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ABSTRACT 

Pollution status of Awash River and heavy metals levels in soil and vegetables cultivated at Koka 

and Wonji farmlands, Ethiopia 

Temesgen Eliku, PhD Degree Addis Ababa University, 2018 

Among the major rivers in Ethiopia, Awash River which flows from the central highlands 

through Ethiopia’s major industrial and agro-industrial belt is absorbing most domestic, 

agricultural and industrial wastes. The purpose of this research work is to assess pollution status 

of Awash River and levels of heavy metals in soil and in edible portions of vegetables. Physical 

parameters (WT, pH, turbidity and electrical conductivity) were measured on site. The chemical 

and the bio-chemical parameters were determined in the laboratory following standard 

protocols. The quantification of heavy metals in river water, sediment, wastewater, soil and 

vegetables at different sites of Koka and Wonji Gefersa was done using flame atomic absorption 

spectrophotometer. 
 

The result indicated that the mean value of water temperature, pH, turbidity, NO3-N, TN, DO, 

BOD in Awash River during dry season were 21.32-23.01 0C, 6.21-8.06, 36.4-72.67 NTU, 0.8-

27.87 mg l-1,  2.28-83.43 mg l-1, 3.62-7.58 mg l-1 and 16.22-80.32 mg l-1 whereas the mean values 

in wet season were 20.6 - 21.9 0C, 6.27-8.13, 95.08-139.61 NTU, 0.48-13.78 mg l-1, 1.22-17.75 

mg l-1, 4.25-10.82 mg l-1, and 11.13-38.32 mg l-1 respectively. There were a significant spatial 

and seasonal variation (P < 0.05) of mean turbidity and NH4-N in Awash River but there was no 

significant spatial and seasonal variation (P > 0.05) of average TP in Awash River. 
 
 

The result showed that the average values of Fe, Zn, Cu, Pb, Cr and Cd in Awash River during 

dry season in eight sampling points were 1.11-2.73, 0.74-1.56, 0.82-1.69, 0.41-1.36, 0.36-1.16 

and 0.05-0.24 mg l-1 while the mean values in wet season were 1.82-4.12, 0.46-0.91, 0.44-1.01, 

0.31-0.83, 0.3-0.98 and 0.03-0.09 mg l-1 respectively. Matrices of correlation coefficient between 

the metal levels in Awash River revealed that Strong and positive correlations between (Fe/Zn, r 

= 0.847), (Fe/Pb, r = 0.81), (Fe/Cr, r = 0.824), (Fe/Cd, 0.802), (Zn/Pb, r = 0.82), (Zn/Cd, r = 

0.824), (Cu/Cr, r = 0.844) during dry season. 

The average values of Fe, Zn, Cu, Pb, Cr and Cd in Awash River Sediment  during dry season in 

eight sampling points were 222.27-300.74, 73.32-103.97, 19.01-34.96, 23.7-37.31, 45.96-62.48 
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and 0.53-1.34 mg kg-1 whereas the average concentration during wet season were 229.82-

307.05, 66.24-86.89, 20.01-29.0, 25.98-45.19, 45.28-65.91 and 0.37-1.15 respectively. 
 

The mean concentrations of heavy metals in vegetable fields’ soil samples obtained from Koka 

were higher for Pb, Cr, Zn, Cu, and Ni. The overall results of soil samples ranged 0.52–0.93, 

13.6–27.3, 10.0– 21.8, 44.4–88.5, 11.9–30.3, and 14.7–34.5 mg kg−1 for Cd, Pb, Cr, Zn, Cu, and 

Ni, respectively. The concentrations of heavy metals were maximum for Cd, Pb, Zn, Cu and Ni in 

Cabbage and for Cr in green pepper. The result indicated that Cd has high transfer factor value 

and Pb was the lowest. The transfer pattern for heavy metals in different vegetables showed a 

trend in the order: Cd > Zn > Cu > Cr > Ni > Pb. Among different vegetables, cabbage showed 

the highest value of metal pollution index and French bean had the lowest value. Hazard index 

of all the vegetables was less than unity. 
 

Results of PCA analysis of the four and the five data sets which explained 92.76% and 94.38% of 

the total variance in wet and dry seasons showed the pollutant sources were mainly related to 

non-point pollution through agricultural soil runoff and point source of pollution from the 

industries at the upstream area.  
 

Hierarchical cluster analysis grouped the eight sampling stations into three clusters 

representing different levels of pollution. During dry season, cluster 1 (Site-1 and 6) were 

located in low pollution region. Cluster 2 (Site-2, 3, 5and 8) corresponded to moderate pollution 

site. Cluster 3 (Site 4) were in regions of high pollution. Vegetation cover alongside Awash River 

has to be maintained and enhanced so as to filter pollutants from the runoff or nonpoint sources. 

Moreover regular monitoring of toxic heavy metals in vegetables by concerned bodies is vital to 

prevent disproportionate build up in the food chain. 

 

Key words: Heavy metals, Dry season, Wet Season, Transfer factor, Hazard index. 
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1. INTRODUCTION  

In recent years, surface water pollution has received much attention worldwide. Both natural 

processes and anthropogenic activities, like hydrological features, climate change, precipitation, 

agricultural land use, and sewage discharge are the causes of deterioration of surface water 

quality (Ravichandran, 2003; Gantidis et al., 2007; Arain et al., 2008). 

 

Surface water, particularly rivers have various uses in different sector like agriculture, industry, 

transportation, and public water supply. Nevertheless, Rivers have also been used for cleaning 

and disposal purposes. This practices more pronounced in developing country, particularly in 

Africa. Large amount of wastes from industry, domestic sewage and agricultural practices enter 

into rivers which lead to worsening of water quality (Ravindra et al., 2003). Rivers are among 

the major susceptible water bodies to pollution due to distant flow to carrying out municipal and 

industrial wastes and agro-chemicals through runoff (Singh et al., 2005).  

 

Surface water quality in different places is mainly influenced by both natural processes 

(precipitation, weathering process and hydrological features) and anthropogenic activities like 

domestic and industrial activities and agricultural land use (Varol et al., 2011). Domestic and 

industrial waste discharge is a point source of pollution, while surface runoff is a seasonal 

phenomenon which is   mainly influenced by the climatic condition within the region (Singh et 

al., 2004). River water pollution and concentration of contaminant varies with season due to the 

changing pattern of precipitation and surface runoff (Vega et al., 1998).  

 

Nutrient concentrations in rivers have been largely correlated with land use practice and change 

of gradients (Howarth et al., 1988). Point and non-point source of pollution particularly from 

anthropogenic activities are the main causes for nutrient enrichment of aquatic environment. 

Point sources of nutrients include municipal and industrial wastewater discharge and runoff 
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sewer discharge. In contrast to point sources of nutrients that is comparatively easy to monitor 

and regulate, nonpoint sources like agricultural fertilizers, animal manure, and agricultural runoff 

indicate more spatial and seasonal variability (Capone and Kiene, 1988). 

 

Surface water pollution by heavy metals is the main problem because of their toxicity, 

persistence nature in the environment and bio-accumulation effect (Cook, 1990; Sin, 2001). 

Heavy metals discharge into a river from diverse sources; either natural or anthropogenic 

(Adaikpoh., 2005; Akoto, 2008). Generally in non-polluted environments, the concentration of 

heavy metals in rivers is not significant and mainly come from weathering of rock and soil (Reza 

and Singh, 2010). The major anthropogenic sources of heavy metal in river water are untreated 

industrial effluents, mining and smelting activities, sewage and agro-chemicals from agricultural 

fields (Macklin, 2006; Nouri et al., 2008; Reza and Singh, 2010). 

 

Heavy metals do not occur in soluble forms for a long time in waters; they are present mainly as 

suspended colloids or are fixed by organic and mineral substances (Kabata-Pendias and Pendias 

2001). Sediments are a major sinks for different pollutants such as heavy metals (Eimers et al., 

2001; Ho et al., 2003; Ikem et al., 2003) and also play a significant role in the assessment of 

heavy metal pollution (Gangaiya et al., 2001). 

 

Soils serve as the main sink for heavy metal pollutants in terrestrial ecosystems (Li et al., 2013) 

and soil pollution by heavy metal is a worldwide problem (Liu et al., 2014). Commonly heavy 

metals originate from two primary sources: natural background sources and anthropogenic inputs 

including metalliferous mining and industries, agrochemicals and mineral fertilizers, vehicle 

exhaust, sewage sludge and industrial wastes (Zhang, 2006). High concentrations of heavy 

metals in surface soil can threaten human health via inhalation, ingestion and dermal contact 

absorption (Sun et al., 2010; Xie et al., 2011). Heavy metals in deep soil may cause groundwater 
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pollution (Camobreco et al., 1996; Richards et al., 1998). Soil heavy metal pollution 

characteristics and ecological risks are the basis of soil environmental quality assessment. Once 

heavy metals are deposited in the soil, they are not degraded and persist in the environment for a 

long time and cause serious environmental pollution (Oyelola and Baatunde, 2008; Bora et al., 

2013). 

 

 

Wastewater carries appreciable amounts of trace toxic metals which often lead to degradation of 

soil health and contamination of a food chain, mainly through the vegetable grown on such soils 

(Rattan et al., 2002). The toxic elements accumulated in the organic matter in soils are taken up 

by growing plants and lastly exposing humans to this contamination (Khan et al., 2008). 

 

Toxic heavy metals entering the ecosystem may lead to bioaccumulation, particularly by eating 

fruits and vegetables (Kashif et al., 2009). This may cause an excessive buildup of heavy metals 

in the body. Some heavy metals that are most often found to be responsible for harmful damage 

to humans are Pb, Cd, Cr, Co and Ni (Gupta et al., 2008). Some heavy metals such as copper, 

iron, zinc and manganese, are necessary to the body but in case of overexposure, they can lead to 

heavy metal toxicity symptoms. Heavy metal concentrations vary among different vegetables, 

which may be attributed to a differential absorption capacity of vegetables for different heavy 

metals (Singh et al., 2010). 

 

Heavy metals are among the major contaminants of vegetables. They are not biodegradable, have 

been long biological half-lives and have the potential for accumulation in the different body 

organs leading to unwanted effects (Nabulo et al., 2011; Singh et al., 2010). 

 

Food is the major intake source of toxic metals by human beings. Among food system, 

vegetables are the most exposed food to environmental pollution due to aerial burden. 
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Vegetables take up heavy metals and accumulate them in their edible and non-edible parts at 

quantities high enough to cause clinical problems to both animals and human beings. Excessive 

content of metals beyond Maximum Permissible level (MPL) leads to number of nervous, 

cardiovascular, renal, neurological impairment as well as bone diseases and several other health 

disorders (WHO, 1992; Steenland and Boffetta, 2000; Jarup, 2003). 

1.1 Statement of the problem 

In Ethiopia, water and soil pollution is a major concern due to human population growth and 

expansion of different industries. Various studies showed that all types of domestic wastewater 

and more than 90% of the industries in the country release their effluents without any treatments 

into the nearby agricultural farms and water bodies (AAEPA, 2007). This practice leads 

environmental, health and economic burden in the country. 

 

Among the major rivers in Ethiopia, Awash River which flows from the central highlands 

through Ethiopia’s major industrial and agro-industrial belt is absorbing most domestic, 

agricultural and industrial wastes (Shaka, 2015). Most of the existing industries and major towns 

with in the upper watershed have no treatment plants for the discharge of their wastes and are 

seriously polluting the water course (Melkame and Kasahun, 2013).  

 

 

Moreover, the Modjo River, which is highly polluted by discharging effluent from the modjo 

tannery industry and waste disposed from the town, is the main tributary of Awash River. 

Besides this, the expansion of new industries and disposal of industrial wastes to the Awash 

River is of great concern to the nation (Girma, 2001). Furthermore, food and beverage factories 

tend to discharge heavy organic pollutants and dyes from textile factories are also released into 

the same river. 
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In view of persistent nature and cumulative behavior as well as the consumption of vegetables 

and fruits, there is a need to test and analyze food items to ensure that the levels of these 

contaminants meet the agreed international requirements. Regular survey and monitoring 

programmes of the concentration of heavy metals in food products have been carried out for 

decades in most developed countries (Sobukola et al., 2010). However, in developing countries 

like Ethiopia, limited data are available on heavy metals in food products. Some data have been 

reported for leafy vegetables (Fisseha, 2002). 

 

In the study area the vegetables grown using Modjo and Awash River, which receives effluents 

from upper stream towns and tanneries, for irrigation. Most of these vegetables cultivated in the 

two farms are supplied to the vegetable market in Addis Ababa, Adama, Modjo town and the rest 

enter into the nearby community with low price. 

Although there was few research works has been undertaken on Awash River water quality 

focusing on Physico-chemical parameters (Fasil Degefu, 2013; Shaka Nugusu, 2015; Amare 

Shiberu et al., 2017a, b), there has not been any work done on pollution status of Awash River in 

terms of space and season. The aim of this study was, therefore, to evaluate pollution status of 

Awash River in terms of space and season and to assess the levels of different heavy metals in 

edible portions of vegetables and the health risk associated with dietary intake.   

 

1.2 Research question 

What is the status of Awash River in terms of inorganic nutrient concentration? 

What is the status of heavy metals in river water, wastewater, sediment, soil and vegetables in 

the study area? 

Is there a variation of nutrient and heavy metal level in Awash River in space and season? 

Is there health hazard associated with dietary intake of vegetables in the study area? 
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1.3  Objectives of the study 

1.3.1 General objective 

The general objective of this research is to assess pollution status of Awash River and level of 

heavy metals in soil, vegetables grown at Wonji and Koka Farmlands  

1.3.2 Specific Objectives 

 To determine the concentration of inorganic nutrient in Awash river  

 To determine the concentration level of heavy metals in river water,  wastewater, 

sediment, soil and vegetables in the area 

 To obtain trends in spatial and seasonal variation of heavy metals and inorganic nutrient  

in Awash River 

 To estimate the potential health hazard associated with the heavy metal residue with 

regard to consumers 
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2.  LITERATURE REVIEW 

2.1. Physco-chemical parameters  

Monitoring of river water quality can be carried out through determining the physical as well as 

the chemical parameters. Various researches have been done in the past to investigate the 

physico-chemical parameters of different rivers. 

The physico-chemical parameters of Elala River in Tigray in the northern part of Ethiopia were 

analyzed by Ftsum et al. (2015). They evaluated different parameters like electrical conductivity, 

turbidity, chemical oxygen demand, nitrate nitrogen and total phosphorus. The study discovered 

that the standards of these parameters were more than the prescribed limit of WHO guidelines 

for drinking purposes. Likewise Ahammed et al. (2016) conducted a study to investigate the 

water quality of Burigang River in Bangladesh. The process of sample collection was done in 

summer, winter and autumn. The total of   30 water samples were collected and analyzed for 10 

different water quality parameters. The results indicated highest level of turbidity, nitrate, 

phosphate, DO, BOD and COD in the river. 

 

Joseph and Jacob (2010) analyzed the physico-chemical characteristic of Pennar River in 

Kerelato. The physical characteristics of water, such as, temperature, odour, colour, and 

electrical conductivity were considered. Moreover, the purity of water was assessed by reviewing 

total suspended solids (TSS), total dissolved substances (TDS) and total solids (TS) in water 

samples taken. The physico-chemical parameters, such as, turbidity, pH, dissolved oxygen, 

biological oxygen demand, chemical oxygen demand, phosphate and nitrate were also studied. 

For the purpose of analysis, samples were extracted from 4 different locations in all seasons of 

the year, viz. rainy, winter and summer. The results indicated that the river is highly polluted and 

the water is unsuitable for drinking. 
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Osman and Kloas (2010) carried out a research to evaluate the quality of Nile River at Aswan 

and its estuaries at Rosetta and Damieetta, Egypt, for physico-chemical parameters like 

conductivity, COD, DO, ammonia, nitrates and sulphates, and were found to be higher mean 

values at the selected site than other locations. This was due to input of large amount of waste 

water from industries, domestic as well as diffuses agricultural wastewater containing high 

concentration of organic and inorganic pollutants. 

Adeyemo et al. (2008) performed spatio-temporal pollution status of the rivers of Ibadan, 

Nigeria. The water samples were collected from upstream and downstream of the rivers in the 

major eleven sampling sites from October 2003 to September 2004. The parameters that were 

assessed were DO, BOD, pH, chlorides, nitrates and phosphates. Varying levels of pollution 

from clean to extremely-polluted were found during the different seasons, causing a risk to the 

aquatic biodiversity. 

 

Gupta et al. (2011) studied the physico-chemical analysis of the Chambal River water in Kota 

city, India during the pre-monsoon season of the years 2007 to 2009. The finding indicated that 

the pH, total hardness, alkalinity, chlorides, sulphates and total dissolved solids were found to be 

in permissible limits. The presence of iron, ammonia and comparatively lower value of dissolved 

oxygen indicate the river is polluted to some extent. In generally the river was moderately 

polluted and highly polluted at the points of inflow of sewage and domestic wastes. 

 

Kori et al. (2011) were assessed the Water Quality Index of Karanja River at Bidar District, 

Karnataka. The water samples were collected from five sampling stations along the river during 

December 2007 to November 2009. The physico-chemical parameters of the samples were 

determined and a weighted arithmetic technique was used to compute the water quality index. 
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The season based of the water quality index varies 66.16 to 81.88. As a result, the quality of 

water is poor and water quality management is needed to prevent further degradation. 

 

Chopra et al. (2012) conducted a research on the limnochemical characteristics of the Yamuna 

River at upstream, downstream and at the point of inflow of industrial discharge and domestic 

waste. Their studies indicated that the intensity of pollution increased at the point of 

effluent/sewage disposal resulting severe pollution. Therefore, effluent/sewage should be treated 

before discharging into the river. Similarly, Shrivastava et al. (2012) conducted the study on the 

sewage disposal into the Mancha River in Betul City, Madhya Pradesh. The water samples were 

collected from nine different sewage inlets during pre-monsoon, monsoon and post-monsoon of 

2009. They were evaluated water quality for physico-chemical parameters like DO, COD, BOD, 

chlorides and nitrates. The result revealed that all of the parameters were beyond the 

recommended limits set by WHO. 

 

Ugwu et al. (2012) evaluated the impact of growing population in the city of Abuja in Nigeria by 

assessing the seasonal physicohemical characteristics of the Usma River. The study revealed that 

all parameters measured were within the permissible level except total suspended solid, which 

exceeded for all seasons. The values for electrical conductivity and total dissolved solids 

indicated that the anthropogenic activities are on the increase in the area of study the increasing 

pollution. Correspondingly, Sharma et al. (2012) performed an evaluation of the 

physicochemical parameters of the Narmada River, Madhya Pradesh. The water samples were 

collected monthly from three different sites along the river of a period of one year from August 

2009 to July 2010. The different parameters characterized were pH, temperature, transparency, 

DO, BOD, chlorides, phosphates, nitrate, alkalinity, sulphates and total hardness. The result 

showed that phosphate, nitrate, alkalinity and sulphates were found to be high in September and 
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October whereas pH, temperature, chlorides and total hardness were high in summer. The overall 

values of the parameters were within the WHO limits. 

 

Pollution levels of the water of the ―Irigu‖ River in Southern part of Kenya were assessed by 

Ombaka and Gichumbi (2012). They evaluated both physicochemical and bacteriological 

parameters, in order assess the quality of the River ―Irigu‖. They collected and analyzed the 

water samples both in the summer and rainy season. In their assessment they found that certain 

parameters like pH, turbidity and ammonia were raised during the dry seasons because of 

anaerobic decomposition of organic matter. The phosphorous levels were above the limit which 

was likely to enhance periodic flourish and eutrophication. The authors concluded that the river 

waters could not be used for drinking as well as other domestic purposes. 

 

Ashutosh et al. (2010) studied physico-chemical and biological parameters and their variability 

in relation to the pollution of river water. The research finding showed that the polluted site 

contained high values of chloride and COD and low value of dissolved oxygen, which indicates a 

high pollution load. It was carried out greater impact of urban activity on the ground and river 

water quality in Hoshangabad. Relatedly, Jain and Shrivastava (2014) studied comparative 

review of physicochemical assessment of Pavana River. The study was aimed to review the 

status of physicochemical characteristics of Pavana River, Pune. Comparative study of data of 

water quality has been studied from 2005 to 2013 and the physicochemical parameter such as 

pH, DO, COD, BOD has been compared.  

 

 

The river water of Walgamo in Addis Ababa, Ethiopia was analyzed by Dessalew et al. (2017). 

They checked the physicochemical properties of the water during dry and rainy season by taking 

water samples at six points. A variety of parameters, such as, pH, WT, TSS, TDS, TP, NH4-N, 

NO3-N, DO, BOD and COD were examined.  The study discovered that the standards of BOD, 
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COD and electric conductivity were more than the permissible limits of WHO. Comparably, 

Erick et al. (2016) carried out study of physico-chemical characteristics of Ngong River, Kenya. 

They assessed physical characters like temperature, pH, electrical conductivity, turbidity and 

dissolved oxygen. In the observation, they found the pH in the range from 6.42-6.96, the EC 

value was in the range of 425-865 μS cm-1 and turbidity values were between 68 – 85.27 NTU. 

They revealed that the river water indicate some pollution. 

 

Xu et al. (2012) analyzed the spatio-temporal variation analysis of water quality in the 

Zhangweinan River, China. The study assessed different physico-chemical parameters like 

electrical conductivity (EC), dissolved oxygen (DO), chemical oxygen demand (COD), 

biological oxygen demand (BOD), total hardness (TH), total suspended solids (TSS), Chloride 

(Cl-), Sulphate (SO4
2-), total nitrogen (TN), ammonia nitrogen (NH4-N), nitrate nitrogen (NO3-N) 

and total phosphorus (TP). The results stated that the water pollution in this region is serious. 

Likewise, the water quality of Zik River was investigated by Ewemoje and Ihuoma (2014). They 

collected water samples of the River by sampling at five stations during May to July for physico-

chemical analysis. The physico-chemical parameters tested were: pH, biochemical oxygen 

demand (BOD), dissolved oxygen (DO), electrical conductivity (EC), total suspended solids 

(TSS) and Nitrate. This study showed that sewage discharge into River Zik have seriously 

contributed to the pollution of the stream to levels which pose health and environmental hazards 

to those using it downstream for domestic and agricultural purposes. 

 

2.2. Nitrogen cycling 

Nitrogen (N) is essential for all living organism and is a naturally occurring constituent in 

freshwater systems, nevertheless, the anthropogenic demand for higher concentrations of 

nitrogen to aid plant and crop production has caused in excess nitrogen entering freshwater 
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systems, either via point source or from diffuse source through agricultural runoff (McArthur et 

al., 2010; Parfitt et al., 2012). Worldwide, the use of nitrate-based fertilizers has gradually 

increased since the 1950s and subsequently there has been a substantial increase in the amount of 

nitrate within rivers (Meybeck, 1993a). 

 

Nitrogen has many different forms: organic, inorganic, particulate, and dissolved. The organic 

constituents of nitrogen are of importance since they represent the amount of nitrogen that is 

available for biochemical processes. However, the organic forms of nitrogen are rarely 

considered in the monitoring of water quality, because they are not as immediately biologically 

available for uptake as the inorganic forms (Seitzinger and Sanders, 1997) and thus do not 

promote excessive growth of algae when present in excess concentrations. Normally the 

fractions of nitrogen measured in regards to water quality are total nitrogen (TN) and the 

inorganic species, ammonium (NH4), nitrate (NO3), and nitrite (NO2). 

 

Nitrogen is continually cycling through the atmosphere, hydrosphere, biosphere and lithosphere 

in one of two ways, through fast biological cycles, or a slow geological cycle (Bolin et al., 1983). 

The slow cycle represents that nitrogen is stored in minerals and rocks and is cycled slowly over 

time through the atmosphere, hydrosphere, in earth’s crust and mantle (Johnson and Goldblatt, 

2015). Nitrogen can exist in different forms within various rock type, i.e. mantle and meteorites 

contain nitride minerals, while nitrate is found in silicate minerals, however, the concentration of 

nitrogen is difficult to determine because of lack of standardized methods (Holloway and 

Dahlgren, 2002). Current research has discovered that nitrogen can be found in concentrations 

ranging from 1 mg l-1 to 1000 mg l-1 of N within rocks and sediment (Johnson and Goldblatt, 

2015). Nitrogen is not a significant constituent of bedrock nonetheless, the nitrogen stored in the 
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lithosphere is unavailable for living organisms and is released through the burning fossil fuels 

(Diack, 2015). 

