes,
Ethiopia kale, Swiss Card and Lettuce) and two types of tubers (Potatoes and Red beet) were
collected in the plastic containers. In addition composite soil samples and water samples from both
Worka and Leyole rivers were collected. The samples were transported to the centre for the
environmental science in ice box. The estimation of heavy metals from the vegetables and soil
samples were done by dry ashing and acid extraction methods. The heavy metals levels of cadmium
(Cd), lead (Pb), copper (Cu) and Total chromium (Cr) in all samples were measured by using
GFAAS. The data obtained was analysed using Statistical Programme (SPSS) and Excel computer
packages. The results of the study indicated that the concentration of the four heavy metals (Cd,

Cu, Pb and Cr) in all vegetables and tuber samples ranged between 0.171and 6.09 µg/g using

Worka river and 0.53 and 9.87µg/g irrigated by irrigating Leyole river. The level of four heavy

metals (µg/g) in vegetables/tubers cultivated by irrigating Worka and Leyole rivers water

respectively: for Cu (0.38 2.98 and 0.69 3.40), for Cd (0.89  6.09 and 0.89 7.16), Cr (0.17 0.95

and 0.53 24.4) and Pb (1.22 5.62 and 1.00 9.87). The highest concentration was found in Swiss

Chad (9.87µg/g) cultivated using Leyole river and lowest was in Red beet (0.171µg/g) using Worka
river. The concentration of four heavy metals in Worka and Leyole water samples respectively: for
Cu (0.01 and 1.03), Cd (2.07and 0.69), Cr (0.34 and 0.36). The concentration of heavy metals in
soil samples using Worka and Leyole rivers respectively: for Cu (2.01 and 1.63), Cd (0.87 and
0.62), Cr (0.38 and 0.37). The higher concentration of heavy metal was found in Worka for soil
sample and Leyole river for water samples and the lowest (almost zero) concentration was lead.
However, with exception to Cu and Cr, the levels of Pb and Cd detected in most of the vegetables

were higher than the stipulated permissible levels in food by FAO guidelines (5µg/g for Pb and

0.2µg/ g).

Key words: heavy metal, concentration, bioaccumulation, environmental pollution, soil, waste
water, Vegetables.



i



ii



1

1. INTRODUCTION

1.1. Background of the study

Agriculture is a complex phenomenon and exerts both favourable and unfavourable consequences

on environment (Ghandi, 2000).  Environmental pollution is a matter of great concern and has been

accepted as a global problem because of its adverse effect on human health, plants, animals and all

are exposed by heavy metals such as cadmium(Cd), lead(Pb), chromium(Cr), copper(Cu),

astatine(As) and mercury(Hg) (Irshad et al., 1997). Among environmental pollution, the heavy

metals toxicity have received special attention globally and become an environmental problem of

worldwide concern due to neurotoxin, carcinogenic and several other impacts arising from their

consumption even at lower contents (Sathawara, et al., 2004).

Soil and water eco-system throughout world has been contaminated with heavy metals by various

human activities and movement of metals in food chain has become human health hazard (Zahir et

al., 2009). Among these activities, the increase in the population and development of technology

increase heavy metals concentration in river water and soil due to many industries discharge their

effluents directly or indirectly to the nearby river without treatment and this threaten the ground and

surface water in large scale. Moreover, industrialized societies are responsible for increasing

environmental contamination by heavy metals produced as wastes from industrial, agricultural

processes and household activities.

Water quality for agricultural purposes is determined on the basis of the effect of water on the

quality and yield of the crops, as well as the effect on characteristic changes in the soil (FAO,

1985a). With the ever-increasing demand and the continued application of poor quality on irrigation

water supply, farmlands are frequently becoming irrigated with poor quality irrigation water as a

result of this increase the concentration of heavy metals in soil and plants as well as reducing

cropland productivity. In addition, the scarcity of surface and ground water for irrigation is also an

ever increasing problem around the world, owing to which, use of wastewater for agriculture has

become a common reality in three-fourth of the cities of Asia, Africa and Latin America (Henning

et al., 2001).

The Worka and Leyole rivers are tributaries of Borkena river which are located in Kombolcha town

in South Wollo, Amhara region. These rivers receive untreated domestic wastewater from
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residential areas and industrial effluents directly or indirectly and then, the local farmers are used

these rivers for agricultural purpose without any treatment. In addition, the products of farmlands

could be contaminated as farmers wash them with contaminated water before bringing them to

market.

In addition to using the water of Leyole and Worka rivers for agricultural purpose, they also used

for domestic and recreational purposes as well as the residents and manufacturing firms of

Kombolcha town (especially residents of Kebele 10 (Sopral Kuteba) and Kebele 4 (Sheshabir

Kuteba) use their as a dumping site of domestic, commercial and industrial waste materials.

However, the contents of the heavy metals in these rivers have not yet been assessed due to the lack

of awareness on the impacts of industrials waste water on plants and humans, lack of finances to do

researches and lack of scientific criteria to monitor water quality.

In additions unlike developed nations where stringent regulations have been implemented to

restrict the discharge of untreated wastewater into rivers, weakness of existing pollution legislation

in developing countries, including Ethiopia, and generally they are not adequately enforced (Kumie

and Kloos, 2006), where Kombolcha is a case in point. Therefore, the rivers of Kombolcha flowing

through larger communities become heavily polluted when they are widely used for domestic,

commercial, and industrial purposes (Alemayehu Birru, 2001; Amare Hailu and Dangnachew

Legesse, 1997).

The vegetables grown in the embankments along the Worka and Leyole rivers include Onions,

potatoes, tomatoes, Swiss chard (Beta vulgaris L. var. cicla), cabbage (Brassica oleracea L. var.

capitata), and lettuce (Lactuca sativa L.).

The present study was aimed to evaluate heavy metal concentrations of Cadmium (Cd),

Cromium(Cr), Lead(Pb) and Coppur(Cu) in water, soil and some leafy vegetable crops mainly

potatoes, tomatoes, Lettuce, Swiss chard and Ethiopian Kale were assessed from the farmlands that

use Worka and Leyole rives which directly received industrial effluent and use for irrigation where

vegetables are produced.
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1.2. Statement of the problem

Kombolcha is one of the few towns in Ethiopia, which is found in South Wollo, in Amhara region

with a relative greater number of largest manufacturing factories including Textile Factory,

ELFORA-Meat Processing Factory, Tannery, BGI-Brewery Factory, Steel Product Industry and

Flour Factory. On top of this, the town is selected to be an industrial town by Amhara National

Regional State of Ethiopia, which indicates the industrial development and its associated pollution

risk will increase in the future unless corrective action will be taken. The existing industries have

been discharging their wastes into the nearby rivers such as, Worka and Leyole rivers. These rivers

are tributary of Borkena river that flows from North to South West and finally join to the Awash

river. These rivers which received directly or indirectly industrials effluent, are dominant source for

irrigation in this town. As a result of these the waste waters (i.e. industrials effluents) that are

discharged to streams are being used as a source of irrigation water in several parts of Ethiopia

(Alemtsehaye Birru, 2002), where Kombolcha is a case in point.

According to the local Woreda agriculture office report (2006), there are more than 25,000 farmers

cultivating different types of crops including cereals, vegetables and fruits in about 2696 ha of farm

lands using irrigation water from the contaminated rivers (Eskinder Zinabu,2011). These also in

turn contaminate the farm land with heavy metals. Vegetables grown at contaminated sites could

take up and accumulate metals at concentrations that are toxic. In addition, they could be

contaminated as farmers wash them with wastewater before bringing them to market. The problems

of heavy metal contamination in the vegetable farms of Addis Ababa and their accumulation on the

vegetables have been well recorded by (Fisseha Itanna, 2002; Fisseha Itanna and Olsson, 2004).

However, the problem of heavy metal contamination in the vegetable cultivated along the Worka,

Leyole and Borkena (main stream) rivers and the farm lands not yet studied. Therefore, this study

aimed to assess the heavy metals (Cu, Cd, Cr, and Pb) contamination level of the rivers water, farm

lands and leafy vegetables mainly Lettuce, salad, potatoes and cabbage.
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1.3. Scope and limitation of the study

The concentration of the heavy metals in the two tributaries of Borkena river ( Worka and Leyole

river), soil and irrigated vegetables was assessed in the dry season in May and July, 2014.

Moreover, the river water, soils and vegetables samples taken are limited in number, space and time

due to the resource incapability of time, money and chemicals encountered to cover the full cost of

the study.

1.4. Significance of the study

The main intention of the study is to provide concrete information on the magnitude of the heavy

metals in the tributaries of Borkena river, soil and leafy vegetables of irrigated farmland. It also

pointed out the possible sources of pollution, particularly the heavy metals, in the rivers that are

responsible for the observed physico-chemical water quality variations in relation to the activities

along the rivers. The results of this study can also serve as baseline information to the policy

makers, industries owners and the town authorities in designing appropriate preventive measures to

ensure that the water quality in the streams of Borkena and its tributaries is improved.

