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Abstract 

This study was conducted to determine the levels of heavy metals (Pb, Cr, Cd, Fe, Cu, Zn, 

and Mn) in soil and irrigation water farm land of Mojo, Meki and Ziway areas. Also some 

physicochemical property of soil was determined at the areas including effluents 

discharged from industry. The water and air dried soil samples were digested and the 

levels of the elements were determined using flame atomic absorption spectrometer. 
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Introduction 

Heavy metals enter the environment 

by natural and anthropogenic means. 

Such sources include: natural weathering 

of the earth’s crust, mining, soil erosion, 

industrial discharge, urban runoff, 

sewage effluents, pest or disease control 

agents applied to plants, air pollution 

fallout, and a number of others (MingHo, 

2005). 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. 

Heavy metals are currently of much 

environmental concern. These metals are 

dangerous because they tend to 

bioaccumulation in the food chain and 

they are harmful to humans and animals 

(Hem, 1992).  

Heavy metal contamination is a major 

problem of the environment especially of 

growing medium sized cities in 

developing countries primarily due to 

uncontrolled pollution levels driven by 

causative factors like industrial growth 

and heavy increase in traffic using 

petroleum fuels. Heavy metal 

contamination may occur due to factors 

including irrigation with contaminated 

water, the addition of fertilizers and metal 

based pesticides, industrial emissions, 

transportation, harvesting process, 

storage and/or sale (Duran et al., 2007). 

Crops can uptake toxic elements through 

their roots from contaminated soils, and 

even leaf can absorb toxic elements 

deposited on the leaf surface. 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 
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differences. 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 (Queirolo 

et al., 2000). 

Uptake and accumulation of elements 

by plants may follow two different paths 

i.e. through the roots and foliar surface. 

Thus toxic metals may be absorbed by 

vegetables through several processes and 

finally enter the food chain. Uptake of 

heavy metals by crops may be done 

through absorption from contaminated 

soils through roots or by deposition on 

foliar surfaces. Uptake through roots 

depends on many factors such as the 

soluble content of heavy metals in soil, 

soil pH, plant growth stages as well as 

type of crops, fertilizers and soil (Sharma 

et al., 2006).  

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. Greater quantity of 

Heavy Metals in soils has been testified 

to prevent plant’s progress in growth, 

uptake of nutrients, physiological as well 

as metabolic processes. This also affects 

chlorosis, harm to root tips, minimized 

water and uptake of nutrients and 

impairment to enzymes. Heavy metals, 

similar to other ecological stressors, also 

encourage amplified antioxidant enzyme 

processes in plants. In plants, heavy 

metals such as cadmium (Cd), lead (Pb) 

and nickel (Ni) are greatly toxic at 

comparatively low amount. Heavy metal 

poisoning is the product of multifaceted 

interaction of chief noxious ions with 

other vital or non-essential ions. The 

metals can be a source of decrease in the 

hydrolysis products viz., α-amylase, 

Phosphatase, RNAs and proteins. They 

disturb the enzyme activities by 

substituting metal ions from the 

metaloenzymes and prevent various 

physiological developments of plants 

(Iannelli et al., 2002). 

There was no latest information on 

the concentrations of heavy metal in 

water and soil as well physicochemical 

property of soil in the study area, in 

Central Rift valley region (Mojo, Meki 

and Ziway areas) of Ethiopia. Therefore, 

the present study was carried out with the 

aim to assess, compare and investigate 

the levels of heavy metals (Pb, Cd, Zn, 

Cu, Mn, Fe, and Cr) in water and soil 

samples of study area and the 

physicochemical properties of soil. 

 

Materials and Methods 

Description of the Study Area 
The study was carried at Mojo (Lome 

woreda, Dunguge village), Ziway (Adami 

Tulu Jida combolcha wereda, Halaku-

golba-boqe and Golbala-aluto villages) 

and Meki (Dugda Woreda, Shumi Gamo 

village). 

Mojo is located 80 Km South of 

Addis Ababa, in Oromia Regional state, 

Ethiopia. It has a latitude and longitude 

of 8°39′N 39°5′E with an elevation 

between 1788 and 1825 meters above sea 

level. A medium-sized leather factory 

and it is situated near the Mojo River and 

channels directly to the river course. 

