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Abstract                                                                                     

This Ph.D. thesis describes the occurrence and distribution of selected persistent organic 

pollutants (organochlorine pesticides (OCPs) and polychlorinated byphenyls (PCBs)) 

and trace metals (Hg, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in sediment and fish samples 

from Akaki River catchment and Aba Samuel Reservoir, Central Ethiopia between 

2016-2017. The implications of the levels of OCPs, PCBs and trace metals were also 

evaluated based on national and/or international guidelines. 

  

Eight representative OCPs namely DDT and its metabolites (p, p‘-DDE and p, p‘-DDD), 

α,-endosulfan, endosulfan sulfate, heptachlor epoxide (B), lindane and dieldrin and 

indicator PCBs (PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB- 

180) in sediment and fish were determined using gas chromatography-mass spectroscopy 

(GC-MS), while trace metals were determined using inductively coupled plasma-optical 

emission spectroscopy (ICP-OES) and cold vapor-atomic absorption spectroscopy (CV-

AAS). 

Analyzed sediment samples showed the presence of lindane in the dry and p, p‘-DDT, p, 

p‘-DDE, p, p‘-DDD, , -endosulfan, heptachlor epoxide (B), and dieldrin in the rainy 

seasons. Lindane and DDTs were the predominant OCPs in the studied regions. Among 

the indicator PCBs, the analyzed sediment samples showed the presence of PCB-52, 

PCB-101 and PCB-118 in the dry and all indicator PCBs (PCB-28, PCB-52, PCB-101, 

PCB-118, PCB-138, PCB-153 and PCB-180) in the rainy seasons.  The distribution of 

PCB congeners in the sediment from Akaki river catchment and Aba Samuel Reservoir 

showed a predominance of lower chlorinated PCB congeners in the dry and highly 

chlorinated PCB congeners in the rainy season. A low level of higher chlorinated PCB 

congeners accumulation suggests a point source contamination. Ecological risk 
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assessment of the analyzed OCPs and PCBs using sediment quality guidelines indicated 

that total DDTs, p, p‘-DDT, p, p‘-DDE and p, p‘-DDD were higher than the maximum 

residue limit in most of the sampling sites in the rainy season. Then it is possible to 

conclude that a greater possibility of higher ecological hazards in DDT residues. 

However, the levels of total PCB concentrations at all sites were below the limit except 

one site in the dry season.  

Analyzed fish muscle and liver showed the presence of metabolites of DDT (p, p‘-DDE 

and p, p‘-DDD), lindane and dieldrin. Among PCBs, only PCB-118 in muscle and PCB-

153 in the liver were detected in the dry season. Comparing the concentrations of the 

present study with international existing limits indicated that 83% of fish muscle samples 

in both dry and rainy seasons from Aba Samuel Reservoir exceeded the permissible 

limits with respect to DDTs (14.4 g/kg ww, USEPA (2000)). Similarly, 100% of our 

fish samples in the dry and 17% of fish samples in the rainy seasons were found to be 

overloaded with lindane (10 g/kg ww, European Union). However, indicators PCBs 

were within the permissible limits.  

The concentration of THg found in all the sediment samples were below the US EPA 

guideline value of 200 g/kg dry wt. The THg concentrations found in Clarias 

gariepinus were within the acceptable guidelines of the FAO/WHO. Therefore, the 

muscle of Clarias gariepinus from the study area is not hazardous to human health with 

respect to mercury. However, the average value of THg seems to be slightly higher than 

results reported from other Ethiopian freshwater bodies. Thus, monitoring of mercury 

species in sediment and different organs of fish are strongly recommended.  

The trace metals analyzed in surface sediments occurred in varying concentrations along 

the course of the sampling stations. Ecological risk assessment using USEPA sediment 

guidelines, geo-accumulation index, contamination factor and pollution load index 

revealed the widespread pollution by Cd and Pb. These were followed by Mn, Ni and Zn. 

On the other hand, the levels of trace metals in the muscle of Clarias gariepinus were 

above the permissible limits for Cr, Fe, Mn, Ni and Pb. 
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CHAPTER ONE 

BACKGROUND AND MOTIVATION OF THE STUDY 

1.1. Introduction 

In this chapter, motivation, and justification of the study, major environmental 

contamination issues in Ethiopia especially, persistent organic pollutants (organochlorine 

pesticides (OCPs) and polychlorinated biphenyls (PCBs)) and trace metals are highlighted. 

In addition, the statement of the problem, justification towards the selection of OCPs, 

PCBs and trace metals and objectives of the study will be described in brief. 

 

1.2. Background and justification 

Currently, environmental pollution is a major concern as a result of the continuous growth 

of urbanization and industrial development. For decades, environmental pollution was 

supposed to be primarily restricted to industrialized countries, but the rapid 

industrialization, urbanization, and intensification of agriculture, especially in the 

megalopolises of developing countries like Ethiopia, are more and more of major concern 

(Alemayehu, 2001, Alemayehu et al., 2005, Luoma and Rainbow, 2008).  Developed, 

developing and emerging economies worldwide are collectively contributing multiple 

stresses mainly on aquatic ecosystems by the release of numerous contaminants. Pollution 

of water bodies from technological activities such as industrial and municipal effluents 

and agricultural chemicals is growing at alarming faster rates in all regions. The chemicals 

introduced into the environment are generally categorized as inorganic and organic 

pollutants (Jensen, 2004, Arficho, 2009).  Persistent organic pollutants (POPs) are a major 

group of environmentally stable compounds (Jones and De Voogt, 1999). Trace metals are 

categorized as inorganic pollutants. The sources of these contaminants are both 

anthropogenic activities and natural processes, but human activities contribute 

significantly to total environmental exposure to these substances (Fifield and Haines, 

1995, Hussen, 2007). Most of the contaminants finally ended up in the aquatic 
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environment in three reservoirs namely water, sediment and biota, where sediment is the 

major repository of the contaminants (Christensen and Lo, 1986, Afkhami et al., 2011).  

A major concern over the possible ecological effects of these polluting elements in the 

aquatic environment is related to the negative health effects they may cause in humans, 

animals, and plants (Jensen, 1966). Therefore, knowledge of the change in concentrations 

and distribution of these pollutants in various compartments of the environment is a 

priority. 

 

1.2.1. Persistent organic pollutants 

Persistent organic pollutants are a group of chemicals that remain intact for exceptionally 

long periods of time (many years) in the environment, bioaccumulate through the food 

web, and pose the risk of causing adverse effects on human health and the environment. 

Although various POPs have contributed to increase yields in agriculture, to control 

vector-borne diseases, and given other industrial benefits (Voogt and Brinkman, 1989, 

Levine, 2007), a lot of studies have revealed that they are among the most dangerous 

pollutants released into the environment by humans. This is due to their toxic, lipophilic 

(high affinity to lipids) and persistence nature i.e. long half-life in the environment (Jones 

and De Voogt, 1999); together with their ability to bioaccumulate and some even 

biomagnify in the food chain (Mackay and Fraser, 2000, Rognerud et al., 2002, Burreau et 

al., 2004); and for their impact on top predator species, including humans. There is also a 

great global concern due to their long-range transport and precipitation in the cooler 

environments of the Arctic and Antarctic areas (Blais et al., 1998, Rosseland et al., 2000, 

Rognerud et al., 2002, Kallenborn, 2006).   

Exposure to POPs is known to cause deleterious threat to humans and wildlife like cancer 

and birth defects (Stewart et al., 1989, Randi et al., 2003), to disrupt the immune and 

reproductive systems, and even affect the nervous system as shown in birds and fish 

(Longcore and Stendell, 1977, King et al., 2003, Misumi et al., 2005). POPs may also 
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increase the risk of premature babies and causing cancer in humans (Jones and De Voogt, 

1999). 

In order to protect human health and the environment from the adverse effects of 

persistent organic pollutants, the Stockholm Convention (SC) on persistent organic 

pollutants was signed in 2001 and entered into force in 2004 (UN, 2006). This convention 

obliges the member states to eliminate or reduce the use and the production of POPs as 

well as their release to the environment. Article 10 of the convention urges the importance 

of creating public information, awareness, and education on these pollutants, while article 

11 directs the countries to conduct and strengthen research on the possible sources, levels 

and their trends in humans and the environment (Lallas, 2001). In 2008, 160 countries 

around the world ratified SC, which makes it one of the most successful agreements. 

There were 12 POPs listed under the SC at the particular point in time-which were then 

known as ‗the dirty dozen‘. At the moment, there have been 21 POPs on the list, and 

endosulfan is to be the 22
nd

 chemical coming to the list (SC on POPs, 2011). The present 

list includes (Figure 1): 

I. Most pesticides that are included under the organochlorine pesticides (OCPs) 

like dichlorodiphenyltrichloroethane (DDT), 

II. Industrial by-products like polychlorinated biphenyls (PCBs) and,  

III. Unwanted by-products like Dioxin (e.g. polychlorinated 

dibenzodioxins/PCDDs), and Furan (e.g. polychlorinated 

dibenzodioxins/PCDFs) 

 

Cl
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Cl

ClCl
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O Cl

ClCl
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a)                                      b)                                         c) 

Figure 1. Some typical representatives POPs, (a) 4, 4‘-dichlorodiphenyltrichloroethane 

(DDT), (b) 2, 2‘, 4, 4‘, 5, 5‘-hexachlorobiphenyl (PCB-153) and  (c) 2, 3, 7,8-

tetrachlorodibenzo-p-dioxin (TCDD) 
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Organochlorine pesticides (OCPs) and polychlorinated biphenyls (PCBs) are among the 

most toxic, persistent organic pollutants which have been used in agriculture, industry and 

public health purposes. However, most of them have negative side-effects on non-target 

species and the environment. As a result of this, many are banned in developed countries; 

but some are still used in developing countries (Walker et al., 2005). They have been a 

subject of interest by many countries. Studies in different countries reported the presence 

of OCPs and PCBs different environmental compartments. In this thesis work, the focus 

was on OCPs and PCBs, which are a major class of POPs. 

1.2.2. Trace metals 

Trace metals are defined in various ways depending on the perspective of the field of 

study. As a general consensus, an element is considered to be trace in natural media when 

present at levels of <0.1% (Adriano, 2001). In natural aquatic ecosystems, metals occur in 

low concentrations, normally at nanogram to microgram per liter levels. In this case, the 

metals are mainly released by natural weathering of rocks and soils through the process of 

erosion, transport, and deposition. In recent times, however, the occurrence of metal 

contaminants, especially trace metals in excess of natural loads has become a problem of 

increasing concern. This situation has arisen as a result of the rapid growth in population, 

increased urbanization, and expansion of industrial activities, exploitation of natural 

resources, the extension of irrigation and other modern agricultural practices (USEPA, 

1992).  Large quantities of trace metals are discharged into the environment due to 

anthropogenic activities such as urbanization, industrialization and the extension of 

irrigation and other agricultural practices. The situation is particularly alarming in 

developing countries, where most rivers, lakes, and reservoirs are receiving untreated 

wastes due to poor setup of environmental sustainability (Mwanamoki et al., 2014, Awoke 

et al., 2016a). The most vulnerable river-reservoir systems are those crossing large cities 

and densely populated areas, as well as near the industrial establishments (Mwanamoki et 

al., 2014, Yousaf et al., 2016). In these countries, the nearby rivers and reservoirs tend to 

be pollutant sinks from different pollution loads which make them unsuitable for both 

primary and/or secondary uses (Kanu and Achi, 2011).  
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Trace metals are the main groups of pollutants, common in such environments and are not 

subject to degradation process, and thus are permanent additions to aquatic ecosystems 

(Igwe and Abia, 2006, El Nemr et al., 2016). As a result, higher levels of trace metals are 

found in soil, sediment, and biota. Most of these trace metals are persistent, toxic, 

bioaccumulative and that they exert a risk for humans and ecosystems even when the 

exposure is low (Gao and Chen, 2012, Diop et al., 2015, Tang et al., 2016).  

Trace metals entering the ecosystem may lead to geoaccumulation, bioaccumulation, and 

biomagnification in biosystems through contaminated water, soil, sediment, air and biota 

and may have possibilities for environmental transformation into more toxic forms 

(Singare et al., 2012, Desta and Weldemariam, 2013, Saghali et al., 2013). These 

contaminants entering the aquatic environments are adsorbed onto particulate matter, 

although they can also form free metal ions and soluble complexes that are available for 

uptake by biological organisms, or are deposited in sediments. Once deposited, binding by 

sulfides and/or iron hydroxides immobilizes trace elements until a change in redox or pH 

occurs (Singare et al., 2012). Therefore, a better understanding of their sources, their 

accumulation in the various media and the effects of their presence are seen to be 

particularly important issues of present-day research on risk assessment.  

1.2.3. POPs and trace metals pollution in Ethiopia with respect to sediment and fish 

The environmental problems in Ethiopia are similar to those in developing countries and 

also to countries in transition. Some of these problems are soil erosion, land degradation, 

desertification, deforestation, industrial emission and pollution, and wildlife reduction, in 

which the entire problems are the result of natural and/or anthropogenic phenomena.  

During the last decades, the rapid economic development in Ethiopia has demanded a 

huge increase in the extraction of resources and the release of a huge volumes of various 

wastes. Organochlorine pesticides (OCPs), polychlorinated biphenyls (PCBs) and trace 

metals are among the contaminants released into terrestrial and aquatic environments. 
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Ethiopia does not produce or export the active ingredients used for the formulation of 

organochlorine pesticides and polychlorinated biphenyls. However, such POPs have been 

imported from abroad, formulated in the country and used in the past. As a result of a 

significant amount of such POPs are found as stockpiles, i.e. chemicals that can no longer 

be used, and are therefore required disposal. According to the obsolete pesticide inventory 

report of the Food and Agriculture Organization, Ethiopia is one of the many African 

countries burdened with the problem of obsolete pesticide stocks and has accumulated the 

stocks since pesticides were first imported in the 1960s. Most dangerous pesticides are 

found in these dumpsites. It is important to emphasize that these pesticides have been 

stored (in various sites) for over three decades under poor storage facilities, very poor 

stock management and kept on leaking containers that allow concentrated levels of toxins 

to leak into the environment and threatening the terrestrial and aquatic ecosystems 

(UNEP-NIP, 2006).  Therefore, there is a high probability for the toxic chemicals to be 

absorbed into the soil/sediment and contaminate food crops, seep into the groundwater and 

end up in rivers, thereby affecting the ecosystems, people and plants far from the sources 

of contamination (Hussen, 2007). Furthermore, pesticide residues will leak into the 

surrounding environment around Addis Ababa from agricultural and public health use 

(Deribe et al., 2014a, Negatu et al., 2016). 

The preliminary inventory on POPs in Ethiopia identified more than 2500 PCB containing 

electrical transformers, out of which about 200 are currently in use. Another inventory 

indicated that there are many PCBs containing transformers and capacitors throughout 

Ethiopia. However, the highest number of PCB containing transformers is found in the 

central region of the Ethiopian Electric Power Corporation in Addis Ababa. In the 

developing regions like Ethiopia, PCB pollution sources include uncontrolled (open) 

burning of municipal waste, PCB-containing waste imported from developed countries 

and the use of PCBs in condensers and transformers (Prasse et al., 2012, Sara, 2018). So 

far, the environmental monitoring of PCBs in the developing regions is not well 

developed; only limited data are available (Sara, 2018). 
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Trace metals pollution is also becoming one of the environmental problems in Ethiopia.  

The primary sources of trace metals pollution in the Akaki River catchment and Aba 

Samuel Reservoir include wastes from metal finishing industries (iron and still 

processing), tannery operations, textile industries, domestic, agrochemicals, electronic 

waste dumping sites, fossil fuel burning, amalgam gold mining processes, wastewater and 

sludge, incineration and the use and disposal of consumables and contaminated sites 

(Alemayehu, 2001, Melaku et al., 2005, Regassa et al., 2011). Furthermore, natural 

sources of trace metals contribute to the overall pollution load in the study area 

(Alemayehu, 2006). Trace metal load of the different environmental media in Central 

Ethiopia has not been adequately documented to date. 

Once OCPs, PCBs, and trace metals are released into the environment, they can be 

extensively recycled between different compartments of the environment. Sediments and 

fish are often exposed to toxic substances such as OCPs, PCBs and trace metals. In aquatic 

environments, POPs and trace metals tend to accumulate in sediments and fish.  

Thus, the quantification of these pollutants in sediment and fish is extremely important 

(Shao et al., 2011). Sediments provide important information about the long-term trends in 

geochemical and ecological conditions of aquatic systems and their catchment areas and 

therefore are a suitable target for pollution studies (Mekonnen et al., 2012).  Fish attracted 

a lot of attention as a bioindicator for monitoring of aquatic pollution, due to their 

relatively large body size, long life cycle, the position in the aquatic food chain and their 

use for human consumption (Zhou et al., 2008, Udiba et al., 2014). They are notorious for 

their ability to concentrate POPs and trace metals in their muscles, therefore; they need to 

be carefully screened to ensure that unnecessarily high levels of some toxic substances are 

not being transferred to man through fish consumption (Olowu et al., 2010). Consumption 

of fish has been the main source of protein supply for many Ethiopians particularly for 

those who are residing in the vicinity of major water bodies. Ethiopia has high fish 

diversity; however, only a few fish species are targeted and constitute the bulk of the 

commercial catches (Tesfaye and Wolff, 2014). The landing statistics showed that much 

of the production has been contributed by tilapia, followed by catfish, Labeo, Nile perch 

and Barbus species. However, environmental degradation of the water bodies 
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(eutrophication and contamination) continues at a fast rate; affecting the quality and 

quantity of fish (Tesfaye and Wolff, 2014).  In Ethiopia, Clarias gariepinus is the second 

most commonly consumed type of fish species and it represents over 20 % of the total fish 

consumption in the country (Tesfaye and Wolff, 2014). It is an opportunistic feeder and 

has the ability to eat a variety of natural and supplemental feed including other fish. This 

species has an accessory breathing organ that enables it to obtain oxygen from the air. 

Therefore, it can live in aquatic environments with low oxygen content where other fish 

species cannot survive (Olatunde, 1983). Previous studies have shown that African catfish 

(Clarias gariepinus) has the ability to accumulate POPs and trace metals and its 

applicability as bioindicator (Deribe et al., 2014a). In the current study site, Aba Samuel 

Reservoir, a significant percentage of Clarias gariepinus is captured and consumed by the 

local dwellers without information on the levels of these pollutants.  

 

1.3.Statement of the problem and justification towards the selection of POPs and 

trace metals 

1.3.1. Statement of the problem 

Ethiopia has signed the Stockholm convention and agreed to support research on POPs; 

however, very few studies on OCPs and PCBs have been conducted so far. Most of the 

studies on POPs concentrate at the Ethiopian Rift Valley Regions (Deribe et al., 2011, 

Deribe et al., 2014b). Pollution of the environment by trace metal is also becoming a 

problem in Ethiopia. Information on OCPs, PCBs, and trace metals in different media 

remains scarce in the country. There is very little information regarding a systematic study 

on availability, quantity and distribution of these pollutants in different media in Central 

Ethiopia (Fitamo et al., 2007, Aschale et al., 2015a).  

Addis Ababa is one of the fast expanding cities in Ethiopia. It has fast population growth, 

uncontrolled urbanization, and industrialization, poor sanitation, uncontrolled waste 

disposal activities, which makes the city‘s environment susceptible to pollution. It hosts 

large numbers of industries, but only a few of them treat their wastes to some degree 

(Alemayehu, 2001, Leta et al., 2004, Regassa et al., 2011). Besides, domestic and 
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agricultural wastes are released into the water bodies (Alemayehu, 2001, Regassa et al., 

2011). The waste disposed in rivers and river banks are becoming a major threat to public 

and animal health in addition to its assault on the exquisiteness of the city. The lack of 

properly planned sewers exacerbates the problem. Currently, numerous households in the 

city have connected their toilets with nearby rivers in addition to the industries that dump 

their waste into them.  

The Akaki Rivers with their tributaries drain the Addis Ababa city from north to south. 

The Akaki river catchment comprises of numerous small rivers, where the dominant ones 

are Little Akai River (LAR) (locally known as Tinishu Akaki River) and the Great Akaki 

River (GAR) (locally known as Tiliku Akaki River).  The two river systems, laden with 

untreated wastes from factories, commercial, public, agricultural and domestic utilities,  

join at the Aba Samuel Reservoir, 37 km South-West of Addis Ababa. They serve as a 

pollutant sink, hence making them known for their offensive odor (Melaku et al., 2005, 

Regassa et al., 2011). The majority of factories in and around Addis Ababa are established 

along the banks of the Akaki river and are mostly with no or non-functioning waste 

treatment facilities (Alemayehu, 2001, Leta et al., 2004).  The pollutant in Akaki River 

catchment comes from industries, agricultural activities and municipal wastes, include: 

solids, oils, detergents, solvents, pesticides (eg. Obsolete pesticides), other organic 

pollutants (PCBs at old transformer and capacitor sites in Gofa, Mexico Square and 

Kotebe in the premises of the Ethiopian Electric Power Corporation), inorganics such as 

nitrates, phosphates, sulfates, chlorides, trace metals, acids, alkalis and others (Itanna, 

1998a, Leta et al., 2004, Melaku et al., 2005, Walker et al., 2005, Kabata-Pendias, 

2010,Aschale et al., 2015b). 

This study was mainly conducted on two Akaki Rivers, Aba Samuel Reservoir and 

downstream to the reservoir intended to get organic and inorganic pollution-related data. 

The Akaki River is the tributary of the most productive Awash River. There are many 

small and large scale irrigation sites in the Akaki River catchment and Awash River Basin.  

The local people in the Akaki river catchment, Aba Samuel Reservoir and downstream use 

the water for irrigation, drinking water for cattle, washing clothes, waste disposal site and 
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other domestic needs without information on the level of water quality parameters and 

other pollutants (Melaku et al., 2007, Aschale et al., 2017).  

Significant amounts of obsolete pesticides and PCB containing electrical transformers and 

capacitors were found in Addis Ababa (Aynalem, 2009, Prasse et al., 2012, MOA, 2013, 

Sara, 2018). There are also many potential sources of trace metals in the region (Melaku et 

al., 2005, Alemayehu, 2006, Regassa et al., 2011).  However, there are very few research 

works addressing the environmental issues of the Akaki River catchment and Aba Samuel 

Reservoir. The studies were fragmented and are not addressing spatial and seasonal 

variations. Besides, most of the studies concentrate on conventional pollutants 

(physicochemical & bacteriological parameters, major ions, and nutrients) (Itanna, 1998a, 

Itanna, 1998b, Fitamo et al., 2007, Mekonnen, 2008, Yard et al., 2015). Trace elements 

were relatively more studied in some limited areas and media like soil and water samples 

and very few on sediment and fish (Daniel, 2009). Furthermore, Little Akaki River has 

been the focus of many researchers (Melaku et al., 2007, Aschale et al., 2015a, Akele et 

al., 2016). 

 

In general, previous studies on OCPs, PCBs, and trace metal accumulation in various 

media are hardly sufficient in Ethiopia in general and in the catchment area in particular. 

To the best of our knowledge, there is no study carried out on the levels of OCPs, PCBs 

and trace metals concentration and their potential impacts on human health in sediment 

and fish from Akaki River catchment and the Aba Samuel Reservoir. Hence, the study 

was intended to fill this gap. Therefore, this study was aimed at determining the 

concentrations and investigating seasonal variations of OCPs, PCBs and trace metals in 

sediment and Clarias gariepinus at Aba Samuel Reservoir and Akaki River catchment. 

This work will provide an insight on the potential risk of these pollutants to the population 

that consumes the fish. This work will also support the National monitoring program of 

POPs (specific POPs) at important sites in rivers and the reservoir. For this reason, various 

analytical methodologies (CV-AAS, ICP-OES, GC-MS) were validated and used for the 

determination of the levels of trace metals, OCPs and PCBs in environmental samples 

after appropriate sample preparation techniques. 
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1.3.2. Justification for the selection of POPs and trace metals 

 

OCPs, PCBs, and trace metals are not regularly monitored in Ethiopia. According to the 

Stockholm Convention on POPs, 8 of the 12 most dangerous and persistent organic 

chemicals the so-called ―dirty dozen‖ are chlorinated pesticides such as aldrin, chlordane, 

dichlorodiphenyltrichloroethane (DDT), dieldrin, endrin, heptachlor, hexachlorobenzene 

(HCB), and toxaphene (UNEP, 2001). Based on the reports on widespread environmental 

contamination and toxic effects, lead to restrictions on the use of these compounds in 

developed countries. However, still ongoing use of these pesticides for agriculture and 

public health purposes in the developing countries, especially the Africa continent makes 

them a big concern in the aquatic and terrestrial ecosystems. 

 

The pesticide inventory conducted in 1995 and 1999, led by the FAO in collaboration with 

the government of Ethiopia, identified over 1500 tons of obsolete pesticides. The stocks 

were mostly organochlorines (258.3tonnes), such as chlordane, DDT, dieldrin, and lindane 

that are banned or restricted in most countries (Alemayehu et al., 2006). In nature, DDT is 

degraded to dichlorodiphenyldichloroethylene (DDE) and dichlorodiphenyldichloroethane 

(DDD). DDT and its breakdown products, DDE and DDD are persistent, bioaccumulative 

and toxic pollutants (Wolff et al., 2000, Longnecker, 2005). Other dangerous pesticides 

such as endosulfan, heptachlor, and others are found in the dumpsites in Addis Ababa 

(Haylamicheal and Dalvie, 2009).  

Based on the review of historical and current use of pesticides in the study area, DDT and 

its metabolites (i.e. p, p′DDT, p, p′DDE and p, p′DDD), endosulfan sulfate, α,  -

endosulfan, heptachlor epoxide (B), lindane and dieldrin have been selected for this 

assessment (Figure 2). 

 



12 
 

 

 

 

Cl

CCl3

Cl Cl

CCl2H

Cl
Cl

CCl2

Cl

P,P'-DDT P,P'-DDD P,P'-DDE

ClCl

Cl

ClCl

Cl

O

O
S O

O
ClCl

Cl

ClCl

Cl

O

O
S

O

ClCl

Cl

ClCl

Cl
O

O
S

O

Endosulfan sulfate Alpha-Endosulfan Beta-Endosulfan

ClCl

Cl

ClCl
Cl

H

H Cl

O

H

H

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

ClClO

Cl

Heptachlor epoxide (B)
DieldrinLindane

 

 Figure 2. The chemical structure of the main OCPs analyzed in this thesis  

The occurrence of PCBs in the environment can be solely accredited to human activity. 

PCBs might come from diffuse emissions from industrial usage, spillages, landfill 

leachates, or emissions from combustion processes (Sakai et al., 2001, Gullett et al., 

2003). However, emissions from commercial PCB mixtures are possibly the most 

important (Breivik et al., 2007). Old transformers and capacitors are the main sources of 

PCB pollution in Ethiopia besides waste incineration (Prasse et al., 2012, Dirbaba et al., 

2018a, Sara, 2018).  For environmental monitoring purposes, the measurement of indicator 
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PCBs is recommended by the Stockholm Convention on Persistent Organic Pollutants (Xu 

et al., 2013).  

Thus, the following PCBs were selected for the monitoring: PCB- 28, PCB- 52, PCB- 

101, PCB- 118, PCB- 138, PCB- 153 and PCB- 180 (Figure 3).  
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Figure 3. The chemical structure of indicator PCBs analyzed in this thesis  

Based on the pollution profile and potential pollutant emitters in the study area, the 

following trace metals were selected in the study: Cd, Cr, Pb, Hg, Cu, Fe, Mn, Ni, and 

Zn. Some of these elements (Cd, Hg, and Pb) have no known physiological functions,   

Cu and Zn are used by higher plants; Cu,  Zn, Fe, Mn, Cr and Ni in animals are required at 

small but essential concentrations (Adriano, 2001). Consequently, this study is delimited 

to those environmentally significant elements mentioned above.  
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1.4. Objectives of the present study 

1.4.1. General objectives of the study  

The main objective of this research work is to determine the pollution levels of Akaki 

River catchment and Aba Samuel Reservoir through the analyses of selected persistent 

organic pollutants (OCPs and PCBs) and trace metals in sediment and fish samples. 

 

1.4.2. Specific objectives of the study 

The specific objectives of this research work are to: 

 quantify persistent organic pollutants (OCPs and PCBs) and trace metals in sediment  

and fish samples; 

 evaluate the spatial and seasonal distribution of persistent organic pollutants and trace 

metals in sediment and fish samples; 

 study the level of bioaccumulation of persistent organic pollutants (OCPs and PCBs) 

and trace metals in African catfish (Clarias gariepinus); 

 assess the possible health risk of persistent organic pollutants (OCPs and PCBs) and 

trace metals associated with the consumption of fish in the study area 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.1. Introduction 

In this chapter, a brief literature survey of persistent organic pollutants (mainly OCPs and 

PCBs) and trace metals is presented to support the overall research objectives and to 

ascertain the need to address the issues. An overview of the general properties, 

environmental fate, and toxicity of POPs and trace metals to biota is reviewed. In addition, 

a brief description of the potential source of these pollutants in the study area has been 

reviewed.  

 

2.2. Persistent organic pollutants 

2.2.1. Introduction 

The industrialization of the western world has released and continues to release an 

enormous diversity of chemicals into the global environment. These compounds are 

nowadays called pollutants and can be found virtually anywhere all over the world. The 

major group of these pollutants is known as Persistent Organic Pollutants (POPs) (Jones 

and De Voogt, 1999). 

POPs are a group of chemical compounds of natural or anthropogenic origin characterized 

by a particular combination of physical and chemical properties.  They show exceptionally 

strong environmental persistence as a consequence of their resistance to photolytic, 

chemical and biological degradation.  Thus, they have long half-lives in soils, sediments, 

air or biota (Buccini, 2003, Hodgson, 2004, Wong et al., 2005, Aneck‐Hahn et al., 2007, 

Kasiotis, 2009, Ch and Chaudhary, 2013). They are largely hazardous compounds defined 

by strong hydrophobicity, low water solubility and typically lipophilic. Because of these 

inherent properties, POPs tend to bioaccumulate in the fatty tissues of living organisms 

once they enter the food chain (Amdany, 2014).  
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POPs are semi-volatile compounds and as such, environmental agents such as wind and 

water can transport them across international boundaries far from their point sources. This 

enables them to move long distances in the atmosphere before deposition occurs. This 

property may permit these compounds to occur either in the vapor phase or adsorbed on 

atmospheric particles, thereby facilitating their long range transport through the 

atmosphere before being deposited. As a result of long-range translocation, POPs 

produced or used in part of the world can have serious environmental consequences in 

other regions where they have never been used or even produced.  

Thus, POPs can be found all over the world in every environmental compartment as well 

as in all climatic and geographical zones. Paasivirta et al. (1999) described that the 

concentrations of POPs have been higher in remote regions than in source regions. There 

are two steps for these chemicals to transfer from land surface to atmosphere: change from 

a liquid or solid state to vapors and then subsequent dispersed by turbulent mixing. POPs 

can undertake several cycles of deposition and re-emission before reaching their final 

destination because several physicochemical properties governing the environmental fate 

of POPs are temperature dependent (Paasivirta et al., 1999). 

POPs (such as OCPs and PCBs), are either chemicals deliberately produced by industry 

for a wide variety of applications (e.g. pesticides and coolants) or accidental by-products 

of various activities that include industrial and combustion processes (Eljarrat and 

Barcelo, 2002), as shown in figure 4. There are many thousands of POP chemicals, often 

coming from certain series or family of chemicals. The POP family includes 

polychlorinated biphenyls (PCBs), many of the first generation organochlorine 

insecticides such as dieldrin, DDT, toxaphene and chlordane, polychlorinated 

dibenzodioxins (PCDD) and dibenzofurans (PCDFs), etc.  (Jones and De Voogt, 1999, Ch 

and Chaudhary, 2013). 

Persistent organic pollutants are at the center of many of the most serious cases of 

environmental contamination in the last 50 years (Cousins et al., 2018). 
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Figure 4. Classification of persistent organic pollutants (POPs) 

 (El-Shahawi et al., 2010) 

Chlorinated derivatives usually exhibit greater stability to physical, chemical and 

biological degradation and thus, more persistent in the environment. Moreover, increased 

chlorination in a compound elevates its tendency to bioaccumulate, and subsequently, 

biomagnify in organisms. OCPs and PCBs are present in the aquatic systems worldwide 

because of their widespread usage, long-range transport, and persistence (Ogata et al., 

2009). 

POPs can produce adverse effects on both the ecosystem and human health. Human 

exposure to POPs can occur in many ways, such as food, environment, and occupational 

accidents. Such exposures, whether acute or chronic, may result in serious health 

implications that lead to illness or even fatalities. Several investigations indicated that 

POPs can cause death, and illness, including disruption of the endocrine, reproduction, 

immune system, reduced survival and growth of offspring, neurobehavioral disorder and 

potential carcinogenicity (Jones and De Voogt, 1999, Bhatia et al., 2004, Beard and 

Collaboration, 2006).  

To evaluate the effectiveness of the regulations and remediation, monitoring of POPs in 

different media is essential. As they are global pollutants, monitoring of these 

contaminants at a global scale is becoming an urgent issue. Under the auspices of a United 

POPs 

Intentionally 
produced 

PCBs OCPs 

Unintentionally 
produced 

Dioxins Furans 
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Nations Environmental Program (UNEP), an international convention on POPs was signed 

in Stockholm, Sweden, by a number of world countries (UNEP, 2001). The main aim of 

the convention is to protect human health and the environment from POPs by reducing or 

eliminating their usage, discharge, and emission. The convention‘s focus area can be 

narrowed down to the discontinuation of production and use of POPs that are intentionally 

manufactured, unintentionally manufactured, released from anthropogenic sources, and 

the destruction of available stocks and wastes. 

 

2.2.2. Environmental fate 

In order to understand how and why POPs have become a global problem, it is necessary 

to understand the importance of certain factors known to influence their fate and transport. 

The physicochemical properties of the substances can be used to predict their distribution 

among environmental compartments and between water, soil, sediments, air, and 

organisms (Huckins et al., 1993, Fiedler, 1997).  

