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Abstract 

BIOACCUMULATION AND TOXICOLOGICAL IMPLICATION OF HEAVY METALS IN 

FISH, AND VEGETABLES IRRIGATED WITH AKAKI RIVER, ADDIS ABABA, ETHIOPIA 

Melaku Gizaw Serte 

Addis Ababa University, 2018 

Wastewater irrigation for vegetable production is a highly prevalent practice in Addis 

Ababa, which contributes 60% of the city’s vegetable consumption. A cross-sectional 

study design was used to quantify trace metals (Cr, Cd, Pb, Fe, Mn and Zn) on Akaki 

River (n=26), irrigated soil (n=25), and total of 46 vegetables (Ethiopian Kale, Lettuce, 

and Swiss chard). Bioaccumulation of Cr, Cd, and Pb in feral fresh water fish species 

(Clarias gariepinus) of Aba-Samuel and Lake Koka (total n=36) were investigated by 

using atomic absorption spectrophotometer (novAA400P, Analytikjena). River water 

quality index (WQI) was calculated in terms of nutrient load. Estimated daily intakes 

(EDIs) and target hazard quotients (THQs) of metals were used for assessment of health 

risk farmers facing through ingestion and inhalation pathways to selected heavy metals. 

Values of Nitrite, Phosphate, BOD and COD have surpassed the Canadian surface water 

standards. A pollution index of 152 was recorded which puts the river third of the six 

rivers in major cities of Africa. Mean concentrations of Pb, Cd and Cr in irrigation 

water, soils and vegetables have surpassed maximum permissible limits. Amount of Cr 

and Pb in the examined fish species were above the (MPL) and accumulation of the 

metals showed marked differences between fish tissues (p<0.05), Pb>Cr>Cd in muscles, 

Cr>Pb>Cd in livers and Cr>Pb>Cd in intestine. The Estimated Daily Intake (EDI) and 

Target Hazard Quotients (THQ) values confirmed there would be no potential health risk 

to Akaki farmers due to intake of individual metal. Furthermore, both male and female 

farmers have exhibited low cancer risk through combined exposure pathways.  

 

Key words: Akaki River, Bioaccumulation, Clarias gariepinus, Heavy metal, Vegetables 
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1 Introduction  

1.1 Background  

Urbanization is increasing, particularly in developing countries and Ethiopia is amongst 

of the developing countries that urbanization is increasing alarmingly. Addis Ababa, the 

capital of Ethiopia and one of the largest cities of Africa, is located at the edge of the East 

Africa Rift Valley. Since its establishment 130 years ago, the city has grown from a 

sparse and scattered settlement to 530 km2. Over the last 50 years, the population of 

Addis Ababa has grown from 100,000 to 3.5 million inhabitants in 2010 with a yearly 

growth rate of 3.8%. On the contrary, provision of sanitation and wastewater 

infrastructure has not kept pace with population and urbanization growth (CSA, 2007). 

Currently, Addis Ababa city with a population of approximately 5 million, hosts a large 

number of industries whose wastewaters are discharged into the small river network, 

most often untreated. According to CSA, (2013), in 2010, there were 887 large and 

medium scale manufacturing industries operating in Addis Ababa. Except for some very 

old enterprises, most of these large and medium industries are located in industrial zones 

where Akaki River is crossing down. Accordingly, old as well as new factories, 

commercial, public and domestic utilities release untreated wastes into nearby rivers and 

streams, causing main challenge to surface water quality in Addis Ababa (Alemayehu, 

2006). 

Among the wide range of pollutants affecting water resources, heavy metal 

contamination is one of the major water quality issues, and elevated occurrences in 

waters and biota usually indicate the presence of anthropogenic sources. The 
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contamination of surface water by heavy metals is a serious ecological problem as many 

heavy metals such as Hg, As, Pb, Sb, Ni, Sr and Cd are toxic even at low concentrations. 

This is attributed to their non-biodegradable nature; long half-lives and high 

bioaccumulation potential. Though some metals such as Cu, Fe, Mn and Zn are essential 

as micronutrients for living organisms, they can be detrimental to their physiology at 

higher concentrations (Kar et al., 2008).  

 In Addis Ababa, large volume of this untreated wastewater is used for irrigation for 

vegetable production which is a highly prevailing practice in the city. About, 60% of the 

city’s vegetable consumption, particularly leafy vegetables, is supplied by urban farmers 

who irrigate their crops using polluted river water (Weldegebriel et al., 2012).  

Since the ultimate repository of industrial discharge in Addis Ababa is the aquatic 

environment, there is an immense concern on the impact of pollutants to water, soil, 

vegetable and fish as it can pose serious health risks within the urban food system. These 

risks range from occupational hazards of exposure to toxic elements while farming, 

handling and distributing food crops, to the short and long-term effects of consuming 

foods contaminated by heavy metals.  

Within this context this experimental study tried to assess the distribution and 

transportation of toxic metals in the Akaki river system (irrigation water, soil, vegetables 

and fish species of Aba-Samuel dam and Lake Koka). 
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1.2 Statement of the Problem  

As rivers are invaluable sources of drinking water, recreational and commercial 

opportunities, keeping tabs on quality is of paramount importance for sustaining their 

many uses. Water quality oversight can only be actualized through reliable monitoring, 

which can provide a sufficient amount of data to pinpoint any changes that appear in 

water bodies over a period of time and implement predictive models (IWC, 2017). 

Nevertheless, in Ethiopia so far there is no well-organized water quality monitoring 

system and centralized water quality database. Except the drinking water quality 

guidelines, there are no prepared standards for the purpose of controlling effluent 

discharge, irrigation and industrial water qualities. Furthermore, there is no well-

established water pollution monitoring system (Alemayehu, 2006). 

Few studies conducted on Akaki River have revealed that the river is highly polluted with 

a range of pollution sources being discharged into the river without any efficient 

treatment. Though such studies are available, currently there is an impending interest for 

national pollution monitoring system requiring for robust surveillance system, which can 

enhance the capacity of pollution monitoring and abatement efforts.  

Therefore, identifying/documenting the distribution and transportation of toxic 

compounds across the environmental gradient is essential. When said transportation, it is 

the translocation of the toxic compounds, for instance metals across the river water, soil, 

vegetables, and living organisms. In addition, it is compelling to summarize Akaki river 

water quality analysis results into a single representative value to calculate the river water 

quality index (WQI).  
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Moreover, such data can also contribute to efforts related to human health risk assessment 

and trend analysis. Previously, Yard et al., (2015), conducted comprehensive study on the 

status of exposure of Akaki population to hazardous toxic chemicals, solely heavy metals. 

The short coming of this study was that, the sampling technique did not include 

population groups (farmers) that are believed to be receivers of the maximum effect of 

the pollution. For this reason, risk assessment focusing on this part of the community is 

required to provide preliminary information on the health risk that farmers are facing 

with the consumption of vegetables that they are growing and exposure through 

occupational inhalation of heavy metals while working on the field. 

With regard to bioaccumulation, a notable phenomenon is the presence of fish species in 

the lower catchment of the Akaki River, Aba Samuel reservoir and Koka reservoir 

(artificial lake) found in central Ethiopia. However, to the best of our knowledge, there is 

a paucity of reports on level of heavy metals in fishes dwelling in these two reservoirs. 

Thus monitoring the level of heavy metals in fishes can enhance our understanding about 

the distribution of these pollutants.  

The sample sizes, the comprehensiveness of the study are special features of this research 

project; perhaps this can be changed into periodic surveillance system. 
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1.3 Objectives of the Study 

1.3.1 General Objective 

The overall arching objective of this study was to assess the distribution and translocation 

of toxic metals in the Akaki River system and their bioaccumulation in fish species of 

Aba-Samuel reservoir and Koka Lake. 

1.3.2 Specific Objectives 

 To quantify the level of selected trace metals in Akaki river and soil matrices;  

 To assess the bioaccumulation of trace metals in Ethiopian kale, Lettuce, and 

Swiss chard vegetables irrigated with polluted  Akaki river;   

 To determine the bioaccumulation of selected trace metals in different tissues of 

Clarias gariepinus (Cat fish) fish species of Aba-Samuel and Koka Lake;  

 To determine both cancerous and non-cancerous health risks, amongst farmers 

working on agricultural fields, that extends along the Akaki river catchment.  
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2 Literature Review  

2.1 Metal contamination of river irrigation water, soil, and vegetables 

Even though the natural levels of potentially toxic elements are recognized, those arising 

from aquatic ecosystems have increased considerably with industrial and urban 

development. Moreover, the situation is aggravated by the ability of these metals to 

accumulate in the soil and food chain (Mekonnen et al., 2014).  

A number of studies from developing countries have reported heavy metal contamination 

in wastewater and waste water irrigated soil (Cao & Hu, 2000; Singh et al., 2004; 

Mapanda et al., 2005; Tiwari et al., 2011). In many developing countries including 

Ethiopia, farmers are irrigating their crop plants with contaminated river water (Itanna, 

1998, 2002; Kaushik et al., 2005; Abbas et al., 2007; Tiwari et al., 2011; Weldegebriel et 

al., 2012) having high level of toxic metals. Market proximity, high opportunities for 

income generation, reliable and free irrigation water supply, and minimum artificial 

fertilizer requirement are often cited benefits of irrigation within cities (Qadir et al., 

2010). 

Several researches have been documented on the use of diluted industrial effluents as 

growth and productivity enhancing effects on crop plants (Abbas et al., 2007). However, 

loading of heavy metals often leads to degradation of soil health and contamination of 

food chain mainly through the vegetables grown on such soils (Rattan et al., 2005). 

Depending on the biochemical reactions; the potential impact of toxic metals varies from 

poisoning, allergy, asthma, nervous system disturbance, cancer, and many other 



7 
 

abnormalities. The main characteristic of food-borne heavy metal poisoning is often 

chronic in nature with its impact being more systematic and long lasting (Itanna, 2002). 

According to CSA, (2013), there are over 887 registered industries in Addis Ababa (40 % 

of all industries in the country). There is a countable of research that records the chemical 

pollution that these industries are imparting on the river Akaki. For instance, Aschale et 

al., (2016), quantified the amount of Cr, Mn, Sb, B and Pb in Little Akaki river which 

exceeded the permissible limits of the Ethiopian, European Community and WHO for 

drinking water quality guidelines. The concentration of Cr, Zn, Cu and Pb exceeded the 

annual average thresholds for surface waters set in SI 272 of 2009. Levels of Cr, Mn and 

Sr were also higher than the international guidelines value for irrigation water. Mekonnen 

et al., (2014), further strengthens that Little Akaki River, Lake Hawassa, and Lake Ziway 

are highly loaded with Cr, Mn, Co, Ni, Ag, Hg and Pb which are believed to be released 

from domestic and industrial establishments.  

On the contrary, Melaku et al., (2004), reported that the elemental concentrations 

measured, except for Cr and Mn, in Little Akaki River water samples fulfill the surface 

water quality standard of class 2 - 4, and thus the water can be used for irrigation. This 

indicates that the concentration of these toxic metals has increased from 2004 to 2014.   