Ziway is located on the road 

connecting Addis Ababa to Nairobi in the 

East Shewa Zone of the Oromia Region 

of Ethiopia. It has a latitude and 

longitude of 7°56′N 38°43′E with an 

elevation of 1643 meters above sea level. 

Adjacent to Lake Ziway (Lake Dambal), 

the economy of the town is based on 

fishing and horticulture. Ziway is also 

home to caustic soda and Castle and 

Pesticide factories. 
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Meki is located in 140 km south from the 

capital city, Addis Ababa, Ethiopia. It has 

a latitude and longitude of 8°9′N 38°49′E 

/ 8.150°N . Meki River is crosses Meki 

Town which is most used for irrigation in 

the country.   

 

   

 
Location Map of the study area 

 

Sample Collection and Preparations 
Before sampling, there was survey 

assessment for identification of exact 

pollution source, distance cover, 

discharge sites and affected areas. Onion 

plant with emphasis on irrigation water 

was concern of the study because roots of 

onion are so shallow that; frequent and 

deep irrigation with water is required so 

as to keep the soil moisture level high. 

The large and frequent application of 

water might increase salt and mineral 

build-up in soil after evaporation. The 

area was highly productive of onion than 

the other vegetable. 

Soil Sample Collection and Preparation   
Three composite soil samples were 

collected using purposive sampling 

technique method at the depth of 0-25 cm 

using soil auger from Mojo, Meki and 

Ziway agricultural fields. Soil samples 

taken from the three site were separately 

labeled and transferred into air tight 

polythene bags and brought to Holeta 

research center for laboratory analysis. 

Care was taken, to the extent possible, to 

ensure that there was no other sources of 

contamination at the site of investigation 

such as motor vehicle emission, dumpsite 

garbage, sewage water, grey water, 

domestic waste, slurry, or compost to 

mask the effect of waste water irrigation. 

The air dried soil was grinded using 

mortar, pestle and sieved through a < 2 

mm sieve to remove coarse particles and 

stored at ambient temperature prior to 

analysis. 

Water Sample Collection and 

Preparation 
Three representative water samples 

were collected from Mojo, Ziway, and 

Meki sites. For each Mojo  and Meki 

sites two water sample were collected 

and for Ziway three water samples were 

collected and brought to one for 

composite from farmlands during dry 
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season. Ground water(well) for Mojo and 

river for Meki and Lake water for Ziway 

that was used for irrigation and water in 

an open channel were collected before 

entering into the farm plots using plastic 

bottles. Two effluent water sample from 

Mojo and Ziway also collected. All water 

samples were labeled and brought to the 

laboratory and kept in a refrigerator at 

about 4
0
C before digestion. As soon as 

the samples were brought to the 

laboratory, they were acidified with 2 ml 

of 2 % HNO3 was added to each bottle to 

avoid microbial activity (Singh et al., 

2010) filtered and stored in dark at 

ambient temperature before analysis. 

 Digestion of Soil and Water Samples 

Soil samples were digested according 

to (Allen et al., 1986). Soil moisture 

content was determined by oven drying 

method (Jackson, 1967). The pH of the 

soil samples were measured in water 

suspension (1:2.5) soil to water ratio as 

described by (Jackson, 1967). The 

electrical conductivity (EC) of the soil 

samples were determined as described by 

(Jackson, 1967). The organic carbon 

content of the soil samples were 

determined by the method of Walkey and 

Black (1934) and organic matter content 

was estimated from the organic carbon 

content by multiplying the latter by 

1.724. Cation exchange capacity is the 

total charge of the salts of cations in the 

soil. Particle size analysis was done by 

Bouyoucos, (1951) method. Water 

samples were digested according to 

APHA (1998).  

Analysis of Water and Soil Samples 
Concentrations of chromium (Cr), 

cadmium (Cd), Copper (Cu), Zink (Zn), 

Iron (Fe), Manganese (Mn) and lead (Pb) 

in the filtrate of digested soil and water 

samples were estimated by using an 

Atomic Absorption Spectrophotometer. 