 

The biological nitrogen cycle refers to the faster cycling of nitrogen from the atmosphere into the 

hydrosphere and biosphere. Dinitrogen gas (N2) is a main component of the atmosphere, 

accounting for 78% of the atmospheric gases and so N2 is involved by nitrogen fixation (Follet, 

2001). Nitrogen fixation occurs when microorganisms, which have a symbiotic relationship with 

herbaceous plant species like legumes, convert the nitrogen gas to bioavailable forms of nitrogen 

(Vitousek et al., 1997). Once drawn into the soil nitrification, i.e. bacterial oxidation takes place 

which convert the biologically available forms of ammonium (NH4
+) to nitrate (NO3

-) (Deek et 

al., 2010). Organic forms of nitrogen in the soil are converted, by soil microbes via 

ammonification, to inorganic forms, and from inorganic forms to organic via immobilization 

(Follett, 2001; Sauer et al., 2001). Both forms are available for plant uptake and used in 

photosynthesis. Nitrogen from the biosphere can be converted through denitrification and 

returned to the atmosphere as nitrogen gas (N2), ammonia gas (NH3), or nitrous oxides (NO, N2O 

and NO2) (Sauer et al., 2001). Ammonia within the nitrogen cycle also forms as a by-product of 

urea, microbial decomposition and soil processes. 

 

Nitrogen is largely soluble and a vital component in most fertilizers added to agricultural 

production areas and horticulture (Chand et al., 2006). During high runoff period excess NO3
- is 

flushed from the soil directly reach to surface water or percolates into groundwater sources. Due 

to its high solubility, NH3 in the atmosphere is quickly scavenged into precipitation and reduces 

to ammonium when in solution (Follett, 2001). However, ammonium (NH4
+) readily binds to any 

negatively charged clay present (Diack, 2015), so that soils that have low clay content may be 

more vulnerable to ammonium leaching into waterways. On the other hand, as nitrate is 



   14      

negatively charged it is repelled by clay soil particles, as a result allowing more excess nitrate to 

build up in aquatic environment (Follett, 2001). The buildup of nitrate and ammonium within 

watercourse, along with phosphorous, creates suitable environment for the primary production in 

aquatic ecosystems, and consequently eutrophication and toxic algae blooms more pronounced 

(Keeney and Hatfield, 2001). 

 

Figure 1. Nitrogen Cycle in nature, Fountain (2010). 
 
 

2.2.1. Nitrogen fixation 

Nitrogen fixation is a bacterially mediated, exergonic reduction process which converts 

molecular nitrogen to ammonia:  

 8H+   + N2 + 8e-   2NH3   +  H2 

On annual basis, total nitrogen fixation in aquatic systems rarely exceeded 20 Kg N ha-1 (Ghaly 

and Ramakrishnan, 2015). In general, N fixation requires adenosine triphosphate (ATP) which 
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is generated by photosynthesis; so this process is inefficient at night. However, cynobacteria can 

fix nitrogen directly, so do not have this diurnal limitation (Sprent, 1987).  

 

2.2.2. Ammonification or mineralization 

Ammonium production occurs both in the water column of rivers and lakes in their sediments. 

Microbial decompostion converts organic nitrogen to ammonical form. This process is oxygen-

demanding and regenerates available nitrogen for re-assimilation by primary producers. 

Ammonification can result in rapid nitrogen cycling between the sediment and the water 

column. The rate of release of nitrogen from decomposing organic matter can be an important 

factror in determining nutrient limitation in fresh waters. Where nitrogen release is relatively 

slow, the process of assimilation can become N-limited. 

 

Ammonia in fresh waters can exist as the ammonium cation (NH4
+) or as un-ionized ammonia 

molecule (NH3). High temperature and high pH (pH > 8) encourage the conversion of 

ammonium to ammonia. Ammonia (NH3) is more toxic than ammonium, and acute toxicity can 

occur at low concentrations. Fortunately, high concentration of ammonia are usually only 

associated with wastewater discharges where biological treatment is minimum (Jetten, 2001). 

2.2.3. Nitrification 

Nitrification is a two stage oxidation process mediated by the chemoautotrophic genera. 

Nitrosomonas (NH4
+ to NO2

-) and Nitrobacter (NO2
- to NO3

-). In this exothermic reaction, more 

energy for biosyntesis is obtained from the oxidation of NH4
+ to NO2

- ( -84 kcal mole-1) than the 

subsequent oxidation to NO3
- ( -18 kcal mole-1). The net reaction is: 

  NH4
+  +  2O2 -- NO3

- + H2O + 2H+ 
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The oxidation of ammonia to nitrite by Nitrosomonas is usually rate-limiting, so nitrite is rarely 

present in appreciable concentrations in fresh waters. Nitrate, the end product, is highly 

oxidized, soluble and biologically avaialable. 

The nitrifying bacteria also pH and temperature susceptible, with an optimum pH of 8.4 – 8.6 

(Wild et al., 1991) and requiring a temperature above 150C. Nitrosomonas has a wider 

temperature tolerance than Nitrobacter, and the growth rate constant for these bacteria increases 

by approximately 10% per degree celsius up to about 250C. 

 

A high rate of nitrification is essential for efficient N cycling in fresh waters, particularly as 

nitrate is an important substrate for denitrification. Chemoautotrophic nitrifying bacteria are 

usually dominant in fresh waters and their activity is generally highest at the sediment- water 

interface where NH4–N generation is maximum (Reyes et al., 2017). Howerver, in eutrophic 

waters in particular, nitrate generated internally through nitrification is often relatively 

unimportant in comparison with the nitrate load received from the environment. Nitrification is 

often high during summer when water temperatures are high. During this period, catchment 

inputs are often minimum and algal utilisation of nitrogen is maximun. Nitrification during this 

period could be critical to the efficient cycling of nitrogen within the aquatic system. 

2.2.4. Denitrification 

Loss of nitrate from river systems can occur through denitrification or dissimilatory nitrate 

reduction. Denitrification is quantitatively more important, particularly in river and lake 

sediments, and is high in summer months (Royal Society, 1983). The rate and extent of 

denitrification is controlled by the oxygen supply and available energy provoded by organic 

matter. It is an important mechanism in the reduction of nitrate concentrations in reserviors, but 
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is limited by the requirement for anaerobic conditions and a fixed bacterial carbon supply 

(Bonete et al. 2008). 

[  

 

2.3.  Phosphorus cycling 
 

Phosphorus (P), like nitrogen, is vital for all living organisms. It plays a substantial role in the 

metabolism, photosynthesis, and growth of plant species (Vilmin et al., 2015). Naturally 

phosphorus is derived from rock weathering, moreover it is found within the atmosphere and 

vegetation (Withers and Jarvie, 2008). The hydrological cycle acts as one of the major driving 

forces for transporting phosphorus from terrestrial to freshwater environment, as precipitation 

and runoff provide energy for phosphorus movement and mobilization (Leinweber et al., 2002). 

 

The cycling of phosphorus comprises a range of physico-chemical processes that are influenced 

by different factors like catchment hydrology, chemistry, and lithology, resulting of a complex 

cycle (Caraco, 2009). In river water, phosphorus usually exists as orthophosphate molecule, its 

most oxidized form. In the global perspective the cycling of phosphorus is covers a large 

distance, and transporting across a wide scale from 100 – 1000s of km (Caraco, 2009), where 

rivers play a crucial role in transferring phosphorus from  terrestrial environment to aquatic 

ecosystem. At the catchment scale phosphorus cycling is a slow process since phosphorus does 

not have a gaseous state (Fountain, 2010; Caraco, 2009), and is closely cycled through the soils 

(Leinweber et al., 2002; Richardson et al., 2004).  

 

Inorganic phosphorus is stored within the soil and is easily available for plant uptake, plants then 

convert the phosphorus to an organic form, as the plant matter then dies the organic phosphorus 

is returned to the system in the form of inorganic phosphorus, as a result of mineralization during 

decomposition, excretion, and enzyme breakdown (Baldwin et al., 2002; Leinweber et al., 2002; 

McLaren and Cameron, 1996). 
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In phosphorus cycling, the processes of absorption and desorption (phosphorus fixation) take 

place between dissolved phosphorus and sediment bound phosphorus and encompasses various 

environmental variables, like pH and the composition of organic matter (Leinweber et al., 2002; 

Jones, 2004; Fountain, 2010). Soluble phosphorus reacts with the surface of the soil colloid but is 

still available for uptake (Frost, 2004). Once absorbed the phosphorus is in a labile state and 

mineralizes slowly (McLaren and Cameron, 1996). In contrast, sediment-bound phosphorus, 

which can range from 1 nm (the soil colloid) to soil masses up to 10 mm in size, is mobilized or 

eroded during precipitation period and leached into surface water (Doughterty et al., 2004). 

 

In undisturbed freshwater environment phosphorus naturally occurs in very low concentrations, 

making it a biologically limiting nutrient (Vilmain et al., 2015; Correll, 1998). Nevertheless, due 

to the rapid urban area expansion and agricultural development, there has been an increase 

enrichment of phosphorus in freshwater systems as a result of extensive use of anthropogenic-

derived phosphorus (Withers and Jarvie, 2008; Parkyn and Wilcock, 2004; Leinweber et al., 

2002).  

The application of phosphorus based fertilizers to agricultural land has increase for soil fertility 

and crop productivity. Various studies have reported the increased use of phosphorus-based 

fertilizers with equivalent increasing level of phosphorus within freshwater systems (Woodward, 

2013; Parkyn and Wilcock, 2004). The addition of phosphorus to the agricultural land causes 

excessive amount of phosphorus accumulate within the top of the soil surface (McLaren and 

Cameron, 1996; Fountain, 2010). As a result, during a rainfall event excess phosphorus is eroded 

and leached from the soil and transported through overland flows and sub-surface pathways into 

nearby rivers (McLaren and Cameron, 1996; Parkyn and Wilcock, 2004). Agricultural activity 

also increases erosion and runoff causing an increased supply of suspended sediment to rivers 
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(Parkyn and Wilcock, 2004). The phosphorus bound to soil particles once in a river can be lost 

from the system to burial in the channel and riverbanks, but can also be easily remobilized under 

high flow conditions (Bowes et al., 2003). 

The phosphorus in the natural water body is provided by anthropogenic (industrial and 

agricultural sources) and natural sources. The phosphorus increase is caused by domestic 

wastewater (detergents and soaps, pesticides, food wastes, and human metabolic waste) 

(Sommaruga et al., 1995; Berbeiri and Simona, 2001) food processing industries (meat, 

vegetable, and cheese processing) (Tusseau-Vuillemin, 2001), distillery, synthetic and natural 

(cow dung, pig dung, and poultry manure) fertilizers used in agro-ecosystem (Penelope and 

Charles, 1992), agricultural runoff and domestic sewage, phosphate mines (Das, 1999). 

 

The quantities of phosphorus entering the surface water vary with the amount of phosphorus in 

catchment soils, topography, vegetative cover, quantity and duration of runoff flow, land use, 

and pollution. In oceans, the concentration of phosphates is very low, particularly at the surface. 

The reason lies partly within the solubility of aluminium and calcium phosphates, but in any case 

in the oceans phosphate is quickly used up and falls into the deep sea as organic debris. There 

can be more phosphate in rivers and lakes, resulting in excessive algae growth (USEPA, 1986). 

 

Phosphorous is considered as biologically limiting nutrient, which means there is inadequate 

phosphorus in the environment to support higher order species. On the other hand, when 

phosphorus concentrations are increased, the excess phosphorus reached into freshwater 

ecosystems is retained and used in biological processes (Correll, 1998). The excess of 

phosphorus can then lead to increased primary productivity, high rates of decomposition, and 

depletion of dissolved oxygen resulting in eutrophication (Novotny, 2003). Phosphorus 
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enrichment, or states of eutrophication, can ultimately lead to environmental, economic, cultural, 

and health related issues (Withers and Jarvie, 2008). 

 

In aquatic environments phosphorus can be present in different forms: organic phosphorus (e.g. 

sugars, nucleic acids and enzymes) or inorganic phosphorus (e.g. mineral sources like 

orthophosphate and polyphosphate) (Vilmin et al., 2015). Particulate organic phosphorus is 

comprised of organic matter, such as living or solid detrital matter, and dissolved organic 

phosphorus is an intermediate state in which mineralization of solid organic matter is occurring 

(Vilmin et al., 2015). Dissolved reactive phosphorus is the reactive portion of mineral dissolved 

phosphorus, which is the only form of inorganic phosphorus that can be used by organisms 

(Vilmin et al., 2015; Jarvie et al., 2002). When assessing water quality the fractions of 

phosphorus commonly studied are dissolved phosphorus (PO4
3-) and total phosphorus (TP). 

Dissolved reactive phosphorus is used as an indicator of the phosphorus that is available for 

biological uptake, particularly the amount available allowing for nuisance algae growth and 

eutrophication (Davies-Colley and Wilcock, 2004), while total phosphorus is an indicator of the 

potential amount of phosphorus free for nutrient cycling and can also indicate the amount of 

phosphorus lost by leaching (Leinweber et al., 2002). 
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Figure 2. Phosphorus Cycles in nature, Fountain (2010). 
 

 

2.4.  Heavy metal contamination in river 
 
Rapid population growth and economic development have increased the amounts of pollutants 

entering rivers and these degrade the water quality. Heavy metals from natural sources are 

typically present in very low concentrations and are widely distributed in ecosystems such as air, 

water and soil. Heavy metals can be transported and transformed in aquatic systems by means of 

natural and anthropogenic sources such as direct input, atmospheric deposition, agricultural 

activities, and surface water runoff (Demirak et al., 2006; Macklin et al., 2006; Li et al., 2008). 
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In areas where economic activities are intensive, such as industrial, agricultural and mining 

locations, the heavy metal contamination is typically widespread. Therefore, heavy metal levels 

can often exceed the natural background in aquatic environments (Bryan and Langston, 1992; 

Obasohan et al., 2006). Although there are many types of river pollutants, heavy metals are of 

greatest concern due to their slow decomposition under natural condition and their bio-

condensation by aquatic organisms (Sin et al., 2001; Li et al., 2008; Obasohan et al., 2008; 

Rauf et al., 2009; Liu and Li, 2011; Varol, 2011). 

 

Discharge of heavy metals into rivers or any other aquatic environment can change both aquatic 

species diversity and ecosystems due to their toxicity and accumulative behavior (Al-Weher, 

2008). Heavy metals dissolved in water also endanger the lives of the public who use it for 

drinking and also irrigation. When used for irrigation heavy metals have the risk of being 

incorporated in food chain and hence consumed by the human (Wogu and Okaka, 2011). 

 

Many studies have been conducted globally on the heavy metals contamination in rivers. 

Papafilippaki et al. (2008) examined the seasonal variations of copper, lead, chromium, zinc and 

cadmium in the surface water of the Keritis River, Greece. The toxicity of these metals varies 

considerably between the warm and the wet periods. Seasonal variations were attributed to 

agricultural activities, wastewater discharges and the physico-chemistry of water, temperature, 

flow rate, pH and redox conditions. The contamination of water with Cu, Cd, Pb, Cr and Zn was 

positively correlated to the pH.  

Pandey et al. (2010) investigated the mid-stream water quality of Ganga River, India. Twelve 

sampling sites were identified along a 20 km stretch of the river. The following heavy metals 

including Cd, Cr, Cu, Ni, Pb and Zn were analyzed in the laboratory by using wet acid digestion 

method. The data revealed that the mid-stream water of the river Ganga at Varanasi is invariably 
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contaminated by heavy metals. Highest concentrations of Cd, Cr, Ni, and Pb were recorded 

during winter and that of Zn during summer season. The overall concentration of heavy metals in 

water showed the trend: Zn> Ni> Cr> Pb> Cu> Cd. Moreover, Correlation analysis showed that 

heavy metal concentration in mid-stream water had significant positive relationship with rate of 

atmospheric deposition at respective sites. The mean levels of Cd, Ni, and Pb at three stations, 

were above the recommended level of WHO so that the use of such water for drinking purpose 

might be lead to potential health risk in long run. Similarly, the purity levels of the Huluka River 

of Ambo region, Ethiopia were assessed by Prabu et al. (2011). The result conclusion was that 

most parameters exceeded the limits and the water quality was found to worsen steadily, due to 

the direct discharge of domestic and municipal sewage. It was also found that the water quality 

deteriorates as one goes more downstream.  

 

 Amadi (2013) investigated pollution potential of heavy metals Sosiani River, in Kenya for dry 

and wet season. Heavy metals like Cu, Zn, Pb, Cd and Fe were studied and among these Zn 

concentration was above the WHO standards recommended for drinking water (0.50 ppm). 

Discharge from the flower farm, leachates from the waste dumpsite, untreated wastewater from 

industries seems to be the main source of heavy metal contamination. Likewise, Kumari et al. 

(2013) characterized heavy metal content in Ganga Jal River. Water samples were collected from 

six stations and analyzed Pb, Zn, Fe, Ni, Cr, Cd and Cu. The result indicated that Cu, Cd, Cr, Ni, 

Fe, Pb, and Zn were the highest in summer and the lowest in monsoon season. 

 

Pandey et al. (2014) investigated the seasonal changes in concentration of heavy metals in Ganga 

River in Allahabad. Samples were collected at different sampling sites during summer, monsoon 

and winter seasons in year 2013-2014. Atomic Absorption Spectroscopy (AAS) technique was 

used to determine the concentration of four heavy metals i.e. Fe, Zn, Cr and Co in three seasons. 
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Results showed that wide variations in the heavy metal levels varying from high concentration 

during summer and low concentrations during winter season. The order of heavy metals 

accumulation in the Ganga River was Fe>Zn>Cr>Co. Moreover, statistical data analysis carried 

out through correlation methods and correlation coefficients were calculated between different 

pairs of parameters to identify the highly correlated and interrelated water quality parameters. 

 

Raghuvanshi et al. (2014) analyzed the water quality of River Ganga in Allahabad district. Water 

samples were collected from five sampling sites in the year 2012-2013. Ten water quality 

parameters for all the sites were estimated by adopting the standard methods and procedures. The 

results revealed that the average pH value was measured as 8.07±0.44, electrical conductivity 

was 188.49±63.00 μmho cm-1, Dissolved Oxygen was 6.47±0.82 mg/l, Biochemical Oxygen 

Demand was 9.41±1.41 mg/l, Chemical Oxygen Demand was 15.28±3.07 mg/l, Total Hardness 

was 118.56±40.91 mg/l, Total Alkalinity was 168.46±12.50 mg/l, Chloride was 27.49±16.97 

mg/l and Total Dissolved Solids was 216.83±13.84 mg/l. Comparison of estimated values with 

WHO standards revealed that the river water of study area is polluted which may be harmful for 

aquatic species and human beings. Correlation coefficient showed highly significant positive and 

negative relationship (p<0.05 level). 

Lawal et al. (2014) in their work on heavy metal pollution level of Kampani River, Nigeria. 

From their findings, highest concentration of Cr, Cd and Fe was recorded and all the metals 

examined were above the acceptable limits set by WHO for drinking water. They claimed that 

the use of charger batteries, application of fertilizer and pesticide on farmland are main sources 

of heavy metal contamination. Correspondingly, Thomas and Mohaideen (2015) determine 

heavy metals content in Korttalaiyar River, India.  They reported that maximum heavy metal 

concentrations in water are arsenic (0.03 mg/l), cadmium (0.022 mg/l), chromium (0.046 mg/l), 



   25      

lead (0.015 mg/l) and mercury (0.016 mg/l). The discharge of untreated effluent from various 

industries and domestic sewage is the main source of pollution for Korttalaiyar River. 

 

Vaishnavi and Gupta (2015) studied the levels of heavy metals in the river waters in and around 

Pune City, Maharashtra, India. A total of nine water samples were collected from the river sites. 

The samples were analyzed for the determination of different heavy metals (Cd, Co, Cr, Cu, Ni, 

Pb and Zn). The result indicated that the mean concentrations of Cd and Pb obtained were 0.039 

and 0.107 mg/l respectively which were higher than the permissible limits of WHO while, the 

level of Cr, Mn, Zn, Ni and Mo is within the allowed WHO limits in drinking water. 

 

2.5.  Heavy metal contamination in sediments 

Contamination of sediments by heavy metals is one of the main concerns to aquatic ecosystems. 

Sediment represents one of ultimate sinks for heavy metals discharged into aquatic environment. 

Consequently, sediment quality is a good indicator of pollution in water column, where it tends 

to concentrate the heavy metals and other organic pollutants (Saeed and Shaker, 2008). Abraha et 

al. (2012) observed that sediments play a substantial role in remobilization of pollutants in 

aquatic systems under favorable conditions and interactions between water and sediments. Akan 

et al. (2010) insist that sediments in rivers do not only play vital roles at influencing the 

pollution, they also record the history of their pollution. 

 

 

Heavy metals accumulate in sediments through complex physical and chemical adsorption 

mechanisms depending on the nature of the sediment matrix and the properties of the adsorbed 

compounds (Ankley et al., 1992). Heavy metals once adsorbed on the sediments are not freely 

available for aquatic organisms under changing environmental conditions (temperature, pH, 

redox potential, salinity) of the overlying water these toxic metals are released back to the 

aqueous phase (Soares et al., 1999). 
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The sediment play an important role as it has along residence time therefore is an important 

source for the assessment of an anthropogenic contamination in rivers (Förstner and Wittman, 

1983; Jain et al., 2005). Sediments capture hydrophobic chemical pollutants that enter water 

bodies (McCready et al., 2006) and slowly release the contaminant back into the water column 

(Chapman and Chapman 1996; McCready et al., 2006). Therefore, ensuring a good sediment 

quality is vital to sustain a healthy of aquatic ecosystem, which ensures good protection of 

human health and aquatic life. 

Different researchers had been investigated the pollution status of heavy metals in sediments. 

Milenkovic et al. (2005) determined the concentrations of As, Fe, Cr, Mn, Cu, Ni, Cd, Pb, Hg 

and Zn in the sediments of River Danube and found that the range of mean concentrations of 

heavy metals increased by 46.60% to 156.20% due to increased industrial effluent discharges in 

the river. The toxicity of Cu, Cr, Ni, Zn and predominantly Cd in the sediments was higher than 

the target values indicating potential risk to the ecosystem. Alike, Rafiu et al. (2007) determined 

the concentrations of trace metals, Cd, Pb, Mn, Zn, Cu and Ni in surface water and sediments 

along the Blaauwbankspruit stream, South Africa. This investigation revealed higher metallic 

load in sediments than that of water due to wastewater discharge from sewage treatment plant 

and effluents from a gold mine.  

 

In Turkey, Ayas et al. (2007) conducted a study on the accumulation of Cd, Pb and Ni in water 

and sediment samples. Results showed that spatial distribution of the three heavy metals was 

extensive throughout the study area. In the water samples, heavy metal concentrations were 

below the respective detection limits of the metals. Predictably, metal concentration levels in the 

sediment samples were higher than that of the water samples. Similarly, the distribution and 

enrichment of heavy metals (Cd, Cr, Cu, Mn, Pb, Ni and Zn) in sediments in the Tapacurá River 
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basin, Brazil, were studied by Aprile and Bouvy (2008). They revealed that metal concentrations 

in the industrial and agricultural areas were higher than those in the urban areas. Anthropogenic 

influences were determinant factors controlling the spatial variations of heavy metals. 

 

Beg and Ali (2008) assessed the sediment quality of Ganga River at Kanpur city where effluents 

from tannery industries are discharged. Sediment samples from upstream and downstream area 

were collected and analyzed for trace metals. The result showed that Cr in downstream sediment 

was 30-fold higher than in upstream sediment and its concentration was above the probable 

effect level. 

Sharmin et al. (2010) investigated the heavy metals mobility pattern in sediments of the aquatic 

ecosystem of Nomi River, Japan. The heavy metal mobility in the sediments was in the order: Cd 

> Cu > Cr > Ni > Fe > Mn. The presence of different clay minerals was found to be the main 

accumulation of heavy metals in sediments. Correspondingly, Akan et al. (2010) characterized 

the level of Co, Pb, Cu, Cd, As, Ni, Mn, Fe, Pb and Cr contamination and the degree of river 

sediment quality deterioration of Ngada River. The study revealed that heavy metals toxicity 

increased considerably with increasing sediment depth, indicating age-long accumulation of 

heavy metals as a result of anthropogenic sources and were higher than the WHO standard 

sediment guideline limits exposing the aquatic food chain at high risk of persuade heavy metal 

contamination. 