With all the differences among studies, the river is still being used for irrigation purpose. 

Some studies indicated that 60% of the vegetable supplied to Addis Ababa city comes 

from areas in Akaki sub-city directly irrigated by this water. According to Mekonnen et 

al., (2014), around 11 unions with 957 households and 7450 family members are 

involved in the production of vegetables with 262 hectare of land. A study conducted by 
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Itanna, (1998, 2002) on trace elements in vegetables and farmlands of Addis Ababa, 

reported higher concentrations of trace metals in the more industrial sites of the river 

catchment and gradual increases in soils over time. Similarly, Weldegebriel et al., (2012), 

conducted study in four vegetable farms (Akaki, Goffa, Kera and Peacock), Addis Ababa, 

reported that the concentrations of Cd and Pb in the vegetables surpassed the maximum 

limits set by (FAO\WHO, 2001). The trace metals, Cd, Co, Cu, Mn and Ni in most of the 

water samples collected from these farms also exceeded irrigation water guideline limits, 

which might be a case for high accumulation of metals in the soils. 

Table 1 Major Findings of previous studies on levels of trace metals in vegetables  

Sampling 

area 

Type of 

sample 

Major findings Reference 

Akaki Swiss Chard Cd, Cr, Cu, Hg, Ni and Zn surpassed 

the maximum limits 

 

 

 

(Itanna, 1998, 2002) 

Cabbage 

Peacock & 

Kera 

Swiss Chard As, Cr, Fe and  Pb surpassed the 

maximum limits set by FAO\WHO, 

2001  

Cabbage 

Lettuce  

Akaki Soil As, Cd, Co, Cr, Cu, Hg, Ni, Pb and 

Zn reached toxic levels 

Peacock 

Kera 

Gofa 

Akaki 

Swiss Chard Cd and Pb levels have surpassed the 

maximum 

 
 
 
(Weldegebriel et al., 

2012) 

Cabbage 

Lettuce 

Soil Cd was higher than reported values 

by (Itanna, 1998, 2002). It is also 

higher than the Cd concentration of 

0.5 mg kg-1 given for uncontaminated 

soils.  

Peacock, Kera, 

Gofa, Akaki 

Swiss Chard Cr, Fe, Ni, Zn, Cd and Pb were above 

the maximum limits 

 

 

(Mekonnen et al., 

2014)  Soil Cu, Zn, and Pb have surpassed the 

maximum limits 
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The above reports provide some ground to conceive of the likely occurrence of pollution 

by potentially toxic elements on Akaki River. However, studies conducted on one 

segment of the river (Little Akaki River) alone cannot provide sufficient information. 

Therefore, regular monitoring of the two main branches of the river along with their 

tributaries is necessary.  

2.2 Water Quality Index 

Water Quality Index (WQI) is a scale used to estimate an overall quality of water based 

on the values of individual water quality parameters (Alobaidy et al., 2010; Amadi et al., 

2010; Tyagi et al., 2013). It is a mathematical expression used to transform large 

quantities of water quality data into a single number and it is a measure of how the water 

quality parameters compare to the water quality guidelines or objectives for a specific 

area (Kannel et al., 2007; Murugesan & Mophin-Kani, 2011). 

Alobaidy et al., (2010), observed that it is difficult to determine the water quality from a 

large number of samples, each containing concentration for many parameters. The 

objective of water quality index is to turn complex water quality data into information 

that is understandable and used by the public (Pinto et al., 2013). A water quality index 

based on some very important parameters can provide a single indicator of water quality 

(Bhoi et al., 2011). A great deal of consideration has been given to the development of 

WQI methods since,  Horton, (1965),  proposed the first WQI.  

While appreciating the importance of WQIs, it is important to understand the limitations 

of WQIs. There are limitations in the use of WQIs including the issue of loss of 

information by combining several variables to a single index value; the sensitivity of the 
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results to the formulation of the index; the loss of information on interactions between 

variables; and the lack of portability of the index to different ecosystems (Tyagi et al., 

2013). A single number cannot tell the whole story of water quality as there are many 

other water quality parameters that are not included in the index but a WQI based on 

some very important parameters can provide a simple indicator of water quality for a 

particular resource (Kotadiya et al., 2013). As a result the WQIs are not intended to 

replace a detailed analysis of environmental monitoring and modeling, nor should they be 

the sole tool for the management of water bodies (Armah, 2012). A huge number of 

water quality indices have been developed such as the National Sanitation Foundation 

WQI, Canadian Council Environment WQI, Oregon WQI, and Weighted Arithmetic 

WQI and others with various modifications.  

2.3 River irrigation and farmers’ health risk in terms of metal pollution  

Excessive accumulation of heavy metals in agricultural soils through wastewater 

irrigation, may not only result in soil contamination, but also lead to elevated heavy metal 

uptake by vegetables, and thus affect food quality and safety (Muchuweti et al., 2006). 

Toxic heavy metals originating from these sources pose health risks to farmers and 

agricultural workers, their families, communities living in proximity to wastewater 

irrigation, as well as the consumers of wastewater irrigated vegetables (Liu et al., 2013). 

According to, Drechsel et al., (2007), exposure to these heavy metals related to urban 

vegetable irrigation can take place through: 

 Consuming irrigated produce (consumption-related risks);  

 Contact with wastewater when working on farms (occupational risks); and  

 Exposure to wastewater and wastewater-irrigated soils (environmental risks).  
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Consequently, exposure due to prolonged consumption of contaminated foods or 

occupational ingestion or inhalation of irrigated soil is linked to a wide range of chronic 

health effect. For instance, accumulation of Cd, particularly in the kidneys, leads to 

kidney damage and osteoporosis (Intizar Hussain et al., 2006). 

A number of articles have been published on wastewater-irrigated soils contaminated 

with heavy metals (Itanna, 1998, 2002; Mapanda et al., 2005; Rattan et al., 2005; 

Alemayehu, 2006; Weldegebriel et al., 2012; Aschale et al., 2016).  

For instance, Weldegebriel et al., (2012), concluded from the data of heavy metal 

concentrations in vegetable crops on human health risk without analyzing the pattern for 

dietary intakes of these metals. Similarly, Woldetsadik et al., (2017), reported no 

potential health risk to local inhabitants due to intake of individual metal and total target 

hazard quotients (TTHQs) for the combined metals in all analyzed vegetables were lower 

than 1.  

Itanna, (2002), concluded that metal concentrations in vegetables would not suffice for 

determining health implications. Reasons attributed to this are metals from studied 

vegetables constitutes much less than the theoretical maximum daily intake (TMDI). It is 

also reported that the average amount of vegetable consumed per day by a person in 

Addis Ababa is around 5 gm. At the time of the report a rise of this figure to 161 was also 

reported. A comparable rate of intake, 92 gm was also reported by FAO/WHO, (2004). 

Surprisingly, Weldesilassie et al., (2010), reported that this figure is higher in vegetables 

out-growers of Addis Ababa, which were around 275gm/person/day.  
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However, attempts to study dietary and occupational exposure of metals for assessing 

their potential risks to farmers are limited. Within this context our study tried to estimate 

daily intake and target hazard quotient (THQ) of selected heavy metals through ingestion 

and inhalation pathways. 

2.4 Methods to estimate the potential health risks of heavy metals 

Several methods have been proposed to estimate the potential health risks of pollutants, 

which could emanate from the consumption of carcinogenic and non-carcinogenic 

chemicals (Liu et al., 2013). According to NRC, (1983), the process has four distinct 

steps; hazard identification, exposure assessment, toxicity (dose-response) assessment, 

and risk characterization.  

For carcinogenic contaminants, the observed or predicted exposure concentrations are 

compared with thresholds for adverse effects or the toxicant reference value (TRV) as 

determined by dose–effect relationships. However, these methods are only applied to 

quantify the magnitude of health risks of carcinogenic pollutants, but not for non-cancer 

risks (Solomon et al., 1996). 

Current non-cancer risk assessment methods do not provide quantitative estimates on the 

probability of experiencing non-cancer effects from contaminant exposures. These are 

typically based on the target hazard quotient (THQ), which is a ratio of determined dose 

of a pollutant to the dose level (a Reference Dose or RfD). If the ratio is less than 1, there 

will not be any obvious risk. Conversely, an exposed population of concern will 

experience health risks if the dose is equal to or greater than the RfD (NRC, 1983).  
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Figure 1  Four step risk assessment process (US. EPA, 1986)   

2.5 Bioconcentration and bioaccumulation of heavy metals in Fish 

Chemical analysis of the environment matrix such as water, sediment is the most direct 

approach to depict the heavy metal pollution status in the environment, while it cannot 

afford the powerful evidence on the integrated influence and possible toxicity of such 

pollution on the organisms and ecosystem (Zhou et al., 2008). 

However, use of biomarkers is a valuable assessment tool that is receiving increased use 

in water quality monitoring programs of all types which involves the use of indicator 

species or indicator communities. Bio-monitoring offers an appealing tool for the 

assessment of metal pollution in aquatic ecosystem. The bio-indicators include fish, 

macrophyte, and zooplankton (Zhou et al., 2008).  
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Fish are often at the top of the aquatic food chain and may concentrate large amounts of 

some metals from the water.  Furthermore, fish are one of the most indicative factors in 

water systems for the estimation of trace metals pollution. Besides fishes are among the 

most important vectors of human contamination; once feeding is one of the major routes 

of exposure to toxicants in human populations. Furthermore fishes frequently respond to 

chemical exposure as superior vertebrates (Mansour & Sidky, 2002). 

Trace metals are taken up through different organs of the fish because of the affinity 

between them. Many of these trace metals are concentrated at different levels in different 

organs at the fish body. The rate of bioaccumulation depends on feeding habits as well as 

the ability of the fish to digest the metals, age, lipid content in the tissue, and the 

concentration of such metal in the river (Rao & Padmaja, 2000). Hence, it is imperative 

to determine the concentrations of trace metals in commercial fishes to appraise the 

possible risk of fish consumption.     

In Ethiopia, few baseline surveys on the concentrations of trace metals in selected fish 

species have been conducted. Earlier the work of Telford, (1998) indicated the presence 

of many trace metals in Lake Hawassa. Similarly, Ataro et al., (2005), conducted a 

bioaccumulation investigation in edible portion of fish samples of Lake Hawassa and 

Ziway, where the level of trace metals far below the threshold level.  

Recently, Dsikowitzky et al., (2013), reported a higher concentration of mercury in 

Hawassa and Koka Lakes. Study by Asgedom et al., (2012), on Hashenge Lake, Tigray, 

levels of Pb, Cr, Cd, Co and Zn were found to be above the maximum tolerable values 

provided by (FAO/WHO, 1989). 
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Despite these findings in lake waters, there has been paucity of literature on the trace 

metal accumulation by fish in rivers and reservoirs. With regard to bioaccumulation, a 

notable phenomenon is the presence of fish species in the lower catchment of Akaki 

river; Aba Samuel dam, which is final reservoir of the river and its tributaries. In addition 

to Aba-Samuel reservoir, Koka Reservoir (artificial lake) found in central Ethiopia 

supports five fish species (Dsikowitzky et al., 2013).  

