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                                                            Abstract 
 

Vegetable samples were collected from northern Addis Ababa and Ziway 

where there were no industrial contaminations. The samples where 

collected in May, 2007 and the concentrations of heavy metals (Cd, Cr, 

Pb and Zn) were determined using flame atomic absorption 

spectrophotometer. The total metal concentration of the soil and the 

water used for irrigation were also determined.  

 

The concentration of lead obtained from the majority of the vegetable 

farms in northern Addis Ababa and Ziway surpassed the maximum 

recommended limit of the metal in the vegetable tissue. The average 

concentration of lead in Lettuce, Swiss chard, Ethiopian kale were found 

to be 0.97 mg/kg, 0.3 mg/kg, 0.54 mg/kg and 0.4 mg/kg dry weight, 

respectively. Although the high concentration of the other metals in the 

soil does not reach the toxicity level. There is a possibility of contaminant 

in the soil of a vegetable farm where there is minor industrial 

contribution.  

 

 

 

 

 

 



1. Introduction 
 

The term heavy metal refers to any metallic chemical element that has a 

relatively high density and is toxic or poisonous at low concentrations. 

Living organisms require trace amounts of some heavy metals, including 

sodium (Na), magnesium (Mg), potassium (K), calcium (Ca), chromium 

(Cr), manganese (Mn), iron (Fe), cobalt (Co), copper (Cu), zinc (Zn), 

selenium (Se) and molybdenum (Mo), but excessive levels can be 

detrimental to the organism. Of the nonessential metals, mercury (Hg), 

lead (Pb), cadmium (Cd), and arsenic (As) are recognized as health 

hazardous and all have caused major health problems as a result of 

environmental pollution (Berglund et al., 1984). 

 

Natural and anthropogenic sources of soil contamination are widespread 

and variable. Heavy metals occur naturally in rocks. Mineral rock 

weathering and anthropogenic sources provide two of the main types of 

metal inputs to soils. In localized mineral zones, or around volcanoes an 

elevated level of the elements arsenic, lead, cadmium, copper and zinc 

can also be found (Adriano, 1986; Salomons and Forstner, 1988). 

Cadmium is associated with sphalerite, and lead is found in many ores 

(ATSDR, 1999). 

 

Anthropogenic activities, such as mining, industrial effluents and sewage 

sludge application, are the main sources of heavy metal contamination in 

the environment (Lee and Stuebing, 1990).this sources increases heavy 

metal concentrations in the soil and considered to pose possibly serious 

hazards in the soil-plant-animal system (Sterritt and Lester, 1980; 

Arendt et al., 1990; Nriagu, 1991). 
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The prevalence of contamination from both natural and anthropogenic 

sources has increased concern about the health effects of chronic low-

level exposures. Certain plants can accumulate heavy metals in their 

tissues. Uptake is generally increased in plants that are grown in areas 

with increased soil concentrations (Khan and Frankland, 1983).  

 

Many people could be at risk of adverse health effects from consuming 

vegetables cultivated in contaminated soil. Many researchers have shown 

that some vegetables are capable of accumulating high levels of metals 

from the soil (Garcia et al., 1981; Xiong, 1998; Cobb et al., 2000).  

 

This is an important exposure pathway for people who consume 

vegetables grown in heavy metal contaminated soil. Xu and Thornton, 

(1985) suggest that there are health risks from consuming vegetables 

with elevated heavy metal concentrations. These metals are not 

biodegradable and therefore, they can accumulate in human vital organs, 

producing progressive toxic effects (Stoeppler, 1984; Bertram et al., 

1985). 

 

Heavy metals such as Cd and Pb, have long been known as a major 

contamination problem, not only for working conditions but also for the 

environment (Freiberg et al., 1997; Merian, 1984). Although zinc and 

copper are essential trace elements which may also serve as plant 

nutrients, their undue presence in the environment can also be 

hazardous to man (WHO, 1984). 

 

Pb and Cd have no essential biological function and are highly toxic to 

plants, animals and humans (Pendias and Pendias, 1992; Alloway, 

1994), Cd being relatively more toxic, in lower Concentrations, than Pb to 

plants (Pahlsson, 1989).Cadmium is recognised as an extremely 

significant pollutant due to its high toxicity and large solubility of its 
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compounds in water.  

 

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). 

 

Consuming food contaminated by Pb and Cd can seriously deplete body 

stores of Fe, vitamin C and other essential nutrients, leading to 

decreased immunological defenses, intra-uterine growth retardation, 

impaired psycho-social faculties and disabilities associated with 

malnutrition (Iyengar and Nair, 2000).  

 

Lacatusu et al., (1996) reported that the soil and vegetables polluted with 

Pb and Cd in Copsa Mica and Baia Mare, Romania, significantly 

contributed to decreased human life expectancy within the affected 

areas, reducing average age at death by 9–10 years. The populations 

most affected by heavy metal toxicity are pregnant women or very young 

children (Boon and Soltanpour, 1992). 

 

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 work was limited to the problems of heavy metal 

accumulation on vegetable associated with industrial contaminations.   

 

A comparative study conducted by Tamiru Alemayehu (2006) indicates 

that a geogenic source from deeper crust or mantle in the form of 

hydrothermal activity which affected the chemical composition of 

volcanic rocks seems to be responsible for the heavy metal 

concentrations in the urban environment of Addis Ababa.  
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Currently, anthropogenic sources appear to be a minor contributor than 

the observed heavy metal concentration in the city (Tamiru Alemayehu, 

2006). For this study, vegetables were collected from the northern sector 

of the city where there is no industry but obtained high amount of heavy 

metal concentration (Tamiru Alemayehu, 2001).  

 

The present study was aimed to evaluate heavy metal concentrations of 

Cd, Cr, Pb and Zn in some leafy vegetable crops mainly Lettuce, Swiss 

chard and Ethiopian Kale were assessed from the northern part of Addis 

Ababa and also from Ziway area where vegetables are produced.    

 

 

2. Objectives 
 

2.1. General objective 

 

- To Determine heavy metal concentration load in vegetables grown in 

contaminated areas of northern Addis Ababa and Ziway vegetable farms 

and to  propose the future possible mitigation measures in order to 

reduce the impact associated with the health status of the people. 

 

2.2. Specific objectives 

 

-To determine Cd, Cr, Pb and Zn concentrations in the soil of the 

vegetable growing farms. 

-To analyze the Cd, Cr, Pb and Zn concentrations of the vegetable crops    

grown in the northern Addis Ababa and Ziway vegetable farms. 

-To compare the contamination level of vegetables grown in the three 

farm regions where the study is conducted.    
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3. Literature review 

 
3.1. Heavy metals in the environment  

 

Metals are present in the solid phase and in solution, as free ions, or 

adsorbed to soil colloidal particles. The heavy metal concentration in 

topsoil is a result of soil-forming processes, as well as agricultural and 

human activities (Hem, 1992).  

 

Heavy metals are currently of much environmental concern. These 

metals are dangerous because they tend to bioaccumulat 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).  

 

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 processes 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).  

  

Plants are important components of ecosystems as they transfer 

elements from abiotic into biotic environments. The primary sources of 

elements from the environment to plants are: air, water and the soil 

(Hamilton, 1995). Crops can uptake toxic elements through their roots 
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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). 

 

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. 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). In spite of the differences in mobility of metal ions in 

plants, the metal content is generally greater in roots than in the above-

ground tissues (Ramos et al., 2002). 

 

Contaminants in bulk soil might be transferred into soil solution, making 

them available to roots (Wenzel and Jockwer, 1999). Yield reduction and 

plant growth retardation have been generally induced by high 

concentrations of metals in soils (Moreno et al., 1997). According to 

Fisseha Itanna, (1998) Maize plantation at Awassa have been seriously 

affected both in yield and quality due to metals from industrial waste on 

farm lands.  

 

Some heavy metals are essential to maintain the metabolism of the 

human body. However, at higher concentrations they can lead to 
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poisoning. Chronic lower level intakes of toxic elements have damaging 

effects on human beings and other animals (Ikeda et al., 2000). Potential 

danger from metal accumulation by plants grown on such soil is 

becoming an increasing problem in many countries. 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 and to most consumed 

agricultural crops (Sterritt and Lester, 1980; Arendt et al., 1990; Nriagu, 

1991, Fisseha Itanna, 1998). 

 

 

3.2. Cadmium 

 

3.2.1. Sources, Uses, and Transport 0f 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, 

sulfates, and sulfides. Cadmium is often a byproduct of the extraction of 

Pb, Zn, and Cu from their respective ores (ATSDR, 1999a). Carbonaceous 

shale, coal, and other fossil fuels are also sources of Cd. Volcanism is the 

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

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. John et al., 

(1972) report a Cd concentration of 95 ppm in a sample collected near a 

battery smelter near Vancouver, BC, Canada. Cadmium is recalcitrant in 

the soil profile, particularly in the surface horizons (John et al., 1972; 

Khan and Frankland, 1983).  
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Most soil profiles have an A horizon, which is primarily topsoil composed 

of decaying organic matter such as leaves and grass, and a B horizon, 

which is composed of smaller clay-sized particles. In general, heavy metal 

concentrations are higher in the B horizons than in the A horizons (Lee 

et al., 1997). 