Moreover, it can also be used as an up-dated physico-chemical river water quality monitoring

data for further regular monitoring programs and studies that can be conducted on to these rivers

in the future by the concerned parties. This can be done by assessing the concentration of heavy

metals from the vegetables grown, soil and river water as well as, the impact of heavy metals,

which come mainly from the industrial wastes water, on the irrigation water quality would

assessed by examining the concentrations of heavy metals (Cu, Cd, Pb and Cr) of irrigation rivers

water, soil and selected vegetables through laboratory analysis. The result is interpreted through

analyzing the quality parameters of the irrigation water, the soil where vegetables are cultivated

on and then comparing the pollutant level in soil, with in the water and the leafy vegetables itself

for absorption of heavy metals, with their safe limits.
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2. OBJECTIVE OF THE STUDY

2.1. General objective

The general objective of this study is to assess heavy metals contamination level in the

vegetables grown in the farm land along Worka and Leyole river.

2.2. The specific objectives

 To assesses the status of the heavy metals concentration in Worka and Leyole river.

 To analyze the Cd, Cr, Pb, and Cu concentrations of the leafy vegetables grown in the

farms land of the nearby Worka and Leyole river.

 To determine Cd, Cr, Pb and Cu concentrations in the soil of the vegetable growing farms
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3. LITERATURE REVIEW

3.1. Definition of heavy metals

Heavy metals are a member of an ill-defined or a loosely defined subset of elements that exhibit

metallic properties, which would mainly include the transition metals, some metalloids,

lanthanides, and actinides .Many different definitions have been proposed—some based on density,

some on atomic number or atomic weight, and some on chemical properties or toxicity (Duffus,

2002).

The term heavy metal has been called a misinterpretation or a meaningless term due to the

contradictory definitions and its lack of a coherent scientific basis. There is an alternative term toxic

metal, for which no consensus of exact definition exists either. Depending on context, heavy metal

can include elements lighter than carbon and can exclude some of the heaviest metals and they

occur naturally in the ecosystem with large variations in concentration (IUPAC Technical Report,

2002).

Heavy metal has little to do with density but concerns chemical properties (Duruibe et al., 2007).

However, lead, cadmium, mercury and arsenic are main threats to human health when exposed to

them. Heavy metals such as Cadmium (Cd), Nicale (Ni), Astatine(As), Lead (Pb) pose a number of

hazards to humans; and are indeed cofactors as activator biochemical reactions and enzymatic for

information of enzyme/substrate metal complex (Mildvan, 1970). Heavy metals are natural

components of the earth's crust and are persistent environmental contaminants since they cannot be

easily degraded or destroyed (Ioan et al., 2008).

In medical usage, heavy metals are loosely defined and include all toxic metals irrespective of their

atomic weight: "heavy metal poisoning" can possibly include excessive amounts of iron,

manganese, aluminium, mercury, cadmium, beryllium or such a semimetal as arsenic. This

definition excludes bismuth, the heaviest of approximately stable elements, because of its low

toxicity (Duffus, IUPAC Technical Report, 2002).

In chemistry usage, heavy metals are valuable contrast agents for medical and scientific

applications. They absorb X-rays and thus are valuable in X-ray imaging, as with barium meal. In a
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transmission electron microscope, heavy metals can be used to create specific contrast and expose

fine detail.9

3.2. Heavy metals in the environment

Metals are ubiquitous in the environment. The ubiquity in the environment is because of their wide

application, bioaccumulation, and high toxicity. They are present in the solid phase and in solution,

as free ions, or adsorbed to soil colloidal particles.

There are a lot of Heavy Metals in our environment and living organisms require varying amounts

of these metals such as, Iron, cobalt, copper, manganese, nickel and zinc, etc, which are act as

micronutrient at lower concentrations or small amounts (quantities) are actually necessary for good

health or are nutritionally essential for a healthy life for living organisms, due to their involvement

in certain physiological process. These metals normally occurring in nature are not harmful to our

environment because they are only present in very small amounts (Sanayei et al., 2009). However,

if the levels of these metals are higher than the recommended limits or elevated level, their roles

change to a negative dimension and these has been found to be toxic (Department of Water Affairs

and Forestry, 1996a). That is large amounts of any of them may become toxic or cause acute,

chronic toxicity or are often cytotoxic when they are not metabolized by the body and accumulate

in the soft tissues or their deficiency could lead to a number of disorders. Thus, it is apparent that

prolonged exposure to heavy metals such as cadmium, copper, lead, nickel and zinc can cause

deleterious health effects to human beings (Sauve et al., 2000).

On the other hand heavy metals such as cadmium, silver, chromium, mercury, plutonium, and lead

are toxic metals that have no known vital or beneficial effect on organisms, even for bacterial cells,

and their accumulation over time in the organism can cause serious illness even at low

concentrations.

Human beings can be exposed to heavy metal ions through direct and indirect sources like food,

drinking water, exposure to industrial activities and traffic (Ghaedi et al., 2005).  Plants are

important components of ecosystems as they transfer elements from abiotic into biotic

environments. On the other hand contaminants in bulk soil might be transferred into soil solution;

making them available to roots (Wenzel and Jockwer, 1999). The uptake of heavy metals by plants

through contaminated soil gets accumulated and is a potential threat to animal and human health.
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Heavy metal content in plants depends on its bioavailability in the soil and on the atmospheric

deposition, with the media affected by wastewater irrigation and fertilization, and the latter either

directly entering the plants through stomata or taken up by plant roots after its deposition on the soil

surface (Alloway, 1995) . Vegetables take up metals by absorbing them from contaminated soils, as

well as from deposits on different parts of the vegetables exposed to the air from polluted

environments (Zurera and Moreno, 1984).

The Soil chemical composition and the overall toxic metal availability in soil rhizosphere play an

important role in the composition of plant materials and contribute to metal contents in fruits/

vegetables. It is believed that vegetables can become contaminated with HMs if they grow on soils

contaminated by mining, vehicular exhaust, industrial activities and other agriculture activities (Cui

et al., 2004). Moreover, the long term irrigation by using contaminated waste water or untreated or

poorly treated waste water which mainly comes from industries, may lead to the accumulation of

heavy metals in agricultural soils and plants. Recent developments in toxicities and other disorders

resulting from ingestion and dietary intake of toxic metals have compelled food regulators around

the world to revise the safe limits of these toxicants to ensure consumer health. Therefore, the levels

of HMs in vegetables and soils and their risk to people are of great public concern (Wang et al.,

2008 and Xie et al., 2006).

3.3. Sources of heavy metal contamination

The primary sources of elements from the environment to plants are: air, water and the soil

(Hamilton, 1995). The probable sources of the trace metal in the rivers are due to rural, urban and

from agricultural runoff in the catchments although there could be contribution from natural and

point sources (Fatoki  and Awofolu, 2003).

The heavy metals concentrations in topsoil are also a result of soil-forming processes, as well as

agricultural and human activities (Hem, 1992). They are introduced naturally by geographical

phenomena like volcanic eruptions, weathering of rocks; leaching into rivers, lakes and oceans due

to action of winds as well as a variety of human activities ( Anthropogenic sources ) such as

mining, smelting, electroplating, Burning of fossil fuels such as coal, petrol and kerosene oil, and

other industrial processes such as discharge of agricultural, industrial and domestic waste that have

metal residues in their waste streams (Shine et al., 1995). Moreover, agriculture has been identified

as a source of heavy metals via fertilizers (Kidd et al., 2007; Mico et al., 2006; Michel et al., 2000).
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In ancient times, heavy metals were released in small amounts while mining and smelting of metal

ores in open fires. With the industrial revolution, metals are extracted from natural resources and

processed in industries from where heavy metals leak into atmosphere. Similarly, traces of heavy

metals get deposited in the environment through discharge; domestic waste, agricultural runoff

(application of fertilizers, manures) and automobile exhausts. More over pollution of ground water

and surface water systems as well as soil through anthropogenic activities is the major

environmental problem faced all around the globe (Hutchinson et al, 1993). In assessments of risk

associated with metal contaminated sites, metal absorption by food chain is one of the major

problems and major paths. As results, anthropogenic pollution from urban wastewater, industrial

effluent and agricultural runoff can be clearly seen in irrigating water. Even though heavy metal

contents in water and soils are below the acceptable levels, a hazardous possibility may generate

depending on rapid expansion of urban and industrial development in near future (Chanagun et al.,

2010).

Presence of pollutants like heavy metals in urban and industrial wastewaters results in

contamination of water and soil. Household effluents, drainage water, business effluents,

atmospheric deposition and traffic related emissions transported with storm water into the sewage

system carry a number of pollutants and enrich the urban waste water with heavy metals (Pendias

& Pendias, 1992). Through rivers and streams, the metals are transported as either dissolved

species in water or as an integral part of suspended matter causing the most deleterious effects on

aquatic life (Duruibe et al., 2007).

