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ABSTRACT 

 

Most industries, such as electroplating, textile, fertilizer, batteries, leather, and others in less 

developed countries discharge huge volumes of untreated wastewater into water bodies. The 

industrial wastewater may contain toxic chemicals in excess of the threshold level which when 

released into the environment, particularly to the aqueous environment; significantly degrade the 

quality of the water thereby affecting river health substantially and subsequently human health. 

There are several techniques for removing toxic chemicals such as ion exchange, membrane 

filtration, adsorption, irradiation, chemical and biological treatments. However, the adsorption 

method is believed to be the best option because it is cost-effective, simple and easy to operate, 

and is efficient and environmentally friendly. Accordingly, this method is a preferable option for 

developing countries like Ethiopia, where advanced treatment technologies for high volumes of 

toxic industrial wastewater are unaffordable.  

 

Numerous investigations have been conducted to explore the use of low-cost locally available 

materials for the adsorptive removal of ions of toxic chemicals from industrial wastewater. 

Similarly, the present study will investigate the technological viability of low-cost materials, 

such as coffee husk ash, soil rich in kaolinite-magnetite and soil rich in kaolinite-ferrinatrite for 

the adsorptive removal of copper, lead, cadmium and chromium from industrial wastewater. The 

experimental investigations will be conducted under batch and fixed bed column adsorption 

setups to assess the effect of different experimental parameters and optimize these design 

parameters for maximum removal efficiency. 
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1. INTRODUCTION 

 

About 97.5% of all water on earth is salt water and the remaining 2.5% is fresh water. Around 

70% of fresh water is frozen in the Antarctica and Greenland icecaps. Only 1% of the earth’s 

fresh water is accessible for extraction and human use (Corcoran, 2010). Water is important for 

life and for processing various materials in industry. Living organisms cannot exist without 

water, and almost all industries require water to operate. However, in the 21st century the 

growing population and industrial sector have contributed significantly to a reduction in quality 

of water and its availability through discharge of untreated wastewater to the environment; thus 

becoming the concern of many nation across the world (Kapanji, 2009; Sato et al., 2013).  

 

Globally, every day more than two million tons of liquid waste are released from point and non-

point sources into both subsurface and surface water bodies without treatment (Corcoran, 2010). 

For example, in 2011 Egypt generated 8.5x109 m3 of wastewater, out of which 56% was treated, 

while the rest of it was discharged without treatment (Sato et al., 2013). Ghana and Morocco 

have each treated about 7% of their wastewater generated per year (Sato et al., 2013). Similarly, 

Ethiopia has used 18% of 49 million m3 of its wastewater generated in volume per annum 

without treatment for agricultural production and other purposes, while the remaining wastewater 

is  discharged into nearby water bodies such as rivers, springs, streams, and lakes (Corcoran, 

2010; GTP-MoFED, 2010; Sato et al., 2013). In Addis Ababa, around 390 hectares of  land for 

vegetable farming is irrigated with the contaminated Akaki river, reported to contain high 

amounts of toxic heavy metals (Ni, Cd, Cr, Zn, Cu, Mn and Pb), and found in the tissues of 

vegetables (lettuce, swiss chard, cauliflower, cabbage and kale). This shows that, industrial 

wastewater needs to be treated before being used for  irrigation purposes (Itanna, 2002; Beyene 

and Banerjee, 2011). 

 

The sustainability of the environment has become a critical global issue (Dişli, 2010) and the 

protection of fresh water bodies from various contaminants has become a major challenge facing 

the planet earth (Chaturvedi and Sahu, 2014). National values for the water poverty index figure 

indicated that Ethiopia is the third of lowest countries of the world. According to five various 
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indicators such as environmental impact, use, capacity, access and resources (Lawrence et al., 

2002). Among the major causes of environmental pollution is the discharge of untreated 

industrial wastewater containing toxic chemicals such as heavy metals (Park et al., 2010; 

Kulkarni and Kaware, 2014). A direct industrial wastewater discharge into fresh water bodies is 

a usual practice particularly in less developed countries like Ethiopia, where no stringent 

environmental regulations have been enacted (Asfaw, 2007; Padanilly et al., 2008; Zinabu, 2011; 

Tong, 2012; Belay and Sahile, 2013; Mekuyie, 2014; Wosnie and Wondie, 2014). The release of 

toxic chemicals from industrial wastewater into the environment degrades water quality and is 

hazardous for human beings, as well as, other living organisms such as aquatic life (Ahluwalia 

and Goyal, 2007).   

The composition of heavy metals from industrial wastewater is a major concern for the 

environment, based on the rich of copper (Cu), lead (Pb), chromium (Cr), cadmium (Cd), zinc 

(Zn), nickel (Ni), arsenic (As), and mercury (Hg) (Bhattacharyya and Gupta, 2008; Naiya et al., 

2009; Zwain et al., 2014). Population growth, an increase in development and the expansion of 

investment in the industrial sector has led to the rise in demand for industrial products. The 

expansion and development of various types of industries can result in generating huge volumes 

of wastewater along with complex toxic chemical compositions which demand advanced 

technological treatment techniques (Corcoran, 2010; Keng et al., 2013; Zwain et al., 2014). 

Subsequently, most industries in less developed countries discharge huge volumes of raw 

wastewater to water bodies, causing environmental and health damage to the local population. 

As a result of industrialization and urbanization, the volume of wastewater generated from the 

Ethiopian industrial sector has increased rapidly. From 1980 to 1990, the toxic load discharged 

per unit of industrial output increased by 1.8, which was about 1.3 times higher than sub-Saharan 

African countries such as Swaziland, Seychelles and others (UNIDO, 2001; Sato et al., 2013; 

Tegegn, 2014). Investment inflow into Ethiopia to establish industries is increasing for example, 

the contribution to Gross Domestic Product (GDP) from industry is expected to increase to 

19.1% at the end of  the Growth and Transformation Plan (GTP) 2014/15 from 8.1% in 2004/05 

(GTP-MoFED, 2010; FDRE-CRGE, 2011). As a consequence to prevent increasing 

environmental and health related problem, Ethiopia faces a challenge to effectively treat the 

industrial wastewater discharge. As with other developing countries, Ethiopia cannot afford to 
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use advanced technologies for the treatment of contaminated water. Accordingly, it is crucial to 

explore low-cost, locally available materials for the treatment of industrials wastewater. Bearing 

in mind that, the adsorption principles are cost-effective, simple to design and operate locally 

available materials coffee husk ash (CHA) and soil rich in kaolinite-magnetite (SRKM) and soil 

rich in kaolinite-ferrinatrite (SRKF), will be investigated for single and multicomponent 

adsorptive removal of Cu2+, Cr6+, Cd2+ and Pb2+ from industrial wastewater under batch and 

fixed bed column experimental setup. The findings of this study will used an input for the 

exploring and development of low-cost adsorptive removal techniques for the effective treatment 

of industrial wastewater.  
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2. LITERATURE REVIEW 

 

2.1 Introduction 

 

This review of literature deals with problem of wastewater discharges in developing countries 

and the applicability of low-cost adsorption techniques for the removal of heavy metals from 

wastewater. The current status of the challenges surrounding wastewater generation and 

discharge are also discussed. 

2.2 Wastewater 

Wastewater is used water generated from homes, public and private institutions, rural areas, 

urban areas, farms, industries and others point and non-point sources (Majeed et al., 2014). 

Billions of gallons of liquid waste from agricultural, industrial, domestic and commercial  

sources are discharged into fresh surface water bodies every day (Renge et al., 2012).  

Worldwide, between 300 to 400 million tons of liquid, hazardous waste to living organisms are 

discharged annually into nearby surface water bodies from industries (Palaniappan, 2010; Pizano 

et al., 2010; UNEP, 2010). Similarly, approximately two million tons of liquid wastewater are 

released each day from non-point sources like agricultural  areas, and from point sources like 

industries to surface water bodies across the globe (Corcoran, 2010). The release of untreated 

wastewater into the environment can lead to the contamination of rivers, streams and other 

surface water bodies. Industrial wastewater contains harmful suspended and dissolved matter, 

like heavy metals, and inorganic matters, which when released untreated greatly affects the 

environment and causes serious health problems to living organisms. According to available 

evidence, including the World Health Organization, (WHO, 1984; El-Gendy et al., 2011; 

Shahmohammadi-Kalalagh et al., 2011; Isah and Lawal, 2012; Sonde and Odoemelam, 2012; 

Muiruri et al., 2013), heavy metals of urgent environmental concern are lead, chromium, 

mercury, cadmium, copper, zinc, and iron.  The industrialization drive of most developing 

countries like Ethiopia has attracted foreign investments but has led to heavy pollution of water 

bodies due to the discharge of untreated industrial waste. This pollution has been of great 
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concern to governments and other stakeholders, and therefore, exploring low-cost and effective 

treatment techniques is the focus of many researchers and scientists across the globe. 