2.2.2.1.Physicochemical properties and environmental partitioning 

The physical and chemical characteristics of a POP strongly influence its transport 

pathways and, hence, distribution in the environment. The physical properties of greater 

importance are water solubility, vapor pressure (P), Henry‘s law constant (H), octanol-

water partition coefficient (Kow), and the organic carbon-water partition coefficient (Koc) 

(Ritter et al., 1995). The properties are also of significance in determining the partitioning 

of pollutants between air, water, soil, sediment, and biota. Temperature strongly affects 

the vapor pressure, water solubility, Henry‘s law constant and thus, the partitioning of 

POPs. Using these physical parameters and other models, the environmental distribution 

of POPs can be predicted (Smaranda and Gavrilescu, 2008, MacLeod et al., 2010). 

2.2.2.2.Persistence 

POPs can resist chemical degradation via oxidation, reduction, hydrolysis, photolysis, free 

radicals, and other environmental chemical reactions (Bard, 1999), and are also 

recalcitrant to biological degradation (Vallack et al., 1998). As POPs are chemically 



19 
 

stable, long half-life in the various environmental media can be expected. As an example, 

the half-life of chlordane is estimated to be up to 14 years in soils (Hunter et al., 1995). 

Under the Stockholm Convention, persistence is determined by evidence of half-life of 

the chemicals in the water for greater than 2 months and in soil or sediment for greater 

than six months (UNEP, 2001).  How long a POP can persist in the environment is a 

critical characteristic since such compounds are prone to long-distance translocation, far 

beyond the immediate area of application or generation. A number of processes such as 

photolysis, abiotic oxidation, hydrolysis, and biotransformation can significantly reduce 

the persistence of the contaminants in the environment. The relationship between 

molecular characteristics and environmental conditions that determine persistence can be 

helpful to understand what happens to polluting molecules. The relative importance of 

these processes depends on the rates at which they occur under natural environmental 

conditions which, in turn, depend on the chemical structure and properties of the substance 

and its distribution in the various compartments of the environment (Ritter et al., 1995, 

Cousins et al., 2018).  

Although environmental factors are not major determinants in the degradation and 

transformation of POPs, decreased potency has been witnessed in Polar Regions even for 

those factors that might otherwise indicate some effectiveness. This is particularly 

important as studies have shown that the continued use and release of POPs in other parts 

of the globe results in their accumulation in the polar areas (Ritter et al., 1995, Meyer and 

Wania, 2007). This part of the globe experiences very low temperatures and limited 

sunlight incidences throughout the year. The result is drastically reduced biological 

activity and photolysis of POPs, hence, greater persistence in such regions.  

Environmental parameters such as pH, temperature, ionic strength, metal ion catalysts and 

the presence of sediment may modify how fast POPs are hydrolyzed in the environment 

(Amdany, 2014, Cousins et al., 2018). Possible biodegradation has been suggested and is 

inversely correlated to carbon chain length and chlorine content, and log Kow (Fisk et al., 

2000). However, since a good percentage of these compounds are halogenated, and 

especially, chlorinated, hydrolysis becomes less pronounced due to the strength of the C-



20 
 

Cl bond. Photodegradation as a means of elimination is also relatively insignificant 

because of its stability. Despite all these observations, photodegradation on particulate 

surfaces is still highly variable and dependent on the surface type, the wavelength, and 

intensity of light.  

2.2.2.3.Transport 

Physicochemical properties play an important role in the transport of POPs. 

Environmental factors have been shown to have a strong influence on some of the 

physical properties. For instance, temperature strongly affects vapor pressure, water 

solubility, and, therefore, Henry's law constant (Ritter et al., 1995). At elevated 

temperatures, greater volatilization occurs in summer as a result of the warming of the 

surface water and thus, the net exchange direction for substances in the open ocean also 

reflects differences in surface water temperature and atmospheric concentration (Ritter et 

al., 1995). For example, the net movement of POPs in the warm waters of the Bay of 

Bengal in the Indian ocean is from the ocean to the atmosphere (Iwata et al., 1993, 

Jantunen and Bidleman, 1995) while that in cooler polar regions is the opposite (Bidleman 

et al., 1995). 

2.2.2.4. Deposition 

Many POPs are present as gases even at low temperatures and are absorbed from the gas 

phase by water, snow, soil and plant surfaces (Braune et al., 2005). The deposition of such 

compounds in areas away from their sources may be influenced by temperature. The 

distribution of OCPs, PCBs, and other POPs is inversely related to vapor pressure and 

thus, temperature (Ritter et al., 1995). A decrease in temperature encourages more 

partitioning of the contaminants from the vapor phase to atmospheric particulate matter. 

This increases the likelihood of their removal and transport to the earth‘s surface through 

rain and snow (Ritter et al., 1995).  
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2.2.2.5. Bioaccumulation and Biomagnifications of POPs 

Contamination by POPs have been a major environmental issue and drawing most 

scientific and public attention due to their lipophilic nature and can become 

bioaccumulated and biomagnified at the top of the food chain such as in fish, birds, 

mammals, and humans. POPs are typically ‘water hating’ and ‘fat-loving’ chemicals. 

Due to this, if these compounds have been continuously used in large quantities leading to 

bioaccumulation and biomagnifications in fatty tissues across the globe, including remote 

areas such as Antarctica (Jones and De Voogt, 1999). Lipophilicity is a tendency to 

preferentially dissolve in fats and lipids, rather than water. This tendency is leading POPs 

to pass readily through the structure of the phospholipids of the biological membrane and 

accumulate in fat deposits. Lipophilicity has also resulted in biomagnifications through the 

food chain (Ch and Chaudhary, 2013). 

Bioaccumulation is the process that causes an increased chemical concentration in an 

organism compared to that in its ambient environment, through all exposure routes, 

including dietary absorption and transport across body surfaces (Mackay and Boethling, 

2000, Mackay and Fraser, 2000). The bioaccumulation potential for an organism is the 

tendency to absorb chemicals (OCPs and PCBs) at a higher rate than excreted from the 

body.  It is well accepted for fishes and many other animals that hydrophobic chemicals 

preferentially accumulate in lipids (Mackay and Fraser, 2000) relative to other 

compartments, and the extent of accumulation is greater in fish and fish tissues which 

have high lipid contents (Muir et al., 1990).  Biomagnification is a special case of 

bioaccumulation in which the chemical concentration in the organism exceeds that in its 

prey due to dietary absorption occurring faster than elimination (Gobas and Morrison, 

2000). It is the incremental rise in the concentration of a chemical at each level of a food 

chain (Jones and De Voogt, 1999). This phenomenon occurs because the food source for 

organisms at the higher trophic level has progressively higher concentrations of chemicals 

(OCPs and PCBs), thus magnifying bioaccumulation rates at the top of the food chain 

(Borgå et al., 2012). Most POPs undergo the process of biomagnification (Li et al., 2007, 

Ikemoto et al., 2008). Increased chlorination in a compound elevates its tendency to 

bioaccumulate, and subsequently, biomagnify along the food chain (Routledge, 2003). 
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2.2.3. Organochlorine pesticides (OCPs) 

2.2.3.1. Introduction 

The United States EPA defines a pesticide as any substance or mixture of substances 

intended for preventing, destroying, repelling, or mitigating any pest or meant for use as a 

plant regulator, defoliant or desiccant. Pests include insects, mice, and other animals, 

unwanted plants, fungi, or microorganisms like bacteria and viruses (USEPA, 2001).  

 

Pesticides are classified into three main groups namely insecticides, herbicides and 

fungicides, characterized by very different physicochemical properties, large differences 

in polarity, volatility and environmental persistence (El-Shahawi et al., 2010). Insecticides 

can further be grouped according to their chemical families, viz organochlorines, 

organophosphorus, carbamates and pyrethrin and pyrethroids (Zacharia, 2011). 

Organochlorine pesticides (OCPs) are persistent, whereas organophosphates, carbamates, 

phenoxyacid derivatives, chloroacetanilides, pyrethroids, and others are non-persistent.  

Typically, organochlorines constitute a collection of compounds that contain carbon, 

hydrogen, and chlorine atoms. Chemically stable, strongly lipophilic and considerably 

toxic, the compounds have slow degradation rates and tend to bioaccumulate in lipid-rich 

tissues (Tiemann, 2008). Thus, in spite of their early promise, this group of insecticides is 

now much less used because of their environmental pollution concerns (Strömpl and 

Thiele, 1997)   

 

A lot of interest has been dedicated to organochlorine compounds because of their 

widespread use in agriculture, termite control, and malaria control programs (public 

health) and their known or perceived environmental impacts. For instance, 

dichlorodiphenyltrichloroethane (DDT), the first important synthetic organochlorine 

pesticide, was hailed as a miracle because of its broad-spectrum activity, persistence, 

insolubility, inexpensive nature and easy to apply (Reutergådh, 1996). DDT was so 

effective at killing pests to boost crop yields and also used for public health for the control 

of mosquitoes which are the vectors for malaria (Gupta et al., 1984).  
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However, unintended exposure to OCPs can be extremely hazardous to humans and other 

living organisms as they are designed to be poisonous. They are potential pollutants 

having a harmful effect on human health and the environment when their concentrations 

are higher than the acceptable limits. The majority of pesticides are not specifically 

targeting the pest only and during their application, they also affect non-target plants and 

animals. OCPs namely aldrin, dieldrin, Endrin, chlordane, 

dichlorodiphenyltrichloroethane (DDT), heptachlor, mirex, toxaphene, and 

hexachlorobenzene (HCB) are among the 12 initial POPs (dirty dozen) regulated under of 

the Stockholm Convention (Aulerich and Ringer, 1977). Apart from calling for an 

immediate ban on the production, import, export, and use of most of these POPs, the treaty 

recommends clear disposal guidelines (UNEP, 2001). Indeed, a large number of 

organochlorine pesticides have been universally banned in line with the Stockholm 

convention.  

Types of OCPs: The OCPs and their metabolites are mainly classified into three 

categories; namely diphenyl aliphatics, cyclodienes and hexachlorocyclohexanes (Khan, 

1980). Diphenyl aliphatics include p,p‘-DDT, p,p‘-DDE, p,p‘-DDD and methoxychlor. 

Cyclodiene compounds are a collective group of synthetic cyclic hydrocarbons, which 

include aldrin, dieldrin, endrin, Endrin aldehyde, Endrin keton, heptachlor, heptachlor 

epoxide, α-endosulfan, β-endosulfan, and endosulfan sulfate. They are particularly 

effective where contact action and long persistence is required; for example, endosulfan 

acts as a contact poison on sucking, chewing and boring insects of field crops. 

Hexachlorocyclohexanes (HCH) are manufactured chemicals that exist in several 

structural isomers such as α-HCH, β-HCH, γ-HCH, and δ-HCH (Figure 5). Only one of 

these forms, γ-HCH (commonly called lindane) has insecticidal activity and used as an 

insecticide on fruits, vegetables, in forestry and animal husbandry. Lindane is also used as 

an active ingredient in lotion, cream, or shampoo to treat head and body lice, and scabies 

(Khan, 1980). 
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A. Diphenyl aliphatic 

 

                     

         p, p‘-DDT                                                    p, p‘-DDE 

  CAS number: 50-29-3                                   CAS number: 72-55-9 

    C14H9Cl5 - MW.: 354.49                             C14H8Cl4 - MW.: 318.03 

                           

             p, p‘-DDD                                                         Methoxychlor 

    CAS number: 72-54-8                                              CAS number: 72-43-5 

    C14H10Cl4 - MW.: 320.05                                        C16H15Cl3O2 - MW.:  345.65                                                                         

 

B. Cyclodiene insecticides 

                                 

          Aldrin                                       dieldrin                                   Endrin 

CAS No: 309-00-2                        CAS No: 60-57-1                    CAS No: 72-20 

C12H8Cl6 - MW.: 364.91          C12H8Cl6O - MW.: 380.93     C12H8Cl6O - MW.: 380.93 
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       Endrin aldehyde                   alpha-endosulfan                              beta-endosulfan 

                                                                             CAS No: 115-29-7 

                                                                          C9H6Cl6O3S - MW.: 406.9 
 

                                                                

                 Endosulfan sulphate                                                  Heptachlor 

               CAS No: 1031-07-8                                                  CAS No: 76-44-8 

              C9H6Cl6O4S-MW.: 422.9                                         C10H5Cl7 - MW.: 373.32 

 

C. Hexachlorocyclohexane 

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Gamma-HCH Alpha-HCH Delta-HCH  

CAS No: 58-89-9    CAS No: 3198-84-6      CAS No: 319-86-8 

      C6H6Cl6                          C6H6Cl6                         C6H6Cl6 

     MW.: 290.83        MW.: 290.83                    MW.: 290.83 

 

Figure 5. Types of organochlorine pesticides and their structure 
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The most common OCPs with their uses are presented in the following table (Table 1). 

Table 1. Uses of most common Organochlorine pesticides 

 

OCPs  Uses Current status 

Aldrin Crop insecticide (corn, cotton)  Banned 

Chlordane Crop insecticide (vegetables, citrus,  

cotton, potatoes) 

Banned 

DDT   Crop insecticide (cotton) Banned but still used in some 

countries 

Dieldrin Crop insecticide (cotton, corn) Banned but still used in some 

countries 

Endrin Crop insecticide (cotton, grains) Banned 

Heptachlor Insecticide (termites and soil insects) Restricted use for killing fire ants 

Mirex Insecticide (termites, fire ants) Banned 

Toxaphene Insecticide (livestock, crops) Banned 

Endosulfan 

sulfate  

Insecticide on a variety of crops (teas, 

grains, fruit, vegetables) and also on 

nonfood crops such as tobacco and cotton 

Banned but still in use in 

developing countries 

Lindane  Agricultural insecticide on fruit and 

vegetable crops and as a pharmaceutical 

treatment for lice and scabies. 

Restricted use for lice (medical 

use) 

 

Organochlorine pesticides (OCPs) find their way into the environment by means of 

volatilization, runoff, infiltration, transport along food chain, etc. (El-Shahawi et al., 

2010). When applied to a field, OCPs can meet a variety of fates: some may be lost to the 

atmosphere through volatilization and transported long distances from their sites of 

application; others are carried away by surface runoff. When entering into the soil, 

pesticides may be taken up by plants; but they may also be transported through the 

unsaturated zone to ground-waters or via drains, reach surface water bodies. 

Consequently, considerable levels of OCPs have been detected in different components of 

the human-environment such as air, water, soil, plants and animals (Patton et al., 1991, El-

Shahawi et al., 2010). 
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2.2.3.2.Physicochemical properties, exposure pathways and toxicology of OCPs 

Due to their structural resemblances, OCPs share certain physicochemical characteristics 

such as persistence, bioaccumulation, and toxicity. It means that the environmental fate of 

these POPs if released or emitted only involves conversion from a phase to another 

without changing their identities until equilibrium is approached. Therefore, the properties 

regarding the environmental distribution among the air, water, and solid phases are very 

important in understanding their movement between media and evaluating their behavior 

within a single medium. These environmental properties commonly include the octanol-

water partition coefficient (Kow), water solubility (Sw), and Henry‘s law constant (H), 

and vapor pressure (VP) and are presented in the following table. These physical and 

chemical properties of OCPs influence their availability, toxicity, and environmental fate.   

Table 2 summarized the identities and environmental properties of these pesticide-POPs, 

which were mainly compiled from available monographs or books (Shen and Wania, 

2005, Shiu et al., 2006, Tsai, 2010). From the molecular structure point of view, these 

pesticide-POPs comprise the C=C (aromatic), C-H, and C-Cl chemical bonds, with lesser 

numbers of C-C and C-O bonds. They have extremely strong bonds between their chlorine 

and carbon components and are attracted to fats.   
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    Table 2. Chemical and physical information of some representative OCPs 

                                (Shen and Wania, 2005, Shiu et al., 2006, Tsai, 2010). 

OCP-type CAS No. Mol.  

formula 

MW Mp
a
 

(°C) 

VP
b
 

(Pa) 

H 
c
 

(Pa-m
3
/mol) 

Sw
d
 

(mg/L) 

Kow
e
 

Aldrin 309-00-2 C12H8Cl6 364.9 104 0.005 (25°C) 50.3 (25 ° C) 0.02 (20 °C) 6.5 

Chlordane (technical) 12789-03-6 C10H6Cl8 409.8 ~105 0.06 (25 ° C) 4.9 (25 ° C) 0.1 (25 ° C) 5.5 

Chlordecone 143-50-0 C10Cl10O 490.6 350 ＜0.03 (25 ° C) 0.003 (25 °C) 7.6 (25 ° C) 4.5 

p,p‘-DDT 50-29-3 C14H9Cl5 354.5 108.5 3×10
−5

(25°) 1.3 (25 ° C) 0.0055(25°C) 6.2 

p,p‘-DDE 72-55-9 C14H8Cl4 318.0 88.6 3.3×10
−3

,25°C 4.2 (25 ° C) 4.4x10
-5

,25°C 6.96 

p,p‘-DDD  72-54-8 C14H10Cl4 321 109.2 9.7×10
−4

,25°C 0.67 6.2x10
-5

,25°C 6.22 

Dieldrin 60-57-1 C12H8Cl6O   380.9 ~175 0.0005(20°C) 5.9 (25 ° C) 0.17 (20 °C) 4.3 

Endrine 72-20-8 C12H8Cl6O 380.9 ~228 0.0004(20°C) 0.8 (25 ° C) <10
−6

(25°C) 4.6 

Heptachlor 76-44-8 C10H5Cl7 373.4 ~95 0.05 (25 °C) 150 (25 ° C) 0.18 (20 °C) 5.3 

Heptachlor epoxide (B) 1024-57-3 C10H5ClO 389.2 ~166 3.5×10
−7

(20°C) 8.6×10
−4

(25°C) 2x10
-4

(25°C) 5.1 

Endosulfan sulfate  1031-07-8 C9H6Cl6O3S 406.9  - - - - 

α-endosulfan  959-98-8 C9H6Cl6O3S 406.9 106.8 6×10
−3

(25°) 0.72(25°C) 1.6x10
−4

,20°C) 4.47 

-endosulfan 33213-65-9 C9H6Cl6O3S 406.9   213.1 4.3×10
−3

(25°) 0.72(25°C) 6.9x10
−4

,25°C 4.78 

Hexachlorobenzene 118-74-1 C6Cl6 284.8 228.8 0.0025(20°) 35.1(20 ° C) 0.005(25°C) 5.5 

α-exachlorocyclohexane 319-84-6 C6H6Cl6 290.8 158 0.006 (25 °C) 1.1 (25 ° C) 2.0 (25 °C) 3.8 

β-exachlorocyclohexane 319-85-7 C6H6Cl6 290.8 309 0.06 (25 °C) 0.07 (25 °C) 0.7 (20 °C) 3.8 

Lindane 58-89-9 C6H6Cl6 290.8 113   0.007 (25 °C) 0.3 (25 ° C) 2 (25 ° C) 3.6 
 

a
Melting point. 

b
Vapor pressure.  

c
Henry‘s law constant. 

d
Solubility in water. 

e
Octanol/water partition coefficient (as logarithmic 

scale). 
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This means that the compounds tend to have low polarity, resulting in being lipophilic 

with high Kow values and having low solubility in water. Besides, these pesticide-POPs 

have high log Kow values ranging from 3.6 to 6.5, are hydrophobic compounds. This 

means when it rains, they can spread widely through runoff. The problem with this 

property is that once organochlorine pesticides are used, they stay around for a long time, 

not only in the water supply and in the soil but also in human and animal bodies. 

These chemicals partition favorably to organic matter and have low mobility, limiting 

their capacities for spreading in the aqueous phase of soil and sediment. Interface transfer 

between the gas phase (i.e., atmospheric air) and water bodies is one of the fate processes 

affecting the transport of many chemical compounds in the environment because the 

vaporization from aqueous solutions is an important transport pathway from water to air. 

In this regard, Henry‘s law is used to describe the partition of vapor between two different 

phases, such as water and air, under equilibrium conditions. Therefore, the Henry‘s law 

constant (H) is usually defined as the ratio of a chemical‘s concentration in air to its 

concentration in water at equilibrium. From the data on Henry‘s law constant (H) and 

vapor pressure (VP) in Table 2, it has been suggested that these pesticide-POPs are semi-

volatile with extraordinarily low vapor pressure, but tend to diffuse from the water phase 

(i.e., so-called fugacity, or escaping tendency) to the air phase due to their low solubilities 

in water.   

 

The basic characteristics of organochlorine pesticides are high persistence (e.g. half-life 

of DDT in soil range from 22 to 30 years, Toxaphene up to 14 years, Mirex about 12 

years, Dieldrin up to 7 years, Chlordecone up to 30 years), low polarity, low aqueous 

solubility and high lipid solubility (Jayaraj et al., 2016) and thus potential to accumulate 

in the fatty tissue of living organisms including humans. An overview of the OCPs 

included in this study will be discussed in this section. The consequent beneficial or 

detrimental effects, including toxicity and hazards, will also be considered. 
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Dichlorodiphenyltrichloroethane (DDT) and its metabolites 

According to the world malaria report, malaria is one of the world‘s most deadly human 

diseases. A lot of prevention measures were taken to reduce the threat of malaria to public 

health. But a major advance in vector control and the fight against malaria was achieved 

after the use of chemical vector controls, especially, the use of the insecticide DDT 

(Dobson, 1999). 

The insecticidal property of DDT was first recognized by the Swiss chemist Paul Muller 

in 1939 for which he was awarded the Nobel Prize in physiology or medicine in 1948. 

Since then, the use of DDT has been continued widely worldwide for vector and pest 

control in disease, agriculture, and forestry (Foreman and Gates, 1997). However, its use 

has been restricted in several industrial countries (Goldberg, 1991) after recognizing its 

toxic effects on the environment. While the use of DDT has been limited internationally, 

some countries continued to use it in disease control programs as it was found a valuable 

short term line of attack for controlling malaria. In recognition of this pressing need, SC 

permits the production and use of DDT for disease vector control only by notifying the 

convention secretariat, provided that no safe, effective, and affordable alternatives are 

locally available (SC on POPs, 2008). 

Commercial DDT mainly contains two isomers, namely the active ingredient, 4,4‘-DDT, 

and the byproduct, 2,4‘-DDT (ATSDR, 2002).  A typical example of technical DDT had 

the following constituents: p, p' -DDT, 85 %; o, p' -DDT, 15 %; p, p' -DDE, 4%; o, p' -

DDE, 0.1%; and unidentified products, 3.5% (ATSDR, 2002a). The term "total DDT" is 

often used to refer to the sum of all DDT related compounds (p, p‘-DDT, o, p‘-DDT, 

DDE, and DDD) in a sample. 

In nature, DDT is degraded to dichlorodiphenyldichloroethylene (DDE) and 

dichlorodiphenyldichloroethane (DDD). These stable metabolites are formed by 

dehydrochlorination or dechlorination of the ethane side chain of DDT (Figure 6). DDT 

and its breakdown products, DDE and DDD are persistent, bioaccumulative and toxic 

pollutants (Wolff et al., 2000, Longnecker, 2005, Yohannes, 2014a). 
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p, p‘-DDT 

                                                          

                                                           

                          p, p‘-DDE                                                                          p, p‘-DDD 

 

Figure 6. Degradation product of DDT to form DDE (by elimination of HCl) and DDD 

(by reductive dechlorination) 

Due to its extensive use as a pesticide, a large amount of DDT entered the environment 

before its ban by the SC, and it is still entering the environment due to current use for 

public health purposes in some countries (Eskenazi et al., 2009). DDT in the environment 

undergoes repeated recycle of evaporation and deposition. As a result, DDT can be carried 

long distances in the atmosphere, and it has been found in the Arctic and Antarctic 

regions, far from where they were ever used (Rognerud et al., 2002). DDT enters rivers 

and reservoirs mainly through industrial point sources, runoff from agricultural fields and 

from atmospheric deposition due to volatilization (Schwarzbauer et al., 2001, Binelli and 

Provini, 2003, Deribe et al., 2014a). 

DDE and DDD enter the environment as a contaminant or breakdown product of DDT 

(Sayles et al., 1997, Foght et al., 2001). DDT, DDE, and DDD may occur in the 

atmosphere as a vapor or be attached to solids in the air. DDT, DDE, and DDD are 

strongly retained by soils, sediments, and biota lipids due to their low aqueous solubility 

and high octanol-water partitioning coefficients. Most DDT in the soil is broken down 

slowly to DDE and DDD by microorganisms, and it has a half-life of 2-15 years, 

depending on the type of soil (ATSDR, 2002). DDT, and especially DDE, may enter 

-HCl 
H2  HCl 



32 
 

organisms and accumulate in fatty tissues of fish, birds, and other animals (ATSDR, 

2002). DDT and its metabolites are known to cause for instance, eggshell thinning in birds 

(Anderson and Duzan, 1978, Lundholm, 1997), induced liver tumors and increased 

incidences of lung tumors in mice (Stewart et al., 1989, Turusov et al., 2002, Randi et al., 

2003). DDE and DDD have relatively lower toxicity than the parent compound DDT, but 

their lipophilic nature facilitated their accumulation along food chains and reaching the 

highest levels in top-predators, including humans (Clarkson, 1995). A study has shown 

that 4,4‘-DDE,  the primary product of DDT degradation, is thus one of the most abundant 

persistent halogenated hydrocarbons present in human blood and milk worldwide (Smith, 

1999). Further studies in humans show that the lipophilic nature of DDE enhances transfer 

from mother to offspring via milk (Norén et al., 1996, Azeredo et al., 2008) and women 

who had high amounts of DDE in breast milk had an increased chance of having 

premature babies. The international agency for research on cancer (IARC) also rated DDT 

as ―possibly carcinogenic to humans‖ (IARC, 1991). 

In Ethiopia, DDT has been sprayed outdoors (for agricultural use) as well as indoors for 

malaria control by reducing the density and longevity of vector mosquitoes using IRS 

(PMI, 2013). DDT spraying is commonly conducted during the rainy months from June to 

October. About 400 metric tons of active-ingredient DDT per year is used for IRS in many 

parts of the country, a malaria epidemic-prone region (van den Berg, 2009, Yohannes, 

2014a). 

Lindane  

Hexachlorocyclohexanes (HCH) are manufactured chemicals that exist in several 

structural isomers such as -HCH, -HCH, -HCH, and -HCH. Only one of the forms γ-

HCH (commonly called lindane) has insecticidal activity and used as an insecticide in 

fruits, vegetables, in forestry and animal husbandry. Lindane is also used as an active 

ingredient in lotion, cream, or shampoo to treat head and body lice, and scabies (ATSD, 

2000) (Hussen, 2007). 

Technical-grade hexachlorocyclohexane (HCH) consists of 65-70% alpha-HCH, 7-10% 

beta-HCH, 14-15% gamma-HCH, and approximately 10% of other isomers and 
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compounds (Figure 5C). Lindane contains more than 99% -HCH (IPCS-EHC-124, 1991). 

The scientific (IUPAC) name of lindane is 1, 2, 3, 4, 5, 6-hexachlorocyclohexane. 

According to IUPAC rules, the designation 'benzene hexachloride' is incorrect; 

nevertheless, it is still widely used, especially in the form of its abbreviation, BHC. This 

is, therefore, another common name approved by the ISO. The compound is called 

gamma-HCH by the WHO, but gamma-BHC by the FAO. The synonym 

hexachlorocyclohexane (gamma isomer) is used by the Environmental Protection Agency 

and the American Conference of Governmental Industrial Hygienists in the USA (Figure 

7) (Nguyen, 2009).  

                             

                                  Gamma-HCH 

Figure 7. Structure and molecular formula of lindane 

 

Dieldrin  

Dieldrin (Figure 8) is also closely related to its metabolic precursor aldrin, which itself 

breaks down to form dieldrin. Aldrin is not toxic to insects; it is oxidized in the insect to 

form dieldrin which is the active and toxic compound (IPCS-EHC-91, 1989). 

The scientific (IUPAC) name of dieldrin is: 1,2,3,4,10,10-hexachloro-6,7-epoxy- 

1,4,4a,5,6,7,8,8a-octahydro-endo-1,4-exo-5,8-dimethanonapthalene. The abbreviation for 

the scientific name of dieldrin is HEOD. The trade names used for dieldrin include alvit, 

dieldrix, octalox, quintox, and red shield (Nguyen, 2009). 

                             

                                        Dieldrin 

   CAS No: 60-57-1 

C12H8Cl6O - MW.: 380.93 

CAS No: 58-89-9 

C6H6Cl6 

MW.: 290.83 
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Figure 8. Structure and molecular formula of Dieldrin 

 

Heptachlor  

The scientific (IUPAC) name of heptachlor is 1, 4, 5, 6, 7, 8, 8-heptachloro-3a, 4, 7, 7a-

tetrahydro-4, 7-methanoindene) (IPCS-EHC-38, 1984). The trade names used for 

heptachlor include Aahepta, Agroceres, Basaklor, Drinox, E 3314, GPKh, Heptachlorane, 

Heptagran, Heptagranox, Heptamak, Heptamul, Heptasol, Heptox, Rhodiachlor, Soleptax, 

Velsicol 104. Heptachlor is stable in daylight, air, moisture and moderate heat (160 
0
C) 

but is oxidized biologically to heptachlor epoxide (Nguyen, 2009) (Figure 9). 

                             

                                        Heptachlor epoxide (B) 

Figure 9. Structure and molecular formula of heptachlor epoxide (B) 

Endosulfan 

Endosulfan is a neurotoxic organochlorinated insecticide of the cyclodiene family of 

pesticides. Technical-grade endosulfan contains at least 94% of two pure isomers, α- and 

β- endosulfan. The α- and β-isomers of technical endosulfan are present in the 

approximate ratio of 7:3, respectively (Figure 10) (ATSDR, 2000a). The scientific 

(IUPAC) name of endosulfan is 6, 7, 8, 9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9ahexahydro-6, 

9-methano-2, 4, 3-benzodioxathiepine 3-oxide. The trade names used for endosulfan 

include Benzoepin, Beosit, Chlorthiepin, Cyclodan, FMC 5462, Insectophene, Kop-

thiodan, HOE 2671, Thionate Malix, Malix, NCI-C00566, NIA 5462, Thifor, Thimul, 

Thiodan, Thiofor, Thiomul, Thionex, Thiosulfan, Tionel, Tiovel, Endocide, Endosulphan. 

Endosulfan sulfate is a reaction product found in technical endosulfan; it is also formed in 

the environment due to photolysis and in organisms as a result of oxidation by 

biotransformation (ATSDR, 2000a) (Nguyen, 2009). 

   CAS No: 124-57-3 

C10H5Cl7O – MW. 389.32 
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a)                                              b)                                      c) 

          Endosulfan sulfate                  alpha-Endosulfan                  beta-Endosulfan 

           CAS No: 1031-07-8 

          C9H6Cl6O4S-MW.: 422.9 

Figure 10. Structure and molecular formula of Endosulfan sulfate (a), alpha-endosulfan (b) 

and beta-Endosulfan (c) 

 

Exposure pathways of OCPs 

 

Intensive and uncontrolled pesticide application results in several negative effects in the 

environment that cannot be ignored (Pesticide action network, 2010). People are exposed 

to OCPs by three main pathways, ingestion (absorption from the gut wall) such as eating 

OCP-contaminated food, inhalation (from the lungs) and skin or dermal absorption (Singh 

et al., 2016). Furthermore, exposure to OCPs can occur via poor handling or application 

processes (Margni et al., 2002). Since these compounds are strongly lipophilic, they are 

readily stored in high lipid content body tissues such as the liver, brain, and adipose fat 

layer. As such, the chronic health effects of organochlorines may, to a large extent, be 

attributed to their lipophilic tendencies. If you are exposed to OCPs, many factors 

determine whether you'll be harmed. These factors include the dose (how much), the 

duration (how long), and how you come in contact with them. If you are near an area 

where an organochlorine pesticide has recently been applied, you can actually inhale the 

chemicals. The risk of exposure is high in developing countries where the use of OCPs in 

tropical agriculture, livestock and vector control has resulted in a number of injuries and 

deaths (Gupta et al., 1984). Farm workers, their families and those who pass through a 

region applied with pesticides can absorb a measurable quantity of pesticides. The 

presence of pesticide residues has been detected in the blood plasma of workers in 

CAS No: 115-29-7                                                            

C9H6Cl6O3S - MW.: 406.9 
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agricultural farms. Direct or indirect exposure to pesticides leads to neuromuscular 

disorders and the stimulation of drug and steroid metabolism (Subramaniam and Solomon, 

2006). 

Although human exposure to OCPs can also occur via inhalation or by dermal absorption, 

ingestion is the major route of exposure in view of the health risks (Zacharia, 2011). 

Among food items, fatty food such as meat, fish, poultry, and dairy products serve as main 

sources of OCP residues (Rusiecki et al., 2008).  

Health effects of OCPs 

Organochlorine pesticides even when they are present in very low concentration may pose 

high toxicity for their long-term and chronic effects on wildlife and humans (Tsai, 2010). 

Several groups of individuals may get a considerable risk of pesticides either due to 

increased exposure (e.g., agricultural workers and their families; individuals who reside 

close to fields where pesticides are applied) or due to increased susceptibility to pesticide 

toxicity (e.g., children). Health effects resulting from pesticide exposure depend on the 

specific compound involved and may be acute or chronic (Gangemi et al., 2016). Many 

studies have shown the health impacts of organochlorine exposure in humans. Individual 

toxicities of OCPs are dependent on a number of factors such as molecular size, volatility, 

and effects on the central nervous system (CNS).  OCPs pose a serious health risk, 

especially for infants, since their enzymatic and metabolic systems are not fully active 

(Garry, 2004). With regard to maternal exposure to pesticides in early pregnancy, several 

epidemiological studies suggest that female employment in agriculture may be a risk 

factor for birth defects (Nurminen, 1995, Weidner et al., 1998).  

 

Examination of health effects of organochlorine pesticides to humans leads to the 

conclusion that many of them are responsible for hypertension, cardiovascular disorders 

and other health-related problems in humans. Some of the symptoms of acute 

organochlorine toxicity include CNS excitation and depression, pulmonary - Cough, 

shortness of breath, dermatologic - Skin rash, gastrointestinal - Nausea, vomiting, 

diarrhea, and abdominal pain and nervous system - Headache, dizziness, or paresthesias of 
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the face, tongue, and extremities. Long-term exposure in humans can have serious health 

effects, including damage to the liver, kidney (renal toxicity), thyroid gland, bladder, and 

central nervous system disturbances and serious reproductive problems. Besides, skin 

irritation problems, Respiratory problems and different kinds of cancer are the 

manifestations of OCPs long term exposure. Organochlorine pesticides act as endocrine 

disrupting chemicals (EDCs) by interfering with the molecular circuitry and function of 

the endocrine system (Ejaz et al., 2004). Many of the organochlorine molecules are 

carcinogens and neurotoxic (Ahlborg et al., 1992). 