 

 Heavy metals tend to accumulate in the clay fraction of most soil profiles 

(Boon et al., 1992; Lee et al., 1997). Boon et al., (1992) concluded that 

the concentration of heavy metals in soil is dependant on clay content 

because clay-sized particles have a large number of ionic binding sites 

due to the higher amount of surface area.  

 

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 Cd concentration of the soil and 

ultimately lead to the increased toxicity of the contaminated soil. Higher 

soil 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 VanLaerhoven, 1972; Peles et al., 1998).  

 

Increased levels of Ca2+ can decrease the amount of Cd that is 

assimilated by plants (Larlson et al., 2000). Because of their similar size, 

Ca (II) is almost indistinguishable from Cd (II) (Ochiai, 1995). A higher 

affinity for the essential trace metal Ca results in the decreased uptake of 

Cd into the plant. A similar relationship exists between P and Cd. John 

et al., (1972) showed that the addition of 1000 ppm of phosphorus to a 

Cd contaminated soil decreased the concentration of Cd 43% in the roots 

of oats. Trace metal deficiencies in plants have been associated with 

increases in heavy metal uptake (Khan and Frankland, 1983). 
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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 Cd assimilated by the plant. 

John and VanLaerhoven, (1972) showed that higher pH resulted in lower 

Cd uptake. Peles et al., (1998) concluded that the addition of lime to 

contaminated soils (essentially increasing the pH) decreased the uptake 

of heavy metals. In unlimed soils Ambrosia trifida accumulated 13.6 µg 

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

tissue. 

 

Khan and Frankland, (1983) reported that extremely high concentrations 

(180 µg g-1) of Cd in soil adversely affected plant development. In their 

research, radish plants were grown on soils contaminated with Cd and 

Pb. Within 3 weeks of planting, all plants that were grown in soil 

contaminated with 1000 µg Cd g-1 were dead. The concentrations of Cd 

in the soil that produced a 50% inhibition in growth were higher at the 

seedling stage than at the edible stage.  

 

John et al., (1972) also showed that plant size and yield were reduced 

when 50 mg Cd (dosed as CdCl2) was added to 500g of soil. In both 

studies, chlorosis of the leaves was reported. Khan and Frankland, 1983) 

suggest additive effects from the application of Cd and Pb at the same 

time. They document a considerable reduction in growth when Cd was 

added at 50 µg g-1 and Pb was added at 1000 µg g-1 (Khan and 

Frankland, 1983). 
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3.2.2. Toxicity of Cd 

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

that the average American ingests about 30 µg Cd/day (ATSDR, 1999a). 

However, only about one tenth of this amount is actually absorbed into 

the tissues. Intake of Cd can double if one smokes cigarettes because 

each cigarette contains about 2 µg Cd. Acute doses (10-30 mg/kg-day) of 

cadmium can cause severe gastrointestinal irritation, vomiting, diarrhea, 

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

cause death. 

 

Low-level chronic exposure to Cd can cause adverse health effects 

including gastrointestinal, hematological, musculoskeletal, renal, 

neurological, and reproductive effects. The main target organ for Cd 

following chronic oral exposure is the kidney (ATSDR, 1999a). Because 

cadmium tends to accumulate in the kidneys, the EPA has based the RfD 

for cadmium on the concentration of the metal in the human renal cortex 

(EPA, 1994).  

 

The highest Cd level in the renal cortex that does not cause significant 

proteinuria is 200µg 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 Cd body 

burden is excreted in the urine or feces and that 2.5% of the Cd in food 

and 5% of the 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 food and 0.0005 mg Cd/kg/day 
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for water. These amounts represent an estimated daily oral exposure that 

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

 

The ATSDR concludes that 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 (ATSDR, 1999a). 

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).  

 

 

3.3. Lead 

 

3.3.1. Sources, Uses, and Transport of Pb   

Lead is a naturally occurring heavy metal. 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 

uranium206, thorium208, and actinium207 (Sax and Lewis Sr., 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 
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of the environmental lead contamination comes either from landfill 

leachate or from airborne lead particles deposited onto the soil (ATSDR, 

1999b). 

 

Pb behavior in soil is similar to Cd behavior in soil. However, Khan and 

Frankland, (1983) showed that 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).  

 

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 VanLaerhoven, 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. Balba et al., (1991) showed a significant decrease in 

plant biomass yield with increasing Pb treatments that varied with soil 

type. The highest adverse effects were on those plants grown in soils with 

high clay content. Khan and Frankland, (1983) also showed decreased 

plant growth and yield in soils with Pb contamination. 
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3.3.2, Toxicity 0f Pb 

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 reenter 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).  

 

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. 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 Centers 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 
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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. Anemia, 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, 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). 

 

 

3.4. Zinc 

 

3.4.1. Sources, Uses and Transport of Zn 

Zinc can be found in nearly all soils. It is present in most rocks and is 

weathered out and deposited into the soil. Zinc is also released by 

thermal outgassing and other volcanic events. Fallout from such events 

can be a significant source of zinc in soils and plants. Anthropogenic 

release is the primary source of zinc in the environment.  

 

Zinc is released from industrial and manufacturing facilities in 

wastewater effluent or from incinerators. Zinc is used as a constituent in 

several alloys, including brass, bronze, die-cast metals, and is combined 

with copper for the production of US pennies. Zinc is also used in 

electroplating, smelting, and ore processing (ATSDR, 1994). Mine tailings 
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and drainage from mines can contain high concentrations of zinc (Cobb 

et al., 2000). 

 

The fate and transport of zinc (Zn + 2) in the environment is dependant on 

cation exchange capacity, pH, organic matter content, nature of 

complexing ligands, and the concentration of the metal in he soil. As pH 

increases, there is an increase in negatively charged binding sites on soil 

particles, which facilitates the adsorption of zinc ions and removal from 

solution (ATSDR, 1994). The Zn concentration in the soil and clay 

content are positively correlated (Lee et al., 1997).  

 

The most common form of zinc in anaerobic soils is the insoluble zinc 

sulfide. Therefore, mobility is limited in anaerobic conditions. Zinc 

mobility increases with low pH (e.g. < 7) under oxidizing conditions and 

low cation exchange capacity (ATSDR, 1994). The presence of competing 

metal ions and organic ions such as humic material may cause the 

adsorption of Zn+2 ions to the soil, particularly in soils with an elevated 

pH, via ligand exchange reactions (ATSDR, 1994). These reactions reduce 

the solubility of zinc in the soil solution and, therefore, reducing its 

mobility and limit its bioavailability. 

 

3.4.2. Toxicity of Zn 

 

From the above three metals considered in this study, zinc is the least 

toxic. Zinc is an essential element in the human diet because it is 

required to maintain the proper functions of the immune system. It is 

also important for normal brain activity and is fundamental in the 

growth and development of the fetus. Zinc deficiency in the diet may be 

more detrimental to human health than too much zinc in the diet 

(ATSDR, 1994). 
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Although the average daily intake of zinc in the United States is 7-16.3 

mg Zn/day, the Recommended Daily Allowance (RDA) for zinc is 15 mg 

Zn/day for men and 12 mg Zn/day for women (ATSDR, 1994). To 

compensate for Zinc deficiency some people use Zinc supplements. 

Ingestion of large doses (390 mg Zn/kg/day for 3-13 days, or about 27g 

Zn/day) of Zn can cause death (ATSDR, 1994).  

 

If doses 10-15 times higher than the RDA are taken over a long period, 

anemia and damage to the pancreas and kidney can develop. Vomiting, 

diarrhea, abdominal cramping, and, in some cases, intestinal 

hemorrhage can occur from long-term exposure to high (i.e., >85 

mg/kg/day) doses of zinc. Murphy, (1970) documented a 16-year-old boy 

who had ingested 12g of elemental Zn over a 2-day period (86 mg 

Zn/kg/day). He presented with lightheadedness, lethargy, staggering 

gait, and decreased motor skills. These high oral doses of Zn can also 

impair the immune system (Murphy, 1970). 

 

All of these adverse health effects are from oral doses greater than 85 mg 

Zn/kg/day and are usually related to either accidental ingestion (i.e., 

drinking water from galvanized buckets) or through improper use of 

nutritional supplements. Food may contain from 2 ppm Zn in leafy 

vegetables up to 29 ppm Zn in poultry, fish, and other meats (ATSDR, 

1994). The most commonly reported health effects from high oral 

exposure (i.e., >85 mg/kg/day) to Zn are anemia (and copper anemia), 

caused by Zn displacing iron and copper in the blood, and decreased 

HDL cholesterol, which can lead to cardiac disease. Zinc is not a human 

carcinogen. 
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3.5. Chromium 

 

3.5.1. 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 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 
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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. Organic matter in soil is expected to convert soluble chromate, 

chromium (VI), to insoluble chromium (III) oxide, Cr2O3 (Calder, 

1988).Chromium has a low mobility for translocation from roots to 

aboveground 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).      