 

 

Ye et al. (2012) investigated the accumulation of metals in sediments of the Pearl River, China. 

Spatial distribution of metals was consistent with anthropogenic input into the river basin. In 

terms of vertical deposition, there was a decline in pollution from the mid-1990s consistent with 

efficient pollution management in the basin. Comparably, Shanbehzadeh et al. (2014) examined 

heavy metal concentrations in water and sediment, upstream and downstream of the entry of the 
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sewage to the Tembi River, Iran. The finding indicated that the average concentrations of the 

metals in water and sediment in downstream sites were higher than that of the upstream sites. 

 

Weber et al. (2013) investigated the level of heavy metals in sediment sample in Brazilian River. 

It was observed from recorded results that concentrations of heavy metals were high in sediments 

sample as compared to water samples. Agriculture activity and sewage sludge seems to be the 

main source of heavy metal contamination. Similarly, Kihampa and Wenaty (2013) performed a 

research on the contamination of Mara River sediment by heavy metals. The study assessed six 

toxic heavy metals like Cd, Pb, Cu, Zn, Cr and Hg. The results stated that the concentration of 

heavy metals in the river was above the recommended international and national limits for 

drinking and irrigation waters. It was found out that discharge of mining to be the potential 

source of the heavy metals in Mara River. 

 

Sediment pollution by heavy metals in Ganga River was studied by Pandey and Singh (2015). 

They observed that highest concentration of Fe (31,988.6 μg g-1) and Mn (372.0 μg g-1) in 

sediment samples. It was confirmed that local sources like agricultural, untreated urban and 

industrial wastewater are the main causes for pollution. Correspondingly, Edokpayi et al. (2016) 

reported highest concentration of heavy metals in Mvudi River sediment, South Africa. It was 

found that Cd, Cr and Cu were above sediment quality guidelines. Untreated wastewater, runoffs 

from agricultural soil, landfill sites and atmospheric deposition are the dominant sources of 

pollution in a river.   

 

2.6.  Soil pollution from heavy metals 

Heavy metals occur at typical background in all ecosystems; however, anthropogenic releases 

can result in higher concentrations of these metals relative to their normal background values 

(Adeleken and Abegunde, 2011). Soils may become contaminated by the accumulation of heavy 
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metals and metalloids through emissions from the rapidly expanding industrial areas, mine 

tailings, disposal of high metal wastes, leaded gasoline and paints, land application of fertilizers, 

animal manures, sewage sludge, pesticides, wastewater irrigation, coal combustion residues, 

spillage of petrochemicals, and atmospheric deposition (Khan et al., 2008; Zhang et al., 2010). 

 

Soils are the major sinks for heavy metals released into the environment by aforementioned 

anthropogenic activities and unlike organic contaminants which are oxidized to carbon dioxide 

by microbial action, most metals do not undergo microbial or chemical degradation 

(Kirpichtchikova et al., 2006), and their total concentration in soils persists for a long time after 

their introduction. Changes in their chemical forms (speciation) and bioavailability are, however, 

possible (Adriano, 2003). 

 

The fate and transport of a heavy metal in soil depends significantly on the chemical form and 

speciation of the metal. Once in the soil, heavy metals are adsorbed by initial fast reactions 

(minutes, hours), followed by slow adsorption reactions (days, years) and are, therefore, 

redistributed into different chemical forms with varying bioavailability, mobility and toxicity 

(Shiowatana et al., 2001; Buekers, 2007). This distribution is thought to be controlled by 

reactions of heavy metals in soils such as (i) mineral precipitation and dissolution, (ii) ion 

exchange, adsorption, and desorption, (iii) aqueous complexation, (iv) biological immobilization 

and mobilization, and (v) plant uptake (Levy et al., 1992). 

 

Various researches have been carried out on the heavy metals pollution in soils. Ahmad and Goni 

(2010) in their study showed highest deposition of Fe and Zn around industrial areas in Dhaka, 

Bangladesh. Long-term use in the production of machine tools, paints, pigments and alloying in 

various industries are the major source of soil contamination by heavy metals. Similarly, Rapheal 

and Adebayo (2011) reported that highest concentration of Pb, Cd, Cu and Zn metal in farmland 
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soil. Fertilizer application and other organic manure applied to soils are the main cause of soil 

contamination. It was suggested that the soil contamination may be considered when 

concentrations of an element in soils were two-three times greater than the average background 

levels.   

 

Abraha et al. (2013) carried out study of heavy metal accumulation in the soil, vegetables and 

toxicological assessment in Ethiopia. The results stated that four heavy metals (Mn, Zn, Cr, and 

Cu) the concentration levels were higher. It was found out that the discharge of wastewater from 

industries were the major causes for the higher concentrations of the metals.  

 

 

Malan et al. (2015) investigated pollution potential of heavy metals in horticultural soil in South 

Africa. The results indicated that maximum concentration of Cd and Cr which exceed the 

maximum permissible concentrations in the winter cropping season. Intense agricultural 

practices as well as pig, poultry and cattle farming are the main cause of soil pollution. Likewise, 

Ye et al. (2015) studied the heavy metal content in the soil in Zhejiang province, China. Out of 

202 agricultural soils being analyzed, 50 and 60 soil samples exceeded the maximum allowable 

contents of Cd and Hg respectively. They revealed that the sources for soil pollution in the study 

sites were industrial pollution, sewage irrigation and agro-chemical application. 

 

Almasoud et al. (2015) conducted a research on heavy meal soil pollution due to industrial 

activities in Saudi Arabia. They analyzed 56 soil samples from Jubail, which is one of the major 

industrial cities in the Middle East. They studied Fe, Mn, Zn, Cu, Cr, Co, Ni, Pb and Cd and 

found that higher Cr concentration and it was higher than the soil common range as well as the 

geochemical background indicating industrial petrochemical pollution in the study area. 

Correspondingly, Tawfiq and Ghazi (2017) assessed heavy metal pollution in the soil and its 

influence in Iraq. For the investigation they collected 36 soil samples in Maysan city. Their 
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findings showed that the concentration of Cr, Ni, Pb and Zn were at levels above the background 

concentration. It was indicated industrial activity causes the main sources of soil pollution.   

 

Heavy metal contamination of soil may pose risks and hazards to humans and the ecosystem 

through direct ingestion or contact with contaminated soil, the food chain (soil-plant-human or 

soil-plant-animal-human), drinking of contaminated ground water, reduction in food quality 

(safety and marketability) via phytotoxicity, reduction in land usability for agricultural 

production causing food insecurity, and land tenure problems (McLaughlin et al., 2000; Ling et 

al., 2007). 

 

The most common heavy metals found at contaminated sites, in order of abundance are Pb, Cr, 

As, Cd, Cu, and Hg (USEPA, 1996). Those metals are dangerous since they are capable of 

decreasing crop production due to the risk of bioaccumulation and biomagnification in the food 

chain. There’s also the risk of superficial and groundwater contamination. Knowledge of the 

basic chemistry, environmental and associated health effects of these heavy metals is necessary 

in understanding their speciation, bioavailability, and remedial options. 

 

2.7.  Uptake and accumulation of heavy metals in vegetables 

Plants obtain the inorganic nutrients they need from the soil. However, plants are not perfectly 

selective so that, in addition to estimate nutrients, they may take up minerals that are redundant 

or even toxic (Marschnar, 1995). Uptake of metals into plant roots is a complex process 

involving transfer of metals from the soil solution to the root surface and inside the root cells 

(Reichman, 2002). Ions are absorbed along with water from the solution that surrounds soil 

particles. The solution enters the root at the root hairs which are the extensions of epidermal cells 

(Grace, 2004). 
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Metal ions, once taken up by the roots can either be stored by roots or transported to the shoot 

(Cai and Ma, 2003). Transport of metal ions to shoots is essentially driven by mass upward flow 

of water created by the transpiration stream (Kochian, 1991). Organic acids and amino acids 

have frequently been reported to be the potential metal chelators, which most likely facilitate 

metal translocation through xylem (Nigam et al., 2001; Clemens et al., 2002; Lesage et al., 

2005). Without being chelated by ligands, movement of metal cations from roots to shoot is 

expected to be severely retarded as xylem cell walls have a high cation exchange capability (Ma 

et al., 2016). 

 

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). 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 (Sauerbeck and Hein, 1991; Davies, 1992). Leafy vegetables 

accumulate much higher contents of heavy metals as compared to other vegetables because leafy 

vegetables are most exposed to environmental pollution because of large surface area (Fisseha, 

2002). According to Zhou et al. (2016), leafy vegetables had highest ability to uptake and 

accumulate heavy metals compared with root vegetables, legume vegetables and melon 

vegetables in Shizhuyuan area, China. In spite of the differences in mobility of metal ions in 

plants, the metal content is generally greater in roots than in the aboveground tissues (Ramos et 

al., 2002). 

 

Certain vegetables like spinach, lettuce, carrot, and radish can accumulate heavy metals like Cd, 

Cu, Mn, Pb and Zn in their tissue (Cobb et al., 2000; Mattina et al., 2003; Zhou et al., 2016). 

Among the metals, Cd and Zn are fairly mobile and readily absorbed by crops (Mench et al., 
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1994). In contrast, Cu and Pb are strongly absorbed onto soil particles reducing their availability 

to plants (Intawongse and Dean, 2006). In addition, they are bound to organic matter, as well as 

being absorbed by carbonate minerals, hydrous iron and manganese oxides. 

 

 

Several studies were conducted on vegetable contamination by heavy metals. A study on metal 

contents of vegetables from Zanzibar showed that cabbage contained the highest Cd content 

(41.55 μg/g) which is 208 times higher than for Cd set by FAO/WHO (Mohammed and  Khamis, 

2012). They reported that application of phosphate fertilizer is the main source of heavy metal 

pollution. Similarly, Xue et al. (2012) indicated that Spinach and cabbage accumulated a higher 

amount of Cu, Pb, Cd, Zn, and Ni in Baoding City, China. They pointed out that long-term 

wastewater irrigation was the cause of heavy metal pollution of the vegetables.  

 

Shakya and Khwaounjoo (2013) conducted a research on heavy metal contamination in different 

types of green leafy vegetables including Mustard, coriander and spinach. They reported that Pb 

and Cd levels in vegetables exceeded the maximum permissible limits set by FAO/WHO for 

human consumption. Similarly, from the three vegetables grown with industrial and municipal 

wastes, in Melka Hida and Wonji Gefersa, Ethiopia, the highest concentrations of Pb and Cd 

were observed in Cabbage, Lettuce and Spinach (Girmaye, 2014). 

 

 

Kananke et al. (2014)   insisted that highest concentration of Ni, Cd, Cr and Pb content in green 

leafy vegetables marketed in Piliyandala Area, Sri Lanka, which exceeded the maximum 

permissible limits set by FAO/WHO for human consumption. They found out that these 

vegetables were marketed in heavy traffic loads as well as in urbanized area. Similarly, heavy 

metal pollution of different vegetable crops irrigated with wastewater was studied in Accra, 

Ghana. The result indicated that elevated level of Pb in cabbage, lettuce, green pepper and hot 

pepper was recorded but Cu level was found within the permissible limit. Continuous application 
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of irrigation water from urban streams could contribute to heavy metal accumulation in 

vegetables (Lente et al., 2014). 

 

Tamene and Seyoum (2015) reported that the concentrations of As, Cd, Cr, Hg and Pb in garlic, 

Kale, onion, pepper and potato in vegetable farm of Koka, Ethiopia  were above permissible 

limits of FAO/WHO and these agricultural products were exhibiting high accumulation of most 

of these metals. The authors indicated that industrial pollutions are the main contributor for 

elevated level of heavy metals in the soil as well as in vegetables. Relatedly, Tasrina et al. (2015) 

was investigates the source and magnitude of heavy metal contamination in various kinds of 

vegetables including potato, spinach, amaranth, carrot, cabbage and tomato at Pakshi, 

Bangladesh. It was found that the Pb content in all vegetables was higher than that of the 

permissible limits of different International standards.  

2.8. Health hazards from heavy metal exposure 

Heavy metal intake through the food chain by human populations has been widely reported 

throughout the world. The exposure of human beings to heavy metals increase in the use of 

heavy metals in industrial processes and the consumption of the products that has been 

contaminated by the toxic heavy metals directly or indirectly. Due to the non-biodegradable and 

persistence nature, these toxic heavy metals are accumulated in the tissues of human beings such 

as the kidney, bone and liver and result in various problems to human health (Agrawal et al., 

2007). 

 

The chemical nature of heavy metals, age and nutritional status of human beings are responsible 

for the amount of heavy metals absorbed by the digestive tracts. The degree of toxicity depends 

upon the rate of daily intake of the toxic heavy metals. Dietary intake of heavy metals and their 

accumulation in the human body have resulted in various health problems like retardation in the 
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development of the body, a decrease in blood pH, cancer of many organs, and even death 

(Caussy et al. 2003). 

 

Heavy metals may enter the food chain in significant amounts. Hence people could be at risk of 

adverse health effects from consuming vegetables growing in soils containing elevated metal 

concentrations. For instance, it is estimated that approximately half of human Pb intake is 

through food, with around half originating from plants (Nasreddine and Parent-Massin, 2002). 

Cadmium and lead are the elements of most concern because of their potential for toxicity or 

accumulation in vegetables and animal (Tchounwou et al., 2012). 

 

Karim et al. (2008) reported that the mean estimated daily dietary intake of Zn and Cr from 

vegetables is found to be 12.47 and 3.53 mg respectively, which are higher than the 

recommended values. They concluded that the consumption of toxic metals in vegetables is a 

risk for public health in Feni district, Bangladesh. Likewise, Health risk assessment of heavy 

metals via dietary intake of vegetables from the wastewater irrigated site in Varanasi, India was 

carried out by Singh et al. (2010). The results showed that health risk index of Cd, Pb and Ni was 

more than 1 in most of test vegetables consequently had potential for human health risk due to 

consumption of contaminated vegetables. 

 

 Abbasi et al. (2013) was conducted a research on health risk assessment of trace metals through 

consumption of leafy vegetables in Lesser Himalayas, Pakistan. According to them THQ and HI 

values for Cr, Pb, Cd and Fe were much higher than the safe standard >1 and ingestion of the 

vegetables pertaining to Cr, Pb, Cd and Fe will result in non-carcinogenic risks in the consumers. 

Nonetheless, elevated levels of Cr and Pb were also found to be associated with lifetime 

carcinogenic risk to the consumers. Likewise, Li et al. (2014) collected 19 vegetable samples for 

determining heavy metal pollution in vegetables and health risk. They found that the pollution 
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rate of As and Pb was 86.67% and 96.67% of leafy vegetables, respectively. As a result 

consumption of contaminated vegetables by these heavy metals imposed a great potential health 

risk on local residents.  

 

Verma et al. (2015) analyzed potential health risks due to heavy metals through vegetable 

consumption in Varanasi, India. The study assessed seven toxic heavy metals like lead, zinc, 

copper, cadmium, nickel, chromium and cobalt which were analyzed in dry and wet season. 

They revealed that values of target hazard quotient (THQ) in children and adults were >1 for Pb 

and Cd in case of all vegetables, suggesting a greater health risk to local residents who consumes 

the vegetables. Similarly, health risk due to vegetables consumption in Patuakhali district, 

Bangladesh was investigated by Islam et al. (2015). Twelve different vegetable species were 

analyzed for heavy metal contents in their study. They proved that total target hazard quotient 

(THQ) of the studied metals (except Cr) from all vegetables were higher than 1, indicated that 

consuming these vegetables might pose health risk to these metals. Moreover,  it was found that 

total values of carcinogenic risk (CR) were 3.2 for As and 0.15 for Pb which were higher than 

the US Environmental Protection Agency (USEPA) threshold level (0.000001), indicating that 

the inhabitants consuming these vegetables are exposed to As and Pb with a lifetime cancer risk. 

 

Chopra and Pathak (2015) evaluated the Pb and Cd levels in consumed vegetables in Dehradun, 

India. They revealed that the human health risk index was found to be more than 1 for these 

heavy metals and resulted in a potential health risk to people who were dependent on the 

contaminated vegetables for their daily meals. Similarly, Bian et al. (2015) carried out study on 

risk assessment of heavy metals in vegetables irrigated with biogas slurry in Taihu Basin, China. 

They collected amaranth, garlic, spinach, greens and Chinese cabbage for the analysis of Zn, Pb, 
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Cu, As, Cd and Cr. They concluded that carcinogenic risks to adults are 6.68 to 7.00 times higher 

than the safe level and can be attributed to Cr, As, and Cd pollution.  
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3. MATERIAL AND METHODS 

3.1. Description of study area 

The Awash Basin covers a vast area of 120,000 km2 in the east-central part of the country. 

Sandwiched between highlands to the north and south, the Basin is part of the Ethiopian Rift 

System that forms the Afar triangle. It is an area with extreme deficiency of rainfall, partly 

waterlogged and intermittently flooded. The potential of the Awash Basin remained virtually 

untouched until fifty years ago. Since 1960s, the once unproductive Awash Basin has been 

transformed into a belt of complex agro-industrial establishments. 

  

The Awash Basin ranges in altitude from 250 to 3000 metres above sea level and is divided, for 

sectorial development convenience, into four parts: the upper basin from the source of the Awash 

river to koka dam (3000 - 1600 metres), the upper valley from the koka dam to Awash station 

(1600 - 1000 metres), the middle valley from Awash station to Gewane (1000 – 600 metres) and 

the lower valley from Gewane to Lake Abe (600 - 250 meters). 

 

There are approximately 175,000 hectares of potentially irrigable land in the Basin which is 

nearly flat compared with the terrain in most parts of the country. Of this 26,000 hectares are 

found in the upper valley, 83,000 hectares in the middle valley and 66,000 hectares in the lower 

plains. 

3.1.1. Description of the particular study area and sampling sites 

The study was carried out between parts of upper basin to part of upper valley. The two basins 

are the main hydrological zones with high demand level water supply, irrigation and 

Hydropower due to its suitable natural resources. The commercial farms in the upper basin and 

valley produce mainly vegetables and fruits which irrigated using Awash River.  
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Eight sampling sites of Awash River were selected to represent spatial and seasonal variation of 

water quality (Fig. 3). The sampling points were selected based on the rate of human 

interference, industrial and agricultural activities that have been taking place in the study area. 

Moreover Awash River irrigated vegetable growing farms namely Koka and Wonji Gefersa 

farmland were considered. Koka farmland is located on the outskirts of Koka town. This farm is 

irrigated with water from Modjo River downstream of different tanneries and most other sources 

of pollution. Moreover, Modjo River is one of the tributaries of Awash River. Wonji Gefersa 

farm is located on the upper side of Wonji Gefersa town. (Fig. 4) This farm is irrigated with 

Awash River, which received the liquid waste discharged from households, agrochemical wastes 

through runoff, and industrial wastewater from the upper stream town.  

 

Figure 3. Map of the study area with water and sediment sample sites 
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 Figure 4. Map of the study area with soil and vegetable sample sites 

 

  Figure 5.  Map of the study area from the Google Earth  
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3.2. Sampling and sampling frequency  

3.2.1. River water sampling and frequency 

Sampling strategy was designed to cover a wide range of physico-chemical parameters and 

heavy metals at sampling sites for assessment of water quality of Awash River. Water sampling 

was carried out on seasonal basis viz., during dry season (March-May, 2016) and rainy season 

(June-August, 2016). A total of 48 water samples were collected from eight sampling stations 

(24 samples during dry season and 24 samples during rainy season). Water samples from all 

eight (8) sampling sites were collected in triplicate at a depth of 30 cm below water surface using 

500 ml plastic bottles. Prior to sampling, the bottles were cleaned with 10% nitric acid. Sample 

bottles were then labeled to indicate date of sampling and the sampling site. Samples were 

transported in an ice-box to the laboratory and stored at 40C until subsequent analysis.  

3.2.2. Sediment sampling and frequency 

Sediment sampling was conducted on seasonal basis during dry season (March-May, 2016) and 

rainy season (June-August, 2016). Sediment samples were collected in triplicate from eight 

sampling sites and a total of 48 sediment samples were collected (24 samples during rainy season 

and 24 during dry season) at the same spot as for water samples using a plastic hand-trowel by 

scooping the top layer sediments (20 cm depth). About 1kg of the sediment samples were 

collected at each station, stored in polyethylene bags, labeled, kept in ice box and transported to 

the laboratory. 

3.2.3. Soil sampling and frequency 

Composite soil samples were collected randomly, from ten agricultural plots of Koka and 

Gefersa farms with a stainless steel auger at 0–30 cm depths using a zigzag pattern and stored in 

plastic bags. Each composite soil sample, of about 1kg, was taken from five thoroughly mixed 

subsamples taken at random sampling sites within the study area. 
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3.2.4. Wastewater sampling and frequency 

Triplicate samples of paper wastewater were collected during the months from May to July 2014. 

Moreover control water samples were collected in triplicate before the river water entered to the 

paper industry. A total of 6 water samples were collected monthly during the study period. 

3.2.5. Vegetable sampling from wastewater irrigated farm and frequency 

Composite samples of four vegetables [Swiss chard (Beta Vulgaris L. var. cicla), Carrot (Daucus 

carota L.), Tomato (Lycopersicon esculentum), and Green pepper (Capsicum annum)] irrigated 

with wastewater were collected in triplicate from the Gefersa farm during the months from May 

to July 2014. Moreover composite control vegetable samples were also collected from nearby 

agricultural farm, which were irrigated with Awash River. A total of 24 vegetable samples were 

collected monthly during the study period. The collected samples were sealed in plastic bags and 

brought to the laboratory for further analysis. 

3.2.6. Vegetable sampling from river water irrigated farm and frequency 

Composite samples of vegetables, including cabbage, onion, green pepper, tomato, French bean, 

Ethiopian kale and swiss chard irrigated with Awash River were collected in triplicate from 

Koka and Gefersa agricultural field during the months from December 2015 to March 2016. The 

collected samples were sealed in plastic bags and brought to the laboratory for further analysis. 

3.3. Field measurements 

The physical parameters were measured in the field at the time of collecting river water samples. 

Surface water temperature and electrical conductivity (EC) was determined on site using 

conductivity meter (CON 2700) whereas, pH was measured on the sampling sites by pH meter 

(HI 9024 HANNA). Turbidity was measured by using turbidity meter (2100P).   
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3.4. Laboratory analysis 

3.4.1. Physico-chemical and bio-chemical analysis 

Physico-chemical and bio-chemical parameters were determined in the laboratory following 

standard protocols (APHA) for NO3–N, NO2–N, NH3–N, TN, TP, DO, BOD and COD. All these 

parameters were measured using spectrophotometer (DR/2400 HACH, Loveland, USA) 

according to HACH instructions and APHA (1995). 

 

3.4.2. Digestion of water samples for heavy metal analysis 

River water sample (100 ml) was transferred into a beaker and 5 ml concentrated HNO3 was 

added into a beaker and then heated on a hot plate to boil until its volume reduced to 20 ml. 

Another 5   ml of concentrated HNO3 was added and then heated for 10 minutes and allowed to 

cool and the solution filtered using Whatman 0.42μm filter paper into a 50 ml volumetric flask and 

topped up to the mark with distilled water. Finally, Fe, Zn, Cu, Pb, Cr, Cd and Ni were analyzed 

using flame atomic absorption spectrometer (nova, Model 400P, analytikjena, Germany). 

 

3.4.3. Digestion of sediment samples for heavy metal analysis 

Sediment samples were dried in an oven at 105 0C for 12h, any scrubs found in the sediment 

were removed. The dried samples were then ground using mortar and pestle and passed through 

a 2.0-mm sieve prior to analysis. Each sediment samples (1 g) was weighed into 50 ml beaker. 

An acid mix of 5 ml HNO3 and 15 ml HCl was slowly added to the sample, while swirling, to 

ensure that the sample is properly wetted and simmered on the hot plate for a minimum of 45 

min at 160 °C, stirring with a glass rod. It was removed from the hot plate before becoming dry, 

cooled, and diluted in a 200-ml volumetric flask with distilled water, shaken and poured back 

into the beaker, and settled for 30 min. Finally, Fe, Zn, Cu, Pb, Cr, Cd and Ni concentrations in 
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sediments were analyzed by Flame Atomic Absorption Spectrometer (nova, Model 400P, 

analytikjena, Germany). 