 

The hazardous nature of organochlorines was explained by citing different examples. The 

menace caused by endosulfan is of great concern. Endosulfan remains in the environment 

for long periods and bio-accumulates in plants and animals which leads to contamination 

of food consumed by humans (Briz et al., 2011). It affects mainly the central nervous 

system and was found to have higher acute inhalation toxicity than dermal toxicity.  

The gastrointestinal absorption of endosulfan is very high. The disproportion of thyroid 

hormones can lead to a variety of disorders. Serum concentrations of p, p'-DDE and HCB 

were found to be associated with abnormal thyroid hormone levels. p, p‘-DDE was 

reported to increase free thyroxine (T4) and total triiodothyronine (T3) levels, and to be 

inversely associated with thyroid-stimulating hormone (TSH) (Meeker et al., 2007). On 

exposure to dioxin-like organochlorines, a dose-dependent decrease in total T4 was also 

reported (Turyk et al., 2006). Organochlorine pesticides were reported to increase the risk 

of hormone-related cancers, including breast, prostate, stomach and lung cancer (Strömpl 

and Thiele, 1997).  

Epidemiological studies have shown that exposure to organochlorine pesticides is strongly 

associated with type 2 diabetes in obese people (Airaksinen et al., 2011). A number of 

studies were published on the effect of organochlorine pesticides on the induction of 

diabetes mellitus in humans. A recent study reported that POP exposure is a risk factor 

contributing to insulin resistance (Arrebola et al., 2015). In a population-based study, 

different pesticides were reported to be associated with liver dysfunction suggesting that 

these environmental pollutants can cause adverse effects on liver functions (Kumar, 2012). 
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A study conducted in Costa Rica reported that occupational pesticide exposure to dieldrin 

could be partly responsible for the increased risk of Parkinson‘s disease seen in the 

population (Steenland et al., 2014). A study conducted in China showed that prenatal 

exposure to DDT, β-BHC, HCB, and Mirex caused a decrease in the birth weight of 

infants (Xu et al., 2016). In a study conducted in Slovakia, highly increased blood levels 

of diabetes (fasting glucose and insulin) and obesity markers (BMI, triglyceride, and 

cholesterol) were found in large groups of males and females in highly polluted areas. A 

significant decrease in testosterone level was also observed in males (Langer et al., 2014). 

A report from Brazil had shown that OC compounds are reported to trigger anti-

androgenic effects in men and estrogen effects in women (Freire et al., 2014). 

Organochlorine pesticide, heptachlor, was reported to induce mitochondria-mediated cell 

death via impairing electron transport chain complex III, thus acting as a neurotoxicant 

with a possible association with Parkinson‘s disease (Hong et al., 2015). Exposure to 

organochlorine pesticide residues was reported as a potential risk factor for gallstone 

disease in humans (Su et al., 2012). Potential neurotoxic effects of organochlorine 

compounds were reported on early psychomotor developments even at low doses (Forns et 

al., 2012). A positive correlation was observed of exposure to some OC pesticides and 

vitamin D deficiency in humans (Yang et al., 2012).  

 

2.2.3.3. Occurrence of OCPs in sediment and fish 

Organochlorine pesticides are largely banned in developed nations but are used 

extensively in many developing countries. About 70% of banned pesticides are still used 

in most developing countries because of their low cost (Gupta et al., 2012). In addition, 

these chemicals may still be found in storage sites (stockpiles-obsolete pesticides); thus, 

exposure remains possible. In developing regions like Africa, emission of these OCPs 

from obsolete pesticide sites (Stockpiles of pesticides), extensive agricultural use and 

transportation and storage leakage from old barrels, are the most common sources. As a 

result, OCPs have been dispersed ubiquitously in the environment. When applied to a 

field, OCPs can be dispersed into the environment in many ways: some may be lost to the 

atmosphere through volatilization and transported long distances from their sites of 

application; others are carried away by surface runoff. When entering into the soil, 



39 
 

pesticides may be taken up by plants; but they may also be transported through the 

unsaturated zone to ground-waters or via drains, reach surface water bodies. 

Consequently, considerable levels of OCPs have been detected in different components of 

the human environment such as human milk, air, human blood, water, soil, plants, fatty 

tissue, as well as some foods such as animal tissues and dairy products (Patton et al., 

1991).  

A survey of the literature showed limited data about the levels of OCPs in freshwater fish 

from water bodies in Africa. There is also an acute shortage of organized data that can 

show the level of these pollutants in different media across Ethiopia. The few studies 

conducted in some areas of the country indicated that significant levels of these pollutants 

have been detected in water, sediment/soil and tissues of fishes (Deribe et al., 2011, 

Deribe et al., 2014a, Yohannes, 2014b). 

 

The following table indicates the level of some representative OCPs in African catfish, 

Clarias gariepinus, from Africa (Table 3). 

 Table 3. Concentration of some OCPs in African catfish, Clarias gariepinus, in some 

African countries (ng/g ww) 

Country Place/and/or  

year of study 

p, p‘-

DDT 

p, p‘-

DDE 

p, p‘-

DDD 
DDT endos 

ulfans/HCHs 

References 

Ethiopia Koka, 2008 ng ng ng 15.15 4.3
a
 (Deribe et al., 

2011) 

Awassa, 2008 ng ng ng 28.52 3.67 (Deribe et al., 

2014a, Deribe et 

al., 2014b) 

Ziway, 2011 0.62 6.92 0.79 9.0
c
 0.72

b
 (Yohannes, 

2014a) 

Ghana Volta lake 0.25 0.3 1.71 2.26 2.44
d
 (Gbeddy et al., 

2015) 

Uganda 2008 0.002 <0.01 - - <0.002 (Bagumire et al., 

2008) 

South 

Africa 

Rietvlei Dam, 275.8 300.5 188.1 764.4 - (Barnhoorn et al., 

2015) 

Nigeria Lagos lagoon, 

2007 

40 30 250 320 3270
e
 (Adeyemi et al., 

2008) 

 

a=-endosulfan+-endosulfan; b=p,p‘-DDT+o,p‘-DDT+p,p‘-DDE+o,p‘-DDE+p,p‘-DDD;c=-

HCH+-HCH; d=-endosulfan+-endosulfan +endosulfan sulfate; e=-HCH+-HCH+-HCH 

http://www.greenfacts.org/glossary/tuv/tissue.htm
http://www.greenfacts.org/glossary/tuv/tissue.htm
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2.2.3.4.Sources of OCPs pollution in the study area 

Knowledge about sources and releases (emissions) of OCP residues into the environment 

are first steps towards reducing their levels in the environment (if environmental burdens 

are to be minimized in a cost-efficient manner). The analysis of usage and emission trends 

is also important in developing ways to find out the sources and pathways of the pollutants 

(Breivik et al., 2004). Organochlorine pesticides can enter the environment in many ways. 

These include, but not limited: extensive application in agriculture and forestry, polluted 

wastes discarded into landfills (Waste product dumps and storage sites), discharges from 

industrial units that synthesize these chemicals, transportation leakage, effluents from the 

production facilities and sewage irrigation (Breivik et al., 2004, Jiang et al., 2009). 

African countries are using pesticides, such as dichlorodiphenyltrichloroethane (DDT), 

lindane, toxaphene, endrin, dieldrin, heptachlor, since more than 50 years for combating 

agricultural pests and controlling disease vectors, especially malaria. The way in which 

pesticides are used in Africa caused serious environmental and health problems much 

more than elsewhere. These problems were represented by the accumulation of 

organochlorine pesticide (OCP) residues in different environmental samples (at least 

50,000 tons of obsolete pesticides), as well as tens of thousands of tons of heavily 

contaminated soil and empty contaminated pesticide containers, the current total stands at 

nearly 50,000 tonnes and is likely to increase much above this total (Mansour, 2009, 

Bernstorff and Stairs, 2000). Within the framework of the African stockpile program 

(ASP), huge quantities of pesticide-POPs have been completely or partially destroyed in a 

number of African countries. Furthermore, stockpiles of pesticides, especially in countries 

with unstable governments, leading to the abandonment of stockpiles in situations of 

insurrection and civil war. Examples exist where such a situation led to severe 

groundwater contamination and public health crises due to the dumping of pesticides by 

untrained civilians. Storage and handling is a major problem, including leakage from old 

barrels and deliberate dumping of surplus pesticide mixtures into watercourses following 

application. Destruction of old stores of pesticides (due to deterioration of the active 

ingredient) is financially prohibitive (estimated at US$ 5000 per tonne) especially as 

stocks must be moved to a developed country for destruction. Consequently, old barrels 
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deteriorate with leakage into surface and groundwater and/or dumping of stocks (Pesticide 

action network, 2010). 

OCPs pollution in Ethiopia is expected mainly from three sources, namely indoor residual 

spraying (IRS), obsolete pesticides and agricultural uses (Yohannes, 2014a). 

Obsolete pesticides: are pesticides that can no longer be used for their intended purpose 

or any other purpose. These are known as unwanted, pesticide stockpiles, some of which 

are already banned in many countries of the world (Bernstorff and Stairs, 2000). They 

may include pesticides in liquid, powder or dust, granule, emulsion form; empty and 

contaminated pesticide containers; heavily contaminated soil and buried pesticides. 

Ethiopia is a party to the Stockholm Convention on Persistent Organic Pollutants (POPs) 

and ratified the Convention on September 2004. Thereafter developed its first National 

Implementation Plan (NIP) which was adopted in 2007 (Aynalem, 2009). Based on this 

inventory of POPs, contaminated sites in Ethiopia indicated that there are many pesticide 

stockpile sites in the country. A total of 220 contaminated sites were identified in all 11 

regional states, including Addis Ababa and Dire Dawa (Aynalem , 2009).  Contaminated 

sites consist of 23 burial sites and 137 contaminated stores.  In the same inventory, four 

types of Annex A pesticides were found, namely, Aldrin, dieldrin, heptachlor, chlordane, 

the total amount of 14,615.08 kg. In the other study in the African level, DDT and 

endosulfan stockpiles are very high in Ethiopia (Thompson et al., 2017). 

In addition to this, Ethiopia has one of the largest stockpiles of obsolete pesticides in 

Africa since first imported in the 1960s. They can no longer be used for their intended 

purpose, and are accumulated in old and improper storage facilities that allow 

concentrated levels of toxins to leak into the environment and threatening the terrestrial 

and aquatic ecosystems. These obsolete pesticides are mostly OCPs such as aldrin, 

chlordane, DDT, dieldrin, heptachlor, and lindane. Ethiopia is also one of several 

countries implementing the Africa Stockpile Program (ASP). In nearly 10 years, the 

program has disposed of 3,000 tonnes of obsolete pesticides. Another 850 tonnes still need 
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to be safeguarded and discarded. Crop Life Ethiopia has played an active role, from the 

start in verifying the identified products and providing technical advice. 

In addition, the ASP identified 400 tonnes of DDT held in stores of the Ethiopian Ministry 

of Health and is seeking funds to safeguard and dispose of it. According to the inventory 

by Crop Life Ethiopia experts, most storekeepers were not aware of the hazards of these 

obsolete pesticide management. In addition, during the inventory phase of the ASP, 

organizers identified roughly 800,000 empty pesticide containers. Crop Life Ethiopia has 

started discussions with stakeholders to set up a container management program. 

2.2.4. Polychlorinated biphenyls (PCBs) 

 

2.2.4.1.Introduction 

Polychlorinated biphenyls (PCBs) constitute an important class of persistent organic 

contaminants of industrial origin. Since their discovery as environmental pollutants in 

1966, PCBs have been detected in all parts of the world and in all environmental 

compartments such as water, air, sediments, bird tissue, and fish tissue (El-Shahawi et al., 

2010) and in human breast milk (She et al., 2007, Tanabe and Kunisue, 2007). They are 

synthetic chlorinated compounds which were primarily used as plasticizers in paints, and 

dielectric fluids in electric transformers and capacitors due to their low electrical 

conductivity, high thermal conductivity, and resistance to thermal degradation (Breivik et 

al., 2002). They are very good electrical insulators in circuit boards, capacitors, 

transformers, and other electrical components.   

Depending on the degree of chlorination of the PCBs, their physicochemical properties, 

like inflammability or electrical conductivity, brought about a wide field of application. 

This made PCBs ideal in a number of commercial and industrial open (eg. Painting, 

sealing) and closed (e.g. transformers, capacitors) systems (Fiedler, 1997, Mansour, 2009). 

Thus, PCBs have been used as electric fluids in transformers and capacitors (WHO, 2000), 

as pesticide extenders, adhesives, cutting oils, flame retardants, heat transfer fluids, 

hydraulic lubricants, sealants, paints, and in carbonless copy paper. They are very good 

electrical insulators in circuit boards, capacitors, transformers, and other electrical 
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components (Mansour, 2009). The commercial production of PCBs began in 1929. 

However, the industrial production and use of PCBs were banned in the 1980s due to their 

toxic nature, evidence of widespread environmental contamination and persistence. PCBs 

can still be formed as unintentional byproducts during waste incineration and industrial 

processes.  

PCBs are transported through environmental media across international boundaries and 

thus they are found in almost all compartments of the global ecosystem. Therefore, PCB 

contamination is an international problem. Due to their worldwide distribution, persistence 

in the environment, and their health effects, PCBs have attracted great concern over the 

past years. 

PCBs are not occurring naturally in the environment, consisting of two benzene rings 

(with the formula C12H10−xClx) each containing from 1 to 5 chlorine atoms, connected by 

single carbon to carbon bond. The general chemical structure of chlorinated biphenyl is 

shown in Figure 11. 

(Cl)nn(Cl)

   5'

23

5 6

2' 3'

6'
 

      Figure 11. General structure of PCBs 

 

Theoretically, 209 individual congeners (distinct formulations) are possible differing 

from each other by level of chlorination and substitution position, of which about 130 

have been identified in commercial products. Table 4 below represents the possible 

PCB congeners (Table 4). 

 

 

 

 

 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Chloride
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Table 4. PCB Homolog groups and fundamental properties 

Compound CAS number Formula Molecular  

weight 

Number of 

isomers 

Monochlorobiphenyls 27323-18-82 C12H9Cl 189.0 3 

Dichlorobiphenyls 25512-42-9 C12H8Cl2 233.1 12 

Trichlorobiphenyls 25323-68-6 C12H7Cl3 257.5 24 

Tetrachlorobiphenyls 26914-33-0 C12H6Cl4 292 42 

Pentachlorobiphenyls 25429-29-2 C12H5Cl5 326 46 

Hexachlorobiphenyls 26601-64-9 C12H4Cl6 361 42 

Heptachlorobiphenyls 28655-71-2 C12H3Cl7 395.3 24 

Octachlorobiphenyls 31472-83-0 C12H2Cl8 430.0 12 

Nonachlorobiphenyls 53742-83-0 C12HCl9 464.2 3 

Decachlorobiphenyls 2051-24-3 C12Cl10 498.6 1 

Total 209 

 

Technical PCB products are always a mixture of different congeners, and their absolute 

composition varies from batch to batch. E.g.,Monsanto: ―Aroclor‖; .General Electric: 

―Pyranol‖. No single PCB congener has been used as an additive, but complex  technical 

mixtures sold under such names as Aroclor (Monsanto, USA), Clophae (Bayer, Germany), 

Phenoclor (Caffaro, Italy) and Kanechlor (Kanegafuchi, Japan) have been used to change 

chemical properties of various technical systems. For example, the name Aroclor 1254 

means that the mixture contains approximately 54% chlorine by weight, as indicated by 

the second two digits in the name. 

 

Types of PCBs 

The toxicity of a PCB is dependent on the number and the position of the chlorine (ortho, 

meta, and para positions).  Depending on where the chlorine atoms are located, the two 

rings of a specific PCB will either be coplanar or non-ortho PCB or Non-coplanar 

or ortho-substituted PCB congeners. The coplanar group members have a fairly rigid 

structure, with their two phenyl rings in the same plane. It renders their structure similar 

to polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans and 

allows them to act like PCDD (McConnell et al., 1978). They are considered as 

contributors to overall dioxin toxicity, and the term dioxins and dioxin-like compounds are 

often used interchangeably when the environmental and toxic impact of these compounds 

https://en.wikipedia.org/wiki/Polychlorinated_dibenzo-p-dioxins
https://en.wikipedia.org/wiki/Polychlorinated_dibenzofurans
https://en.wikipedia.org/wiki/Dioxins_and_dioxin-like_compounds
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is considered. From the 209 possible PCB congeners, 12 of them displaying ―dioxin-like‖ 

effects. They have chlorine in at least four of the lateral position and no more than one of 

the ortho positions. PCBs with no chlorine substitution in the ortho position are referred to 

as coplanar PCBs (Figure 12). 
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Figure 12. Structure of Coplanar PCBs 

 

Coplanar PCBs are considered to be more toxic, based on combined health effects 

considerations. Eg. PCB is 3,4,4', 5-Tetrachlorobiphenyl. The twelve ―dioxin-like 

―congeners are namely PCB-77, PCB-81, PCB-105, PCB-114, PCB-118, PCB-123, PCB-

126, PCB-156, PCB-157, PCB-167, PCB-169, and PCB-189, have been assigned toxicity 

equivalence factors (TEFs, assigned by WHO in 1998 and revised in 2005) (Helmfrid et 

al., 2012). The following figure represents the structure of these congeners (Figure 13). 
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Figure 13. Structure of the 12 coplanar PCBs 
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Non-coplanar or ortho-substituted PCB congeners- Non-coplanar PCBs, with chlorine 

atoms at the ortho positions can cause neurotoxic and immunotoxic effects, but only at 

concentrations much higher than those normally associated with dioxins. Because of their 

lower toxicity, they are of less concern to regulatory bodies and to date, there is no health 

risk assessment for Non-coplanar -PCBs (Figure 14) (Rose and Fernandes, 2013). 
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Figure 14. Structure of non-coplanar PCBs 

Even if the dioxin-like PCBs are more toxic than the others, for environmental monitoring 

the following two recommendations are applied. According to the International Council 

for the exploration of the sea (Naert et al., 2006) key representatives PCBs for 

environmental monitoring are PCB- 28, PCB- 52, PCB- 101, PCB- 118, PCB- 138, PCB- 

153, PCB- 180 and PCB- 209.  On the other hand, the Stockholm Convention on 

Persistent Organic Pollutants (POPS) recommends the measurement of six indicator 

PCBs. These are: PCB-28, PCB-52, PCB-101, PCB-138, PCB-153 and PCB-180 to 

characterize contamination by PCBs (Figure 15). These indicator PCBs are found in 

higher concentrations in environmental matrices than the others. 

 

Figure 15.  Structures of the six indicator PCB congeners 
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2.2.4.2.Physicochemical properties and toxicology of PCBs 

PCBs have some properties that made them suitable for a broad range of applications 

(Fiedler, 1997). The main Properties of PCBs relevant to their environmental persistence 

includes: low reactivity (highly uncreative and are largely resistant to breakdown by acids, 

bases and heat); low water solubility; high lipid solubility (all congeners of PCBs are 

lipophilic and their lipophilicity increases with increasing degree of chlorination); non-

flammability (low flammability); high electrical resistance; non-explosive nature (PCB‘s 

are fire-resistant and an electrical insulator (Afghan and Chau, 1989), low electric 

conductivity and extremely high thermal and chemical resistance (very high stability) 

(Extremely stable up to 1,600°F (870°C)). The following table represents some of the 

properties of PCBs (Table 5) (ARC Monographs-107). 

Table 5. Physicochemical properties of PCBs 

Homologue  

group 

Formula No. of 

isomers 

  BZ 

number 

Relative 

molecular 

mass 

Relative vapour 

pressure (pa at 

25
o
C) 

Melting 

point
 
(
o
C) 

Monochlorobiphenyl C12H9Cl 3 1-3 188.66 1.1 25-77.9 

Dichlorobiphenyl C12H8Cl2 12 4-15 223.1 0.24 24.4-149 

Trichlorobiphenyl C12H7Cl3 24 16-39 257.55 0.054 28-87 

Tetrachlorobiphenyl C12H6Cl4 42 40-81 291.99 0.012 47-180 

Pentachlorobiphenyl C12H5Cl5 46 82-127 326.44 2.6x10
-3

 76.5-124 

Hexachlorobiphenyl C12H4Cl6 42 128-169 360.88 5.8x10
-4

 77-200 

Heptachlorobiphenyl C12H3Cl7 24 170-193 395.33 1.3x10
-4

 83-149 

Octachlorobiphenyl C12H2Cl8 12 194-205 429.77 2.8x10
-5

 159-162 

Nonachlorobiphenyl C12H1Cl9 3 206-208 464.22 6.6x10
-6

 182.8-206 

Decachlorobiphenyl C12Cl10 1 209 488.66 1.4x10
-6

 305.9 

 

In the environment, PCBs have been reported to originate from the same technical 

mixtures, mostly classified according to their average degree of chlorination (Breivik et 

al., 2004). Commercial PCB mixtures consist of mixtures of 30-60 congeners and they 

show a unique combination of physicochemical and biological properties (Table 6). 

http://www.greenfacts.org/glossary/pqrs/ph.htm
http://www.greenfacts.org/glossary/pqrs/ph.htm
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Table 6. Physical and chemical properties for the selected Aroclors  

(Erickson, 1997, Shiu et al., 2006, Dunnivant and Elzerman, 1988, Bidleman, 1984) 

Aroclor 

compound 

Boiling 

point (
o
C) 

Water solubility at 

25
0
C (mg/L) 

Vapor pressure at 

25 
0
C (Pa) 

Density at 25 
0
C 

(g/cm
3
) 

Aroclor 1016 325-356 4.2x10
-1

 4.0x10
-4

 1.33 

Aroclor 1221 275-320 5.9x10
-1

 6.7x10
-3

 1.15 

Aroclor 1232 290-325 4.5x10
-1

 4.1x10
-3

 1.24 

Aroclor 1242 325-366 2.4x10
-1

 4.1x10
-3

 1.35 

Aroclor 1248 340-375 5.4x10
-2

 4.9x10
-4

 1.41 

Aroclor 1254 365-390 2.1x10
-2

 7.7x10
-5

 1.50 

Aroclor 1260 385-420 2.7x10
-3

 4.0x10
-5

 1.58 

 

Exposure pathways of PCBs 

Although PCBs are no longer manufactured, human exposure still occurs. People are 

exposed to PCBs by three routes, ingestion such as eating PCB-contaminated fish, skin or 

dermal absorption and inhalation when PCB‘s off-gas into the air. If you are exposed to 

PCBs, many factors determine whether you'll be harmed. These factors include the dose 

(how much), the duration (how long), and how you come in contact with them. The 

general population is exposed to PCBs via consuming PCB-contaminated fish, by 

breathing PCBs in the air, or by drinking PCB-contaminated well water. The primary 

exposure pathway appears to be through the consumption of contaminated foods, 

particularly meat, fish, and poultry (ATSDR, 2000). Breathing air near hazardous waste 

sites and drinking contaminated water are also exposure pathways. However, exposure 

from drinking water or from breathing outdoor air containing PCBs is less common. 

Workplace exposure may occur during repair and maintenance of PCB accidents, fires or 

spills involving products containing PCB. The inhalation of vapors and direct skin contact 

from leaks or broken equipment exposes workers. 

Once in the air, PCBs can be carried long distances, they have even been found in the 

snow and seawater in the Antarctic. Contaminated indoor air may also be a major source 
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of human exposure to PCBs. A common way for PCBs to enter human body is by eating 

meat or fish products or other foods that contain PCBs. Exposure from drinking water is 

less than from food. It is also possible that PCBs can enter your body by breathing indoor 

air or by skin contact in buildings that have the kinds of old electrical devices that contain 

and can leak PCBs.  

Once PCBs are in our body, some may be changed by our body into other related 

chemicals called metabolites. Some metabolites of PCBs may have the potential to be as 

harmful as parent PCBs. Some of the metabolites may leave your body in the feces in a 

few days, but others may remain in your body fat for months. Unchanged PCBs may also 

remain in your body and be stored for years, mainly in the fat and liver, but smaller 

amounts can be found in other organs as well. PCBs collect in milk fat and can enter the 

bodies of infants through breastfeeding. 

          Health effects of PCBs 

The main reason that PCBs have received so much scientific attention is the myriad of 

negative effects they have on the environment and human health. Nowadays, close to 50 

years after the first identification of PCBs in humans and wildlife tissue, the scientific 

community is still trying to clarify the toxicological mode of actions and assessing the 

PCBs health effects arising from background exposure levels. There are several health 

criteria documents concerning PCB chemistry and toxicity from the early 1990s 

(Robinson et al., 1990) and a concise international chemical assessment document on 

PCBs (Faroon et al., 2003), which is based on the agency for toxic substance and disease 

registry toxicological profile on PCBs (ATSDR, 2000). It seems likely based on the 

available toxicological information, that both dioxin-like PCBs (DL-PCBs) and non-

dioxin like PCBs (NDL-PCB) congeners can cause serious toxicological outcomes, such 

as carcinogenicity, immunotoxicity, neurodevelopment disorders, and developmental 

toxicity. However, the underlying biological mechanisms are likely to be fundamentally 

different. In contrast to DL-PCB congeners, for which there are sufficient data to perform 

a health risk assessment, such information is largely lacking for NDL-PCB congeners. 

Both individual NDL-PCB congeners and food relevant NDL-PCB mixtures are poorly 
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characterized from a toxicological point of view, and to date, there is no health risk 

assessment for NDL-PCBs (Rose and Fernandes, 2013). 

Workers exposed to high levels of PCBs on the job have documented skin and eye 

irritation. PCBs are highly toxic by inhalation (breathing) or ingestion (swallowing), can 

cause dermatitis (skin rash), and can be absorbed through the intact skin. Once absorbed, 

PCBs move into cell membranes and into the blood vessels and the lymphatic system. The 

highest concentrations of PCBs are usually found in the liver, fatty tissue, brain, and skin. 

They are also present in the blood. In mothers, PCBs have been found to pass into 

umbilical cord blood, the placenta, and breast milk. PCBs have been shown to cause 

chronic toxic effects in many species even when they exist in very low concentrations. 

Well-documented tests show that PCBs cause, among other things, reproductive failures, 

liver damage, gastric disorders, skin lesions, and tumors in laboratory animals. Skin 

conditions, such as acne and rashes, may occur in people exposed to high levels of PCBs 

(ATSDR, 2000). Studies show workers exposed to high doses of PCBs can develop 

certain kinds of cancers, including liver and biliary tract cancer. The EPA and the 

International Agency for Research on Cancer (IARC) have determined PCBs to be 

carcinogenic to humans. 

According to recent research, mothers exposed to high levels of PCBs in the workplace or 

ate large amounts of contaminated fish: babies weigh less than other babies with mothers 

not exposed to PCBs. Problems with motor skills and decreased short term memory. 

Immune system complications. Infants most likely exposed through breast milk (Lippold 

& Malisch, 2016). 

2.2.4.3.Occurrence of PCBs in sediment and fish 

As a result of their hazardous nature has only recently been understood, PCBs have been 

routinely disposed of over the years, without any precautions being taken.  Many million 

tons of PCBs were estimated to have been produced and distributed worldwide, until 

restrictions in the 1970s and total ban in 2001. Currently, large amounts of PCBs were 

entering the environment through the use of existing PCB-containing components and 

disposal of old electrical equipment (Fiedler, 1997). In 1966, PCBs were first identified as 

http://www.greenfacts.org/glossary/pqrs/pcbs-polychlorinated-biphenyls.htm
http://www.greenfacts.org/glossary/abc/cell-membrane.htm
http://www.greenfacts.org/glossary/jkl/lymphatic-system.htm
http://www.greenfacts.org/glossary/tuv/tissue.htm
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an environmental contaminant in fish, birds and human samples during the analysis of 

environmental extracts of DDT and related metabolites (Jensen, 1966).  

Sediment and fish are the main recipients of pollutants, including PCBs (Ozcan et al., 

2011, Ezzell and Richter, 2012, Nshimiyimana et al., 2014). Many countries in the 

developing regions have several PCB sources such as uncontrolled (open) burning of 

municipal waste, PCB-containing waste imported from developed countries and the use of 

PCBs in condensers and transformers. There has been no manufacture of PCBs in Africa, 

but there has been widespread use of PCB-containing transformers and other PCB-

containing devices. Africa is burdened with obsolete PCBs i.e. PCBs that can no longer be 

used and therefore require disposal. So far, the environmental monitoring of PCBs in the 

developing regions is not well developed; only limited data are available (Lippold & 

Malisch, 2016). A number of studies have reported that PCBs were identified in sediments 

from water bodies in Africa and other regions. For instance, in Egypt the level ranging 

from 1461 to 2244 pg/g dry weight (dw) in sediments from River Nile. The PCB 

concentrations in River Nile were comparable to the data from the Pangani River Basin in 

Tanzania and Port Elizabeth Harbour in South Africa. Several studies have also 

documented PCBs in sediments from lakes/rivers in Europe, the United States of America 

and Asia (Table 7) (Ssebugere, 2015). 

 

   Table 7. Levels of PCBs in some countries in sediment 

                  Area PCBs  (pg g
-1

dw) Congeners 

Nile River, Egyp 1461-2244 18 

Pangani River Basin, Tanzania 357-11,000 28 

Port Elizabeth Harbour, South Africa 560-2350 6 

Mekong River Delta, Vietnam 110-2000 13 

Scheldt River, Belgium n.d. to 200,000 27 

Mersey Estuary, United Kingdom 36,000-1,409,000 7 

Indiana Harbor and Ship Canal,  

Lake Michigan, USA 

53,000-35,000,000 163 

Salton Sea, California, USA 116,000-304,000 55 
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A survey of the literature showed limited data about the levels of PCBs in freshwater 

bodies in Africa (Ssebugere, 2015). Similarly, there are limited reports dealing with the 

amount of PCBs in the various compartments in Ethiopia in general and in the study area 

in particular, which makes it difficult to assess the extent of pollution and long term 

changes in the concentrations of these pollutants. 

 

2.2.4.4.Sources of PCBs pollution in the study area 

There are no known natural pollution sources of PCBs. The two main sources of PCBs are 

commercial production, and by-product in combustion processes as thermodynamically 

stable compounds (Fiedler, 1997). PCBs entered the air, water, and soil during their 

manufacture, use, and disposal. Main sources of PCB pollution include: accidental spills 

and leaks during their transport; illegal or improper disposal of industrial waste; leaks 

from old appliances made before 1977 including old electrical transformers, capacitors, 

fluorescent light ballasts and in some electric motors; improper disposal of PCB-

containing consumer products into municipal or landfills not designed to handle hazardous 

waste; burning of some wastes in municipal and industrial incinerators; evaporation from 

contaminated water bodies; and volatilization from landfills containing transformers, 

capacitors, and volatilization of PCBs in soil. Another major source of exposure is the 

importing of e-waste and the increase of e-waste recycling facilities (Gioia et al., 2014). 

 Many countries and intergovernmental organizations have now banned or severely 

restricted the production, use, handling, transport and disposal of PCBs because of the 

possible risks to human health and the environment (WHO, 2000). Polychlorinated 

biphenyls (PCBs) have been used commercially since 1929 as dielectric and heat 

exchange fluids and in a variety of applications. Some of their applications resulted in a 

direct or indirect release of PCBs into the environment. Relatively large amounts were 

released due to inappropriate disposal practices, accidents, and leakages from industrial 

facilities (Fiedler, 1997). Although they‘re no longer commercially produced, PCBs are 

still found in products and materials produced before the ban, and they can be released 

into the environment in a number of ways. They can escape from electrical transformers, 
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be dumped illegally or improperly, or be released from poorly maintained hazardous waste 

sites, or from landfills not designed to handle hazardous waste. 

While bans and phase-outs of these chemicals occurred during the 1970s and 1980s in 

most developed countries, they were not in place in many developing countries. Therefore, 

there is a need to have a binding agreement among countries to protect and control PCBs 

in different environmental media. Polychlorinated biphenyls (PCBs) constitute one of the 

twelve chemical substances/groups currently defined under the Stockholm Convention on 

Persistent Organic Pollutants (POPs) (UNEP, 2001, Muir and Sverko, 2006). PCB was 

listed among the 12 initial POPs (dirty dozen) regulated under of the Stockholm 

Convention (Aulerich and Ringer, 1977). This was established under the supervision of 

the United Nations Environment Program (UNEP) and became legally binding on 17 May 

2004. All countries, including Ethiopia, which ratified this agreement, will be expected to 

monitor and regulate the formation of POPs. Parties have to phase out the use by 2025 and 

ensure the environmentally sound management of PCB by 2028. That means, the parties 

to the Stockholm Convention can no longer produce PCBs and are obliged to stop using 

this chemical. However, existing equipment that contains or is contaminated with PCBs 

may continue to be used until 2025.  

The PCB Elimination Network (PEN) is established to promote and encourage the 

environmentally sound management of PCB with a view to attaining the 2025 and 2028 

goals of the Stockholm Convention with respect to PCBs. PEN was established in 2009 

and UNEP accepted the leadership of the PCB Elimination Network (PEN) in 2013. The 

PCB Elimination Network (PEN) provides guidance and information to countries in their 

efforts to phase out and dispose PCB. Among others, the PEN developed guidance 

documents and information materials (UNEP, 2016). 

Article 7 of the Stockholm Convention requires National Implementation Plans (NIPs) to 

be developed by signatory countries (UNEP, 2001). As a party of the Stockholm 

convention, Ethiopia started the national implementation plan (NIP) project on POPs in 

January 2004 (Aynalem, 2009). The team made an inventory on power capacitors and 

transformers within the operational premise of the Ethiopian electric power corporation 
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(EEPCO) imported before 1998. PCBs containing transformer and capacitors were 2505 

and 40 respectively.  The highest number of PCB containing transformers is found in the 

central region of EEPCO, Around Addis Ababa. Based on the inventory of PCB 

containing Electrical Equipment and Quantities of Dielectric Fluids, PCB containing 

dielectric fluids in transformer was 1,181,667 and capacitors 1255 kgs. Thus, there is a 

high probability of PCB contamination in Ethiopia as there are many storage sites. Leaks 

from these old transformer and capacitor sites will lead to the contamination of water 

bodies and thereby aquatic organisms. This, in turn, will contaminate humans as a result of 

eating contaminated fish and grains and vegetables produced from irrigation with PCB 

contaminated wastewater. 