Data Analysis 
All the results of analysis were 

reported as mean ± standard deviation of 

triplicate measurements. The data was 

computed using Statistical Package for 

Social Science (SPSS) statistic 10.0 

Microsoft window) for heavy metal 

analysis and in all statistical analyses 

descriptive statistics was used.  As the 

level of heavy metal contamination might 

vary with sample collection site and 

vegetable type.  

 

Results and Discussions 
The reproducibility of the analytical 

procedure was checked by carrying out a 

triplicate analysis of un-spiked sample 

and calculating the relative standard 

deviations for each metal (Scoog, et al., 

1992). The % RSD results did not differ 

by more than 10% of the mean which 

indicated that the analytical method used 

is precise and reliable (Table 1).
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Table 1: Recovery test results for the metals determination in soil sample (mean ± SD) 

  Concentration in soil sample (mg/L)   

Metal un-spiked sample  spiked 

amount 

  Recovered 

amount 

% Recovery 

Spiked amount 

% RSD 

Cr 39.13 ±  0.32 6.00 44.61± 0.05 91.33 0.82 

Cu 35.88 ± 1.81 4.00 39.47 ± 0.03 89.75 5.03 

Zn 145.66 ± 4.22 0.9 146.51  ±  0.07 94.44 2.90 

Pb 0.833±0.0789 4.0 4.28  ± 0.06 86.18 9.44 

Cd 0.095±0.005 1.5 1.401 ± 0.08 87.07 5.26 

Mn 1264.82±0.635 4.0 1268.97 ± 0.81  103.75 0.05 

Fe 27427.33 ±1.527 12.0 274300 ± 0.93 102.42 0.01 

RSD: relative standard deviation 

 

Concentrations of Metals in Soil Samples 
Concentrations of metals in the soil samples collected from Mojo, Meki and Ziway 

farmlands in which vegetable was planted is given in Table 2. 

 

Table 2: Concentration of metals in soil samples with (mean ± SD), n=3 

Elements   Sites   U.A.EPA 1993  

(mg/kg) max. con.  Mojo  Meki  Ziway  

     Cr  39.13 ±  0.32  18.37 ± 0.15  7.03 ± 0.10  3000  

Cu  35.88 ± 1.81 32.80 ±  0.33  19.25 ±  3.29  4300  

Zn  145.66 ± 4.22  153.30 ± 5.75 92.40  ±  7.86  7500  

Pb  0.833±0.289  ND  ND  420  

Cd  0.095±0.005  0.083 ±0.029  0.133 ±0.029  85  

Mn  1264.82±0.635  1546.42±0.317 789.43±0.840  2000mg/kg (Itanna 2002.  

Fe  27,427.33±3.21  25,922.67±6.25  9,947.00±3.50  1500 mg/kg (FAO 1998)  

ND- not detected 
The trend of concentration of metals in soil in descending order at Mojo (Fe > Mn >Zn > Cr > Cu > 

Pb > Cd), Meki (Fe > Mn > Zn > Cu > Cr >Cd) and Ziway (Fe > Mn > Zn > Cu > Cr > Cd). 

 

The trend of concentration of metals 

in soil in descending order at Mojo (Fe > 

Mn >Zn > Cr > Cu > Pb > Cd), Meki (Fe 

> Mn > Zn > Cu > Cr >Cd) and 

Ziway(Fe > Mn > Zn > Cu > Cr > Cd). 

Concentration of Metals in Water 

Samples 
The irrigation water sampled from 

Mojo, Meki and Ziway had detectable 

metals of Cr, Zn, Cu, Fe, Pb (Mojo and 

Ziway), Cd (Mojo and Ziway) and Mn. 

But, Pb, and Cd at Meki was not 

detected. The effluent that used as source 

were also detected in water sample at 

Mojo and Ziway, but Meki has no 

effluent.  

The pattern concentration of metals in 

water sample in decreasing order were 

Mojo-well ( Fe > Mn > Pb > Zn > Cr > 

Cd > Cu), Mojo Effluent ( Fe > Mn > Cr 

> Zn > Pb > Cd > Cu), Meki- river (Fe > 

Mn > Zn> Cr > Cu), Ziway Lake( Fe > 

Mn > Pb > Zn > Cr > Cd > Cu) and 

Ziway effluent (Fe > Mn > Zn > Cr > Pb 

> Cu > Cd). Higher concentrations of Fe 

(160.27 mg/L)were obtained in the Meki 

river water sample than that of the other 

water sample. The concentrations of Fe, 
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Cr (Mojo-effluent), Mn, and Pb (Mojo-

well) in the water sample were above the 

maximum limit of (WHO, 1984) for 

drinking (mg/L) Table 3. 
 