3.4.4. Digestion of soil samples for heavy metal analysis 

All samples were well mixed, riffled and one-fourth of each sample was dried in an oven at 105 

0C for 12h. The dried samples were then ground using mortar and pestle and passed through a 

2.0-mm sieve prior to analysis. Each soil sample (1 g) was weighed into 50 ml beaker. An acid 

mix of 5 ml HNO3 and 15 ml HCl was slowly added to the sample while swirling, to ensure that 

the sample is properly wetted and simmered on the hot plate for a minimum of 45 min at160 0C, 

stirring with a glass rod. It was removed from the hot plate before becoming dry, cooled and 

diluted in a 200 ml volumetric flask with distilled water, shaken and poured back into the beaker 

and settled for 30 min (Yirgaalem et al. 2012; Abbasi et al. 2013). Finally, Fe, Zn, Cu, Pb, Cr, Cd 

and Ni concentrations in soil were analyzed by Flame Atomic Absorption Spectrometer (nova, 

Model 400P, analytikjena, Germany). 

3.4.5. Digestion of wastewater samples for heavy metal analysis 

Wastewater samples (50 ml) were digested with 10 ml concentrated HNO3 at 80°C (APHA, 

1985). Samples underwent pressurized digestion with HNO3/H2O2 in a high performance 

microwave digestion system. The digested samples were carefully transferred into 100 ml 

volumetric flask, rinsed and diluted with 50 ml distilled water and shaken. Finally Pb, Zn, Cd, 

Fe, Cu and Cr concentrations in wastewater were analyzed by Graphite Furnace Atomic 

Absorption Spectrometer (nova, Model 400P, analytikjena, Germany).  

3.4.6. Digestion of vegetable samples irrigated with wastewater for heavy metal analysis 

Vegetable samples were washed primarily with running tap water, followed by three consecutive 

washings with distilled water to remove soil particles. Samples were cut to small pieces using 
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clean knife and dried in an oven at 70 °C for 48 h. The dried samples were grounded using 

mortar and pestle and 0.5 g of each powdered sample was weighed using the electronic balance. 

Samples underwent pressurized digestion with HNO3/H2O2 in a high performance microwave 

digestion system. 0.5 g of ground plant sample was digested with 10 ml of HNO3 and 5 ml of 

H2O2. The digestion temperature was about 180 °C (Fisseha, 2002). The digested samples 

carefully transferred into 100 ml volumetric flask, rinsed and diluted with 50 ml distilled water 

and shaken. Finally Pb, Zn, Cd, Fe, Cu, Cr and Co concentrations in vegetables were analyzed by 

Graphite Atomic Absorption Spectrometer (nova, Model 400P, analytikjena, Germany).  

3.4.7. Digestion of vegetable samples irrigated with river water for heavy metal analysis 

Vegetables samples were washed primarily with running tap water, followed by three 

consecutive washings with distilled water to remove dust and extraneous matter and chopped 

into small pieces. The samples were dried in an oven at 70 0C for 24-h. The dried samples were 

grounded using mortar and pestle. A sample of 1.0 g of the dried powdered plant was weighed in 

a test tube. H2O2 (2.0 ml of 30%) was added into the test tube and digested at 150 0C on a hot 

plate for 30 min. Then 2.0 ml of HNO3 was added to the sample and further digested on the hot 

plate for another 30 min. Digestion was continued with 2.0 ml of HClO4 for 30 min, cooled, 

carefully transferred into 50 ml volumetric flask, rinsed and diluted with distilled water and 

shaken (Abraha et al. 2013). The extracts were analyzed for six heavy metals viz. Cd, Pb, Cr, Zn, 

Cu and Ni using flame atomic absorption spectrophotometer (nova, Model 400P, analytikjena, 

Germany), and concentrations were finally expressed in milligrams per kilogram on dry weight 

basis. 
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3.5. Method detection limits 

All reagents used were Merck, analytical grade (AR) including Standard Stock Solutions of 

known concentrations of different heavy metals. All working standards used for analysis were 

prepared by diluting 1,000 mg/l certified standard solutions. Acetylene gas was used as fuel and 

air as a support in FAAS. An oxidizing flame was used in all the cases except chromium, where 

reducing nitrous oxide flame was used for metal quantification. Detailed instrumental analytical 

conditions for analyses of selected heavy metals are given in Table 1.  

Table 1. Instrument working conditions for analyses of selected heavy metals in the study area 

Element  

 

Flame Wavelength 

(nm) 

Silt width 

(nm) 

Lamp 

current 

(mA) 

Detection 

limits 

(mg l-1) 

Calibration 

Curve (R2) 

Fe Air-C2H2 248.3 0.2 5 0.03 0.999 

Cd  Air-C2H2 228.8 1.2 4 0.01 0.998 

Pb  Air-C2H2 283.3 1.2 3 0.02 0.999 

Cr  N2O-C2H2 357.9 0.2 5 0.05 0.997 

Zn  Air-C2H2 213.9 0.5 3 0.05 0.992 

Cu  Air-C2H2 324.8 1.2 3 0.02 0.995 

Ni   Air-C2H2 232 0.2 4 0.04 0.981 

 

3.6. Transfer factor of heavy metals from soil to vegetables 
 

The transfer factor expresses the bioavailability of a metal at a particular position on a species of 

plant (Khan et al. 2009). It is calculated as the ratio of heavy metal concentration in the edible 

part of vegetables to the metal concentration in soil. 

TF = Cvegetable    

            Csoil 

Where Cvegetable and Csoil represent the concentration of heavy metal in edible part of vegetables 

and metal concentration in rooted soils on dry weight (DW) basis, respectively. 
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3.7. Metal Pollution Index (MPI) 

Assessment of total heavy metal content in each vegetable growing at different sampling site was 

expressed by metal pollution index (MPI) (Usero et al. 1997). It is computed as the geometric 

mean of concentration of all metals in edible part of the crop. 

 

MPI (mg/kg) = (Cƒ1 x Cƒ2 ………..Cƒn)1/n 

 Where, Cfn is a concentration of nth metal in a given food stuff 

3.8. Health risk assessment from consuming vegetables 

Daily intake of metal (DIM) is the exposure to the population defined as the mass of a substance 

per unit body weight per unit time average over a long period of time. Daily intake through 

vegetable consumption was calculated using the formula  

 

DIM ingestion =      CM x CF x  D food intake 

         Bw 
 

Where, CM is the concentration of a heavy metal in the vegetable (milligrams per kilogram DW), 

CF is the conversion factor (0.085) used to convert fresh weight of the vegetables to dry weight 

as stated by Rattan et al. (2005), D food intake is daily intake of vegetables (0.068 kg day−1) of 

vegetables for an adult person living in the study area (Ruel et al. 2005), and Bw is the average 

body weight (in kg). The average value of Bw is 60 kg for Ethiopian adults. 

 

Hazard quotient (HQ) has been computed as the ratio of the average daily dose of a chemical to 

the dose level below which there will not be any significant risk. 

HQ = DIM/RfDo 

Where RfDo is the oral reference dose (milligrams per kilogram per day) and is an estimation of 

the daily exposure to which human population is likely to be exposed without any significant 

harmful effects during a lifetime. The RfDo values used were 4 x10-2, 0.3 and 1 x 10-3 mg kg-
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1day-1 for Cu, Zn and Cd, respectively (USEPA, 2002) and 0.004, 0.02 and 1.5 mg kg-1 day-1 for 

Pb, Ni and Cr, respectively (USEPA, 1997). If the value of HQ exceeds 1, the exposed 

population is likely to experience deleterious effects (USEPA, 2002).  

Hazard index (HI) approach is used to assess the overall potential health effects posed by more 

than one heavy metal based on the EPA’s Guidelines for Health Risk Assessment of Chemical 

Mixtures. Hazard index is computed as the sum of the Hazard quotients due to individual heavy 

metal, as illustrated in the following equation (USEPA, 1986). 

HI = Ʃ HQi                                 where HQi is target hazard quotient of an individual metal.  

3.9. Statistical analysis 

The bivariate correlation analysis with the Pearson’s correlation coefficient (r) at two-tailed 

significance level (P), were applied using the SPSS software package (version 16.0). The 

ANOVA test (level of significance α = 0.05) was employed to understand the spatial and 

seasonal variation in the physico-chemical and heavy metal concentrations. Multivariate analysis 

(cluster analysis and principal component analysis) was performed using Origin Lab pro 2016 

software. This statistical technique was used for experimental data standardization through z-

score transformation to prevent misclassification as a result of large dissimilarity in data 

dimensionality (Simeonov et al., 2003). 
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4. RESULTS AND DISCUSSION 

4.1. Seasonal and spatial variation of physico-chemical parameters 

The concentration of physico-chemical parameters in dry and wet season of Awash River is 

shown in Table 2 and 3. 
 

During the study period, water temperature in Awash River showed some seasonal variation and 

ranged from 19.1 to 23.6 0C. As expected, water temperature was highest during dry seasons and 

lowest during wet seasons. The highest average water temperature values were recorded at site 7 

both during dry season (23.01 0C) and wet season (21.9 0C). The reason might be there has been 

drinking water treatment plant at sampling station 7 so that the wastewater which drains from the 

treatment plant makes the river water temperature rise. The lowest average water temperature 

was recorded at sampling site 5 and 6 the reason attributed to these sampling sites had vegetation 

cover as compared to the remaining sampling sites. There is no significant variation of water 

temperature among the sampling sites (p > 0.05), while there was a significant difference of 

seasonal mean values of water temperature (p < 0.05). The seasonal variations in water 

temperature could be attributed to the seasonal dynamics of weather within the study area. 

 

The mean water temperature value (22.2 0C) in the present study was higher than the average 

value (16.7 0C) in Tinishu Akaki River, Ethiopia reported by Samuel et al. (2007), from 

Gharasou River, Iran (10.71 0C) (Fataei, 2011), but it was substantially lower than the mean 

water temperature value (25.65 0C) in Upper Awash River, Ethiopia (Fasil et al., 2013), from 

Asa River, Nigeria (24.97 0C) (Kolawole et al., 2011). 

 

 Water temperature is one of the most important parameters for water quality and ecosystem 

studies. Temperature can influence many chemical and biological processes and therefore 

impacts on the living conditions and distribution of aquatic ecosystems (Larnier et al., 2010). 
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Mean pH values at all sampling station were slightly acidic to alkaline. The pH ranged from 6.08 

to 8.45 (Table 2 and 3). Site 6 showed higher mean pH value (8.17) during the dry season. The 

lowest average pH value (6.21) was found at site 7 in dry season. The lowest pH might be the 

sludge from drinking treatment plant mainly aluminum sulfate which lower the pH of the river 

water. The deposition of sediment at Koka reservoir (site 6) might be responsible for pH 

elevation. There is a significant variation of mean pH value among the sampling sites in Awash 

River (p<0.05), while there was no seasonal significant difference of mean pH value in Awash 

River (p>0.05). 

 

The average pH value (7.23) in the present study lower than the mean value (8.44) reported from 

Guder River, Ethiopia (Bizualem, 2017), in Upper Awash River, Ethiopia (8.33) (Fasil et al., 

2013), and in Jajirood River, Iran (8.4) (Razmkhah et al., 2010), but higher than the mean pH 

(6.54) value of Buriganga River, Bangladesh (Ahammed et al., 2016), Iguedo River, Edo State, 

Nigeria (5.65) (Udebuana et al., 2014), Naka River, Kenya (6.54) (Mutembei et al., 2014). 

 

The turbidity values in Awash River varied from 29.27-159.51 NTU (Table 2 and 3).  The 

highest mean turbidity values (139.61 NTU) were found at site 2 during wet season because of 

surface runoff from nearest agricultural land and the lowest average value (36.4 NTU) of 

turbidity were recorded at sampling site 6 during dry season. There is a significant spatial and 

seasonal variation (p < 0.05) of average turbidity value among sampling sites (Table 4). 

 

Higher turbidity values were recorded during the raining season as compared to the dry season. 

This could be attributed to run off water from the agricultural farm which carries suspended 

materials into the river. The soil around Koka area is bare and hence highly susceptible to 

erosion during rainy seasons. Sampling site 2, 3 and 4 had higher turbidity levels than the rest of 

the sampling sites. 
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The mean Turbidity value in Awash River during rainy season (121.06 NTU) was substantially 

higher than the value of turbidity (57 NTU) in Walgamo River, Ethiopia (Dessalew et al., 2017), 

in Gudbahi River, Eastern Tigrai, Ethiopia (9.6 NTU) (Mehari, 2013), from Halsi Nala River, 

Pakistan (6.75 NTU) (Azam et al., 2015), but lower than the mean value of turbidity (281.62 

NTU) in streams, Uganda (Walakira and Okot-Okumu, 2011). 

 

Turbidity in water is caused by suspended and colloidal matter such as clay, silt, finely divided 

organic and inorganic matter, and plankton and other microscopic organisms. The flow rate of 

river water, soil erosion, runoff, wastewater and septic system effluent, decaying plants and 

animals are some factors that increase the turbidity of water (WHO, 1993).  

Table 2. Average physico-chemical water quality parameters at different locations of the Awash River during dry season 

Paramete
rs 

Sampling Station 

S1 S2 S3 S4 S5 S6 S7 S8 

WT (
0
C) 21.57(1.07) 22.48(0.9) 22.8(0.83) 22.06(1.04) 21.81(1.17) 21.32(1.06) 23.01(0.78) 22.5(1.03) 

EC 
(μS/cm) 

331.83(38.96) 673.12(47.4) 612.97(26.18) 529.11(31.74) 615.43(96.54) 316.55(28.2) 732.58(10.93) 482.52(29.83) 

Turbidity 

(NTU) 

40.07(5.54) 72.67(10.65) 64.12(8.13) 56.43(5.47) 49.19(4.69) 36.4(9.57) 54.48(4.58) 43.27(4.88) 

NO3-N 

(mg l
-1

) 

0.8(0.25) 13.33(0.96) 27.87(0.86) 12.5(0.66) 14.71(1.14) 2.31(0.3) 1.86(0.11) 1.36(0.13) 

NO2-N 

(mg l
-1

) 

0.24(0.08) 0.61(0.02) 0.90(0.02) 0.26(0.03) 0.52(0.06) 0.21(0.04) 0.29(0.06) 0.31(0.04) 

NH4-N 

(mg l
-1

) 

0.14(0.04) 1.01(0.05) 1.21(0.04) 1.41(0.05) 1.33(0.05) 0.85(0.09) 0.12(0.01) 0.19(0.05) 

TN 

(mg l
-1

) 

2.28(0.35) 39.63(2.1) 83.43(1.02) 79.40(0.9) 50.23(2.15) 8.22(1.64) 2.90(0.51) 3.57(1.24) 

TP 

 (mg l
-1

) 

0.08(0.06) 0.17(0.04) 0.27(0.04) 0.19(0.15) 0.09(0.04) 0.12(0.07) 0.04(0.03) 0.11(0.02) 

DO 

(mg l
-1

) 

7.47(0.89) 5.15(1.27) 4.51(1.37) 3.62(0.91) 6.83(0.51) 7.03(0.93) 6.29(1.24) 7.58(1.25) 

BOD 

(mg l
-1

) 

16.22(2.42) 41.35(3.34) 59.23(0.94) 80.32(3.64) 38.52(0.88) 27.13(4.81) 17.53(3.25) 19.62(1.82) 

COD 

(mg l
-1

) 

27.33(4.45) 72.63(10.41) 147.98(2.77) 112.3(1.32) 53.24(1.72) 40.5(3.39) 125.0(1.11) 35.55(1.09) 

Values in brackets are standard deviation;  (n = 3) 

[ 

The EC value in Awash River ranged from 261.7-742.62 μS cm-1. Site 7 showed highest average 

EC value (732.58 μS cm-1) during the dry season. The lowest average EC value (279.97 μS cm-1) 

was found at site 5 in wet season. The highest EC at sampling point 7 attributed to the 
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wastewater containing cation and the anion that is drained from the water treatment plant. There 

is a significant variation of mean EC value among the sampling sites in Awash River (p < 0.05), 

while there was no seasonal significant difference (p>0.05) of mean EC value in Awash River 

(Table 4). 

 

The mean EC value (459.21-536.76 μS cm-1) recorded in Awash River was lower than the EC 

value (749.38 μS cm-1) observed in Blue Nile River, Ethiopia (Abrehet et al., 2015),  the EC 

value (447-894 μS cm-1) measured in Tigris River, Iraq (Ismail et al., 2014), from Hindon River, 

India (707.12 μS cm-1) (Rizvi et al., 2016), but higher than the average value (109.79-125.98 μS 

cm-1) measured in Masinga reservoir, Kenya (Nzeve et al., 2016) and in Cai River basin, Brazil 

(276.87 μS cm-1) (Finkler et al., 2016). 

 

Electrical conductivity is the ability of aqueous solution to carry an electric current, this ability 

depends on the presence of ion and waters with high inorganic compounds are relatively good 

conductors indicates water quality. Electrical conductivity of the water is related to total 

concentration of ions in the water, their valence charge and mobility. Changes in conductivity of 

water sample may signal changes in mineral composition of water seasonal variation in 

reservoirs and pollution of water from industrial wastes (AWWA, 2000). 

 

The NO3-N concentration varied from 0.28 to 28.8 mg l-1. The highest mean concentration 

(27.87 mg l-1) of NO3-N was found at site 3 during dry season. The lowest average concentration 

(0.48 mg l-1) of NO3-N was found at sampling site 1 during wet season. Highest nitrate 

concentration might be a result of runoff from the surrounding agricultural land with application 

of nitrate containing fertilizer and animal manure waste near the river. A significant variation of 

nitrate in the spatial trend was observed (p < 0.05).  
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The mean concentration of NO3-N (9.34 mg l-1) in Awash River was higher than the average 

value (3.74 mg l-1) from Jajrood River, Iran (Razmkhah et al., 2010), from Vishwamitri River, 

India (0.06 mg l-1) (Magadum et al., 2017), from Sinos River, Brazil (0.3 mg l-1) (Steffens et al., 

2015), but substantially lower than the average NO3-N concentration (26.93 mg l-1) from 

Chambal River, Rajasthan State, India (Gupta et al., 2011), from Mahanadi River, India (36.2 mg 

l-1) (Rout et al., 2016), from Ogun River, Nigeria (35.18 mg l-1) (Onozeyi, 2013), from Rupsha 

River, Bangladesh (10.58 mg l-1) (Samad et al., 2015). 

 

Nitrate is the most highly oxidized form of nitrogen found in aquatic environment. It is an 

essential nutrient for many photosynthetic autotrophs and in some instances, functions as a 

growth-limiting nutrient. It is used by algae and other aquatic plants to form plant protein which, 

in turn, can be used by animals to form animal protein. Nitrate is a major ingredient of farm 

fertilizer and is necessary for plant uptake and is essential to plant growth (Helen et al., 2005). 

 

The NO2-N concentration varied from 0.06-0.92 mg l-1. The highest mean value (0.90 mg l-1) of 

NO2-N were reported at sampling site 3 during dry season, while the lowest mean concentration 

were observed at sampling site 8 during wet season. 

 

The mean value (0.42 mg l-1) of NO2-N concentration in the present study was higher than the 

average value (0.06 mg l-1) in Tigris River, Turkey (Varol et al., 2011), and also Elala River, 

Tigray, Ethiopia (0.11 mg l-1) (Ftsum et al., 2015), while considerably lower than the average 

value (1.07 mg l-1) in Awash River, Ethiopia (Amare et al., 2017), and in Sokori River, Nigeria 

(1.46 mg l-1) (Eruola et al., 2015). 

The measured NH4-N values vary between 0.11 and 1.47 mg l-1 in dry season and between 0.03 

and 0.35 mg l-1 in wet season. Site 4 showed higher average values (1.41 mg l-1) during dry 

season while, the lowest NH4-N mean value (0.05 mg l-1) was found at site 1 in wet season. 
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There is a significant spatial and seasonal variation (p<0.05) of mean NH4-N values in Awash 

River (Table 4). The mean value (0.78 mg l-1)  of NH4-N in Awash river was higher than the 

average value (0.07 mg l-1) from Upper Awash River, Ethiopia (Fasil et al., 2013), Tigris River, 

Iraq (0.11 mg l-1) (Kadhem, 2013). 

 

NH4-N is a water-soluble gas that exists at low levels (0.1 mg/l) in natural waters. NH4
+ comes 

from the nitrogen-containing organic material and gas exchange between the water and the 

atmosphere (Chapman and Kimstach, 1996). It also derives from the biodegradation of waste and 

from domestic, agricultural and industrial wastes, and it is a good indicator of contamination of 

water bodies. 

 

 

The TN ranged from 0.82 to 84.53 mg l-1 (Table 2 and 3). The highest mean values (83.43 mg l-

1) of TN has been noted at sampling site 3 in dry season and lowest average concentration (1.22  

mg l-1) was found at site 1 during wet season. There is a significant variation of mean TN values 

among sampling stations (p < 0.05), however there was no seasonal significant difference of 

average TN concentration in Awash River.  

 

The mean concentration (33.71 mg l-1) of TN in the present study was very similar to the average 

TN (35.21 mg l-1) in Walleme River, Ethiopia (Minuta and Jini, 2017), but significantly higher 

than the mean TN value (2.06 mg l-1) in Tigris River, Turkey (varol et al., 2011), from 

Xin’anjing River, China (1.55 mg l-1) (Li et al., 2014). 

 

Disproportionate amount of nitrogen contributes to eutrophication, causing an algal bloom that 

depletes DO through the decomposition process (Davie, 2003). 

 

The concentration of TP varied from 0.02-0.31 mg l-1 in dry season and between 0.03-0.28 mg l-1 

in wet season. Site 3 showed higher mean values (0.27 mg l-1) during dry season while, the 

lowest average TP value (0.04 mg l-1) was found at site 7 in dry seasons. There was no a 
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significant spatial and seasonal variation (p > 0.05) of average TP values in Awash River (Table 

4). 

Table 3. Average Physico-chemical water quality parameters at different locations of the Awash River during wet season 
 

 

Parameters 

Sampling Station 

S1 S2 S3 S4 S5 S6 S7 S8 

WT (
0
C) 21.23(1.17) 21(0.72) 21.6(1.06) 20.8(1.18) 20.6(1.08) 20.7(1.44) 21.9(0.66) 21.4(0.6) 

pH 8.13(0.20) 6.55(0.18) 6.71(0.1) 6.64(0.06) 7.55(0.33) 7.73(0.26) 6.27(0.19) 8.0(0.2) 

EC 
(μS/cm)  

285.5(22.37) 589.6(19.78) 521.73(25.15) 476.47(12.69) 279.97(18.45) 294.53(20.19) 648.27(13.25) 577.6(17.71) 

Turbidity 

(NTU) 

122.8(12.31) 139.61(21.02) 138.26(16.56) 137.37(20.04) 124.64(14.91) 95.08(6.85) 105.83(16.07) 104.89(14.97) 

NO3-N 

(mg l
-1

) 

0.48(0.2) 8.9(1.61) 13.78(1.77) 6.35(1.21) 4.73(0.56) 2.73(0.43) 1.18(0.22) 0.74(0.12) 

NO2-N 

(mg l
-1

) 

0.11(0.03) 0.35(0.07) 0.43(0.06) 0.19(0.02) 0.31(0.03) 0.14(0.05) 0.15(0.04) 0.07(0.01) 

NH4-N 

(mg l
-1

) 

0.05(0.03) 0.16(0.02) 0.18(0.06) 0.11(0.03) 0.13(0.02) 0.14(0.05) 0.29(0.06) 0.09(0.02) 

TN  

(mg l
-1

) 

1.22(0.42) 11.66(2.65) 17.06(1.52) 13.43(0.66) 9.1(1.49) 17.75(1.9) 2.61(0.54) 11.0(2.98) 

TP  

(mg l
-1

) 

0.05(0.03) 0.08(0.05) 0.15(0.08) 0.18(0.11) 0.17(0.08) 0.09(0.06) 0.07(0.05) 0.08(0.04) 

DO  

(mg l
-1

) 

10.82(2.46) 4.60(1.46) 4.25(1.02) 5.12(1.22) 6.24(2.55) 6.41(1.19) 7.27(1.98) 8.62(1.71) 

BOD  

(mg l
-1

) 

11.13(1.92) 14.43(2.89) 34.09(1.2) 38.32(1.5) 17.49(0.81) 12.81(1.79) 16.63(1.65) 13.24(1.97) 

COD  

(mg l
-1

) 

19.08(2.79) 48.9(8.39) 94.1(7.94) 67.12(3.79) 29.81(2.66) 23.38(4.84) 110.02(1.71) 21.0(2.12) 

Values in brackets are standard deviation;   ( n = 3) 

 

The DO values varied from 3.02-13.51 mg l-1. The DO was higher in wet season than in dry 

season at almost all sites. The low DO values in dry months were possibly due to considerable 

activities of microorganisms, which consumed appreciable amount of oxygen as a result of 

metabolizing activities and decay of organic matter. The highest mean values (10.82 mg l-1) of 

DO were observed at site 1 during wet season. The lowest concentration (3.62 mg l-1) of DO was 

found at site 4 during dry season, which receives agricultural runoff and animal manure wastes 

near the river.  