 

3.5.2. 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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3.6. Geogenic contaminants 

 

The geology of an area has a direct impact on the regional input of 

elements into the soil, air and water. In turn, these inputs, depending on 

composition, may result in adverse health effects in humans, animals 

and/or plants. Health issues related to a region’s geology are visible in 

both humans and animals on almost every continent, and can range 

from As contaminated groundwater in Bangladesh to molybdenosis in 

Canadian cattle (Hastings et al., 1999).  

 

Tamiru Alemayehu (2006) suggested that the rock and soil out crops of 

Addis Ababa are anomalously rich in heavy metals derived from 

hydrothermally affected volcanic rocks of the geogenic processes. In the 

soil analysis result of Tamiru Alemayehu (2006) it was clearly seen that 

the metal concentrations were in toxic level in the northern part of the 

city (Table 1).  

 

Table 1: Metal concentration in soils from Burayu area (north) in mg/kg   

 by Tamiru Alemayehu (2006).  

 

Sample 

                Heavy metal concentrations (mg/kg) 

 Ni   Cu   Zn   As   Rb   Pb   Ba      Cd   Cr 

So-1 20.0 7.0 165.0 14.0 108.0 5.0 495.0 0.05 50.0 

So-2 93.0 51.0 117.0 10.0 74.0 20.0 365.0 0.05 269.0 

Mean 56.5 29.0 141.0 12.0 91.0 12.5 430.0 0.05 159.5 

 

 

Today, the diverse geographical and geochemical source of human foods 

in developed nations creates a “homogenized diet” reflecting materials 

grown on a range of soil types, each with different chemical 

characteristics and potentially imported from a number of countries. As 
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a result of this complex sourcing mechanism, element deficiencies or 

toxicities are generally rare in regards to dietary intake. Additionally, 

element imbalances in the soil are often amended before the growth of 

crops, thus eliminating any subsequent problems (Underwood, 1979; 

Plant et al., 1998).  

 

Recently the relation between adverse health effects and heavy metals in 

the environment has gained considerable attention in various 

professional journals as well as in the broader public media. Heavy 

metals or potential pollutants have been termed ‘geogenic contaminants’ 

and include such elements as As, Pb, Cd and Hg. Elevated levels of these 

and other potential pollutants have been recorded in many areas of the 

world including Canada, USA, India, China and Bangladesh to name a 

few examples (Figure 1). The recognition that an intimate relationship 

exists between geology, as measured by geochemistry, and 

human/animal health, has led to the development of a new field of 

science called Medical Geology (Bowman et al., 2003). 

 

Ensuring human, animal and plant health requires accessibility to both 

essential (e.g. Cr, Cu, Fe, Ca, Se) and non-essential (e.g. toxic Pb, As, Hg) 

elements. Such elements occur in varying concentrations and forms 

throughout the atmosphere, lithosphere and hydrosphere. As a result, 

plants, animals and humans are regularly exposed to these and other 

elements. With respect to each essential element, all organisms depend 

on a specific range of tolerance or adequate range of exposure that is safe 

(Kabata-Pendias, 2001).  

 

 

 

 

 



 20

Figure 1: A map of the world indicating some areas that have 

 experienced adverse health effects due to heavy metals (Bowman et 

 al., 2003).  

 
 

Deficient or excess levels of concentration for the essential elements can 

lead to adverse health effects, and in certain cases, death. The 

concentration values of the elements are represented in a ‘dose response 

curve’, which is a graphical representation indicating the ideal amount of 

an element needed for maintaining good health, as well as amounts 

contributing to deficiency or toxicity levels (Figure 2) (Kabata-Pendias, 

2001).  

 

The dose response curve for any given element may differ from organism 

to organism, but the underlying principle of deficiency, ideal 

concentration and toxicity remains constant. For example, V is essential 

for photosynthesis by blue green algae, and yet this element is highly 

toxic to humans. Similarly, Co is required for fixing N2 in blue green 

algae and other microorganisms, however, it is unknown if it is needed in 

higher plants (Kabata-Pendias, 2001). 
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              Figure 2: A generalized dose response curve (Bowman et        

    al., 2003). 

        

                         
 

3.7. Bioavailability of heavy metals in crops  

  

3.7.1. Bioavailability 

Bioavailability is the proportion of total metals that are available for 

incorporation into biota (bioaccumulation).Total metal concentrations do 

not necessarily correspond with metal bioavailability. For example, 

sulfide minerals may be encapsulated in quartz or other chemically inert 

minerals, and despite high total concentrations of metals in sediment 

and soil containing these minerals, metals are not readily available for 

incorporation in the biota; associated environmental effects may be low 

(Davis et al., 2001).  

 

Metals of major interest in bioavailability studies, as listed by the 

U.S.Environmental Protection Agency (EPA), are Al, As, Be Cd, Cr, Cu, 

Hg, Ni, Pb, Se, and Sb. Other metals that are presently of lesser interest 

to the EPA are Ag, Ba, Co, Mn, Mo, Na, Tl, V, and Zn. These metals were 

selected because of their potential for human exposure and increased 

health risk (McKinney and Rogers, 1992). 
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3.7.2. Factors affecting heavy metals mobility and bioavailability in 

 plants.  

 

Plant uptake of trace elements is generally the first step of their entry 

into the agricultural food chain. Plant uptake is dependent on (1) 

movement of elements from the soil to the plant root, (2) elements 

crossing the membrane of epidermal cells of the root, (3) transport of 

elements from the epidermal cells to the xylem, in which a solution of 

elements is transported from roots to shoots, and (4) possible 

mobilization, from leaves to storage tissues used as food (seeds, tubers, 

and fruit), in the phloem transport system. After plant uptake, metals are 

available to herbivores and humans both directly and through the food 

chain. The limiting step for elemental entry to the food chain is usually 

from the soil to the root (Chaney, 1989). 

 

Plant species and relative abundance and availability of necessary 

elements also control metal uptake rates. Abundant bioavailable 

amounts of essential nutrients, including phosphorous and calcium, can 

decrease plant uptake of non-essential but chemically similar elements, 

including arsenic and cadmium, respectively. Bioavailability may also be 

related to the availability of other elements. For example, copper toxicity 

is related to low abundances of zinc, iron, molybdenum and (or) sulfate 

(Chaney, 1989).  

 

The bioavailability of elements to plants is also controlled by many 

factors associated with soil and climatic conditions, plant genotype and 

agronomic management, including: total concentration and speciation 

(physical-chemical forms) of metals, mineralogy, pH, redox potential, 

temperature, total organic content, and suspended particulate content, 

the type of plant root system and the response of plants to elements in 

relation to seasonal cycles (Kabata-Pendias and Pendias, 1984).  
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Many of these factors vary seasonally and temporally, and most factors 

are interrelated. Consequently, changing one factor may affect several 

others. In addition, other poorly understood biological factors seem to 

strongly influence bioaccumulation of metals and severely inhibit 

prediction of metal bioavailability (Luoma, 1989).  

 

3.8. Vegetable as a source of heavy metals 

 

Vegetables are among the major sources of human diet. They contain 

carbohydrate, proteins, vitamins and metals important for life. They 

assimilate metals from the soil they grow on and from the water they 

irrigated with. Of the total amount of ions associated with plant root, 

only part of them is absorbed into cells (Last, 2000).  

      

Genetic differences in tolerance and co-tolerance to heavy metals are well 

known in some species and ecotypes of natural vegetation (Marschner, 

1997). A study on metal contents of vegetables from Addis Ababa market 

showed that lettuce contained the highest Cd whereas cabbage 

accumulate the least (Rahlenbeck et al., 1999). Similar trends of higher 

accumulation of metals in Swiss chard and low accumulation in cabbage 

were observed in vegetables from Akaki farm, which was irrigated with 

industrial effluent (Fisseha Itanna and Olsson, 2004). 
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Table 2: Concentrations of trace metals in leaves of some vegetables       

             grown In Addis Ababa (Fisseha Itanna and Olsson, 2004). 