So far, there is scanty of report indicating the amount of toxic heavy metals in fish found 

in these two reservoirs. To this effect the present study investigated concentrations of 

trace metals in African sharp tooth catfish (Clarias gariepinus) dwelling in Aba-Samuel 

reservoir from ecologically stressed river of Akaki and Lake Koka.  
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3 Materials and Methods 

3.1 Study Area 

The study was conducted on Akaki River and its tributaries from upstream to down 

Akaki. The Akaki catchment is located in central Ethiopia along the western margin of 

the Main Ethiopian Rift valley. The catchment is geographically bounded between 

8°46´–9°14´N and 38°34´–39°04´E,  covering an area of about 1500 km2 (Demlie & 

Wohnlich, 2006). 

The climate is characterized by two distinct seasonal weather patterns. The main wet 

season, locally known as Kiremt extends from June to September, contributing about 

70% of the total annual rainfall. A minor rainy season, locally known as Belg, contributes 

moisture to the region from mid-February to mid-April. The remaining five months are 

dry season (Demlie & Wohnlich, 2006). 

For better description of the Little Akaki River and the associated land use along the river 

course, the catchments were segmented into three parts, upper, middle and lower 

segmentations (see Appendix 1). 

The upper catchment comprises small streams which drain from different parts of mount 

Entoto. The stream which flows from the mountain beneath Dire Leather factory turns its 

way to the west suburbs and joins other small streams that originate from Gefersa and 

become a major tributary of Little Akaki. This catchment is mostly dominated by 

residential settings. It is also occupied by few medium and large industries; Addis Ababa 

and Dire Tanneries, Addis Ababa glass factory, Ethio-Marble Factory, Tikur Ababy shoe 

Factory, Dil oil and Gulele soap factories are some examples (Tegegn, 2012). 
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Figure 2  Akaki river map showing the sites of sampling 
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The middle catchment includes the full course of the river inside the city before leaving 

the suburbs of Akaki- Kality. This part of the river contains more tributaries than the 

upper catchment and they drain the Addis Ababa cement factory and join the main river 

near Bihere Tsige Park. The river also traverses through highly populated and big 

commercial sections of the city (Tegegn, 2012).       

Down below the middle catchment there exist many large and medium size industries, 

workshops and big garages. Tanneries, abattoirs, oil and beverage factories are among the 

industries found at the river banks of Little Akaki. In this catchment horticultural crops 

are also grown by irrigation. The irrigation system also extends toward the farming field 

of Akaki in the lower catchment (Tegegn, 2012).  

The lower catchment passes through the rural parts of the city and finally enters into the 

Aba-Samuel reservoir. This catchment is also used for agricultural and domestic 

purposes. 

The eastern branch of the river, the Great Akaki, rises north-east of Addis Ababa and 

flows into Aba-Samuel reservoir. Great Akaki River system crosses residential areas in 

the upper stream, particularly in Kebena area and Minilik hospital. The lower course of 

Great Akaki crosses rapidly expanding urban centers of Addis Ababa. In the low course 

the long section of the river is intensively used for irrigated agriculture. 

Finally, both rivers join at Aba Samuel dam at the end of their downstream and finally 

used as tributary of Awash River. According to Janko, (2014), the total area stands at 

about 44 km2 with annual production of 234 tone fish. According to the local fisheries, 
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predatory fish species (Clarias gariepinus) is the only fish left in Aba-Samuel reservoir 

due to its adaptability and resistance to adverse environmental conditions.  

Lake Koka is located at an altitude of 1,660 m. It was created in 1960 by the construction 

of the Koka dam across the Awash River to provide hydroelectric power. It has a surface 

area of 200 km2 (Janko, 2014). Besides Awash River, the main source of fresh-water 

inflow to the reservoir is the Mojo River. The Potential pollution sources in the Koka 

catchment include wastewaters from industries. The largest tannery of Ethiopia is located 

in Mojo City in the catchment area of Mojo River. On the west side of the lake, there is 

floriculture industry. The rapid expansion of this industry has raised concerns about 

possible environmental impacts due to the use of large amounts of chemical fertilizers 

and pesticides (Jansen et al., 2007). 

 

Figure 3  Map of Ethiopia with the relative position of Lake Koka indicated (b) 
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3.2 Study Design  

A cross-sectional study design was used to study concentration of trace metal on Akaki 

River and its tributaries, irrigated soil, and vegetables in dry and wet seasons. In addition, 

bioaccumulation of heavy metals in feral fresh water fish species (Clarias gariepinus) of 

Aba-Samuel reservoir and Lake Koka were investigated. 

3.3 Reconnaissance survey  

Before the actual survey was commenced a reconnaissance survey was carried out. 

Preliminary information necessary for sampling and transportation of sample were 

assessed. Monitoring grids, site description, pollution source profiling, types of fruits and 

vegetables produced, identification of irrigated fields, and seasonal variation on the 

production type were documented.  

3.4 Sampling and sample pretreatment 

3.4.1 River water 

Representative river water samples were collected from 26 sampling sites from upper, 

middle and lower catchment, including diversion points for irrigation during (August, 

2016) and (February, 2017). The sites were chosen based on locations of industries, 

agricultural activities, population density, and other possible sources of pollutants. At 

each sampling stations 250 ml of river water samples were collected using pre cleaned 

polyethylene bottles for trace metal analysis. Samples were transported to Ethiopian 

Public Health Institute. To remove suspended particles, samples were centrifuged and 

filtered with Whatman filter paper and stored in a refrigerator at 4 oC by adding a 

preservative (1 ml of 70% HNO3). 
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3.4.2 Vegetable   

Three types of widely consumed fresh vegetables irrigated with Akaki river, namely 

Ethiopian Kale (Brassica carinata A. Br), Lettuce (Lactuca sativa var. crispa), and Swiss 

chard (Beta Vulgaris var. cicla) were collected from farms during dry and wet seasons. 

During wet season (August, 2016) 15 samples and during the dry season (February, 

2017), 31 samples were collected. Vegetables were taken from every corner of plots to 

make samples representative. Samples were collected in plastic bags, cleaned with 

deionized water to remove dust and extraneous matter. Edible parts were sliced and air-

dried to remove excess moisture and oven-dried at 70 ºC for 24 hrs. Samples were then 

ground using mortar and pistil, homogenized and passed through a stainless steel 2 mm-

mesh sieve and stored in tightly closed sample bottles at ambient temperature before 

analysis. 

The joint FAO/WHO Codex Alimentarius food standard of typically daily exposure and 

theoretical maximum daily intake (TMDI) as established for some vegetables was taken 

as a pivotal point to compare the result. Moreover, FAO and USEPA guidelines for 

maximum limits of metals in irrigation water were used to compare the pollution status of 

Akaki River and adjoining areas.  

Bioaccumulation factors of metals were also calculated to evaluate the translocation of 

toxic metals from water to soil and then into the plant system. In doing so physical and 

chemical parameters that determine this translocation such as pH and organic carbon of 

the soil sample and type of soil samples were analyzed. 
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3.4.3 Soil   

Soil samples were collected by applying a rectangular sampling strategy. Five sampling 

points were selected within the designated rectangular frame of the typical farm. Twelve 

in the wet (August, 2016) and 13 samples in the dry season (February, 2017) were taken. 

Samples from each point were mixed in a polyethylene bag amounting 1.5 Kg. During 

the sampling process, the top soil which is composed of litters and vegetation were 

cleared out and samples at a depth of about 20 cm were taken. Samples were then 

transported to EPHI laboratory and air dried on a plastic tray. After drying, 500 gm 

sample was dried and sieved in 2 mm sieve. 

3.4.4 Fish 

During the assessment (June to July 2017), 25 Clarias gariepinus (Cat fish) fish species 

of Aba-Samuel dam and 11 from Lake Koka were collected with the aid of gill nets and 

transported to the lab in ice box. Physical metrics of the fish, such as weight and body 

length were recorded. The samples were dissected with stainless-steel knife; liver, muscle 

and intestine tissues were excised and dried in an oven (60 oC) for 48 hours. 

Table 2  Mean weight (gm) and length (cm) of the sampled fish   

 

Species 

 

Habitat * 

 

Feeding 

Mode * 

 

Food 

Source * 

Lake Aba-Samuel Lake Koka 

 

Mean 

weight 

 

Mean 

length 

 

Mean 

weight 

 

Mean 

length 

Clarias 

gariepinus 

Benthope-

agial,  

mainly 

littoral 

Carnivorous Fish, 

aquatic 

insects, 

mollusks 

996±215 44.24±4.3 481±173 40.45±4.9 

 

 

* Source: (Dsikowitzky et al., 2013) 
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3.5 Sample Digestion  

3.5.1 River water 

A 100 ml portion of the sample was acidified with 5 ml concentrated HNO3 and 

evaporated on hot plate to the lowest volume possible (10 ml to 15 ml); diluted in a 100 

ml volumetric flask and prior to analysis samples were stored at 4 ºC in acid-washed 

polyethylene bottles. 

3.5.2 Vegetables  

For sample dissolution, a microwave digestion system (ETHOS One, Milestone, Italy) 

was used. About 0.5 gm of powdered vegetable sample was mixed in a 

Tetrafluormethaxil (TFM) vessel with an acid mixture (6 ml of 65% HNO3 and 2 ml of 

30% H2O2). Complete digestions of samples were performed using a preset heating 

program of (180 ºC and 200 ºC) and diluted with deionized water in a 100 ml volumetric 

flask and preserved at 4 0C for analysis. The results were reported as the average of 

duplicate measurements. 

3.5.3  Soil  

Soil samples were digested in a microwave digestion system (ETHOS One, Milestone, 

Italy). About 0.5 gm of the dried soil sample was weighed in TFM vessel, and dissolved 

in mixture of acid 8 ml of 65% HNO3: 5 ml of 37% HCl and 1 ml of 40% HF: 5 ml of 5% 

H3BO3. The TFM vessels were gently swirled to homogenize the sample with the acids. 

Subsequently, the samples were digested using a two-step temperature program. During 

the first step, the temperature was linearly increased to 180 0C over 15 minute. During the 

second step, the temperature was maintained at 200 0C for 15 minutes and diluted with 

deionized water in a 100 ml volumetric flask. The final diluent sample was stored at 4 ºC 
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in acid-washed polyethylene bottles before subjected to Graphite Furnace Atomic 

Absorption (GFAAS) analysis. 