 

The average value (6.48 mg l-1) of DO in Awash river was very similar to the mean DO value 

(6.62 mg l-1) from Blue Nile River, Ethiopia (Abrehet et al., 2015), but considerably higher than 

the mean DO value (1 mg l-1) from Modjo River, Ethiopia (Abrha et al., 2015), from Mahanadi 
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River, India (4.58 mg l-1) (Rout et al.,2016), from Ngong River, Kenya (4.35 mg l-1) (Mobegi et 

al., 2016), from Chambal River, India (5.16 mg l-1) (Gupta et al., 2011). 

 

Dissolved oxygen is probably the most important parameter in natural surface water systems for 

determining the health of aquatic ecosystems (Yang et al., 2007).  The standard for sustaining 

aquatic life is required at 5 mg l-1 a concentration below this value adversely affects aquatic 

biological life (Chapman, 1996). 

 

The concentration of BOD varied from 13.69-83.37 mg l-1 in dry season and between 9.14-39.47 

mg l-1 in wet season. Site 4 showed higher average values (80.32 mg l-1) of BOD during dry 

season while, the lowest average BOD value (11.13 mg l-1) was found at site 1 in wet season 

(Table 2 and 3). Agricultural activities and decomposition of organic matter is responsible for the 

elevated level of BOD at sampling site 4. There was a significant spatial variation (p<0.05) of 

average BOD values in Awash River, whereas there was no seasonal variation of mean BOD 

values among the sampling sites (Table 4).  

 

Based on the result of the present study, average BOD value (37.49 mg l-1) was significantly 

higher than the mean value of BOD (24.23 mg l-1) from Nyabugogo catchment, Rwanda (Nhapi 

et al., 2011), Gudbahri River, Eastern Tigrai, Ethiopia (3.88 mg l-1) (Mehari, 2013), Rapti River, 

India (34.33 mg l-1) (Chaurasia and Tiwari, 2011), Melen River System, Turkey (3.35 mg l-1) 

(Koklu et al., 2010), but lower than the mean value (38.10 mg l-1) of BOD from Nile River, 

Egypt (Elewa, 2010). 

 

 

BOD levels depend on the organic waste loads that come from the household wastewater, 

industries, and silage effluent and manure from agriculture (Ajayi et al., 2016). 

 

COD in Awash River varied from 16.13 to 150.38 mg l-1. The highest average COD values 

(147.98 mg l-1) were found at site 3 during dry season because of different agro-chemicals 
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discharge to the river through runoff. The lowest mean value (19.08 mg l-1) of COD was 

recorded at sampling site 1 during wet season. The average COD values were indicated a 

significant spatial variation (p<0.05) among the sampling sites, but there was no seasonal 

variation of mean COD values in Awash River (Table 4).  

 

The mean value (76.82 mg l-1) of COD in Awash River was substantially lower than the average 

concentration (651 mg l-1) of COD from Modjo River, Ethiopia (Abrha et al., 2015), from 

Buniganga River, Bangladesh (Ahammed et al., 2016), from Rapti River, India (107.5 mg l-1) 

(Chaurasia and Tiwari, 2011), but higher than the mean value of COD (35.6 mg l-1) in Asa River, 

Nigeria (Kolawole et al., 2011). 

 

High values of COD indicate water pollution, which associated to wastewater discharged from 

industry or agricultural practices (Bellos and Sawidis, 2005). The highest level of COD drops the 

concentration of the DO in water body leads to deteriorate water quality and burden to the 

aquatic life (Kannel et al., 2007). 

 

Table 4. ANOVA relation at different sampling location and different season 

Parameters Dry Season Wet Season ANOVA 

Mean  Range Sd Mean  Range Sd Spatial Seasonal 

WT 22.2 21.32-23.01 0.6 21.15 20.6-21.9 0.46 NS SS* 

pH 7.23 6.21-8.17 0.84 7.2 6.27-8.13 0.73 SS* NS 

EC 536.76 316.55-732.58 152.33 459.21 279.97-648.27 151.37 SS* NS* 

Turbidity 52.08 36.4-72.67 12.36 121.06 95.08-139.61 17.28 SS* SS* 

NO3-N 9.34 0.8-27.87 9.56 4.86 0.48-13.78 4.66 SS* NS 

NO2-N 0.42 0.21-0.9 0.24 0.22 0.07-0.43 0.13 SS* NS 

NH4-N 0.78 0.12-1.41 0.55 0.14 0.05-0.29 0.07 SS* SS* 

TN 33.71 2.28-83.43 34.56 10.48 1.2-17.75 6.05 SS* NS 

TP 0.13 0.04-0.27 0.07 0.11 0.06-0.18 0.05 NS NS 

DO 6.25 4.51-7.58 1.18 6.48 3.62-10.82 2.41 SS* NS 

BOD 37.49 16.22-80.32 22.68 19.77 11.13-38.32 10.41 SS* NS 

COD 76.82 27.33-147.98 45.81 51.68 19.08-110.02 35.32 SS* NS 

NS = not statistically significant;   SS = statistically significant. 

* p < 0.05 
 

Spatial variation of NO3-N, NO2-N, NH4-N and TN during dry season is shown in figure 6. 

Highest concentration of TN and NO3-N was recorded at sampling point 3 and 4. Lowest 
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concentration of TN and NO3-N was found at sampling point 1, 7 and 8. NO3-N is positively 

correlated with TN in most of the sampling points. The presence of nitrate and nitrogenous 

sources in large amounts may result in eutrophication, leading to algal blooms (Elmanama et al., 

2006). Presence of nutrients under normal conditions supports the growth of bacteria and other 

micro-organisms, leading to higher BOD levels (Mandal et al., 2010). 
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Figure 6. Trends of NO3-N, NO2-N, NH4-N and TN at different sampling points during dry season 
 

Spatial Variation of DO, BOD and COD during dry season are shown in fig. 7. In most of 

sampling points COD is positively correlated with BOD. BOD concentrations were highest at 

sampling sites 3 and 4. By contrast sampling site 1, 7 and 8 had lowest concentration of BOD. 

There had been a clear inverse relationship between BOD values and DO for the study area. DO 

concentration was lowest at site 4 which elevated level of BOD was found. The influence of 

agricultural runoff and animal waste at sampling site 3 and 4 cause the raise of BOD and the 

reduction of DO. The COD value was found highest at sampling site 3 and 7. The reason might 
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be at site 3 there was intensive agricultural practices was occurred so that fertilizers and agro-

chemicals were washed to the river. 
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 Figure 7. Trends of DO, BOD and COD at different sampling points during dry season 

The COD concentration was lowest at site 1 and 8 which human activities was lowest at site 1 

and self-purification at sampling site 8 might be the reason for lowest value of COD. 

 

The spatial variations of NO3-N, NO2-N, NH4-N and TN during wet season are shown in fig. 8.  

Highest concentration of TN during wet season was recorded at sampling point 3 and 6 whereas 

the lowest concentration of TN was found at sampling point 1 and 7. The highest value of NO3-N 

was recorded at sampling point 3 (fig. 8). Nutrient enrichment leads to excessive growth of 

primary producers as well as heterotrophic bacteria and fungi, which increases the metabolic 

activities of river water and may lead to a depletion of dissolved oxygen (Mallin et al. 2006). 
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Figure 8. Trends of NO3-N, NO
2
-N, NH

4
-N and TN at different sampling site during wet season 

The highest concentration of COD during wet season was recorded at sampling point 7 followed 

by sampling point 3 (fig. 9). This is due to intensive agricultural activities at sampling site 3 and 

discharge of water treatment chemicals to the river at site 7.  The values of BOD vary along the 

sampling points and the highest concentration of BOD was observed at sampling point 4 

followed by sampling station 3. Agricultural activities and decomposition of organic matter is 

responsible for the elevated level of BOD. The lowest BOD value was recorded at sampling 

point 1, 6 and 8. There is an inverse correlation between BOD and DO along the sampling points 

and the lowest value of DO was found at sampling point 3 and 4, While the highest concentration 

was observed  at site 1 and 8. This is due to less agricultural activities and waste discharge at this 

location. 
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                 Figure 9. Trends of DO, BOD and COD at different sampling site during wet season 

The covariance matrix of the 12 analyzed variables was calculated from normalized data; 

therefore, it coincided with the correlation matrix (Table 5 and 6). Because the eight sampling 

stations were combined to calculate the correlation matrix, the correlation coefficients should be 

interpreted with care, while they are affected simultaneously by spatial and temporal variation. 

However, some clear hydro-chemical relationships could be readily inferred.  

 

There is a strong and positive correlation between (pH and EC, r = 0.805), (WT and BOD, r = 

0.774), (NO3-N and NO2-N, r = 0.901), (NO3-N and TN, r = 0.906), (NO3-N and TP, 0.830), 

(NH4-N and TN, r = 0.876), (NH4-N and COD, r = 0.848), (TN and TP, r = 0.819), (TN and 

COD, r = 0.941). A significant negative correlation exist between (WT and Turbidity, r = -

0.812), (WT and DO r = -0.927), (TN and BOD, r = -0.854) during dry season (Table 5). 

 

 

 

 



   62      

Table 5. Correlation matrix of the physico-chemical parameters during dry season 

  pH WT EC Turbidity NO3-N NO2-N NH4-N TN TP BOD COD DO 

pH 1            

WT -0.7517 1           

EC 0.805307 -0.75172 1          

Turbidity 0.649723 -0.812 0.783435 1         

NO3-N 0.311429 -0.52466 0.453181 0.687205 1        

NO2-N 0.472314 -0.4814 0.525567 0.7097 0.900706 1       

NH4-N -0.1578 -0.21762 0.205599 0.44498 0.76949 0.488327 1      

TN 0.178033 -0.51307 0.358213 0.615293 0.906192 0.645128 0.875985 1     

TP 0.205074 -0.42186 0.108145 0.569795 0.829653 0.698926 0.664038 0.818915 1    

BOD -0.35475 0.773919 -0.4493 -0.75 -0.69888 -0.44552 -0.68268 -0.85397 -0.7486 1   

COD 0.085421 -0.48257 0.233119 0.536053 0.728213 0.391149 0.848397 0.941056 0.779804 0.91321 1  

DO 0.694409 -0.92761 0.666149 0.665023 0.63082 0.518756 0.342735 0.630267 0.52033 -0.7819 0.581778 1 

 

Strong and positive correlations between (WT and BOD, r = 0.704), (Turbidity and NO3-N, r = 

0.749), (Turbidity and NO2-N, r = 0.722), (NO3-N and NO2-N, r = 0.921), (NO3-N and BOD, 

0.832), (TP and COD, r = 0.789). A significant negative correlation exist between (WT and NH4-

N, r =- 0.769) during wet season. The positive correlation probably indicated that these 

pollutants came from the same sources that are from agricultural runoff and animal manure. 

Table 6. Correlation matrix of the physico-chemical parameters during wet season 

  pH WT EC Turbidity NO3-N NO2-N NH4-N TN TP BOD COD DO 

pH 1            

WT -0.33113 1           

EC 0.682028 -0.66763 1          

Turbidity -0.11411 -0.44382 0.126506 1         

NO3-N -0.01489 -0.54192 0.214746 0.748829 1        

NO2-N -0.06454 -0.51387 0.107972 0.721876 0.920941 1       

NH4-N 0.535259 -0.76886 0.585157 -0.12668 0.188913 0.277759 1      

TN -0.37316 -0.10165 -0.02364 0.115772 0.607121 0.409773 -0.05302 1     

TP -0.42377 -0.27933 -0.15776 0.495796 0.556457 0.517298 -0.03039 0.5013 1    

BOD 0.194775 0.704237 -0.30096 -0.49959 -0.83236 -0.77363 -0.42222 -0.70939 -0.64068 1   

COD 0.013708 -0.53931 0.200202 0.604267 0.662528 0.454146 0.108235 0.445884 0.789077 -0.62129 1  

DO 0.63554 -0.88092 0.646559 0.266293 0.440222 0.39242 0.824483 -0.01831 0.215057 -0.48356 0.565115 1 
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4.2. Seasonal and spatial variation of heavy metals in Awash River  

Concentrations of heavy metals in water from each sampling site are given in Table 7 and 8. The 

highest mean concentration of Fe during dry season was at site 5 at, 2.73 mg l-1, with values 

ranging from 1.85-3.87 mg l-1 while the lowest mean concentration of it was measured at site 1 at 

1.11 mg l-1, with values ranging from 0.49-1.64 mg l-1.  There is a fluctuation in the spatial 

variations during wet season with minimum concentration of 1.82 mg l-1 at site 1 with the highest 

concentration of 4.12 mg l-1 occurring at station 5. There were no significant differences (p > 

0.05) on Fe concentrations among the sampling sites. Nevertheless, the seasonal trends in the 

distribution of Fe showed significant changes (p < 0.05) (Table 9).  The highest total 

concentration of Fe was recorded during wet season compared with the concentration in dry 

season (Fig. 10). This could be due to the fact that high runoff during rainy season which eroded 

the soil particles containing iron. 

 

Table 7. Mean ± standard deviation values of heavy metals in Awash River during dry season (n = 3) 

Sites Metal Concentrations (mg/l)  

 Fe Zn Cu Pb Cr Cd Ni 

Site-1 1.11± 0.58 0.74 ± 0.62 0.92 ± 0.62 0.56 ± 0.17 0.36 ± 0.12 0.07 ± 0.02 0.05 ± 0.01 

Site-2 2.17 ± 0.8 1.12 ± 0.78 1.22 ± 0.83 0.70 ± 0.21 0.52 ± 0.2 0.09 ± 0.36 0.08 ± 0.01 

Site-3 2.34 ± 0.92 1.42 ± 1.21 0.88 ± 0.47 0.84 ± 0.43 0.56 ± 0.09 0.13 ± 0.05 0.11 ± 0.04 

Site-4 2.6 ± 1.0 1.22 ± 1.10 1.69 ± 0.96 0.77 ± 0.61 0.99 ± 0.31 0.18 ± 0.07 0.14 ± 0.06 

Site-5 2.73 ± 1.03 1.56 ± 1.27 1.63 ± 1.19 1.36 ± 1.20 1.16 ± 0.35 0.22 ± 0.07 0.12 ± 0.03 

Site-6 2.64 ± 0.98 1.31 ± 1.23 1.42 ± 0.92 1.00 ± 0.71 1.02 ± 0.42 0.24 ± 0.05 0.2 ± 0.05 

Site-7 2.41 ± 1.02 0.95 ± 0.59 1.07 ± 0.77 0.92 ± 0.47 0.83 ± 0.46 0.09 ± 0.04 0.06 ± 0.01 

Site-8 1.34 ± 0.66 0.77 ± 0.65 0.82 ± 0.52 0.41 ± 0.12 0.56 ± 0.26 0.05 ± 0.02 0.03 ± 0.02 
  

The average concentrations of Fe (1.11-4.12 mg l-1) in the present study were significantly higher 

than the level of Fe in Sosiani River reported in Kenya (0.011-2.897 ppm) (Amadi, 2013), in 

Euphrates River, Turkey (0.11 mg l-1) (Yalcin et al., 2010), but substantially lower than the mean 

Fe concentrations (12.6-15.51 mg l-1) in Mara River, Tanzania (Kihampa and Wenaty, 2013).  

 

The highest mean concentration of Zinc during dry season was measured at site 5 at, 1.56 mg l-1, 

with values ranging from 0.47 – 2.95 mg l-1 while the lowest mean concentration of Zinc was 
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measured at site 1 at 0.74 mg l-1, with values ranging from 0.35-1.46 mg l-1.  There is a variation 

of Zinc concentration during wet season with lowest value of 0.46 mg l-1 at site 8 with maximum  

concentration of 0.91 mg l-1 at sampling station 5 (Table 8). There was a significant seasonal  

variation (p < 0.05) on Zn concentrations. On the other hand, there was no significant difference 

of zinc concentration among the sampling station (Table 9). 

 

The present study showed that the average Zn level (0.46-1.56 mg l-1) measured in Awash River 

was higher than the River Nile from Egypt (0.12-0.69 ppm) (Osman and Kloas, 2010), 

Subarnarekha River, India (0.015- 0.072 mg l-1) (Manoj et al., 2012), but lower than the Zn 

concentrations (0.96-2.14 mg l-1)  from  Kampani River, Plateau State, Nigeria (Lawal et al., 

2014), from Rwizi River, Uganda (0.78 - 2.63 mg l-1) (Egor et al., 2014). Zn is an essential trace 

element for plants and animals including human beings. It has many biochemical functions 

catalytic, regulatory and structural. The catalytic role of zinc is understood in terms of the fact 

that it forms part of the specialized enzymes and proteins (Plum, 2010). A very high 

concentration of zinc is known to be harmful to the body. It causes phytotoxicity and affects 

many functions of the body such as reproduction, skin health, senses of smell and taste, brain 

functions and growth (USEPA, 1999). 

 

The average concentration of Cu during dry season ranged from 0.82-1.69 mg l-1, the highest 

concentration of Cu during dry season was recorded at site 4 while, lowest average concentration 

of Cu was measured at site 8. The mean concentration of Cu during wet season ranged from 

0.44-1.01 mg l-1, the highest concentration of Cu during dry season was recorded at site 4 while, 

lowest average concentration of Cu was measured at site 8. The seasonal trend of Cu showed 

significant variations (p < 0.05). However, the overall spatial variations showed no significant 

changes (Table 9). 



   65      

The present study revealed that the mean Cu level (0.44-1.69 mg l-1) in Awash River was higher 

than the level reported in Dzindi River, (0.03-0.05 mg l-1) from Limpopo Province, South Africa 

(Edokpayi et al., 2014), Benue River, Nigeria (0.001 – 0,002 mg g-1) (Rapheal and Adebayo, 

2011), but lower than the mean Cu concentrations (2.99-4.90 mg l-1) in dam water from Nairobi, 

Kenya (Ndeda and Manohar, 2014). 

 

The average concentrations of Pb were slightly variable between sampling points. The value of 

Pb ranged 0.41-1.36 mg l-1 during dry season. The highest concentration of Pb during dry season 

was detected at site 5 while, the lowest mean concentration of Pb was recorded at site 8. The 

mean concentration of Pb during wet season ranged from 0.31-0.83 mg l-1, the highest 

concentration of Pb during wet season was recorded at site 5 whereas, lowest average  

concentration of Pb was measured at site 8. The seasonal and the spatial mean concentration 

levels of Pb were not significantly different (p > 0.05) (Table 9). 

 

The mean concentration of Pb (0.31-1.36 mg l-1) in river water of the present study was found to 

be higher than the values (0.05-0.67 ppm) reported by Mutembei et al. (2014) in Naka River, 

Kenya, in Sosiani River, Kenya (0.14- 0.46 mg l-1) (Jepkoech et al., 2013), but lower than the 

concentration of Pb from Zayandeh Roud River, Iran (0.34-1.42 ppm) (Karimi, 2012).  Lead is a  

non-essential and toxic metal which is usually associated with various diseases like memory 

lapses, anemia, anorexia, constipation. High concentrations of lead are known to cause death or 

permanent damage to the central nervous system, the brain and kidneys when absorbed in 

humans (Jennings et al., 1996). 
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Table 8. Mean ± standard deviation values of heavy metals in Awash River during wet season (n = 3) 

Sites Metal Concentrations (mg/l) 

 Fe Zn Cu Pb Cr Cd Ni 

Site-1 1.82 ± 1.02 0.48 ± 0.37 0.68 ± 0.46 0.43 ± 0.2 0.30 ± 0.12 0.04 ± 0.01 0.03 ± 0.02 

Site-2 3.33 ± 1.38 0.64 ± 0.37 0.82 ± 0.68 0.51 ± 0.21 0.42 ± 0.16 0.05 ± 0.02 0.04 ± 0.03 

Site-3 3.49 ± 2.04 0.72 ± 0.59 0.47±0.49 0.61±0.29 0.47 ± 0.14 0.06 ± 0.02 0.05 ± 0.03 

Site-4 4.02 ± 2.29 0.62 ± 0.56 1.01 ± 0.90 0.72 ± 0.4 0.78 ± 0.18 0.08 ± 0.03 0.07 ± 0.03 

Site-5 4.12 ± 2.40 0.91 ± 0.74 0.88 ± 0.86 0.83 ± 0.46 0.93 ± 0.27 0.11 ± 0.06 0.04 ± 0.03 

Site-6 3.95 ± 2.37 0.73 ± 0.69 0.75 ± 0.75 0.54 ± 0.19 0.98 ± 0.43 0.09 ± 0.04 0.09 ± 0.04 

Site-7 3.43 ± 1.7 0.57 ± 0.5 0.6 ± 0.44 0.81 ± 0.42 0.68 ± 0.3 0.04 ± 0.01 0.04 ± 0.01 

Site-8 2.75 ± 0.89 0.46 ± 0.31 0.44 ± 0.35 0.31 ± 0.11 0.47 ± 0.23 0.03 ± 0.02 0.02 ± 0.01 
 

The mean concentration of Cr ranged 0.36-1.16 mg l-1 during dry season. The highest 

concentration of Cr during dry season was measured at site 5 and the lowest average 

concentration of Cr was recorded at sampling site 1. The mean concentration of Cr during wet 

season ranged from 0.30-0.98 mg l-1. The highest concentration of Cr during wet season was 

measured at site 6 and the lowest average concentration of Cr was recorded at sampling site 1. 

The highest concentration of Cr could be attributed to discharge of tannery wastewater from 

upstream area. 

 

The mean concentration of Cr (0.30-1.16 mg l-1) in river water recorded during the present study 

was substantially lower than the average Cr concentration (1.49-3.16 mg l-1) in Niger River, 

Nigeria (Olatunji and Osibanjo, 2012), but higher than the Cr concentration (0.05-0.15 mg l-1) in  

 Owabi Reservoir and its Feeder Waters, Ghana (Badu et al., 2013), in Langat River, Malaysia 

(0.00032 – 0.005 mg l-1) (Lim et al., 2012). 

The highest mean concentration of cadmium during dry season was measured at site 6 at, 0.24 

mg l-1, with values ranging from 0.18-0.29 mg l-1 while the lowest mean concentration of 

cadmium was measured at site 8 at 0.05 mg l-1, with values ranging from 0.04-0.07 mg l-1.  There 

is a variation of cadmium concentration during wet season with lowest value of 0.03 mg l-1 at site 

8 with maximum concentration of 0.11 mg l-1 at sampling station 5 (Table 8). 
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The mean concentration of Cd (0.03-0.24 mg l-1) in the present study was substantially higher 

than the level reported in Sosiani River (0.003-0.05 ppm) from Kenya (Amadi, 2013), in Wusong 

River, China (0.004 mg l-1) (Yao et al., 2014) and Thohoyandou, South Africa (1.6-3.3 µg l-1) 

(Okonkwo and Mothiba, 2005), but lower than the average Cd concentrations (3.76-5.12 mg l-1) 

in dam water from Nairobi, Kenya (Ndeda and Manohar, 2014). 

 

The highest mean concentration of Nickel during dry season was measured at site 6 at, 0.2 mg l-1, 

with values ranging from 0.16-0.25 mg l-1 whereas the lowest average concentration of Nickel 

was measured at site 8 at 0.03 mg l-1, with values ranging from 0.02-0.05 mg l-1.  There is a 

difference of average Nickel concentration during wet season with lowest value 0.02 mg l-1 at 

site 8 with maximum mean value of 0.09 mg l-1 at sampling station 6. 