2.3 Heavy Metals Pollution 

 

Heavy metals are toxic chemicals that have specific gravity  greater than 5 g.cm-3 and 

consistence 5 and five times greater than specific gravity of water at 4 0C (Abas et al., 2013). In 

addition, the atomic number and atomic weight of heavy metals is high (Srivastava, 1995; Al-

Farraj et al., 2013). In a global context, the major problem of surface water pollution is heavy 

metal discharge from industrial activities (Narain et al., 2011; Alfarra et al., 2014; Pawar et al., 

2014). The development of industrial sector in the African continents is the primary cause of 

heavy metals being released into water, air and soil in all countries, including Ethiopia (Table 

2.1) 

  

Table 2.1: Pollution of water with heavy metals in African countries  

Country Source Heavy metal concentration in mg.l-1 References 

Pb Cd Hg Cu Co Zn Cr Ni 

Cameroon River 

sediment 

20.3 2.8  42.8  28.8 94.7 2.68 Ekengele (2008) 

Ethiopia River  0.069 0.0076   0.067  0.09  Mersha (2008) 

Ghana River  0.075 0.041    2.45   Fianko (2007) 

Nigeria Water 0.046 0.0044  0.0033 0.018 0.14  0.0031 Mombeshora (1998) 

South Africa Water 16.3 72  42.6  27.6   Fatoki (2001) 

Tanzania Lake 54.6 7 2.8 26.1  83.7 12.9  Kishe (2003) 

Uganda Lake 1.44 0.02   0.16  0.02 0.13 Muwanga (2006) 

Zimbabwe Water 1.02 0.12     2.48 2.37 Meck (2006) 

 

Most industries are the point source of heavy metals (Pehlivan, 2008); these industries include 

electroplating, chemical and petrochemical, metal and mining, leather, textile, ceramic, cement, 

fertilizer, tanneries, batteries, paper, pesticides and others. These industries release their 

wastewater containing various harmful heavy metals without treatment into the environment 

(Fasinu and Orisakwe, 2013). These harmful toxic chemicals include elements such as uranium 

(Ur), selenium (Se), zinc (Zn), silver (Ag), gold (Au), nickel (Ni), cadmium (Cd), mercury (Hg), 

copper (Cu),  chromium (Cr), arsenic (As), lead (Pb) and others (Ahalya et al., 2003). The 
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presence of these harmful heavy metal elements, even at low concentrations, affects the health of 

humans and other living organisms (Srivastava, 1995; Duruibe et al., 2007). The fact that these 

elements are highly soluble in water and not easily degradable by soil, makes their presence in 

water bodies more alarming (Kurniawan et al., 2006b). Therefore, it is important to treat heavy 

metals discharge from industrial wastewater, with affordable and technically feasible methods. 

This initiates the need for exploring cost-effective, simple and efficient removal techniques using 

locally available materials.    

2.4 Health Effects of Heavy Metals 

 

Excess levels of heavy metals in the environment are harmful to the health of human beings and 

other living organisms (Table 2.2). The gradual accumulation of toxic chemicals in the body of a 

living organism can result in bioaccumulation. Bioaccumulation happens when an organism 

uptakes toxic substance at a higher concentration than its release (Renge et al., 2012).  Therefore, 

the storage of these chemicals in the body of a living organism is greater than their release may 

occur gradually. As these elements cannot biodegrade or break down easily, the negative effects 

are  worsened by the ecosystem of the environment (Abas et al., 2013). For example, Cd can be 

accumulated in the human body for up to 30 years, without being destroyed or becoming soluble 

like organic matter (Mohod and Dhote, 2013). According to the study conducted by Biney and 

Ameyibor (1992) untreated industrial wastewater containing heavy metals (Cd, Cu, Zn, Pb, Hg 

and Fe)  released into fresh water bodies can also be stored in the bodies of aquatic organisms, 

for example in Pink Shrimp. Therefore, the need to treat wastewater is of great importance in 

order to safeguard the environment and reduce associated health problems. According to the 

World Health Organization (WHO) reports and other studies  (WHO, 1984; El-Gendy et al., 

2011; Sahni, 2011; Shahmohammadi-Kalalagh et al., 2011; Isah and Lawal, 2012; Sonde and 

Odoemelam, 2012; Muiruri et al., 2013), the heavy metals which  are of greatest concern with 

regard to human health are Pb, Cd, Hg, Cr, Cu, Zn and Fe. Most products such as pharmaceutical 

products and dental products, some drugs, and Unani drugs, cosmetic products like shampoos, 

lipsticks, hair colors and others contain heavy metals (Sahni, 2011; Bocca et al., 2014). 
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Table 2.2: Standard, source and health effect of heavy metals 

H
ea

v
y
 

M
et

al
s Permissible limits (mg.l-1) Major Industries Source Health Effects  

References 
Ethiopia WHO USEPA EU MCL 

Pb 0.05 0.01 0.015 0.01 0.006 Steel works, Pulp and 

paper, Fertilizer, 

Automobile, Organic 

chemicals, Batteries and 

paints.  

Disease of kidneys, high blood 

pressure, headache and vomiting, 

muscles and joint weakness, 

cirrhosis of liver, anemia, mental 

retardation, degeneration of motor 

neurons, suspected carcinogen, 

schizophrenic like behavior. 

Tajrishy (2012) 

Cu 2 2 1.3 2 0.25 Pharmaceuticals, Steel, 

Pesticide, Insecticides, 

Fungicides. 

Insomnia, liver damage, heart 

problem, long term exposure cause, 

stomachache, mental disorder, 

irritation of nose, eyes, mouth, 

nausea, vomiting. 

Akkaya and Güzel 

(2013) 

Cr 0.1 0.05 0.1 0.05 0.05 Textile, Steel, Pulp and 

paper, Petroleum 

refining, Tanning, Power 

plants. 

Carcinogenic, respiratory problem, 

producing lung tumors, kidney and 

liver damage, headache, weakened 

immune systems, alteration of 

genetic material, pulmonary 

fibrosis. 

FAO (2011) 

Ni 

 

1 0.02 0.1 0.02 0.2 Electroplating, Steel 

works, Organic 

chemicals, Fertilizers, 

Zinc base casting and 

storage battery 

industries. 

Cancer of lungs, chest pain, 

dermatitis, chronic asthma, rapid 

respiration, nausea, coughing, 

headache, dizziness, myocarditis, 

pulmonary fibrosis. 

Mungray et al. (2012) 

Zn 1 3 5  0.8 Fertilizer, Organic 

chemical, Pulp and 

paper, Steel works. 

Lethargy, restlessness, depression, 

neurological signs and increased 

thirst, cause short term illness.  

Fu and Wang (2011a) 
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Cd 0.5 0.003 0.005 0.01 0.01 Organic chemical, 

Petroleum refining, Steel 

works, Fertilizer, 

Aircraft plating and 

finishing, Fertilizer. 

Human carcinogen, dyspnea, mental 

disorder, kidney damage, causes 

lung fibrosis. 

Boparai et al. (2011) 

As 0.25 0.01 0.01 0.01 0.05 Steel works, Organic 

chemicals, Alkalis, 

Chlorine, Fertilize, 

Petroleum refining. 

Visceral cancers, gastrointestinal 

effects, producing liver tumors, skin 

manifestations. 

Babel and Kurniawan 

(2003) 
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The metals are transferred from these products and the environment to humans and other living 

organisms by the food chain or food web and by coming in contact with the skin. In the food 

chain process, heavy metals are absorbed into the body of the organism through eating food that 

contains high levels of heavy metals, or by drinking water,  inhalation, skin and eye contact and 

through other sense organs (Yadanaparthi et al., 2009). Small amounts of these elements, beyond 

allowable limits, have serious effects and are unsuitable for living organisms because of their 

high energy particle output (Kara, 2005; Arora et al., 2008; Memon and Schröder, 2009; Ali et 

al., 2013; Ghiloufi et al., 2014). Due to this, wellbeing of living organisms’ is compromised 

(Ghiloufi et al., 2014; Pawar et al., 2014), and living organisms are easily exposed to different 

diseases and associated problems  such as carcinogens, schizophrenic like behavior, dyspnea, 

mental disorders, kidney damage, lung fibrosis, liver disease, high blood pressure, headaches, 

intestinal problems and others (Renge et al., 2012). Therefore, it is important to eliminate heavy 

metals from contaminated water. 