                                Metal/metalloid concentration  
Crop Farm   As         Cd        Co 

            (μg kg -1)  
   Cr        Cu        Fe        Mn        Ni        Pb        Zn   
                                   ( mg kg -1)   

Cabbage Kera 
Peacock 
Akaki 

<1000        <50          62 
<1000        <50         133     
<1000        <50         131 

   0.89        3.03        73           29             0.8       0.21         31.8 
   1.71        3.3          173         25             0.91       0.29         31.81 
   0.689      2.5         219         30             1.37       0.37         32.49  

Swiss C. Kera 
Peacock 
Akaki 

  1210           78        681   
<1000         <50        317 
  1020          193       532 

  2.05       8.06        527         37.5          2.1         1.79         56.19 
    1.04       7.88        4.61        67            0.89        0.61         48.91 
    0.9        14.95       555         218           1.81        1.63        81 

Carrot Mekanisa  
Peacock 
Akaki 

<1000           59        130 
<1000         <50        84  
<1000           84        256 

  0.82        7.68        403         53            2.44         0.91        44.87 
    0.28       7.79        205         29            0.98         0.54         29.9 
    0.82       8.99        469         57           1.66          2.15         59.03    

Kale Kera 
Akaki 

<1000         130        308 
<1000         <50        187 
 

   0.99        9.92        331         126         4.64          0.53         63.71 
    1.1         3.05        173         30.5         1.31         0.37         35.08    

Potato Kera 
Akaki 

<1000           78        256 
  1205          159        882  

 0.7           9.66       364.5       66            1.4           1.8          28.25 
  1.35        13.15       816         69.5          2             2.02         64.7  

Lettuce Kera 
Bulbula 

  1040          126       757 
<1000          75         165 

9.47          6.62       1345        106          1.86          1.59        48.63 
  1.21         6.24        351          54            0.71         0.39         47.8   

 

 

Similarly, from the six vegetables grown with industrial and municipal 

wastes, in Akaki, the highest concentrations of cobalt were observed in 

potato followed by Lettuce and Swiss chard. Lettuce from Kera 

accumulated the highest concentrations of Cr and Fe; whereas kale from 

the same place accumulated highest amounts of Cu, Ni, and Zn. Swiss 

chard and carrot from Akaki contained the highest Mn and Pb, 

respectively (Table 2). Hence, lettuce, Swiss chard and Kale seem to be 

major metal accumulating vegetables in Addis Ababa (Fisseha Itanna and 

Olsson, 2004). Lettuce and Swiss chard are reported to be high 

accumulations of metals else where too (Bower, 1994). 
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4. Materials and Methods 

  
4.1. Study location  

The study locations were Burayu (BU), Kuskwam upper (KU) and 

Kuskwam lower (KL) which are located at the northern part of Addis 

Ababa. The other farms are located at Ziway area 165 km away from 

Addis Ababa. The farms location was Ziway kontola (ZK) and Zeway 

Ethioflora (ZE), ZK is found 1 km before the gate of the town from Addis 

Ababa and the other one is found at the same distance from the exit of 

the town towards to Shashemne. They were chosen as a control because 

the area is known for producing large amount of vegetable all round the 

Ziway lake and because it is located in the vicinity of any industrial zone 

(fig. 4).  

 

The sites at Burayu and Kuskwam area were chosen in the study 

because in the soil analysis results of Tamiru Alemayehu, (2006) it was 

clearly seen that the metal concentrations are found to be higher. The 

Burayu farm is located about 1- 2 km away from the town of Burayu, 

which is found in the northern part of Addis Ababa at about 15 km from 

the city, where as the Kuskwam farms located at the peak of Entoto 

(sheromeda) in the northern part of the city (fig. 3). 

 

   Table 3: Vegetables sampled, giving their local, English and Scientific   

  names (WoldeMichael Kelecha, 1987). 

Local name English name Scientific name 

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

Selat’a Lettuce Lectuca sativa L.   

Gomen Ethiopia Kale Brassica carinata A. Br. 

Karrot Carrot Doucus carota L. 
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     Figure 3: Location maps of the studied vegetable farms in northern  

  Addis Ababa (Addis Ababa from NE and NW).  
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 Ziway Ethioflora 

Ziway 
Kontol

 

 

Figure 4: Location map of the studied vegetable farms in Ziway (control). 

 

4.2. Collection of samples 

Vegetable samples were collected in May 2007. A total of 5 farms were 

sampled, 2 in Kuskwam, 2 in Ziway and 1 in Burayu. In Kuskwam 

region 2 composites soil sample were collected at 0-20 cm from two 

different vegetable farms, another 2 composite soil samples were also 

collected at 0-20cm from two different vegetable farms at Ziway region 

and one composite soil sample were also collected at 0-20 cm from one of 

the vegetable farms in Burayu. Each composite soil sample was 
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comprised of more than 5 sub samples taken at random location with in 

the vegetable farms.  

The water samples were collected using plastic bottles from different 

water sources that the farm uses for irrigation. Burayu farm utilize the 

Gefersa river, Kuskwam farms uses tap water and Ziway farms use the 

lake to irrigate their farms. 

 

Vegetable samples were also taken at the same time .The vegetables and 

sites of collection are indicated on Table 4. Leafy vegetables were 

randomly collected from each vegetable farms and transported to the 

laboratory for drying and analysis. They were preferred for sampling 

since previous research indicates that they accumulate heavy metals at a 

greater capacity than other vegetables (Jinadasa et al., 1997). The total 

numbers of plant samples collected from the three regions were 9, 2 from 

Ziway, 3 from Kuskwam and 4 from Burayu.  

 

Table 4: The type of vegetables sampled at each farms of the three      

              regions  

Vegetables 

Sampled 

Ziway Kuskwam 
Burayu 

Kontola Ethioflora Lower Upper 

Lettuce  x √ x √ √ 

Swiss chard x x √ x √ 

Ethiopian 

Kale 
√ x √ x √ 

Carrot  x x x x √ 

X: samples not collected 

√: samples collected 

 

The vegetables collected were at their maturity stage bearing in mind the 

fact that metal concentration in plants varies with the age of the plant as 
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well as the season (Mogo, 2002).  

 

Figure 5: Leafy vegetables at different farms. 

 
         Lettuce (Ziway Ethioflora)                     Lettuce (Upper Kuskwam) 

 

 
 Lettuce and Swiss chard (Burayu)           Swiss chard (Lower Kuskwam) 

 

Figure 6. Irrigation Water at different farms. 

 
          Ziway (Kontola)                              Ziway (Ethioflora) 

                            
                                                Burayu 
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4.3. Preparation of samples 

 

In the laboratory, each mixed soil samples was dried using an oven drier 

at 107 oc for 24 hours. The dried samples were grinded using a grinding 

disc mill and then sieved with 75 micron size and used for metal 

analysis. 

 

The water samples were brought to the laboratory and filtered with 0.45 

µm filters and preserved with 1 ml of 70% HNO3. The filtered samples 

were stored in a   refrigerator with out freezing to minimize volatilization 

and biodegradation until analysis (Clesceri et.al., 1998) 

 

The leaves of leafy vegetable were hand picked, and first washed by tap 

water followed by distilled water, and deionized water to eliminate air 

borne pollutants. After washing the Carrot samples was sliced thinly 

before drying. The samples were weighed after washing then dried in an 

oven at 60 oC for 72 hours, and then reweighed to determine water 

content. The dried samples were then ground and sieved through a mesh 

of 1mm diameter. Then homogenized and stored in air tight plastic 

containers until required for analysis.  

 

 

4.4. Determination of heavy metals 

 

i. Soil analysis: - A 1.25 gm of powdered soil sample was weighed into 

50 ml beakers and 5 ml HCLO4 was added into each beaker. The sample 

was placed on a sand bath and heated to incipient boiling, with strong 

dense fumes of perchloric acid, for 45 minutes. After cooling, the digested 
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mixture was leached by adding 45 ml of hydrochloric acid (1+9) by 

means of a dispenser on the water bath. Then, the mixture was filtered 

and diluted into 50 ml flask and was kept in the refrigeration until 

analysis. 

 

The digested samples were analyzed for trace metals, using the Atomic 

Absorption spectrophotometer (AAS), model 210VGP. The instrument 

was calibrated using standard solutions of Cadmium, Chromium, Lead 

and Zinc. The preserved water samples were also analyzed using AAS 

after calibration using standards at the Addis Ababa University, 

Chemistry department. 

 

ii. Plant analysis: - A 0.5 gm powdered and mixed vegetable samples 

were weighed into round tubes to which 16 ml up to 25 ml of 69% HNO3 

were added at different intervals and digested within 4 to 6 hours.  All 

triplicate plant samples were digested at the same time on a Block 

digester. The acid was evaporated until 1 to 2 ml was remaining and 

cooled at room temperature. After cooling the digests were diluted by 

50ml of distilled deionized water and kept in the refrigeration for some 

time until analysis. Finally the digested vegetable samples were analyzed 

for trace metal like the soil and water using Atomic absorption 

spectrophotometer, model 210 VGP at the Addis Ababa University, 

Department of Chemistry. 

 

Figure 7: Digested soil and vegetable samples. 
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5. Results and Discussion 

 
5.1. The soil metal concentration of the vegetable farms. 

The concentration of metals in soils of the vegetable farms is given in 

table 5.  The metal concentration of Burayu and Kuskwam farm is high 

although all of them do not reach the recommended maximum limit for 

soil by (Ewers, 1991).  