Most heavy metals in streams of water are commonly associated with industrial discharges

(Mdamo, 2001) and almost they are common in industrial effluents have cumulative toxins and

damage aquatic life such as the aquatic organisms and fishes. After entering the water, metals

may precipitate, gets adsorbed on solid surface, remain suspended in water or taken up by fauna.

A very important biological property of metal is its tendency to accumulate (Eralagere et al,

2008). Therefore, these metals are dangerous because they tend to bio accumulate in the food

chain and they are harmful to humans and animals. Bioaccumulation means an increase in the

concentration of a chemical in a biological organism over time, compared to the chemical's

concentration in the environment. The threat that heavy metals pose to human and animal health

is aggravated by their long-term persistence in the environment (Alloway, 1994). Metal
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accumulation in vegetables may pose a direct threat to human health (Damek-Poprawa et al,

2003).

Vegetable uptake of metals is one of the major human dietary pathways in which soil-metals enter

into food chain and are subsequently bio-accumulated to high concentrations causing serious risk to

human health when plant based food stuffs are consumed (Cui et al, 2004).   It is apparent that the

main sources of heavy metals to vegetable crops are their growth media (soil, air, nutrient

solutions) from which they are taken up by the roots or foliage.  But, the health risks will depend on

the chemical composition of the waste material, its physical characteristics, the vegetables

cultivated and the consumption rate (Xian, 1987). Heavy metal is present in diminutive quantities

in the water and is further added due to soil erosion and leaching of minerals. However, in the

recent past, freshwater pollution due to heavy metals has become a hazard due to discharge of

industrial effluents.

Crops and vegetables grown in soils contaminated with heavy metals have greater accumulation of

heavy metals, it depends upon the nature of vegetables and some of them have a greater potential to

accumulate higher concentration of heavy metals than others. Vegetables accumulate heavy metals

in their edible and non-edible parts. Crops can uptake toxic elements through their roots from

contaminated soils, and even leaves can absorb toxic elements deposited on the leaf surface

(Queirolo et al., 2000).

The concentration of heavy metal in different parts of plants is heavily dependent on plant species.

The ability of different plant species to accumulate heavy metals has been attributed to their genetic

differences (Pendias and Pendias, 1992; Oydele et al., 1995). Besides plant species, the availability

of metals to plants will depend on their chemical speciation and is determined by the physical and

chemical properties of the soil (Soon and Bates, 1982; Sauerbeck and Hein, 1991; Davies, 1992).

Leafy vegetables accumulate much higher contents of heavy metals as compare to other vegetables

because leafy vegetables are most exposed to environmental pollution because of large surface area

(Fisseha Itanna et al., 2002). In spite of the differences in mobility of metal ions in plants, the metal

content is generally greater in roots than in the aboveground tissues (Ramos et al., 2002).

Potential toxicity and bio toxic effects of heavy metals result from the fact that they are transitional

elements able to form stable coordinated compounds (which are not degradable) with a range of

both organic and inorganic ligands and It was suggested that their effects depend upon the
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concentrations and oxidation states of heavy metals, kind of sources and mode of deposition .Many

metals act as biological poisons even at parts of per billion (ppb) levels. The metals are not toxic as

the condensed free elements but are dangerous in the form of cations and when bonded to short

chains of carbon atoms.

Some heavy metals are essential to maintain the metabolism of the human body. However, at

higher concentrations they can lead to poisoning. Chronic lower level intakes of toxic elements

have damaging effects on human beings and other animals (Ikeda et al., 2000).In addition, the

prolonged accumulation of heavy metals through food stuff may lead to chronic effect in the kidney

and liver of humans and causes disruption of numerous biochemical processes leading to

cardiovascular, nervous, kidney and bone diseases (Jarup, 2003).

For most people, the main route of exposure and the important path of heavy metals toxicity to

human being are through dietary intake of contaminated vegetables (Calderon et al., 2003;

Roychowdhury et al., 2003). But, the Consumption of vegetables have increased in recent years due

to the awareness that vegetables contain certain nutritionally important part of the human diet or

nutritionally important compounds such as, carbohydrates, proteins, as well as vitamins, minerals

and trace elements, necessary for human survival and are often called protective food due to their

functions of preventing disease of human body (Abdola and Chmtelnicka, 1990).

Estimation of the migration ability of any pollutant in the natural environment is considered to be a

necessary stage for predicting the ecological situation. The process of heavy metals accumulation in

agricultural crops is especially interesting because they contribute toxic elements into the human

food chain. Excessive metal concentrations in contaminated soils can result in decreased soil

microbial activity, soil fertility, and yield losses (McGrath et al., 1997). Maize plantation at Awassa

has been seriously affected both in yield and quality due to metals from industrial waste on farm

lands (Fisseha, 1998). Yield reduction and plant growth retardation have been generally induced by

high concentrations of metals in soils (Moreno et al., 1997). Consequently the metal can inactivate

many important enzymes resulting in inhibition of photosynthesis, respiratory rate and other

metabolic processes in plants (Torres et al., 2000).

.

Knowledge of metal-plant interactions is important for the safety of the environment and for

reducing the risks associated with the introduction of trace metals into the food chain. However,

Potential danger from metal accumulation by plants grown on such soil is becoming an increasing
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problem in many countries as well as the Food safety issues and potential health risks as a result of

heavy metals accumulation in soil, water and plants make this as one of the most serious

environmental concerns of environmentalist and health practitioners. This has created a demand for

an intensive research effort aimed at predicting the availability of heavy metals in the soil

environment; Special attention should be paid to the dangerous health elements such as Cromium

(Cr), Nicale (Ni), Cadmium (Cd) and Copper (Cu) and to most consumed agricultural crops (Sterritt

and Lester, 1980; Arendt et al., 1990; Nriagu, 1991; Fisseha Itanna, 1998).

Heavy metals (HMs) such as cadmium and lead present a risk for human health because they are no

degradable pollutants, having a large spectrum of effects (e.g., nervous or digestive system

disturbances and carcinogenic effects), especially for young children who are more sensitive than

adults (Li et al., 2004). Excessive exposure to HMs has been shown to cause various diseases

(Jarup, 2003). Therefore, a better understanding of heavy metal sources, their concentration and

accumulation and the effect of their presence in water, soil and on plant systems seem to be

particularly important issues of present day research on risk assessment (Sharma et al., 2004).

3.4. Cadmium

3.4.1. Sources, Uses, and Transport of Cadmium (Cd)

Although cadmium is a naturally occurring element, it is rarely found as a pure metal in nature. It is

generally associated with oxygen, chlorides, sulphates, and sulphides. Cadmium is often a by

product of the extraction of Lead (Pb), Zink (Zn), and Copper(Cu) from their respective ores

Carbonaceous shale, coal, and other fossil fuels are also sources of Cadmium (Cd). Volcanism is

the largest natural source of Cadmium (Cd) (ATSDR, 1999a). Anthropogenic sources of Cadmium

(Cd) in the soil and groundwater include the use of commercially available fertilizers and the

disposal of sewage sludges as soil amendments (Peles et al., 1998; Gallardo-Lara et al., 1999).

Cadmium can accumulate in high concentrations in soils. Cadmium is recalcitrant in the soil

profile, particularly in the surface horizons (John et al., 1972; Khan and Frankland, 1983).

Heavy metals tend to accumulate in the clay fraction of most soil profiles (Boon et al., 1992; Lee et

al., 1997). Therefore, the concentration of heavy metals in soil is dependent on clay content because

clay-sized particles have a large number of ionic binding sites due to the higher amount of surface
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area (Boon et al., 1992). These results in the immobilization of heavy metals, and there is very little

leaching through the soil profile (Khan and Frankland, 1983). Immobilization can increase the

Cadmium (Cd) concentration of the soil and ultimately lead to the increased toxicity of the

contaminated soil.

Higher soil Cadmium (Cd) concentrations can result in higher levels of uptake by plants (John et

al., 1972). However, specific soil properties can have a significant effect on the amount of heavy

metal assimilated by the plant (John and Van Laerhoven, 1972; Peles et al., 1998). Increased levels

of Calcium ion (Ca2+) can decrease the amount of Cadmium (Cd) that is assimilated by plants

(Larlson et al., 2000). Because of their similar size, Calcium (Ca (II)) is almost indistinguishable

from Cadmium (Cd (II)) (Ochiai, 1995). A higher affinity for the essential trace metal Calcium (Ca)

results in the decreased uptake of Cadmium (Cd) into the plant. A similar relationship exists

between Phosphorous (P) and Cadmium (Cd). In addition, the addition of 1000 ppm of phosphorus

to aCadmium( Cd) contaminated soil decreased the concentration of Cadmium(Cd) 43% in the

roots of oats (John et al., 1972). Trace metal deficiencies in plants have been associated with

increases in heavy metal uptake (Khan and Frankland, 1983).

Soil pH significantly influences heavy metal concentrations in both soil and plant tissues. The

effect of soil pH on mobility of heavy metals is a well-researched topic (Peles et al., 1998; Li and

Wu, 1999). As the soil pH decreases, metals are desorbed from organic and clay particles, enter the

soil solution and, become more mobile (Li and Wu, 1999). When the pH is higher (i.e., >7), metals

remain adsorbed and what metals in solution precipitate out in the form of salts (Chen et al., 1997).