2.5 Wastewater Treatment 

 

Wastewater treatment is the method of purifying wastewater. This operation is highly important 

due to the fact that some contaminants or pollutants are difficult to manage after release from 

point source pollution to environments (Handa, 1983; Fu and Wang, 2011b). A conventional 

wastewater treatment process is divided into three various stages; primary, secondary and 

tertiary. These stages depend on the characteristics of wastewater discharge, and the amount of 

harmfulness, and cost effectiveness. Accessibility of land for construction of treatment plants is 

main factors in the process. 

2.5.1 Primary wastewater treatment  

 

Primary wastewater treatment eliminates large particles in solid waste that has come from 

different point and non-point source pollutants. The purpose of the primary treatment is to 

eliminate large suspended solid waste materials (grit and gravel), that settle down at the bottom 

of the tanks by gravitational force (Mihelcic, 2010). The design of primary treatment tanks may 

be rectangular or circular in shape, and in this process 30% of Biological Oxygen Demand 

(BOD), and 60%  of Total Suspended Solids (TSS) can be eliminated (Mihelcic, 2010). The 



10 

 

primary wastewater treatment supports the secondary stage of treatment (Metcalf, 2004; Kapanji, 

2009; El Zayat, 2014).  

2.5.2 Secondary wastewater treatment  

 

At this treatment stage, biologically broken down materials can be reduced into residual organic 

matter. For example, the remaining 70% biological oxygen demands (BOD) of the organic 

compounds from primary wastewater treatment stages are treated by microorganisms (bacteria). 

Other small particles of suspended solids pass through the first stage, and settle at the bottom of 

the tank by using a coagulant (alum). The coagulant encourages the colloidal materials in the 

wastewater to join together into small aggregates (Metcalf, 2004; Kapanji, 2009; Mihelcic, 2010; 

El Zayat, 2014). 

 

Generally, the secondary stage of wastewater treatment does not  remove non-biodegradable 

toxic contaminants such as heavy metals that are being discharged from industries (Santhy and 

Selvapathy, 2004).  

2.5.3 Tertiary wastewater treatment    

 

This is the final stage of conventional wastewater treatment. Most of the time at this  stage 

different disinfectants like chlorine, ozonation and ultraviolet radiation are used to treat 

wastewater (Metcalf, 2004; Chen, 2009; Kapanji, 2009; Mihelcic, 2010). In various developed 

countries, the treatment of water contaminated by heavy metals is performed using different 

technologies such as chemical precipitation, as in Thailand (Charerntanyarak, 1999) and Turkey 

(Tünay and Kabdaşli, 1994); coagulation-flocculation in China (Kurniawan et al., 2006b); 

flotation in Greece (Kurniawan et al., 2006b) and USA (Lazaridis et al., 2002); ion exchange in 

Italy and Spain (Pansini et al., 1991); and membrane filtration in Taiwan (Juang and Shiau, 

2000) and South Korea (Ahn et al., 1999). These techniques are promising technologies for the 

wastewater treatment  having toxic heavy metals, however, they are expensive (Rao et al., 2010).  

2.6 Technologies for Heavy Metal Removal  

 

Heavy metals are the cause of various disorders and diseases due to that fact that they can be 

easily stored in the body of living organisms without breaking down. Therefore, it is important to 
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remove heavy metals from polluted water using conventional techniques. There are many 

conventional methods for the removal of toxic chemicals/heavy metals, including the following; 

ion exchange processes; membrane filtration; adsorption; electrochemical treatment; 

photochemical oxidation; and ozonation and biological processes (CROSTAT, 2012). These 

technologies have been widely applied for some time and can be classified into three clusters: 

physical, chemical and biological treatment techniques (Abas et al., 2013). However, these 

heavy metal removal technologies have their own disadvantages such as their expensive due to 

initial and operational costs; are less efficient, carry  high costs for disposal; consist of complex 

processes and require large land areas (Ahmaruzzaman, 2011). 

 

Table 2.3 illustrates the ion-exchange process, electronic coagulation, irradiation, chemical and 

biological techniques for the removal of heavy metals. The data shows that these techniques are 

not widely used because they are less feasible for small scale industries, as well as having high  

expenses (Ghiloufi et al., 2014). They also produce a harmful sludge and have been found to be 

not ecologically-friendly mainly because the technology  requires high energy for operation 

(Abas et al., 2013)   In addition, these technologies were reported to be complex to control 

(Alfarra et al., 2014; Chaturvedi and Sahu, 2014; Habuda-Stanić et al., 2014; Zwain et al., 

2014), and do not completely remove the heavy metals from the contaminated water (Ahalya et 

al., 2003; Wang and Chen, 2009). In contrast, due to it being inexpensive, environmentally 

friendly and efficient, the adsorption technique has been chosen as a method of wastewater 

treatment with a special interest in the removal of heavy metals from contaminant water (Li et 

al., 2007). The adsorption technique is also found to be simple and easy to operate, effective and 

efficient in eliminating heavy metals (Tajrishy, 2012; Hua and Li, 2014). 

 

Generally, in developed countries toxic heavy elements discharged from different industrial areas 

along with polluted liquid waste, have been successfully removed by high resolution and costly 

treatment methods (Abas et al., 2013).  However, in developing countries the application of such 

advanced technologies for wastewater treatment is technically complex and expensive 

(Yadanaparthi et al., 2009). 
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Table 2.3: Various treatment methods/technologies for wastewater treatment 

Category Methods/Technologies Advantages Disadvantages References 

Physical Ion- exchange process Highly to remove hazardous metals Expensive for solid waste discharge;  

It is not applied on large scale; 

Rao et al. (2010); 

Pal and Banat (2014) 

Membrane filtration Easily to remove toxic elements High cost for disposal and complex process; Zwain et al. (2014) 

Coagulation/ 

Flocculation 

Economically feasible Formation of large particles and production of 

sludge is high; 

Fu and Wang (2011b); 

Kurniawan et al. (2006b) 

Adsorption Simplicity and flexibility of design and 

operation, cheap and insensitivity to 

toxic pollutants; 

Adsorbents requires regeneration; Ahmaruzzaman (2011); 

Fufa et al. (2014); 

Mohanty et al. (2006) 

Irradiation Successful in laboratory standards; It wants high o2; Ahmaruzzaman (2011) 

Electrokinetic 

coagulation 

Cost-effective; Has huge sludge discharge; Abas et al. (2013) 

Chemical Electrochemical 

treatment 

 Rapid process for some metals; small 

sludge produced  

Expensive  treatment technology; Kurniawan et al. (2006b) 

Photochemical Not solid water discharge; Product generation; Ahmaruzzaman (2009) 

Oxidation Remove toxic contaminants by rapid process; Cost of energy is expensive; Ahmaruzzaman (2011) 

Ozonation Use for gaseous condition; Immediately exposed, short half-life;  Ahmaruzzaman (2011) 

Biological Biological process Effective for removal of few metals; It’s ongoing for commercialization, requires 

large land area. 

Wang and Shammas 

(2009) 
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This is attributed to the fact that handling wastewater requires technically skilled manpower and 

sufficient funds as the process is so costly. Therefore, the adsorption method has the potential to 

treat  wastewater and remove heavy metals using low-cost locally available materials (Renge et 

al., 2012). 

2.7 Adsorption Method 

 

Adsorption method is a mass transfer process (Babel and Kurniawan, 2003) of adsorbate to 

adsorbent materials. For example, toxic heavy metals like Co, Pb, Ni, Cr, Cd, and As can transfer 

to different adsorbent materials such as industrial byproducts, abundant clay or ore, and 

agricultural waste  (Aksu and Tezer, 2005; Ahluwalia and Goyal, 2007; IWRG701, 2009; Gupta 

et al., 2011). The adsorption of heavy metals from  contaminated water allows for the attachment 

of heavy metal ions onto the surface of solid materials or adsorbents (Gupta, 2009). This method 

of treatment is found to be effective, easy to operate, cheap, and sustainable (Kapanji, 2009), 

versatile (Tran et al., 1999; Abas et al., 2013; Fufa et al., 2014), and most eco-friendly (Saraswat 

and Rai, 2010; Chang et al., 2012). Adsorption has many merits, such as its simple and 

economical operation; its suitability for a batch and column experimental process and operation; 

it generates only small quantities of sludge and is available at a low-cost (Mohanty et al., 2006). 