 
Table 5: Mean (±SD) and ranges of heavy metals in soils of the vegetable        
 farms. 

 
 
 Metals 
(mg.kg-1) 

                                    Vegetable farms  
Rec. max. 
level  for soil    
  (mg.kg -1)a      

  Ziway 
(Kontola)    

   Ziway 
(Ethioflor
a) 

          
Burayu 
  

Kuskwam 
   (upper) 

Kuskwam 
   (lower)     

   Cd 0.18 ±0.07 
 

0.22 ±0.04 
 

0.14 ±0.08 
 

0.25 ±0.08 
 

0.19 ±0.05 
 

         3 
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aSource: Ewers, 1991  
Note: Values given in bracket are the average values in the range.  
 
 

Comparison of these soil concentrations by farm was made with some 

recent data around Burayu area and other previous data from adjacent 

vegetable farm areas of Addis Ababa. 

 

 

 

 

 

 

5.2. The distribution of Cd, Cr, Pb and Zn in soils of the vegetable     

       farms  

 

5.2.1. Cadmium 

It is observed that the concentration of Cd in soil varied from the range of 

0.08-0.29 mg/kg dry weight (fig.8).  The highest mean concentration of 

the metal was obtained from the upper part of Kuskwam (0.25 mg/kg) 

and Zeway from Ethioflora farm (0.22mg/kg) (fig.8). The lowest 

concentration was recorded from Burayu (0.14). 

 

 

(0.13-0.23) (0.2-0.25) (0.08-0.19) (0.18-0.29) (0.15-0.22) 
   Cr 3.0 ±0.06 

 
(2.96-3.04) 

8.44 ±1.29 
 
(7.52-9.35) 

47.78 ±8.91 
 
(41.5-54.1) 

31.24 ±1.49 
 
(30.2-32.3) 

32.6 ±5.09 
 
(29-36.2) 

        100 

   Pb 6.02 ±0.34 
 
(5.79-6.24) 

7.12 ±2.75 
 
(5.17-9.06) 

17.66 ±1.66 
 
(16.5-18.9) 

16.38 ±3.01 
 
(14.3-18.5) 

11.17 ±1.46 
 
(10.14-12.2) 

        100 

   Zn 49.98 ±0.27 
 
(49.9-50.2) 

68.42 ±4.78 
 
(65.04-71.8) 

88.47 ±13.04 
 
(79.3-97.7) 

112.7 ±8.34 
 
(106.8-118.6) 

78.02 ±8.27 
 
(72.2-83.9) 

        300 
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Tamiru Alemayehu (2006) reported that the Cd content of the Burayu 

area was (0.05mg/kg), where as the content in this study is slightly 

higher (0.14mg/kg). The Cd concentration of the farms in the present 

study (0.14-0.25 mg/kg) is lower than the previously reported results in 

other part of Addis Ababa i.e., 0.7mg/kg for peacock farm, 0.4 mg/kg for 

Kera farm, 0.4mg/kg for Kolfe and 0.95 mg/kg for Akaki vegetable farms 

(Fisseha Itanna and Olsson, 2004). 

The Cadmium level in the farms were in the order of upper Kuskwam > 

Ziway (Ethioflora) > lower Kuskwam > Ziway (Kontola) > Burayu. The Cd 

levels from the soils were not significantly different between all the 

vegetable farms. 

 

 

5.2.2. Chromium  

The concentration of Cr in the study farms (3-47.78 kg) is also lower 

than the previous concentration in soils of other vegetable farms of Addis 

Ababa. This previous study conducted by Fisseha Itanna and Olsson 

(2004) shows 81.0mg/kg, 115 mg/kg, 283 mg/kg and 86 mg/kg for the 

Figure 8: Mean concentration of Cd in soils of the vegetable  
farms
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farms peacock, Kera, Kolfe and Akaki respectively. 

 

Tamiru Alemayehu (2006) shows a mean concentration of Cr at Burayu 

(159.5 mg/kg) which is higher than this study, but again one of the 

sampling sites of Tamiru Alemayehu (S0-1) contains slightly higher 

concentration (50 mg/kg) than the present study result (47.78 mg/kg). 

 

The highest concentration of Cr in the soil is obtained from Burayu 

(47.78 mg/kg) and followed by lower Kuskwam farm (32.6 mg/kg) which 

forms the order Burayu > Kuskwam (lower)> Kuskwam (upper)> Ziway 

Ethioflora) > Ziway (Kontola) (fig 9). The Cr levels from the soils at 

northern Addis Ababa were significantly higher than the Cr levels found 

in the soils at Ziway vegetable farms.  

 

All the average results of the current analysis of Cr (Table 5) are found to 

be lower than the recommended upper limits for soils by (Ewers, 1991). 

At the vegetable farms Cr concentration ranges from 2.96 mg/kg (Ziway 

Kontola) to 54.1 mg/ kg (Burayu).   

 

    

Figure 9:    Mean concentration of heavy metals in soils of the  
vegetable farms
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5.2.3. Lead 

The level of lead in all soils of the study farms (6.02 - 17.66 mg/kg) 

showed lower concentration values than the previously reported 

concentration. Fisseha Itanna and Olsson (2004) indicated the 

concentration of Pb in soils at the different vegetable farms of Addis 

Ababa, 46.7 mg/kg, 110 mg/kg, 32.7 mg/kg and 48.74 mg/kg for 

peacock, Kera, Kolfe and Akaki vegetable farms respectively, which have 

higher concentration value from this study. i.e. 6.02 mg/kg, 7.12 mg/kg, 

17.66 mg/kg, 16.38 mg/kg and 11.17 mg/kg for Ziway (Kontola), Ziway 

(Ethioflora), Burayu, Kuskwam (upper) and  Kuskwam (lower) vegetable 

farms respectively. 

 

Recent study by Tamiru Alemayehu (2006) reported that the mean 

concentration of lead in soils of Burayu area was12.5 mg/kg. This value 

is lower than the present study (17.66 mg/kg) of Burayu farm, but one of 

Tamiru Alemayehu’s sampling sites (S0-2) had slightly higher value (20 

mg/kg) than the present study value of Burayu vegetable farm. 

The highest lead concentration was found at Burayu, ranging between 

16.5 mg/kg to 18.9 mg/kg, and have mean concentration of (17.66 

mg/kg). Lead concentrations in soils of the vegetable farms ranges from 

5.79 mg/kg from Ziway (Kontola) to 18.9 mg/kg from Burayu and the 

mean Pb concentrations of the farms were between 6.02 and 17.66 

mg/kg respectively. From the Pb concentration distribution, the farms 

have the sequences like Burayu > Kuskwam (upper) > Kuskwam lower > 

Ziway (Ethioflora) > Ziway (Kontola) (fig.9). Soil Pb concentrations showed 

a trend similar to soil Cr concentration of the vegetable farms. 

 

The mean Pb concentration between Burayu and Upper Kuskwam were 

significantly different from both Ziway farms, but Kuskwam lower was 

not significantly different from soil samples collected from Ziway.     
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5.2.4. Zinc  

As observed from table 5, Zn concentration is (49.98 - 112.7 mg/kg) 

lower than the previous result of other vegetable farms of Addis Ababa. 

Mean Zink concentration (141 mg/kg) was reported by Tamiru 

Alemayehu (2006) in Burayu area which is higher than the present study 

(88.47 mg/kg). 

 

The levels of Zn at Kuskwam lower were not significantly different with 

Ziway Ethioflora farm, but Kuskwam upper were significantly different 

from soils at Ziway Ethioflora. Except Kuskwam lower both Burayu and 

Kuskwam upper were significantly different from Ziway Kontola vegetable 

farm.   

 

The highest Zn concentration in soils were observed (112.7 mg/kg) from 

upper Kuskwam and (88.47 mg/kg) from Burayu farm (fig.9). Zink 

concentration in the farms ranges from 49.9 mg/kg in Ziway (kontola) to 

118.6 mg/kg in Kuskwam (upper) and the mean concentration for these 

farms were 49.98 and 112.7 mg/kg, respectively (Table 5). This 

concentration of Zink forms the order Kuskwam (upper) > Burayu > 

Kuskwam (lower) > Ziway (Ethioflora) > Ziway (Kontola) (fig.9). 

 

The highest Zn concentration in soil at upper (Kuskwam) ranges from 

106.8 to 118.6 mg/kg (table 5). Lowest concentration of Zn was found at 

Ziway (Kontola) farm and the mean Zn concentration was 49.98 mg/kg. 

Zn concentration in soils from Burayu farms is also high and ranged 

from 79.3 mg/kg to 97.7 mg/kg. The mean Zn concentration for this 

area was 88.47 mg/kg. 