Variability in pH also affects the amount of Cadmium ( Cd) assimilated by the plant. John and Van

Laerhoven, (1972) showed that higher pH resulted in lower Cadmium (Cd) uptake. Therefore, the

addition of lime to contaminated soils (essentially increasing the pH) decreased the uptake of heavy

metals (Peles et al., 1998). In unlimed soils Ambrosia Trifida accumulated 13.6 μg Cadmium (Cd)

g-1 of tissue and in limed soils A.trifida accumulated 2.5 μg Cadmium (Cd) g-1 of tissue. The

extremely high concentrations (180 μg g-1) of Cadmium (Cd) in soil adversely affected plant

development (Khan and Frankland, 1983).

In their research, all plants that were grown in soil contaminated with 1000 μg Cadmium (Cd) g-1

were dead after leafy plants were grown on soils contaminated with Cadmium (Cd) and Lead (Pb)

within 3 weeks of planting. .The concentrations of Cadmium (Cd) in the soil that produced a 50%

inhibition in growth were higher at the seedling stage than at the edible stage (Amare, 2007). As
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showed by researcher, plant size and yield were reduced when 50 mg Cadmium (Cd) (dosed as

CdCl2) was added to 500g of soil (John et al., 1972). In both studies, chlorosis of the leaves was

reported and suggested additive effects from the application of Cadmium (Cd) and Lead (Pb) at the

same time. They document a considerable reduction in growth when Cadmium (Cd) was added at

50 μg g-1 and Lead (Pb) was added at 1000 μg g-1 (Khan and Frankland, 1983).

3.4.2. Effects of Toxicity of Cadmium ( Cd)

The effect of Cadmium (Cd) toxicity in human includes kidney damage, mutagenic, carcinogenic

and terotogenic effects (Fischer, 1987 and Friberg et al., 1986). Cadmium adversely affects several

important enzymes. It can cause painful osteomalacia (bone disease), destruction of red blood cell

and kidney damage.

The Agency for Toxic Substances and Disease Registry (ATSDR) reports that the average

American ingests about 30 μg Cadmium (Cd)/day (ATSDR, 1999a). However, only about one tenth

of this amount is actually absorbed into the tissues. Intake of Cadmium (Cd) can double if one

smokes cigarettes because each cigarette contains about 2 μg Cadmium (Cd). Acute doses (10-30

mg/kg-day) of cadmium can cause severe gastrointestinal irritation, vomiting, diarrhoea, and

excessive salivation, and doses of 25 mg CdI2/kg body weight can cause death.

Low-level chronic exposure to Cadmium (Cd) can cause adverse health effects including

gastrointestinal, haematological, musculoskeletal, renal, neurological, and reproductive effects. The

main target organ for Cadmium (Cd) following chronic oral exposure is the kidney, because

cadmium tends to accumulate in the kidneys (EPA, 1994; ATSDR, 1999a). The highest Cadmium

(Cd) level in the renal cortex that does not cause significant proteinuria is 200μg Cadmium (Cd)/g

(EPA, 1994; ATSDR, 1999a). A toxic kinetic model was used to determine the no-observable-

adverse-effect-level (NOAEL) dose that would result in a renal cortex concentration of 200 μg

Cd/g. To use the model, it was assumed that 0.01% of the daily Cadmium (Cd) body burden is

excreted in the urine or faeces and that 2.5% of the Cadmium (Cd) in food and 5% of the Cadmium

(Cd) in water are actually absorbed into the body tissues. Based on these assumptions, the model

estimate of the NOAEL is 0.01 mg Cd/g for food and 0.005 mg Cd/g for water. The RfD is

determined using the NOAEL and an uncertainty factor of 10. The uncertainty factor is used to take

into account biological variability. EPA has established RfDs for Cd of 0.001 mg Cd/kg/day for
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food and 0.0005 mg Cd/kg/day for water. These amounts represent an estimated daily oral exposure

that is likely not to cause adverse health effects (EPA, 1994).

Therefore, there is insufficient evidence to determine whether oral exposure to Cd increases the risk

for cancer. However, the United States Department of Health and Human Services (DHHS) has

stated that cadmium compounds may be carcinogenic .The International Agency for the Research

on Cancer (IARC) has classified Cd and Cd salts as possible human carcinogens. This classification

is based on human lung cancer data from occupational inhalation (ATSDR, 1999a).

3.5. Lead

3.5.1. Sources, Uses, and Transport of Pb

Lead is a naturally occurring heavy metal. It has been found to be bio-accumulated by benthic

bacteria, plants and other aquatic biota (Odukoya and Ajayi, 1987 and DWAF, 1996b). The

ubiquity of this metal in the environment could be traced to a wide increase in industrial activities

and the continual use of leaded petrol in many developing nations. It is seldom found in its

elemental form; however, it is part of several ores including its own (galena, PbS). Pb is also a

product of the radioactive decay of uranium-206, thorium-208, and actinium-207 (Sax and Lewis,

1987). Pb has many industrial and commercial uses. It is used in the production of ammunition, as

solder, in ceramic glass, and the production of batteries (ATSDR, 1999b).

Other sources of Pb in the environment include automobile exhaust, industrial wastewater,

wastewater sludge, and pesticides (Balba et al., 1991). Because of its high toxicity, the use of lead

in some products has been discontinued. Lead is no longer used in house paint because of the

concern about the toxic effects of the accidental ingestion of paint chips or the inhalation of

aerosolized lead from decaying paint. In 1991, the amount of Pb was greatly reduced in gasoline

(Anonymous, 2001). Most of the environmental lead contamination comes either from landfill

leachate or from airborne lead particles deposited onto the soil (ATSDR, 1999b).

Pb behaviour in soil is similar to Cd behaviour in soil. However, Pb was less mobile in soil than Cd.

Very little of either Pb or Cd was leached through the soil profile. In fact, more Pb and Cd were

removed from the soil by plants than was leached through the profile (Khan and Frankland, 1983).
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Several factors may influence the content and distribution of heavy metals in soil. Some of these

factors are parent material, organic matter, particle size distribution, drainage, pH, type of

vegetation, amount of vegetation, and aerosol deposition (Hem, 1992; Lee et al., 1997; Siegel,

2002).

Heavy metals, including Pb, tend to accumulate in the clay fraction of the soil profile (Boon and

Soltanpour, 1992; Hem, 1992; Lee et al., 1997; Li and Wu, 1999). Strong ionic bonds are formed

between the cation and the clay particle. Acidic conditions will cause desorption of these cations

into solution making them available for uptake by plants. Desorption to the soil solution also

increase cation mobility through the profile (John and Van Laerhoven, 1972; Peles et al., 1998; Li

and Wu, 1999; Siegel, 2002).

Decreased growth and yield have been observed in plants grown in Pb contaminated soils. a

significant decrease in plant biomass yield with increasing Pb treatments that varied with soil type

(Balba et al., 1991). The highest adverse effects were on those plants grown in soils with high clay

content and also showed decreased plant growth and yield in soils with Pb contamination ( Khan

and Frankland, 1983).

3.5.2. Effects of Toxicity of Pb

Copper is one of several heavy metals that are essential to life despite being inherently toxic as non-

essential heavy metals exemplified by Pb and Hg (Scheinberg et al., 1991).Plants and animals

rapidly accumulate it. It is toxic at very low concentration in water and is known to cause brain

damage in mammals (Department of Water affairs & Forestry, 1996).

Ninety-nine percent (99%) of the lead that enters the adult human body and 33% that enters a

child’s body is excreted in about 2 weeks (ATSDR, 1999b). Because of this, lead poisoning is a

greater concern in children. Most of the accumulated lead is sequestered in the bones and teeth.

This causes brittle bones and weakness in the wrists and fingers. Lead that is stored in bones can re-

enter the blood stream during periods of increased bone mineral recycling (i.e., pregnancy,

lactation, menopause, advancing age, etc.). Mobilized lead can be redeposited in the soft tissues of

the body and can cause musculoskeletal, renal, ocular, immunological, neurological, reproductive,

and developmental effects (Todd et al., 1996; ATSDR, 1999b).
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Replacement of calcium in the bone and muscle tissue by lead can impair normal bone growth, and

bone density and calcium content can decrease. High exposures (i.e., > 30 mg Pb/kg/day) to lead

cause muscle weakness, cramps and joint pain as well as impaired kidney function and a weakened

immune system can also result from over-exposure to Pb.

Various reproductive effects including decreased pregnancy rate, ovarian damage, testicular

damage, testicular atrophy, cellular degeneration, and irregular estrous cycles have been shown in

animal studies (ATSDR, 1999b). Renal toxicity is now used as a biochemical and physiologic

marker of chronic subclinical lead toxicity (Todd et al., 1996).