PCBs can be found in contaminated soils and sediments. The most frequent remediation 

solutions adopted have been ―dig and dump‖ and ―dig and incinerate‖, but there are 

currently new methods emerging (Gomes et al., 2013). 

2.3. Trace metals and their toxicity in aquatic ecosystems 

2.3.1. Introduction 

Among the inorganic pollutants in aquatic ecosystems, trace metals are ubiquitous in 

nature and gaining scientific interest due to their unique characteristics such as high 

reactivity, lithophilic nature, toxicity and non-biodegradability (Igwe and Abia, 2006). 

The term "trace element" is widely used in the literature and may have different meanings 

in various scientific disciplines. Generally, it refers to elements that occur in minute 

concentrations in natural and artificial systems (Fifield and Haines, 1995, Vandecasteele et 

al., 1997). Trace elements often define elements that are essential or toxic in small 

quantities to microorganisms, plant and animal organisms, including humans. However, it 

often also includes elements with no known physiological functions. A general consensus 

exists for considering "trace" an element that is present in the system, e.g., soil and 

introduced materials, at levels of less than 0.1%. In biochemical and biomedical areas, an 

element is considered "trace" when it is commonly present in the plant or animal tissues in 

a concentration lower than 0.01% of the organism. Other terms that are often used as 
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synonymous for most "trace elements" include: "trace or heavy metals", "microelements", 

"trace inorganics", and other (Senesil et al., 1999, Samuel, 2005). 

 

Trace metals are natural constituents of the freshwater environment, generally found in 

very low concentrations due to geologic processes including weathering and erosion. 

Apart from natural sources, anthropogenic activities in recent decades have led to elevated 

levels of these pollutants causing environmental toxic concerns. Contamination of the 

aquatic environment by trace metals in excess of the natural loads has become a problem 

of increasing concern. In most cases, the aquatic environment is the primary sink of trace 

metal pollutants. They are considered as critical contaminants of aquatic ecosystems due 

to their ability being deposited in suspended particulate matter and sediments (Erdoğrul 

and Erbilir, 2007, Luo et al., 2010). Trace metals are among the conservative pollutants 

that are not subject to the degradation process and are permanent additions to aquatic 

ecosystems (Igwe and Abia, 2006, El Nemr et al., 2016). As a result, higher levels of trace 

metals are found in soil, sediment, and biota. These trace metals may present in dissolved 

form (causing toxic effects on a wide diversity of organisms) and/or particulate form 

(adsorbed on sediments, suspended particulate matter or colloids in transitional 

complexes, linked to organic matter and carbonates (Melaku et al., 2007, Mekonnen et al., 

2015). Thus, the monitoring of trace metals in various media is extremely important.  

 

2.3.2. Sources of trace metal pollution in freshwater bodies 

All trace metals occur to a varying extent within all compartments of the environment. 

Natural sources, industrial activities, non-point sources (such as automotive emission) as 

well as mineral enriched materials such as chemical fertilizers, farm manures and sewage 

sludge can all contribute for trace metal accumulation in the environment (He et al., 2005). 

In general, the sources of trace metals in water bodies can be of natural origin (eroded 

minerals within sediments, leaching of ore deposits and volcanism products) or 

anthropogenic (solid waste dumping and industrial or domestic discharge). However, 

anthropogenic activities result in a more widespread trace element contamination of the 

environment than does natural occurrence (Fifield and Haines, 1995, Hussen, 2007). 
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2.3.2.1. Natural sources 

The earth‘s crust is the primordial source of all the natural trace elements of the various 

environmental, geological, biological and marine systems. Surface waters, soils and 

vegetation, volcanic activity, forest fires, and land run-off are among the most important 

natural sources of metals. Natural weathering of rocks and leaching processes can be the 

source of trace elements through dissolving and reacting with materials, mobilization and 

distribution to the various environmental compartments (Alemayehu, 2001, Samuel, 2005, 

Melaku et al., 2007,).  

2.3.2.2. Anthropogenic sources 

There are many anthropogenic sources of water pollution with trace metals. But as with 

water use, there are three broad categories that produce most of our water pollution with 

trace metals and other pollutants: agricultural sources, industrial sources, and domestic 

and urban sources (Zarazua et al., 2006, Cicchella et al., 2008).  

Large quantities of trace metals are discharged into the aquatic environment due to 

anthropogenic activities such as urbanization, industrialization, and extension of irrigation 

and other agricultural practices. The magnitude of the problem is more pronounced in 

developing countries as urbanization and industrialization do not take into consideration 

equivalent growth in waste removal facilities. Huge amount of various wastes from 

domestic, industrial and agricultural sources with large quantities of trace metals released 

into the freshwater rivers, lakes and reservoirs, most often, untreated (Ochieng et al. 2007 

(Mwanamoki et al., 2014, Awoke et al., 2016a, Awoke et al., 2016b). The most vulnerable 

river-reservoir systems are those crossing large cities and densely populated areas as well 

as near the industrial establishments (Mwanamoki et al., 2014, Yousaf et al., 2016).  As a 

result, water bodies in most developing countries, urban areas have water quality problems 

(Alemayehu 2001) and thus, unsuitable for both primary and/or secondary uses (Kanu and 

Achi 2011).  
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Increasingly higher quantities of some trace metals are being released into the 

environment by industrial processes (electroplating, metal processing, tanneries, 

automobile, petrochemical processing, pesticide and fertilizer manufacturing industries) 

(Ross, 1994a), untreated or partially treated urban sewage (Leta et al., 2004), agriculture 

(fertilizer, animal manure, pesticides, irrigation etc.) (Adriano, 2001), metallurgy (mining, 

smelting, metal finishing, etc.), energy production (leaded gasoline, battery 

manufacturing, power plants, etc.), atmospheric deposition includes vehicular emissions 

and airborne suspended particulate matter, microelectronics (Adriano, 2001), and disposal 

of industrial and domestic refuses and waste materials (Okoye, 1991, Ross, 1994a, 

Adriano, 2001, Sarkar et al., 2004, Sharmin et al., 2010, Dhanakuma R, 2015). 

2.3.3. Routes of trace elements in the aquatic environment 

Trace metals are constantly being transported between the spheres of the environment-the 

atmosphere, the hydrosphere and the lithospheres (the earth‘s crust) (Fifield and Haines, 

1995). At each stage of the transportation, the concentration of the compounds or 

elements will be altered either by phase transfer, dilution or surprisingly, reconcentration  

(Reeve, 2002). In the aquatic environment, the transportation of metals can be governed 

by solubilization, deposition in sediments and uptake by organisms (Samuel, 2005). 

2.3.3.1. Solubilization 

Metals entering the environment are often in an insoluble form in industrial waste, in 

discarded manufactured products or as part of naturally occurring mineral deposits. 

Deposition from the atmosphere is often in the form of soluble salts. However, the 

solubility of metals increases with a decrease in pH. Solubilization is often aided by the 

formation of complexes with organic material. These may be anthropogenic (e.g., 

complexing agents in soap powders), but may also occur naturally. Humic and fulvic 

acids produced by the decay of organic material can help solubilize the metals (Reeve, 

2002). A change in oxidizing or reducing nature of the water (i.e. the redox potential) 

may lead to either solubilization or deposition of metal ions (Reeve, 2002, Hu, 1998). 
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2.3.3.2. Deposition in sediments 

Trace metals, originating from man-induced pollution and geological sources, have low 

solubility in water, and thus they get adsorbed on suspended particles and strongly 

accumulate in the sediments.  In aquatic environments, many trace metals are transported 

predominantly in association with particulate matter, and consequently, a high 

concentration of trace metals is often detected in sediments in many industrialized harbors 

and coastal regions around the world (Feng et al., 2004, Wang et al., 2007). The 

distribution of trace metals in sediments can provide evidence of the anthropogenic impact 

on aquatic and other ecosystems, and therefore aid in assessing the risk associated with 

human-induced change (Bentum et al., 2011). Contaminated sediment can act as diffuse 

sources over the course of time due to the remobilization of trace metals from the 

sediment. Metal ions may also interact with sediments by a number of mechanisms, 

including adsorption, ion exchange (clay minerals are natural ion exchangers) and 

complex formation within the sediment. Metals become mobile and can be transported 

from the solid to the solution phase due to changes in chemical conditions in sediments, 

such as sediment pH, temperature, redox potential, sediment organic matter 

decomposition, leaching, ion exchange process (Kabata-Pendias, 2010, Violante et al., 

2010) and as a result of microbial activity (Tullborg et al., 1999). For example, trace metal 

deposition can occur when there is an increase in pH. The pH at which this occurs may 

vary from metal to metal, but under sufficiently alkaline conditions all transition metals 

will precipitate. Deposition of relatively high concentration metals may result in traces of 

other metal ions also being deposited. This is known as coprecipitation. Therefore, 

sediments are reservoirs for trace metal contaminants and help to characterize the degree 

of environmental contamination and thus are suitable targets for pollution studies (Iqbal 

and Shah, 2014, Liang et al., 2015). 

 

2.3.3.3. Uptake by organisms 

It is now well recognized that the development of effective strategies to solve 

environmental contamination problems depends on knowledge of the mobility and 

bioavailability of metals (Li et al., 1995). The potential risk of metals introduction into 
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the nutrition chain from soil/sediment depends entirely on their bioavailability. 

Bioavailability is defined as the fraction of metal that is available or can be made available 

for uptake and, as a consequence, could be accumulated in living organisms. Or it is the 

amount of metals in a water-soluble form that can plants and animals readily uptake and 

assimilate (Kļaviņš et al., 1998). The degree to which the metals are absorbed depends on 

the properties of the metals concerned i.e. valence, radius, degree of hydration and 

coordination with oxygen, physicochemical environment, nature of the adsorbent, other 

metals present and their concentrations and the presence of soluble ligands in the 

surrounding fluids (Alloway and Ayres, 1993).  

From the above considerations, an obvious route into the food chain is from sediments 

via filter feeders. Many metals are retained in the organism as a simple ion. Others, 

particularly cadmium and mercury, can be converted into covalent organometallic 

compounds and will preferentially accumulate in fatty tissue. The distribution of the 

metal within an organism is thus very dependent on the individual metal and its detailed 

chemistry (Reeve, 2002). Moreover, metals can enter the food chain as a result of their 

uptake by edible plants and animals (Gleyzes et al., 2002, Tüzen, 2003). 

2.3.4. Toxicology in humans and aquatic organisms 

Unlike organic chemicals, the majority of metals cannot be easily metabolized into less 

toxic compounds, a characteristic of them is the lack of biodegradability. Once introduced 

into the aquatic environment, metals are redistributed throughout the water column, 

accumulated in sediments or consumed by biota. In small amounts, trace metals are 

normal components of freshwater organisms, but at concentrations in excess of optimal 

levels, they exert ranges of toxic effects that are metabolic, physiologic, behavioral and 

economical in nature (Glover, 1979).  The toxic effects of trace metals occur due to 

bioaccumulation and biomagnification of the elements in the tissues of living organisms, 

like fish even when the exposure is low (Desta and Weldemariam, 2013). Metal residues 

in contaminated habitats have the ability to bioaccumulate in aquatic ecosystems- aquatic 

flora and fauna (Hasan et al., 2016), which, in turn, may enter into the human food chain 

and result in health problems (Varol and Şen, 2012). Metals have the potential to be toxic 
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to living organisms if present at availability above a threshold levels. These threshold 

levels vary between taxa and metal speciation. Most urban and industrial runoff contains a 

component of trace and heavy metals in the dissolved or particulate form (Defew et al., 

2005). 

2.3.4.1.Toxicity to humans 

The exposure to some trace metals has been associated with a great many adverse health 

effects. Human exposure to trace metals is through the food chain, air, water chain, 

industry products and also occupational exposure (Ayenimo et al., 2010). Some essential 

metals can damage human health at relatively high exposure levels, and nonessential 

metals are toxic at even very low concentrations (Debelius et al., 2011). The poisoning 

effects of heavy metals are due to their interference with the normal body biochemistry in 

the normal metabolic processes. When ingested, in the acid medium of the stomach, toxic 

metal ions (e.g., Zn
2+

, Pb
2+

, Cd
2+

, As
2+

, As
3+

, Hg
2+

, and Ag
+
) converted to their stable 

oxidation states and combine with the body‘s bio-molecules (e.g., proteins and enzymes) 

to form strong and stable chemical bonds. Toxicity of trace metal ions depends on the type 

of metal, its biological role and the type of organisms that are exposed to it. Some trace 

metals are essential to maintain the metabolism of the human body at trace concentrations, 

such as Co, Cr, Cu, Fe, I, Mn, Mo, Ni, Se, Si, Sn, V and Zn (Nielsen and Wium-Andersen, 

1970).  In addition to the essential elements, there are several others that are always found 

in body tissues and fluids, but for which no proof of essentiality has been established. 

These elements are often referred to as non-essential, e.g., Li, B, Ge, Rb and Sr. Some 

elements, Cd, Hg, and Pb, are prominently classified as toxic. This is because of their 

detrimental effects, even at low levels. It should be noted, however, that all trace elements 

are predominantly toxic when their level exceeds the limit of safe exposure. These limits 

vary widely from one element to another (Worsfold, 1996).  

The excess of trace metals inhaled by humans in terms of volatile vapors can cause 

humans to exhibit the following symptoms: gastrointestinal (GI) disorders, diarrhea, 

tremor, ataxia, paralysis, vomiting and convulsion, depression, and pneumonia (Rehwoldt 

et al., 1973, Li, 2010). Toxicity induced by metal exposure is the effect of (bio) chemical 
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reactions that disrupt biological processes (Ross, 1994b, Adriano, 2001) at the cellular 

level (Ross and Kaye, 1994). This will be done by blocking functional groups of 

biologically important molecules, namely enzymes, polynucleotides (Turner, 1994, 

Adriano, 2001), or transport systems for nutrient ions; displacing and/or substituting 

essential metal ions from biomolecules (Turner, 1994) and functional cellular units 

(Turner, 1994); denaturing and inactivating enzymes and polynucleotides (Turner, 1994); 

and disrupting cell and organelle membrane integrity (Devi and Prasad, 1999, Tchounwou 

et al., 2012). 

All of the trace metals included in this study will be highlighted in this section. The 

consequent beneficial or detrimental effects, including toxicity and hazards, will also be 

considered. 

Cadmium (Cd): during the past 50 years, there has been a rapid increase in the number of 

major trace elements related to water pollution incidents. Example include cadmium in the 

Jinstu River, Japan (traced to effluents from zinc mining) which produced Itai-Itai (Ouch-

Ouch) or severe bone damage disease in the local human population (Fifield and Haines, 

1995, Hill, 2000). Cadmium is one of the highly toxic, non-essential elements and it does 

not have a role in biological processes in living organisms. Therefore, even at low 

concentrations, Cd could be harmful to living organisms (Guan and Wang, 2004, Satarug 

et al., 2009). Cadmium is very biopersistent but has few toxicological properties and once 

absorbed by an organism, remains resident for many years (Khodaverdiloo et al., 2012). If 

cadmium accumulates to high concentrations due to long-term exposure, the health risk is 

very high. This is known to be associated with renal dysfunction. Cadmium also has been 

linked to lung cancer, producing bone defects (osteomalacis, osteoporosis) in humans and 

animals. Additionally, exposure to cadmium can cause an increase in blood pressure and 

has a large effect on the myocardium in animals (de Winter-Sorkina et al., 2003, Satarug 

et al., 2009).  

Mercury (Hg): the concern about the health effects of mercury pollution have increased 

since the mass poisoning incident that occurred in Minamata, Japan in the 1950s after the 

Hg-containing waste was released into the nearby Bay by the Chisso Corporation 
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Company. This led to Hg in bottom sediments being methylated into methylmercury 

(MeHg) which is the most toxic form of Hg, resulting in subsequent bioaccumulation in 

the food chain (Shao et al., 2011). Fish consumption was the main pathway of methyl 

mercury (MeHg) into human body organs and subsequent accumulation. This resulted in a 

devastating event where thousands of the population who relied on a fish diet suffered 

from the symptoms of Hg poisoning (Ekino et al., 2007). As a result of this and other 

related incidences, the United Nations through the United Nations Environmental Program 

(UNDP) endorsed the Minamata convention on mercury, which aims at identifying, 

monitoring and eliminating sources of Hg in the environment. Mercury is one of the few 

trace metals that has the ability to be biomagnified through the food chains (Campbell et 

al., 2003). 

Chromium (Cr): chromium is encountered in several valency states with characteristics 

that range from being an essential trace element, which is thought to be important in 

glucose metabolism, through chemically inert/biologically inactive and ultimately to be a 

genotoxic carcinogen (Ebdon et al., 2001). The toxicity of chromium compounds is 

closely dependent on its oxidation number. In general, the toxicity of trivalent chromium 

to mammals is low because membrane permeability is poor and it is noncorrosive. Many 

chromium compounds with a valence of 6 are called chromates, dichromates, or chromic 

acid; most have a yellow color, and all are toxic. Chromium +6 is unstable and can be 

reduced to chromium +3 by many reducing agents. Hexavalent Cr is known to have toxic 

effects on biological systems; it can, in particular, be a cause of  DNA damage, cancer of 

the lungs, kidney damage, nasal cavity and suspected to cause cancer of the stomach and 

larynx, or allergic reactions (Cieślak-Golonka, 1996, ATSDR 2000).  Industrial wastes 

such as Chromium pigment, tannery wastes, leather manufacturing wastes, and municipal 

sewage sludge are the main sources of Cr pollution (Melaku et al., 2005, Aschale et al., 

2015a). 

 

Copper (Cu): in humans, copper is a necessary nutrient in the production of blood 

hemoglobin. However, copper in high doses results in anemia, liver and kidney damage, 

and stomach and intestinal irritation (Agarwal et al., 1989). Copper normally occurs in 

drinking water from copper pipes, as well as from additives designed to control algal 
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growth. While copper's interaction with the environment is complex, research shows that 

most copper introduced into the environment is rapidly becoming stable and results in a 

form that does not pose a risk to the environment (Sandstead, 1995). In fact, unlike some 

man-made materials, copper is not magnified in the body, nor bio-accumulated in the food 

chain (Edwards, 2010). 

Iron (Fe): iron is the essential element important for oxygen transport from the lungs to the 

tissues and regulation of cell growth and differentiation (Dallman, 1986). It is strongly 

advised not to let the chemical enter into the environment because it persists in the 

environment (Lieu et al., 2001). Excess iron in the body causes liver and kidney damage 

(haemochromatosis). Some iron compounds are suspected carcinogens (Abbaspour et al., 

2014). 

Manganese (Mn): manganese is a very common compound that can be found everywhere 

on earth. Manganese is one of three toxic essential trace elements, which means that it is 

not only necessary for humans to survive, but it is also toxic at high concentrations. It is 

necessary for the formation of connective tissues and bone, growth, carbohydrate and lipid 

metabolism and reproductive function. Its effect occurs mainly in the respiratory tract and 

in the brain (Levy and Nassetta, 2003). Thus, higher amounts of Mn might lead to 

dullness, weak muscle, headaches, and insomnia (Dobson et al., 2004, Schneider et al., 

2006).  

Lead (Pb): lead occurs naturally in the environment. However, most lead concentrations 

that are found in the environment are a result of human activities, natural and 

anthropogenic sources. Lead is among the most recycled non-ferrous metals. Exposure to 

lead can result in a wide range of biological effects depending on the level and duration of 

exposure.  It is classified as one of the most toxic trace metals. Pb causes renal failure and 

liver damage in humans at higher levels (Anim et al., 2011). Other health risks linked to 

lead are a rise in blood pressure, miscarriages and subtle abortions, disruption of the 

nervous system, brain damage, declined fertility of men through sperm damage, 

diminished learning abilities in children, and behavioral disruptions in children like 

aggression, impulsive behavior, and hyperactivity (Rosen, 1995, Zulfaris et al., 2017). 
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Thus, lead is a very dangerous heavy metal for humans (Grandjean, 1978, Mudipalli, 

2007). 

Nickel (Ni): nickel is a compound that occurs in the environment only at very low levels 

and is essential to produce red blood cells in small doses but it can be dangerous when the 

maximum tolerable amount is exceeded. Short-term exposure is not known to have any 

major health problems. However, long-term exposure has several health consequences like 

decreased body weight, heart and liver damage, and skin irritation (Das et al., 2008, 

Cempel and Nikel, 2006, Schaumlöffel, 2012).  

Zinc (Zn): zinc occurs naturally in air, water, and soil, but zinc concentrations are rising 

unnaturally, due to the addition of zinc through human activities. Most zinc is added 

during industrial activities, such as mining, coal and waste combustion and steel 

processing. Zinc is a very common substance that occurs naturally. Many foodstuffs 

contain certain concentrations of zinc. Zinc is a trace element that is essential for human 

health. Humans can handle a relatively large concentration of zinc. But the accumulation 

of high levels of zinc results in stomach cramps, skin irritations, vomiting, nausea, and 

anemia (Walsh et al., 1994). A very high level of zinc cause damages to the pancreas 

disturbs protein metabolism and gives rise to arteriosclerosis (Prasad, 2008). Respiratory 

disorders occur with extensive exposure to zinc chloride (Edwards, 2010). 

 

2.3.4.2.Toxicology in the aquatic ecosystems 

Usually, the natural background levels of metals in aquatic environment are extremely 

low, and minor increases due to man-made input may under unfavorable conditions be 

expected to be harmful to the biota. In the water itself, the metals exist in different forms 

and are of different availability and toxicity to the organisms. The aquatic environment is 

quite variable, and there are many factors that will modify the effects on the biota caused 

by a certain metal. pH, redox potential, hardness, the presence of organic and particulate 

matter, etc., greatly influence both the chemical speciation of the metal and the type and 

stability of the ecosystem, and thus also the impact of a metal (Haslam, 1990, Lee and 

Kacew, 2012). For many metals, the free metal ion is the most toxic form, while the 

portions bound in chelates and complexes or adsorbed onto particles are comparably 
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inactive. Thus, many metals show reduced toxicity in hard water and in water with a high 

content of organic or particulate matter. In aquatic environments, the most obvious 

ecological effects of metal pollution can be found in rivers and lakes receiving 

wastewater from different industries (Fowler and Nordberg, 1986, Samuel, 2005). 

2.3.5. Sources trace metals pollution in the study area 

Addis Ababa is the country‘s commercial, manufacturing and cultural center. There are 

large quantities of solid, liquid and gaseous wastes released into the environment of the 

city, primarily nearby water bodies most often untreated (Alemayehu, 2001, 2006, Awoke 

et al., 2016a, Awoke et al., 2016b, Aschale et al., 2017).  

The assessment of the potential pollutant emitters in the study area indicated that 

industries/factories of the different types include metal finishing industries, tannery 

operations, textile industries, domestic sources, agrochemicals, and contaminated sites are 

the main sources of trace metal pollution in Addis Ababa (Melaku et al., 2007). The 

majority of the potential pollutant emitting factories in and around Addis Ababa were 

found not to have waste treatment facilities (Melaku et al., 2005).  Thus, it is possible to 

expect what contaminants are possible from existing industries in the vicinity of the water 

bodies. Agricultural activities, using diverse agricultural inputs, such as fertilizers, 

pesticides, and herbicides, may contribute the trace element load of the area. Moreover, 

utilizing wide variety of chemicals in the Akaki river catchment may have direct effects on 

the contribution of contaminants such as toxic trace metals in the water bodies of the 

region. 

Yabe et al. (2010) reported that the Akaki River is the seventh of fourteen sites in Africa, 

where trace metal pollution exceeding the maximum limits in water, sediments or soils. In 

general, the two Akaki Rivers and Aba Samuel Reservoir, which are the main focuses of 

this study, serve as a receptor for domestic, agricultural and industrial wastes which are 

rich in trace metals from upstream Addis Ababa and surrounding catchment areas. 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1. Introduction 

In this chapter, experimental methods followed in the study, including a description of the 

study area, sampling sites, sample collection and processing, sample preparation for 

various analytical methodologies and analyses are given. Furthermore, quality control 

measures are taken and statistical analyses of data generated are described in detail. 

3.2. General description of the study area and sampling sites 

Addis Ababa, the capital city of Ethiopia, is located in the heart of the country. It is 

geographically located between 8
0
49'55.929" and 9

0
5'53.853"N and 38

0
38'16.555" and 

38
0
54'19.547"E between 2200 and 2500 meters above sea level. The city is surrounded by 

the Entoto ridge (3199 m.a.s.l.) in the north, by Mount Wechecha in the west (3385 

m.a.s.l.), by Mount Furi (2839 m.a.s.l.) in the southwest and Mount Yerer (3100 m.a.s.l.) 

in the southeast (Tamiru et al, 2005). Starting from the Entoto ridge, the city‘s features 

tend to gently slope towards the southwest direction. It has currently a total surface area of 

530.14 sq. km, and continues to grow.  

Despite its proximity to the equator, Addis Ababa enjoys a mild, Afro-Alpine temperate 

and warm temperate climate (Melaku et al., 2007). In general, rainfall in the Addis Ababa 

region can be classified into three distinct seasonal periods. The period of heavy rains 

(Kiremt) occurs between mid-June and mid-September, which is responsible for 70% of 

the annual average rainfall of 1400 mm. It is characterized by intense rainfall of short 

duration (Abay, 2010). The dry season is between October to February and the small rains 

(Belg) occur between March to May. Seasonal variations of the air temperature in Addis 

Ababa are not large throughout the year. The city has an average maximum and minimum 

temperatures of 23 
o
C and 10 

0
C, respectively, and an average temperature of 16.02 

o
C 

(Alemayehu, 2001). For the Addis Ababa area, the monthly temperature is maximum 

during the months of March through May, about 24.4
0
C, and it is minimum in the months 

of November through January, 7.8 
0
C (Feven, 2007).  
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Addis Ababa city has approximately 5 million populations and hosts a large number of 

industries whose wastewaters are discharged into the small river network, most often 

untreated (Alemayehu, 2001, Leta et al., 2004).  

3.2.1. Akaki River Catchment 

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
o
46'-9

o
14'N and 

38
o
34'-39

o
04'E, covering an area of about 1500 km

2
 (Demlie and Wohnlich, 2006). The 

entire catchment is bounded to the North by the Entoto ridge system, to the West by mount 

Menagesha and the Wechecha volcanic range, to the Southwest by mount Furi, to the South 

by mount Bilbilo and Guji, to the Southeast by the Gara Bushu hills and to the East by the 

mount Yerer volcanic center (Demlie and Wohnlich, 2006).  

  

 

 

Figure 16. Activities in and around Akaki river catchment  

(Residential area, solid waste disposal in the rivers, factory effluent disposal, motor 

pumped for irrigation, irrigation, cattle watering etc.) 
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The Akaki River is the upper part (tributary) of the most productive Awash River 

catchment, which drains the central and eastern part of Ethiopia (Aschale et al., 2015b). 

Akaki River has two main catchments (Little Akaki and Great Akaki Rivers) which drain 

into the Aba Samuel Artificial reservoir. Many tributaries join the rivers at different 

localities. The rivers are the convergence points of all streams crossing the city from 

different directions. The general land use pattern of the whole Akaki catchment is very 

diverse. Most of the upper part of the catchment is occupied by settlement and industry, 

mixed land use practices (Awoke et al., 2016b). The local people use water from the rivers 

for irrigation, cooking, washing, domestic waste disposal site, disposal of factory effluents, 

cattle watering and other domestic needs (Figure 16). 

3.2. 1.1. Little (Tinishu) Akaki River 

The Western branch of the Akaki River, the Little Akaki, rises North-West of Addis 

Ababa on the flanks of Wechecha Mountain and flows down to the center of the city and 

passes through the industrial area (40 kms) before it reaches the Aba Samuel Reservoir. 

Most industries are concentrated along the Little Akaki River and its major tributaries; 

which offer prospects for their effluents to get easily into the rivers and end up into the 

reservoir. Industries include tanneries, breweries, wineries, distilleries, pharmaceuticals 

and alcohol factories. 

3.2.1.2. Great (Tiliku) Akaki River 

Great Akaki River flows through the eastern part of the city. The headwaters of the Great 

Akaki River begin at an elevation of about 3000 meters above sea level of the Entoto 

Mountain. The river consists of many tributaries flowing southwards across the residential 

and commercial centers of Addis Ababa. This river system receives little anthropogenic 

pressures that the Little Akaki River.  

3.2.2. Aba Samuel Reservoir 

Aba Samuel Reservoir, with coordinates 8
0
45' and 8

0
54' N and 38

0
38' and 38

0
45' E, is a 

manmade reservoir formed by the construction of a concrete dam in the Akaki River for 

the production of hydroelectricity (Feven, 2007). The Reservoir built in 1939, was the first 
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hydropower station in Ethiopia, while it was abandoned because of long years of out of 

repair (Gizaw et al., 2004). The power station had been operated until 1974 due to 

equipment aged and failed in repairing, sedimentation in the reservoir, water conveyance 

channel, and forebay destroyed by rainstorms, and since then, the power station has been 

abandoned (FDRE, 2012). This, in turn, aggravated the shrinkage of the catchment area as 

a result of silt deposition in the reservoir and  invasion by Water hyacinth (Eichhornia 

crassipes) (Figure 17) (Mekonnen, 2008).  

 

 

   

Figure 17. Aba Samuel reservoir before rehabilitation 

           (It was wetland system, dam heavily affected by sedimentation and canal damage,  

           water hyacinth covered most of the area; sink for solid wastes disposed upstream)  

               (Photo: A.B.  Kassegne) 
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Recently, the government of Ethiopia rehabilitated the existing hydropower station and 

come to life again in 2016. Around the study site, the dominant land use practice is 

agriculture. The reservoir receives water from the Akaki river system, contaminated by 

various organic and inorganic pollutants from upstream Addis Ababa city (Melaku et al., 

2007).  Thus, the Reservoir acts as a pollutant sink from upstream Addis Ababa and 

nearby agrochemicals from small and large scale agricultural activities (irrigation farms 

and floriculture). In addition, some pollutants can emanate from natural sources 

(Alemayehu, 2001). Local people use the water in the Aba Samuel Reservoir for fishing, 

cattle watering, washing clothes, and other domestic uses (Figure 18). 

 

 
 

Figure 18. Aba Samuel reservoir after rehabilitation (fishing, cattle watering, washing  

                  clothes etc.)  

                            (Photo: A.B. Kassegne) 
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3.3. Reagents, Chemicals, and Standards 

All reagents used were of analytical grade.  Ultra-pure water (18.2 M/cm) prepared in 

our laboratory, SG Series Compact purchased at Evoqua Water Technologies (United 

Kingdom) was used for all dilutions throughout the experiment. All the glassware and 

polyethylene bottles were washed with detergent, rinsed with doubly deionized water and 

soaked in 10% HNO3 (v/v) for 24 h. The glassware was rinsed again three times with 

doubly deionized water and finally dried in the oven. 

The following chemicals were used for the digestion of sediment samples for trace metal 

analyses: ammonium nitrate (NH4NO3), 99.95 % (UNI-CHEM Chemical Reagents, India) 

and ammonium fluoride (NH4F), 95.0%, nitric acid (HNO3), 70.0%, 

ethylenediaminetetraacetic acid (EDTA) (HOOCCH2) 2NCH2CH2N (CH2COOH) 2, 98.0-

100.5% and acetic acid, glacial (CH3COOH), 99.7% (LOBA Chemie Laboratory reagents 

and fine chemicals, India) were used. In order to validate and evaluate the accuracy of the 

method used, certified reference material (ISE-952) obtained from Wageningen University 

Environmental Sciences section, Netherlands, was employed. Multi-element standards of 

trace metals, purity ≥99.8 % were obtained from Sigma Aldrich (Germany). 

The following chemicals were used for the analyses of water and fish samples for trace 

metal analyses: HNO3 (70%) and H2O2 (30%) were supplied by Merck (Germany).  1000 

mg/L of 99.99% ICP grade, mixed stock standards containing Cd, Cr, Cu, Fe, Mn, Ni, Pb, 

and Zn were obtained from Sigma Aldrich (Germany). 

The following chemicals were used for the digestion of sediment and fish samples for total 

mercury (THg) analyses: hydrochloric acid (37%), nitric acid (70%), potassium 

permanganate (>99%, low in Hg), sodium chloride (>99%), tin (II) chloride di-hydrate 

(98%) and hydroxylamine sulfate (99%) were used throughout the experiment and were 

supplied by Sigma-Aldrich (Germany). Antifoaming agent, 1-octanol (97%) was supplied 

by Merck (South Africa). Mercury (II) stock standard solution, 1000 mg/L was supplied 

by Fluka Analytical (Switzerland) and mercury stream sediment certified reference 

material (CRM) was supplied by Industrial Analytical Pty (China).  
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Copper powder (used for desulfurization for solution prior to determination of OCPs and 

PCBs in sediment) with purity 99.98% was obtained from Saarchem (Pty) Ltd., 

Muldersdrift, South Africa), silica gel (100–200 mesh), anhydrous sodium sulfate (purity 

99.9%), glass wool and HPLC grade solvents: hexane, acetone, dichloromethane, and 

toluene (Sigma-Aldrich, Chemie GmbH, Steinheim, Germany), were purchased from 

Aston Manor, South Africa. High purity nitrogen gas (99.999% purity) was supplied by 

Afrox (Pty.), Pretoria, South Africa. OCPs standards (-BHC (lindane), p, p‘-DDE, p, p‘-

DDD, p, p‘-DDT, heptachlor epoxide (B), dieldrin, α , -endosulfan, endosulfan sulfate) 

were obtained from Chem Service (West Chester, PA, USA) while indicator PCB 

standards (PCB-28, PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB-180), 

surrogate (TCMX) and internal standard (PCB-155) were available from Dr. Ehrenstorefer 

Laboratories (Augsburg, Germany). 

3.4. Instrumentation 

A microwave digestion instrument (Milestone s.r.l., Start D, Italy) equipped with 

temperature and a pressure regulator was used for the digestion of water and fish samples 

for trace metal analyses.  An inductively coupled plasma optical emission spectrometer, 

ICP-OES, (Agilent 700 Series, USA) and an inductively coupled plasma optical emission 

spectrometer, ICP-OES, (Arcos FHS2, Germany) were used for the determination of trace 

metal concentrations in water and fish and sediment samples, respectively.  