 

Table 6 refers the metal concentrations for soils that are not expected to 
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be contaminated (background soils) and the recommended upper 

concentration limits for contaminated soils. The mean results of the 

vegetable farms for Cd and Pb were all between the soil background 

values and lower than the recommended upper limits, but for Cr and Zn 

only the mean result obtained from Ziway farms were between the 

background value, whereas the mean value for Cr and Zn which were 

obtend from the northern part of Addis Ababa were above the 

background limit and below the recommended max limits. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6: Background concentration of the metals found in soils from  
            literature (mg/kg dry soil) (Rowell, 1994; Clesceri et al., 1998).  

 

    Metals 

             Concentration (mg/kg dry soil ) 

       Background   Recommended upper limit 

     Cd         0.1 – 0.5                  3 

     Cr         11- 22                 100 
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       Note: Values given in bracket are the average values in the range. 

 

 

The differences in heavy metal concentration between previous and 

current study might be due to the difference in sampling point and 

beside this, their proximity to the industrial sites could also affect the 

result. The difference in the vertical profiling of the samples collected 

could also be one factor in making the variation of the results. It could be 

also because of the difference in the soil extraction methods that were 

used in the studies. 

 

For example, the main reason for the fluctuations of Chromium, for 

Burayu area with recent study could be due to the different sampling site 

and the depth of the sampling method, but the difference with other 

previous study vegetable farms is that beside the site difference they 

have high proximity to the Industrial sites. 

 

Again Lead levels in soil samples of this study were lower, probably due 

to the method of extraction in which perchloric acid and hydrochloric 

acid were used. These acids could form PbCl2, which is less soluble under 

room temperature conditions as a result it can reduces the Pb 

concentration in the soil samples (Bassett et al., 1978).      

 

When comparisons are made between the study farms, except Cd, higher 

metal concentrations were observed for the metals (Cr, Pb and Zn), for 

Burayu and Kuskwam study areas than the Ziway farm sites (fig.9). 

 

Tamiru Alemayehu (2006) found that the increased amounts of these 

     Pb        2.6 – 25 (10)                 100 

     Zn         80                 300 
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metals in northern Addis Ababa could be attributed as a result of 

geogenic sources from deeper crust or mantle because of the 

hydrothermal activity which seems to be responsible for the heavy metal 

concentration, science their were no any pollutants in the area. 

 

Tamiru Alemayehu (2006) also indicated that the reddish color of the 

altered rocks and the clay deposits provides evidence of hydrothermal 

activity which results in high concentration of heavy metals in the areas 

of the study (fig.10).  

 

Figure 10: Reddish color of the soil profiles of northern Addis Ababa. 

 
                                              Burayu 
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                                          Kuskwam 

 

 

 

5.3. Concentration of heavy metals in irrigated water 

 

The concentrations of all metals for the irrigated water obtained from 

different sources, both for Ziway farms and also for Burayu were not 

detected. The concentrations of Cd and Cr for both Kuskwam farms 

irrigation water (tap water) were also not detected, but on these farms Pb 

and Zn concentrations were detected (table 7). The levels of Pb and Zn 

from irrigated water at Kuskwam upper were not significantly different 

from Kuskwam lower. 
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Table 7: Mean (±SD) and ranges of heavy metals in irrigated water of 
 the vegetable farms. 

n.d. = notdetected 
aSource : Ayers and Westcot, FAO 1985 
bSource : USEPA, 2001 
Note: Values given in bracket are the average values in the range. 
 

 

A relatively high concentration of Pb and Zn obtained from the tap water 

which is used to irrigate the vegetable farms, had mean concentration 

lower than the recommended maximum level for irrigation (table 7).  

 

Tamiru Alemayehu (2006) found similar mean Pb borehole water 

concentration and slightly lower Zn concentration at Ketchene borehole 

(H3) which is very close to the site of the present study at Kuskwam area. 

 

The mean concentration reported by Tamiru Alemayehu (2006) for 

Ketchene boreholes were 23.3 µg/l and 25.1 µg/l for Zn and Pb 

respectively, whereas the present study results showed that 24 µg/l 

(upper Kaskwam) and 10.6 µg/l (lower Kuskwam) for lead, The 

concentration of Zink were 30.4 µg/l (lower Kuskwam) and 32.8 µg/l 

(upper kuskwam) (table 7). 

 

The Gefersa river which is used for irrigating the Burayu vegetable farm 

was below the detection limits of FAAS which was used to analyse the 

Metals 
(µg/l) 

                                    Vegetable farms Rec. max. level 
for irrigated 
water (µg/l) 

  Ziway 
(Kontola)    

   Ziway 
(Ethioflora) 

Burayu Kuskwam 
   (upper) 

Kuskwam 
   (lower)     

    Cd      n.d.        n.d.     n.d.      n.d.      n.d.           10a

    Cr      n.d.       n.d.     n.d.      n.d.      n.d.         550b

   Pb      n.d. 
 

      n.d.     n.d. 24 ±11.09 
 
(12.2-34.2) 

10.6 ±8.40 
 
{2.3-19.1) 

        65b

    Zn      n.d.       n.d.     n.d. 32.78 ±0.45 
 
(32.5-33.31) 

30.37 ±0.29 
 
(30.4-30.64) 

       2000a
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samples, this indicates that the concentration of heavy metals is much 

lower, since there is no contamination from the industrial waste 

discharge and this assumption can also be supported by a study of 

(Abrah GebreKiden, 2000) on the heavy metal composition of Addis 

Ababa rivers at a point up stream, which indicates that they have 

generally much lower concentration than the samples at lower positions 

down stream. 

 
According to the technical persons of the water supply office of the 

Entoto area, the water for the farm in the upper Kuskwam is supplied 

directly from the boreholes found above the farm, before it enters to the 

reservoirs. But the lower Kuskwam water is half from boreholes and 

another half supplied from the reservoirs of the drinking water supply. 

Because of this reason the concentration of Zn and Pb was higher in the 

upper Kuskwam than the lower Kuskwam farm.       

 
According to Tamiru Alemayehu (2006) the total heavy metal 

concentration increase in boreholes compared with springs from the 

same formation in Addis Ababa due to long residence time and high 

degree of water – rock interaction.  
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5.4. Heavy metal concentration in vegetables 
 

Table 8 shows the heavy metal concentration on Lettuce and Swiss 

chard, and the other table 8 revealed the heavy metal concentration of 

Ethiopian Kale and Carrot which were determined at the different study 

farms. 

 

Maximum permitted heavy metal concentrations in all vegetables except 

Swiss chard in lower Kuskwam were surpassed by Pb, However for the 

other heavy metals all vegetables sampled from the different farms fell 

below the recommended maximum limit value (Table 8 and 9). 

 

 
Table 8: Mean (±SD) and ranges of heavy metals in Lettuce and Swiss 
 chard of the vegetable farms. 

aSource: Weight, 1991 
bSource: FAO/WHO-codex alimentarius commission, 2001 
 

 
 
 
 
 
 
 

 
Elements 

                 Lettuce   Swiss chard Rec. max. 
 limit for 
vegetables 

Kuskwam 
 (upper) 

Burayu    Ziway 
(Ethioflora)

Kuskwam
 (lower) 

Burayu 

Cd 0.07 ±.0.06 
 
(0.02-0.14) 

0.05 ±0.06 
 
(0.04 -0.12) 

0.03 ±0.04 
 
(0.02-0.08) 

0.05 ±0.04 
 
(0.01-0.07) 

0.05 ±0.05 
 
(0.01-0.11) 

     0.2b 

Cr 1.08 ±0.52 
 
(0.78-1.68) 

0.81 ±0.19 
 
(0.59-0.93) 

0.76 ±0.27 
 
(0.53-1.06) 

0.68 ±0.58 
 
(0.01-1.03) 

0.57 ±0.31 
 
(0.24 -0.85) 

     2.3a

Pb 1.17 ±0.46 
 
(0.74 -1.65) 

1.24 ±0.28 
 
(0.95-1.51) 

0.52 ±0.39 
 
(0.25-0.97) 

0.16 ±0.06 
 
(0.09-0.2) 

0.43 ±0.54 
 
(0.01-1.04) 

     0.3b 

Zn 46.29 ±0.61 
 
(45.61-46.8)   

36.83 ±1.32 
 
(35.4-37.9) 

20.76 ±0.39 
 
(20.41-21.2) 

30.35 ±0.87 
 
(29.35-30.9) 

31.68 ±0.89 
 
(30.7-32.4) 

     99.4a
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Table 9: Mean (±SD) and ranges of heavy metals in Ethiopian Kale and 
 Carrot of the vegetable farms. 

aSource: Weight, 1991 
bSource: FAO/WHO-codex alimentarius commission, 2001 
 
 
 
5.4.1. Cadmium 

 

The result in figure 11 show the mean concentration of Cd in different 

vegetables i.e. Lettuce, Swiss chard, Ethiopian Kale and Carrot at the 

different vegetable farms of northern Addis Ababa and Ziway, namely 

lower Kuskwam (KL) upper Kuskwam (KU), Burayu (BU), Ziway 

Ethioflora (ZE) and Ziway Kontola (ZK).There were no significance 

differences in mean Cd concentrations for Ethiopian Kale, Lettuce and 

Swiss chard between the farms at which the samples were collected.  