Although over-exposure to lead causes serious health effects in adults, especially pregnant women,

the toxicity of lead is greatly increased in children. The Canters for Disease Control (CDC) report

that nearly 1 million children in the United States have blood-lead levels that exceed the 10 μg

Pb/dL level of concern (ATSDR, 1999b). Dirt, dust, and lead based paint chips from old houses can

be sources of increased exposure to children. Because lead can cross the placenta, prenatal exposure

can be significant. A pregnant woman and her fetus will have virtually the same blood-lead level

(Todd et al., 1996). In utero exposure can lead to low birth weight, premature birth, or miscarriage.

Lead can also be transmitted through breast milk. Anaemia, colic, impaired vitamin D metabolism,

and growth retardation result from lead exposure during infancy or early childhood. Lead exposure

is also associated with several neurological effects, such as delayed neurological development,

cognitive impairment, intellectual quotient (IQ) deficits, and effects on general brain function.

Some of these effects are irreversible and continue into adulthood (ATSDR, 1999b). The United

States Environmental Protection Agency has classified inorganic lead as a possible human

carcinogen. Although human data are insufficient, there are significant increases in renal tumors

with high (i.e., >500 ppm) exposure of lead based on animal studies (EPA, 1991).

3.6. Chromium

3.6.1. Sources, Uses, and Transport of Cr

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

dust and gases. Chromium is present in the soil as Cr (III) or chromate (Cr (VI)) ions (Shewry and
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Peterson, 1976). Chromium (III) is an essential nutrient in the diet, but it is required in a very small

amount (Cataldo et al., 1981).

Chromium is used for making steel and other alloys, bricks in furnaces, and dyes and pigments, and

for chrome plating, leather tanning, and wood preserving. Chromium plating was once widely used

to give steel a polished silvery mirror coating. Chromium is used in metallurgy to impart corrosion

resistance and a shiny finish; as dyes and paints, its salts colour 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

moulds for the firing of bricks. Chromium (IV) oxide (CrO2) is used to manufacture magnetic tape

(Lee et al., 1997).

Most of the chromium in soil does not dissolve easily in water and can attach strongly to the soil. A

very small amount of the chromium in soil, however, will dissolve in water and can move deeper in

the soil to underground water. The movement of chromium in soil depends on the type and

condition of the soil and other environmental factors (Rai et al., 1992).

A smaller percentage of total chromium in soil exists as soluble chromium (VI) and chromium (III),

which are more mobile in soil. The mobility of soluble chromium in soil will depend on the

sorption characteristics of the soil. The relative retention of metals by soil is in the order of lead >

antimony > copper > chromium > zinc > nickel > cobalt > cadmium (Khasim et al., 1989).

The sorption of chromium to soil depends primarily on the clay content of the soil and, to a lesser

extent, on Fe2O3 and the organic content of soil. Chromium has a low mobility for translocation

from roots to above ground parts of plants. However, depending on the geographical areas where

the plants are grown, the concentration of chromium in aerial parts of certain plants may differ by a

factor of 2–3 (McGrath and Smith, 1990).

Transport of Chromium in root is very slow (Skeffington et al., 1976), accounting for the low levels

of Cr in the tops of plants. Evidently, the element enters the vascular tissue with difficulty but once

it enters, it is rapidly transported. Reduced chlorophyll content has been found due to reduced rate

of photosynthesis by Chromium in Lemma minor (Baszynski et al., 1981).
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3.6.2. Effects of Toxicity of Cr

Medical warning was issued that inhalation of dust containing Cr in high oxidation states (IV) and

(VI) was associated with malignant growth in the respiratory tract and painless perforation in nasal

septrum among trivalent and hexavalent states, being the most stable and common in terrestrial

environments. Hexavalent Chromium is the form considered to be the greatest threat because of its

high solubility, its ability to penetrate cell membranes and its strong oxidizing ability. Hence, Cr

(VI) is more toxic than Cr (III) because of its high rate of absorption on living surface (Rai et al.,

2002).
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4. MATERIALS AND METHODS

4.1. Description of the Study Areas

The study was conducted in the Kombolcha, South Wollo, town which is located on the North

central part of Ethiopia placed immediately South East of Dessie in the Amahara region at 11o06’

North latitude and 39o45’ East longitude and located about 361 km North-East of Addis Ababa.

The largest water body around Kombolcha is Borkena river which crosses the town emerging

from the North West and running to the South East direction and finally entering to the Awash

River. In its way all through the town, it receives effluents from industries directly and indirectly

through its tributaries rivers mainly from locally named Worka and Leyole. The town is endowed

with favourable conditions for developing urban agriculture through the application of irrigation

using the available water sources. Hence, many residents in the city is cultivating vegetables like

cabbage, lettuce, tomato, potato, onion, pepper etc and perennial crops including maize and

coffee.

Figure1. The location of the Kombolcha town in Ethiopia
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4.2. Materials

Different Instruments, apparatuses and chemicals have been used to analyse concentration of

heavy metals from water, soil and vegetables.

The instrument used for water, soil and vegetables analysis was Graphite furnace atomic

absorption spectrometer.

The apparatuses used for water analysis were hot plate, conical (Erlenmeyer) flask (125ml) acid

washed and rinsed with de-ionized water, volumetric flask (100ml, 250ml), watch glass and

whatman filter paper (diam.0.45µm, diam.150mm and pore size 8µm).

The apparatuses used soil and vegetables analysis  were electronic analytical balance,

crucibles(small sized(75ml )), tong, desiccators,  roughened glass beads, temperature controlled

heating apparatus (carbonalite muffle furnace and oven), funnel (diam.110mm), sieve mesh

(2mm), glass rod, PH meter .

All reagents used for water, soil and vegetables analysis were analytical grade which include de-

ionized water, hydrochloric acid, HCl (1% (V/V), 1+1 and conc.), and nitric acid, HNO3

(2%(V/V), 65.5% (v/v) 8ml, 1+1, and conc.), hydrogen peroxide, H2O2 (30%), Argon gas,

standard metal solutions (a series of standard metal solutions were prepared by appropriately

diluting the stock metal solution with de-ionized water containing 1.5ml of conc.HNO3) of

cadmium (Cd), copper (Cu), lead (Pb), and chromium (Cr).

4.3. Methods

Sampling site selection: A preliminary survey was made a week before sampling has taken place

to select appropriate sampling sites and points. Based on the outlining of the irrigation sites,

agricultural activity area and waste disposal points, four areas were selected to take water and soil

samples and three areas for vegetables samples. These are a farmland (control) above of the effluent

points which is irrigated by effluent free water of Borkena river and two farmlands below of the

effluent points which are irrigated by industrial effluent contaminated rivers water (Leyole and
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Worka river). Generally, the sampling points were adapted from a previous study (Eskindir et al.,

2010) with modifications on each sampling sites to meet the objective of the study.

Figure 2. The sampling points and industries in Kombolcha town around Worka and Leyole river

4.4. Sample collection, preservation, preparation and digestion

Total of 50 samples were collected i.e. samples of duplicate irrigation water, triplicate farmland

soils and irrigated vegetables were collected in two phases (at growing and matured phase) within

the irrigation period of the study areas. Soil, water and vegetable samples were collected from

selected sites based on standard method for examination water and wastewater (APHA, 1999) and

EPA, FAO'S standard methods.

The samples were also analyzed for pH or alkalinity, temperature, electrical conductivity (EC) and

moisture content in the field using moist meters. The analyses for acid extractable metals are based

on standard method for examination water and wastewater (APHA, 1999) and FAO'S standard

methods. The calibrated instrumentation were used during sample collection activity and then the

results were compared to the WHO, EPA and APHA guidelines for the safe use of wastewater for
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irrigation and maximum concentration of heavy metals in irrigated leafy vegetables to suggest and

give an indication of potential health impacts.

The calibration curves were prepared separately for all the metals by running different

concentrations of standard solutions. The instrument was set to zero by running the respective

reagent blanks. The heavy metals analyzed from water, soil and vegetables analysis were: cadmium

(Cd), copper (Cu), lead (Pb), and chromium (Cr) using GFAAS, Annov AA400P Analyticjena and

German.

4.4.1. Water samples

Duplicate surface composite samples of water were collected using direct grip sampling method at

locations from Worka and Leyole rivers where the rivers are diverted to Worka and Leyole

vegetable farmlands. Great care was taken to avoid contamination while collecting the samples

from both rivers i.e. the samples collected by wearing glove and using acid washed cleaned and

cooled bottles.  The water samples are collected in polyethylene bottles (half litre plastic bottles,

500ml), Sample containers were washed three times with the sample solution and rinsed three times

with distilled water and 2ml concentrated nitric acid and then the rinsed portion was discarded.