Total mercury (THg) was separately analyzed with a Shimadzu AA-7000 Atomic 

Absorption Spectrometer (AAS) (Tokyo, Japan) connected with the Mercury Vapor Unit 

(MVU) aeration apparatus. A Shimadzu model 2010 plus gas chromatograph coupled with 

a model QP 2010 Ultra mass spectrometer (GC-MS) (Shimadzu, Japan) was used for the 

determination of OCPs and PCBs in sediment and fish samples. 

 



73 
 

3.5. Sampling sites, sample collection, and pretreatment 

3.5.1. Sampling sites 

Appropriate site selection for the representative sample collection is one key step in 

environmental analysis. In this research work, the targets were the two Akaki rivers (Little 

Akaki River and Great Akaki River), Aba Samuel Reservoir and downstream to the 

reservoir. Sampling site selection was based on topography, the purpose of the study and 

anthropogenic interference. Generally, twelve representative sampling sites (three on the 

Great Akaki River, four on Little Akaki River, three at the Reservoir and two downstream 

to the reservoir) have been selected. All station locations were measured using global 

positioning system (GPS) units (Figure 19). The present study area lies between 2690 m 

asl at Entoto Kidanemihiret Monastery to 2024 m asl below the Aba Samuel reservoir. 

The 12 sampling stations include: GAR at Entoto Kidanemihiret monastery (S1, control 

site1), GAR at Tirunesh Beijing Hospital (S2), GAR below Akaki Town (S3), LAR above 

Geferesa Reservoir (S4, control site 2), LAR at Lafto Bridge (S5), LAR at Jugan Kebele, 

boundary of Addis Ababa and Oromia Special Zone (S6), Aba Samuel Reservoir below 

the confluence point of GAR and LAR (S7), Aba Samuel Reservoir at the midpoint (S8), 

Aba Samuel Reservoir above the dam (S9), downstream 50 meter from the Reservoir 

(S10), downstream about 1000m from the Reservoir (S11) and LAR at German square, 

Gofa (S12) (Figure 19). Water samples were collected at all the sampling sites except S12, 

sediment samples were collected at all the 12 stations. However, fish samples were 

collected only in Aba Samuel Reservoir due to availability (S8 &S9). All except water 

samples (only the dry season) were collected in August 2016 and January 2017 

representing the rainy and dry seasons, respectively. 
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           Figure 19. Map of the study area showing sampling sites 
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3.5.2. Sample collection and pretreatment 

 

This study is mainly concentrated on the sediment and fish samples. However, dry season 

water samples were taken for trace metal analysis in order to check the level of 

bioaccumulation in fish.  

 

3.5.2.1.Collection and pretreatment of sediment samples 

 

Twenty four (24) sediment samples were collected in August 2016 and January 2017      

representing the rainy and dry seasons respectively. Composite samples were collected at 

the aforementioned 12 sampling stations. Approximately 500 g of the top few centimeters 

of the sediment were collected using a stainless steel Ekman bottom Grab sampler. Four 

samples were taken from each sampling site, pooled, homogenized, placed in clean dark-

polyethylene bags, labeled, stored on the ice-cooled container and transported to the 

laboratory. In the laboratory, coarse particles, leaves or large material was removed. 

Subsequently, sediment samples were air-dried in the shade at ambient temperature, 

grounded, homogenized and, sub-sampled and passed through a stainless steel sieve of 

different mesh sizes (500, 250, 150 and 45 m) and stored until further treatment. A 

portion of the processed sediment was transported to Tshwane University of Technology 

(TUT), Pretoria (South Africa) for the analysis of total mercury (THg) and persistent 

organic pollutants (OCPs and PCBs). THg levels were determined at the eleven sampling 

stations (S1-S11) while OCPs and PCBs were determined at all sampling stations (S1-

S12). The remaining processed sediment samples (S1-S11) were used for trace metal 

analyses in Ethiopia. 

 

3.5.2.2.Collection and pretreatment of water and fish samples 

In order to determine the sources and compare the level of bioaccumulation of trace metals 

in fish, only the dry season water samples were collected from eleven (11) sampling 

stations (S1-S11) in January 2017. Furthermore, there was a lack of budget to process the 

rainy season water samples. From each sampling site, 500 mL of water sample was 

collected by lowering pre-cleaned polyethylene bottles into the upper surface of the river, 
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30-50cm deep, and allowing them to overflow before withdrawing. Before sampling, 

bottles were rinsed three times with the river water to be collected. The samples were 

brought to the laboratory and filtered using Whatman 42 filter paper and preserved with 

69% HNO3 until the pH is less than 2. The filtered samples were stored in a refrigerator 

until further pretreatment and analyses.  

 Fish samples (n=36) were collected in August 2016 (rainy season) and January 2017 (dry 

season) from the Reservoir. The species of fish (Clarias gariepinus) was identified at the 

sampling site by the expert from Limnology Department, Addis Ababa University, 

Ethiopia. Fish samples were procured from the local population in both seasons from the 

same locality and duration of time where water and sediment samples were collected (S8 

& S9) (Figure 20). The fish samples were put in sterile polyethylene bags and taken in the 

icebox to the laboratory where they were washed with running tap water to remove dirt. 

Biological characteristics (total length in centimeters and weight in grams) were measured 

immediately after sampling. A sample from the back, dorso-lateral muscle and liver were 

removed from each individual fish using sterile scissors (Figure 20). Tissue samples were 

placed in aluminum foil, labeled, and then frozen at –20 ºC in deep-freezer until further 

pretreatment and analysis. Three fish samples were pooled to form a composite sample of 

homogenized muscle and liver tissues based on length. The conditioning factor (KI) (total 

weight x 100/total length
3
) was measured to compare the relative health status of 

individual fish (Yang et al., 2010, Ondarza et al., 2014). The muscle was divided into 

three portions. The first pooled sub-samples were used for the trace metal determination. 

These samples were oven dried at 105 
o
C for 24 h, powdered, homogenized using an agate 

mortar and pestle and stored in polyethylene bottles until the acid digestion procedure.  

The second sub-sampled muscle was used for total mercury determination. The third sub-

sample of muscle and all the livers were used for persistent organic pollutants (OCPs and 

PCBs) determination. The last two groups of samples were transported to Tshwane 

University of Technology (TUT), Pretoria (South Africa) for sample digestion/extraction 

and analyses.  

 

         



77 
 

         

 

  

Fish after sampling                  measuring biological characteristics 

 

                            Muscle of individual fish                     Liver of individual fish 

Figure 20. Collection and processing of fish samples (Sampling, measuring biological 

characteristics, dissecting to take muscle and liver)  

(Photo: A.B. Kassegne)  
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3.6. Sample preparation techniques 

3.6.1. Soxhlet extraction and cleanup of sediment samples for POPs analyses  

The analytical procedure for extraction and cleanup of the sediment samples were based 

on the previously established method with some modification (Olukunle et al., 2015). 

Approximately, 10 g of dried, homogenized, powdered and sieved (150 m) sediment 

samples were put in a hexane prewashed cellulose thimble. It was then spiked with 200 

ppb of surrogate standard 2,4, 5,6-tetrachloro-m-xylene (TCMX) for OCPs and PCBs and 

soxhlet extracted with 180 mL of hexane: acetone (2:1 v/v) for 16 h. After extraction, the 

samples were subjected to volume reduction using rotary vapor and 1 gram of activated 

copper powder was added for desulfurization. After 3 h, the extract was transferred to a 

glass column packed with 8 g of acidic silica (40% H2SO4) and 0.5 g activated anhydrous 

Na2SO4. The column was conditioned with 10 mL hexane and the sample was transferred 

into the column using a pipette bulb. The OCPs and PCBs were eluted with 15 ml of 

hexane and 10 ml of dichloromethane (Figure 21). Finally, the extract was rotary 

evaporated to 2-3 ml followed by volume reduction by N2 gas. To control the 

effectiveness of sample processing, procedural blanks, spiked blanks and matrix spike 

(fortified sample) were prepared similar to the main sample. The final extract was re-

solubilized in a solution containing internal standards PCB-155 for OCPs and PCBs. The 

overall sample preparation procedure is shown using the schematic diagram on the next 

page (Figure 22). 

 

                              Soxhlet extraction                               Column cleanup 

Figure 21. Extraction and cleanup of sediment samples 

                                  (Photo: A.B. Kassegne) 
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Figure 22. Schematic diagram showing the main procedures in sediment samples, 

extraction and clean up  

 

3.6.2. Soxhlet extraction, lipid (%) determination and cleanup of fish samples for 

POPs analyses 

Approximately 10 g of muscle and 5 g of liver were weighted and grounded in a mortar 

with 30g anhydrous sodium sulfate and put in a hexane prewashed cellulose thimble. It 

was then spiked with surrogate standard 2,4,5,6-tetrachloro-m-xylene (TCMX)  for OCPs 

and PCBs and Soxhlet extracted with 200 mL of dichloromethane/hexane (1:1 v/v) for 24 

h based on the previously established method with some modifications (Sun et al., 2015). 

Soxhlet extraction with 180ml of 

hexane: acetone (2:1) for 16 h 

Weigh 10 g sediment 

Surrogate 

TCMX 
 

Volume reduction using Rotary 

evaporator 
 

Activated copper 

powder 

Silica clean-up and eluted 

with hexane and DCM 
 

Rotary evaporated to 2-3 ml 

and volume reduction by N2 gas 

& volume reduction by N2 gas. 

 
GC-MS ---SIM 

 

Internal standard 

PCB-155 for 

OCPs and PCBs. 
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The extracts were concentrated to 1 mL using a rotary evaporator, solvent exchanged to 

hexane (10 mL), and then divided into two subsamples. An aliquot of the extract (1/5) was 

used to determine the lipid content gravimetrically. This portion of the extract was used 

for lipid measurement by evaporating the solvent until a constant weight was obtained. 

The entire procedure is presented below: dry small cup at 105 
0
C during 2 h, let cool in a 

desiccator, weigh exactly the dry tube (M1), transfer 2 mL of the extract to the dry tube 

(taken from 10ml of the extract after concentrating by rotary evaporator and solvent 

exchanged to hexane). Then after, keep the tube in the oven to evaporate all the solvents 

and let cool in a desiccator and record exactly the final weight (M2). Calculate the lipid 

content as follows: 

Percent lipids (%) = [(M2 - M1) x 5/initial weight of tissue] x100 

 

Where, M2-M1: the weight of extracted fat after lipid evaporation. The initial weight of 

tissue: the weight of fish tissue extracted with a Soxhlet extractor (Nguyen, 2009). 

The remaining extract was purified by passing through a column packed, from the bottom 

to top, with florisil (7g, 3% water deactivated), neutral silica (1g, 3% water deactivated), 

acidic silica (3.5 g, 44% sulfuric acid), and anhydrous sodium sulfate (1g). The column 

was conditioned with 20 mL of hexane and eluted with 60 mL of hexane followed by 50 

mL of DCM and the collected eluate was concentrated first with a rotary evaporator and 

then under gentle nitrogen (Figure 23). To control the effectiveness of sample processing, 

procedural blanks, spiked blanks and matrix spike (fortified sample) were prepared similar 

to the main sample. Prior to instrumental analysis, the extract was spiked with known 

amounts of the recovery standards PCB-155 for OCPs and PCBs and finally injected to 

the GC-MS system. The overall fish sample preparation procedure is shown using the 

following schematic diagram (Figure 24). 
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Soxhlet extraction of fish samples              extracted fish muscle and liver 

   

                        Column cleanup                                   Samples ready for analyses 

 

Figure 23. Extraction and cleanup of fish muscle and liver samples 
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Figure 24. Schematic diagram showing the main procedures in fish samples, extraction 

and clean up  
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3.6.3. Digestion of sediment and fish samples for Total mercury (THg) analyses 

The overall procedure for the determination of THg analysis in sediment and fish were 

derived from the established cold vapor atomic absorption spectrometer (CV-AAS) 

technique, previously developed acid digestion procedures for solid and semi-solid waste 

and tissue samples, respectively (USEPA, 2007: Method 7471B; USEPA, 2006: Methods 

7000A/7470A/7471A), with minor modifications. About 1g of sediment (<45 m) and 

fish samples (freeze-dried) were weighed and carefully transferred into a 250 mL 

Schottduran laboratory bottles. Then 5 mL of ultra-pure water, followed by the addition of 

5 mL of aqua regia (3:1) was added into the bottles and tightly sealed. Thereafter, heated 

for 3 min at 95 ºC in a water bath. The mixture was allowed to cool down after which 50 

mL of ultra-pure water added. This was followed by the addition of 15 mL of freshly 

prepared KMnO4 (50 g in 1000 mL). The setup was left for 15 min to allow for complete 

oxidation of Hg. The setup was further heated for 30 min for sediment and 1 h for the fish 

samples. The samples were then made up to the mark and kept in the refrigerator until 

analysis. For fish samples, 2-3 drops of antifoaming agent 1-octanol was added before 

analyses. 

3.6.4. Digestion of water and fish samples for trace metals analyses 

About 0.2 g of dried and finely powered fish and 5 mL of water sample were weighed and 

transferred to microwave digestion vessel and 8.0 mL portions of 70 % HNO3 and 2 mL of 

30 % H2O2 were added into the digestion tube holding the sample (Ishak et al. 2015). The 

vessels were mounted into the microwave digestion system (Milestone s.r.l., Start D, 

Italy) equipped with temperature and a pressure regulator.  Samples were digested with a 

maximum temperature of 250 
o
C and a pressure of 1200 psi for 15 min. After cooling in a 

desiccator, the digested samples were filtered through a 0.45μm pore diameter membrane 

filter to avoid possible contamination and transferred into 50 mL Erlenmeyer flask and 

made up to the mark with 2%  nitric acid solution. Blanks were also prepared in a similar 

way. 
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3.6.5. Digestion of sediment samples for trace metal analyses  

For determination of trace metals, 2 g sediment samples (<45 m) were digested using 20 

ml of Mehlich 3 extractant [0.2 M CH3COOH, 0.25 M ammonium nitrate (NH4NO3), 

0.015 M ammonium fluoride (NH4F), 0.013 M HNO3, and 0.001 M 

ethylenediaminetetraacetic acid (EDTA)] (Mehlich, 1978). 

 

3.7. Calibration and Analyses of POPs, THg and trace metals 

3.7.1. OCPs and PCBs by GC-MS 

The cleaned extracts were analyzed using a Shimadzu GC-MS Model 2010 plus gas 

chromatograph equipped with a QP 2010 Ultra mass spectrometer (Kyoto, Japan) using 

electron ionization (EI). The samples were automatically injected by a Shimadzu A0C-20i 

autosampler. Separation of the individual OCPs and PCBs was achieved using a fused 

silica capillary column DB5 (30 m x 0.25 mm i.d. x 0.10 m film thickness; manufactured 

by Agilent Technologies INC., USA). The carrier gas used was helium (99.999% purity) 

at a constant flow rate and linear velocity of 1.5 mL/min and 44.9 cm/sec, respectively. 

The MS was operated in a selected ion monitoring (SIM) mode. The oven temperature 

program was: 70 
o
C raised to 140 

o
C (25 

o
C/min), a second ramp at 15 

o
C/min to 210 

o
C 

and a final ramp at 10 
o
C/min to 300 

o
C, using the splitless injection mode.  

The ion source and interface temperatures were set at 250
 o

C and 300
 o

C, respectively. The 

fragmented ions were monitored using selected ion monitoring (SIM) mode. Linearity was 

substantiated by a 7-point calibration curve ranging from 1 to 500 g/L. The identification 

was established on the retention times of injected samples with those of individual 

standards and monitoring of the reference and target ions. OCPs and PCBs were 

quantified using the internal standard method, using PCB-155 as an internal standard. 

Calibration curves were obtained with seven point calibration levels of POPs standards, 

prepared as a mixture in isooctane. The limits of detection (LOD) and quantification 

(LOQ) were calculated mathematically from the relationship between the standard 

deviation of the intercept of the calibration curve (SD) and its slope (S). The LOD and 
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LOQ were calculated from the following equations: LOD = (3.3 x SD of intercept / S) and 

LOQ = (10 x SD of intercept / S). Where the standard deviation of the intercept (SD) is the 

product of standard error (SE) of intercept and N (where, N is the number of tests, in our 

case N=7) and S the slope of linearity plot. The standard error (SE) of the intercept was 

generated from regression analyses of the data set (Shrivastava & Gupta, 2011). 

The samples were analyzed for 8 OCPs (lindane, p, p‘-DDE, p, p‘-DDD, p, p‘-DDT, 

heptachlor epoxide (B), dieldrin, α , -endosulfan, endosulfan sulfate) and 7 indicator 

PCBs (28, 52, 101, 118, 138, 153 and 180).  In this study, the concentrations of POPs 

were expressed on a dry weight basis for sediment and a wet weight basis for fish.  We 

perform the injection and selection of m/z of OCPs and PCBs with individual standards as 

well as the time group for the acquisition data with a mixture of standards by GC-MS 

analyses with SIM mode until achieving the best sensitivities of all OCPs and PCBs peak 

(see annexes 1 and 2 for chromatograms). All selected mass are presented in the following 

table (Table 8).  

Table 8. Mass selection for OCPs and PCBs analyses  

 

 

 

OCP m/z 

 

PCB m/z 

 

Target Reference Target Reference 

lindane 219 181,183,111,109 PCB-28 256 258, 186, 260 

heptachlor 

epoxide 

353 355, 351, 263 PCB-52 292 220, 290, 222, 294 

endosulfan 241 195, 207, 239,243 PCB-101 326 254, 256, 328, 324 

p, p‘-DDE 318 246, 248, 316 PCB-118 326 328, 324, 254, 25 

dieldrin 263 279, 277, 261 PCB-153 360 362, 290, 358, 218 

p, p‘-DDT 235 237, 165, 236,199 PCB-138 360 32, 290, 358, 288 

p, p‘-DDD 199 235, 237, 165,236 PCB-180 394 396, 324, 392, 252 

endosulfan 

sulfate 

387 272, 274, 227,239    



86 
 

3.7.2. Total mercury by Cold-Vapor Atomic Absorption Spectrometry (CV-AAS)  

Mercury (II) stock standard solution, 1000 mg/L was used for the preparation of 

calibration standards. For calibrating the mercury analyzer, external calibration solutions 

of concentration ranging in 0-0.8 g/L was used. 

Six mL of stannous chloride di-hydrate were added to the flask before attaching it to the 

Mercury Vapor Unit (MVU) aeration apparatus. Digested sediment and fish samples were 

analyzed for total mercury (THg) with a Shimadzu AA-7000 Atomic Absorption 

Spectrometer (Tokyo, Japan) at a wavelength of 253.7 nm. The analysis was performed in 

a closed-circuit system and the Hg vapors leaving the absorption cell were trapped in the 

KMnO4 solution contained in the waste bottle. Blanks were prepared and measured in 

parallel. 

3.7.3. Trace metals by ICP-OES 

3.7.3.1. Trace metals in water and fish by ICP-OES 

An inductively coupled plasma optical emission spectrometer, ICP-OES, (Agilent 700 

Series, USA) was used for the determination of trace metal concentrations in water and 

fish samples. Argon gas (purity: 99.996%) was used for the plasma, nebulizer and optic 

interface purge which is also used to purge the polychromatic assembly and regulated by 

recommended flow rate 0.7 to 32 L/min. Calibration curves were prepared using a series 

of 1, 2, 3, 5, 10 mg/L of mixed standards containing Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn 

from 99.99% ICP grade standard. Blank analyses were carried out to check interference 

from the laboratory. Individual reference standards of trace metals were used to identify 

and quantify the levels of samples. The samples were analyzed in the same operational 

procedures as that of the calibration routine. The arithmetic mean and standard deviation 

were calculated from positive quantifiable samples only.                              

The bioaccumulation of the trace metals (HM) was quantified with a bio-accumulation 

factor (BAF), defined as the ratio of the concentration of a specific trace metal/pollutant in 

the organism (muscle and bone of the fish) to the concentration of the metal in the water 

(WHO 2008).  
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3.7.3.2. Trace metals in sediment by ICP-OES 

 

An inductively coupled plasma optical emission spectrometer, ICP-OES, (Arcos FHS2, 

Germany) was used for the determination of trace metal concentrations in sediment 

samples. Argon gas (99.99%) was used for the plasma with a flow rate of 8 L/min. 

Calibration curves were prepared using 10, 20, 30, 40 and 50 mg/L of Fe and Mn; 0.04, 

0.08, 0.12, 0.20, 0.40, 0.80, 1.20, 1.60, and 2.00 for Cu and Zn; 0.5, 1, 2, 3, 4, 5 for Cd, Ni 

and Pb and 1, 2, 4, 6, 8, 10 for Cr. In all cases, standard purity was > 99.8%. The 

calibration curve showed linearity (r>0.995) by the detector response for the quantified 

elements. This indicates a good correlation between concentration and emission intensities 

of the detected elements and thus proper calibration of the instrument. 

3.8. Quality control and quality assurance 

Several quality control measures were taken to ensure the correctness and reliability of the 

obtained results. These included the use of procedural blanks, laboratory control samples, 

matrix spikes, and certified reference materials. Laboratory reagent blanks, as well as 

laboratory fortified blanks, were prepared to access potential contamination within the 

laboratory and to ascertain laboratory performance, respectively. For GC-MS, blank and 

matrix spikes were used as quality assurance checks. Surrogate and internal standard were 

used for POPs analyses. The surrogate standard (TCMX) was added to each of the 

samples to monitor procedural performance. Internal standard PCB-155 (for OCPs and 

PCBs) was added to the final extract before injection to GC-MS to control the analytical 

equipment. Chemicals (solvents, reagents, adsorbents) used for OCPs and PCBs analyses 

were free of contaminants. For validation of the CV-AAS method for THg analyses, NCS 

DC 73309 (CRM) for sediment and fortification experiments for fish were employed as 

quality control methods so as to ensure the accuracy of the measurements.   

For ICP-OES, certified reference Material (ISE-952) for sediment and blank samples for 

water and fish samples were used as a measure of quality assurance. Furthermore, all the 

glasswares used were thoroughly cleaned with the recommended procedures in order to 

avoid contamination.  
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3.9. Data Analysis and interpretation 

3.9.1. Data Analysis  

Statistical analysis of data was carried out with the use of Origin Pro (version 9.4, 2017) 

and Microsoft Excel 2007. Pearson‘s correlation matrix was used at a confidence interval 

of 95%.  Comparisons of concentration of POPs and trace metals in different sites were 

performed by analysis of variance (ANOVA). Differences were considered statistically 

significant at P-value (P) <0.05.  

 

3.9.2. Data interpretation 

3.9.2.1. Ecological risk assessment of OCPs and PCBs contamination 

In order to assess whether PCBs and OCPs in the Akaki River catchment and Aba Samuel 

Reservoir will cause toxic effects or not, we compared the PCB and OCP levels in 

sediment  against effect-based guideline values such as effects’ range-low value (ERL) 

and effects’ range-median value (ERM) (Long et al., 1995, Macdonald et al., 1996).  A 

contaminant value below ERL suggests that adverse effects would be rarely observed, 

whereas a level above ERM suggests adverse effects would frequently occur. For fish 

samples, European Union (Binelli and Provini, 2004) and USEPA (2000) admissible 

limits were used for risk assessment. 

 

3.9.2.2. Ecological risk assessment of trace metals contamination 

The excessive accumulation of trace metals in sediments posed a potential ecological risk 

to freshwater ecosystems (Olivares-Rieumont et al., 2005, Chen et al., 2007). Different 

pollution assessment methods of trace metals were applied to evaluate the pollution degree 

and potential ecological risk posed by trace metals in sediment of Akaki River catchment 

and Aba Samuel reservoir. To this end, USEPA sediment guidelines, geo-accumulation 

index (Igeo), contamination factor and pollution load index were used (Wang et al., 2014).  

Geo-accumulation index (Igeo): the geo-accumulation index (Igeo) is a geochemical 

criterion used to assess heavy metal accumulation in surface sediment studies (Aschale et 

al., 2015b, Muller, 1981, Singh, 2001). It is expressed as  
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Igeo = log2 [Cn/1.5Bn] 

Where Cn is the measured total concentration of the element n in the sediment and Bn is 

the average concentration of element n in shale (background) value. The constant 1.5 is 

introduced to include possible variations of the background values due to lithogenic 

effects in sediments (Loska et al., 2004). Thus, the background concentrations (mg/kg) of 

0.3 for Cd, 90.0 for Cr, 45.0 for Cu, 46700.0 for Fe, 20.0 for Pb, 850.0 for Mn, 68.0 for Ni 

and 95.0 for Zn are used in this study (Turekian and Wedepohl, 1961). The background 

values were used to assess the degree of contamination and to understand the distribution 

of elements of anthropogenic origin in the study areas. According to Muller (1981), the 

corresponding relationships between Igeo and the pollution level are given as follows: 

unpolluted (Igeo<0), unpolluted to moderately polluted (0<Igeo<1), moderately polluted 

(1<Igeo<2), moderately to heavily polluted (2< Igeo<3), heavily polluted (3< Igeo<4), 

heavily to extremely polluted (4< Igeo<5) and extremely polluted (Igeo>5).  

Contamination factor 

The assessment of sediment contamination was also carried using the contamination factor 

(CF). The CF is the single element index and is represented by the following equation 

CF = Co/Cn 

where Co is the mean content of metals from at least five sampling sites and Cn is the 

background value of the individual metal. The CF may indicate low contamination 

(CF<1), moderate contamination (1<CF<3), considerable contamination (3<CF<6) and 

very high contamination (CF>6) (Alfizar et al. 2015). 

Pollution load index (PLI) 

The pollution load index (PLI) was examined to assess the overall pollution status of a 

sampling site. The index was determined by calculating the geometrical mean of the 

concentrations of all the trace elements in the particular sampling site (Usero et al., 1997).  

The PLI is computed by the formula: 

PLI = (CF1 x CF2 x CF3 x…x CFn) 
1/n

, where n is the number of metals investigated and 

CF is the contamination factor. The PLI value >1 is polluted whereas PLI value <1 

indicates no pollution (Chakravarty and Patgiri, 2009). 
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CHAPTER FOUR 

4. RESULTS and DISCUSSION 

 4.1. Introduction 

In this chapter, the results obtained using various techniques and the respective 

discussions were presented.  The chapter is classified into five major sections: (i) 

Concentrations and seasonal variation of persistent organic pollutants (OCPs and PCBs) in 

sediment from Akaki River catchment and Aba Samuel Reservoir; (ii) Concentration and 

seasonal variations of persistent organic pollutants (OCPs and PCBs) in the tissues of 

African catfish (Clarias gariepinus) from Aba Samuel reservoir;  (iii) Distribution of total 

mercury in surface sediments and African catfish (Clarias gariepinus) from Akaki River 

Catchment and Aba Samuel Reservoir, downstream to the mega-city Addis Ababa; (iv) 

Distribution and ecological risk assessment of trace metals in surface sediments from 

Akaki River Catchment and Aba Samuel Reservoir, and (v) Assessment of Trace metals in 

Water samples and Tissues of African catfish (Clarias gariepinus) from Akaki River 

Catchment and Aba Samuel Reservoir, Central Ethiopia. 

4.2. Concentrations and seasonal variation of POPs (OCPs and PCBs) in sediment 

from Akaki River catchment and Aba Samuel Reservoir 

4.2.1. Calibration curves and linearity for the determination of OCPs and PCBs  

As a means of quality control/quality assurance, in addition to surrogate and internal 

standard addition, matrix spiking and laboratory blanks (procedural blanks and spiked 

blanks) have been used. The recovery of matrix spiking compounds, when compared to 

laboratory control sample recoveries, indicates the presence or absence of unusual matrix 

effects. The recoveries were satisfactory for the determinations of OCPs and PCBs. The 

use of surrogates and internal standards for POPs analyses is indispensable. Surrogate 

standards were added before extraction and cleanup procedure to determine recoveries and 

to find the loss during sample processing. Internal standards were added to the final 

extract before injection to control the analytical equipment. The average recovery of the 

surrogate TCMX was 92.40 %, which is within the recommended range. PCB-155 was 

used as internal standards and the average recovery was 100 %. This is again within the 
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recommended range (70-120%, EL-Maali & Wahman, 2015). The LODs ranged from 

0.07- 0.31 g/kg and LOQs ranged from 0.21- 0.95 g/kg.  

 

Table 9. List of OCPs and PCBs for analysis, regression equation, correlation coefficient, 

LOD and LOQ for SIM GC-MS mode 

 

POP 

group 

Analyte Linear 

range 

(g/L) 

Regression equation R
2
 LOD 

(g/kg) 

LOQ 

(g/kg) 

% RSD 

OCPs  

lindane 1-500 Y=0.856677*X-0.006 0.9988 0.29 0.87 2.05 

heptachlor epoxide 1-500 Y=1.432608*X+0.004 0.9995 0.19 0.56 2.04 

endosulfan 1-500 Y=0.368417*X+0.012 0.9990 0.27 0.82 1.51 

p, p‘-DDE 1-500 Y=3.136950*X+0.030 0.9995 0.19 0.56 4.63 

dieldrin 1-500 Y=0.614494*X+0.019 0.9996 0.18 0.55 0.57 

p, p‘-DDT 1-500 Y=9.215359*X-0.209 0.9988 0.28 0.86 13.15 

p, p‘-DDD 1-500 Y=1.208493*X-0.010 0.9992 0.24 0.73 1.20 

endosulfan sulfate 1-500 Y=0.294305*X+0.010 0.9988 0.30 0.91 0.50 

PCBs  

PCB-28 1-500 Y=1.050557*X+0.029 0.9996 0.18 0.56 1.82 

PCB-52 1-500 Y=0.710553*X+0.023 0.9996 0.12 0.40 1.28 

PCB-101 1-500 Y=0.931738*X+0.219 0.9998 0.31 0.95 7.98 

PCB-118 1-500 Y=0.562908*X+0.021 0.9998 0.14 0.43 0.95 

PCB-153 1-500 Y=0.579656*X+0.021 0.9997 0.16 0.49 1.17 

PCB-138 1-500 Y=0.435736*X+0.017 0.9998 0.11 0.34 0.78 

PCB-180 1-500 Y=0.334333*X+0.023 0.9999 0.07 0.21 0.78 

 

The list of OCPs and PCBs analyzed, their regression equation, correlation coefficient, 

%RSD, LOD, and LOQ are shown in Table 9.  The correlation coefficients (r2) for the 

calibration curves were all greater than 0.995. Figure 25 shows examples for linearity of 

endosulfan (for OCP) and PCB-180 (for PCB) using ranges of 1-500 g/L calibration 

standards.  
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Figure 25. Selected calibration curves for OCPs and PCBs determination using GC-MS 
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4.2.2. Concentrations and seasonal variations of OCPs in sediment 

In this particular study, eight representative OCPs namely DDT and its metabolites (p, p‘-

DDE and p, p‘-DDD), α, -endosulfan, endosulfan sulfate, heptachlor epoxide (B), lindane and 

dieldrin were analyzed using GC-MS. Tables 10 and 11 show the concentrations of OCPs in 

the analyzed surface sediments from the 12 sampling stations from Akaki River catchment 

and Aba Samuel Reservoir in the dry and rainy seasons expressed in terms of dry weight. 

As can be seen from Tables 10 and 11 below, only lindane was detected in the dry season 

and p,p‘-DDT, p, p‘-DDE, p, p‘-DDD, ,-endosulfan, heptachlor epoxide (B) and 

dieldrin were detected in the rainy season.  

Table 10. Concentrations of OCPs mainly lindane (g/kg, dry mass) in sediment samples 

collected from Akaki river catchment and Aba Samuel reservoir in dry season  

nd: not detected 

 

 

 

 

No. Sample Name Lindane 

S1 GAR at Entoto Kidanemihiret Monastery nd 

S2 GAR at Tirunesh Beijing Hospital 412.56 

S3 GAR before mixing the Reservoir 275.51 

S4 LAR above Gefersa Reservoir 1.29 

S5 LAR at Lafto Bridge 350.48 

S6 LAR at Jugan kebele 742.40 

S7 Aba Samuel Reservoir below the confluence point of GAR and LAR 120.51 

S8 Aba Samuel Reservoir at the midpoint 2.60 

S9 Aba Samuel Reservoir above the Dam 22.88 

S10 Outlet of the Reservoir 850.87 

S11 About 1000 m downstream to the Reservoir 1161.20 

S12  LAR at German square, Gofa 149.25 
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Table 11. Concentrations of OCPs (mean ±% difference, g/kg dw) in sediment samples 

collected from Akaki river catchment and Aba Samuel reservoir in rainy season 

nd: not detected 

In the dry season, lindane was detected in all the sampling sites except at one of the 

control sites (S1). The concentration of lindane ranged from nd- 1161.20 g/kg dry weight 

with a mean concentration of 371.78 g/kg. The three highest lindane concentrations 

742.4, 850.87, and  1161.20 g/kg dw were recorded at LAR at the Jugan kebele, at the 

outlet of the Reservoir and at about 1000 m downstream to Aba Samuel Reservoir (S6, 

S10, and S11), respectively. Due to lack of sampling boat, sediment samples were 

collected on the shores of the Reservoir and this might underestimate the actual levels of 

pollutants, including lindane in the Reservoir. S6 is the site located at Little Akaki River 

before joining Aba Samuel reservoir. The predominance of lindane in this study indicates 

the recent input of lindane in the region and the level varies depending on the sampling 

 

No. 