 

In figure 11 mean concentration of Cd in different vegetables ranges from 

0.02 mg/kg in Ethiopian kale from farm Zk to 0.09 mg/kg in Ethiopian 

Kale from farm KL. Details of the cadmium concentration are as follows. 

Lettuce from 0.03 mg/kg in ZE to 0.07 mg/kg in KU; Swiss chard both 

KU and BU have equal result of Cd that is 0.05 mg/kg; Ethiopian Kale 

between 0.02 mg/kg in ZK to 0.09 mg/kg in KL, Carrot had Cd mean 

 
Elements 

                 Ethiopian   Kale Carrot Rec. max.  
 limit for 
vegetables 

Kuskwam 
 (lower) 

Burayu   Ziway 
(Kontola) 

Burayu 

Cd 0.09 ±0.10 
 
(0.08-0.19) 

0.06 ±0.02 
 
(0.05-0.09) 

0.02 ±0.02 
 
(0.01-0.04) 

0.05 ±0.03 
 
(0.02-0.07) 

     0.2b 

Cr 0.62 ±0.29 
 
(0.39-0.95) 

0.76 ±0.42 
 
(0.31-1.15) 

0.57 ±0.30 
 
(0.30-0.89) 

0.52 ±0.71 
 
(0.08-1.34) 

     2.3a

Pb 0.36 ±0.23 
 
(0.13-0.59) 

0.73 ±0.24 
 
(0.49-0.96) 

0.53 ±0.45 
 
(0.18-1.04) 

0.40 ±0.32 
 
(0.10-0.74) 

     0.3b 

Zn 34.02 ±1.18 
 
(32.83-35.20) 

33.10 ±4.41 
 
(30.42-38.19) 

17.69 ±1.20 
 
(16.68-19.02) 

28.34 ±0.17 
 
(28.19-28.53) 

     99.4a
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concentration 0.65 mg/kg in BU with the ranges of 0.02 mg/kg to 0.07 

mg/kg. 

 

      
 

 

Across all vegetables sampled, the order of uptake was Ethiopian kale 

(0.09 mg/kg in KL) > Lettuce (0.07 mg/kg in KU) > Ethiopian kale (0.06 

mg/kg in BU) > Lettuce in BU, Swiss chard in KL and BU and Carrot in 

BU (0.05 mg/kg) > Lettuce (0.03 mg/kg in ZE) > Ethiopian Kale (0.02 

mg/kg in ZK) (Fig.11).   

 

The study conducted by Fisseha Itanna (2002) had similar Cd 

concentration of 0.08 mg/kg in lettuce at peacock farm and also 0.04 

mg/kg in Swiss chard again at peacock farm with that of 0.07 mg/kg of 

lettuce at upper Kuskwam and 0.05 mg/kg of Swiss chard for both lower 

Kuskwam and Burayu of the present study farms.  

 

 

Figure 11: 1 Mean concentration of Cd in the different vegetable  
farms
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5.4.2. Chromium 

 

Kuskwam upper had the highest concentration of Cr in vegetables 

sampled (fig.12), ranging between 0.78 mg/kg to 1.68 mg/kg for Lettuce. 

The concentration of chromium at different vegetable farms were 

distributed as follows: Lettuce from 0.76 mg/kg in ZE to 1.08 mg/kg in 

KU; Swiss chard from 0.57 mg/kg in BU to 0.68 mg/kg in KL; Ethiopian 

Kale from 0.57 mg/kg in ZK to 0.76 mg/kg in BU and Carrot had mean 

concentration of 0.52mg/kg at Burayu farm.  

  

Figure 12 Shows Cr concentrations in vegetables at different farms 

ranging from 0.52 mg/kg in Carrot form BU to 1.08 mg/kg in Lettuce 

from KU. Chromium concentrations were not significantly higher in 

Lettuce, Ethiopian Kale and Swiss chard between the farms. 

 

 
 

The concentration of Cr in Carrot (0.52 mg/kg) at Burayu was above the 

value of Cr in Carrot (0.28 mg/kg) at peacock; from the study of Fisseha 

    Figure 12:     Mean concentration of Cr in the different vegetable 
farms
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Itanna and Olsson (2004).  Again from this previous study the 

concentration of Cr in Lettuce from Bulbula (1.21 mg/kg) was also 

showed similar result with the present study at upper Kuskwam (1.08 

mg/kg). 

 

 

5.4.3. Lead 

Figure 13 shows Pb concentrations in vegetables at various farms. Pb 

concentration ranges between 0.16mg/kg in Swiss chard at KL and 1.24 

mg/kg in Lettuce at BU. Thus: Swiss chard: from 0.16 mg/kg in KL to 

0.43 mg/kg in BU; Ethiopian Kale: from 0.36mg/kg in KU to 0.73 mg/kg 

in BU; Lettuce: from 0.52 mg/kg in ZE to1.24mg/kg in BU, and Carrot 

had mean Pb concentration of 0.4 mg/kg at BU. 

 

 

 
 

 

Figure 13:  Mean concentration of Pb in the different  
Vegetable farms
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Lettuce had the highest mean concentration of Pb from BU followed by 

again Lettuce from KU and Ethiopian Kale from BU farms (fig.13). The 

concentrations of Pb were not significantly different in all the vegetables 

at the different farms.   

 

Similar levels with Ethiopian Kale at Akaki and Kera farms were reported 

by Fisseha Itanna and Olsson (2004), with mean Pb level of 0.37 mg/kg 

and 0.53 mg/kg respectively, the present study show the level of 0.36 

mg/kg at KL and 0.53 mg/kg at ZK. 

 

Pb concentration in Carrot at Peacock which was reported by Fisseha 

Itanna and Olsson (2004) with 0.54 mg/kg was also slightly higher with 

the present Pb concentration of carrot 0.4 mg/kg at Burayu farm. 

 

All the vegetables taken from different farms show the concentration of 

Pb above the recommended maximum limit except for Swiss Chard at 

lower Kuskwam (Table 8 and 9). 

 

 

5.4.4. Zinc 

In figure 14 mean concentrations of Zinc in vegetable ranges between 17. 

69 mg/kg in Ethiopian Kale from ZK to 46.29 mg/kg in Lettuce from KU.  

In Swiss chard, concentrations ranges from 30.35 mg/kg in KL to 31.68 

mg/kg in BU; Lettuce, from 20.76 mg/kg in ZE to 46.29 mg/kg in KU, 

and finally, in Carrot the mean Zinc concentration was 28.34 mg/kg in 

Burayu. 

 

The order of Zn uptake was: Lettuce (46.29 mg/kg in KU) > Lettuce 

(36.83 mg/kg in BU) > Ethiopian Kale (34.02 mg/kg in KL) > Ethiopian 

Kale (33.1 mg/kg in BU) > Swiss chard (31.68 mg/kg in BU) > Swiss 

chard (30.35 mg/kg in KL) > Carrot (28.34 mg/kg in BU) > Lettuce 
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(20.76 mg/kg in ZE) > Ethiopian Kale (17.69 mg/kg in ZK). The Zn levels 

in Ethiopian Kale from Burayu and Kuskwam lower were significantly 

different with that of Ziway Kontola. Lettuce on the other hand, were 

Showed significant different from Kuskwam upper and Burayu than the 

Ziway Ethioflora.  

 

 
 

 

Lettuce: The trend of accumulation of heavy metals in Lettuce was Zn > 

Pb > Cr > Cd (fig.15).  Lettuce accumulated Zn in the ranges of 20.76 

mg/kg in ZE to 46.29 mg/kg in KU, Pb from 0.52 mg/kg in ZE to 1.24 

mg/kg in BU, Cr from 0.76 mg/kg in ZE to 1.08 mg/kg in KU and Cd 

from 0.03 mg/kg in ZE to 0.07 mg/kg in KU. 

 
The concentration of Cd, Cr and Zn were the highest at KU farm than the 

other vegetable farms and followed by BU, on the other hand BU 

contains higher concentration for Pb from the other farms, but ZE had 

the least concentration for all the metals in the lettuce (fig.15).   

Figure 14:    Mean concentration of Zn in the different vegetable 
farms
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The highest level (36%) of Cd at Burayu was taken by Lettuce from the 

soil, followed by 28% and 14% in KU and ZE respectively. The percentage 

of Cr in Lettuce for KU (3%) and BU (2%) were lower than the level at ZE 

(9%). 7% percentages of Pb were obtained from all the farms. On the 

other hand Zn percentages for all the farms were relatively higher 42%, 

41% and 30% for BU, KU and ZE farms respectively (Table 10). 