Table 3: Concentration of metals in water samples in (mg/L) (mean ± SD, n = 3) 
 

ND = not detected, N/A not available 
 

From agricultural point of view, the 

maximum concentration limits of metals 

in irrigation waters were (mg/L): 0.017 

(Cu), 2 (Zn), 0.2 (Mn), 0.065 (Pb) and 

0.010 (Cd) (Itana 2002). According to 

FAO, 1985 for irrigation water standard 

reports for Cr (Mojo-effluent) and Mn 

(Mojo and Meki) were above the 

permissible level. Comparing the present 

study with Itana 2002 report, Mn and Pb 

(Mojo-well) were above allowable 

values. High concentration of Cr is found 

in Mojo- effluent than the other. The 

cause of this is related to the effluent 

discharged from tannery industry. 

According to the reports of WHO (1984), 

this result was above the permittivity 

level for drinking water standards Table 

3. 

Chromium: The concentrations of Cr 

in the soils of the study areas of Mojo, 

Meki and Ziway were 39.13 18.37 and 

7.03 mg/kg respectively. These results 

were below the maximum concentration 

of permissible limits of 3000 mg/kg by 

(U.S.EPA 1993). The pH is one of the 

factors influencing the bioavailability and 

the transport of heavy metals in the soil, 

and Cr mobility decreases with 

increasing soil pH due to the precipitation 

of hydroxides, carbonates or the 

formation of insoluble organic 

complexes. In the present study, it was 

observed that the Cr concentration range 

from 7.03 - 39.13 mg/kg was low as the 

pH range 7-8.5. 

The concentration of Cr in water 

sample at Mojo, Meki and Ziway were 

below the permissible limits of 0.05 

mg/L by WHO (1984) for drinking water. 

But the concentration of Cr of effluent 

(source) at Mojo site was exceeded the 

permissible limits. In this study the 

results indicated that the accumulation of 

Cr in onion bulb comes from the sources. 

This source is the discharged of effluent 

from tannery industry and entered in to 

well water by leaching. 

Copper: The average concentration of 

Cu in soil at Mojo (35.88), Meki (32.80) 

and Ziway (19.25) mg/kg. These results 

indicate below the maximum 

concentration of permissible limits of 

4300mg/kg (U.A.EPA, 1993). 

The concentration of Cu in water 

sample at Mojo (0.004), Meki (0.009) 

Meta

l  

Sites WHO,1984  

Standard 

For 

drinking  

FAO, 1985  

For 

irrigational 

waters 

Mojo      Meki  Ziway 

Well  Effluent 

(source)  

      River      Lake       Effluent        

    (source)  

Cr  0.03 ±  0.004
a
  2.039± 0.003

b
   0.015 ± 0.005

c
   0.021±0.003

a
  0.023 ± 0.006

a
  0.05  0.1  

Cu  0.004 ± 0.001  0.004 ±  0.001   0.009 ± 0.001
a
   0.003± 0.001  0.003 ± 0.001  1  0.2  

Zn  0.061±0.002a  0.074±0.004b  0.022± 0.002c  0.053 ±0.001
d 
 0.077±0.006

b
  5  2.0  

Pb  0.113±0.015
a
  0.017±0.006

c
  ND  0.043±0.015

b
  0.016±0.006

c
  0.05  N/A  

Cd  0.005±0.001
a
  0.005±0.001

a
  ND  0.004±0.001

b
  0.002±0.000

c
  0.005  0.01  

Mn   0.424±0.003
a
   2.900±0.003

b
   0.545± 0.003

c
   0.089±0.002

d
   0.082±0.003

e
  0.1  0.2  

Fe  16.75±0.064
a
  81.700±0.085

b
  160.27±0.080

c
  2.54±0.076

d
  2.604±0.119

e
  0.3  N/A  
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and Ziway (0.003) mg/L were below the 

permissible limits of 1mg/L (WHO, 

1984). The effluent also contain below 

the permissible limits. 