 

The average concentrations of Ni (0.02-0.2 mg l-1) in Awash River were significantly lower than 

the level of Ni (1.2-2.11 mg l-1) in dam water from Nairobi, Kenya (Ndeda and Manohar, 2014), 

but higher than the average Ni values (0.015 mg l-1) in Taipu River, China (Yao et al., 2014). 

 

The results showed that the mean concentrations of metals ranked (high to low): Fe > Cu > Cr > 

Zn > Pb > Cd>Ni during wet season whereas, the concentration of heavy metals during dry 

season was in the following order of decreasing magnitude Fe > Cu > Zn > Pb> Cr>Cd>Ni (Fig. 

10). 

Table 9. ANOVA relation of heavy metals at different sampling location and different season 

Elements Dry Season Wet Season ANOVA 
Mean 
(mg/l) 

Range SD Mean 
(mg/l) 

Range SD Spatial Seasonal 

Fe 2.17 1.11-2.73 0.61 3.36 1.82-4.12 0.77 NS SS* 
Zn 1.14 0.74-1.56 0.3 0.64 0.46-0.91 0.15 NS SS* 

Cu 1.20 0.82-1.69 0.34 0.7 0.44-1.01 0.2 NS SS* 
Pb 0.81 0.41-1.36 0.29 0.59 0.31-0.83 0.18 NS NS 

Cr 0.75 0.36-1.16 0.29 0.63 0.3-0.98 0.25 SS* NS 
Cd 0.13 0.05-0.24 0.07 0.06 0.03-0.11 0.03 SS* SS* 

Ni 0.10 0.03-0.2 0.07 0.05 0.02-0.09 0.02 SS* SS* 
P<0.05;  NS: not statistical significant;  SS: statistical significant  
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The concentration of heavy metals during dry season higher than the wet season except for Fe in 

which, highest concentration was found during wet season (Fig. 10).  This could be attributed to 

more gentle flow of the river during the dry season and water volume had reduced during the dry 

season making the dissolved metals to be at higher concentration levels in the liquid phase. 
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                                         Figure 10. Heavy metal concentration during dry and wet season 

Matrices of correlation coefficient between the metal levels in Awash River water are presented 

in Tables 10 and 11 for the dry and wet seasons, respectively. Strong and positive correlations 

between (Fe/Zn, r = 0.847), (Fe/Pb, r = 0.81), (Fe/Cr, r = 0.824), (Fe/Cd, 0.802), (Zn/Pb, r = 

0.82), (Zn/Cd, r = 0.824), (Cu/Cr, r = 0.844), (Cu/Cd, r = 0.809), (Pb/Cr, r = 0.798), (Cr/Cd, r = 

0.859), (Cd/Ni, r = 0.934) during dry season. Moreover in wet season there is also strong 

correlation among most of the heavy metals. 
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Table 10. Correlation coefficient(r) matrix of heavy metals in Awash River  during dry season 

 Fe Zn Cu Pb Cr Cd Ni 
Fe 1       

 
Zn 0.847

a
 1 

     

 
Cu 

           
0.740

a
 0.624 1 

    

 
Pb 0.810

a
 0.820

a
 0.651 1 

   

 
Cr 0.824

b
 0.663 0.844

b
 0.798

a
 1 

  

 
Cd 0.802

a
 0.825

a
 0.809

a
 0.785

a
 0.859

b
 1 

 

 
Ni 0.760

a
 0.751

a
 0.691 0.589 0.699

a
 0.934

b
 

               1        

a. Correlation is significant at the 0.05 level (2-tailed). 

b. Correlation is significant at the 0.01 level (2-tailed). 
 

The results showed significant direct correlation between most of the metals at P < 0.05. This 

may be due to the existence of some of these metals in the same oxidation state reacting in 

similar manner to the aqueous environment or that the metals with high correlation coefficient 

exist together in a mineral and are co-leached into the aquatic system accordingly (Asaolu, 1998; 

Aiyesanmi, 2006). 
 

Table 11. Correlation coefficient(r) matrix of heavy metals in Awash River  during wet season 
 Fe Zn Cu Pb Cr Cd Ni 
 
Fe 1      

 

 
Zn 0.775

a
 1 

     

 
Cu 0.488 0.434 1 

    

 
Pb 0.694 0.638 0.472 1 

   

 
Cr 0.842

a
 0.695 0.497 0.616 1 

  

 
Cd 0.781

a
 0.900

b
 0.688 0.5859 0.844

a
 1 

 

 
Ni 0.799

a
 0.741

a
 0.600 0.518 0.872

b
 

 
0.881

b
 

  1 

            a. Correlation is significant at the 0.05 level (2-tailed). 

 b. Correlation is significant at the 0.01 level (2-tailed) 
 

Furthermore, the strong association between most of the metal indicated that their common 

sources might be surface runoff of agro-chemicals from agricultural fields. 
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4.3. Seasonal and spatial variation of heavy metals in Awash River sediment 

Concentrations of heavy metals in sediment from each sampling site are given in Table 12 and 

13. The highest mean concentration of Fe during dry season was at site 5 at, 300.74 mg kg-1, with 

values ranging from 257.18-356.94 mg kg-1 while the lowest mean concentration of it was 

measured at site 1 at, 222.27 mg kg-1, with values ranging from 201.84-243.51 mg kg-1. There is 

a fluctuation in the spatial variations during wet season with minimum concentration of 229.82 

mg kg-1 at site 1 with the highest concentration of 323.69 mg kg-1 occurring at sampling station 6.  

 

The average concentrations of Fe (222.27-323.69 mg kg-1) in the present study were significantly 

lower than the level of Fe in Nile River sediment reported in Egypt (379.44-698.74 mg kg-1) 

(Osman and Kloas, 2010), but substantially higher than the mean Fe concentrations (64.99-

204.52 mg kg-1) in Mara River sediment, Tanzania (Kihampa and Wenaty, 2013). 

 

The highest mean concentration of Zinc during dry season was measured at site 4 at, 103.97 mg 

kg-1, with values ranging from 89.17 – 121.47 mg kg-1 while the lowest mean concentration of 

Zinc was measured at site 1 at 73.32 mg kg-1, with values ranging from 65.41-82.38 mg kg-1.   

There is a variation of Zinc concentration during wet season with lowest value of 66.24 mg kg-1 

at site 1 with maximum concentration of 89.28 mg kg-1 at sampling station 4 (Table 13). 

Table 12. Mean ± standard deviation values of heavy metals in sediment during dry season ( n = 3) 

Sites Metal Concentrations (mg/kg) 

 Fe Zn Cu Pb Cr Cd Ni 

Site-1 222.27 ±20.85 73.32 ± 8.54 23.59±4.85 24.98±2.65 49.43±5.22 0.53±0.14 16.95±0.73 

Site-2 237.26 ±22.02 79.15 ± 24.88 20.34±3.28 28.14±3.79 45.96±11.8 0.59±0.12 19.51±1.30 

Site-3 257.81 ±28.03 83.88 ± 12.41 26.86±4.53 30.53±7.41 57.55±8.51 0.85±0.17 20.91±1.52 

Site-4 269.93 ±32.82 103.97 ±16.32 23.87±4.69 32.05±7.41 53.35±6.64 1.21±0.42 22.87±1.62 

Site-5 300.74 ±51.07 91.81 ± 12.44 29.69±8.03 37.31±7.60 62.48±7.95 1.34±0.37 24.34±1.96 

Site-6 292.47 ±18.5 94.74 ± 18.82 34.96±5.18 34.76±3.44 60.24±6.22 1.50±0.47 22.17±1.87 

Site-7 245.26 ±22.85 90.52 ± 24.05 25.36±5.51 26.8±4.6 58.75±9.4 0.6±0.12 20.43±0.82 

Site-8 227.05 ± 23.07 75.81 ± 8.21 19.01±2.92 23.7±4.5 48.75±4.30 0.55±0.12 18.1±1.48 
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The current study showed that the average Zn level (66.24-103.97 mg kg-1) measured in Awash 

River sediment was higher than the River Luangwa from Zambia (2-33 mg kg-1) (Ikenaka et al., 

2010)  but lower than the Zn concentrations (91.5-307 mg kg-1)  from Nile River sediment, Egypt 

(Osman and Kloas, 2010). 

 

The average concentration of Cu during dry season ranged from 19.01-34.96 mg kg-1, the highest 

concentration of Cu during dry season was recorded at site 6 while, lowest average concentration 

of Cu was measured at site 8. The mean concentration of Cu during wet season ranged from 

18.05-29.0 mg kg-1, the highest concentration of Cu during wet season was recorded at site 6 

whereas, lowest average concentration of Cu was measured at site 2. 

 

The present study revealed that the mean Cu level (18.05-34.96 mg kg-1) in Awash River 

sediment was higher than the level reported in Imo River sediment, (7.75-7.95 mg kg-1) from, 

Nigeria (Udosen et al., 2016), but lower than the mean Cu concentrations (40-100 mg kg-1) in 

Tembi River sediment, Iran (Shanbehzadeh et al., 2014). 

 

The average concentrations of Pb in sediment samples were slightly variable between sampling 

points. The value of Pb ranged 23.7-34.76 mg kg-1 during dry season. The highest concentration 

of Pb during dry season was detected at site 5 while, the lowest mean concentration of Pb was 

recorded at site 8. The mean concentration of Pb during wet season ranged from 25.98-45.19 mg 

kg-1, the highest concentration of Pb during wet season was recorded at site 5 whereas, lowest 

average concentration of Pb was measured at site 8. 

 

The mean concentration of Pb (23.7-45.19 mg kg-1) in sediment sample of the present study was 

found higher than the values (26.7 mg kg-1) reported by Pandey and Singh (2015) in Ganga River 

sediment, India, but lower than the average Pb concentrations (38.33-49.04 mg kg-1) in 

Karnaphuli River sediment, Bangladesh (Ali et al., 2016). 
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The mean concentration of Cr ranged 45.96-62.48 mg kg-1 during dry season. The highest 

concentration of Cr during dry season was measured at site 5 and the lowest average 

concentration of Cr was recorded at sampling site 2. The mean concentration of Cr during wet 

season ranged from 44.67-65.91 mg kg-1. The highest concentration of Cr during wet season was 

measured at site 6 and the lowest average concentration of Cr was recorded at sampling site 2. 

 

The mean concentration of Cr (44.67-65.91 mg kg-1) in river sediment recorded during the 

present study was substantially lower than the average Cr concentration (31.96-175 mg kg-1) in 

Mvudi River sediment, South Africa (Edokpayi et al., 2016), but significantly higher than the 

mean concentrations (8.7-17.6 mg kg-1) in Nile River sediment, Egypt (Osman and Kloas, 2010). 

 

 

The highest mean concentration of cadmium during dry season was measured at site 6 at, 1.5 mg 

kg-1, with values ranging from 1.02 – 1.96 mg kg-1 while the lowest mean concentration of 

cadmium was measured at site 1 at 0.53 mg kg-1, with values ranging from 0.4-0.67 mg kg-1.  

There is a variation of cadmium concentration during wet season with lowest value of 0.37 mg 

kg-1 at site 1 with maximum concentration of 1.15 mg kg-1 at sampling station 5 (Table 13). 

 

Table 13. Mean ± standard deviation values of heavy metals in sediment during wet season (n = 3) 

Sites Metal Concentrations (mg/kg) 

 Fe Zn Cu Pb Cr Cd Ni 

Site-1 229.82 ± 24.36 66.24±11.87 20.88±4.24 30.28±2.95 46.71±4.41 0.37±0.12 16.42±0.75 

Site-2 256.39 ± 31.25 70.94±21.08 18.05±2.52 32.57±3.84 44.67±10.41 0.50±0.25 18.93±1.38 

Site-3 277.66 ± 38.5 77.62±12.38 24.92±3.9 38.01±4.96 57.29±5.47 0.66±0.24 20.86±0.57 

Site-4 294.04 ± 55.29 89.28±16.49 23.65±8.41 33.77±5.29 55.46±5.94 0.90±0.44 22.20±2.4 

Site-5 307.05 ± 64.69 86.89±11.72 26.36±8.52 45.19±6.45 62.45±5.67 1.15±0.35 23.35±1.88 

Site-6 323.69 ± 65.51 81.0±14.73 29.0±7.28 36.97±6.0 65.91±7.62 1.0±0.30 20.25±1.58 

Site-7 267.91 ± 29.67 75.44±15.81 21.34±3.12 30.54±8.42 53.95±4.25 0.86±0.29 18.55±0.68 

Site-8 243.76 ± 31.65 70.59±17.91 20.01±3.29 25.98±5.66 45.28±4.72 0.64±0.14 16.53±0.54 
 

 

 

 

The mean concentration of Ni ranged 16.95-24.34 mg kg-1 during dry season. The highest 

concentration of Ni during dry season was measured at site 5 and the lowest average 

concentration of Ni was recorded at sampling site 1. The mean concentration of Ni during wet 
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season ranged from 16.42-23.35 mg kg-1. The highest concentration of Ni during wet season was 

measured at site 5 and the lowest average concentration of Ni was recorded at sampling site 1. 

 

 

 

The overall trend in metal concentration in river sediment was found to be: Fe > Zn > Cr > Pb > 

Cu >Ni > Cd. Almost similar trend has been reported by Pandey and Singh (2015) at Ganga 

River, India. The abundance of Fe in Awash River sediment has been attributed, in addition to 

weathering, erosion and other natural sources, large-scale human activities such as urban–

industrial release, municipal solid waste and agricultural activities.  

 

4.4. Heavy metal content in wastewater and vegetables 

4.4.1. Heavy metal concentrations in paper wastewater 

The concentration of heavy metal content of paper wastewater and river water used for irrigation 

purposes of a Wonji Gefersa irrigation scheme is shown in Table 14. The concentrations (μg/L) 

of heavy metals in paper wastewater ranged from 622 to 625 for Pb, 978 to 982 for Zn, 80 to 81 

for Cd, 1620 to 1621.2 for Fe 115 to 116.9 for Cu and 520 to 523 for Cr. In control river water, 

heavy metal concentrations (μg/L) ranged from 126.9 to 128.7 for Pb, 220.5 to 221 for Zn, 8.8 to 

9.6 for Cd, 430 to 431 for Fe, 101 to 102.4 for Cu and 261 to 262.1 for Cr. The concentration of 

heavy metal in paper wastewater was in the following order of decreasing magnitude Fe > Zn > 

Pb > Cr > Cu > Cd. 

 

 

In comparison with the standard guideline of irrigation water (Pescod, 1992) it was found that 

mean Pb, Cd and Cr concentrations of paper wastewater were above the safe limit while the 

levels of Zn, Fe, and Cu were within the recommended limit of FAO for wastewater quality for  

irrigation (Table 14). The level of chromium in the control water sample was above the safe limit 

of FAO standards. The reason might be at the upstream area, there is large tannery industries 

which Awash River receives wastewater from these industries. 
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Table 14.  Heavy metal concentrations (μg/L) in paper wastewater and river water used for irrigation in Wonji Gefersa,      

      Ethiopia 

Parameter Paper wastewater River water (control) Safe 
limit* Mean ± SD  Min. Max. Mean ± SD  Min. Max. 

Pb 623.3 ± 1.5 622 625 127.6 ± 0.9 126.9 128.7 500 

Zn 980 ± 2.0 978 982 220.8 ± 0.2 220.5 221 2000 

Cd 80.5 ± 0.5 80 81 9.2 ± 0.4 8.8 9.6 10 

Fe 1620.6 ± 0.6 1620 1621.2 430.5 ± 0.5 430 431 2000 

Cu 116.1 ± 0.9 115 116.9 101.8 ± 0.7 101 102.4 200 

Cr 521.5 ± 1.5 520 523 261.6 ± 0.5 261 262.1 100 
*Source: Pescod (1992) 

Of all the heavy metals examined, concentration of Fe was highest in both paper wastewater and 

river water used for irrigation in the study area. The concentration of Pb, Cu and Cr in paper 

wastewater of the study area was higher than the levels of Pb (0.125 mg/L), Cu (0.064 mg/L), 

and Cr (0.05 mg/L) in paper wastewater reported in Muktsar, India (Bishnoi et al., 2006). 

Similarly, the concentration of Fe in the study area was higher than the level of Fe in paper 

wastewater reported in Lahore, Pakistan (0.156 ppm) (Chaudhry et al., 2013). 

4.4.2. Heavy metal concentrations in wastewater irrigated vegetables  

The concentration of heavy metals in the vegetables is given in Table 15. The maximum uptake 

of Fe was in Green pepper (569.9 μg/kg) followed by Swiss chard (368.8 μg/ kg), Carrot (341.8 

μg/kg) and Tomato (222.2 μg/kg), where the levels of Fe in all the vegetables were below the 

prescribed safe limit of FAO/WHO. The average concentrations of Fe (222.2–569.9 μg/kg) in 

vegetables in the present study were significantly lower than those reported in Loumbila, 

Burkina Faso (0.204–28.98 mg/kg) (Bambara et al., 2015). 

 

Higher Cu concentration (179.2 μg/kg) was found in Green peppers whereas the mean value was 

(124.1, 88.2, 98.6 μg/kg) for Swiss chard, Carrot and Tomato respectively. The concentration of 

Cu in all the vegetables was below the recommended limit. The present study revealed that the 

mean Cu level (88.2–179.2 μg/kg) measured in vegetables from Wonji Gefersa was lower than 



   75      

the vegetables from Tahtay Wukro, Tigray, Ethiopia (1.93–4.10 mg/kg) (Abraha et al., 2013), 

and Addis Ababa, Ethiopia (0.28– 8.22 mg/kg) (Yirgalem et al., 2012), but higher than the Cu 

concentrations (0.02–0.172 mg/kg) in vegetables from Nagodi, Ghana (Boamponsem et al., 

2012). 

 

Higher concentration of Cd was shown by Swiss chard (138.5 μg/kg) followed by Green pepper 

(136.7 μg/kg), Carrot (73.5 μg/kg) and Tomato (54.7 μg/kg). The study revealed that the Cd 

metal content was within the acceptable limit of FAO/WHO. The average concentration of Cd 

(54.7–138.5 μg/kg) in vegetables in this study were higher than those reported in Addis Ababa, 

Ethiopia (10–130 μg/ kg) (Fisseha, 1998), and Burayu farm, Addis Ababa, Ethiopia (20–90 

μg/kg) (Tamiru et al., 2011) but lower than the average Cd content in vegetables (30–260 μg/kg) 

from Gondar vegetable market, Ethiopia (Rahlenbeck et al., 1999). 

 

The concentration of Zn in Green pepper, Swiss chard, Carrot and Tomato was 121, 96, 212.2 

and 259.3 μg/kg, respectively. The Zn levels in all vegetable samples were within the acceptable 

limit of FAO/WHO. The mean concentration of Zn (96–259.3 μg/kg) in the present study was 

substantially lower than the Zn concentration in vegetables (5.06–10.61 mg/kg) from Accra, 

Ghana (Lente et al., 2014). 

 

Maximum Pb concentration (574.7 μg/kg) was found in Swiss chard whereas the mean value 

was 376.5, 211.5 and 182.1 μg/kg for green pepper, tomato and carrot, respectively. The lead 

concentration in Swiss chard and Green peeper exceeded the permissible limit of 300 μg/kg 

(FAO/WHO, 2001). The present study showed that the mean Pb level (182.1–574.7 μg/kg) 

measured in different vegetables were higher than the vegetables from wastewater irrigated 

areas of Wonji Gefersa, Ethiopia (0.3–0.4 mg/kg) (Girmaye, 2014), but it was substantially 

lower than the Pb content (0.21–1.79 mg/kg) of vegetables from Addis Ababa, Ethiopia 
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(Fisseha, 1998). In the present study, the accumulation of elevated concentration of Pb in Swiss 

chard and Green pepper might be attributed to the leakage of ink effluent from paper industry to 

the farm. The other possible reason for the accumulation is the gas emission from the traffic that 

transport raw and end product paper since the vegetables are growing on the roadside which 

traps the metal Pb. 

 

Table 15. Concentration of heavy metals (μg/kg) in vegetables grown using paper wastewater in Wonji Gefersa, Ethiopia (n = 3) 

a
Source: FAO/WHO (2001) 

The highest mean concentration of Cr was found in Green pepper (433.3 μg/kg) followed by 

Swiss chard (123.7 μg/kg), Carrot (80.9 μg/kg) and Tomato (77.4 μg/kg). The chromium level in 

all vegetable samples was within the recommended level of FAO/WHO. The mean concentration 

of Cr (77.4–433.3 μg/kg) in vegetables recorded during  the present study was lower than those 

reported in Koka, Ethiopia (0.56–1.51 mg/kg) (Tamene and Seyoum, 2015), and Addis Ababa, 

Ethiopia (0.05–1.65 mg/kg) (Yirgalem et al., 2012). 

 

The maximum uptake of Co was in Swiss chard (219.1 μg/kg) followed by Green pepper (184.9 

μg/kg), Tomato (38 μg/kg), Carrot (26 μg/kg). All the vegetables had cobalt concentration below 

the recommended level of FAO/WHO. The mean concentration of Co (26–219.1 μg/ kg) in 

vegetables of the present study was found very similar to the values (0.04–0.21 mg/kg) reported 

Vegetables Statistics Fe Cu Cd Zn Pb Cr Co 

Green pepper   Mean± SD 569.9 ±2.1 179.2 ± 1.2 136.7 ±0.8 121 ± 3.1 376.5 ± 4.5 433.3 ±1.5 184.9 ± 2.1 

Green pepper  

(Control) 

Mean± SD 381.1± 0.9 93.9 ± 0.2 51.1 ± 0.4 83.1 ± 0.3 102.8± 0.8 210.5±0.7 122.4±0.9 

Swiss Chard   Mean± SD 368.8 ±3.6 124.1 ± 2.7 138.5 ±6.3 96 ± 5.2 574.7 ± 5.8 123.7 ±1.6 219.1 ± 2.1 

Swiss Chard 

 (Control) 

Mean± SD 220.3 ±0.5 73.2 ±1.0 38.5 ±0.8 61.4 ±0.4 120.9 ±0.4 102.2±0.5  127± 0.2 

Carrot   Mean± SD 341.8 ±1.7 88.2± 1.1 73.5 ± 0.8 212.2±0.5 182.1 ± 3.1 80.9 ± 0.8 26 ± 3.0 

Carrot  

(Control) 

Mean± SD 236.3 ±0.4 61 ± 0.4 26.2 ± 0.8 197.3±0.6 97.8 ± 0.8 115.9±0.2 ND 

Tomato  Mean± SD 222.2 ±1.5 98.6 ± 0.5 54.7 ± 2.7 259.3 ±0.6 211.5 ± 3.1 77.4 ± 0.7 38 ± 0.5 

Tomato  

(Control) 

Mean± SD 196 ± 0.1 52.4 ± 0.9 18.5 ± 0.6 230.3±1.1 126.6±0.5 111.4±0.6 ND 

Safe limit
a
  425,500 40,000 200 60,000 300 2300 50,000 
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by Abraha et al. (2013), but lower than the average concentration of Co (0.06–0.76 mg/kg) in 

vegetables from Kera’s farm, Addis Ababa, Ethiopia (Fisseha, 1998). 

 

The concentrations of heavy metals in vegetable samples were quite variable. Tomato was 

generally the least accumulator of Cd and Cr while carrot had lowest concentration of Cu and Pb 

(Fig. 11). Green pepper had generally the highest concentrations of Fe, Cu, and Cr; while Swiss 

chard contained the highest concentrations of Cd, Pb and Co. For vegetable samples of Tomato 

and Carrot, the trend was Pb > Cu > Cr > Cd. 
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Figure 11. Mean concentration of heavy metal in vegetables of Wonji Gefersa, Ethiopia 

 

The result from the finding indicated that green pepper bio-accumulated high amounts of Fe, Cr 

and Pb whereas Swiss chard bio-accumulated excessive amount of Pb and Fe (Fig. 11). This 

could be attributed due to the distinct nature of the vegetable species that accumulate different 

metals depending on their environmental conditions, metal species, plant available and forms of 

heavy metals. A study conducted by Abraha et al. (2013) in Wukro town, Ethiopia also showed 
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that Swiss chard accumulated high concentrations of heavy metals of Fe, Mn, Cr, Cd, Ni and Co. 