3.5.4 Fish 

After drying to a constant weight, the fish samples were pulverized in a mortar into 

powder. Approximately 0.5 gm of dried sample was weighed and added into TFM vessel 

mixed with 7 ml of concentrated HNO3 and 1 ml of H2O2, was digested in (ETHOS One, 

Milestone, Italy) of preset two-step temperature program. Then, the resultant solution was 

transferred into a 100 ml volumetric flask and made up to volume with deionized water 

and prior to the analysis; samples were preserved at 4 oC in polyethylene bottles. 

3.6 Sample analysis  

The level of total Cr, Cd, Pb, Fe, Mn and Zn in digested water, soil, vegetable and fish 

samples were analyzed in Ethiopian Public Health Institute, Environmental Public Health 

laboratory using atomic absorption spectrophotometer (novAA400P, Analytikjena) of 

applying method established in APHA, (1999). Physicochemical parameters [pH, 

Biological Oxygen Demand, Chemical Oxygen Demand, Nitrate/Nitrite (NO3
-/NO2

-), and 

Phosphate (PO4
3-)] were determined in accordance with the procedures delineated in the 

Standard Methods APHA, (1999). Water analysis results are presented as mg L-1 and ug 

L-1 of concentration, whilst vegetable, soil and fish samples result are reported as mg kg-1 

of dry weight. 

3.7 Translocation factor (TF) 

Translocation factor was calculated as the ratio of metal concentration in edible parts of 

vegetables and metal concentration in soil (equation 1).     
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                   𝑇𝐹 =
𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐 𝑖𝑛 𝑒𝑑𝑖𝑏𝑙𝑒 𝑝𝑎𝑟𝑡 𝑜𝑓 𝑣𝑒𝑔𝑒𝑡𝑎𝑏𝑙𝑒

𝑀𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑐 𝑖𝑛 𝑠𝑜𝑖𝑙
    . . . . . . . . . . . . . . . . . . . . . . . . . (1) 

3.8 Determining the Water Quality Index 

The weighted arithmetic index method is the simplest, most effective and has been used 

widely (Murugesan & Mophin-Kani, 2011; Neswiswi, 2014). In view of this, secondary 

data on the pollution status of five rivers in major cities of Africa, namely Egypt, Nigeria, 

Congo, Kenya, and South Africa (Table 3) and primary data on Akaki River were taken 

and there pollution index in terms of five selected water quality parameters was 

calculated. This was done in four steps as in several other studies (DWAF, 1996). 

3.8.1.1 Selecting the set of water quality parameters of concern  

A total of five water quality parameters [pH, Biological Oxygen Demand, Chemical 

Oxygen Demand, Nitrate/Nitrite (NO3
-/NO2

-), and Phosphate (PO4
3-)] were used in the 

determination of the index.  
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Table 3  Major rivers in Africa selected for calculating WQI  

Country  City  Name of 

river 

Description  Reference  

 

Ethiopia  

 

Addis Ababa  

 

Akaki 

River  

The river has two main 

branches, Great Akaki and 

Little Akaki and they 

confluence at the Aba-Samuel 

reservoir 

 

(This study) 

 

Egypt  

 

North of Cairo 

 

Nile  

The Nile River enters Egypt at 

its southern boundary with 

Sudan and runs through a 

narrow valley (1000 km long) 

which varies from 2  to 20 km 

in width   

 

(Abdel-Satar 

et al., 2017) 

 

Nigeria 

 

Abuja 

 

Usuma 

River 

The river is an important 

tributary of Gurara River and it 

is the largest and major river 

within the Abuja city. It is 

shallow for all part of the year 

except during the peak of the 

rainy season at the months of 

July, August, and September 

 

 

(Haruna & 

Solomon, 

2015) 

 

Congo 

 

Kinshasa 

 

N’Djili 

River  

The source of N’djili River is 

located in the province of Bas-

Congo, flows from the south 

and traverses six main 

municipalities of the capital city 

of Kinshasa 

 

(Tshibanda et 

al., 2014) 

 

Kenya 

 

Nairobi 

 

Nairobi 

River 

Has its source at Ondiri swamp 

near Kikuyu Township and 

empties its water into the Indian 

Ocean 

 

(Mbui et al., 

2016) 

 

South 

Africa 

 

Johannesburg 

 

Jukskei 

River 

It is main catchment in the 

northern part of the City of 

Johannesburg and can be 

divided into several sub 

catchments 

 

(Neswiswi, 

2014) 
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3.8.1.2 Transformation of units and dimensions of parameters to a common scale 

The quality criteria was segregated into four classes (Ideal, Acceptable, Tolerable and 

Unacceptable) modified from the National Sanitation Foundation method. The step also 

involved the conversion of parameter concentration into a corresponding sub index 

values using equal and dimensionless numeric scale. For this purpose, the dimensionless 

water quality value (qi) was computed (Neswiswi, 2014) using equation 2. 

                                          𝑞𝑖 = (
𝒄𝒊−𝒗𝒐

𝒔𝒊−𝒗𝒐
) × 5𝑜   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (2) 

Where:  

qi = the quality rating for the ith parameter,  

ci = measured value or concentration of ith parameter,  

vo = the ideal value for the ith parameter which is zero except 7.0  for pH  

si = the target water quality range as defined in (DWAF, 1996) from Table 4 

Table 4  Target Water Quality Range 

Parameters Guideline Value Reference 

pH (pH units) 6.5-9.0  (DWAF, 1996) 

BOD(mg/L) 30 (DWAF, 1996) 

COD (mg/L) 15 (CCME, 2012) 

NO3
-/NO2

- (mg/L) 13 (DWAF, 1996) 

PO4
2-(mg/L) 1 (CCME, 2012) 

3.8.1.3 Weighting parameters on their relative importance to overall water quality 

The purpose of weighting is to place greater emphasis on the parameters that are 

considered more important depending on what WQI is used for. In this study, the five 

water quality parameters were assigned relative weights (wri) ranging from 0.1–0.3, 
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whereby a weight of 0.1 was considered the least significant and 0.3 the most significant 

(Neswiswi, 2014).       

3.8.1.4 Formulation of overall water quality index 

The overall water quality index for each selected river was calculated by multiplying the 

quality rating (qi) with relative weight (wri) linearly using equation 3. 

𝑊𝑄𝐼 = ∑ = 1𝑞𝑖𝑤𝑖
𝑛
𝑖       . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (3) 

Where:  

 qi =  the quality of the ith parameter; 

 wi = the relative weight of the ith parameter ; 

 n = the number of the water quality parameters applied. 

3.9 Heavy metal pollution index 

To represent the overall quality of water with respect to selected heavy metals, the heavy 

metal pollution index of Akaki River was calculated. To develop the heavy metal 

pollution indexing model a weighted arithmetic quality mean method was developed on 

two basic steps. First, parameters on which indexing to be used were selected; Second 

weighting to selected parameters was done based on a rating scale, which is an arbitrary 

value between 0 and 1(Mohan et al., 1996). In the present model, unit weight (Wi) is 

taken as value inversely proportional to the recommended standard (Si) of the 

corresponding parameter. Pb, Cd, Cr, Mn, and Zn are monitored for the model index 

application. The heavy metal pollution index was calculated using equation 4. 
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HPI =
∑ wi.Qi

𝑛
𝑖=1

∑ Wi
𝑛
𝑖=1

    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (4) 

Where:  

Qi= sub index of the ith parameter,  

Wi= the unit weight of the ith parameter and  

n = the number of parameters considered  

3.10 Estimation of health risk farmers facing with pollution load  

To characterize the risk, both primary and secondary data were extracted and used for the 

risk estimation. The hazard identification focuses on the identification of potential 

pollutants that are health hazards (NRC, 1983); in this case selected heavy metals (Pb, Cr, 

Ni, and Co) are identified and their concentration in water, vegetable and soil samples of 

the perturbed environment were characterized.  

The exposure assessment is vital in estimating the quantity, frequency and duration of the 

heavy metals, which the population has exposed (NRC, 1983). In the current study, 

chronic daily intake of farmers for selected heavy metals through ingestion and inhalation 

of vegetable and soil particulates were estimated, respectively using equation 5 and 6.  

The dose response assessment estimates the toxicity of the heavy metals to the farmers at 

risk. For this endeavor, two indices were taken, cancer slope factor (CSF, Carcinogen 

potency factor) and reference dose (RFD, a non-carcinogenic threshold). The last step, 

risk characterization, uses all this data, to estimate both cancerous and non-cancerous 

health risk posed to farmers living and working adjoining the river Akaki (NRC, 1983). 

𝐶𝐷𝐼𝑖𝑛𝑔 = 𝐶𝑣×𝐼𝑅×𝐸𝐹×𝐸𝐷

𝐵𝑊×𝐴𝑇
   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (5) 
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Where: 

CDI ing = Chronic daily ingestion of vegetable (mg kg-1 /day) 

Cv = concentration of heavy metal in vegetable samples (mg kg-1) 

IR= ingestion rate (kg per day) = 0.275 kg/day 

EF = Exposure frequency (days/year) = 350 days/ year 

ED = exposure duration in years = 40 years 

BW = body weight of the exposed individual = 48 kg for women & 56 kg for men 

AT = the time period over which the dose is averaged in days = 365 for the non-

cancer risk and 365 x 70d for cancer risk. 

𝐶𝐷𝐼𝑖𝑛ℎ = 𝐶𝑆×𝐼𝑅𝑎𝑖𝑟×𝐸𝐹×𝐸𝐷

𝐵𝑊×𝐴𝑇×𝑃𝐸𝐹
    . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (6) 

 

Where: 

CDI inh= chronic daily intake of heavy metals through inhalation, mg kg-1 /day 

Cs= concentration of heavy metals in soil (mg kg-1)  

IR air= inhalation rate (m3/day) 

PEF= particulate emission factor (m3/kg) 

EF, ED, BW and AT are identified earlier in equation 5. 

3.10.1 Non-carcinogenic risk estimation 

The non-carcinogenic hazard is termed as hazard quotient (HQ), which is a unit less 

number that expresses the probability of an individual suffering an adverse effect. It is a 

quotient of CDI (Chronic daily Intake) divided by RfD (chronic reference dose). For n 

numbers of heavy metals the total non-carcinogenic risk is termed as hazard index, which 

is the summation of hazard quotient of each heavy metal (NRC, 1983) as shown in 

equation 7. 
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𝐻𝐼 = ∑
CDI

RfDs

𝑛

𝑘=1
   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. (7) 

If the HI < 1, the exposed population is unlikely to experience adverse health effects; if 

the HI > 1, then there may be concern of non-carcinogenic effects (NRC, 1983). 

3.10.2 Carcinogenic risk estimation  

The risks are estimated as the incremental probability of an individual developing cancer 

over a life time as a result of exposure to the potential carcinogen. 

Cancer risk of ingestion and inhalation exposure = ∑ CDI x CSF𝑛
𝑘=1    … … … (8) 

The total cancer risk is estimated based on the summation of cancer risks estimated for 

ingestion and inhalation exposure pathways using equation 9. 

𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑛𝑐𝑒𝑟 𝑟𝑖𝑠𝑘 = ∑ 𝐶𝑎𝑛𝑐𝑒𝑟 𝑟𝑖𝑠𝑘𝑖𝑛𝑔 + 𝐶𝑎𝑛𝑐𝑒𝑟 𝑟𝑖𝑠𝑘𝑖𝑛ℎ   … … … … …. (9) 

3.11 Quality Control and Assurance 

3.11.1 Instruments and reagents 

A novAA 400P (Analytik Jena AG, Jena, Germany) high-resolution continuum source 

atomic absorption spectrometer equipped with a graphite furnace, deuterium background 

correction system, and graphite tubes with integrated pin platform was used. An MPE-60 

auto-sampler was installed on the GFAAS. High purity argon (99.999%) was supplied as 

the protective and purge gas. The method was optimized based on the proper atomic lines 

for Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn (Table 5). 

A BT-214D electronic balance (Sartorius, Gottingen, Germany) was used to weigh the 

samples. An ETHOS One Microwave Digestion System (Milestone, Milano, Italy) with 

Tetrafluormethaxil (TFM) vessels was used for the samples digestion. 
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Stock standard solutions containing 1000 mg L-1 of Cd, Co, Cr, Cu, Mn, Ni, Pb and Zn 

(Analytik Jena AG, Jena, Germany) were used for preparing working standards. The 

working standard solutions were prepared daily through a stepwise dilution of the 

standard stock solutions using 0.5% (v/v) nitric acid (HNO3).  

Ammonium phosphate monobasic (NH4H2PO4), and magnesium nitrate [Mg(NO3)2] 

(Sigma-Aldrich, St. Louis, MO, USA) were used as chemical modifiers for the 

determination of the Pb, Cd, and Cr levels.  

The reagents were of analytical grade, and all solutions were prepared using deionized 

water (18.2 MU/cm) produced using a PureLab Prima system (Hycombe, Bucks, UK). 

All containers and glassware were cleaned by soaking them in 10% HNO3 for at least 24 

hours and rinsed three times with deionized water prior to use. 

The freshly prepared working solutions were diluted with 0.5% (v/v) HNO3 solution to 

obtain a series of working solutions for plotting the calibration curves. Linear calibration 

curves with R2 >0.998 were used for quantifying the metals in the samples. Procedural 

blanks were included in each batch of samples. All of the analyses were duplicated to 

ensure the representativeness of the quantitative results.  

Analyses of the water, vegetables, soil, and fish samples were performed after 

determining the detection limits and verifying the procedures with percent recovery tests. 

Data were assessed carefully using standard operating procedures. 
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Table 5  Instrument working conditions for analysis of heavy metals in the study area 

Element Techniques Wavelength 

(nm) 

Silt width 

(nm) 

Lamp 

Current(mA) 

Detection 

Limits  Flame Graphite  

Cd  Argon 228.8 0.8 2.0 0.03 a 

Cr  Argon 357.9 0.8 4.0 0.05 a 

Pb  Argon 283.3 0.8 2.0 1.10 a 

Zn Air-C2H2  213.9 0.5 2.0 0.01 b 

Cu Air-C2H2  324.8 1.2 2.0 0.03 b 

Ni Air-C2H2  232.0 0.2 3.0 0.07 b 

Mn Air-C2H2  279.5 0.2 5.0 0.03 b 

Fe Air-C2H2  248.3 0.2 4.0 0.08 b 

Co Air-C2H2  240.7 0.2 5.0 0.07 b 
 

a Detection Limit (±30%) in ug L-1 for 20 ul sample aliquot 
b Detection Limit (±30%) in mg L -1 for 100 mm-burner and Air/C2H2 flame 

3.11.2 Method Detection Limit (MDL) 

The detection limits for vegetable, soil and fish analyses methods were obtained from 

three times the standard deviation of ten determinations of the reagent blanks for each 

metal. 

3.11.3 Method validation 

To ascertain the accuracy of the results obtained with the optimized method, spike 

recoveries for Cd, Cr and Pb were carried out on the samples. An 8 ug L-1 system spike 

was used for Pb, while a 1 ug L-1 system spike was performed on Cd and Cr. Each 

recovery test for vegetables, soil and fish samples were performed in triplicates.  

3.11.4 Recovery of metals 

The percent recovery of the spike was calculated using equation 10: 
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% 𝑅 = (𝑆𝑝𝑖𝑘𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑟𝑒𝑠𝑢𝑙𝑡−𝑈𝑛𝑠𝑝𝑖𝑘𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 𝑟𝑒𝑠𝑢𝑙𝑡)

𝐾𝑛𝑜𝑤𝑛 𝑠𝑝𝑖𝑘𝑒 𝑎𝑑𝑑𝑒𝑑 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑎𝑟𝑡𝑖𝑜𝑛 
× 100%    . . . . . . . . . . . .. (10) 

The results and recoveries are tabulated in Table 6. The metals in the spiked samples had 

recoveries of 100% ± 15%, within the tolerance for complex food sample matrices, while 

confirming the validity of the optimized digestion and extraction procedures.  

Table 6  Percentage recoveries of Cd, Cr, and Pb in spiked samples 

Sample Sample(ug L-1) Sample spike (ug L-1) % Recovery 

Cd Cr Pb Cd Cr Pb Cd Cr Pb 

Vegetable 1.53 1.45 6.84 2.65 2.40 14.34 112 95 93.75 

Soil 1.12 1.23 6.68 2.27 2.10 14.21 115 87 94.13 

Fish 1.98 4.41 7.03 3.12 5.34 15.01 114 93 99.75 
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3.12 Data Analysis 

Statistical analyses were performed with spreadsheet and IBM SPSS Statistic 20 

software. The data set was tested for homogeneity of variance (Levene’s test) and for 

normal distribution (Shapiro–Wilk’s W test). As the data were not normally distributed 

and the variances were not homogeneous, the non-parametric Kruskal–Wallis (K-W) test 

for multiple independent groups was applied. For all statistical tests, a probability of 

p<0.05 was considered significant. Mean and standard deviation of each heavy metal 

were calculated. ANOVA and correlation tests were used for comparing mean 

concentration of heavy metals between the vegetables, fish organs and determining their 

correlation level, respectively.  
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4 Results and Discussion  

4.1 Development of water quality index (WQI) for Akaki River  

The values of physicochemical parameters used to calculate water quality index for 

Akaki River are given in (Table 7). The concentration of nitrate and nitrite in Akaki River 

were found to be 4.05 mg L-1 and 19.3 mg L-1, respectively. Nitrite, a reduced form of 

nitrate has surpassed the Canadian standard value for surface water (CCME, 2012). On 

the other hand, phosphate which mostly originates from household use of detergent and 

agricultural runoff was within this Canadian standard limit. In addition, other parameters 

that measure the load of organic compounds and oxygen depletion, BOD (50.78 mg L-1) 

and COD (169.53 mg L-1) have surpassed the South African water quality guideline value 

(DWAF, 1996).  

Table 7 Physicochemical parameters used to calculate water quality index for Akaki River 

Parameters Measured value Guideline Value Reference 

pH (pH units) 7.87 6.5-9.0 (DWAF, 1996) 

BOD(mg/L) 50.78 30 (DWAF, 1996) 

COD (mg/L) 169.53 15 (CCME, 2012) 

NO3
-/NO2

- (mg/L) 33.55 13 (DWAF, 1996) 

PO4
2-(mg/L) 0.19 1 (CCME, 2012) 

 

In the present investigation secondary data on the pollution status of five rivers in major 

cities of Africa and primary data on Akaki River were taken and there pollution index in 

terms of selected water quality parameters was calculated (Table 8). The index is set 

between 0 and 100; any value greater than 100 indicates that the river is not suitable to 

bear life to aquatic organism or not considered as a healthy river (Mohan et al., 1996).  
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Table 8  Mean values of water physicochemical parameters used for developing water quality index  

City River 

name 

Parameters Water 

quality index pH BOD COD NO3
-/NO2

- PO4
2- 

Addis Ababa  Akaki  7.87 50.78 169.53 33.55 0.19 152.65 

Cairo  Nile  7.8 4.10 11.8 124.7 23 455.49 

Abuja  Usuma  7.45 14.02 13.2 7.6 4.6 91.32 

Kinshasa  N’Djili 8.4 3.55 23.3 4.76 0.4 35.71 

Nairobi  Nairobi  7.29 385 18.06 1 3 188.07 

Johannesburg   Jukskei  7.36 200 20.3 4 1.75 99.00 

 

In accordance with above mentioned indexing, Akaki River has a pollution index of 152 

which puts it third of the six in its severity of pollution status (Figure 4).  

 

 

Figure 4  Akaki river water pollution index compared to five rivers in Africa 
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4.2 Distribution of trace metal in Akaki River Water 

During the sampling campaign, a total of 26 sampling sites were covered. The 

concentration of Fe, Mn, Zn, Cr, Cd, and Pb in river water were quantified; the results are 

presented in Table 9. The concentration of Fe, Mn and Zn was within Moldovan surface 

water Use Class-3 quality standard limit, while levels of total dissolved Pb, Cd and Cr 

were Class-2. In addition, total dissolved Pb, Cd and Cr have exceeded the European 

drinking water threshold level. Lead takes the highest proportion, of which 27.8% of the 

sampling sites have surpassed the limit, followed by Cadmium (20.4%) and Chromium 

(16.7%). 

Table 9  Distribution of trace metals in Akaki river water  

Trace 

Metals  

Catchments (Mean ± SD) Akaki River 

Contamination 

European 

guideline 

Upper 

(n=12) 

Middle 

(n=10) 

Lower (n=4) (µg L-1) 

Fe a 5.82±6.53 3.83±4.41 12.00±13.46 5.89±7.57 0.2 

Mn a 1.04±0.68 0.99±0.44 98.87±96 1.15±0.73 0.05 

Zn a 0.16±0.11 0.12±0.07 0.15±0.09 0.14±0.09 0.1-5.0 

Cr b 112.74±227 16.50±48.56 16.72±24.79 56.48±155.78 0.05 

Cd b 1.81±2.25 0.51±0.51 0.41±0.28 1.01±1.60 0.005 

Pb b 7.92±6.21 6.45±6.47 5.56±3.82 6.92±6.00 - 

a Concentration (mg L -1) measured by Air/C2H2 flame  
b Concentration (µg L -1) measured by graphite furnace 

The minimum level of lead was detected in sampling sites that are found in the upper 

catchment, sites such as Burayu Kera, Tinziz wonze around France embassy and Yeka 

Abado. This was ascribed, relatively to the absence of human and industrial disturbance. 

Amare, (2007) has reported that the level of Pb, Cd and Cr in Burayu kera were below 

the detection limit, whereas the current investigation has shown 1-3 fold higher 
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concentration of lead. An assessment made by Itanna, (1998), in a river crossing Kera 

and Peackock reported an exceeding amount of lead when compared to the current study. 