Sample Name p, p‘-DDT p, p‘-DDE p, p‘-DDD endos 

ulfan 

heptachl

or 

epoxide 

dieldri

n 

S1 GAR at Entoto 

Kidanemihiret Monastery 

2.51±0.04 1.79±0.21 2.54±0.32 nd nd nd 

S2 GAR at Before Akaki town 1.96±0.08 3.52±0.03 1.81±0.02 nd nd nd 

S3 GAR before mixing the 

Reservoir 

6.16±0.12 5.52±0.02 3.81±0.18 nd nd nd 

S4 LAR above Gefersa 

Reservoir 

2.78±0.01 1.24±0.14 2.57±0.01 nd nd nd 

S5 LAR at Lafto Bridge 12.84±0.08 17.73±0.13 7.49±0.05 nd nd nd 

S6 LAR at Jugan kebele 4.21±.20 5.88±0.16 3.35±0.30 nd nd nd 

S7  Below the confluence  

point of GAR and LAR 

482.03± 

0.04 

161.80± 

0.02 

432.90± 

0.02 

127.78± 

0.01 

12.65± 

0.01 

78.56± 

0.14 

S8 Reservoir at the midpoint 28.09±0.03 14.61±0.03 25.05±0.06 nd nd nd 

S9  Reservoir above the Dam 28.28±0.03 9.64±0.05 27.54±0.05 nd 1.27± 

0.17 

nd 

S10 Outlet of the Reservoir 0.86±0.03 0.52±0.15 0.53±0.34 nd nd nd 

S11 About 1000 m downstream 

 to the Reservoir 

6.60±0.10 7.52±0.09 5.93±0.31 nd nd nd 

S12  LAR at German square 11.58±0.17 7.95±0.30 9.46±0.01 nd nd nd 
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site indicating variable sources in different locations. Lindane pollution in the study area 

might be from the obsolete pesticide accumulation, as it is one of the recorded obsolete 

pesticides in different regions of the country, particularly in Addis Ababa (Haylamicheal 

and Dalvie, 2009) and wastes of different pharmaceutical products like lotions. Lindane 

(γ- HCH) was commonly used in most countries for seed dressing to protect crops against 

ants, but it is currently under restricted pesticides due to its persistence and toxicity (Musa 

et al., 2011). Lindane is also used against ectoparasites in veterinary and pharmaceutical 

products (for the treatment of lice and scabies) (WHO, 1991). It is also used for the 

control of disease vectors, including mosquitoes, lice, and fleas (Ullmann, 1972). To the 

best of our knowledge, no investigations have been carried out on the distribution of 

lindane in sediment samples in the study area. Thus, the comparison was carried out in 

other localities in Ethiopia and Africa. 

 

The mean concentration of lindane in sediment in this study (371.78 g/kg dw in the dry 

season) seems to be higher than the result reported in Tekeze Dam, Northern Ethiopia 

(6.920 g/kg dw) (Teklit, 2016). However, our result is much less than the values obtained 

from sediment samples of Warri River of the Niger Delta, Nigeria (9,190 µg/kg dw at 

Ovwian, 3,540 µg/kg dw at Ekakpamre, and 470 µg/kg dw at Ovu site) (Ezemonye et al., 

2008). 

In the rainy season, the DDTs were the predominant pesticides detected and found in all 

the twelve sampling stations, including the control sites followed by ,-endosulfan, 

heptachlor epoxide (B) and dieldrin. The total concentrations of DDTs in surface 

sediments were found in the range of 1.91 to 1076.73 g/kg with a mean concentration of 

112.38 g/kg. The concentration was in the range of 0.86- 482.03 g/kg for DDT, 0.52-

161.80 g/kg for DDE and 0.53 -432.90 g/kg for DDD (Table 11). The high 

concentration of DDT and relatively lower concentrations of DDE and DDD show recent 

use of the pesticide as explained below. DDT was legally used for public health purposes 

until recently. The reason for the prevalence of DDTs in all the sampling sites in this 

season might be due to the higher surface runoff bringing residues from different sources. 

DDT has been sprayed outdoors (for agricultural use) during the rainy months from June 
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to October (PMI, 2013). In addition to this, Ethiopia is one of the many African countries 

burdened with the problem of obsolete pesticides (Haylamicheal and Dalvie, 2009) and 

DDT has still been used for agricultural and public health programs (Amera and Abate, 

2008).  

Residual levels of DDTs varied depending on sampling sites indicating variable sources in 

different locations. S7 is a sampling site at Aba Samuel Reservoir below the confluence 

point of GAR and LAR. At this site six of the eight analyzed organochlorine pesticides 

were detected. This site is close to industrial establishments at Little Akaki River and peri-

urban agricultural farms. All the detected pesticides were at higher concentrations. Thus, 

runoffs from the peri-urban areas and waste discharge from the capital city could be the 

major sources of these pollutants. The highest levels of DDT were found in the samples 

taken from Aba Samuel Reservoir (S7, S8, and S9), S5 and S12 with values of 482.03 

g/kg, 28.09 g/kg, 28.28 g/kg, 11.58 g/kg and 12.84 g/kg, respectively. These high 

values of DDT were observed at Aba Samuel Reservoir and downstream areas, located in 

a peripheral zone of the capital city (Addis Ababa) where vegetable farms and solid waste 

dump exist and near the vicinity of the inflow of Little Akaki River (S5 and S12). 

It is well known that DDT can be biodegraded to DDE and DDD under aerobic and 

anaerobic conditions, respectively (Hitch and Day, 1992). The ratio of p, p‘ DDT and its 

major degradation product p, p‘-DDE can be used to research and understand the 

chronology of DDT residues in the environment. Strandberg et al. (1998) suggested that p, 

p‘-DDT/ p, p‘-DDE ratio lower than 0.3 could be the result of the aged mixtures in the 

environment, and those higher than 0.5 might indicate recent use of DDT. All the results 

indicate that the ratio of p, p‘-DDT/ p, p‘-DDE is greater than 0.5 which is indicative of 

recent inputs of DDTs in all sampling sites. This most likely happened due to the illegal 

use of DDT for agricultural purposes and for controlling vector-borne diseases in the 

region. According to the report by the Ethiopian Ministry of Health, DDT has been 

illegally diverted to agricultural pest control in some areas (Biscoe et al., 2004, MoA, 

2013).  Ethiopia had a formulation facility for DDT, which was discontinued in 2009. 

Although its use in agriculture is officially banned in 2010, the use of DDT for vector 
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control and sanitary purposes is still available (Van Den Berg et al., 2017). There might 

also be recent inputs of DDT into the environment from obsolete pesticide sites.  

When compared with other studies, levels of DDTs in surface sediments of this study were 

higher than those from Singapore coastal areas (2.211.9 g/k; Wurl and Obbard, 2005);  

Danshui River estuary, Taiwan (nd9.85 g/kg; Hung et al., 2007); Lake Victoria, Uganda 

(0.418.07 g/kg; Wasswa et al., 2011), but comparable to those in Lake Awassa (3.64- 

40.2 g/kg; Yohannes et al., 2013); Casco Bay, Maine, USA (nd455.5 g/kg; Wade et 

al., 2008) and Lake Maryut, Egypt (0.07105.6 g/kg; Barakat et al., 2012b). 

As for the other pesticide contaminants, ,-endosulfan (127.78 g/kg) and dieldrin 

(78.56 g/kg) were determined only at S7 while heptachlor epoxide (B) was detected at S7 

and S9 (average concentration, 6.96 g/kg). The sampling station S7 is the confluence 

point of the two Akaki Rivers. Researches indicate that highly dangerous pesticides such 

as dieldrin and heptachlor are the main components of the obsolete stocks dumped at more 

than 1000 sites in Ethiopia, particularly in Addis Ababa (Mekonen et al., 2014).  Besides, 

non-point sources from agricultural fields and urban areas could be the other sources of 

these pesticides (Dirbaba et al., 2018b). 

4.2.3. Concentrations and seasonal variations of PCBs in sediment 

Tables 12 and 13 Show the concentrations of PCBs in the analyzed surface sediments 

from the 12 sampling stations from Akaki River and Aba Samuel Reservoir in the dry and 

rainy seasons expressed in terms of dry weight. The analyzed sediment samples show the 

presence of PCB-52, PCB-101, and PCB-118 in the dry and all indicator PCBs (PCB-28, 

PCB-52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB- 180) in the rainy seasons.  
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Table 12. Concentrations of indicator PCBs (g/kg, dry weight) in sediment samples collected from Akaki river catchment and Aba 

Samuel reservoir in dry season  

 

NB. nd=not detected 

 
 

 

No. Sample Name PCB-

28 

PCB-

52 

PCB-

101 

PCB-

118 

PCB-

138 

PCB-

153 

PCB-

180 

Total 

PCBs 

S1 GAR at Entoto Kidanemihiret Monastery nd nd nd nd nd nd nd nd 

S2 GAR at Tirunesh Beijing Hospital nd 5.48 3.20 nd nd nd nd 8.68 

S3 GAR before mixing the Reservoir nd 5.50 2.01 nd nd nd nd 7.51 

S4 LAR above Gefersa Reservoir nd nd nd nd nd nd nd nd 

S5 LAR at Lafto Bridge nd 10.57 2.33 nd nd nd nd 12.90 

S6 LAR at Jugan kebele nd 33.37 4.23 nd nd nd nd 37.60 

S7 Aba Samuel Reservoir below the confluence 

point of GAR and LAR 

nd 11.32 1.89 nd nd nd nd 13.21 

S8 Aba Samuel Reservoir at the midpoint nd 7.11 0.29 nd nd nd nd 7.40 

S9 Aba Samuel Reservoir above the Dam nd nd 3.37 nd nd nd nd 3.37 

S10 Outlet of the Reservoir nd 59.37 4.41 nd nd nd nd 63.78 

S11 About 1000 m downstream to the Reservoir nd nd 3.15 nd nd nd nd 3.15 

S12  LAR at German square, Gofa nd 8.88 0.98 2.38 nd nd nd 12.24 
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   Table 13. Concentrations of indicator PCBs (mean ±% difference, g/kg dw) in sediment samples collected from Akaki river  

                    catchment and Aba Samuel reservoir in rainy season 

 

                           NB. nd=not detected 

No. Sample Name PCB-

28 

PCB-52 PCB-101 PCB-

118 

PCB-

138 

PCB-153 PCB-180 Total  

PCBs 

S1 GAR at Entoto Kidanemihiret  nd nd nd nd nd nd nd nd 

S2 GAR at Tirunesh Beijing Hospital nd nd 0.45±0.20 nd 0.61±

0.36 

0.77±0.13 1.30±0.09 3.13 

S3 GAR before mixing the Reservoir nd nd 0.36±0.05 nd nd nd 0.49±0.28 0.85 

S4 LAR above Gefersa Reservoir nd nd nd nd nd nd nd nd 

S5 LAR at Lafto Bridge nd nd 0.06±0.01 nd nd nd nd o.o6 

S6 LAR at Jugan kebele nd nd nd nd nd nd nd nd 

S7 Below the confluence point of  

GAR and LAR 

nd 2.50±0.04 0.67±0.03 1.15± 

0.06 

0.53±

0.05 

0.48± 

0.17 

0.32±0.21 5.65 

S8 Reservoir at the midpoint nd 2.68±0.01 nd nd 0.36±

0.40 

0.34±0.16 0.07±0.41 3.45 

S9 Reservoir above the Dam nd 3.04±0.01 nd nd nd 0.17±0.34 nd 3.21 

S10 Outlet of the Reservoir 1.27±

0.01 

2.45±0.02 0.52±0.01 1.05±0.

02 

0.79±

0.02 

1.06±0.08 1.19±0.01 8.33 

S11 About 1000 m downstream 

 to the Reservoir 

nd 3.28±0.03 nd nd 0.67±

0.38 

nd 1.12±0.01 5.07 

S12  LAR at German square nd 3.33±0.15 nd nd nd nd 0.64±0.06 3.97 
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Many countries in the developing regions have several PCB sources such as uncontrolled 

(open) burning of municipal waste, PCB-containing waste imported from developed 

countries and the use of PCBs in condensers and transformers. So far, the environmental 

monitoring of PCBs in this country is not well developed; only limited data are available. 

PCBs concentrations are also expressed as the sum of 7 individual congeners (PICES, 

PCB IUPAC # 28, 52, 101, 118, 153, 138 and 180) recommended by the International 

Council for the Exploration of the Sea (ICES) in order to harmonize data (Duinker et al., 

1988).  The total concentrations of PCBs (sum of 7 congeners) in sediments ranged from 

3.15- 63.78 g/kg with a mean value of 8.56 in the dry season and 0.06- 8.33 g/kg with a 

mean value of 1.06 during the rainy season indicating that PCBs are widespread 

contaminants in the study area (Tables 13 and 14).  

In the dry season, PCB-52 and PCB-101 were measured at elevated concentrations in the 

majority of the sampling sites whereas PCB-118 was detected only at S12.  

In the rainy season, PCBs were detected at 10 out of the 12 sampling stations, but at 

relatively low concentrations compared to the dry season. Great Akaki River before Akaki 

town, Aba Samuel Reservoir at the confluence point of LAR and GAR, Aba Samuel 

reservoir at the mid-point and Aba Samuel Reservoir at the outlet (S2, S7, S8, and S10, 

respectively) were the predominant sites. Among the congeners, PCB-180, PCB-52, PCB-

101, PCB-138, and PCB-153 were the most abundant in this season. When considered 

among the whole sampling sites, Aba Samuel Reservoir at the outlet (S10) contained all 

indicator PCBs with a total concentration of 8.33 g/kg d.w.  

The PCB congener and homolog profiles in environmental matrices can often provide 

valuable information on sources, environmental transport, and the fate of PCBs (Gao et 

al., 2013). Generally, a trend in seasonal difference was observed in the congener 

distribution in the river and reservoir sampling points. The distribution of PCB congeners 

in the sediment from Akaki river catchment and Aba Samuel Reservoir showed a 

predominance of lower chlorinated PCB congeners in the dry and both lower and highly 

chlorinated PCB congeners in the rainy season. Low chlorinated PCBs such as tri-CB is 

typically used in additives of paints and electrical appliances (Eqani et al., 2013). Hence 
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direct disposal of waste from these industries could transport tri-CBs into the aquatic 

environment. However, higher chlorinated PCB congeners accumulation suggests a point 

source contamination. Electrical equipments like transformers and capacitors containing 

PCB contaminated oil are the main sources of PCB pollution in the environment. The 

abundance of these congeners is likely to be explained by their high presence in the 

commercial PCB mixtures, such as Aroclor 1260, and by their molecular structure and 

high lipophilicity, which facilitate stability and persistence; all these characteristics make 

easier their adsorption to sediments and accumulation in aquatic ecosystem (Naso et al., 

2005). In general, a dominance of higher chlorinated congeners in sediment samples from 

the Akaki River catchment and Aba Samuel Reservoir is observed, which is in good 

agreement with the previous study in some urban soils of Addis Ababa (0.4- 19 g/kg; 

Prasse et al., 2012).  

According to the inventory by UNEP-NIP (2006), there are many decommissioned 

transformers and capacitors in Ethiopia, particularly in Addis Ababa. Large quantities of 

transformers and capacitors are found at Gofa, Mexico square, and Kotebe maintenance 

centers.  Due to poor management and handling of transformers and capacitors, and long 

years of open storage, the land in the vicinity of the main stores and the nearby streams are 

believed to be contaminated by PCBs that have spilled over or discarded dielectric fluids. 

Due to poor fencing of the store, the area is easily accessible to dogs, cattle and even 

human beings. Due to the absence of awareness on the impacts of PCBs on human health, 

EEPCO technicians do not take any precautions during repair work. There is, therefore, a 

high possibility of dermal contact to PCBs and of inhaling PCB vapors. PCB containing 

dielectric fluids are stored in concrete pits located at the two repair and maintenance 

workshops of the corporation. 
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4.2.4. Evaluation of the ecological risk of OCPs and PCBs in sediment using 

Sediment Quality guidelines 

 

The SQGs provide a scientifically sound basis to evaluate the potential effects of 

sediment-associated contaminants on aquatic organisms. ―Effects range low‖ (ER-L) and 

“Effects range median‖ (ER-M) values are useful in assessing sediment quality and 

provide qualitative guidelines on what needs to be done to effectively protect the aquatic 

environment. The ERL represents the chemical concentration below which an adverse 

effect would rarely be observed, whereas a level above ERM suggests adverse effects. In 

assessing the potential effects of all contaminants determined in sediments, some OCPs 

and indicator PCBs levels in sediment were compared with effects- based on SQG values 

in Table 14. 

Table 14. Concentrations of PCB and OCP in surface sediments from Akaki River and  

Aba Samuel Reservoir (g/kg, dw) and toxicity guidelines 

 

Compound SQGs values, 

g/kg 

(dry mass) 

This study percent incidence of effects 

Dry season Rainy season 

ERL ERM <ERL ERL-ERM >ERM <ERL ERL-

ERM 

>ERM 

Σ7PCBs 50 400 90 10 - 100 - - 

ΣDDTs 1.58 46.1 100 - - - 75 25 

p, p‘-DDT 1 7 100 - - 58.5 33.5 8 

p, p‘-DDE 2.2 27 100 - - 25 67 8 

p, p‘-DDD 2 20 100 - - 17 58 25 

 

A comparison of PCBs and OCPs with SQG at sites in the Akaki River catchment and 

Aba Samuel Reservoir was conducted (Table 14). The results of this study showed that the 

total PCB concentrations at all sites are below the ERL except one site in the dry season 

(S10). In the dry season, the concentrations of the total PCBs, DDTs, p, p‘-DDE, p, p‘-

DDD, and p, p‘-DDT, at all sites were significantly lower than the ERL values, indicating 

that adverse effects would occur rarely. In the rainy season, total DDTs, p, p‘-DDT, p, p‘-

DDE and p, p‘-DDD were higher than the ERL value at most of the sites and even higher 

than ERM at fewer stations. This suggests there is a greater possibility of higher 

ecological hazards associated with DDT residues. 
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 4.3. Concentrations and seasonal variations of OCPs and PCBs in the tissues of 

African catfish (Clarias gariepinus) at Aba Samuel reservoir 

 

4.3.1. Fish characteristics 

Body length, body weight, and lipid content are important factors in determining the body 

burden of contaminants in fish (Sun et al., 2015).  All the data related to the biological 

characteristics of the fish are presented in Table 15. 

Table 15. Biological characteristics (length and weight), condition factor and lipid content 

of Clarias gariepinus in the rainy season from Aba Samuel reservoir  

 

Season Pool 

No. 

Length range 

(cm) 

Weight 

range (g) 

Condition 

Factor (g/cm3) 

Lipid content 

(%) 

muscle liver 

Dry 1 21-23 63.9-89.8 0.71±0.17 1.6 6.1 

2 23.5-28 67.7-180.6 0.66±0.21 1.1 7.7 

3 29.5-31 156.7-212.5 0.66±0.13 0.85 8.3 

4 32.5-34 207.6-280.0 0.67±0.05 1.1 5.7 

5 38-47 406.1-732.7 0.73±0.02 1.4 3.7 

6 57-83 1132.9-1406.0 0.50±0.25 1.0 4.0 

Rainy 1 37.5-38.5 500-650 1.07±0.18 0.94 5.2 

2 39.5-40.3 645-800 1.16±0.10 1.4 3.6 

3 41.2-43.5 650-750 0.92±0.01 1.2 5.9 

4 44-48.0 600-800 0.71±0.21 1.3 9.0 

5 48.5-49.5 950-1500 0.98±0.22 2.4 5.0 

6 54.5-56 1300-1600 0.85±0.11 1.0 3.8 

 

The condition factor (KI) gives information on the physiological condition of fish in 

relation to its welfare. In the present study, Clarias gariepinus samples had condition 

factors close to 1 during the rainy season, however, the samples showed less than 1 value 

in the dry season. Ujjania et al. (2012) stated that condition factor greater or equal to one 
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is good, indicating a good level of feeding, and proper environmental conditions. Thus, 

Clarias gariepinus at Aba Samuel Reservoir in the dry season had physical stress due to 

environmental factors such as pollution or insufficient nutrition (Getso et al., 2017).  

The relative/mean lipid content (%) of the fish muscle from Aba Samuel Reservoir was in 

the range of 0.85-1.6 %/1.2% in the dry and 0.94- 2.4 %//1.4% in the rainy season. On the 

other hand, the relative/mean lipid content (%) in the fish liver was in the range of 3.7-8.3 

% / 6.0% in the dry and 3.6 -9.0 %/5.4% in the rainy seasons (Table 15). The lipid content 

of the fish is influenced by several factors such as sex, age, species, etc. The lipid content 

of Clarias gariepinus muscle in our study is lower than the result obtained from Lake 

Koka, Ethiopia (average 3.5%, Ermias et al., 2011). Persistent organic compounds are 

lipophilic and preferentially accumulate in lipids of fish and other animals (Mackay and 

Fraser, 2000; Kong et al., 2005).   

4.3.2. Quality assurance and Control  

The quality control criteria used for the analyses of OCPs and PCBs in sediment, fish 

muscle, and liver were determined together (Refer section 4.2.1, pages 92-93). Besides 

procedural blanks and matrix spikes were carried out for fish samples. The recoveries 

were within the range recommended for OCP and PCBs determination (70-120%, EL-

Maali & Wahman, 2015). 

4.3.3. Concentrations and seasonal variations of OCPs in muscles and livers 

Summary of the mean and range values of detected OCPs in g/kg wet weight for Clarias 

gariepinus from the Aba Samuel Reservoir in dry and rainy seasons is given in Table 16. 

Metabolites of DDT (p, p‘-DDE and p, p‘-DDD), lindane and dieldrin were the OCPs 

identified in fish muscle and liver from the Aba Samuel Reservoir. However, the 

concentrations of other OCPs were below the limit of detection (LOD).  

Concerning DDTs, p, p‘-DDE and p, p‘-DDD compounds account 100% in all the 

samples. It can be concluded that DDTs undergo complete degradation in Clarias 

gariepinus tissues.  P, p‘-DDE was identified in fish muscle in the dry (15.15g/kg ww) 

and rainy (8.73 g/kg ww) seasons and in fish liver only in the dry season (105.79 g/kg 
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ww); however, p, p‘-DDD was identified only in muscle samples in the dry (89.63g/kg 

ww) and rainy (50.05 g/kg ww) seasons. It is surprising that p, p‘-DDT was not found in 

fish muscle as it was detected in significant amounts in sediment samples from the Aba 

Samuel reservoir, where fish samples were collected (S8 and S9) (average 28.18g/kg dw, 

this study).  P, p‘-DDE was the predominant DDT congener found in fish from the Aba 

Samuel Reservoir and this was in agreement with other studies carried out in Ethiopian 

Rift Valley regions and other African freshwater fish (Deribe et al., 2011; Fianko et al., 

2011). Unlike the sediment samples analyzed, the detection of p, p‘-DDE and p, p‘-DDD 

in most of the muscle and liver samples in comparison to p, p‘-DDT may suggest the 

existence of aged DDT in the study area. This dominance of DDTs among the analyzed 

OCPs in fish species has also been documented in other studies (Erdogrul et al., 2005; 

Covaci et al., 2006; Derbie et al., 2011). The amount of DDTs (DDE and DDD) in the 

muscle of Clarias gariepinus in this study is comparable to the result reported in Lake 

Hawassa (28.52 g/kg ww; Deribe et al., 2014).  

 

Lindane was the other prevalent OCP identified in fish muscle in dry and rainy seasons 

(1421.72 g/kg ww, 80.62 g/kg ww, respectively) and in the liver in dry and rainy 

seasons (338.31 g/kg ww, 2591.90 g/kg ww, respectively). The higher level of lindane 

concentrations in the samples indicates the current usage of lindane around the Reservoir. 

A recent study in the Ethiopian Rift Valley Region also showed high concentrations of 

lindane in tissues taken from cattle with the highest level of 140 g/kg ww in liver 

samples obtained from Holeta, Ethiopia (Letta and Attah, 2013). In general, the 

concentrations of lindane in this study are higher than those in fish from Lake Ziway, 

Ethiopia (Yohannes, Y. B. 2014a), Lake Taabo, Cote D‘Ivoire (Roche et al., 2007), and 

fish from Lake Burullus, Egypt (Said et al., 2008). 

Dieldrin was the third predominant OCP identified in fish muscle in dry and rainy seasons 

(786.55 g/kg ww, 220.44 g/kg ww, respectively) and liver in dry and rainy seasons 

(946.17 g/kg ww, 6834.74 g/kg ww, respectively). The presence of higher levels of 

lindane and dieldrin in the fish liver from the Aba Samuel Reservoir in the rainy season is 
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likely related to residues in sewage discharge, obsolete pesticide stocks or some unofficial 

application of pest control. 

Table 16. Summary of the concentrations of OCPs (in g/kg ww) for Clarias gariepinus 

collected from the Aba Samuel reservoir (min-max=minimum and maximum) 

 

OCP Dry season, mean 

                        (Min-Max) 

Rainy season, mean 

                         (Min-Max) 

muscle liver muscle liver 

P,p‘-DDE 15.15 

(9.86-31.75) 

105.79 

(nd-142.19) 

8.73 

(nd-12.14) 

ND 

- 

P,p‘-DDD 89.63 

(nd-109.80) 

ND 

- 

50.06 

(nd-74.89) 

ND 

- 

lindane 1421.72 

(102.11-3039.96) 

338.31 

(64.02-726.92) 

80.62 

(nd-80.62) 

2591.90 

(nd-3889.97) 

Dieldrin 786.55 

(nd-1882.31) 

946.17 

(nd-1353.56) 

220.44 

(32.52-580.17) 

6834.74 

(nd-6834.74) 

nd=not detectable 

The length and weight of fish are important variables for explaining the variation in 

concentrations of POPs (Rognerud et al., 2002; Vives et al., 2005). In the present study, 

both DDT and other OCPs concentrations progressively increased with fish size. This is 

due to the bioaccumulation of these contaminants with age, as older fish tend to be larger. 

However, the trend/relationship was irregular. This is presumably due to the fish species 

from Aba  Samuel Reservoir may rather follow the phenomenon of biodilution (dilution 

due to fast growth) of POPs in the tropics. Such a biodilution effect has also been 

observed in earlier studies in the Ethiopian Rift Valley region ( Desta et al., 2007; Tadiso 

et al., 2011).  
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4.3.4. Concentrations and seasonal variations of PCBs in mussels and livers 

Among the seven indicator PCB congeners investigated in muscle and liver of Clarias 

gariepinus from Aba Samuel Reservoir in the rainy and dry seasons, only PCB-118 in 

muscle and PCB-153 in the liver were detected in the dry season with mean 

concentrations 12.85 g/kg ww and 1.46 g/kg ww respectively. This was in agreement 

with the sediment samples result in that higher chlorinated PCBs with low concentrations 

were likely to be due to the presence in the commercial PCB mixtures, such as Aroclor 

1260 (Naso et al., 2005) and their high persistence. The concentrations of other PCBs in 

muscle and liver were below the limit of detection (LOD) in Clarias gariepinus. 

When compared with other studies, levels of PCBs in Clarias gariepinus from this study 

were higher than those from Lake Awassa (1.04 g/kg ww; Deribe et al., 2014) and Lake 

Koka (0.33 g/kg ww; Deribe et al., 2011). 

4.3.5. Evaluation of the ecological risk of OCPs and PCBs in Clarias gariepinus 

 

DDTs, lindane, and dieldrin were found to be the most abundant in most fish samples 

collected from Aba Samuel Reservoir. To understand better the concentration levels, the 

concentrations of the present study were evaluated against international existing limits. As 

such, by comparing with the maximum admissible limit of DDTs (50 g/kg ww) for fish 

consumption established by the European Union (Binelli and Provini, 2004), about 67% of 

our fish samples in dry and rainy seasons from Aba Samuel Reservoir were considered 

overloaded. In addition, the comparison of our dataset with relatively strict limits for 

DDTs (14.4 g/kg ww) by USEPA (2000) showed that more than 83% of fish samples in 

both dry and rainy seasons exceeded this limit. A maximum admissible concentration of 

10 g/kg (ww) for HCHs (-HCH+-HCH+-HCH) in fish is established by the European 

Union. In our samples, only lindane (-HCH), about 100% of our fish samples in the dry 

season and 17% in the rainy season were found to be overloaded. As for PCBs, European 

Union Directive 1999/788 establishes a maximum value of 200 g/kg (lipid weight) for 

six PCB congeners (PCB-28, 52,101,138, 153, 180) in foodstuffs (not particularly for 

fish). Dry season muscle samples exceeded this limit (1093.62 g/kg lipid weight). 
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4.4. Distribution of total mercury (THg) in surface sediments and African catfish 

(Clarias gariepinus) from Akaki River Catchment and Aba Samuel Reservoir 

4.4.1. Quality assurance and quality control 

 The instrument LOD and LOQ were 0.054 and 0.162 g/kg for sediment 0.049 and 0.146 

g/kg for fish samples, respectively. The average recovery of Hg from the fortified blank 

sample was 94.99% and that of CRM and fortified fish were 101.93% and 86.8%, 

respectively. The obtained values were consistent with the USEPA recommendation for 

THg determination (75-125%; USEPA/ SW-846 Methods 7000A/7470A/7471A).  

4.4.2. THg levels in the sediments and its seasonal and spatial distribution 

The results on the level of THg in sediment for the Akaki River system and Aba Samuel 

Reservoir were presented in Table 17. As can be seen from Table 17, THg levels range 

from 9.5 to 43.8 g/kg in the dry and 20.6 to 175 g/kg in the rainy season. The highest 

concentrations were observed from the samples collected in August 2016 at LAR at Lafto 

Brige (175g/kg dry wt) and at the Aba Samuel Reservoir above the Dam (128 g/kg dw).  

Table 17. The THg concentrations (g/kg dw, n=3) in sediment samples collected from 

Akaki river catchment and Aba Samuel reservoir, Ethiopia. 

No. Name of sampling station Mean ±SD, g/kg dw 

Dry season Rainy season 

1 GAR at Entoto Kidanemihiret Monastery 9.54±0.003 33.3±0.001 

2 GAR at Tirunesh Beijing Hospital 16.7±0.002 35.8±0.0003 

3 GAR before mixing the Reservoir 20.5±0.024 33.3±0.0004 

4 LAR above Gefersa Reservoir 16.2±0.0002 24.3±0.0004 

5 LAR at Lafto Bridge 39.2±0.018 175.4±0.002 

6 LAR at Jugan kebele 17.1±0.010 46.6±0.001 

7 Reservoir at the meeting point of GAR and LAR 14.3±0.002 35.8±0.001 

8 Aba Samuel Reservoir at the midpoint 43.8±0.076 20.6±0.0004 

9 Aba Samuel Reservoir above the Dam 34.0±0.018 127.8±0.001 

10 Outlet of the Reservoir 35.0±0.010 20.6±0.001 

11 About 1000 m downstream to the Reservoir 23.4±0.003 56.1±0.001 
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The concentrations of THg in sediment from this study were comparable to the other 

results from Ethiopian and other regions in Africa (Campbell et al., 2003). The THg levels 

obtained in the present study was comparable to the previous studies done at LAR, Lake 

Ziway and Lake Hawassa, Ethiopia (Mekonnen et al., 2012), even lower than the values 

recorded in some parts of Africa (Melaku et al., 2005, Malehase et al., 2016). 

In order to clearly understand the levels of THg in different regions of the study area, the 

River system, and the Reservoir were classified into 4 regions: GAR, LAR, Reservoir and 

Downstream to the reservoir (Figure 26). In all the four regions, the rainy season mean 

concentration of THg were greater than the dry season mean concentrations. This might be 

attributed to increased deposition of runoff eroded mercury on the sediments in the rainy 

than in the dry season. In the rainy season, natural and anthropogenic sources of mercury 

washed out into the nearby Akaki River systems and finally deposited at Aba Samuel 

reservoir. In both seasons, concentrations of THg increased from upstream unpolluted 

regions to downstream areas, revealing increased anthropogenic emission sources. The 

observed increasing level of THg in sediment from upstream (control sites) to downstream 

areas supports the assumption that the River and Reservoir systems are exposed to 

localized and diffused inputs of mercury from runoff from agricultural sources, industrial 

and urban effluents, and to some extent from natural sources (Itanna, 1998a, Aschale et al., 

2015b). As this river system and the reservoir are near to the fast-growing Addis Ababa 

city, it is most likely that domestic and industrial wastes from various sources could 

elevate the level of mercury. Thus, anthropogenic sources of mercury in the study area 

might include: electronic waste, precious metal refinement by local welders, chemical 

processing, and release of wastes contaminated by batteries, dental amalgam, 

thermometers, barometers, and electrical switches which would increase the level of Hg 

(Mekonnen et al., 2012, Martinez-Finley and Aschner, 2014). 
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Figure 26. Comparison and seasonal variation of THg in sediment samples obtained from 

Great Akaki River (GAR), Little Akaki River (LAR), Aba Samuel Reservoir and 

downstream to the reservoir in 2016-2017 

 

In this study, total mercury has been detected at all the sampling sites including the control 

sites, suggesting the possibility of mercury pollution from both natural and anthropogenic 

sources. Higher concentrations of THg were detected in sediment samples from LAR than 

that of GAR, which could have originated from numerous industries and wastes from 

municipal and agricultural sources found at the bank of LAR (Kwaansa-Ansah et al., 

2012, Aschale et al., 2015b). Mercury concentrations in Aba Samuel reservoir sediment 

were higher than the values obtained from GAR and downstream to the reservoir in both 

seasons (Figure 26). No other research result for the values of THg in sediment was done 

in the reservoir.  

As Ethiopia does not have guidelines for mercury concentration in sediment samples, 

results were compared with the international guidelines. The total mercury concentration 

in all the samples was below the United States Environmental Protection Agency (US 

EPA) guideline, which is 200 g/kg for sediment (US EPA, 2000a). However, it is critical 

to continuously monitor the level of mercury released from natural and anthropogenic 

sources so as to put in place regulatory actions for reducing its impact on health and the 

environment (Mekonnen et al., 2012). 
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4.4.3. Total mercury levels in the fish  

 

4.4.3.1.The THg levels of Clarias gariepinus from Aba Samuel Reservoir and its 

seasonal distribution 

In rivers and reservoirs, fish is one of the most suitable bio-indicators for monitoring 

aquatic pollution due to their existence at the top of the food chain and their tendency to 

concentrate contaminants like Hg from water and sediments. Clarias gariepinus, the 

fastest growing fish species in African inland waters, is commercially exploited species of 

fish (Deribe et al., 2014b). Nevertheless, there are few studies published about the level of 

total mercury and other contaminants in the muscle of this fish species (Dsikowitzky et al., 

2013, Udiba et al., 2014). After rehabilitation of the Aba Samuel dam in 2016, fishing is 

becoming a common activity for residents living near the Reservoir and the availability of 

the fish, especially Clarias gariepinus, is increasing from time to time. However, the 

reservoir receives a constant input of wastewaters and solid wastes from the upstream 

Addis Ababa city which makes the Reservoir unsuitable for fish production. The length 

and weight of the fish are important parameters for explaining the concentration of THg in 

fish  (Rognerud et al., 2002). Table 18 below presents a range of body weight, total length 

and the average of THg levels in the muscle of Clarias gariepinus collected from Aba 

Samuel Reservoir in dry and rainy seasons. In this study, muscle samples with average 

levels of THg contamination of 669 g/kg dry wt in the dry season and 598 g/kg
 
dry wt 

in the rainy season were recorded. As the study shows, older fish accumulated more 

mercury than the younger fish. Therefore, the consumption of old Clarias gariepinus with 

high-fat content may pose consumers to a possible health hazard. Children and pregnant 

women of the local community, especially the local subsistence fishermen and their 

families are the most vulnerable population sub-group. In comparison to the sediment 

samples, the concentration of THg in fish tissue from Aba Samuel Reservoir was 

significantly higher. This is because Hg is well known for its bioaccumulation and 

biomagnifications (Williams et al., 2011), and also metabolized slowly (Burrini and 

Cagnini, 1997). Thus, a small amount of Hg in water and sediment will get accumulated 

and then biomagnified to biota in the long term. 
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Table 18. Range of body weight and total length, and the mean and range of total mercury 

concentrations, for Clarias gariepinus from Aba Samuel reservoir 

 

Season N Body weight 

 (g, wet wt) 

Min-max 

Total length (cm) 

Min-max 

THg concentrations (g/kg, dw, n=3) 

Average ±s. d. (min-max) 

Dry 18 63.9-1406 21-83 669±0.001 (360-924) 

Rainy 18 500-1600 37.5-56.0 598±0.001 (325-1233) 

 

 Correlation analyses between Hg concentrations of the tissue and the length and weight of 

Clarias gariepinus revealed positive associations irrespective of the season of capture, 

indicating that Hg levels tend to increase over time during the growth of the fish (Canli 

and Atli, 2003, Seixas et al., 2012). This implies that aged fish accumulate more Hg than 

the younger fish. The increasing concentration of THg in relation to length and weight was 

also observed in fishes from different ecosystems (Farkas et al., 2003, Costa et al., 2009, 

Tadiso et al., 2011, Arantes et al., 2016).  