Zinc: The average Zn content in the 

cultivated soils from this experiment at 

Mojo, Meki amd Ziway were found to be 

145.66, 153.30 and 92.40 mg/kg 

respectively. This value is below the 

maximum permissible values of 7500 

mg/kg by U.A.EPA 1993. 

The maximum permissible 

concentration of Zn in water 

recommended by the (WHO, 1984 

mg/kg) is 5mg/kg. From the results 

obtained in this study, Zn was found to 

be lower in the water sample than the 

permissible limit. 

Lead: In the case of Pb, the 

concentration measured in the soil at 

Mojo was found to be 0.833 mg/kg in the 

respective cultivated soil. These values 

were below the (U.A.EPA, 1993) 

recommended limit of 420 mg/kg. The 

concentrations of Pb at Meki and Ziway 

were not detected. The results of this 

study showed that Pb content in the soil 

at (Meki, Ziway) were below the 

permissible limit that assures the low Pb 

exposure of the farm fields in the study 

area. 

The water sample at Mojo (0.113) 

mg/L also contained Pb above the 

maximum permissible limit (0.05mg/L) 

set by WHO (1984). But, the effluents 

contain below permissible limit. The 

water sample of Meki site was below the 

detection limit. The results of this study 

showed that Pb content in the onion bulb, 

onion leaf and soil at (Meki,  Ziway) 

were below the permissible limit that 

assures the low Pb exposure of the farm 

fields as well as waters in the study area. 

Cadmium: The average concentration 

of Cd in soil at Mojo, Meki and Ziway 

were 0.095, 0.083, and 0.133 mg/kg 

respectively. These result compared to 

maximum permissible limit of 85 mg/kg 

set by (U.A.EPA 1993), it was safe.   

The maximum permissible limit for 

Cd in water is 0.005 mg/l (WHO, 1984).  

In water samples the concentration of Cd 

at Mojo and Ziway were 0.005, 0.004 

mg/L respectively. At Meki site the 

concentration of Cd below detection 

limit.   

Manganese: The average 

concentration of Mn in soil at Mojo, 

Meki and Ziway were 1264.82, 1546.42 

and 789.43 mg/kg respectively. These 

result low when compared to reported by 

2000 mg/kg (Itanna 2002). 

The permissible limits of Mn in water 

is 0.1 mg/L set by WHO,1984. In water 

sample at Mojo, Meki and Ziway the 

concentration of Mn was 0.424, 0.545, 

and 0.089 mg/L respectively. In Mojo 

effluent also contained the highest 

concentration of Mn 2.900 mg/L and in 

Ziway effluent contain the lowest 

0.082mg/L. Except the result of Ziway 

lake and Ziway effluent, all the 

concentration above the permissible 

limits.  

Iron: The average concentration of 

Fe (27,427.33 mg /kg) in soil samples 

was the highest in Mojo compared to 

from Meki (25,922.67
 
mg/kg) and Ziway 

(9,947.00 mg/kg) Farms. This result 

indicated that concentration of Fe was 

above the allowable value (1500 mg/kg) 

(FAO, 1998). These result correlated 

with the clay content of soil. There was 

higher clay content in higher Fe 

concentration. This result agreed with 

(Shambel et al., 2016) who reported the 

average concentration of Fe in the soil 
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samples from banana land (Awara 

Melka), orange, grape and guava land 

were 61, 600, 42, 300, 38, 800 and 

26,800 (mg/kg dry soil) respectively.  

The concentrations of the metals vary 

from farms to farm and lands to land in 

which vegetables were grown. In water 

sample also the concentration of Fe was 

high relative to the recommended limit of 

0.3 mg/L set by WHO, 1984.   

Determination of some Physico-

Chemical Property of Soil Samples 

The mean concentrations of pH, 

electrical conductivity (EC), organic 

carbon, organic matter, cation 

exchangeable capacity and particle size 

analysis were as presented in Table 4. 

The average concentrations of pH at 

Mojo, Meki and Ziway were 8.34, 8.09 

and 8.28 respectively. The percentage of 

organic carbon at Mojo, Meki and Ziway 

was 1.22, 1.45 and 1.63% respectively. 

CEC at mojo is the highest (49.87), as 

compared Meki (29.53) and Ziway 

(22.09) Cmol(+)/kg soil.