During sample collection 2ml of conc. HNO3 was added to the sample in order to acidified and

lower the pH (pH<2). The containers were sealed and placed in 40C ice box and returned to the

laboratory and then water samples with container were stored in a refrigerator without freezing to

minimize volatilization and biodegradation until analysis (Clesceri et.al., 1998). The water samples

were prepared based on procedure outlined by U.S.EPA method 2009 and then digested using

GFAAS. 100ml of sample placed in 250ml flask and heated to 950C with 10ml of 50% HNO3

without boiling. Then cooled the water sample and reflexed with repeated addition of 65% HNO3

until no brown fumes were given off by the sample. Then it is cooled and 10ml of H2O2 (30%)

without any losses. Then reflexed the mixture with 10ml of HCl(37%) at 950C for 15min.and

filtered the disperate through a 0.45µm membrane paper. Then 100ml de-ionized water is added

and stored at 40C for the analysis of heavy metals. Then finally the samples digested for heavy

metals analysis using GFAAS, Annov AA400P Analyticjena and German.
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4.4.2. Vegetables samples

The leafy vegetables of Lettuce, Swiss Chad, Tomatoes, Red beet, Ethiopian kale and Potatoes

were collected from agricultural farm land that used wastewater (industrial effluents) for

irrigation purpose.

Table 1. Vegetables sampled, giving their local, English and Scientific names (Wolde Michael

Kelecha, 1987)

Local Name English Name Scientific Name

K’osta’a Swiss chard Beta vulgaris L.var. cicla

Selat’a Lettuce Lectuca sativa L.

Gomen Ethiopia Kale Brassica carinata A. Br.

Keyser Red beet Beta vulgaris L. var. vulgaris

Vegetable samples from sampling sites of Kombolcha agricultural sites of the two attributaries of

Borkena rivers were freshly harvested, washed with water packed in labelled plastic sacks were

collected using vegetables collecting criteria by ministry of state farms in 1997 and Sampling,

handling, and analyzing plant tissue samples (Jones et al. 1971) and transported to the laboratory

for further digestion. The vegetables samples collected from the sample site and control site were

washed in fresh running water to eliminate dust, dirt, possible parasites or their eggs and then were

again washed with de-ionized water. The vegetable samples were then sun dried, crushed, ground to

powder, sieved and used for elemental analysis (Singh and Sharma, 2010).

The clean vegetable samples were cut into 2-cm pieces and air-dried and placed in an electric oven

at 65°C for 72 hours. The dried vegetables samples were homogenized by grinding using a ceramic

coated grinder and used for metal analysis. In the laboratory the vegetable samples underwent

through dry ashing which is another standard method for terrestrial plant material metal analysis

(Vassileva et al., 2001).
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Table 2. Suggested vegetables sampling guideline criteria or procedures for some crops (Jones et

al. 1971)

S.

No

Crop

type

Stage of

growth

Plant part to

sample

No. of

plant to

sample

Extract

No plants

samples

1 Lettuce Prior to

heading

1st matured leaf

from growing tip

10-12 10

2 Ethiopian

kale

Prior to

heading

1st matured leaf

from growing tips

10-12 10

3 potatoes Prior to or

during early

bloom

3rd to 6th leaf from

growing tip

10-20 10

4 tomatoes Prior to or

during early

fruit set

3rd or 4th leaf from

growing tip

10-20 10

5 Red beet Matured stage 3rd or 4th leaf from

growing tip

10-20 10

1.0gm of the pieces and dried vegetables sample was placed in porcelain crucibles (cleaned and

dried at 1050C) and placed in a cool muffle furnace. The temperature of the furnace was gradually

increased to 5300C and ashed at 5300C for 5hrs. The muffle furnace was shut off and opened

cautiously for rapid cooling. After cooling the Silica crucibles, they were carefully taken out and

8ml of HNO3 (65%) and 2ml of H2O2 (30%) was added in to it and mixed with a plastic road. After

20min the volume was adjusted to 100ml volumetric flask using de-ionized water and mixed well.

Following that the solution was allowed to stand for 30min and filtered through whatman filter

paper (0.45µm) (Rashid, 1986).

After the digestion process was completed the aliquot was analyzed for heavy metals such as Cd,

Pb, Cu, and Cr using Graphite Furnace Atomic Absorption Spectrophotometer (GFAAS), Annov

AA400P Analyticjena and German. The calibration curves were prepared for each heavy metal by

running different concentrations of standard solutions. The instrument was set to zero by running

the respective reagent blanks.
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4.4.3. Soil samples

About 1kg representative surface soil samples (digged at depth of 0 to 0.25cm) from different

vegetables irrigated farm lands were collected randomly within two irrigation phases from control

site and sample sites in clean plastics sacks and transported to the laboratory for further digestion.

All soil samples were spread on plastic trays and allowed to dry at ambient temperature for 7 days.

In laboratory, the soil samples were air dried, crushed with mortar and pestle and sieved through 2

mm mesh sieve. The final samples were kept in labelled polypropylene containers at ambient

temperature before analysis about 2.5 g homogenised soil samples weighed in cleaned and dried at

1050C Silica crucibles in oven furnace then the dry ash digested (heated at temperature of 5300c in

muffle furnace for 5hrs) soil samples, dissolved with 8ml HNO3 (65% reagent grade) and 2ml

H2O2(30%), diluted to 100ml with distilled water and filtered by 0.45µm membrane filter paper,

were analyzed for heavy metals using graphite furnace atomic absorption spectrometer (GFAAS,

Anov AA400P Analyticjena, and German) in the Addis Ababa University environmental science

laboratory.
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5. RESULTS AND DISCUSSION

5.1. Physical analysis of Worka and Leyole river waters
The physical parameters such as temperature, pH, electrical conductivity and colour for a total of

five samples of Worka and Leyole river waters were determined and compared with international

standards of WHO and FAO suitable for irrigation purpose and the results shown in table3

below.

Table 3. Comparison of water quality characteristics of river Leyole and Worka in river with

WHO, STN, Indian Standard and FAO May and July, 2014

Parametres Leyole river Worka river Control samples WHO FAO

Temp(0C) 22.8 23.4 25.7 28.7 25

pH 7.61 7.73 9.19 10.63 8.37 6.5-8.5 6.5-8.4

EC(ds/m) 0.728 0.529 1.065 1.803 0,00481 1

Color Black white Colorless

As observed in the field study the major industries from which effluents enter into Leyole river

without treatment are: textile factory, meat processing factory and tannery factory. As well as

Effluents enter in to Worka rivers are: BGI brewery factory and KOSPI steel factory.

As observed during field study, the Worka river has white like colour but not the Leyole river.

However, both rivers have bad smell due to the dissolved organic and inorganic wasted which are

discharged along it.

The average pH of the river (control) and Leyole were found to be 8.37 and 7.67 respectively

(Table 3), which is both considered to be in the normal range for irrigation and clean water since

the normal pH range river water suitability for irrigation is from 6.5 to 8.4 (FAO ;STN,1998). The

pH of water in both study and control sites therefore falls within the limit set by the regulatory

authorities of FAO for irrigation purposes. But the average pH in the irrigation river water of

Worka was 9.91 which is severing for irrigation due the value is beyond safe limit (Table 3).

The results of this investigation revealed that the water in Leyole river is normal while that of

Worka river is slightly alkaline. The pH gives an indication of the balance between the acids and

bases in water. The level of pH in solution reflects the solvent power of water, thereby indicating its
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possible chemical reactions on sediment. Water with a pH outside the normal range (6.5 – 8.4) may

contain excess toxic ion(s) posing serious threat to aquatic organisms. It may also bring about

nutritional imbalance if used for irrigation purposes.

The average electrical conductivity of Borkena river was 0.004807ds/m and this can be classified as

none restricting for irrigation (STN, 1998 and FAO). The average concentration of electrical

conductivity of Leyole and Worka river used for irrigation was 0.6285 dS/m and 1.434 dS/m

respectively (Table 3). These electrical conductivity concentrations indicate a potentially slight

degree of restriction to use for irrigation (FAO, 1985). As tomatoes and lettuce were the major

vegetables grown in local areas, if the irrigation water is used continuously, the prevailing EC

values might cause a potential 10% yield decline (Ayer, 1977).

5.2. The physico-chemical characteristics of the soil of vegetables irrigated
by Leyole and Worka rivers

In the field study the physico-chemical characteristics of two representative samples from total of

four sampling points of the soil of vegetables in the farmlands irrigated by Leyole and Worka

rivers were determined. Some of these parameters were colour of soils, the moisture, texture and

pH. In addition some chemical nutrients such as nitrate-N, magnesium ion (Mg2+), calcium ion

(Ca2+) and manganese (Mn) also determined in field of farmland using Worka and Leyole rivers.
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Table 4. The physico-chemical analysis of the soil of vegetables irrigated farmlands

Parms Soil sample

irrigated by

Leyole river

Soil sample
irrigated by
Worka river

FAO

Colour Light black Light white

TSL 18.6 20.4 2000

TSW 18.5 14.0 450

Texture(dm/m) 0.81 1.37 Slightly loam,Loam

pH 8.27 9.08 6-9

Nitrite-N 50.057 50.057 50

Mg2+ (mg/l) 5.0057 5.0057 150

Ca2+ (mg/l) 1401.599 2803.198 75

Mn 12.014 12.014

TSLr-23.5% = Temperature of soil of Leyole river, Max. =Maximum, Minn. = Minimum,
TSWr17.8% = Temperature of soil of Worka river, Parms=Parametres

The higher value of pH in Worka river (Table 4) is perhaps attributed to the presence of low

hydronium concentration in the water and can justify higher pH values in the soil solution (9.08).