 Bioaccumulation of mercury was evident in the present study as the level of THg was 

much higher in fish than in sediment samples. The bioaccumulation factor of Clarias 

gariepinus in the dry season was twice higher than the rainy season. Variation of 

physicochemical parameters such as temperature could be the reason for the observed 

variations. The higher temperatures in the dry season result in higher activity and 

ventilation rates in fish and tend to lower oxygen affinity to the blood and thus increase 

the rate of pollutant accumulation (Obasohan 2008).  Higher temperature could also lead 

to higher metabolic rates, which could induce more feeding and this, in turn, result in 

increased metal concentration. In general, bioaccumulation of any trace metal is a factor of 

absorption, ingestion and excretion, metal concentration and bioavailability as well as 

physical factors (Gagnon and Saulnier, 2003). 
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4.4.3.2.Assessment of mercury risk, comparisons with other geographical locations 

and the way forward 

National and international regulatory agencies have set limits for mercury concentrations 

in fish considered unsuitable for human consumption. Thus the Codex Alimentarius 

Commission sets the maximum level of mercury in fish at < 500 g/kg wet wt 

(FAO/WHO, 2014). In order to compare our results; the guideline value was transformed 

from wet wt to dry wt. Taking into account that the average dry wt content of our analyzed 

fish was 17.5% of the wet wt, the THg concentrations found in our study (669 g/kg dw in 

the dry and 598 g/kg dw in the rainy seasons) were below this limit of 500 g/kg wet wt 

which corresponds to approximately 2850 g/kg dw. Generally, the muscle of Clarias 

gariepinus from the study area is not hazardous to human health with respect to Hg. 

However, Hg is one of the carcinogenic elements, even at low concentrations. Excessive 

exposure of Hg is associated with damage to the central nervous system (neurotoxicity) 

and the kidney (WHO, 2007). 

The results of THg in Clarias gariepinus from this study were compared to other African 

water bodies.  To the best of our knowledge, no study was carried out about Hg levels in 

fish from Aba Samuel Reservoir. The THg concentrations for Clarias gariepinus in this 

study (669 g/kg dry wt in the dry season) seem to be slightly higher than results reported 

from other Ethiopian lakes such as Lake Awassa (257 g/kg dry wt) (Dsikowitzky et al., 

2013), lake Koka (268 g/kg dry wt) (Dsikowitzky et al., 2013) and Lake Ziway (89.5 

g/kg) (Dsikowitzky et al., 2013). As Aba Samuel Reservoir is downstream to the Addis 

Ababa city and below many industrial establishments responsible for the emission of 

traces of Hg into the environment, the THg level is greater than other freshwater bodies in 

Ethiopia. Results from other locations indicated that this fish species has shown low Hg 

levels in most African lakes, but the level of THg is increasing in some urban and mining 

areas  in Tanzania (2 250 g/kg dry wt) (Van Straaten, 2000) and Nigeria (17 790 g/kg 

dry wt) (Wayah and Gadima, 2015).  Because mercury is distributed globally and its 

release from one country has the potential to be a component of deposition in another, it is 

critical that an understanding of the amount released from natural and anthropogenic 
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sources as well as the potential transport, deposition and recycling so as to put in place 

regulatory actions for reducing its impact on health and the environment. 

Once mercury is deposited in the aquatic system from any point and non-point sources, 

depending on the depth and oxygen content of waters, Hg
2+

 and mercury sulfide (HgS) 

can be transformed by methanogens and sulfate-reducing bacteria to methyl mercury 

living in sediments (Gilmour et al., 1992, Schäfer et al., 2010). Because methyl mercury 

has higher bioavailability than elemental and inorganic mercury compounds, and it is 

highly lipid soluble, it can diffuse out of the cell and can accumulate in waters where it 

can be absorbed by bottom feeders such as fish (Martinez-Finley and Aschner, 2014).  

In relative terms, organic mercury is neurotoxic to humans when its concentration exceeds 

a certain threshold (WHO, 1990). Thus, investigating the speciation of mercury (mainly 

organic mercury) in sediment and fish is strongly recommended. Secondly, the current 

study was concentrated on length and weight based examination of total mercury in the 

edible part (muscle) of Clarias gariepinus. However, studies reported the distribution of 

metals like mercury in different organs such as the liver, kidneys, heart, gonads, bone, 

digestive tract and brain. In addition, the sex of the fish can influence mercury uptake rate 

(Zhang et al., 2012). Therefore, sex and organ based mercury determination are 

recommended to evaluate the current environmental status of the study area.  
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4.5. Distribution and ecological risk assessment of trace metals in surface sediments 

from Akaki River Catchment and Aba Samuel Reservoir, Central Ethiopia 

4.5.1. Quality assurance and control 

Mean recovery rates of the 4 metals from the certified reference material (ISE-952) were: 

Zn, 100.52%; Fe, 106.69%; Mn, 118.52%; Cu, 74.14%. The limit of detection (LOD) 

based on three times the standard deviation (3) of the blank and the limit of 

quantification (LOQ) based on ten times the standard deviation (10) of the blank for the 

ICP-OES were calculated for each analyte ions. The results are summarized in Table 19. 

The LOD was found to be in the range of 0.07-1.06 mg/kg, whereas LOQ ranged between 

0.23 and 3.52 mg/kg.  

Table 19. LOD and LOQ values (mg/kg) of elements analyzed by ICP-OES. 

Element Cd Cr Cu Fe Pb Mn Ni Zn 

LOD 0.11 0.30 0.07 0.78 0.23 1.06 0.55 0.08 

LOQ 0.35 1.00 0.23 2.60 0.77 3.52 1.83 0.27 

4.5.2. Concentrations of trace metals in sediment samples 

Tables 20 and 21 show the mean concentration of 8 trace elements in sediment samples 

collected from the study area in dry and rainy seasons. As it is possible to observe from 

the Table the concentration of trace metals varies in the order of 

Mn>Fe>Pb>Cr>Zn>Ni>Cu>Cd in the dry season and Mn>Fe>Pb>Cr>Ni>Zn>Cu>Cd in 

the rainy season. In both seasons, a similar pattern was observed.  In both seasons, the 

minimum concentration was observed for the known toxic elements (such as Cd and Cu) 

while the highest concentration is observed for Mn and Fe. Iron and manganese pollution 

of the catchment area possibly arises from effluents from iron and steel manufacturing 

industries established in the Akaki River system (Melaku et al., 2007). It could also be 

related to the geological sources in addition to anthropogenic inputs (Alemayehu, 2006). 

The geology of the Addis Ababa area is characterized by basaltic volcanic rocks with 

minor amounts of Quaternary alluvial sediment(Gizaw,2002). 
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Table 20. Mean concentrations of trace metals (mean±SD, mg/kg dw, n=3) in sediment samples collected from the Akai River 

catchment and Aba Samuel Reservoir in the dry season 

 

No. Area Cd Cr Cu Fe Pb Mn Ni Zn 

S1 GAR at Entoto Kidanemihiret 

Monastery 

2.5±0.12 22.0±1.11 5.7±0.03 436.4±0.37 145.6±0.34 423.5±0.68 18.4±1.15 17.6±0.12 

S2 GAR at Tirunesh Beijing Hospital 2.6±0.16 28.4±1.19 3.6±0.01 844.8±2.93 134.1±5.34 1103.9±8.55 26.3±0.90 18.6±0.10 

S3 GAR below Akaki town 2.6±0.14 23.1±1.23 3.2±0.01 557.0±1.21 133.3±4.68 576.9±2.47 20.7±0.98 29.1±0.17 

S4 LAR above Gefersa Reservoir 2.9±0.16 16.2±1.38 1.6±0.01 406.4±2.66 124.4±3.57 373.3±2.79 15.6±1.64 7.0±0.05 

S5 LAR at Lafto Bridge 2.7±0.16 26.9±1.24 15.3±0.09 579.3±1.19 170.8±5.04 669.6±3.66 26.2±1.18 59.4±0.25 

S6 LAR at Jugan kebele 2.1±0.17 43.7±1.66 2.2±0.03 539.1±2.57 256.4±7.33 1319.2±10.51 36.2±1.37 5.2±0.04 

S7 Below the confluence point of GAR 

and LAR 

2.6±0.12 26.3±1.29 5.7±0.05 478.5±4.22 152.7±3.50 464.8±0.90 21.7±0.97 13.7±0.08 

S8 Reservoir at the midpoint 2.6±0.17 27.7±1.45 5.2±0.01 492.1±2.48 128.5±2.80 591.7±3.17 22.9±1.62 4.0±0.02 

S9 Reservoir above the Dam 2.7±0.15 21.0±1.20 2.6±0.01 437.3±3.26 129.1±4.48 335.5±1.62 20.4±1.45 6.2±0.02 

S10 Aba Samuel Reservoir at the outlet 2.5±0.17 31.4±1.35 4.0±0.19 818.4±3.59 145.4±1.41 1061.5±0.90 25.4±1.20 12.5±0.06 

S11 Reservoir 1000m downstream 2.8±0.13 32.1±1.23 7.4±0.02 539.9±3.83 171.2±1.31 522.0±3.11 26.3±1.40 110.0±0.55 
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Table 21. Mean concentrations of trace metals (mean±SD, mg/kg dw, n=3) in sediment samples collected from the Akai River 

catchment and Aba Samuel Reservoir in the rainy season 

 

No. Area Cd Cr Cu Fe Pb Mn Ni Zn 

S1 GAR at Entoto Kidanemihiret 

Monastery 

2.6±0.20 18.3±1.02 2.1±0.01 472.0±2.38 111.5±1.09 552.4±1.94 14.6±0.98 10.3±0.02 

S2 GAR at Tirunesh Beijing Hospital 2.8±0.13 29.4±1.17 2.4±0.02 1094.9±2.99 114.4±1.77 1531.4±3.77 24.0±1.16 19.8±0.02 

S3 GAR below Akaki town 2.8±0.15 21.9±0.80 3.3±0.03 536.9±1.52 122.5±1.29 467.1±3.44 20.7±1.34 22.2±0.18 

S4 LAR above Gefersa Reservoir 3.1±0.17 28.7±1.39 4.5±0.01 1442.0±10.23 101.4±3.10 1833.4±11.63 23.1±1.09 25.7±0.11 

S5 LAR at Lafto Bridge 2.6±0.15 22.6±0.91 5.3±0.01 415.2±3.35 125.9±2.96 385.1±2.84 19.9±1.84 20.1±0.09 

S6 LAR at ugan kebele 2.5±0.14 22.8±1.38 6.2±0.03 442.5±3.12 133.7±0.17 422.5±1.58 19.9±1.54 31.1±0.05 

S7 Below the confluence point of 

GAR and LAR 

2.9±0.16 23.4±1.22 2.2±0.01 524.2±1.44 132.6±3.05 392.1±1.56 21.2±1.63 4.8±0.04 

S8 Reservoir at the midpoint 2.6±0.18 26.0±1.18 2.5±0.02 551.8±1.63 127.4±2.10 541.4±2.20 20.9±1.13 38.2±0.21 

S9 Reservoir above the Dam 2.7±0.13 22.9±0.96 2.5±0.02 481.2±3.93 133.0±2.10 393.4±2.13 19.7±1.19 17.2±0.03 

S10 Reservoir at the outlet 2.7±0.14 23.8±1.07 3.6±0.01 499.1±1.16 132.7±3.33 431.8±1.42 21.7±1.02 18.2±0.02 

S11 Reservoir 1000 m downstream 2.5±0.13 29.1±1.14 2.4±0.02 541.2±1.81 131.0±4.75 546.4±2.37 20.6±0.92 14.4±0.04 
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4.5.2. 1.Comparison of the concentrations of trace elements with other freshwater 

ecosystems 

Table 22 compares the results obtained from Akaki River Catchment and Aba Samuel 

Reservoir and those from other freshwater ecosystems to understand the extent of trace 

metal pollution of the study area. A comparison between a study in LAR (Aschale et al. 

2016) and this study indicates that samples from the latter showed higher concentrations 

of Cd and Pb but lower average concentrations of Cr, Cu, Fe, Mn, and Zn. The Pb 

contamination in the sediments of this study was relatively higher than values from all the 

other studies. The concentrations of Cd, Cr, and Ni were within the ranges observed in the 

other polluted sediments. The levels of Cu and Zn were generally lower than the values 

for other sediments. Overall, this comparison indicated that there was a high accumulation 

of trace metals in the sediments of Akaki River and Aba Samuel Reservoir and that it 

requires special care and environmental management interventions such as proper waste 

collection, treatment, and disposal.   
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Table 22. Average trace metals contents (mg/kg) in sediment from Akaki River catchment 

and Aba Samuel Reservoir compared with aquatic environments from Ethiopia and other 

parts of the world. 

 
a
average of three sampling stations in the dry season was taken 

 

 

4.5.2.2. Spatial distribution and seasonal variations  

The spatial distribution of trace elements in the river and reservoir sediment depends on 

many factors including the distance of the element sources to the Reservoir, the chemical 

characteristics of the element and the hydrological conditions of the river and Reservoir 

system (Zhang et al., 2013). The level of trace elements in surface sediments of Akaki 

River catchment and Aba Samuel Reservoir is shown in figures 27 and 28. In order to 

better understand the distribution and seasonal variation of trace metals, the study area 

was divided into four regions: GAR, LAR, Reservoir, and downstream to the Reservoir. 

Statistical analyses of the results (p<0.05) indicated that there were no significant spatial 

variations of the trace metal among the sampling stations in both seasons except Pb.  

Location  Cd Cr Cu Fe Pb Mn Ni Zn References 

Aba Samuel  

Reservoir, Ethiopia
a
 

2.6 25 4.5 469.3 136.8 464 20.6 10 This study 

GAR, Ethiopia
a
 2.6 24.5 4.2 612.7 137.7 701.4 19.8 21.8 This study 

LAR, Ethiopia
a
 2.6 28.9 6.4 508.3 183.9 787.4 21 23.9 This study 

LAR, Ethiopia 0.2 262.1 32.0 30475.2 45.4 1089.1 31.2 108.6 (Aschale et al., 

2016) 

Lake Awassa, Ethiopia 0.2 8.3 8.7 - 15.7 - 20.2 93.8 (Yohannes et al., 

2013) 

Lake Ziway, Ethiopia - 32.8 31.1 - 39.9 - 14.2 30.3 (Mekonnen et al., 

2015) 

Awash River Basin, 

Ethiopia 

2.6 120.6 79.4 - 13.5 - 89.5 382.7 (Dirbaba et al., 

2018b) 

Lake Victoria, 

Tanzania 

2.5 11.0 21.6 - 29.6 - - 36.4 (Kishe and 

Machiwa, 2003) 

Buriganga River, 

Bangladesh 

1.5 173.4 344.2 - 31.4 - 153.3 481.8 (Mohiuddin et al., 

2015) 

Tembi River, Iran 14.5 42 51.5 232 182 409 87.8 35.0 (Shanbehzadeh et 

al., 2014) 

Lijiang River, China 1.72 56.4 38.1 - 51.5 - - 142.2 (Xu et al., 2016) 

Ergene River, Turkey - 160.0 65.0 26935 99.0 356.0 64.0 177.0 (Halli et al., 2014) 
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The concentration of Pb varied significantly from upstream to the downstream area in both 

seasons (p=0.02). Dry season trace metal concentrations were slightly higher than the 

rainy season for Pb, Cr, Zn, Ni, and Cu. This might be attributed to the lower dilution 

process in the dry season than in the rainy season. During the dry season, the highest 

concentrations of Cr, Pb, Mn, and Ni were observed at S6 and Cu at S5 (Figures 27 and 

28). Both sampling sites lie along the Little Akaki River (LAR), which is in agreement 

with the previous results (Melaku et al., 2007, Akele et al., 2016). The average levels of 

Mn and Fe were higher in the rainy than in the dry season which might be attributed to the 

anthropogenic and geologic inputs (Alemayehu, 2006). It is presumed that pollutants from 

GAR and LAR finally ended up at the Aba Samuel reservoir. However, the levels of most 

trace metals investigated were lower at the Aba Samuel Reservoir (S7, S8, and S9) than 

the upstream areas (Figures 27 and 28). The relatively lower concentration of sediment-

bound trace metals in the Reservoir might have been due to less accumulated metals in the 

sediment because Reservoir was rehabilitated in 2016. Furthermore, the natural processes 

that can attenuate the concentration of the chemicals/ pollutants on their pathway (mixing, 

dilution, volatilization and biological degradation) might have contributed to the 

attenuation. 
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Figure 27. Mean levels of trace metals in sediment (mg/kg dry weight) collected on GAR, 

LAR, Aba Samuel Reservoir and downstream to the Reservoir. A for Cu and Cr; B for Ni 

and Cd 
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Figure 28. Mean levels of trace metals in sediment (mg/kg dry weight) collected on GAR, 

LAR, Aba Samuel Reservoir and downstream to the Reservoir. A for Mn and Fe; B for Zn 

and Pb 

 

 

4.5.3. Trace metals pollution sources analysis  

Correlation analysis: Pearson‘s correlation coefficients were computed to see if the 

elements were interrelated with each other in the sediment samples from the different 

sampling sites in both dry and rainy seasons. Examination of correlations also provides 

clues on the source(s) of pollution, distribution, and similarity of behaviors of trace metals 

(Zhang et al., 2013, Diop et al., 2015). Table 23 shows the correlation matrix of the 

determined elements.  A significant positive correlation was observed for Pb with Cr 

(r=0.85), Mn with Cr (r=0.81), Mn with Fe (r=0.73), Mn with Pb (r=0.60), Ni with Cr 

(r=0.97), Ni with Pb (r=0.85) and Ni with Mn (r=0.83) in the dry season. Similarly, a 

significant positive correlation was observed between Fe with Cd (r=0.75), Fe with Cr 

(r=0.67), Mn with Cd (r=0.66), Mn with Cr (r=0.66), Mn with Fe (r=0.99), Ni with Cr 
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significantly correlated with any of the studied trace metals. Significant negative 

correlations were also found between Cd with Cr (r= 0.75), Cd with Pb (r= 0.72), Cd 

with Mn (r= 0.72), Cd with Ni (r= 0.71) in the dry season and Pb with Fe (r= 0.78), 

Mn with Pb (r= 0.82) in the rainy season.  

Table 23. Correlation matrix among the different trace metals in sediment from Akaki 

River catchment and Aba Samuel Reservoir in dry and rainy seasons 

  Cd Cr Cu Fe Pb Mn Ni Zn 

Dry season Cd 1        

 Cr -0.75

 1       

 Cu 0.22 0.04 1      

 Fe -0.21 0.39 0.04 1     

 Pb -0.72

 0.85


 0.11 0.01 1    

 Mn -0.72

 0.81


 -0.12 0.73


 0.60


 1   

 Ni -0.71

 0.97


 0.13 0.43 0.85


 0.83


 1  

 Zn 0.38 0.15 0.59 0.06 0.15 -0.15 0.17 1 

Rainy season Cd 1        

 Cr 0.28 1       

 Cu -0.09

 -0.08 1      

 Fe 0.75

 0.67


 0.02 1     

 Pb -0.57 -0.19 0.03 -0.78

 1    

 Mn 0.66

 0.66


 0.02 0.99


 -0.82


 1   

 Ni 0.52 0.81

 0.12 0.61


 -0.06 0.55 1  

 Zn -0.15 0.26 0.46 0.17 -0.05 0.17 0.28 1 

 Correlation is significant at p<0.05 level (two-tailed) 

 

Cluster analysis: Altogether, 8 variables (Cd, Cr, Cu, Fe, Pb, Mn, Ni, and Zn) from 11 

sampling sites in dry and rainy seasons were subjected to the cluster analysis. The 

dendrogram derived from the cluster analysis is shown in Figure 29. In both seasons, 

similar types of clusters of the elements were observed. When we cut the dendrogram at 

an imaginary distance between 1000 and 2000 cm, it leaves two major clusters. Cluster 1 

(Cd, Cu, Cr, Ni, Zn, and Pb) and cluster 2 (Fe and Mn). From the dendrogram, there are 

two distinct source factors; one that relates to the soil/geologic inputs (which may 

introduce Fe and Mn) and another that relates to a variety of activities in the catchment 

including anthropogenic sources, which collectively contributed to the remaining metals in 

the sediment. Elements belonging to the same clusters or groups are likely to have 

originated from common sources (Faisal et al., 2014). 



124 
 

 

 

 

Figure 29. Dendrogram produced from the cluster analysis of 8 trace elements based on 

their concentrations in sediments. A in the dry season and B in the rainy season 
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4.5.4. Assessment of sediment pollution using sediment contamination indices 

Sediment contamination guidelines: after generating reliable data on the level of trace 

metals in sediment, interpretive tools are required to relate sediment chemistry 

information to the risk. To this end, numerical sediment quality guidelines (SQGs) 

established based on biological tests can be used (Macdonald et al., 1996). Most recent 

SQGs are derived from matching chemistry and toxicity data. The average concentration 

of trace metals in surface sediments and guideline values is presented in Table 24. Based 

on the guideline, the river system and reservoir were non-polluted with Cd and Cu, but 

non-to moderately polluted with Cr, Ni, and Zn. All sampling sites were heavily polluted 

with Pb.  

Chromium (Cr) contamination of the study area might have originated from one or some 

of the industries including electroplating and tannery industries, paints and inks, wood 

preservatives, textile, and refractoriness. Sediment samples at S2, S5, S6, S7, S8, S10 and 

S11 in the dry season and S2, S4, S8 and S11 in the rainy season were not appropriate for 

biota with respect to Cr. The highest concentration of Cr was observed at S6 where the 

majority of Tannery industries were located on the bank of Little Akaki River. The reason 

for the elevated concentration of Cr at S4 (control site), is not clear. The concentrations of 

Ni in the analyzed samples were within the same range or slightly higher than the 

background values for sediment quality guidelines. Ni pollution in the study area might 

arise from sources like domestic wastes, municipal sewage, electroplating coal, oil 

combustion, pigments and batteries (Aschale et al., 2017). Only one site, S11 in the dry 

season is moderately polluted with Zn. Zn pollution in the study area might arise from the 

expected sources such as textile and metal works/iron and steel works. In both seasons, all 

the sampling stations were heavily polluted with Pb. In addition to the geological sources, 

anthropogenic Pb pollution in the study area may arise as a result of activities such as 

industrial discharge from smelters, paints, and ceramics, through vehicular emissions, 

runoff from contaminated land areas and sewage effluent. The Federal Democratic 

Republic of Ethiopia (FDRE) has formulated three proclamations that are directly and/ or 

indirectly related to the environment and pollution (Mekonnen et al., 2015).  However, 

based on the results obtained in this study, the proclamations seem to have not properly 
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implemented.  The river system and reservoir need immediate attention of those trace 

metals having higher concentrations. Unless control measures are made possible, the 

situation could be worsened and affect biota in the Akaki River system and Aba Samuel 

Reservoir and downstream Awash River, which is the most productive inland river in 

Ethiopia. 

Table 24. Concentration of trace metals in sediments and its comparison with sediment 

quality guidelines (SQGs) in mg/kg dry wt 

 

Element 

This study  

mean 

This study  

range 

 

SQG non 

polluted 

 

SQG moderately 

polluted 

 

SQG heavily 

polluted Dry 

season 

Rainy 

season 

Dry 

season 

Rainy 

season 

Cd 2.6 2.7 2.1-2.9 2.5-3.1 --- --- >6 

Cr 27.2 24.4 16.2-43.7 18.3-29.4 <25 25-75 >75 

Cu 5.1 3.4 1.6-15.3 2.1-6.2 <25 25-50 >50 

Pb 153.8 124.2 124.4-

256.4 

101.4-

133.7 

<40 40-60 >60 

Ni 23.6 20.6 15.6-36.2 14.6-24 <20 20-50 >50 

Zn 25.8 20.2 4.0-110.0 4.8-38.2 <90 90-200 >200 

  

―Effects range low‖ (ERL) and ―effects range median‖ (ERM) developed by the National 

Oceanic and Atmospheric Administration are another sediment toxicity guidelines for 

trace metals and other contaminants (Long et al., 1995, Macdonald et al., 1996). ERL and 

ERM values identify threshold concentrations that, if exceeded, are expected to have 

adverse ecological or biological effects (Mekonnen et al., 2015). Based on the ERL- ERM 

range the level of Pb at S6 in LAR in the dry season could be toxic to bottom-dwelling 

aquatic organisms (Table 25), while for Cr, Cu and Ni are less than the ERL range. Some 

of the results from the sampling sites lie between the ERL-ERM range for Cd, Pb, and Ni.  

 

 

 

 



127 
 

 

Table 25.  Concentrations of trace metals in River and Reservoir sediment and its 

comparison with ERL-ERM ranges of SQGs (mg/kg, dry wt) 

 

Element 

 

ERL-ERM Range 

 

This study 

range 

Percentage of sampling sites 

<ERL-ERM 

Range 

Between ERL-

ERM Range 

>ERL-ERM 

Range 

Dry season 

Cd 1.2-9.6 2.1-2.9 - 100 - 

Cr 81-370 16.2-43.7 100 - - 

Cu 34-270 1.6-15.3 100 - - 

Pb 46.7-218 124.4-256.4 - 91 9 

Ni 20.9-51.6 15.6-36.2 36 64 - 

Zn 150-410 4.0-110.0 100 - - 

Rainy season 

Cd 1.2-9.6 2.5-3.1 - 100 - 

Cr 81-370 18.3-29.4 100 - - 

Cu 34-270 2.1-6.2 100 - - 

Pb 46.7-218 101.4-133.7 - 100 - 

Ni 20.9-51.6 14.6-24.0 55 45 - 

Zn 150-410 4.8-38.2 100 - - 

 

Geo-accumulation index 

In this study, the calculated value of the geo-accumulation index (Igeo) is presented in 

Table 26. According to the Muller scale, the calculated results of Igeo values (Table 26) 

indicated that the sediments from the 11 sampling sites were found to be in class 0, thus 

are uncontaminated with Cr, Cu, Fe, Ni, and Zn. Mn concentrations represent unpolluted 

conditions at all stations except S6 (Igeo=0.05) in the dry season and S2 (Igeo=0.26) and 

S4 (Igeo=0.52) in the rainy seasons. However, all the sediment samples were moderately 

to strongly contaminate with Cd. Similarly, sediment samples were moderate to strongly 

contaminated with Pb.  
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Table 26. Geoaccumulation index (Igeo) values of trace elements in the sediment 

 

Dry season 

Sites Cd Cr Cu Fe Pb Mn Ni Zn 

S1 2.47 -2.62 -3.57 -7.33 2.28  -1.59 -2.47 -3.02 

S2 2.53 -2.25 -4.23 -6.38 2.16 -0.21 -1.96 -2.94 

S3 2.53 -2.55 -4.40 -6.98 2.15 -1.14 -2.30 -2.29 

S4 2.69 -3.06 -5.40 -7.43 2.05 -1.77 -2.71 -4.35 

S5 2.58 -2.33 -2.14 -6.91 2.51 -0.93 -1.96 -1.26 

S6 2.22 -1.63 -4.94 -7.02 3.09 0.05 -1.49 -4.78 

S7 2.53 -2.36 -3.57 -7.20 2.35 -1.46 -2.23 -3.38 

S8 2.53 -2.28 -3.70 -7.16 2.10 -1.11 -2.16 -5.15 

S9 2.58 -2.68 -4.70 -7.33 2.11 -1.93 -2.33 -4.52 

S10 2.47 -2.10 -4.06 -6.38 2.28 -0.26 -2.01 -3.51 

S11 2.64 -2.07 -3.19 -7.02 2.51 -1.29 -1.96 -0.37 

Rainy season 

Sites Cd Cr Cu Fe Pb Mn Ni Zn 

S1 2.53 -2.88 -5.01 -7.22 1.89 -1.21 -2.80 -3.79 

S2 2.64 -2.20 -4.81 -6.00 1.93 0.26 -2.09 -2.85 

S3 2.64 -2.62 -4.35 -7.02 2.03 -1.45 -2.30 -2.68 

S4 2.78 -2.23 -3.91 -7.31 1.76 0.52 -2.14 -2.47 

S5 2.53 -2.58 -3.67 -7.40 2.07 -1.73 -2.36 -2.83 

S6 2.47 -2.57 -3.44 -7.31 2.16 -1.59 -2.36 -2.20 

S7 2.69 -2.53 -4.94 -7.06 2.14 -1.70 -2.27 -4.89 

S8 2.53 -2.38 -4.76 -6.98 2.09 -1.24 -2.29 -1.90 

S9 2.58 -2.56 -4.76 -7.18 2.15 -1.69 -2.37 -3.05 

S10 2.58 -2.50 -4.06 -7.14 2.14 -1.56 -2.23 -2.97 

S11 2.47 -2.21 4.81 -7.02 2.13 -1.22 -2.31 -3.31 
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Pollution load index (PLI)  

Pollution severity and its variation along the sites were determined with the use of 

pollution load index (PLI). This index is a quick tool to compare the pollution status of 

different sampling locations. The contamination factor values (Table 27) for Cr, Cu, Fe, 

and Ni were (<1) at all the sampling sites in both seasons indicating low contamination. 

The contamination factor (CF) of Zn represents low contamination at all the sampling sites 

except S11 (CF=1.16) in the dry season. CF values for Cd in both dry and rainy seasons 

were >6 at all the sampling sites, indicating very high contamination.  Cadmium is one of 

the highly toxic, non-essential elements. Therefore, even at low concentrations, Cd could 

be harmful to living organisms. This amount of Cd from the study area may be attributed 

to the release of chemicals from sewage and industrial wastes from the nearby Addis 

Ababa city. The CF of Pb >6 in all the sampling sites except S1 (CF = 5.58), S2 (CF = 

5.72) and S4 (CF = 5.07) in the rainy season, indicating very high contamination. The 

study area might be exposed to Pb pollution from various activities such as industrial 

discharge from smelters, paints, and ceramics, through vehicular emissions, runoff from 

contaminated land areas and sewage effluent. CF values for Mn at S2 (CF=1.30) and S10 

(CF = 1.25) in the dry season and S2 (CF = 1.80) and S4 (CF = 2.16) in the rainy season 

suggesting moderate contamination, while values of CF <1 in all other sites indicate low 

contamination. The relatively higher CF value of Mn in the rainy season is in agreement 

with the cluster analysis result that may, in turn, suggest soil runoff/geologic inputs as the 

potential source of the trace metal. The values of PLI (Table 27) were found to be 

generally low (<1) in all the studied stations. The higher value of PLI (0.59 at S5 and 0.58 

at S11 in the dry season) implies appreciable input of trace metals from anthropogenic 

sources (Table 27).  
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Table 27. Contamination factor (CF) and pollution load index (PLI) for trace elements in 

sediments 

 

Dry season                                      Contamination factor (CF) PLI 

Sites Cd Cr Cu Fe Pb Mn Ni Zn  

S1 8.33 0.24 0.13 0.01 7.28 0.50 0.27 0.19 0.39 

S2 8.67 0.32 0.08 0.02 6.71 1.30 0.39 0.20 0.48 

S3 8.67 0.26 0.07 0.01 6.67 0.68 0.30 0.31 0.40 

S4 9.67 0.18 0.04 0.01 6.22 0.44 0.23 0.07 0.27 

S5 9.00 0.30 0.34 0.01 8.54 0.79 0.38 0.63 0.59 

S6 7.00 0.49 0.05 0.01 12.82 1.55 0.53 0.05 0.41 

S7 8.67 0.29 0.13 0.01 7.64 0.55 0.32 0.14 0.40 

S8 8.67 0.31 0.12 0.01 6.43 0.70 0.34 0.04 0.34 

S9 9.00 0.23 0.06 0.01 6.46 0.39 0.30 0.06 0.29 

S10 8.33 0.35 0.09 0.02 7.27 1.25 0.37 0.13 0.47 

S11 9.33 0.36 0.16 0.01 8.56 0.61 0.39 1.16 0.58 

Rainy season Cd Cr Cu Fe Pb Mn Ni Zn PLI 

S1 8.67 0.20 0.05 0.01 5.58 0.61 0.21 0.11 0.30 

S2 9.33 0.33 0.05 0.02 5.72 1.80 0.35 0.21 0.47 

S3 9.33 0.24 0.07 0.01 6.13 0.55 0.30 0.23 0.37 

S4 10.33 0.32 0.10 0.03 5.07 2.16 0.34 0.27 0.56 

S5 8.67 0.25 0.12 0.01 6.29 0.45 0.29 0.21 0.38 

S6 8.33 0.25 0.14 0.01 6.69 0.50 0.29 0.33 0.42 

S7 9.67 0.26 0.05 0.01 6.63 0.46 0.31 0.05 0.30 

S8 8.67 0.29 0.06 0.01 6.37 0.64 0.31 0.40 0.41 

S9 9.00 0.25 0.06 0.01 6.65 0.46 0.29 0.18 0.35 

S10 9.00 0.26 0.08 0.01 6.64 0.51 0.32 0.19 0.37 

S11 8.33 0.32 0.05 0.01 6.55 0.64 0.30 0.15 0.34 
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4.6. Assessment of Trace metals in Water samples and Tissues of African catfish 

from Aba Samuel reservoir and Akaki river catchment, Central Ethiopia 

4.6.1. Trace metal concentrations in water samples 

The results on the levels of trace metals obtained from the river and reservoir water 

samples are presented in Table 28. The results obtained were compared with national and 

international standards. The concentrations of the trace metals were as follows: 0.05 to 

0.39 mg/L (Cr); nd to 0.01 mg/L (Cu); 0.27 to 3.2 mg/L (Fe); 0.02 to 1.78 mg/L (Mn); 

0.04 to 0.11 mg/L (Ni) and 0.17 to 0.31 mg/L (Zn). Cd was below detection in all 

analyzed water samples. Considering the mean concentrations in water samples, the order 

(highest to lowest) was Fe>Mn>Zn>Cr>Ni>Pb>Cu>Cd. 