Previously, Ejigu, (1997) reported similar trend in a river that is crossing Biheretsige 

garden. This shows that the level of Lead is decreasing when compared to studies carried 

out 10-20 years before.  

The main source of total chromium in the river catchment is the presence of leather 

processing industries. In the current study areas which are situated along tanning 

industries have exhibited higher concentrations. For instance Bedada River, River behind 

Bihere Tsige garden and Beyene Hordofa Bridge have Cr as high as 673 µg L-1, 32.37 µg 

L-1 and 233 µg L-1, respectively. When compared to previous studies such as Ejigu, 1997, 

a level of chromium in Biheretsige site was around 0.1 µg L-1; which reveals after 20 

years, the level of chromium at Bihere Tsige has increased more than 300 folds. A 

comparable result is however reported by Itanna, (1998). In general the level of 

chromium is within a predictable range; however there are places with peculiar results 

and these areas are highly impacted by the presence of tanning industries. 

4.3 Heavy metal pollution index (HPI) 

According to Mohan et al., (1996), a river’s pollution status in terms of heavy metal 

pollution can be best represented applying heavy metal pollution index. The index is 

bounded between 0 and 100; any value beyond 100 explains that the river is not suitable 

for irrigation purpose. In the current study the heavy metal pollution index is calculated 

and presented in Table 10. The result presents that Akaki River has a heavy metal 

pollution index of 91.6, which explains the river has a poor water quality and somewhat 

unsuitable for agriculture purposes. The worst case can be observed in the lower 
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catchment, which has 264 times higher pollution index, compared to the overall Akaki 

index; this was ascribed to the cumulative effect of the pollution load. In general the 

Akaki River is unsuitable for irrigation. 

Table 10  Heavy metal pollution index of Akaki River in terms of most toxic metals (Cd, Cr, and Pb) 

River catchment Heavy metal pollution index 

(HPI) 

Interpretation of HPI 

(Mohan et al., 1996) 

Akaki river 91.6 0-25  (Ideal)  

26-50 (Good)               

51-75  (Moderate polluted 

76-100 (Very poor) 

>100 (Unsuitable) 

Upper catchment  310 

Middle catchment  278 

Lower catchment  24100 

4.4 Trace metal in soil polluted with Akaki River 

A total of 23 soil samples were collected and analyzed for selected trace metals Zn, Co, 

Cu, Ni, Cr, Pb, and Cd. The results are presented in Table 11. The values of Zn, Co, Ni 

and Cd are within the standard limit of the European directives for soil contaminants. 

However, Cu, Cr and Pb have surpassed this limit.  

Table 11  Concentration of metals in soil samples irrigated with Akaki River 

Trace Metal 

(mg kg-1) 

Mean ±SD Min value Max value Guideline value 

(China, mg kg-1) 

Zn 5856.74±3081.85 2435.00 162110.00 250 

Co 82.25±46.63 29.84 223.90 50 

Cu 103.16±34.63 54.08 186.00 40 

Ni 139.91±45.92 59.72 232.30 250 

Cr 40.52±62.18 <  DL 228.00 0 

Pb 13.91±52.54 <  DL 249.70 - 

Cd 0.31±0.18 0.04 0.71 - 

DL: Detection Limit (Table 5) 
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In addition the results have a different phenomenon when aggregated across the river 

catchment, upper, middle and lower catchment as shown in Table 12 & Figure 5. It was 

found that Zn in the lower catchment is the highest with a concentration of 7556.25 mg 

kg-1. Surprisingly, this concentration is about 38 times higher than the recommended 

maximum value set by both European and the Chinese standards for soil (200 mg kg-1). 

This could be ascribed to the high clay and/or organic matter content and pH content of 

the soil, resulting the longer residence time of Zn in soil (Appendix 2). In addition, the 

concentration of Zn is significantly different (p<0.05) among the catchments. 

Table 12  Mean concentration of trace metals in soils by catchment 

Trace 

Metals 

(mg kg -1) 

Catchments (Mean ± SD) Guideline values 

(mg kg -1) 

Upper(n=5) Middle (n=5) Lower (n=3) European China 

 

Zn 4358.25±1586 6455.78±4376 7556.25±1027 200 250 

Cr 63.42±79.23 17.96±15.92 10.74±20.39 20 0 

Co 66.50±14.19 79.00±35.63 130.50±88.98 100 50 

Cu 101.75±41.47 112.67±29.05 82.00±12.65 50 40 

Ni 124.42±44.16 153.56±42.05 143.25±59.92 100 250 

Pb 0.89±0.99 34.40±82.56 0.23±0.13 - - 

Cd 0.26±0.15 0.35±0.22 0.33±0.20 - - 

Level of chromium in the three catchments revealed that its concentration is higher in the 

upper catchment (63.42 mg kg-1), but with statistically no significant difference (p>0.05) 

to the other two. The European standard for soil sets a maximum value for chromium to 

be 100 mg kg-1, while the limit value recommended by China is 250 mg kg-1. Previous 

studies by Alemayehu, (2006) and Amare, (2007), have reported a comparable result 50 

mg kg-1 and 47.78 mg kg-1, respectively. A higher concentration of chromium as 
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observed in both times could be attributed to the presence of Addis Ababa tannery Share 

Company, Bedada leather processing industry and Ethio-marble industry.  

At the lower catchment of the Akaki River, higher concentration of cobalt was found to 

be 130.50 mg kg-1, which is higher than the upper and middle, 66.50 mg kg-1, 79.00 mg 

kg-1, respectively, and there is no statistically significant (p>0.05) concentration 

difference among them. However, these concentrations are above the maximum limit 

value set by the European Standards (20 mg kg-1). Compared to the result by Itanna, 

(2002), the concentration of Co in peacock and Kera farms are 2-3 times lower than 

results exhibited in the middle catchment of the present investigation. 

Although there is no significant difference (p>0.05) in the concentration of copper among 

the catchments, the middle and upper catchments contain higher concentration, 112.67 

mg kg-1, 101.75 mg kg-1, respectively, which are above the concentration limit set by the 

European standards (100 mg kg-1); the Chinese set 50 mg kg-1 as the maximum 

acceptable concentration. The level of copper in the lower catchment is 80.00 mg kg-1. 

Alemayehu, (2006), reported a 29 mg kg-1 of Cu, in one of the sites of the upper 

catchment, Burayu farm, which is around 4 times lower than the current study. 

The level of nickel in the middle catchment is 153.56 mg kg-1, which is higher than the 

upper and lower catchments and at the same time higher than the recommended 

maximum value set by the European (50 mg kg-1 ) and Chinese standards (40 mg kg-1 ). It 

was found that there is no statistically significant (p>0.05) concentration difference 

among the three catchments. Previous study on two of the large farms that found in the 

middle catchment reported a lower concentration of nickel when compared to the current 
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mean value of 153.56 mg kg-1. No significant difference (P=0.42) was recorded for the 

value of cadmium amongst the river catchment.  

On the contrary lead has exhibited a variance along the river catchment. However a 

significant difference (P<0.05) was more pronounced between soil samples of middle and 

lower catchment, unlikely the difference between upper and middle and upper and lower 

is insignificant (P=0.10), (P=0.15) respectively. In general the deposition of heavy metals 

in farms irrigated with Akaki River seems to increase, especially the lower catchment 

farms are highly impacted due to the inflow of all the rivers towards this part of the river. 

 

Figure 5  Mean concentrations of metals in soil by catchment 

4.5 Trace metal in vegetables irrigated with Akaki River 

A total of 46, widely consumed vegetables samples, of which, 22 are Ethiopian Kale, 10 

Lettuce and 14 Swiss chard, were collected and subsequently analyzed for selected heavy 

metals, Fe, Mn, Zn, Pb, Cr and Cd. The results are presented in Table 13.  
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FAO/WHO limits Fe in vegetables to be at a concentration of 426 mg kg-1. In the current 

study, 90% of the vegetable samples are in compliance with this standard. The minimum 

accumulation was 28.5 mg kg-1 (near to Aba Samuel reservoir) and the maximum 

quantity is around 484 mg kg-1 (Behind Biheretsige garden). Of the accumulation, lettuce 

(334 mg kg-1) is the highest accumulator, followed by Swiss chard (244 mg kg-1) and E. 

Kale (191 mg kg-1). Similar accumulation potential of lettuce and Swiss chard was 

reported by Itanna, (2002). Unlike Fe, all the vegetable samples have Mn within the 

standard limit.  

Table 13  Mean metal concentration in vegetables grown by Akaki River 

Trace 

metal 

Vegetable Type FAO/WHO 

(mg kg-1 ) 

Compliance 

to standard 

(%) 
Ethiopian Kale 

(n=22) 

Lettuce 

(n=10) 

Swiss Chard 

(n=14) 

Fe 191±26.4 333.7±55.7 244±19.61 426 90.10 

Mn 91.88±20.9 142.7±36.5 224.09±31 500 100 

Zn 99.87±5.93 111.2±6.45 106.11±11 99 49 

Pb 0.72±0.11 1.43±0.37 1.06±0.19 0.3 17.60 

Cr 0.28±0.03 0.45±0.14 0.45±0.06 2.3 100 

Cd 0.25±0.02 0.39±0.04 0.37±0.02 0.2 100 

Zn was detected in all vegetable types, where around 51% of the samples have exceeded 

amount of Zn when compared to standard limit of 99 mg kg-1. The minimum value is 58 

mg kg-1 and maximum 157 mg kg-1. The accumulation is in order of decreasing 

concentration, Lettuce >Swiss chard > E.Kale.   

FAO/WHO limit for Pb in vegetables is 0.3 mg kg-1; in the present investigation around 

83% of the samples have surpassed this limit. The highest value is 3 mg kg-1 in samples 

taken from Mekanisa area, which is 10 time higher than FAO’s standard.  
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Amongst the vegetables, Lettuce was the highest accumulator (1.43 mg kg-1), succeeded 

by Swiss chard (1.06 mg kg-1) and the least accumulator is E.kale (0.72 mg kg-1). The 

results are comparable to other reports ( Rahlenbeck et al., 1999; Itanna, 2002; Amare, 

2007) . 

4.6 Distribution of heavy metal in vegetable by catchment  

Table 14 shows the significance level associated with the distribution of trace metals 

across the three catchments. No significant difference was observed between the level of 

iron in Ethiopian Kale samples irrigated across the three catchments (Kruskal-Wallis, 

n=46, p=0.81). Likewise, the spatial variability of manganese and lead was found to be 

not significant (Kruskal-Wallis, n=46, p=0.48).  

However, the distribution of Zinc and Chromium in Ethiopian Kale was statistically 

significant (p<0.05). A further statistical analysis using Mann-Whitney Test confirmed 

the observed variability in the concentration of zinc and chromium was primarily 

between the upper and middle catchments.  

The distribution of heavy metals in lettuce showed no spatial variability across the three 

catchments.  