The low-cost adsorptive materials are widespread in quantity in the form of natural materials or 

agricultural by-products and hence are easily accessible (Abas et al., 2013). In addition, it is a 

globally acceptable process for Green Chemistry endeavors (Bhattacharyya and Gupta, 2008). 

However, this method has some constraints, such as requiring the modification of pH due to the 

dangerous suspension of adsorbents (Li et al., 2012; Fufa et al., 2014). Therefore, in developing 

countries like Ethiopia, the development and the introduction of low-cost adsorption technology 

from locally available materials is crucial for a sustainable and appropriate wastewater treatment 

system, which is also environmentally friendly.  

2.7.1 Factors affecting adsorption process 

 

Adsorption is one of the top wastewater treatment methods in the globe (Chaturvedi and Sahu, 

2014). During the adsorption process the sewage is free from inorganic and organic elements like 

heavy metal effluents (Du et al., 2014). The adsorption process generally depends on the 

following:  
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2.7.1.1 Adsorbent particle size  

 

Due to their relationship, adsorbent particle size is important to the process of adsorption. For 

example, when the number of particles’ size is small, the adsorption capacity increases and 

surface area of adsorbents increases. Particle size increases with adsorption decrease, although 

the surface area decreases (Gao et al., 2009). The adsorption capacity is inversely proportional to 

the size of the adsorbent particle (Gao et al., 2009). On the other hand, the adsorbate surface area 

is directly proportional to the adsorption capacity (Gao et al., 2009). Similarly, the surface area 

of adsorbents has great importance for the adsorption process due to physicochemical properties 

(Long et al., 2009). 

2.7.1.2 pH   

 

The pH varies in the adsorption process due to the effect on each adsorbate which has its own 

chemical characteristics. The heavy metal adsorption efficiencies of various adsorbents vary 

depending on the pH of the solution. The range of pH  have their own effect in water solution, 

for example pH 5-6 has main role to play in the adsorption of metal (Saad, 2008). Various 

studies carried out on the heavy metal adsorption show that the value of pH varies from metal to 

metal and adsorbent to adsorbent. For example, Cu adsorbed at pH 5.5 (Bennour, 2012), Pb at 

pH 5 (Soltani et al., 2014), and Cd at pH > 8 (Tajar et al., 2009). 

2.7.1.3 Contact time  

One of the benefits of adsorption is that it is comparatively quick, compared to the rate of other 

conventional methods of wastewater treatment. After the contact of sorbent with adsorbate, 

which is heavy metal ion, adsorption with some natural clay occurs quickly at a time of 10 to 30 

min from the beginning. For example, by using cankırı bentonite adsorbent Cu2+ and Zn2+ 

adsorption removal occurs after  5 minutes (Veli and Alyüz, 2007). The adsorption process can 

be fast or slow according to the type of adsorption. Time takes in the physical adsorption process 

is fast, while in comparison chemical adsorption process is a relatively slow since it requires high 

energy level for the operation (Saad, 2008).  
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2.7.1.4 Adsorbent dose  

 

In the adsorption process the dose of adsorbents increase, with a similar increase in the adsorbed 

heavy metal ions. This shows that a dose of adsorbent increases directly proportional to 

adsorbate / heavy metal ions in the process. However, there is a reverse association among the 

value of adsorbed and the adsorbent dose (Veli and Alyüz, 2007; Saad, 2008). 

2.8 Low Cost Adsorbents 

 

Low-cost adsorbents are naturally available materials/ adsorbents, and are defined as waste 

product from agriculture, industries and domestic use. These materials are, less expensive 

(Renge et al., 2012), affordable (Lim and Aris, 2014), environmentally friendly  as well as 

abundant (Kurniawan et al., 2006b; Kırbıyık, 2012; Lim and Aris, 2014) and cheap (Kurniawan 

et al., 2006a; Carvalho et al., 2011). They have a high treatment efficiency for the elimination of 

toxic chemicals, heavy metals (Tajrishy, 2012). These cheap/low-cost adsorbents are simply 

gathered from agricultural waste, industrial byproducts, clay soil, food waste and seafood (Bailey 

et al., 1999; Jain et al., 2013). Hence, they are economically affordable and copiously available 

(Li et al., 2007; Kaushal, 2013). For example, the cost of bagasse fly ash adsorbent available at 

US$0.002 kg-1  including the transport payment to the adsorption process site, energy used and 

other things. The final, total cost of this bagasse fly ash is around 0.009 US dollars per kilogram 

(Srivastava, 1995). 

Table 2.4:  Low-cost adsorbent materials 

Adsorbents Price (US$kg-1) Reference UNECE (2009) 

Bagasse fly ash 0.009 Srivastava (1995) 

Waste metal sludge 0.004-0.005 Bhatnagar (2008) 

Blast furnace waste 0.038 Srivastava (1995) 

Blast furnace slag 0.04 Atun (2003) 

Clay                                        0.04-0.12 Babel and Kurniawan (2003) 

Some low-cost adsorptive materials serve as a natural scavenger of impurities by absorbing 

anions and cations. For example, clay is an environmentally suitable material for wastewater 

treatment containing heavy metals (Sarı et al., 2007; Bhattacharyya and Gupta, 2008; Öncel, 
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2008) and it is an excellent adsorbent material, and also 20 times cheaper than activated carbon 

at the current market price (Kaushal and Upadhyay, 2014). 

2.8.1 Type of low-cost materials 

 

There are various types of adsorbents such as  natural (soil and/or ore) material, industrial by-

products (waste), agricultural waste (products)  are some  adsorptive unwanted toxic metals from 

polluted  water bodies such as rivers, streams, lakes and others. 

2.8.1.1 Natural materials 

 

Heavy metal adsorption capacity with natural materials like clay is either better or equivalent to 

other low-cost adsorbents, and it takes as scavengers  Cu, Pb, Cd, Zn, Cr, As, Co, Fe from 

wastewater (Bhattacharyya and Gupta, 2008). 

 

Table 2.5: Removal efficiency (mg.g-1) by natural materials like clay 

Adsorbent Cu2+ Pb2+ Cd2+ Zn2+ Cr6+ Reference 

Illit  4.29    Babel and Kurniawan (2003) 

Bentonite   11.4 4.54  RMSSO (2011) 

     0.57 Khan and Khan (1995) 

  20    Naseem and Tahir (2001) 

Kaolinite     1.25 Babel and Kurniawan (2003) 

  0.12 0.32   Babel and Kurniawan (2003) 

Fly ash-wollastonite 1.18     RMSSO (2011) 

Montmorillonite  0.68 0.72   Babel and Kurniawan (2003) 

      4.78 4.98   Babel and Kurniawan (2003) 

 

2.8.1.2 Industrial wastes 

 

Coffee husk is one of the byproducts of industrial waste. The removal of Cu2+, Pb2+, Cr6+, Hg2+ 

and Cd2+ has been done.  The efficiency of coffee husk adsorption was shown to be 7.5, 6.96, 

5.57 and 6.85 mg g-1 for Pb2+ , Cr 6+, Zn2+ and Cd2+ , respectively.  
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Table 2.6: Removal efficiency (mg.g-1) of heavy metals by industrial waste products. 

Adsorbent Adsorbate heavy metals Reference 

Pb2+ Cu2+ Cr6+ Ni2+ Hg2+ Zn2+ Cd2+ 

Lignin 1865 22.87       73 25.4 Srivastava (1994)                

Wu et al. (2008) 

Waste slurry 1030 20.97 640  560  15.73 Srivastava (1989) 

Lee (2001)     

Coffee husk 7.5  6.96   5.57 6.85 Oliveira (2008) 

Tea industry waste 65 11.29 455 5  11 11.29 Amarasinghe (2007) 

Çay (2004) 

Ahluwalia and Goyal 

(2005) 

Blast furnace slag 40 133.3 7.5   103.3 38 Srivastava (1997) 

Dimitrova (1996) 

Gupta (1998) 

Red mud  106.44 75 160   66.67 Apak (1998) 

Gupta (2001)             

Zouboulis and 

Kydros (1993) 

Sugar beet pulp 43.5 30.9 17.2 12  35.6 46.1 Ogedengbe (2004) 

Pehlivan et al. (2006) 

Pehlivan (2008) 

Bagasse fly ash 285-

566 

  4.25     13.21 1.24-2 Goswami (2000) 

 Gupta (2003) 

 

Bagasse fly ash is an example of the industrial byproducts made from the sugar processing 

industries displaying good sorptive abilities. In 2003, the uses of bagasse fly ash to eliminate 

Pb+2, Cr+6, Zn+2 and Cd+2 from wastewater was investigated (Goswami, 2000; Gupta, 2003). The 

adsorption capacity of bagasse fly ash has been shown to be 285-566, 4.25, 13.21 and 1.24-2 

mg.g-1 for Pb+2, Cr+6, Zn+2 and Cd+2, respectively followed both Freundlich and Langmuir’s 

isotherm adsorption model. These all show that an industrial waste byproduct adsorption 

treatment was easily accessible, technically applicable and economically feasible. 