Table 28. Concentrations of trace metals (mg/L) in water samples collected from Aba 

Samuel Reservoir and Akaki River catchment in January 2017 (mean ± SD. for n=3) 

 
Sample 

code 
Dry season trace metal concentration (mg/L) 

Cd Cr Cu Fe Mn Ni Pb Zn 

S1 nd 0.09±0.005

4 

0.00±0.0012 0.29±0.001

7 

0.03±0.0000

6 

0.11±0.003

3 

nd 0.31±0.000

8 

S2 nd 0.05±0.001

2 

nd 1.11±0.004

0 

1.29±0.0000

3 

0.05±0.001

9 

nd 0.19±0.001

5 

S3 nd 0.07±0.000

5 

0.01±0.0005 1.56±0.001

3 

1.37±0.0005 0.04±0.000

5 

nd 0.30±0.000

5 

S4 nd 0.07±0.002

0 

nd 0.27±0.000

7 

0.02±0.0000

5 

0.05±0.003

9 

nd 0.21±0.001

3 

S5 nd 0.05±0.001

8 

0.01±0.0002 2.78±0.001

7 

1.28±0.0005 0.07±0.001

8 

nd 0.24±0.001

9 

S6 nd 0.39±0.001

8 

0.01±0.0015 2.45±0.001

0 

1.39±0.0009 0.05±0.000

1 

nd 0.28±0.003

7 

S7 nd 0.08±0.002

8 

nd 0.97±0.000

6 

1.31±0.0005 0.07±0.001

2 

0.1±0.004

7 

0.21±0.001

7 

S8 nd 0.06±0.002

1 

0.01±0.0011 0.59±0.001

4 

1.60±0.0015 0.04±0.003

9 

0.04±0.00

44 

0.19±0.001

7 

S9 nd 0.08±0.002

8 

0.01±0.0012 3.2±0.0039

0 

0.78±0.0006 0.06±0.002

1 

nd 0.18±0.003

1 

S10 nd 0.09±0.004

4 

0.01±0.0005 2.31±0.002

9 

0.82±0.0003 0.04±0.001

4 

nd 0.17±0.000

9 

S11 nd 0.08±0.002

3 

nd 0.6±0.0003

0 

1.76±0.0005 0.07±0.000

6 

nd 0.25±0.002

2 

ES
a
 0.003 0.05 2 0.30 0.50 - 0.01 5 

EU
b
 0.005 0.05 2 0.2 0.05 0.02 0.01 - 

WHO
c
 0.003 0.05

ef
 2 - 0.40

g
 0.07 0.01 - 

FAO
d
 0.01 0.10 0.20 5 0.20 0.20 5 2 

Notes: exceedances values are in bold 
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aEthiopian standards (ES) for drinking water (2013); bEuropean union directives for drinking water guidelines (1998) 

(Ljujic and Sundac); cWorld Health Organization (WHO) for drinking water guidelines (2011); dFood and Agriculture 

Organization (FAO) for irrigation water (Ayers and Westcot 1994); eprovisional guideline value, as there is evidence of 

hazard, but the available information on health effect is limited 
fTotal Cr; gconcentration of substance at or below the health-based guideline value may affect the appearance, taste or 

odor of the water, leading to consumer complaints. 

 

Wide variations in the concentrations of trace elements were obtained spatially along the 

course of the rivers and the reservoir. With regard to the trend of metals under 

investigation from upstream (control areas) to downstream sampling stations, it was 

observed that most pollutants (except cadmium and lead) increased in concentration in 

irregular form. Pb was not detected in analyzed water samples except at S7 and S8. 

Generally, the levels of Cr and Fe were higher in LAR than that of GAR. The levels of 

most of the analyzed trace metals (Cr, Fe, Mn, Ni &Pb) in water from the Aba Samuel 

Reservoir and Akaki River catchment exceeded the permissible levels recommended by 

the ES, EU, WHO and FAO. Similar values were reported by Melaku et al (2005) and 

Aschale et al (2015) in the water samples from Little Akaki River. As the water of the 

study area is mostly used for irrigation purposes, FAO guideline was also included in the 

comparison. 

The mean Cr concentration of most of the analyzed water samples was higher than the 

guideline values of the EU, WHO, and Ethiopian drinking water standards. Chromium 

(Cr) contamination of the river system and reservoir may have originated from one or 

some of the industries in the area like electroplating and Tannery industries, paints and 

inks, wood preservatives, textiles, and refractories. Water samples from S6 were not 

appropriate for use as irrigation water with respect to Cr (Ayers and Westcot 1994). This 

site (S6) is situated below the majority of Tannery industries in the Little Akaki River 

system. The reason for the elevated concentrations of Cr at control sites (S1 and S4), is not 

obvious and might be related to geologic sources. The mean concentration of Cr in this 

study was higher than the study done by Melaku et al (2005) but comparable to the study 

done by Aschale et al (2015), which shows an increasing tendency in the pollution. 

The level of Fe in the analyzed samples increased downstream along the Little and Greater 

Akaki Rivers. Relatively, a higher level of Fe in Little Akaki River is attributed to the 

existence of industries releasing Fe and other pollutants near the shores of the river 
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system. However, as a result of the dilution effect and lower residence time, the level 

decreased slightly at the reservoir water samples. The water samples (except control sites 

S1 &S4) exceeded the permissible limit stipulated by the Ethiopian standards for drinking 

water.  With respect to the Ayers and Westcot (1994) threshold values, the river water is 

appropriate for irrigation with respect to Cu, Fe, Ni, Pb, and Zn.  

Except for the control sites (S1 and S4), the concentration of Mn in the analyzed samples 

exceeded the permissible limit stipulated by WHO, FAO, EU and Ethiopian standards for 

drinking and irrigation water. The average values obtained in this study were higher than 

the previously reported average value by Melaku et al (2005) and comparable to the study 

done by Aschale et al (2015) in Little Akaki River. This indicates that recent Mn pollution 

from any one of the industries such as distilleries, battery factory, municipal and domestic 

waste, hospital waste and discharge of untreated wastewater is evident in the area. Health 

effects associated with high uptake of Mn include liver and pancreatic malfunctioning, 

muscle weakness, kidney failure, sensory problems and inadequate testosterone levels 

(Abdul et al., 2012). The concentrations of Ni in the analyzed samples were within the 

same range as background values for WHO but most of the samples exceeded the EU 

directives. The high Ni contamination might arise as a result of one or some of the sources 

like domestic wastes, municipal sewage, multi-colored paints, electroplating coal and oil 

combustion, pigments, and batteries. All pollution sources are prevalent in the study area. 

The average results of Ni obtained in this study were higher than the previously reported 

values by Melaku et al (2005) and Aschale et al (2015). However, the values were below 

the international guideline for irrigation water (Ayers and Westcot, 1994). 

Pb was below the detection limit of the instrument in most of the water samples. In surface 

waters, lead largely accumulates in bottom sediments at concentrations about four-fold 

orders of magnitude greater than in water (Kusemiju et al., 2012). Sediments form a sink 

for Pb in freshwater and saltwater environments, with longer residence time and limited 

mobility. Indeed, this was observed in this study as discussed above regarding sediment 

sample contamination. Once settled in sediments, lead binds or reacts with the other 

chemical species and is converted into forms that are largely insoluble-such as adsorption 

on to iron and manganese containing minerals and clay minerals. The fate of lead in the 
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water column is determined by the chemical and physical properties of water, such as 

acidity or alkalinity (pH), salinity, oxidation status, flow rate, suspended sediment and 

organic and inorganic matter. This might be the probable reason for the low level of Pb in 

our water samples. In the same sampling stations, large amounts of Pb were detected in 

surface sediments. The measured values at S7 and S8 at the reservoir are higher than the 

EU, WHO and Ethiopian drinking water standards. Pb contamination of the river system 

might arise from various activities such as industrial discharge from smelters, paints, and 

ceramics, through vehicular emissions, runoff from contaminated land areas and sewage 

effluent. These values were lower than the international guideline values for irrigation 

(Ayers and Westcot, 1994).  

4.6.2. Trace metals in African catfish, Clarias gariepinus 

4.6.2.1. Concentrations of trace metals in Clarias gariepinus 

Fish are a migratory group of aquatic organisms. However, dam construction on a river 

system to create a reservoir can block fish migration. Dams constructed under reservoir 

outlets affect the water quality and thereby hindering reproduction and the number of fish 

populations. Fish are particularly vulnerable to environmental contamination in a closed 

system because they cannot escape from the detrimental effects of pollutants (Stahl et al., 

2009). They can accumulate environmental pollutants like trace metals up to a million 

times of the concentrations detected in the water column (US EPA 1992). As a result, they 

are considered as the key species in biomonitoring studies.  Clarias gariepinus as tilapia 

occurs frequently in African freshwater bodies, is commercially exploited species of fish 

(Deribe et al. 2014b). However, there are few studies about trace metal levels in the tissue 

of this fish species (Mbuthia et al. 2014) (Dsikowitzky et al., 2013, Omar, 2013, Udiba et 

al., 2014). Although the fish muscle was reported to have the lowest metal concentrations 

compared to the bone, gill, and liver, this study focuses on trace metals in African catfish 

muscle since people eat fish muscle, not others (Ashraf et al., 2012). Therefore, length-

dependent measurement of trace metals has been conducted in Clarias gariepinus muscle 

in dry and wet seasons from Aba Samuel reservoir. As Aba Samuel Reservoir receives 

industrial, municipal and agricultural wastewaters from upstream Addis Ababa city and 
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surrounding catchment areas, there is a growing concern that these trace metals will be 

accumulated in the fish and vegetables and pose a health risk to human consumers.  

 

Table 29 shows the dry and rainy season mean concentrations of trace metals in the 

muscles of Clarias gariepinus from the Aba Samuel Reservoir. The values vary strongly 

within the same season at different fish length. For example, Cr concentration in the rainy 

and dry seasons ranged between 0.93 to 8.82 mg/kg and 7.23 to 16.75 mg/kg, respectively 

(Table 29). Considering guideline values by different authorities, the levels of Cr, Mn, Ni, 

and Pb in the muscle of this fish were higher than the permissible levels. The trend of 

mean metal concentrations in composite fish muscle in the rainy season was: 

Fe>Zn>Cr>Mn>Cu>Ni>Pb>Cd. While in the dry season, the trend was: 

Fe>Zn>Cr>Ni>Mn>Pb>Cu>Cd. 
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Table 29. Mean concentrations (mg/kg) of trace metal in the muscle of Clarias gariepinus 

collected from Aba Samuel reservoir in 2016-2017 (mean ± SD for n=3). 

 
Season/ 

Pool  

number 

Cd Cr Cu Fe Mn Ni Pb Zn 

Dry season 

Pool 1 0.12±0.00

04 

9.02±0.00

52 

nd 62.42±0.013

6 

2.52±0.000

4 

4.06±0.000

9 

4.03±0

.0099 

19.79±0.0001 

Pool 2 0.09±0.00

02 

7.23±0.00

19 

nd 42.78±0.004

3 

1.67±0.000

2 

3.81±0.001

3 

nd 4.88±0.0035 

Pool 3 0.16±0.00

05 

10.84±0.0

009 

nd 66.26±0.004

2 

3.94±0.000

1 

4.94±0.000

9 

nd 20.60±0.0021 

Pool 4 0.08±0.00

03 

7.99±0.00

12 

nd 42.30±0.001

4 

1.32±0.000

2 

3.3±0.0022 nd 7.21±0.0031 

Pool 5 nd 16.75±0.0

022 

nd 95.6 ±0.0013 2.97±0.000

6 

7.7±0.0017 1.55±0

.0042 

14.03±0.0039 

Pool 6 0.16±0.00

06 

12.14±0.0

015 

2.65±0

.0013 

89.55±0.004

3 

3.29±0.000

5 

5.74±0.001

4 

nd 38.77±0.0018 

Rainy  

season 

Pool 1 0.05±0.00

02 

5.05±0.00

09 

nd 65.9±0.0042 5.22±0.000

2 

2.53±0.000

8 

nd 17.93±0.0037 

Pool 2 0.08±0.00

03 

0.93±0.00

15 

3.85±0

.0012 

61.07±0.002

5 

4.94±0.000

3 

1.07±0.002

3 

nd 27.27±0.0048 

Pool 3 0.11±0.00

03 

5.36±0.00

04 

nd 85.01±0.001

9 

3.4±0.0001 2.93±0.001

2 

5.32±0

.0224 

16.96±0.0027 

Pool 4 nd 8.82±0.00

48 

4.66±0

.0012 

85.36±0.013

9 

7.22±0.000

9 

4.09±0.000

9 

nd 29.79±0.0062 

Pool 5 nd 3.78±0.00

08 

4.93±0

.0009 

46.49±0.002

8 

2.15±0.000

2 

1.72±0.000

9 

nd 9.65±0.0022 

Pool 6 0.12±0.00

04 

3.57±0.00

18 

1.78±0

.0011 

60.17±0.018

1 

1.76±0.000

5 

2.29±0.001

1 

nd 14.88±0.0041 

WHO 1989 

(Mokhtar et 

al., 2009) 

1  30 100 1 1 2 100 

FAO/WH

O 2011 

0.2   43 5.5  1  

FAO, 1983  1       

Notes: exceedances values are in bold 

 

The average value of the levels of Cd in Clarias gariepinus in the present study (0.122 

mg/kg) was below the WHO/FAO maximum permissible limit of 0.2 mg/kg for food 

samples. This amount of Cd may be attributed to the release of chemicals from sewage 

waste from the nearby Addis Ababa wastes. Similar results were recorded at Hawassa and 

Koka lakes in Ethiopia by Dsikowitzky et al. (2013). Cadmium is one of the highly toxic, 
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non-essential elements and it does not have a role in biological processes in living 

organisms. Therefore, even at low concentrations, Cd could be harmful to living 

organisms.  

Cr and its compounds are known to cause cancer of the lungs, nasal cavity and suspected 

to cause cancer of the stomach and larynx. Industrial wastes such as Chromium pigment, 

tannery wastes, leather manufacturing wastes, and municipal sewage sludge are the main 

sources of Cr pollution. In the present study, Clarias gariepinus muscle had mean Cr 

concentrations ranging from 0.93 to 8.82 mg/kg and 7.23 to 16.75 mg/kg in the rainy and 

dry seasons respectively. These measured values were much higher than the maximum 

permissible limit of 1 mg/kg by FAO (1983) except one composite sample (pool 2) in the 

rainy season. The elevated Cr levels could be attributed to municipal and Tannery wastes 

from upstream Addis Ababa city, mainly the Little Akaki River. 

Iron is the essential element important for oxygen transport from the lungs to the tissues 

and regulation of cell growth and differentiation (Dallman, 1986). Iron was the dominant 

trace metal with an average concentration of 66.485 mg/kg in the dry and 67. 33 mg/kg in 

the rainy season (Table 29). These values were higher than the WHO/FAO maximum 

permissible limit of 43 mg/kg for catfish. Iron pollution of the river system possibly arises 

from iron and steel manufacturing industries in the Akaki River. Similar results were 

recorded at Lake Ziway in Ethiopia by Ataro et al (2003).  Consumption of fish with such  

higher amount of iron from the study area might lead to health consequences such as a 

rapid increase in pulse rate and coagulation of blood in blood vessels, hypertension, and 

drowsiness (Davies et al., 2006). 

Manganese is one of the essential elements and necessary for the formation of connective 

tissues and bone, growth, carbohydrate and lipid metabolism and reproductive function 

(WHO 2011). The average concentrations of Mn in the present study were 2.168 mg/kg in 

the dry season and 4.115 mg/kg in the rainy season. These values were below the 

WHO/FAO maximum permissible limit of 5.5 mg/kg but above the WHO (1989) 

permissible limits of 1 mg/kg (Table 29). The higher amounts of Mn in this study might 

lead to dullness, weak muscle, headaches, and insomnia (WHO 2011). Mn in fish samples 

could enter through industrial effluents from iron and steel manufacturing industries from 
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the catchment area. Similarly, Ni is an essential micronutrient required to produce red 

blood cells, but it is known to be toxic at higher levels. Elevated levels of Ni in this study 

might lead to a decrease in body weight, heart and liver damage and skin irritation. In the 

present study, the average concentration of Ni was 4.93 mg/kg in the dry and 2.44mg/kg 

in the rainy seasons. These values were above the maximum permissible limit of 1 mg/kg 

set by WHO (1989). 

Pb is classified as one of the most toxic trace metals. The mean concentrations of Pb range 

from nd- 5.32 mg/kg in the rainy season and nd- 4.03 mg/kg were measured in the dry 

season. The highest concentrations in both seasons were, however, above the maximum 

permissible limit of 2 mg/kg set by WHO (1989) and 1 mg/kg set by WHO/FAO. Studies 

indicated that muscles always possessed the lowest concentrations of trace metals as 

compared to other organs such as liver and gills (El-Moselhy et al., 2014). Lead is well 

known to accumulate in active metabolic organs such as bones, gills, liver, kidney, and 

scales (Tawari-Fufeyin and Ekaye, 2007) than the fish muscle. El-Moselhy et al. (2014) 

found the highest concentration of Pb in the fish gill than in muscle in the Red Sea, Egypt. 

It is suggested that metals accumulated in the gills are mainly concentrated from water 

(Dhaneesh et al., 2012). Thus, it would have been good to investigate Pb and other trace 

metals in different organs like liver, kidney, heart, gonads, bone, digestive tract, and brain 

for better understanding of the level of trace metal pollution of the study area. In addition, 

many factors can influence metal uptakes like sex, age, size, reproductive cycle, 

swimming patterns, feeding behavior and living environment (geographical location) 

(Canli and Atli, 2003, Zhao et al., 2012). Pb causes renal failure and liver damage in 

humans at higher levels (Anim et al., 2011). Zinc was the second dominant metal with an 

average concentration of 17.547 mg/kg in the dry and 19.41 mg/kg in the rainy season. 

Zinc concentration recorded in this study was below the WHO (1989) permissible limit 

100 mg/kg. 
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4.6.2.2. Bioaccumulation of trace metals in Clarias gariepinus 

Bioaccumulation of trace metals in fish has been reported by many researchers (Ashraf et 

al., 2012, Kumar, 2012, Desta and Weldemariam, 2013, Dsikowitzky et al., 2013, Udiba et 

al., 2014). Several studies indicated that metal bioaccumulation in fish tissues depends on 

a number of factors such as species, age, size of fish and exposure time (Idodo Umeh, 

2002) and physicochemical condition of the environment which may be altered by the 

input of wastewaters (Gagnon and Saulnier, 2003). Bioaccumulation of trace metals from 

the water was evident from the present study as the trace metal concentration was higher 

in fish than in water. This is in agreement with the findings by Reda and Ayu (2016) in 

Lake Chamo in Ethiopia. Iron concentrations were highest in the water samples and 

accordingly also highest in the fish tissue (Reda and Ayu, 2016). Cadmium concentrations 

in the water samples, in contrast, were low, and accordingly, Cd exhibited the lowest 

concentrations in the fish tissue. The bioaccumulation factor of the trace metals studied 

varied from metal to metal.  Figure 30 represents the trend of bioaccumulation factor of 

trace metals in Clarias gariepinus from the Aba Samuel Reservoir in the dry season. Mn 

did not show any trend of accumulation with that of fish length. Cr, Fe, Ni, and Zn showed 

an irregular increasing trend of bioaccumulation in Clarias gariepinus (Figure 30). The 

ranking order for bioaccumulation factor of the detected trace metals in the muscle was 

Cr>Ni>Zn>Fe>Mn.  

 

Figure 30. Bioaccumulation factor of trace metals in Clarias gariepinus collected from 

Aba Samuel reservoir, Ethiopia in 2017 
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4.6.2.3. Relationship between trace metal concentrations with fish size and seasonal 

variations 

Since one of the aims of the present study was to investigate the relationships between 

trace metal concentrations in the muscles and fish length and weight, therefore, the 

correlation between the trace metals and total length and body weight of Clarias 

gariepinus was determined and this is presented in Table 30.  

 

Table 30. Correlation between trace metal concentrations in muscle tissue (mg/kg dry wt) 

and total length (cm) or body weight (g) of the Clarias gariepinus 

 

Season Parameter Length  Weight 

Dry 

season 

Cd 0.413ns 0.415 ns 

Cr 0.536 ns 0.551 ns 

Cu 0.968* 0.984** 

Fe 0.697 ns 0.729 ns 

Mn 0.371 ns 0.376 ns 

Ni 0.548 ns 0.571 ns 

Zn 0.742 ns 0.765 ns 

Rainy 

season 

Cd 0.812* 0.692 ns 

Cr 0.092ns -0.287ns 

Cu -0.316 ns -0.439ns 

Fe -0.260 ns -0.575ns 

Mn -0.552 ns -0.781ns 

Ni 0.113 ns -0.273ns 

Zn -0.373 ns -0.569ns 

*P value significant at  = 0.05, **  = 0.001, ns-not significant 

The correlation between trace metal concentrations in the tissue and length and weight of 

Clarias gariepinus was negative in the rainy and positive in the dry seasons (Table 30). 

One possible explanation for the negative relationship between metal concentrations and 

fish length and weight of Clarias gariepinus in the present study may be the difference in 

metabolic activity between the younger and older fish. It is well known that the metabolic 
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activity of a younger fish is higher than that of the old individual (Langston, 2017). Thus, 

trace metal accumulation was shown to be higher in younger fish than the older ones. The 

net accumulation of trace metals in the fish is the result of the difference between uptake 

and depuration and this is the most important factor in metal accumulation. Douben 

(1989) also indicated that metal accumulation could reach a steady state after a certain 

age. However, this will not happen if metal concentrations in water are higher than the 

capacity of these factors. In this case, the continuous accumulation of metals may occur 

and positive relationships may be seen between fish size and metal concentration in tissue 

(Canli and Atli, 2003). Similarly, positive relationships were seen in the present study 

between trace metal concentrations and length and weight of Clarias gariepinus in the dry 

season where the level of metals was high in the water as a result of preconcentration.  

 

The seasonal variation of trace metals in fish was recorded by many authors (Dsikowitzky 

et al., 2013). In the present study; there were minor seasonal variations of the analyzed 

trace metals in the muscle of Clarias gariepinus except for Cr and Cu. This is generally 

supported in the literature as the accumulation of metals in muscle might show time 

integrated storage while the liver and gill show the present condition (Reda and Ayu, 

2016). So, it would have been interesting to include liver and gill tissue samples for the 

analyses. The average Cr concentration (10.662 mg/kg) in the dry season was much higher 

than (4.585 mg/kg) in the rainy season. Apart from other factors, a higher concentration of 

Cr in the dry season was attributed to the high temperatures associated with the dry 

season. Higher temperatures result in higher activity and ventilation rates in fish and tend 

to lower oxygen affinity to the blood and thus increase the rate of pollutant accumulation 

(Obasohan, 2008).  The higher temperature could also lead to higher metabolic rates, 

which could induce more feeding and this, in turn, result in increased metal concentration. 

The second reason for the seasonal variability of Cr in fish muscle might be due to the 

fluctuations of the amounts of industrial and municipal discharges from electroplating, 

paints and inks, wood preservatives, textiles, refractories, metal painting, and leather 

tanning industries rich in Cr levels. All these industries are available in the study area. 



142 
 

In general, the study area serves as a receptor for domestic, agricultural and industrial 

wastes rich in trace metals. From the values recorded in this study, continuous 

consumption of fish from the Aba Samuel Reservoir may cause serious health effects for 

those residents that catch fish for their diet. However, toxicity data for many of these 

metals are not available, and the risk of chronic health effects from possible long term 

exposure to the metals is not fully known (Yard et al., 2015). At moderate concentrations 

of metals, visible health impacts may not be seen. But long term exposure of these metals 

will have deleterious effects on humans. In order to better understand the health risks 

associated with exposure of these trace metals, detailed dietary survey, and continuous 

biomonitoring investigations are recommended.  

The dry season metal concentrations in fish muscle in our study were compared to those of 

other African water bodies. Most of the levels of trace metals investigated in our study are 

in the same range as indicated in other studies in Africa. To our knowledge, no study was 

carried out about trace metals in fish at the Aba Samuel reservoir, so the comparison was 

made with other water bodies in Ethiopia. Comparison of the measured trace metals in the 

muscle of Clarias gariepinus with related studies indicated that the concentration of Cu 

and Mn in the present study were comparable; but Fe and Ni values were above and Cd 

and Zn values were below the values reported by Ataro et al (2003) at Lake Ziway, 

Ethiopia. Similarly, the concentrations of Cd were lower than the values reported by 

Mbuthia et al. 2014 and  Reda and Ayu 2016; but comparable to the study done by 

Dsikowitzky et al (2013) and Udiba et al (2014). The concentration of Pb in this study was 

comparable to the value reported by Gebremedhin and Berhanu (2015) at Lake Ziway, 

Ethiopia (Gebremedhin and Berhanu, 2015).  In addition, the concentration of Zn was 

comparable to the study done by Anim et al. (2011); but lower than the values reported by 

Omar and Ibrahim, 2013 in Assiut, Egypt (Omar, 2013).  
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. Conclusions 

The main purpose of this doctoral thesis was to generate up-to-date data on the spatial and 

seasonal variation and contamination levels of OCPs, PCBs and trace metals in surface 

sediments and fish from Akaki River catchment and Aba Samuel Reservoir, Central 

Ethiopia. This study is the first to report the levels of OCPs, PCBs and trace metals 

including Hg, Cd, Cr and Pb and covering a relatively large area in and outside Addis 

Ababa. The obtained results positively contribute to the understanding of the 

contamination level of the catchment area and the associated impacts on the environment 

and food chain. Considering the thesis‘ objectives and results, we came up with the 

following conclusions: 

 From the study of sediment quality of the study area, increased anthropogenic 

impacts possibly associated with industrial effluent, domestic wastes and 

agricultural activities were detected from up to downstream of the river system. 

The present findings highlight that the pollution state of LAR is more than the 

other regions (GAR, Reservoir and downstream to the Reservoir) for most of the 

analyzed pollutants. 

 Investigation of OCPs in sediment and fish samples from Akaki River catchment 

and Aba Samuel Reservoir revealed that residues of these pollutants are available 

in varying amounts. Lindane in the dry season and p‘-DDT, p,p‘-DDE, p,p‘-DDD, 

,-endosulfan, heptachlor epoxide (B) and dieldrin in the rainy season were 

detected in sediment samples. From the results of lindane and DDTs, it is possible 

to conclude the current use of these contaminants in the studied regions. Ecological 

risk assessment of the analyzed OCPs using sediment quality guidelines showed a 

greater possibility of higher ecological hazards from DDT residues. In addition, 

metabolites of DDT (P,p‘-DDE and P,p‘-DDD), lindane and dieldrin were the 

OCPs identified in fish muscle and liver. Comparing the concentrations of the 

present study with international existing limits indicated that 83% of fish samples 
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in both dry and rainy seasons from Aba Samuel Reservoir were above the 

permissible limits with respect to DDTs (14.4 g/kg ww, USEPA (2000)), 100% 

of our fish samples in the dry season and 17% of fish samples in the rainy season 

were found to be overloaded with lindane (10 g/kg ww, European Union). 

 Among the indicator PCBs, the analyzed sediment samples show the presence of 

PCB-52, PCB-101 and PCB-118 in the dry and all indicator PCBs (PCB-28, PCB-

52, PCB-101, PCB-118, PCB-138, PCB-153, and PCB-180) in the rainy season.  

In fish samples, only PCB-118 in muscle and PCB-153 in the liver were detected 

in the dry season. The distribution of PCB congeners in the sediment and fish from 

Akaki river catchment and Aba Samuel Reservoir showed a predominance of 

highly chlorinated PCB congeners. A low level of higher chlorinated PCB 

congeners accumulation suggests a point source contamination. The ecological risk 

assessment of the detected PCBs using standards indicated that the levels of total 

PCB concentrations at all sites in sediment were below the limit. However, dry 

season fish samples showed higher than the maximum residual limits and thus 

there is a possibility of potential risks for public health and environment. 

 Our results showed that THg concentrations were below the US EPA guideline of 

200 g/kg dw in sediment and the FAO/WHO value of 500 g/kg wet wt for fish. 

THg levels were also increased from upstream to downstream areas, suggesting 

localized and diffused inputs of mercury emission from agricultural, industrial and 

urban effluents from the Addis Ababa city, and to some extent natural sources. The 

average levels of THg in Clarias gariepinus were 669 g/kg dw in the dry and 598 

g/kg dw in the rainy seasons. Generally, the relatively lower level of THg in this 

study suggests that the Akaki River catchment and Aba Samuel Reservoir has not 

yet been significantly impacted by Hg contamination. However, THg levels in 

Clarias gariepinus from Aba Samuel reservoir were above the previously reported 

values from other freshwater bodies in Ethiopia. 

 From the result, it can be concluded that the catchment area has a high influx of 

trace metals as a result of uncontrolled urbanization, industrialization, poor 

sanitation and uncontrolled waste disposal from municipal, industrial and 

agricultural sources in the upstream Addis Ababa city. Ecological risk assessment 
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using the USEPA guideline, Igeo, CF and PLI revealed the widespread sediment 

pollution by Cd and Pb. These were followed by Mn, Ni, and Zn. Hence, a high 

level of trace metals in sediments probably have adverse effects on the bottom-

dwelling aquatic organisms as well as to the health of the people who depend on 

the water for various activities. The high levels of trace metals in fish in 

comparison to sediment and water suggested that the fish were capable of 

accumulating the metals in their bodies from the aquatic environment which is a 

great concern for human health as a result of fish consumption.   

 

5.2. Recommendations 

This thesis provided up to date data on season based OCPs, PCBs and Trace metals 

concentrations in surface sediments and fish at Aba Samuel Reservoir and Akaki River 

catchment, Central Ethiopia. Based on observations in this study, the following 

recommendations are made for future considerations: 

 Aba Samuel Reservoir was rehabilitated in 2016 and thus the residence time of the 

sediment is very short. Therefore, this monitoring study presented the earliest set 

of environmental monitoring data with respect to the Reservoir. Thus, future 

studies should include sediment core samples that can reflect contamination 

history. Furthermore, we took sediment and fish samples at the shore of the 

reservoir due to the lack of sampling boat. Thus, future studies better include 

samples from different regions of the reservoir. 

 Escalation of comprehensive and long term monitoring of these pollutants (OCPs, 

PCBs and trace metals) and other emerging contaminants like dioxins, furans, 

PBDEs, PFOSs, etc in water, sediment and biota are still an urgent requirements. 

Getting site-specific levels of these contaminants is also very important in order to 

understand point sources inputs and suggesting the corresponding mitigation 

measures. Studies related to transport, exposure and inter-media partitioning of 

these pollutants are important areas of research for understanding the behavior of 

each pollutant.  
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 The current study was concentrated on length and weight based examination of 

these contaminants in the edible part (muscle) of Clarias gariepinus. However, 

studies reported the distribution of OCPs, PCBs and trace metals in different 

organs such as the liver, kidneys, heart, gonads, bone, digestive tract and brain. In 

addition, the sex of the fish can influence contaminant uptake rate. Therefore, sex 

and organ based determination of pollutants is recommended to evaluate the 

current environmental status of the study area.  

 In order to understand the potential health risks associated with these and other 

pollutants, different samples should be taken along the food chain including human 

blood and milk. With regard to the results of the study on Clarias gariepinus at 

Aba Samuel Reservoir, regulators need to make available this information to the 

public and provide fish consumption advice to the most vulnerable population sub-

groups, (children and pregnant women of the local people, especially the local 

subsistence fishermen and their families).   

 One of the bottlenecks for environmental monitoring of OCPs, PCBs and Hg and 

other emerging contaminants in Ethiopia, is the lack of well-equipped laboratory. 

Thus, establishing state –of –the art laboratory that is accessible to professionals is 

very vital for the full implementation of the Stockholm convention and saves the 

terrestrial and aquatic ecosystem. 

 Finally, follow-up and support to all industries/ factories from the concerned 

government body is vital so that they can generate periodic effluent quality data as 

per the emission limits. Addis Ababa city municipality has to give emphasis on the 

proper collection, transport and safe disposal of domestic wastes (solid and liquid). 

For this, raising the awareness of environmental issues among investors, city 

administrators, and the community on handling and safe disposal of harmful 

household, industrial and municipal wastes is critical so that they do not dump 

these wastes in rivers or streams. Furthermore, formulation and implementation of 

country-specific limit the pollutants in environmental and biological media are 

strongly recommended to preserve the living resources in the aquatic and terrestrial 

environment. 
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Annexes. Representative chromatograms of standards and real samples 
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Annex 1. Chromatogram of OCPs, PCBs, surrogate (TCMX) and internal standard (PCB-

155) with SIM mode. 

 

1. TCMX                        6. PCB-155               11.  PCB-118               16. PCB-138 

2. Lindane                       7. PCB-101               12. p, p‘-DDT               17. PCB-180 

3. PCB-28                      8. Endosulfan             13.   p, p‘-DDD                    

4. PCB-52                      9. p, p‘-DDE               14. PCB-153 

5. Heptachlor                 10.  Dieldrin               15.  Endosulfan sulfate 
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Annex 2. Extract ions of p,p‘-DDT, p,p‘-DDE and p,p‘-DDD 
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