As a result the soil becomes moderately alkaline. Higher soil pH (9.0 – 9.36) values was found in

Worka river irrigated farmland soils. Such values of pH in farm soils may have a profound effect on

availability of plant nutrients, as micronutrients, for instance; iron, manganese, zinc, copper, and

cobalt are less available at a pH > 8.5 (Ayers and Westcott, FAO, 1985). However, The pH value in

the farmland soil irrigated by Leyole river, however, satisfy the pH requirement necessary for

irrigation which is between 6.0 and 9.0 (Mengistu, 1998), 6.5-8.5(WHO), and 6.5-8.5(FAO)(Table

3). The Calcium ion (Ca2+) was the dominant cation in both farmland soil irrigated by Worka and

Leyole. river which are much higher than recommended by WHO (Table 4). However, magnesium

ion (Mg2+) was much less than WHO and nitrate nitrogen almost the same as the nitrate nitrogen as

mention in WHO and FAO.

The average moisture contents of the soils of the farmlands irrigated by Worka and Leyole rivers

were below the maximum detection limit listed by FAO and soil satisfy the moisture requirement

necessary for irrigation which is below the moisture content mention by WHO.
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5.3. Heavy metals concentration in the analysis of the soil, water and
vegetables

The concentration of heavy metals in water, soil and vegetables samples was analysed by

graphite furnace atomic absorption spectrometry.

5.3.1. Heavy metals levels in Water

The results of water analysis are presented in Figure 3. The result as shown in the Figure 3, the

concentrations of heavy metals in the Leyole river as well as in Worka river is almost the same in

May and July, 2014. But the concentration of the heavy metals in each river water which is above

from industrials effluents(free from industrial effluents) is less in amount than the corresponding

river water that received industrial effluents. The concentration of four heavy metals in Worka

and Leyole water samples respectively: for Cu (0.01 and1.03), Cd (2.07and 0.69), Cr (0.34 and

0.36). There is no lead (Pb) and copper (Cu) in the river Worka in two seasons due to there is no

industries that discharge lead and copper contaminated effluent along it.

Both Worka and Leyole river contained much more cadmium and chromium than their

concentration in WHO, FAO, Indian and USEPA i.e. above the detection limit for irrigation than

the given standards. However, they contained much less amount copper and lead.

Figure 3. Heavy metals content of the irrigation water of Worka river compared to the

recommended standards
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As shown in Figure 3 concentration of Cd in the Worka river is highest of all and Cr higher than

WHO, FAO and USEPA but Cu, but Pb are found less in amount.

Figure 4. Heavy metals content of the irrigation water of Leyole river compared to the

recommended standards

As shown in Figure 4 except Pb the other heavy metals are above the standards of FAO, WHO,

Indian standards and USEPA due to industries released effluents without treatments. The

concentration of four heavy metals in Worka and Leyole water samples respectively: for Cu (0.01

and 1.03), Cd (2.07and 0.69), Cr (0.34 and 0.36). The concentration of heavy metals in soil samples

using Worka and Leyole rivers respectively: for Cu (2.01 and 1.63), Cd (0.87 and 0.62), Cr (0.38

and 0.37). The higher concentration of heavy metal was found in Leyole river for water samples

and the lowest (almost zero) concentration was lead.
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5.3.2. Heavy metals in the soil of farmlands

The heavy metals of soils of farmlands using Worka river of Cu, Cd, Cr and Pb were

determined and the results are given  in Figure 5.

Figure 5. Heavy metals content metals in soil of farmland irrigated by Worka river compared to

the recommended standards

As indicated in Figure 5, the concentration of heavy metals in soil samples using Worka and

Leyole rivers respectively: for Cu (2.01 and 1.63),Cd (0.87 and 0.62),Cr (0.38 and 0.37). The

higher concentration heavy metal was found in for soil sample of Worka and Leyole river for

water samples and the lowest (almost zero) concentration was lead.

As shown in Figure 5, the experimental levels of the heavy metals of soil in the farmlands are

below the FAO and EU standards of heavy metals present in the soil used for irrigation .this may

due to the vegetables consumed the heavy metals used for growing.



33

Figure 6. Heavy metals content metals in soil of farmland irrigated by Leyole river compared to the

recommended standards

The analysis and presentation in the figure 6 as shown, the farmlands soil contain heavy metals (Cd,

Pb, Cu and Cr) found within recommended standards for suitability of irrigation.

5.3.3. Heavy metals in the vegetables

The average Heavy metal concentrations in edible vegetable samples of Potatoes, Tomatoes, Red

beet, Lettuce, Ethiopian kale and Swiss Chad are presented in Figure 7 and. The concentrations of

heavy metals in vegetables differ from one sampling location to the other and vary from one species

of vegetable to the other. This may be attributed to differential uptake capacity of vegetables for

different heavy metals through roots and their further translocation within the plant parts (Vousta et

al., 1996, Zurera et al., 1989). It can also be due to soil characteristics such as acidity and organic

matter contents and ability of the root type of the plants to penetrate where the heavy metals are

found (Okoronkwo et al., 2006).

The results of the study as shown in  Figure 7 and Figure 8 that the concentration of the four heavy

metals (Cd, Cu, Pb and Cr) in all vegetables and tuber samples ranged between 0.171and 6.09 µg/g

using Worka river and 0.53 and 9.87µg/g irrigated by using Leyole river. The level of four heavy

metals (µg/g) in vegetables/tubers cultivated using Worka and Leyole rivers respectively: for Cu

(0.38 2.98 and 0.69 3.40), for Cd (0.89  6.09 and 0.89 7.16), Cr (0.17 0.95 and 0.53 24.4) and
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Pb (1.22 5.62 and 1.00 9.87). The highest concentration was found in Swiss Chad (9.87µg/g)

cultivated using Leyole river and lowest was in Red beet (0.171µg/g) using Worka river.

Among all heavy metals analyzed, the concentration of Cd (6.09125µg/g) detected in tomatoes fruit

was the highest and that of Cr (0.175125µg/g) detected in red beet was the lowest in all vegetables

irrigated by Worka river analyzed. However, the concentration of Pb (9.830625, 9.8725µg/g)

detected in tomatoes and Swiss Chad respectively, was the highest and that of Cr (0.54975µg/g)

detected in Ethiopia Kale was the lowest in all vegetables irrigated by Leyole river. With exception

to Cu and Cr, the levels of Pb and Cd detected in most of the vegetables analyzed in this study,

were higher than the stipulated permissible levels in food by FAO/WHO guidelines.

Figure 7. Heavy Metals content in vegetables irrigated by Worka river compared to the

recommended standards

As shown in Figure 7 and Figure 8, the cadmium and lead content in tomatoes and potatoes is

higher than that of cadmium in the Indian standard and FAO. This shows that tomatoes and

potatoes grown in farmlands that are irrigated using contaminated Worka river. So eating of these

vegetables may cause for excessive accumulation of cadmium in the body of human being and

animals.
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This shows that there is an obvious risk for aquatic life and human in the future unless the

existing pollution legislations enforcing anti-dumping regulations or stringent regulations such

as, preparing sewage treatment plants, proper solid waste disposal sites etc have been

implemented to restrict the discharge of untreated wastewater into rivers and streams.

Figure 8. Heavy Metals content in vegetables irrigated by Leyole river compared to the

recommended standards
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6. CONCLUSION AND RECOMMENDATION

6.1. Conclusion

In Kombolcha town industrial wastewater mixed with river water is often used for irrigation.

Industrial wastewaters contain toxic organic and inorganic chemicals that can be taken up by the

crops and vegetables.

Through this study, it is clear that the industrial effluent has substantially changed the irrigation

water quality diverted from Worka and Leyole rivers and consequently, some chemical element

such as Cd, Pb and Cr also increased in the irrigated vegetables and the soil of the irrigated

farmlands. Heavy metals in irrigation water change the soil properties such as EC, PH, etc, there by

affecting the growth of vegetables and crops. So the vegetables and crops uptake these heavy

metals and thereby get transferred to animals and humans through food chain may cause severe

health problems and affecting aquatic species and in turn ecosystem in the future.

The EC of Leyole and Worka rivers was differentiated to be a slightly restricting and the presence

of excessive amount of heavy metals Pb, Cu, Cr and Cd in the edible vegetables indicate that the

area is not suitable for vegetables production and animal keeping. Based on the data obtained from

the present study, it is very important to notice that the concentrations of the toxic heavy metals for

the vegetables in different area of the two tributaries of Borkena in Kombolcha town are found

above the maximum recommended limit of FAO.

Therefore, it is concluded that eating and consuming of vegetables grown in the industrially

contaminated farmlands around the two tributaries of Borkena river (Leyole and Worka rivers)

become highly risks to human health and animal keeping unless the existing pollution legislations

take corrective measures both to stop cultivating vegetables and to conduct community awareness

on the risks associated with industrially contaminated farmlands.