In Swiss chard samples, except for chromium (Kruskal-Wallis, n=46, p=0.02) the other 

trace metals were indifferent across the catchments. A further statistical analysis using 

Mann-Whitney Test confirmed that the observed difference in chromium distribution was 

manifested between the upper and middle catchments (Mann-Whitney, n=46, p=0.00).  

As to cadmium, a significant difference (P<0.05) was recorded between upper and middle 

catchment.  
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A slight decreasing pattern in mean Iron concentration was observed from upper 

catchment towards the lower. The distribution of manganese showed no consistent 

pattern across the catchments. However, the highest mean concentration of manganese 

was detected in lower catchment (191.1±48.52 mg kg-1) followed by upper and middle 

catchments, respectively.  

Table 14  Significance level of trace metals distribution in vegetables across the catchments 

Trace 

Metals 

(mg kg-1 ) 

Catchments (Mean ± SD) Significance level (p) 

Upper Middle Lower E. Kale Lettuce S. Chard 

Fe 260.11±30.32 247.28±34.3 177.4±30.87 0.815 0.286 0.51 

Mn 153.78±23.84 97.56±18.2 191.1±48.52 0.176 0.117 0.69 

Zn 260.11±30.32 112.11±5.25 119.7±9.38 0.034 0.556 0.06 

Cr 0.52±0.6 0.27±0.4 0.25±0.05 0.007 0.266 0.02 

Pb 1.06±0.15 0.74±0.22 1.19±0.25 0.485 0.317 0.09 

Cd 0.25±0.08 0.37±0.11 0.32±0.08 0.300 0.156 0.04 

The mean zinc concentration detected at the upper catchment was approximately twice 

the concentration detected at the lower and middle catchment. Similar pattern was 

observed for chromium and lead distribution across the catchments.  
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Figure 6  Comparison of trace metals in vegetables across the catchments 

 

4.7 Translocation factor 

The value of translocation factor as indicated in Table 15 provides that the transfer rate of 

the heavy metals from the soil to the plant. In general Lettuce has the highest 

translocation factor, where a considerable amount of the heavy metals was transferred to 

the plant, followed by E.Kale and Swiss chard.  

Even though the concentration of Cd is within the allowable limit, of all Cd has the 

highest translocation value, which explains that Cd that presents in the soil are up taken 

into the plant material considerably. This can be attributed to the ability of soil Cd to be 

mostly adsorbed at exchange sites and its plant availability is closely related to pH and 

soil organic matter content (Chang et al., 2014). On the contrary, Itanna, (1998), have 

reported a lower accumulation of Cd.  
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In the current study, Zn has the lowest translocation factor, which could be due to the 

amendment of the soil with phosphate fertilizer, which most farmers apply. For instance, 

Wang et al., (2008), found that addition of three types of phosphate fertilizers in 

contaminated soil significantly decreased Zn concentration (11.7 % - 75.3 %), leading to 

reduced uptake of Zn (1.2% - 73.2%) by cabbage (Brassica chinensis L.).  

Table 15  Soil to plant transfer of heavy metals in vegetables irrigated by Akaki River 

Vegetable type Trace 

metal 

Translocation factor Total TF 

 

 

E.kale 

Fe 0.002  

 

0.911 

Mn 0.028 

Zn 0.017 

Pb 0.051 

Cr 0.007 

Cd 0.806 

 

 

Lettuce 

Fe 0.003  

 

1.437 
Mn 0.043 

Zn 0.019 

Pb 0.102 

Cr 0.011 

Cd 1.260 

 

 

Swiss chard 

Fe 0.002  

 

1.368 
Mn 0.068 

Zn 0.018 

Pb 0.076 

Cr 0.011 

Cd 1.190 
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4.8 Risk of contamination and farmers health 

The daily exposure of farmers to selected heavy metals through ingestion and inhalation 

pathways is presented in Table 16. The total chronic daily intake of heavy metals is 

higher in female farmers (4.80e-4) than male farmers (6.10e-4).  

The intake of lead and chromium through ingestion of vegetable is higher than intake 

through inhalation. Even though, it is lower than ingestion, intake through inhalation 

proves that farmers in the urban and peri-urban areas of Addis Ababa are at risk of 

occupational exposure to heavy metals since most of them do their daily activities with 

bare foot or without glove and mouth cover. The intake of heavy metal via inhalation is 

in the order of Ni>Co>Cr>Pb.  

Table 16  CDI of heavy metals through ingestion of vegetables and inhalation of soil particulates 

 

Receptor  

Ingestion  

mg kg-1 /day 

Inhalation  

mg kg-1 /day 

Total 

chronic 

daily intake Pb Cr Pb Cr Co Ni 

Male Farmer 3.5e-4 1.3e-4 8.6e-10 3.7e-8 1.13e-7 1.71e-7 4.80e-4 

Female Farmer 4.4e-4 1.7e-4 1.08e-9 4.66e-8 1.4e-7 2.12e-7 6.10e-4 

When the non-cancer risk value is less than 1, there is no health risk to the farmers, but if 

these values exceed 1, there may be concerns of potential non carcinogenic effects (NRC, 

1983). When analyzed, the risk quotient for each metal in each exposure pathways was 

less than one, which is an indication that the heavy metals do not impart non-

carcinogenic effect independently.   

However, in real life scenario farmers are exposed to many chemicals at the same time; 

thus the action of the chemicals could be additive, non-additive or synergistic. In many 

cases two or more substances may act at the same target organ and that can be additive or 
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non-additive or it may even be very complex interaction of two or more chemicals that 

act at different but related targets. In extreme cases there may be synergistic effects, in 

that case the effects of two substances together are greater than the sum of individual 

effects.  

Nevertheless, our analysis assumes only an additive effect of chemicals. According to  

NYSDOH, (2007), the hazard index can be accurate when used with mixture of 

components that have similar toxic action. The sum of hazard quotient which is 

aggregated as a total non-cancerous health risk is greater than one for both male and 

female farmers as shown in Table 17. This result explains that the non-cancerous health 

risks associated with the consumption and inhalation of Pb, Cr, Co and Ni would be 

perhaps those outlined in Table 18. 

Table 17  Non-cancerous risk of heavy metals via ingestion and inhalation of soil particulates 

Receptor 
Ingestion Inhalation Total non-

cancerous 

risk 

Pb Cr Pb Cr Co Ni 

Male Farmer 0.82 0.045 5.79e-7 0.19 1.88e-2 8.56e-3 1.08 

Female Farmer 1.02 0.06 2.57e-8 1.14e-9 1.42e-8 1.25e-7 1.08 

Table 18  Heavy metals and their potential health concern identified in polluted water and soil 

Heavy metals 
Potential health effects References 

Cr Lung and skin damage, Cancer  

 

(NYSDOH, 2007)  

Pb Nervous and immune system and kidney 

damage, memory deterioration 

Ni Brain and kidney damage, 

embryo/fetotoxic, lung, brain, kidney, 

liver, spleen and skin damage, cancer 

Co Allergy skin, bronchial asthma 
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The tolerable standard for cancer risk is in between 10-6 and 10-4; beyond this range, the 

exposed group is expected to be at risk of cancer. According to NYSDOH, (2007), the 

total cancer risk ranges are described as, follows:  if total cancer risk ≤ 10-6 = Low; 10-4 

to 10-3 = moderate; 10-3 to 10-1 = high; ≥10-1 = very high.  

In the current investigation both male and female farmers, have exhibited low cancer risk 

which is 6.53x10-5 and 3.9x10-6, respectively. The results are presented in Table 19. Thus, 

farmers working on the river Akaki catchment are not at risk of any kind of cancer risk 

when exposed to Pb, Cr, Co, Ni through ingestion and inhalation exposure pathways 

combined.  

Though, this does not diminish the future risk that is posed, as the pollution index is 

increasing exponentially, with the relentless disposal of liquid waste from domestic and 

industrial establishment, with inadequate or no treatment of their disposal.  

In addition, the awareness of farmers on the possible health risk associated with working 

on polluted river and soil seems lower as they are not following any precautionary 

measures to minimize the risk. Almost all farmers have inadequate or no personal 

protective equipment (PPE), where most of them do their daily activities with bare foot or 

without glove and mouth cover, that chronic intoxication through dermal exposure of the 

lower and upper extremities to polluted water and soil is high.  

Moreover, there is one important exposure pathway which is not considered in the 

present risk estimation protocol, that is, dermal exposure of farmers to pollutants carried 

out through the soil and water compartment used for the irrigation.  
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During working hours, it is clearly evident, that different body parts of farmers, forearms, 

hands, lower legs and feet of the farmers are continuously immersed into the polluted soil 

and water matrices. Since this report is a preliminary assessment, the dermal exposure 

was not included; however, had it been included, the cancer risk would have been 

increased.  

Table 19  Cancerous risk of heavy metals via ingestion and inhalation of soil particulates 

Receptor Ingestion Inhalation Total 

cancerous 

risk 
Pb Cr Pb Cr Co Ni 

Male Farmer 2.56e-6 6.01e-5 3.28e-11 1.39e-6 9.92e-7 2.62e-7 6.53e-5 

Female Farmer 1.69e-7 4.47e-7 4.07e-11 1.72e-6 1.23e-6 3.25e-7 3.89e-6 

 

4.9 Bioaccumulation of heavy metals in some tissues of Fish 

Concentrations of heavy metals (Pb, Cr, and Cd) in the muscles, liver and intestine of 

fishes collected from Aba-Samuel and Koka are given in Table 20. The mean metal 

concentration in the muscles was ordered as, Pb>Cr>Cd, in livers, Cr>Pb>Cd and in 

intestine, Cr>Pb>Cd. 

Table 20  Concentration of heavy metals in organs of Clarias gariepinus from Aba-Samuel and Koka 

Lake 

  Sampling Area 

 Aba-Samuel Koka 

Muscle 

(n=25) 

Liver 

(n=5) 

Intestine 

(n=5) 

Muscle 

(n=11) 

Liver 

(n=5) 

Intestine 

(n=5) 

Pb 1.14±0.18 0.78±0.26 0.55±0.11 1.04±0.09 0.78±0.27 0.44±0.24 

Cr 1.04±0.44 0.89±0.65 2.5±1.51 0.82±0.36 0.10±0.23 1.7±0.68 

Cd 0.31±0.07 0.43±0.10 0.39±0.02 < DL 0.03±0.01 0.21±0.11 

DL: Detection Limit (Table 5) 
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In current study, accumulation of the metals in tissues showed marked differences 

(p<0.05). In samples from both lakes the highest Pb values were found in muscles and the 

lowest in the intestine (p<0.05). Mean Pb concentrations did not differ significantly 

between the liver and intestine.  

Conversely, mean Cr concentrations were significantly higher in the intestine than in the 

liver (p<0.05, for both lakes). Many studies attributed high metal accumulation to the 

feeding habit of the fish. For instance, Eneji et al., (2011), argued that Clarias gariepinus 

showed the highest bioaccumulation factor of 232 for chromium. As mean Cr 

concentrations in our samples were highest in the intestine, it seems that feeding mode 

could be a major uptake pathway for chromium.  