Pb concentration in Green pepper and Swiss chard was above safe permissible levels 

recommended by WHO/FAO. Lead is a toxic element that can be harmful to plants, although 

plants usually show ability to accumulate large amounts of lead without visible changes in their 

appearance or yield. 

 

In many plants, Pb accumulation can exceed several hundred times the threshold of maximum 

level permissible for human (Wierzbicka, 1995). The introduction of Pb into the food chain may 

affect human health and thus, studies concerning Pb accumulation in vegetables have been 

increasing importance (Coutate, 1992). Lead can be deposited in the soft tissues of the body and 

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

developmental effects (ATSDR, 1999). Generally, Green pepper and Swiss chard in the study 

area were contaminated by lead, and they were toxic to consumer. 

 

Person’s Correlation analysis shown in Table 16 was used to determine the degree of metal 

association. The result indicated a positive correlation of most of the metals. Fe was positively 

correlated with Cu, Cd and Cr. Cu also positively correlated with Fe, Cd and Cr. Cd correlated 

with all the metals except to Zn. Zinc is the only metal which negatively correlated with Fe, Cu, 

Cd, Pb and Cr. The positive correlation probably indicated that the metals came from the same 

sources and that their geographic distributions were also similar. Cr was not correlated to Pb, and 

Fe also was not correlated with Pb indicating that these two groups of the metals were thus 

believed to be contributed by diverse sources. Yousufazi et al. (2001) showed that there was a 

strong association between Fe/Cu (r = 0.841), Fe/Cd (r = 0.985) in vegetables grown using a 

mixture of industrial effluent and sewage. A study conducted by Abbasi et al. (2013) reported 

that Fe was not correlated with Pb (r = 0.109). 

 



   79      

Table 16. Correlation coefficient(r) matrix of heavy metals in vegetables grown using paper wastewater in         

Wonji Gefersa, Ethiopia 

  Fe Cu Cd Zn Pb Cr 
Fe 1      

Cu 0.899 1     
Cd 0.788 0.785 1    

Zn -0.728 -0.693 -0.990b 1   
Pb 0.391 0.496 0.873 -0.898 1  
Cr 0.928 0.965a 0.651 -0.549 0.268 1 

a Correlation is significant at the 0.05 level (2-tailed) 

b Correlation is significant at the 0.01 level (2-tailed) 
 

The strong association between most of the metal indicated that their common sources might be 

from ink wastewater that discharged from the paper industry. The weak correlation between Cr 

and Pb; Fe and Pb indicated that either of the metal might have come from the upper stream like 

Mojo which different industries discharge their wastewater to Awash River. The other possible 

reason might be the gas emission from the traffic deposited these metals, particularly Pb to the 

vegetable. 

 

 

4.5. Heavy metal content in the soil and vegetables 

 4.5.1. Levels of heavy metals in the soil 

The concentration of heavy metals in different vegetable fields’ soils is summarized in Table 17. 

The concentration of Cd in vegetable soil varies from 0.47 to 1.1 mg kg-1. The highest average 

Cd values (0.93 mg kg-1) were recorded at Koka farmland soil and the lowest average Cd (0.52 

mg kg-1) was found at Wonji farmland soil. Mean Concentration of Cd (0.52-0.93 mg kg-1) in 

soil of the present investigation were higher than the average value (0.48-0.74 mg kg-1) in 

Western Cape Province, South Africa (Malan et al., 2015), and of in Accra, Ghana (0.07-0.09 mg 

kg-1) (Lente et al., 2014) but, considerably lower than those values reported in Dhaka, 

Bangladesh (11.42 mg kg-1) (Ahmad and Goni, 2010). 
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The value of Pb in vegetable farmland soil ranged from 12.8 to 27.9 mg kg-1). The highest mean 

Pb value (27.3 mg kg-1) was recorded in tomato farmland soil and the lowest average 

concentration was found in soil of green pepper farmland. The mean concentration of Pb ( 13.6-

27.3 mg kg−1) in soil of the area under study was higher than  the Average level ( 3.25-8.24 mg 

kg-1)  reported in Tigray, Ethiopia ( Abraha et al, 2013), and also in Varanasi, India (14.24-24.10 

mg kg−1) (Singh et al., 2010), but significantly lower than the mean Pb concentration (95.6 mg 

kg−1) of the vegetable garden soil in South China (Luo et al., 2011), in Accra, Ghana (33.35 mg 

kg−1) (Ackah et al., 2014). 

 

The concentration of Cr in the soil varies from 9.6 to 22.4 mg kg-1. The highest average 

concentration of Cr (21.8 mg kg-1) has been noted at Koka farmland which growing the cabbage 

and the lowest mean value (10.0 mg kg-1) was recorded in French bean farmland soil. The mean 

Cr content in the soil (10-21.8 mg kg−1) of the present study was very similar to the result 

reported in Addis Ababa, Ethiopia (9.9-22.8 mg kg−1) (Yirgalem et al., 2012) but lower than the 

Cr content in the soil (28.9-81.4 mg kg−1) from Zhejiang Province, China (Ye et al., 2015), and 

also in Jubail, Saudi Arabia (34-69 mg kg−1) (Almasoud et al., 2015). 

 

 

The value of Zn in the soil of the study area ranged from 43.2 to 89.2 mg kg-1). The highest 

average value of Zn (88.5 mg kg-1) was found at cabbage farmland soil while the lowest mean 

concentration (44.4 mg kg-1) was recorded in Wonji Gefersa farmland which grows French bean. 

 

The average Zn concentration (56.2-88.5 mg kg−1) measured in this study were higher than the 

levels detected in the soil by Abraha et al. (2013) who recorded the mean concentration (37.8-

51.8 mg kg−1) from Tigray, Ethiopia but lower than the average concentration (56.3-115 mg 

kg−1) reported by Li et al. (2014) in Gejiu, China, and also in Feni district, Bangladesh (94.6-

189.9 ppm) (Karim et al., 2008). 
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The concentration of Cu varied from 11.8 to 30.7 mg kg-1. The highest average value of Cu (30.3 

mg kg−1) was found at Koka farmland soil whereas the lowest mean value of Cu (11.9 mg kg−1) 

was recorded at Wonji farmland. The average Cu value (11.9-30.3 mg kg−1) of the present study 

was higher than the mean Cu concentration (2.25-19.20 mg kg−1) reported by Pandey et al. 

(2015) in India, but substantially lower than the Cu value in Hamadan Province, Iran (4-75 mg 

kg−1) (Soffianian et al., 2014), an also in Xianyang City, China (132.17 mg kg−1) (Shi et al., 

2013). 

 

Nickel concentration in the vegetable farmland soil was in the range of 14.6 to 35.2 mg kg−1). 

The highest mean value of Ni (34.5 mg kg−1) was found at Koka farmland soil but the lowest 

mean value of Ni (14.7 mg kg−1) was noted at Wonji farmland. Average mean concentration of 

Ni (14.7-34.5 mg kg−1) of the present study were markedly higher than the mean value (7.96-

10.82 mg kg−1) reported from Jinja Municipality, Uganda (Namuhani and Kimumwe, 2015), in 

Bangladesh (15.05-23.61 mg kg−1) (Tasrina et al., 2015), in  Addis Ababa, Ethiopia (16.4-55.8 

mg kg−1) (Yirgalem et al., 2012), but lower than the average value (31.6-90.1 mg kg−1) reported 

by Tawfiq and Ghazi (2017) in Iraq. 

 

The mean concentrations of heavy metals (mg kg-1) in the farmland soil samples obtained from 

Koka show a somewhat elevated level of concentrations in Pb, Cr, Zn, Cu and Ni. Even though 

the concentration of heavy metals in the study area are under the permitted level for soil (Ewers 

1991; Pendias and Pendias, 1992), there is a sign of increasing concentration of heavy metal in 

Koka farmland soil particularly for Cr, Cd and Ni. This may be attributed to the discharges of 

effluents from different tanneries at the upstream of the Koka farmland and also due to the 

continuous application of fertilizers and pesticides to the vegetables for protection from pests. 
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4.5.2. Heavy metal concentrations in river water irrigated vegetables 
 

The heavy metals’ concentration in different vegetables from the study area is given in Table 18. 

The concentrations of heavy metals were maximum for Cd (0.41±0.03 mg kg−1), Pb (0.54 ± 0.11 

mg kg−1), Zn (14.37 ± 0.72 mg kg−1), Cu (2.84± 0.27 mg kg−1), and Ni (1.09± 0.11 mg kg−1) in 

cabbage, for Cr (2.63± 0.11 mg kg−1) in green pepper. 

 

 

Cadmium is a non-essential metal and its concentration in the studied vegetable samples varied 

from 0.17 to 0.41 mg kg-1. Its maximum concentration was 0.41 mg kg-1 in cabbage while 

minimum concentration was 0.17 mg kg-1 in French bean. In all test vegetables, except French 

bean in Wonji farm surpassed the FAO/WHO permissible limit of 0.2 mg kg−1 for cadmium 

(FAO/WHO, 2001). The mean Cd content in vegetables (0.17-0.41 mg kg−1) was higher than the 

values reported in Alexandria city, Egypt (0.01-0.15 mg kg−1) (Radwan and Salama, 2006), but 

comparatively lower than the Cd level reported in Gejiu, China (0.12–0.92 mg kg−1) (Li et al., 

2014), in Dhaka, Bangladesh (2.05-2.91 mg kg−1) (Ahmad and Goni, 2010). 

 

Table 17. Average heavy metals’ concentration (mg kg
-1

) in soil Koka and Wonji farm 

Sampling 

Site 

Soil from 

farm land of  

Heavy Metals 

Cd Pb Cr Zn Cu Ni 

 

Koka 

Cabbage 0.93(0.15) 24.6(0.67) 21.8(0.45) 88.5(0.68) 30.3(0.42) 34.5(0.64) 

Onion 0.57(0.04) 14.3(1.08) 15.0(0.75) 67.9(0.64) 18.5(0.49) 19.1(0.43) 

Green 

pepper 

0.72(0.03) 20.9(0.47) 16.5(0.95) 80.1(0.82) 21.5(1.07) 23.1(0.73) 

Tomato 0.68(0.55) 27.3(0.56) 12.3(0.56) 84.4(0.64) 13.9(0.67) 30.9(0.47) 

 

Wonji 

Green 

Pepper 

0.52(0.06) 13.6(0.91) 18.2(0.32) 56.2(0.57) 18.2(0.23) 27.6(0.45) 

French Bean 0.71(0.07) 18.9(0.19) 10.0(0.36) 44.4(1.02) 11.9(0.21) 15.5(0.48) 

Eth. Kale 0.72(0.04) 17.6(0.37) 10.8(0.3) 47.4(1.71) 21.3(0.42) 14.7(0.2) 

Swiss chard 0.69(0.32) 20.8(0.62) 16.3(0.41) 57.1(0.57) 24.3(0.96) 24.9(0.47) 

Safe limit
a
  3 100 100 300 100 50 

a
 Source: Ewers, Values in brackets are standard deviation,  ( n = 3) 

 

Heavy metals entering into the food chain via bioaccumulation, particularly by consuming 

vegetables and fruits (Kashif et al., 2009). This may cause a bio-magnification of heavy metals in 

different organ of the human. Cadmium, lead, chromium and nickel are among the metals which 
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are accounted for health impact to human. Some heavy metals like copper, iron and zinc are 

essential for the body, but in excessive concentration these become toxic. 

 

The lead concentration in test vegetables varied from 0.26 mg kg-1 in French bean to 0.54 mg kg-

1 in cabbage. Of all vegetables except in French bean and tomato, Pb concentration was above 

the allowance limit set by (FAO/WHO, 2001). In the present study, the accumulation of elevated 

concentrations of Pb in vegetables might be due to the continuous application of fertilizers and 

pesticides to the agricultural farms. The other possible reason for the accumulation is since the 

vegetable growing at the side of the main road there is a possibility of receiving the Pb metal 

from traffic emission.   

 

The mean concentration of Pb (0.21-0.54 mg kg-1) in vegetables recorded during the present 

study was substantially lower than those reported in Tigray, Ethiopia (1.55-5.85 mg kg-1) 

(Abraha et al. 2013), and Addis Ababa, Ethiopia (0.25-1.71 mg kg-1) (Rahlenbeck et al. 1999). 

 

Chromium concentration in all vegetables was in the range of 0.21-1.73 mg kg-1. Maximum 

accumulation of Cr was in Ethiopian kale and minimum in the French bean. The concentration of 

Cr in all vegetables except green pepper at Koka farm was within the acceptable limit of 

FAO/WHO. The elevated level of Cr in green pepper probably due to irrigation of this vegetable 

using tannery wastewater at the upper stream area. 

 

The present study revealed that the mean Cr level (0.21-1.73 mg kg-1) measured in vegetables 

was very similar to the vegetables from Koka, Ethiopia (0.56-1.51 mg kg-1) (Tamene and 

Seyoum, 2015), but substantially lower than the Cr concentrations (0.8-4.21 mg kg-1) in 

vegetables from Western Cape Province, South Africa (Malan et al., 2015), and also the 

vegetables in Accra, Ghana (0.68-2.32 mg kg-1) (Ackah et al., 2014). 
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Table 18. Average value of heavy metals (mg kg
−1

) in vegetables grown at Koka and Wonji farm ( n = 3)  

Sampling 

Site 

Name of 

Sample 

Heavy metals 

Cd Pb Cr Zn Cu Ni 

 

Koka 

Cabbage 0.41(0.03) 0.54(0.11) 1.33(0.23) 14.4(0.72) 2.84(0.27) 1.09 (0.11) 

Onion 0.22(0.31) 0.34(0.03) 1.25(0.11) 9.17(0.27) 2.01(0.32) 0.53 (0.05) 

Green 

Pepper 

0.25(0.05) 0.49(0.17) 2.63(0.11) 11.2(0.72) 1.92(0.23) 0.72(0.65) 

Tomato 0.22(0.04) 0.29(0.03) 0.97(0.16) 7.67(0.47) 2.23(0.3) 0.43(0.51) 

 Green 

Pepper 

0.21(0.02) 0.31(0.03) 0.55(0.51) 5.21(0.31) 1.4(0.13) 0.43(0.06) 

French 

Bean 

0.17(0.04) 0.26(0.05) 0.21(0.03) 2.07(0.15) 1.12(0.13) 0.28(0.03) 

Eth. Kale 0.24(0.06) 0.41(0.04) 1.73(0.1) 4.84(0.27) 1.87(0.07) 1.03(0.11) 

Swiss 

chard 

0.21(0.04) 0.46(0.07) 1.34(0.14) 6.32(0.55) 2.31(0.16) 0.86(0.34) 

Safe limit
a
 0.2 0.3 2.3  60 40 20 

a
 Source: FAO/WHO (2001),  Values in brackets are standard deviation 

 

 
 

Zinc concentrations of all vegetables were in the range of 2.07-14.4 mg kg-1. Maximum 

accumulation of zinc was in the cabbage and minimum in the French bean. The concentration of 

Zn in all the vegetables was below the recommended limit set by (FAO/WHO, 2001). Zinc is 

required to maintain the functioning of the immune system; its deficiency in the diet may be 

highly detrimental, leading to growth and development problems, diarrhea, hair loss, impotence, 

poor wound healing, reduced work capacity of respiratory muscles, immune dysfunction and 

mental slowness.  

 

The present study showed that the mean Zn level (2.07-14.4 mg kg-1) measured in different 

vegetables were higher than the vegetables in Bahir Dar, Ethiopia (2.2-4.2 mg kg-1) 

(Gebregziabher and Tesfay, 2014), but it was substantially lower than the Zn content (31.8-56.2 

mg kg-1) of vegetables from Addis Ababa, Ethiopia (Fisseha, 2002).  
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The mean concentration of Cu in test vegetables were varies from 1.12 mg kg-1 in French bean to 

2.84 mg kg-1 in cabbage. The concentration of Cu in all test vegetables was below the allowance 

limit of (FAO/WHO, 2001). The mean Cu content in vegetables (1.12-2.84 mg kg-1) was higher 

than the values reported in Haryana, India (0.66-2.32 mg kg-1) (Garg et al., 2014), but 

considerably lower than the level reported in India (15.26-32.11 mg kg-1) (Gupta et al., 2012), in 

Bangladesh (1.5-5 mg kg-1) (Islam et al., 2015). 

 

The mean concentration of Ni in the studied vegetables varied from 0.28 to 1.09 mg kg-1. Its 

maximum mean concentration was 1.09 in cabbage while minimum concentration was 0.28 mg 

kg-1 in French bean. In all test vegetable was above the permitted limit set by (FAO/WHO, 

2001). The current study indicated that the average Ni value (0.28-1.09 mg kg-1) measured in 

different vegetables were higher than the vegetables in Lagos, Nigeria (0.007-0.01 mg kg-1) (Adu 

et al., 2014), but it was lower than the mean Ni content (13.4-26.6 mg kg-1) of vegetables from 

Kolkata, West Bengal, India (Saha et al., 2015), from Accra, Ghana (1.16-5.68 mg kg-1) (Ackah 

et al., 2014). 

 

Pearson’s Correlation analysis was applied to soil heavy metal results to explore the degree of 

metal association in vegetable field’s soil (Table 19).  Chromium was found positively and 

significantly correlated with Cu (r=0.765*; p<0.05) and Ni (r=0.739*; p<0.05). Zn also showed 

positively and significantly correlated with Ni (r=0.769*; p<0.05). These results suggested that 

Cr, Cu, Zn and Ni could be associated with each other and might originate from common 

sources. Cd was not correlated to Cr (r=0.28) and Ni (r=0.322). Pb also was not correlated to Cu 

(r=0.174) indicating that these three groups of the metals were thus believed to be contributed by 

diverse sources. 
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Table 19. Inter-metal Pearson’s correlation of vegetable field soils 

 Cd Pb Cr Zn Cu Ni 

Cd 1      

Pb 0.682 1     
Cr 0.280 0.073 1    

Zn 0.420 0.644 0.569 1   
Cu 0.596 0.174 0.765* 0.389 1  
Ni 0.322 0.572 0.739* 0.769* 0.437 1 
 * Correlation is significant at the 0.05 level (2-tailed) 
  

4.5.3. Heavy metal transfer from soil to plant 

The translocation of heavy metal from soil to plant parts (transfer factor) was calculated to 

determine the relative uptake of heavy metal by the plants with respect to soil. The ratio of 

metals between soil and plant parts (TF) is an important criterion for the contamination 

assessment of soils with high level of heavy metals. The ratio ―>1‖ means higher accumulation 

of metals in plant parts than soil (Barman et al., 2000). The TF value of a heavy metal influenced 

by different factors such as characteristics of the soil, metal chemistry and also on the type of 

plant. 

Table 20. Transfer factor of heavy metals for different vegetables grown at Koka and Wonji farm 

Sampling 
Site 

Name of 
Sample 

TF 

Cd Pb Cr Zn Cu Ni 

 
 
Koka 

Cabbage 0.44 0.02 0.06 0.16 0.09 0.03 

Onion 0.38 0.02 0.08 0.13 0.11 0.03 

Green Pepper 0.35 0.02 0.16 0.14 0.09 0.03 

Tomato 0.32 0.01 0.08 0.09 0.16 0.01 

Wonji French Bean 0.24  0.01 0.02 0.04 0.09 0.02 

Ethiopian 
Kale 

0.33  0.02 0.16 0.1 0.09 0.07 

Swiss chard 0.3  0.02 0.08 0.11 0.1 0.03 

Green Pepper 0.4 0.02 0.03 0.09 0.08 0.02 
 

The transfer factors of different heavy metals from soil to crops are one of the main parameter of 

human exposure to metals via the food chain. TF values of the heavy metals in different 

vegetables (on dry weight basis) are given in Table 20. In all the test vegetables, Mean TF of Cd 
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(0.44) was highest because this metal is more mobile in nature and low retention rate of the metal 

in soil. The high values for Cd transfer factor may be explained by the fact that Cd is easily 

absorbed by plants (Wang et al., 2001; Gupta et al., 2010).  The lowest was for Pb (0.01) and Ni 

(0.01) probably because it can bind more to the soil and become part of the soil composition. Pb 

is one of the least available metals to plants (Berg et al., 1995; Gupta et al., 2010). The transfer 

pattern for metals is Cd>Zn>Cu>Cr>Ni>Pb. 

 

The highest transfer factor of Cd (0.021-0.083) relative to other heavy metals was reported by 

Garg et al. (2014) in Haryana, India and also in Baoding city, China (0.2-1.34) (Xue et al., 2012). 

While, the least transfer factor of Pb (0.001-0.27) was stated by Roba et al. (2015) in Romania 

and also in India (0.014-0.028) (Pandey and Pandey, 2009). 

 

4.5.4. Metal pollution index and health risk assessment 

The metal Pollution Index provides information about the general contamination level of 

vegetables. The MPI for the vegetables were computed, and the results are showed in Fig. 12. 

Among different vegetables, cabbage indicated the highest value of MPI followed by Green 

pepper at Koka farm. As compared to the vegetables, French bean and green pepper at Wonji 

farm showed a lower metal pollution index and lesser health risks (Fig. 12). 

The key routes of heavy metal exposure to the human body are oral, dermal and nasal, 

nevertheless oral being the most significant (ATSDR, 2000).  

  

As vegetables are the main constituent of the human diet, consequently, health risks due to daily 

intake of heavy metals through consumption of vegetables to the target population were 

determined. The daily intake of metals (DIMs) of Cd, Pb, Cr, Zn, Cu and Ni through 

consumption of vegetables are summarized in Table 21. 
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 Figure 12. Metal pollution index of different vegetables from sampling sites 

The maximum DIM was found for Zn (1.42E-03 mg kg−1 day−1) in cabbage and in green pepper 

(1.1E-03 mg kg−1 day−1). Among the vegetables, DIM of Ni was lowest via consumption of 

green pepper (7.1E-05 mg kg−1 day−1) and that of Cd through French bean (1.68E-05 mg kg−1 

day−1) consumption. 

 

HQ index is used to evaluate the health risks associated with the consumption of individual 

heavy metal through dietary intake of vegetables, and the results are summarized in Table 21. 

Mean HQ values of different heavy metals are the following decreasing order for health risks: Cd 

(0.190) > Pb (0.076) > Cu (0.034) > Ni (0.026) > Zn (0.02) > Cr (0.001). The results of the 

current study indicated that daily intake of heavy metals through the consumption of vegetables 

is unlikely to pose health risks to human as the HI value for all the  heavy metals is less than 1 

and ranged from 0.028 of French bean from Wonji  Gefersa farm to 0.071 of cabbage from Koka 
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farm. HI (<1) values have been reported for different vegetables grown in Haryana, India (Garg 

et al. 2014).  

Table 21.  DIM (mg kg
−1

 day
−1

) and HQ for individual heavy metals caused by the consumption of   different 

selected vegetables 

Heavy 

Metals 

 Vegetables (Koka Farm) Vegetables (Wonji Farm) 

  Cabbage Onion Green 

pepper 

Tomato Green 

pepper 

French 

Bean 

Eth. Kale Swiss 

chard 

Cd DIM 4.04E-05 2.17E-05 2.46E-05 2.17E-05 2.07E-05 1.68E-05 2.37E-05 2.07E-05 

HQ 4.04E-02 2.17E-02 2.46E-02 2.17E-02 2.07E-02 1.68E-02 2.37E-02 2.07E-02 

Pb DIM 5.32E-05 3.35E-05 4.83E-05 2.86E-05 3.06E-05 2.56E-05 4.04E-05 4.53E-05 

HQ 1.33E-02 8.37E-03 1.21E-02 7.15E-03 7.65E-03 6.4E-03 1.01E-02 1.13E-02 

Cr DIM 1.31E-04 1.23E-04 2.59E-04 9.56E-05 5.42E-05 2.07E-05 1.71E-04 1.32E-04 

HQ 8.73E-05 8.2E-05 1.73E-04 6.37E-05 3.61E-05 1.38E-05 1.14E-04 8.8E-05 

Zn DIM 1.42E-03 9.04E-04 1.1E-03 7.56E-04 5.14E-04 2.04E-04 4.77E-04 6.23E-04 

HQ 4.73E-03 3.01E-03 3.67E-03 2.52E-03 1.71E-03 6.8E-04 1.59E-03 2.08E-03 

Cu DIM 2.8E-04 1.98E-04 1.89E-04 2.2E-04 1.38E-04 1.1E-04 1.84E-04 2.28E-04 

HQ 7.0E-03 4.95E-03 4.73E-03 5.5E-03 3.45E-03 2.75E-03 4.6E-03 5.7E-04 

Ni DIM 1.07E-04 5.22E-05 7.1E-05 4.24E-05 4.24E-05 2.76E-05 1.01E-04 8.58E-05 

HQ 5.35E-03 2.61E-03 3.55E-03 2.12E-03 2.12E-03 1.38E-03 5.05E-03 4.29E-03 
 

4.6. Principal Component Analysis 

The result of principal components analysis in Table 22 shows that of the 19 components, 5 had 

extracted during dry season and 4 had extracted during wet season with eigenvalues over 1. This 

is based on Chatfield and Collin (1980) assumption which stated that components with an 

eigenvalue of less than 1 should be eliminated. The extracted 4 components were subsequently 

rotated according to varimax rotation in order to make interpretation easier and fundamental 

significance of extracted components to the water quality status of Awash River.  