.
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6.2. Recommendation

The following points are recommended from this study:
The industrial wastes water should be adequately pre-treated to remove these chemicals and

industries pollutants have to be controlled at the source itself which is more cost-effective and

easier treatment, recovery as possible as well as agreements for industrial effluents with fixed

limits for heavy metals.

In addition, to minimize adverse health and environmental effects from toxic substances, industrial

wastewater should be treated separately from municipal wastewater and excreta and reuse of

wastewater. As well as wastewater treatment, industrial and commercial interests that so far have

been free-riding their pollution load on downstream water users, increased surveillance and

monitoring must be placed ; revenue based on the polluter pays principle must also be collected and

re-invested in wastewater management.

Since Kombolcha is chosen as a city of industrialization by the Amhara National Regional State of

Ethiopia, all concerned bodies such as the Environmental Protection Authority, Health Bureau,

Agricultural Bureau, the Kombolcha Water and Sewerage Authority, Universities and research

organizations shall work together to establish a common platform to reduce the risks associated

with cultivation of vegetable with industrial contaminated river water as well as focus on

appropriate industrial waste management strategy and integrated with the industrial development.

The needs of further research for monitoring of the pollution of the soil and the river water by

heavy metals is vital and their health impacts on the people consuming vegetables irrigated by

Worka and Leyole rivers.

A policy and strategy shall be prepared by focusing on consideration of industrial wastewater as an

important and valuable asset, and addresses the associated risks during the exploitation of the

resource for irrigation and other uses in the production of vegetables as well as conducting

awareness creation campaign on pollution effects and control shall be an immediate task of the

responsible government organizations and the community at large.
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Annex II. Standard calibration curve for cupper (Cu)
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Annex III. Standards calibration curve for Cadmium (Cd)

Annex IV. Standard calibration curve for chromium (Cr)
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Annex III. Standards calibration curve for Cadmium (Cd)

Annex IV. Standard calibration curve for chromium (Cr)
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Annex V. Pictures of Leyole river

Annex VI. Picture of laboratory samples

(a) (b) (c)

(a) Soil samples, (b) water samples, (c) vegetables samples

Annex VII. The picture of heavy metal analysis by GFAAS
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Annex VIII. The picture of irigated vegetable samples

a) b)

c)                                                                  d)

e)                                                                                                    f)

a) Swiss card(Kosta) ,(b) Lettuce (salad),(c)Tomatoe leaves unmatured,(d)Ethiopia
Kale(Gomen),(e)Tomatoes matured , (f) Red Beet
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Annex IX. The concentration of heavy metals in Leyole and Worka River used to irrigate

vegetables (µg/g) in dry seasons in May and July 2014.

E
lm

SW
R

M
ay

SW
R

Ju
ly

SL
R

M
ay

SL
R

Ju
ly

C
d 

co
nt A

bs

Coc.

(mg/l) A
bs

Coc.

(mg/l) A
bs

Conc.

(mg/l) A
bs

Conc.

(mg/l)

0.5746 1.254 0.04275 1.5985 0.0213 0.476 0.06022 0.5225

Cd 0.1383 2.125 0.16520 2.0025 0.0367 0.680 0.22190 0.6975

C
u 

co
nt

0.0771 0 0.07904 0 0.4101 0.574 0.31324 0.30185

Cu 0.0747 0 0.21467 0.1505 0.4415 1.005 1.4291 1.055

C
r

co
nt

0.0155 0.348 0.01613 0.3486 0.0388 0.457 0.01376 0.34525

Cr 0.0143 0.346 0.01667 0.340 0.0248 0.361 0.02806 0.368

Pb 0 0 0.26599 0.4461 0 0 0 0

Pb

cont

0 0 0 0 0 0 0 0

Annex X. The comparison of the average concentration of heavy metals present in the Worka

and Leyole river water with WHO, FAO, USEPA and Indian standards in May and July 2014.

Rivers &

guidelines

Elements concentrations (µg/g)

Cd Cd_con Cu Cu con Cr Cr_con Pb Pb con

Worka 2.064 1.426 0.0054 0 0.343 0.348 0.003 0

Leyole 0.689 0.499 1.03 0.438 0.365 0.401 0 0

WHO 0.003 - 0.05 0.01

Indian St. 0.01 0.05 0.05 0.1

FAO 0.01 0.2 0.1 5

USEPA - - 0.55 0.065

Sources: - WHO Maximum Allowable Value (Mersha, 2008), FAO SOIL BULLETIN 55, 1985, Degree

of restriction (Biswas et al., 1998; USEPA, 2001(μgg-1), Indian Standard (Awashthi, 2000)((μgg-1)
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Annex XI. Result of the Heavy metals concentration in soil Samples of vegetables irrigated

farmlands (µg/g ).

Ele SWR

May

SWR

July

SLR

May

SLR

July

Abs Conc Abs Conc Abs conc Abs conc

Cd

cont

0.0462 0.483 0.03978 0.4018 0.0339 0.397 0.02996 0.3649

Cd 0.2527 1.274 0.04498 0.46667 0.0923 0.666 0.07599 0.5783

Cu

cont

1.3167 1.844 1.3264 1.859 1.1305 0.583 1.0253 1.396

Cu 1.89 2.113 1.26385 1.8967 1.2903 1.674 1.08574 1.5843

Cr

cont

0.0214 0.356 0.03488 0.3754 0.0151 0.347 0.02394 0.3598

Cr 0.0374 0.391 0.03337 0.37323 0.0246 0.382 0.02059 0.3568

Pb

cont

- - - - - - - -

Pb - - - - - - - -

Ele =elements, SWR =Soil of Worka river, SLR =Soil of Leyole river

Annex XII. The comparison of the average concentration of heavy metals in soils of farmland

irrigated by using River Worka and Leyole in May and July, 2014

Soils &

guidelines

Elements concentrations (µg/g)

Cd Cd cont Cu Cu cont Cr Cr cont Pb Pb cont

Worka 0.87 0.4424 2.01 1.852 0.3821 0.3657 0 0

Leyole 0.622 0.3809 1.629 0.9895 0.3694 0.3534 0 0

Indian St.

FAO(μgg-1)

3-6 135-270 5

20

250-500

EU(μgg-1) 3.0 140 150 300
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Annex XIII. Permissible limits Concentration of toxic metals in leafy and tubers vegetables/plants

Stds Samples No.

Sample

Cd(μgg-1) Pb(μgg-1) Cu(μgg-1) Cr(μgg-1)

FAO 1999 Cabbage 10 0.1(mg/kg)

0.049±0.0061

0.2(mg/kg)

0.084±0.006

5.0

Tomato 10 0.071

±0.0086

0.009*

±0.0017

Potato 10 0.040*

±0.0031

0.091**

±0.0044

Indian

Std.,2000)

plants 1.5 2.5 30 20

FAO (2007) 0.2 5.0 40 2.3

EU (2006) 0.2 0.3
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Annex XV. The concentration of heavy metals in vegetables irrigated by river Worka and

Leyole (µg/g)

samples elements Absorb Worka

river

Absorb Leyole

river

Tomatoes

leaf

Cd 0.001245 0.888875 0.00089 0.88775

Cu 0.962417 2.944375 0.78939 2.205375

Cr 0.129425 0.948625 0.88928 2.442

Pb 0.004335 2.24525 0.00466 9.830625

Ethopian

Kale leaf

Cd 0.00237 1.1055 0.0117 0.939875

Cu 0.69222 2.050 0.954495 2.9155

Cr 0.06474 0.24875 0.029355 0.54975

Pb 0.00196 1.47275 0.0148 1.009125

Swiss

Chad

Cd 0.00103 0.890625 0.001235 0.89125

Cu 0.515235 1.17225 0.472055 1.011875

Cr 0.026015 0.538125 0.026455 0.544125

Pb 0.0024355 2.918125 0.002485 9.8725

Lettuce Cd 0.00293 0.91025 0.43703 5.65875

Cu 0.84633 2.7825 0.87921 2.926875

Cr 0.066185 0.686125 0.02315 0.536

Pb 0.0132 2.1525 0.0018895 1.25375

Tomatoe

fruit

Cd 0.45075 6.09125 0.55884 7.160

Cu 0.65758 1.944125 0.414395 1.183375

Cr 0.025875 0.54475 0.023145 0.534

Pb 0.0112 5.61875 0.003745 5.67975

potato Cd 0.20756 3.0705 0.1120675 1.74425

Cu 0.89381 2.980 1.002015 3.40025

Cr 0.02363 0.172 0.106365 0.727375

Pb 0.00271 3.75875 0.00188 1.230

Red Beet Cd 0.01836 1.26625 0.04043 1.340625

Cu 0.09394 0.385 0.33996 0.688625

Cr 0.02263 0.17125 0.03095 0.552

Pb 0.00188 1.2225 0.0023 2.362 25