 

 
 

Swiss Chard: The mean concentration of metal in Swiss Chard from KL 

and BU were 30.35 mg/kg in KL (Zn), 31.68 mg/kg in BU (Zn), 0.16 

mg/kg in KL (Pb), 0.43 mg/kg in BU (Pb), 0.68 mg/kg in KL (Cr), 0.57 

mg/kg in BU (Cr) and 0.05 mg/kg Cd for both KU and BU. The 

accumulation pattern of heavy metals in Swiss chard was Zn > Cr > Pb 

>Cd.   

 

Swiss chard at BU had higher concentration for metals Pb and Zn than 

KL farm, where as they show similar value for Cd in both areas, but the 

Cr concentration in KL is higher than BU (fig.16). 

  Figure 15:    Mean concentration of heavy metals in Lettuce with
respect to the farms
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Higher percentages of Cd were taken by Swiss chard from the soil of BU 

(36%) than KL (26%). Chromium and Lead uptake were very low, 2% and 

1% Cr; and 1% and 2% Pb percentage for KL and BU farms respectively 

(Table 10).   

 

Table 10: Percentage of metal accumulations in vegetables tissue from 

 the Soil. 

 

Vegetables 

Heavy 

metals 

                     Vegetable farms   

Kuskwam 

  Upper 

Kuskwam 

   Lower 

Burayu   Ziway 

Ethioflora 

Ziway 

Kontola 

Lettuce Cd 

Cr 

Pb 

Zn 

   28% 

    3% 

    7% 

    41%  

     - 

     -  

     - 

     - 

   36% 

    2% 

    7% 

    42% 

     14% 

     9% 

     7% 

     30%  

     - 

     -  

     - 

     - 

Ethiopian   

Kale 

Cd 

Cr 

Pb 

Zn 

     - 

     -  

     - 

     - 

    47% 

     2% 
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Ethiopian Kale: The average metal concentration in Ethiopian Kale from 

KL, BU and ZK were 28.27 mg/kg (Zn), 0.54 mg/kg (Pb), 0.65 mg/kg (Cr) 

and 0.07 mg/kg (Cd). The concentration pattern of heavy metals was Zn 

> Cr >Pb > Cd. 

 

KL had higher concentration of Zn and Cd and followed by BU, where as 

BU had the highest concentration of Cr and Pb, followed by KL for Cr.  

ZK was also slightly higher than KL for the concentration of Pb (fig.17).  

 

Cadmium percentage in Ethiopian Kale were showed highest level at KL 

(47%), followed by BU (42%) and the least percentage at ZK (11%) were 

taken from the soil, but for Cr highest percentage 19% for ZE were 

obtained and lower percentage 2% both from KU and  BU were recorded. 

Again Pb percentages were higher at ZK (9%), than 3% and 4% Pb 

percentage from KL and BU, respectively. Similar higher percentages of 

  Figure 16:   Mean concentration of heavy metals in Swiss chard 
with respect to the farms
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Zn were taken by Ethiopian Kale like Lettuce from the soil, which were 

44% in KL, 37% in BU and 35% in ZK (Table 10).    

 

 
 

Generally from the farms included in the study, both Kuskwam farms 

and Burayu farm accumulated  higher metals than the Ziway area 

vegetable farms especially for Lettuce and Ethiopian Kale, except Pb  

from ZK exceeds KL for Ethiopian Kale. 

   

Carrot: The mean concentration of metals in carrot for Burayu farm was 

28.34 mg/kg Zn, 0.52 mg/kg Cr, 0.4 mg/kg Pb and 0.05 mg/kg Cd, 

which forms the order of metals Zn > Cr > Pb >Cd (fig.18). 

 

Again the percentage of metals uptake from soils to Carrot grown at 

Burayu farm forms the order Cd (36%) > Zn (32%) > Pb (2%) > Cr (1%) 

(Table 10). 

 

Figure 17:   Mean concentration of heavy metals in Ethiopian Kale with  
respect to the farms
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Vegetables are among the plants that assimilate heavy metals to their 

metabolic need depending on their genetic make up, from the soil they 

are grown and the water they are irrigated with.  The variations in heavy 

metal concentration among vegetables were attributed to the self-

selectivity of the vegetable for the particular metal. 

 

Xue and Harrision (1991) identified a synergistic effect of Zn in relation 

to Cd uptake. They found that increasing the amount of Zn (>600 mg/kg) 

in soils containing high levels of Cd (10mg/kg), resulted in higher 

concentration of Cd in lettuce leaves. Similarly, Smild et al. (1992) found 

high concentrations of Cd in leafy vegetables when soil Zn concentration 

increased. This synergistic relationship may have resulted in the elevated 

level of Cd in vegetables sampled from northern Addis Ababa where the 

Zn concentration was higher than the farms in Ziway. 

 
 

Figure 18: Mean concentration of heavy metals in Carrot  
from Burayu farm 
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Higher soil 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 VanLaerhoven 1972; Peles et al., (1998).  

 

A study on the suitability of Ziway lake for irrigation by Ritzema et al. 

(1994) indicates that there is a possible risk in the elevated concentration 

of bicarbonate, which shows an increased level of Ca2+ in the soils of the 

vegetable farms, since they use the lake for irrigation. Therefore, this 

might be one of the factors for the vegetables grown from this area to 

have low concentration of Cd than the northern Addis Ababa vegetable 

farms, since increased levels of Ca2+ can decrease the amount of Cd that 

is assimilated by plants (Larlson et al. 2000). 

   

Generally, it is known that the soil in Ziway areas are alkaline, which can 

contribute to the low concentration of Cd in the vegetables of the study 

area, because 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). John and VanLaerhoven (1972) also showed that higher pH 

resulted in lower Cd uptake. 

 

Transport of Chromium in root is very slow (Skeffington et al., 1976), 

accounting for the low levels of Cr in the tops of plants. 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 (Calder 1988). So 

the uptake of Cr by vegetables grown in northern Addis Ababa might be 

affected, because the soils are believed to have high clay contents and 

Fe2O3.  
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The highest trends for lead obtained in vegetables from the different 

farms could be potentially harmful since these common vegetables are 

frequently consumed in larges quantities by the local people. Vegetable 

consumed as part of a balanced diet may contribute to increased blood 

Pb levels with increased risk of anemia and neurological disorders (Gupta 

and Gupta, 1998; Health, 2003). 

 

Dowdy and Larson (1975) showed plant Zn is highly dependent on its 

concentration in soil, and a higher uptake of Zn in Leafy vegetables. 

Therefore, the vegetables sampled from KU, which have elevated soil Zn 

concentrations may have resulted in greater uptake and accumulation of 

Zn. The Zn concentration in Ethiopian Kale from BU and KL farms were 

similar.  
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6. Conclusion and Recommendation 

 
In the assessment of heavy metal concentrations in different vegetables, 

Lettuce exhibits higher Cr, Pb and Zn concentrations than other 

vegetables, whereas elevated Cd level was also exhibited by Ethiopian 

Kale. Element concentrations differed from one vegetable to another as 

the result of differences in the elemental selectivity and accumulation 

from soil solution. Element concentrations in the same vegetables also 

differed from one site to another depending on the element 

concentrations and soils at each site. 

 

The main source of heavy metal in the northern Addis Ababa is from the 

geogenic contamination, since there were no industries located in the 

adjacent areas of the vegetable farms. 

 

From the study of heavy metal concentrations in selected vegetables of 

northern Addis Ababa and Ziway area, it was found that the 

concentration of Lead in vegetable samples collected from Burayu, Upper 

Kuskwam and Ziway farms were above the permitted maximum heavy 

metal concentration in all vegetables except Swiss chard at lower 

Kuskwam. 

 

Important soil properties might affect the bioavailability of metals by 

binding them and limit the plants metal uptake observed. Due to high 

clay content in the northern Addis Ababa the phytoavailability of the 

metals might be limited, although high soil metal concentrations were 

detected. The high concenteration of heavy metals in the soil requires a 

due attention as it may bring sever problems if soil properties are 

affected. The uptake of heavy metals should be farther investigated in the 

study areas of northern Addis Ababa and also to Ziway vegetable farms.   
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To reduce the risk of toxicity of the geogenic contaminants, it is better to 

use metal accumulating plants to remove pollutants, mainly the toxic 

metals from the soil. For efficient phytoexteraction, it is critical to 

manipulate the soil environment to enhance the bioavailability of metals. 

 

The irrigation water source (boreholes) at upper and lower Kuskwam 

were polluted by Zn and Pb as the result of chemical weathering to the 

ground water, this also can slightly contribute to the concentration of 

this metals to the soil. In the case of lower Kuskwam this contaminated 

water was also used for drinking by human beings, so this study 

recommend further investigations on the contamination of the water 

distribution in the area by Zn and Pb and their health implication on the 

people drinking the water. 

    

From the present study one can observe that there is a possibility of 

contaminant in the soil of vegetable farms where industrial contribution 

is minor, so the investigation of this heavy metal should not always be 

restricted to the areas of industrial contamination.                    
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