2.8.1.3 Agricultural wastes  

 

Cotton seed hulls are an example of agricultural waste or by-product. The removal efficiency of 

heavy metals with a cotton seed hull adsorbent was indicated to be 97.6, 98.8, 96.7 and 96.6% 

for Cr 6+, Cu2+, Ni2+ and Zn2+, respectively. 
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Table 2.7: Adsorptive capacities of agricultural waste 

Adsorbent Removal efficiency in % of heavy metals Reference 

Cr6+ Ni2+ Cu2+ Zn2+ Cd2+ Pb2+ 

Rice husk biomass 98.93    98 99.43 Daifullah et al. (2003) 

Raw sugarcane bagasse 88-100      APHA (2005b) 

Untreated tree sawdust 91 86 75.7   APHA (2005b) 

Cotton seed hulls 97.6 96.7 98.8 96.6   Marshall and Champagne (1995) 

Soybean hulls 98.1 95.6 99.7 96.4   Marshall and Champagne (1995) 

Coconut husk >80      Tan et al. (1993) 

Sago waste     >75     >95 APHA (2005b) 

 

2.9 Adsorption Experiments and Models 

2.9.1 Batch adsorption  

 

 In batch adsorption experiments there can be a mixture of wastewater with low-cost locally 

available materials. The mixture will be shaken (agitated) (Akkaya and Güzel, 2013) for 

different times at room temperature. After being shaken, the mixture will be filtered and the 

supernatant will be measured for concentration of organic and inorganic matter by different 

methods (Liang et al., 2010). The quantity of toxic heavy elements adsorbed in locally available 

material can be assumed using the following equation (Volesky, 2003; Argun et al., 2007): 

V
W

CC e

e
q *

)( 0                                                                                                                    (1)                                                                                        

Where q
e

the adsorption efficiency [mg.g-1] is, Co
is amount of heavy metal before process 

[mg.l-1],Ce
 is equilibrium amount of heavy metal [mg.l-1], V is volume of wastewater [l], and  

W  is adsorbent weight [g]. 

 

The percentage of heavy metal removal is calculated using Eq. (2)  (Akkaya and Güzel, 2013)  

  100% 



C
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o

toHMR                                                                                                          (2)                                                                                                

Where C t
 is heavy metal concentration [mg.l-1] at time t [min] 
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2.9.2 Fixed bed column adsorption  

 

According to Hutchins (1973) and others, column adsorption follows different procedures 

because the column will be packed of uniform size, both internally and of height. Within this 

column adsorbents are in contact with adsorbent continuously. Then, the fixed-bed column 

adsorption process has uniform flow throughout the layer of adsorbents. 

2.9.3 Adsorption isotherm model 

 

Adsorption isotherm is produced using the data reading is obtained from the experiments. 

Langmuir isotherm 

 

Langmuir isotherm is a monolayer type adsorption (Langmuir, 1916; Abas et al., 2013). Irving 

Langmuir reported the data regarding adsorption between gases and solids. 

The formula of isotherm comes from the following theories; 

(a) Collect similar surface of adsorbent material, 

(b) Molecules of adsorbent material do not attract each other, 

(c) Uniform mechanisms of adsorption,  

(d) Monolayer made at the highest adsorption process, and 

(e) Molecule of adsorbate adsorbed at the open place of adsorbent. 

 

Langmuir isotherm model was derived from the above mentioned hypothesis that the relation 

between the highest adsorption with a monolayer of adsorbent materials, without an attraction 

amongst the adsorbed metals. The Langmuir adsorption is efficiently used for the attraction of 

metals ions from solution (Langmuir, 1916; Kırbıyık, 2012) and is defined as follows: 

Ck

Ckq
q

EL

ELM

E 




1

                                                                                                            (3)                                                                                               

   Linear equation of Langmuir is: 

Ckqqq ELMEE

1111


                                                                                                         (4)                                                                                                                                                                                                        

Where q
E  

is a mass of heavy metal adsorbed per gram of local available materials,CE  
is 

equilibrium of heavy metal concentration in wastewater, milligram of heavy metal per liter,k L
 is 
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Langmuir constant, liter per milligram of heavy metal, and q
M

is maximum coverage, milligram 

of heavy metal per gram of local available materials. 

 

The important features of Langmuir stated in the forms of dimensionless separation factor 

(Moreno-Piraján and Giraldo, 2012), RL
, is defined as: 

 
 CK

R
OL

L 


1

1                                                                                                                (5)                                                                                                 

Where K L
 is constant of Langmuir [L.mg-1], and Co

  is primary concentration of heavy metal 

ions [mg.L-1], RL
  a value indicating the shape of the isotherms: RL

>1 shows disapproving 

adsorption, RL
 = 1 is shows linear, RL

 values between 0 and 1 shows approving adsorption, 

and 𝑅𝐿= 0 shows irreversible adsorption. 

Freundlich isotherm 

 

The Freundlich isotherm is a multilayer type adsorption equation (Freundlich, 1906). The 

Freundlich model depends on a multilayered/heterogeneous surface among liquids and solid 

equilibrium linkages. The Freundlich equation is described according to the following equation 

(PMDFEU, 2009; Kırbıyık, 2012) . 

CKq n
eFe

1

                                                                                                                       (6)                                                                                                  

 Freundlich linear formula stands: 

)
1

)) log(log(log( CKq
eFe n

                                                                                         (7)                                                                                                                      

Where q
e

  is the mass of heavy metal adsorbed per gram of adsorbent,Ce
 is equilibrium heavy 

metal concentration in wastewater, milligram of heavy metal per liter, and K F
 and n  are 

constants containing all factors affecting the adsorption process like the adsorption capacity. 

2.9.4 Adsorption kinetic model 

 

Kinetic models enable us to know the rate of the adsorption process, the mechanism of 

adsorption and the rate restricting step, which are essential in the design of the full scale 

adsorption process used to predict the adsorption data (Rafatullah et al., 2009; Shahmohammadi-

Kalalagh et al., 2011). 
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Pseudo-first-order kinetic 

 

A linear form of pseudo first-order model equation is illustrated as the following Eq. (8):  

  T
kqqq

ETE 














3.3.2
loglog 1                                                                                              (8)                                                                                                                                                                                                                                                         

Pseudo-second-order kinetic 

 

A pseudo second-order model equation can be stated in a linear form as Eq. (9):  
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                                                                                                         (9)                                                                                                                                                                                                                                           

Where q
E

[mg.g-1] is the amount of heavy metal ion adsorbed on the adsorbents at the 

equilibrium, q
T

[mg.g-1] is the amount of heavy metal ion adsorbed on the adsorbents at time 

[min], k1
[min-1] is Pseudo-first-order constant rate, and K 2

[g.mg-1.min-1] is Pseudo-second-

order constant rate.  

2.10 Current Status of Wastewater Treatment 

 

An estimated amount of 300-400 million tons of toxic sludge, heavy metals, solvents and other 

wastes are discharged into surface water bodies every year from industrial sectors around the 

world  (Pizano et al., 2010). While significant growth has been made in many developed nations 

to minimize the discharge of contaminants without treatment into water bodies, greater than 70 

% of industrial waste in less developed countries is still discharged into water bodies (Corcoran, 

2010). In Ethiopia, 90-96% (Getachew, 2006) of industrial contaminants often alter the water 

quality characteristics of receiving waters, such as acidity, temperature, turbidity, or salinity, 

leading to affected ecosystems and greater occurrences of water-borne sicknesses (Alemayehu, 

2014). Impacts can be heightened by the synergistic combination of contaminants affecting 

species’ communities and degradation of other environmental services. Industries based on 

inorganic raw materials are the largest contributors of inorganic pollution, while oil, steel and 

mining industries represent the major risk for heavy metal release (Alemayehu, 2014). 