 

Table 4: Some physicochemical property of soil Samples (mean ± SD) 

Parameters    Sites  

Mojo  Meki Ziway 

     PH  8.09  ± 0.05 8.28  ± 0.75 8.34  ± 0 .53 

EC(μs/cm)  776.33 ± 1.53  467.67 ± 1.15 774.00 ± 1.00 

% Moisture  32.72 ± 2.05
a*

 17.34 ± 2.59
b
 17.15 ± 0.41

b
 

% OC  1.22 ± 0.11 1.45 ± 0.48 1.63 ± 0.36 

% OM  2.10 ± 0.18 2.51± 0.83 2.82 ± 0.62 

CEC Cmol(+)/kg 49.87 ± 1.02
a
 29.53 ± 1.99

b
 22.09 ± 2.87

c
 

% Clay  69.24 ± 1.50
a
 35.75 ± 0.87

b
 24.41 ± 1.61

c
 

% Silt  21.75 ± 1.80 38.42 ± 1.04 40.92 ± 2.57 

% Sand  9.01 ± 0.51
a
 25.83 ± 1.90

b
 34.67 ± 4.07

c
 

*
 
Letters of a, b and c represents of significant difference at 95% between the sites 

 

pH: The pH values of the soil 

samples range from 8.09 - 8.34 which 

shows the soils of Mojo, Meki and Ziway 

are moderately alkaline (8.4–7.9) Bruce 

and Rayment (1982) (Table 4). 

Therefore, the availability of the trace 

elements is low in soils of Mojo, Meki 

and Ziway Farms if only pH is 

considered. But availability of elements 

depends on other factors, therefore it is 

difficult to generalize that the availability 

of the elements in the soil are low. 

However, one can say that the pH of the 

soil may contribute for the decrease in 

availability of the elements. Shambel et 

al., 2016 reported the pH values of the 

soil samples range from 7.87 to 8.23 

which shows the soils of Awara Melka 

and Nura Era Farms are slightly alkaline. 

The soil’s ability to immobilize heavy 

metals increases with rising pH and peaks 

under mildly alkaline conditions. Heavy 

metal mobility is related to their im-

mobilization in the solid phase. Fuller 

(Environmental protection agency, 1977), 

in discussing the relatively high mobility 

of heavy metals with regard to pH, 

considered that in acid soils (pH 4.2-6.6) 

the elements Cd, Ni, and Zn are highly 

mobile, Cr is moderately mobile, and Cu 
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and Pb practically immobile, and in 

neutral to alkaline (pH 6.7-7.8), Cr is 

highly mobile, Cd and Zn are moderately 

mobile and. pH at which availability is 

reduced for Cu and Zn pH < 4.5 and > 

8.0 (Aydinalp and Marinova, 2002). 

Apart from pH, other soil properties, such 

as cation exchange capacity (CEC), 

organic matter content, quantity and type 

of clay minerals, the content of the oxides 

of iron (Fe), aluminum (Al), and 

manganese (Mn), and the redox potential 

determine the soil’s ability to retain and 

immobilize heavy metals. When this 

ability is exceeded, the quantities of 

heavy metals available to plants increase, 

resulting in the appearance of toxicity 

phenomena (Aydinalp and Marinova, 

2002). 

Moisture Content: The pattern 

concentration of CEC Mojo (49.87) > 

Meki (29.53) > Ziway 22.09 Cmol(+)/kg 

soil similar with moisture content Mojo 

(32.72 ) > Meki (17.34) > Ziway 

(17.15)%. The result showed that Mojo 

site was the highest CEC (49.87 

Cmol(+)/kg soil) and moisture content 

(32.72) than the other site Table 4. The 

reason is that the order of clay content is 

similar with CEC and moisture content 

order. The higher organic matter will 

have a higher cation exchange capacity 

(CEC) and higher water holding capacity 

than soil with a lower organic matter 

(Allan Bande et al., 2002). This study 

agrees with higher CEC the higher water 

holding capacity. On the other hand the 

higher CEC the higher moisture content.  