Cadmium concentrations were found to be higher in the liver and lower in the muscles 

for fish samples in Aba-Samuel reservoir (P<0.05). The high levels of essential metals in 

hepatic tissues are usually related to a natural binding proteins such as metallothioneins 

(MT) which act as an essential metal store to fulfill enzymatic and other metabolic 

demands (Khaled, 2009).  

On the present study, the liver showed high levels of non-essential metals such as Cd; this 

finding could be explained by the ability of Cd to displace the normally MT-associated 

essential metals in hepatic tissues. 



54 
 

 

Figure 7  Mean concentrations of metals in organs of Clarias gariepinus from Aba-Samuel 

 

Figure 8  Mean concentrations of metals in organs of Clarias gariepinus from Koka Lake 
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Metal concentrations in the fish samples did not vary between the two sampling areas 

except for Cd which is significantly different (p<0.05). This difference is significant for 

all three investigated tissues (p<0.05, for both lakes). This finding can be linked to the 

weight of the fish (p<0.05) and length (p<0.05) which is also found to be significantly 

different; since Cd is difficult to be excreted from liver once it is accumulated (Khaled, 

2009). This agrees with the suggestions of (Ronald, 2010) that Cd in liver is positively 

linked to the age of the fish. In this context, Ploetz et al., (2007), stated that Cd 

concentrations in the liver of king mackerel (Scomberomorus cavalla) increased with 

increasing length.  

Despite the fact that muscles are not an active site for metal accumulation, in polluted 

aquatic habitats the concentration of metals in fish muscles may exceed the permissible 

limits for human consumption and imply severe health threats. To assess public health 

risk of the Aba-Samuel and Lake Koka fish consumption, metal levels in muscles were 

compared with the maximum permissible limits for human consumption (MPL) 

established by (FAO/WHO, 1989); as well as comparing to those reported in similar fish 

species from the previous studies (Table 21). 
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Table 21  Comparisons of concentration of heavy metals in fish to FAO/WHO and other studies 

Fish 

Species 

Location Cd* Cr * Pb * References 

Clarias 

Gariepinus 

Aba Samuel, Ethiopia 0.31 1.04 1.14 This study 

Lake Koka, Ethiopia  <0.006 0.82 1.04 This study 

Lake Koka, Ethiopia <0.005 0.697 0.111 (Ataro et al., 2005) 

Lake Awassa, Ethiopia <0.24 --- <1.66 (Ataro et al., 2005) 

Lake Ziway, Ethiopia  <0.24 --- <1.66 (Asgedom et al., 2012) 

Lake Hashenge, Ethiopia  0.53 0.65 1.24 (FAO/WHO, 1989) 

River Benue, Nigeria  0.927 88.5 2.78 (Ishaq  et al., 2011) 

Warri river, Nigeria  0.190 0.789 0.21 ( L.I.N, 1992) 

Permissible Limits  0.5 0.15 0.5 (FAO/WHO, 1989) 

* Mean concentrations in mg kg-1 dry weight 

          --- Not measured  

 

Apart from Cd, Cr and Pb metal concentrations in the examined fish species from Aba-

Samuel and Lake Koka were above the (MPL) for human consumption recommended by 

(FAO/WHO, 1989). Moreover, the results were higher than the previous studies for 

similar fish species. For instance, Dsikowitzky et al., (2013), recorded much lower metal 

concentration of Cd, Cr, and Pb in Lake Koka than those recorded in the same species of 

the current work.  
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5 Conclusion  

From this study, it was evident that concentrations of Nitrite, Phosphate, BOD and COD 

have surpassed standard value for surface water. A pollution index of 152 in terms of 

nutrient load was recorded which puts the river third of the six rivers in major cities of 

Africa. In addition, levels of Pb, Cd and Cr have exceeded the threshold level. Pb takes 

the highest proportion, of which 27.8% of the sampling sites have surpassed the limit, 

followed by Cd (20.4%) and Cr (16.7%).  

Farmlands that were irrigated with this contaminated water to grow vegetables (Ethiopian 

Kale, Lettuce and Swiss chard) exhibited elevated concentrations of metals both in the 

soils and the vegetables grown on them. This is particularly true for Cd, Cr, and Pb that 

could pose health risk concerns to consumers. A significant variation was observed in 

metal accumulation and translocation between the analyzed vegetables. In general 

Lettuce has the highest translocation factor, followed by E.Kale and Swiss chard.  

With regard to bioaccumulation, concentration of Cr and Pb in the examined fish species 

were above the (MPL) and accumulation of the metals showed marked differences 

between fish tissues (p<0.05), Pb>Cr>Cd in muscles, Cr>Pb>Cd in livers and Cr>Pb>Cd 

in intestine. The above results were also higher than previously reported. Hence, it is 

imperative to monitor regularly the metals from irrigation water, in soil and vegetables to 

follow/prevent their build-up in the food chain. 
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As to health risk assessment, the EDI and THQ values confirmed there would be no 

potential health risk to Akaki farmers due to intake of individual metal. Furthermore, 

both male and female farmers have exhibited low cancer risk through ingestion and 

inhalation exposure pathways combined. Though, this does not diminish the future risk 

that is posed, as the pollution index is increasing. Moreover, there is one important 

exposure pathway which is not considered in the present risk estimation protocol, that is, 

dermal exposure of farmers to pollutants carried out through the soil and water 

compartment used for the irrigation. 

It is clearly demonstrated in the result section that Akaki River is highly polluted, with 

the presence of toxic chemicals. This is emanated from industrial establishment situated 

along the river catchment. For this, segregation, pretreatment and reduction of toxic 

compounds in domestic waste water are crucial. Pollutants such as heavy metals and 

organic chemicals are mainly come from industries; once they are mixed with domestic 

water, it will become an intricate business to treat the waste.  
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6 Recommendations  

The selection of socially and economically acceptable control measures to protect health 

and the environment while fostering food security is important.  

The following recommendations can be used in several combinations. 

 Upgrading the waste treatment process for industries which are already 

established and enforcement to have waste treatment at point of discharge for new 

industries. For this reason, it is important to promote cleaner industrial 

production process.   

 Each industry should act to comply with the existing standards to avoid the 

contamination of the rivers water. 

 Establish centralized and decentralized municipal waste treatment. Create strong 

public awareness on waste management and reducing the use of toxic compounds 

at home. 

 Use of crop restriction in conjunction with waste water treatment, so that lower 

quality effluents can be used to irrigate non-vegetable crops. Such interventions 

for unknown reason are observed at the lower catchment of the Akaki River, 

where farmers were cultivating grass that can be used for cultural and ritual 

activities of coffee ceremony. 
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Appendex 1 Literal name and GPS Coordinator of sampling sites 

Sampling 

Site Code 

Description GPS Coordinator Catchment 

Easting Northing 

LA01 Around Fenance 0469057 1000164 Upper 

LA02 Winget 0468233 1000816 Upper 

LA03 Burayu Kera 0464616 1001769 Upper 

LA04 Gefersa, head site 0461823.7 0999517.2 Upper 

LA05 Lomi Meda, on bridge road to 18 0466537 0998805 Upper 

LA06 Back of Coca cola factory 04669563 0996814 Upper 

LA07 Mekanissa-Teklehaymanot 0468928 0992721 Upper 

LA08 Mekanisa area below national Liquor 0470579 0991730 Middle 

LA09 Kera Addis Ababa Abattoir 0472025 0993284 Middle 

LA10 Behind Beheretsige 0472845 0989325 Middle 

LA11 Shitu river under main bridge 0472024.9 0984218.5 Lower 

GA01 Yeka Abado 0484714 1001894 Upper 

GA02 Tinziz wonze 0477876 1001634 Upper 

GA03 Ras mekonen bridge 0473129 0999106 Upper 

GA04 Kebena 0475716 0998311 Middle 

GA05 Meles Foundation 0475770.7 0997469.3 Middle 

GA06 St Estifanos church 0474123 0996041 Middle 

GA07 St Urael church 0475425 0995959 Middle 

GA08 Atlas down to St. Ureal Church 0475661 0995304 Middle 

GA09 Atlas bellow former A.A Health Bureau 0475296 0995505 Middle 

GA10 Bole road under the bridge- Civil service 0475443 0993912 Middle 

GA11 Woro Gono 0481029 0992253 Upper 

GA12 Ketime 0480397 0987814 Upper 

GA13 St Arsema church 0475725 09998724 Middle 

GA14 Turneshi Bejing Hospital 0476188 0980678 Lower 

GA15 Akaki Beseka 0474920 0979731 Lower 

ASR Aba Samuel, downstream 0532393.7 0971378.4 Lower 
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Appendex 2 Soil physicochemical parameter result  

Sample  

Code 

pH 

H2O 

EC N Av.P Av.K OC CEC CaCO3  Sand Silt Clay Texture 

Class 

Particle 

Density 

LA03 6.9 0.7 0.3 101 422.5 2.6 36.5  24 22 45 Clay/ 

sandy  

2.52 

LA04 6.9 1.800 6.30 47.10 380 2.40 3.40  32 20 48 Clay 2.4 

LA05 7.0 0.7 0.2 99.5 393.3 2.0 42.1 7.5 38 17 45 Clay 2.3 

LA06 7.0 0.800 0.30 143.60 492 2.70 41.00 40.00 29 26 46 clay 2 

LA07 7.0 0.800 0.30 133.20 498 2.20 39.00  26 30 44 Clay 2 

LA08 7.0 0.900 0.40 164.00 528 2.70 40.80 1.00 47 23 30 Sandy Clay  2 

LA09 6.7 0.800 0.40 207.60 475 2.80 40.70 0.00 33 28 39 Clay loam 2 

LA10 6.7 0.629 0.32 99.86 500 2.48 46.41  19 28 53 Clay 3 

LA11 6.5 0.9 0.2 76.9 387.5 1.8 50.9 1.00 47 17 36 Clay/Sandy 

Clay Loam 

2.2 

GA03 7.2 0.855 0.09 42.92 310 0.51 31.44 0.00 54 15 30 Sandy Clay 

loam 

2.55 

GA06 6.9 0.951 0.17 66.76 400 1.15 35.50  53 18 29 Sandy Clay 

loam 

2.21 

GA07 6.7 0.800 0.40 207.60 475 2.80 40.70  21 20 57 Clay 2 

GA08 7.1 1.100 0.40 165.50 455 3.40 37.00  38 21 40 Clay/Sandy 

Clay Loam 

2 

GA14 7.4 0.633 0.11 35.90 380 1.08 45.38 0.00 21 28 51 Clay 2.74 

GA15 7.5 0.770 0.18 39.83 500 1.45 51.12 1.00 14 35 51 Clay 2.99 

ASR 7.1 1.100 0.40 165.50 455 3.40 37.00  18 27 58 Clay 3 
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Appendex 3 Standard calibration curves for analyzed trace metals  
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Appendex 4 Photographs of sampling sites and sample analysis  
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