 

Moreover, the concentration of copper, chromium and cadmium are higher in wastewater and 

effluent discharge from textile and tannery industries. These industries discharge wastewater to 



22 

 

the surface water bodies which ultimately percolate to ground and contaminate subsurface water. 

These toxic metallic components were reported to have an effect on living organisms because 

they cannot dissolute completely (Malarkodi, 2007). 

 

In North America 84.968 km3 wastewater is generated per year out of which 72% of the 

wastewater is treated while the rest is discharged without treatment. Four percent of the treated 

wastewater is used for various purposes, like irrigation of agricultural land (Solley, 1998; Sato et 

al., 2013). 

 

In 2000 in Latin America, Argentina re-used 87.5%, and the Dominican Republic and Nicaragua 

re-used 14% of treated wastewater for agricultural irrigation or/and urban environments 

management. 34.5% and 1% of treated wastewater were used for agricultural irrigation and for 

watering urban environments in Brazil and El-Salvador during 1996 and 2010, respectively.  

 

In Europe, information about wastewater is available only from six countries (United Kingdom, 

Spain, Portugal, Italy, Germany and France). The Republic of Macedonia generated the highest 

percentage with 100% treated wastewater, while the lower 5 % was recovered in Serbia during 

2010 and 2011, respectively. Spain used about 11% of the treated wastewater, while United 

Kingdom about 4% of treated wastewater during 2007 and 2008, respectively (Sato et al., 2013). 

 

In the Russian Federation and independent states, in different years and in various countries such 

as Armenia, Azerbajan, Berarus, Kazakhstan, Kyrgyzstan, Latvia, Tajakistan, Turkmenistan, 

Ukraine and Uzbekistan the volume of wastewater generated and treated was 16.826 km3. year-1 

and 5.759 km3. year-1, respectively. This shows only 34% of wastewater is treated per year due to  
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Table 2.8: Wastewater generation, treatment and use in the world  

Continent Country Wastewater Generated Wastewater Treated Wastewater Used References 

 Reporting 

year.annual-1 

Amount 

(km3.year -1) 

Reporting 

year.annual-1 

Amount 

(km3.year -1) 

Reporting 

year.annual-1 

Amount 

(km3.year -1) 

North 

America 

Canada 2006 5.395 2006 4.477 -  NA Sato et al. (2013) 

U. S.A 1995 79.57 1995 56.64 2002 2.345 Solley (1998) 

Latin 

America 

Argentina 1997 3.53 2000 0.104 2000 0.091  Sato et al. (2013) 

Brazil 1996 2.567 1996 0.885 2008 0.117 Jiménez (2008a) 

Colombia 2010 2.395 2010 0.597 - NA Sato et al. (2013) 

Costa Rica 2000 0.086 2000 0.005 - NA FAO (2011) 

Cuba 1994 0.502 1994 0.109 - NA Sato et al. (2013) 

D. Republic 2011 0.427 2000 0.131 2000 0.019 Pérez (2012) 

Ecuador 1999 0.631 1999 0.158  NA FAO (2011) 

El Salvador 2010 0.097 2010 0.001 - NA Deras (2012) 

Nicaragua 1996 0.067 2000 0.007 2000 0.001 Sato et al. (2013) 

Peru 2012 0.786 2012 0.275 2000 0.019  Tong (2012) 

 

 

 

 

Europe 

Croatia 2011 0.343 2011 0.267  - NA  CROSTAT (2012) 

France 2004 7.91 2004 6.654 2004 0.411 FIE (2012) 

Germany 2007 6.172 2007 5.213 2000 0.042 EUROSTAT (2012) 

Italy 2007 3.926 2007 3.902 2000 0.233 AQUAREC (2006) 

Monaco 2009 0.008 2009 0.006 - NA PMDFEU (2009) 

Montenegro 2009 0.066 2009 0.015 - NA MONSTAT (2010) 

Portugal 2009 0.577 2009 0.561 2000 0.001 NIWP (2010) 

R. Macedonea 2010 0.02 2010 0.02 - NA RMSSO (2011) 

Serbia 2011 3.499 2011 0.189 - NA SORS (2012) 

Slovenia 2010 0.173 2010 0.146 - NA SORS (2012) 

Spain 2007 5.204 2007 4.57 2007 0.487 NASI (2012) 

U. Kingdom 2002 4.019 2008 3.806 2008 0.164  Sato et al. (2013) 

Russian 

Federation 

Armenia 2011 0.75 2011 0.115 2006 0.0001 NSSRA (2012) 

Azerbaijan 2005 0.659 2005 0.161 2005 0.161 Sato et al. (2013) 
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and 

independent 

states  

 

Belarus 2010 0.99 2010 0.676 - NA NSCRB (2011) 

Kazakhstan 1993 1.833 1993 0.274 2000 0.274 Sato et al. (2013) 

Kyrgyzstan 2006 0.701 2006 0.148 2000 0.0001 UNECE (2009) 

Latvia 2009 0.282 2009 0.128 2000 0.012 CSBL (2011) 

Tajikistan 2008 0.092 2008 0.089 - NA Sato et al. (2013) 

Turkmenistan 2010 1.275 2004 0.336 2004 0.336 Sato et al. (2013) 

Ukraine 2011 8.044 2011 1.763 - NA SUSU (2012) 

Uzbekistan 2001 2.2 2001 2.069 1994 0.205  UNECE (2001) 

Middle East 

and North 

Africa  

Algeria 2010 0.73 2010 0.15  - NA Sato et al. (2013) 

Bahrain 2010 0.084 2005 0.062 2005 0.016 Sato et al. (2013) 

Egypt 2011 8.5 2011 4.8 2010 0.7 Sato et al. (2013) 

Iran 2010 3.548 2010 0.821 2010 0.328 Tajrishy (2012) 

Iraq 2012 0.58 2012 0.58 - NA Aziz (2012) 

Israel 2007 0.5 2007 0.45 2004 0.262 Sato et al. (2013) 

Libya 1999 0.546 1999 0.04 2000 0.04 Sato et al. (2013) 

Morocco 2010 0.7 2010 0.124 2008 0.07 Sato et al. (2013) 

Oman 2000 0.09 2006 0.037 2006 0.037 Sato et al. (2013) 

P.Territories 2001 0.071 2001 0.03 1998 0.01 PEDCAR (2001) 

Qatar 2005 0.055 2006 0.058 2005 0.043 Sato et al. (2013) 

Syria 2002 1.364 2002 0.55 2003 0.55 Sato et al. (2013) 

Tunisia 2010 0.246 2010 0.226 2001 0.021 Saloua (2012) 

Turkey 2010 3.582 2010 2.719 2006 1 TURKSTAT (2012) 

Yemen 2000 0.074 1999 0.046 2000 0.006 Sato et al. (2013) 

Sub-

Saharan 

Africa 

Ethiopia 2009 0.049 2009 0.002 2009 0.009  Van Rooijen et al. 

(2010) 

Ghana 2006 0.28 2006 0.022 - NA Gyampo (2012) 

Senegal 2010 0.067 2010 0.015 2010 0.002 Kayiizzi (2012) 

Seychelles 2003 0.009 2003 0.0009 2003 0.000006 Sato et al. (2013) 

South Africa 2000 3.2 2000 3.2 2008 0.03 Jiménez et al. (2010) 

Swaziland 2002 0.012 2002 0.009   NA Sato et al. (2013) 

Oceania Australia 2008 2.094 2008 1.779 2008 0.348  ABS (2010) 
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Asia India 2012 13.999 2012 4.302 2000 0.45 Kaur (2012) 

Japan 2009 27 2009 14.65 2009 0.204 WB (2012) 

Mongolia 2002 0.126 2002 0.083 - NA Basandorj (2002) 

Nepal 2006 0.135 2006 0.006 - NA Nyachhyon (2008) 

Pakistan 2011 6.849 2011 0.548 - NA Murtaza (2012) 

Viet Nam 2003 1.1 2009 0.07 2003 0.175 Sato et al. (2013) 

 

 

 the lack of sufficient and affordable wastewater treatment plants in the region. In the Middle East and North Africa available data for 

16 countries estimates the volume of wastewater generated at 20.668 km3. year-1 of which 10. 693 km3. year-1 (52%) only is treated. 