 

The result of rotation revealed further, the percentages of the total variances of the 5 extracted 

components when added account for 94.38% (that is their cumulative variance) and 4 extracted 

which added an account for 92.76% of the total variance of the observed variables. This indicates 

that the variance of the observed variables had been accounted for by these 5 and 4 extracted 

components. The screen plot of the eigenvalue of observed components for the two seasons is 

depicted in Figure 13a & 13b. 
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Figure. 13a. The scree plot of the eigenvalues of          Figure. 13b. The scree plot of the eigenvalues of 

                   principal components for dry season   principal components for wet season 

 

In dry season, VF1 explained 42.02% of the total variance and was strong positively loaded by 

NO3-N, TN and EC; moderate positive loadings, NH4-N, COD. The second factor VF2 (which 

explained 28.55 % of the total variance) with eigenvalue 5.42 was positively and largely due to 

parameters (i.e. BOD and TP); moderately positive loading of NO2-N and had a negative loading 

of DO. This ―nutrient‖ factor represents influences from nonpoint sources such as agricultural 

runoff, animal manure and domestic sewage.  

 

The third factor VF3 explained 12.31% of the total variance and was positively contributed to by 

Fe, Pb and Cr and had moderate positive loading due to Zn and Cd. VF4 explained 5.94% of 

total variance with eigenvalue of 2.34 and showed positive loadings on WT; and negative 

loading of pH. 

 

In wet season, Varifactor 1 (VF1) explained 48.42% of the total variance with eigenvalue of 9.20 

and had strong positive loading of TN, NO3-N, and TP; and moderate positive loading NO2-N 

and NH4-N highlighting their input from anthropogenic activities such as the use of nitrogenous 
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fertilizers and effluent containing municipal waste (Table 4.21). Varifactor 2 (VF2) explained 

27.55% of the total variance with eigenvalue of 5.23 and was positively and largely contributed 

to BOD and COD and moderately positive loadings on NO3-N and TN and was negatively due to 

DO. This factor can be interpreted as representing influences from domestic wastewater, and 

surface runoff from roads and villages as anthropogenic activities and animal manures. 

Varifactor 3 (VF3) explained 10.64% of the total variance with eigenvalue of 2.02 and had 

strong loading of Fe, Zn, and Cu; and moderate positive loading of Cd, Cr and Pb. This factor 

represents pollution from agrochemicals from agricultural fields and industrial wastes from 

upstream areas. Varifactor 4 (VF4) explained 6.15% of the total variance and had moderate 

positive loading of WT and EC and moderate negative loading on pH. 

 

Interrelation ship between physcico-chemical parameters at different sampling site were 

described in figure 14 and 15. 

 

In dry season, most of the metals (Cu, Cr, Cd, Zn and Pb) and TN and TP had been dominated at 

sampling site 4 and 5. While, highest concentration of NO3-N, NO2-N, NH4-N, BOD and COD 

have been found at sampling site 3. 
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Table 22. Principal component loadings of 19 variables in the Awash River water samples 

Parameters        Dry Season Wet Season 

 VF1 VF2 VF3 VF4 VF5 VF1 VF2 VF3 VF4 

WT 0.127 -0.370 0.098 0.811 0.121 -0.156 0.291 0.315 0.671 

pH -0.249 0.276 -0.062 -0.703 -0.025 -0.159 -0.234 -0.424 -0.584 

EC 0.714 -0.227 0.216 0.113 -0.257 0.214 0.318 0.394 0.598 

Turbidity 0.248 -0.231 -0.147 0.022 -0.327 0.173 0.262 -0.295 -0.151 

NO3-N 0.826 0.358 0.118 0.136 -0.037 0.785 0.614 0.314 0.271 

NO2-N 0.315 0.596 0.055 0.029 -0.296 0.604 0.318 0.299 0.385 

NH4-N 0.621 0.185 0.082 0.042 0.195 0.572 0.323 0.187 -0.063 

TN 0.748 0.411 0.275 0.261 0.453 0.813 0.534 0.311 -0.068 

TP 0.394 0.791 0.145 -0.284 0.038 0.752 0.396 0.187 -0.050 

DO -0.299 -0.749 -0.204 0.126 -0.003 -0.297 -0.793 0.039 0.175 

BOD 0.411 0.753 0.201 -0.484 0.295 0.276 0.85 0.396 -0.353 

COD 0.598 0.413 0.413 -0.119 0.254 0.169 0.76 0.426 0.048 

Fe 0.296 0.174 0.826 0.120 0.129 0.278 0.142 0.924 -0.029 

Zn 0.234 0.250 0.517 0.357 -0.167 0.302 0.053 0.815 0.316 

Cu 0.124 0.258 0.498 -0.409 -0.423 0.226 0.029 0.731 -0.329 

Pb 0.263 0.083 0.722 -0.140 -0.097 0.207 0.017 0.682 0.421 

Cr 0.164 0.305 0.781 -0.017 0.158 0.178 0.026 0.657 0.017 

Cd 0.187 0.259 0.620 0.097 -0.143 0.240 0.018 0.614 0.079 

Ni 0.172 0.344 0.327 0.043 0.216 0.235 0.082 0.421 -0.031 

Eigenvalue 7.98 5.42 2.34 1.13 1.05 9.20 5.23 2.02 1.17 

% Total Variance 42.02 28.55 12.31 5.94 5.56 48.42 27.55 10.64 6.15 

Cumulative % 42.02 70.57 82.88 88.82 94.38 48.42 75.97 86.61 92.76 

Bold and italic values indicate strong and moderate loadings, respectively  

WT, water temperature, EC electrical conductivity, TN total nitrogen, TP total phosphorus, DO d issolved oxygen, 

BOD biological oxygen demand , COD chemical oxygen demand 
 
 

Sampling site 1 and 8 has been relatively the cleaning site in comparison of the other sampling 

stations. As figure 14 showed that there is an inverse relationship between BOD, COD and DO. 
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Figure 14.  Biplot of a standardized PCA-analysis performed on the physicochemical and heavy metal   

     parameters of Awash River during dry season 

In wet season, most of the nutrients (NO3-N, NO2-N, TN and TP), BOD and COD concentration 

had been found dominantly at sampling site 2 and 3. Whereas, all of the heavy metals (Fe, Zn, 

Pb, Cu, Cd and Cr had presented at sampling site 5 and 6. Sampling site 1 and 8 has been 

relatively the cleaning site in comparison of the other sampling stations. There is a clear inverse 

relationship between BOD, COD and DO during wet season (Fig. 15). 
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Figure 15. Biplot of a standardized PCA-analysis performed on the physicochemical and heavy metal   

     parameters of Awash River during wet season 

 

4.7. Cluster Analysis 

Cluster analysis (CA) was used to group the similar sampling sites (spatial variability) and to 

identify specific areas of contamination. Hierarchical agglomerative CA was performed on the 

normalized data set with Euclidean distances as a measure of similarity. Spatial CA rendered a 

dendrogram (Fig. 16 and 17) where all eight sampling sites on the river were grouped into three 

statistically significant clusters at (Dlink/Dmax)×100 < 200.  

 

In dry season the eight sampling sites can be classified in to three main clusters. Cluster 1 

consisted of two sites (Site-1 and Site-6), Cluster 2 consisted of four sites (Site-2, Site-5, site-3 

and Site-7) and Cluster 3 consisted of two sites (Site-4 and Site-8). During dry season, cluster 1 

(Site-1 and 6) were located in low pollution region. Cluster 2 (Site-2, 3, 5and 8) corresponded to 

moderate pollution site. Cluster 3 (Site 4) were in regions of high pollution. 
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Figure 16. Dendrogram showing clustering of sampling sites on Awash River during dry season 

 

Similarly, in wet season the eight sampling station can be classified in two three major clusters. 

Cluster 1 consisted of three sites (Site-1, Site-6 and Site-5), Cluster 2 consisted of three sites 

(Site-2, Site-8 and Site-7) and Cluster 3 consisted of two sites (Site-3 and Site-4). The cluster 

classifications varied with significance level because the sites in these clusters had similar 

characteristic features and anthropogenic/natural background source types. Cluster 1 (Site-1 and 

6) were located in low pollution region. Cluster 2 (Site-2, 7 and 8) corresponded to moderate 

pollution site and Cluster 3 (Site 3 and 4) sites were in regions of high pollution. Cluster 3 sites 

were highly influenced by intensive agricultural practices and runoff from nearby agricultural 

lands deteriorates the quality of river water. The improved water quality at site 5 and 6 revealed 

the self- purification capacity of the river.  
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Figure 17. Dendrogram showing clustering of sampling sites on Awash River during wet season 
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5. CONCLUSION AND RECOMMENDATIONS 

 

5.1.  Conclusion 

The results showed that there is a significant spatial and seasonal variation (p<0.05) of mean 

turbidity and NH4-N values in Awash River. 
 

The mean concentrations of heavy metals in Awash River ranked (high to low): Fe > Cu > Zn > 

Pb > Cr > Cd > Ni during dry season whereas, the concentration of heavy metals during wet 

season was in the following order of decreasing magnitude Fe > Cu > Cr > Zn > Pb > Cd > Ni. 

 

The overall trend of metal concentration in Awash River sediment was found to be: Fe > Zn > Cr 

> Pb > Cu >Ni > Cd. 

 

 

The concentration of heavy metal in paper wastewater were in the following order of decreasing 

magnitude Fe > Zn > Pb > Cr > Cu > Cd. The result showed that the concentration of Pb, Cd and 

Cr in paper wastewater were all above the safe limit for FAO standards for wastewater quality 

for irrigation. 

 

The mean concentrations of heavy metals (mg kg-1) in the farmland soil samples obtained from 

Koka show a somewhat elevated level of concentrations in Pb, Cr, Zn, Cu and Ni. Even though 

the concentration of heavy metals in the study area are under the permitted level for soil, there is 

a sign of increasing concentration of heavy metal in Koka farmland soil particularly for Cr, Cd 

and Ni. 

 

This study indicates that significant differences in heavy metal concentration among the 

vegetables were analyzed from Koka and Wonji farm. Based on the results, cabbage was a high 

accumulator of Cd, Pb, Zn, Cu, and Ni and green pepper was a high accumulator of Cr. In all the 

test vegetables, highest TF was recorded in Cd indicating the low retention rate of the metal in 



   98      

soil and the lowest value was for Pb. The metal pollution load index values indicated that 

cabbage had highest value at Koka farm and French bean had the lowest value of MPI. 

 

 

The result of principal components analysis shows that of the 19 components, only 5 had 

extracted eigenvalues over 1. In dry season, VF1 explained 42.02% of the total variance and was 

strong positively loaded by NO3-N, TN and EC; moderate positive loadings, NH4-N, COD. The 

second factor VF2 (which explained 28.55 % of the total variance) with eigenvalue 5.42 was 

positively and largely due to parameters (i.e. BOD and TP); moderately positive loading of NO2-

N and had a negative loading of DO. This ―nutrient‖ factor represents influences from nonpoint 

sources such as agricultural runoff and atmospheric deposition. In wet season, Varifactor 1 

(VF1) explained 48.42% of the total variance with eigenvalue of 9.20 and had strong positive 

loading of TN, NO3-N, and TP; and moderate positive loading NO2-N and NH4-N highlighting 

their input from anthropogenic activities such as the use of nitrogenous fertilizers and effluent 

containing municipal waste. 

 

Varifactor 2 (VF2) explained 27.55% of the total variance and was positively and largely 

contributed to BOD and COD and and moderately positive loadings on NO3-N and TN and was 

negatively due to DO. This factor can be interpreted as representing influences from domestic 

wastewater, and surface runoff from roads and villages as anthropogenic activities and animal 

manures. 

 

 

The Biplot of a standardized PCA-analysis indicated that the highest average concentration of NO3-N, 

NO2-N, TN and TP, BOD and COD concentration had been found dominantly at sampling site 2 

and 3. Whereas, all of the heavy metals (Fe, Zn, Pb, Cu, Cd and Cr had presented at sampling 

site 5 and 6 in wet season.  
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In dry season, most of the metals (Cu, Cr, Cd, Zn and Pb) and TN and TP had been dominated at 

sampling site 4 and 5. While, highest concentration of NO3-N, NO2-N, NH4-N, BOD and COD 

have been found at sampling site 3. 

 

Spatial CA rendered a dendrogram where all eight sampling sites on the river were grouped into 

three statistically significant clusters at (Dlink/Dmax)×100 < 200. Cluster 1 (Site-1 and 6) were 

located in low pollution region. Cluster 2 (Site-2, 7 and 8) corresponded to moderate pollution 

site and Cluster 3 (Site 3 and 4) sites were in regions of high pollution. Cluster 3 sites were 

highly influenced by intensive agricultural practices and runoff from nearby agricultural lands 

deteriorates the quality of river water. 
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5.2.  Recommendation 

Intensive application of inorganic fertilizers like Urea, DAP and pesticides at Koka and Wonji 

farmland need to be controlled by concerned bodies  since these agrochemicals are the source of 

eutrophication and heavy metal pollution in Awash River.  

The concerned bodies particularly ministry of Agriculture should promote or subsidies better 

fertilizer application methods like bio-fertilizer and bio-pesticides and promote regular soil 

testing. 

The vegetative buffer zone alongside the Awash River has to be maintained in order to control 

soil and agricultural nutrients and heavy metals stripping. 

 

A systematic monitoring of river water and sediment quality along the Awash River is vital to 

ensure sustainable development in the river and for the betterment of human health in the area. 

 

Industries at the upper stream area should be properly and adequately treat the wastewater before 

discharging to the Modjo as well as Awash River and environmental protection agency need to 

regularly monitor and test the wastewater based on the standard guidelines.  

 

Regular monitoring of toxic heavy metals in vegetables by concerned bodies is vital to prevent 

disproportionate build up in the food chain. 

 

To avoid entrance of metals into the food chain, a green treatment technique, such as a 

constructed wetland, should be used as a method to reduce heavy metal concentrations from 

wastewater drained from paper industry. 

 

Further research, particularly health risk associated to vegetable consumption should be carried 

out through Awash River basin to determine whether similar levels are reflected in the food 

stuffs.  
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Appendix 2 

Mean Value of Physico-chemical water quality parameters at different locations of the Awash River 

during dry season   

Parameters                               Sampling Stations 
 S1 S2 S3 S4 S5 S6 S7 S8 

WT (
0
C) 21.57 22.48 22.8 22.06 21.81 21.32 23.01 22.5 

pH 7.85 6.69 6.26 6.66 7.85 8.17 6.21 8.06 
EC 
(μS/cm) 

331.83 673.12 612.97 529.11 615.43 316.55 732.58 482.52 

Turbidity 
(NTU) 

40.07 72.67 64.12 56.43 49.19 36.4 54.48 43.27 

NO3-N 
(mg l

-1
) 

0.8 13.33 27.87 12.5 14.71 2.31 1.86 1.36 

NO2-N 
(mg l

-1
) 

0.24 0.61 0.90 0.26 0.52 0.21 0.29 0.31 

NH4-N 
(mg l

-1
) 

0.14 1.01 1.21 1.41 1.33 0.85 0.12 0.19 

TN 
(mg l

-1
) 

2.28 39.63 83.43 79.40 50.23 8.22 2.90 3.57 

TP 
 (mg l

-1
) 

0.08 0.17 0.27 0.19 0.09 0.12 0.04 0.11 

DO 
(mg l

-1
) 

7.47 5.15 4.51 3.62 6.83 7.03 6.29 7.58 

BOD 
(mg l

-1
) 

16.22 41.35 59.23 80.32 38.52 27.13 17.53 19.62 

COD 
(mg l

-1
) 

27.33 72.63 147.98 112.3 53.24 40.5 125.0 35.55 

  

 

 

 

 

 

 

 

 

 

 



   144      

Appendix 3 

Mean Value of Physico-chemical water quality parameters at different locations of the Awash River 

during wet season 

Parameters                               Sampling Stations 
S1 S2 S3 S4 S5 S6 S7 S8 

WT (
0
C) 21.23 21 21.6 20.8 20.6 20.7 21.9 21.4 

pH 8.13 6.55 6.71 6.64 7.55 7.73 6.27 8.0 
EC 
(μS/cm) 

285.5 589.6 521.73 476.47 279.97 294.53 648.27 577.6 

Turbidity 
(NTU) 

122.8 139.61 138.26 137.37 124.64 95.08 105.83 104.89 

NO3-N 
(mg l

-1
) 

0.48 8.9 13.78 6.35 4.73 2.73 1.18 0.74 

NO2-N 
(mg l

-1
) 

0.11 0.35 0.43 0.19 0.31 0.14 0.15 0.07 

NH4-N 
(mg l

-1
) 

0.05 0.16 0.18 0.11 0.13 0.14 0.29 0.09 

TN 
(mg l

-1
) 

1.22 11.66 17.06 13.43 9.1 17.75 2.61 11.0 

TP 
 (mg l

-1
) 

0.05 0.08 0.15 0.18 0.17 0.09 0.07 0.08 

DO 
(mg l

-1
) 

10.82 4.60 4.25 5.12 6.24 6.41 7.27 8.62 

BOD 
(mg l

-1
) 

11.13 14.43 34.09 38.32 17.49 12.81 16.63 13.24 

COD 
(mg l

-1
) 

19.08 48.9 94.1 67.12 29.81 23.38 110.02 21.0 

 

Appendix 4 

 Mean Concentration of heavy metals in Awash River during dry season 

Sampling 
Sites 

  Metal  Concentrations (mg/L) 
Fe Zn Cu Pb Cr Cd Ni 

Site-1 1.11 0.74  0.92  0.56  0.36  0.07  0.05  
Site-2 2.17  1.12  1.22  0.70  0.52  0.09  0.08  
Site-3 2.34  1.42  0.88  0.84  0.56  0.13 0.11  
Site-4 2.6  1.22  1.69  0.77  0.99  0.18  0.14  
Site-5 2.73  1.56  1.63  1.36  1.16  0.22  0.12  
Site-6 2.64  1.31  1.42  1.00  1.02  0.24  0.2  
Site-7 2.41  0.95  1.07  0.92  0.83  0.09  0.06  
Site-8 1.34  0.77  0.82  0.41  0.56  0.05  0.03  
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Appendix 5 

Mean Concentration of heavy metals in Awash River during wet season 

Sampling 
Sites 

  Metal  Concentrations (mg/L) 
Fe Zn Cu Pb Cr Cd Ni 

Site-1 1.82  0.48  0.68  0.43  0.30  0.04  0.03  
Site-2 3.33  0.64  0.82  0.51  0.42  0.05  0.04  
Site-3 3.49  0.72  0.47 0.61 0.47  0.06  0.05  
Site-4 4.02  0.62  1.01  0.72  0.78  0.08  0.07  
Site-5 4.12  0.91  0.88  0.83  0.93  0.11  0.04  
Site-6 3.95  0.73  0.75  0.54  0.98  0.09  0.09  
Site-7 3.43  0.57  0.6  0.81  0.68  0.04  0.04  
Site-8 2.75  0.46  0.44  0.31  0.47  0.03  0.02  

 

Appendix 6 

Mean concentration of heavy metals in river sediment during dry season 

Sampling 
Sites 

  Metal  Concentrations (mg/kg) 
Fe Zn Cu Pb Cr Cd Ni 

Site-1 222.27  73.32  23.59 24.98 49.43 0.53 16.95 
Site-2 237.26  79.15  20.34 28.14 45.96 0.59 19.51 
Site-3 257.81 83.88  26.86 30.53 57.55 0.85 20.91 
Site-4 269.93  103.97  23.87 32.05 53.35 1.21 22.87 
Site-5 300.74  91.81  29.69 37.31 62.48 1.34 24.34 
Site-6 292.47  94.74  34.96 34.76 60.24 1.50 22.17 
Site-7 245.26  90.52  25.36 26.8 58.75 0.6 20.43 
Site-8 227.05  75.81  19.01 23.7 48.75 0.55 18.1 

 

Appendix 7 

Mean concentration of heavy metals in sediment during wet season 

Sampling 
Sites 

  Metal  Concentrations (mg/kg) 
Fe Zn Cu Pb Cr Cd Ni 

Site-1 229.82  66.24 20.88 30.28 46.71 0.37 16.42 
Site-2 256.39  70.94 18.05 32.57 44.67 0.50 18.93 
Site-3 277.66  77.62 24.92 38.01 57.29 0.66 20.86 
Site-4 294.04  89.28 23.65 33.77 55.46 0.90 22.20 
Site-5 307.05  86.89 26.36 45.19 62.45 1.15 23.35 
Site-6 323.69  81.0 29.0 36.97 65.91 1.0 20.25 
Site-7 267.91  75.44 21.34 30.54 53.95 0.86 18.55 
Site-8 243.76  70.59 20.01 25.98 45.28 0.64 16.53 

 

 

 



   146      

Appendix 8 

Mean value of Heavy metals in paper wastewater 

Parameters  Concentration in (μg/L) 
Pb 623.3  
Zn 980  
Cd 80.5  
Fe 1620.6  
Cu 116.1  
Cr 521.5  

 

Appendix 9 

Mean value of heavy metals (μg/kg) in vegetables grown using paper wastewater 

Vegetables Fe Cu Cd Zn Pb Cr Co 

Green pepper   569.9  179.2  136.7  121  376.5  433.3  184.9  
Swiss Chard   368.8  124.1  138.5  96  574.7  123.7  219.1  
Carrot 341.8  88.2 73.5  212.2 182.1  80.9  26  
Tomato 222.2  98.6  54.7  259.3  211.5  77.4  38  

 

Appendix 10  

Mean value of heavy metals (mg kg
-1

) in soil of the study area 

Sampling 
Site 

Soil from 

farm land of 
Heavy Metals 
Cd Pb Cr Zn Cu Ni 

 
Koka 

Cabbage 0.93 24.6 21.8 88.5 30.3 34.5 
Onion 0.57 14.3 15.0 67.9 18.5 19.1 
Green 
pepper 

0.72 20.9 16.5 80.1 21.5 23.1 

Tomato 0.68 27.3 12.3 84.4 13.9 30.9 

 
Wonji 

Green 
Pepper 

0.52 13.6 18.2 56.2 18.2 27.6 

French bean 0.71 18.9 10.0 44.4 11.9 15.5 
Eth. Kale 0.72 17.6 10.8 47.4 21.3 14.7 
Swiss chard 0.69 20.8 16.3 57.1 24.3 24.9 
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Appendix 11  

Mean value of heavy metals (mg kg
-1

) in vegetables at Koka  and Wonji farm 

Sampling 
Site 

Vegetable Heavy Metals 
Cd Pb Cr Zn Cu Ni 

 
Koka 

Cabbage 0.41 0.54 1.33 14.4 2.84 1.09  
Onion 0.22 0.34 1.25 9.17 2.01 0.53  
Green 
pepper 

0.25 0.49 2.63 11.2 1.92 0.72 

Tomato 0.22 0.29 0.97 7.67 2.23 0.43 
 
Wonji 

Green 
Pepper 

0.21 0.31 0.55 5.21 1.4 0.43 

French Bean 0.17 0.26 0.21 2.07 1.12 0.28 
Eth. Kale 0.24 0.41 1.73 4.84 1.87 1.03 
Swiss chard 0.21 0.46 1.34 6.32 2.31 0.86 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

  