Organic Matter: The result of 

organic matter at Mojo, Meki and Ziway 

were 2.10, 2.51and 2.82 %. According to 

(Charman and Roper, 2000) reported the 

range of organic matter 1.70–3.00 is 

moderate. Organic matter accumulates at 

the soil surface, mainly as a result of 

decomposing plant material. Whilst the 

organic matter content of soils is often 

small compared to that of clay, the 

organic fraction has a significant 

influence on metal binding. The 

mechanisms involved in the retention of 

metals by organic matter appear to 

include both complexation and 

adsorption, i.e. inner sphere reactions 

may take place as well as ion exchange 

(Evans, 1989). The mobility of certain 

metals such as Mn, Zn, Cu and Fe 

investigated as affected by soil organic 

matter and its humic acid fraction 

revealed that the increasing concentration 

of soil organic matter caused a decrease 

while the increasing concentration of 

humic acid caused an increase in their 

mobility and that the mobility order was 

Mn > Zn > Cu > Fe (Khan et al., 1997).  

Cation Exchange Capacity (CEC): is 

the ability of soil solid phase to attract or 

store and exchange cation nutrients with 

the soil solution and them available to 

plants through exchange reaction. The 

CEC is an important parameter of soil 

because it gives an indication of the type 

of the dominant clay minerals present in 

the soil and its capacity to retain nutrients 

against leaching. The CEC is strongly 

affected by the nature and amount of 

mineral and organic colloids present in 

soil. Soils with large amount of clay and 

organic matter have higher CEC than 

sandy soil low in organic matter. 

The range for CEC Very low < 6, 

Low 6–12, Moderate 12–25, High 25–40, 

Very high >40 CEC cmol (+)/kg 

(Metson, 1961). The soil CEC result of 

Mojo, Meki and Ziway are in the range 

of very high 49.87, high 29.53 and  

moderate 22.09 Cmol(+)/kg soil 

respectively. The CEC of the soil 
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samples ranged from 22.09 to 49.89 

Cmol(+)/kg dry soil (Table 4). The CEC 

of Ziway is lowest compared to Mojo and 

Meki lands. CEC of soil from Mojo is 

highest (49.87 Cmol(+)/kg dry soil) 

compared to soil samples from other 

sites.  

Particle size (clay, silt and sand): 
The pattern of soil particle size in 

decreases order Mojo clay > slit > sand, 

Meki silt> clay > sand and Ziway silt > 

sand > caly. Therefore, Mojo soil has 

very high clay content >50% with 

compared to Meki moderate 25–40% and 

Ziway  low 10–25%. Clays are thought to 

adsorb metal ions through both ion 

exchange and specific adsorption. (Farrah 

and Pickering, 1977a) reported that the 

concentration of Fe and Mn tended to 

increase with increasing clay content of 

soil. The presence of hydroxides and 

oxides such as Fe (III), Mn (III/IV), Cr 

(III)/(IV) are common in soils and 

sediments as suspended particles and as 

coating on clay mineral surfaces. 

According to Rana and Kansal, the 

release of adsorbed Cd decreased with 

increasing pH, organic matter, CaCO3, 

CEC, and clay components and soils with 

high binding energy constant and 

adsorption maxima released smaller 

amount of Cd. 

 

Conclusions 

In this study water and soil samples 

were analyzed for the concentration of 

heavy metals (Cu, Zn, Cr, Fe, Mn, Pb and 

Cd) and from this result it were generated 

the following conclusion.  

The patern of concentration of metals 

in soil in descending order at Mojo (Fe > 

Mn >Zn > Cr > Cu > Pb > Cd), Meki (Fe 

> Mn > Zn > Cu > Cr >Cd) and Ziway 

(Fe > Mn > Zn > Cu > Cr > Cd). The 

concentration of iron determined in the 

soil samples were found above the 

permissible limit in the three areas. The 

pH of the soil was moderately alkaline in 

the three sites.  

In this study Mojo site was the 

highest CEC (49.87 Cmol(+)/kg soil) and 

moisture content (32.72) than the Meki 

and Ziway site. The reason is that the 

order of clay content is similar with CEC 

and moisture content order.  

The concentration of Cr of effluent 

(source) at Mojo site was exceeded the 

permissible limits. The discharged of 

effluent from tannery industry and 

entered in to well water by leaching. The 

concentration of iron determined in the 

water samples were found above the 

permissible limit in the three areas.  
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