From this treated wastewater 3.083 kilo meter cubic per year (29%) for irrigation. The wastewater which is generated treated and used 

in sub-Saharan African countries, such as Ethiopia, Ghana, Senegal, Seychelles, South Africa and Swaziland is 3.617 km3. year-1, 

treated 3.2469 km3. year-1 and only around 1% from the total treated wastewater in various years by the six countries.   

 

Asian countries (i.e. India, Japan, Mongolia, Nepal, Pakistan and Viet Nam) discharge 49.209 km3 wastewater of which only 19.657 

km3 (40%) is treated for reuse due to the absence of sufficient and affordable treatment facilities as well as lack of skilled manpower 

in the field of wastewater treatment technology (Dore and Nagpal, 2006; Sato et al., 2013; Chakraborty and Mukhopadhyay, 2014). 

 

Generally, wastewater is treated and used for various purposes and differs in quality and quantity from country to country. It depends 

on the financial capacity and availability of professional manpower in the respective country. For example, available data shows that 

an average amount of around 70% of wastewater treated is generated as follows: 38% of high-income countries, 28% of middle-

income countries and 8% of low-income countries (Sato et al., 2013). This information shows the finding low-cost adsorption 

treatment technologies. 
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The unsafe discharge of heavy metals into surface water carries serious health risks. For 

example, Copper (Cu) has several health effects such as arthritis/rheumatoid arthritis, mental 

disorders, anemia, insomnia, liver damage and heart problems. The effects of Chromium (Cr) 

include carcinogens, respiratory problems, hemolysis, acute renal failure, skin rashes, pulmonary 

fibrosis and lung tumors. Cadmium (Cd) may also affect bone marrow, produce carcinogenic, 

cause lung fibrosis, dyspnea, kidney damage, bronchitis, gastrointestinal disorders and cancer 

(Alluri et al., 2007; Ahmaruzzaman, 2011). The unsafe release of contaminants has significant 

health hazards and the deterioration of environments like water bodies is becoming critical and 

more complex. Therefore, it is important to screen locally abundant adsorptive materials 

(adsorbents) for wastewater treatment not only in less developed countries like Ethiopia, but also 

in developed countries. 

2.10.1 Wastewater treatment scenario in Africa  

 

In many developing countries, the effect of surface water pollution the result of the discharge 

without treatment of untreated industrial wastewater containing heavy metals. This affects people 

living along river banks, in the towns as well as in the country. Raw industrial wastewater is a 

main problem for numerous people living around rivers basins as it causes various health 

problems. As treatment is costly, many industries are not interested in participating in safe waste 

disposal activities and there are no binding rules on how to dispose of the waste without affecting 

nearby communities. In Kenya, for example wastewater is discharged from sugar and coffee 

factories into nearby waterways without sufficient treatment (Wandiga, 1977). 

From the above information 0.049 billion m3 year-1 wastewater was generated in Ethiopia. 18% 

of this wastewater is used for agricultural production and other purposes without treatment, the 

rest of the water is released to adjacent surface water bodies (GTP-MoFED, 2010). According to 

Kebena and Krishna (2011) in 2009, 161,668 m3.day-1 liquid waste was generated, and from this 

only 6,728 m3. day-1 (4%) was treated (Krishna, 2011). These figures show that advanced 

wastewater treatment technologies are expensive and unaffordable, and the literature shows that 

as yet, there is no available wastewater treatment in the country. However, it is important that 

low-cost adsorptive technologies are developed for a sustainable environment and healthy life. 
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Table 2.9: Volume of wastewater production, treatment and reuse in Africa 

 

 

2.10.2 Current status of wastewater treatment in Ethiopia 

 

The geographical coordinates of Ethiopia, are 8000N and 38000E and the total area of the country 

is 1.1 million km2. It is located on the horn of the African continent (NSCRB, 2011) and the total 

population of the country is eighty million (CSA, 2010). The industries in the country are rapidly 

growing from year to year due to the policies of the country. For example chemical, metal 

processing, agro-processing and others industries are increasing and expanding throughout the 

regions of Ethiopia. The country also has different climatic conditions and rainfall (Said, 1993; 

Alemayehu, 2014) . 

 

In Ethiopia, industries include chemical, food, and textile industries  and other industrial 

organizations (Alemayehu, 2014). 

 

Country Wastewater Generated Wastewater Treated Wastewater Used References 

Reporting 

year 

Volume 

(km3.year -1) 

Reporting 

year 

Volume 

(km3.year -1) 

Reporting    

year 

Volume 

(km3.year -1) 

Algeria 2010 0.73 2010 0.15 - NA Sato et al. (2013) 

Egypt 2011 8.5 2011 4.8 2010 0.7 Sato et al. (2013) 

Ethiopia 2009 0.049 2009 0.002 2009 0.009 (Krishna, 2011); 

Kaur (2012)  

Ghana 2006 0.28 2006 0.022 - NA Gyampo (2012) 

Libya 1999 0.546 1999 0.04 2000 0.04 Sato et al. (2013) 

Morocco 2010 0.7 2010 0.124 2008 0.07 Sato et al. (2013) 

Senegal 2010 0.067 2010 0.015 2010 0.002 Kayiizzi (2012) 

Seychelles 2003 0.009 2003 0.0009 2003 0.000006 Sato et al. (2013) 

South 

Africa 

2000 3.2 2000 3.2 2008 0.03 Jiménez et al. 

(2010) 

Swaziland 2002 0.012 2002 0.009 - NA Sato et al. (2013) 

Tunisia 2010 0.246 2010 0.226 2001 0.021 Saloua (2012) 

Yemen 2000 0.074 1999 0.046 2000 0.006 Sato et al. (2013) 
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Figure 2.1: Types and number of industries (Alemayehu, 2014). 

Increased industrialization in Ethiopia has contributed significantly to the great in Gross 

Domestic Product (GDP) of the country. However, wastewater discharge from this industrial 

sector is increasing from year to year and is being discharged into the environment without 

treatment. It is affecting the health of living organisms both biotic and abiotic. Therefore, 

treatment of these toxic heavy metals is becoming a critical issue in the country. Moreover, there 

is limited information on treatment options available which are suitable for application in the 

country. 

 

 

Figure 2.2: Gross domestic product (GDP) share of industrial sector (GTP-MoFED, 2010; 

FDRE-CRGE, 2011). 

41 51
105 99

35

359

7

79

504 514

1

243

110

0

100

200

300

400

500

600

N
u

m
b

e
r 

 o
f 

 O
rg

.

Organization type

8.1

15

19.1

0

5

10

15

20

25

2004/2005 2010/2011 2014/2015

G
D

P
 S

h
ar

e
 %

Growth year



29 

 

 

Figure 2.3: Industrial sector growth in Ethiopia (GTP-MoFED, 2010; FDRE-CRGE, 2011). 

 

 Industrial wastewater containing heavy metals are released every day to surface water bodies 

like rivers, streams and are significantly affecting the quality of water (Ogedengbe, 2004). The 

effect is exponentially raised every year because most countries tend to be industrialized. 

Similarly, in Ethiopia different industries discharge their wastewater into nearby surface water 

bodies. For example, in Hawassa town wastewater from the textile industry  is released into the  

Tikur Wuha river (Mekuyie, 2014). Kombolcha is one of the main industrial corridors of 

Northern Ethiopia and the few existing industries are steel products, textiles, tannery, and 

brewery, meat processing (ELFORA) and flour production. These industries release 

contaminated wastewater containing toxic heavy metals into the nearby rivers, namely the 

Borkena, Worka and Leyole  rivers (Zinabu, 2011). The Shinta River is located around the 

Gonder town, and wastewater containing various pollutants from factories is discharged into this 

river bodies and onto the open fields around the factories. Some factories for example MOHA 

soft drinks, plastics, Dashen beer and other existing factories, are affecting the health of many 

living organisms (Belay and Sahile, 2013). Domestic and municipal wastewater is discharged 

into the Huluka river of Ambo. The amount of the wastewater released into the Huluka river 

differs from 10,000 to 15,000 l.day-1 (Padanilly et al., 2008) and the Bahir Dar tannery is 

discharging its effluent into the Blue Nile river (Wosnie and Wondie, 2014). Wastewater 

containing harmful elements from non-point  source of pollution flows into the Awetu and Kito 

rivers at Jimma town, and  like other towns, urbanization and the increase  population and 
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0%

5%

10%

15%

20%

2000/01 2009/10 2010/11 2014/15

V
al

u
e 

ad
d
ed

 %

Industry growth years



30 

 

and industrial corner of Ethiopia, and the capital Addis Ababa generates an estimated annual 

volume of 49 million m3 total wastewater from which about 4 million m3 is industrial wastewater 

(Van Rooijen et al., 2010).  Rivers in Addis Ababa are contaminated with heavy metals because 

more than two thousand industries in the town are established along the river ways. According to 

Environmental Protection Authority (EPA) three quarters of the industries in Ethiopia are 

established in Addis Ababa, Around 90% of these industries release their waste directly into 

these water bodies. Others have some degree of on-site treatment plant, and subsequently 

discharge  effluents into  adjacent streams (Leta, 2004; Tong, 2012).  

 

Figure 2.4 shows that around 13 thousand m3. day-1 wastewater is discharged from various 

industries to nearby water bodies and into the Akaki river in Addis Ababa. Its covers 65% of all 

industries are found in the country (CSA, 1999). Most toxic heavy metals are found in industrial 

waste (Schmuhl et al., 2004). For example in Ethiopia at Ejersa area of East Shoa, textile and 

tannery industries release waste that contains  heavy metals including cadmium (Cd), lead (Pb), 

iron (Fe), chromium (Cr), copper (Cu), and zinc (Zn) (Asfaw, 2007). The Akaki river in Addis 

Ababa, around 390 hectares of land irrigates vegetables such as potatoes which have some toxic 

elements such as zinc, nickel, mercury, copper, cadmium and chromium, as does red beet and 

onions containing chromium (Gebre et al., 2009). For a long time, it has been known that intake 

of food that contains high levels of heavy metals, poses risks to human health (Pendias 1984).  

 

Figure 2.4: Volume of wastewater daily discharged from various industries (CSA, 1999) 
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These toxic hazardous elements have a significant effect on biotic, abiotic and other living 

organisms (Sarı et al., 2007). Disease include asthma, malarial, respiratory infections, skin 

infections, pregnancy problems, cancer and mortality (Gebre et al., 2009; Zinabu, 2011). It is 

important to remove toxic hazardous elements from contaminated water discharged into nearby 

surface water bodies by using low-cost locally available materials. Examples are minerals like 

clay, industrial byproducts, agricultural waste and other easily available materials (Agrawal et 

al., 2004; Kurniawan et al., 2006a). Generally, the discharge from industries of untreated effluent 

wastewater contains heavy metals, and the main source of water pollution in developing 

countries like Ethiopia. 

 

Volume of wastewater discharge in Ethiopia 

 

In Addis Ababa 90-96%, of industries discharge their wastewater without treatment into nearby 

water bodies (Getachew, 2006). Table 2.10 displays the industries’ total wastewater generation 

and discharge into the Akaki river body’s surfaces without application of any treatment 

(Getachew, 2006). 

Table 2.10: Industrial wastewater generation  

Industry Water 

Consumption 

(m3.year -1) 

Source of water Wastewater Gene

ration (m3.year -1) 

Akaki Textile S.C. 208,050 Tap water, river and 

borehole 

98,550 

Ethiopia Iron and Steel Factory 43,800 Borehole 3.650 

Fewes Pharmaceuticals PLC 284,700 Tap water 1,095 

Kadisco Chemical Industry 2,628 Tap water219  

Kality Metal Products Factory 3,212 Borehole and tap 

water 

3,212 

Meher Fiber Products Factory 18,615 Tap water and 

borehole 

18,615 

Kality Foods S.C. 27,193  Borehole - 

MAMCO Paper Products 

Factory 

7,300  Tap water - 

Source: Getachew (2006) 

 

Table 2.10 displays the data obtained from interviews at different business in Addis Ababa, 

Ethiopia (Getachew, 2006). It shows that these firms generate high volumes of wastewater 
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containing heavy metals. For example, Akaki Textiles generate 98,550 m3.year-1 wastewater and 

release it without treatment into the nearby water bodies (i.e. rivers and boreholes). These water 

bodies are contaminated with pollutants. Hence, it is important that generated wastewater is 

treated with low-cost locally available adsorbents. 

Table 2.11: Amount of wastewater released and treated trend in Addis Ababa  

Indicators  

  

Annual Trend  

2005 2006 2007 2008 2009 2015 

(Estimate) 

Daily wastewater generated in m3. 

day-1 

136,893 136,027 149,392 155,013 161,668 404,170 

Daily wastewater treated in m3. day-1 8,530 8,592 8,768 8,024 6,728 8,129 

Percent (%) 6% 6% 6% 5% 4% 2% 

Source: CSA (2010) 

 

According to Table 2.11, the  daily wastewater discharge from industries is increasing, while, on 

the other hand, the amount of  wastewater treated has decreased annually from 6% to 4% 

(Krishna, 2011). This indicates that, it is becoming a crucial issue requiring the introduction of 

low-cost treatment techniques that use local abundantly available raw materials. 

2.11 Summary and Conclusions 

 

Environmental problems which arise due to the release of untreated wastewater, particularly 

industrial wastewater, have been increasing along with a global expansion of industry. Various 

treatment techniques, like membrane filtration, coagulation, ion exchange, adsorption, 

irradiation, oxidation, biological treatment and others have been established and used to remove 

toxic elements, heavy metals from polluted wastewater. However, high capital, a complex 

operation and high costs, plus the need for skilled man power and the generation of secondary 

sludge limits prevents the application of these modern technologies in developing countries, like 

Ethiopia. So far, adsorption principles have been considered the best because of their simplicity 

of design, operation, cost effectiveness and possibility of regenerating the spent adsorbent media 

for reuse. The sorptive removal efficiency of any adsorbent media is greatly affected by a 

number of experimental parameters, both under batch and fixed bed column adsorptive 

experimental design. Above all, dissolution problems, the need for pH adjustment and low 
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removal efficiency make locally available and synthesized adsorbent media unsuitable for toxic 

chemical removal from aqueous environments. However, research exploring low-cost locally 

available materials for the adsorptive removal of pollutants, is on-going to develop practically 

applicable techniques in developing countries.  

 

Previously, some studies have investigated sorptive removal of heavy metals by coffee husk and 

kaolinite. However, none of the referenced studies have discussed the use  of a single or 

multicomponent adsorptive removal of Pb2+, Cu2+, Cr6+ and Cd2+ using coffee husk ash, soil rich 

in kaolinite-magnetite and soil rich in kaolinite-ferrinatrite. This research project will investigate 

the technological viability of locally available, low-cost adsorbent media for the removal of Pb2+, 

Cu2+, Cr6+ and Cd2+ under batch and fixed bed column experimental design. The new aspect of 

the research is that the adsorbents are local materials which are abundantly found in Ethiopia. 

These local materials particularly the two types of soils and coffee husk ash are not researched 

for the removal of heavy metal ions from industrial wastewater. The chemical and mineralogical 

composition of the adsorbent materials will be suitable for removing heavy metal ions 

simultaneously from wastewater so the practical applicability of the adsorption method may be 

feasible. 
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3. RESEARCH PROPOSAL 

 

3.1 Rationale of the Research 

 

Agricultural Development Led Industrializations (ADLI) is the basic road map for Ethiopian 

development (GTP-MoFED, 2010; FDRE-CRGE, 2011). Development of the country is 

currently based on ADLI. So far, industrial development is beginning to be realized in the leather 

industry and other agriculturally based processing industries, such as beverages and food, 

textiles, and the sugar industry. During future implementations of the Growth and 

Transformation Plan (GTP-MoFED, 2010; FDRE-CRGE, 2011) important strategies will be 

enacted into promote environmentally sustainable, agriculturally based processing industries. 

Others industries, such as chemical, textile, cement, pharmacologic and metal industries are also 

rapidly growing. Continued population growth and rapid industrialization are found to be the 

cause of wastewater discharge into the environment, affecting the environment, human health 

and compromising the life of future generations. 

 

In the capital city, Addis Ababa, an estimated annual volume of 49 million m3  total wastewater 

is discharged, of which about 4 million m3 is industrial wastewater, with only 4% of the 

wastewater being treated and reused (Gupta, 2003; Qadir et al., 2010; Van Rooijen et al., 2010; 

Krishna, 2011). The techniques are currently being implemented in Ethiopia are conventional 

treatment methods. However, these conventional treatment processes require large investments 

making their application unaffordable for developing countries, like Ethiopia (Mandal, 2014). 

The liquid waste discharged from industries contains heavy metals toxic to living organisms 

(Barakat, 2011), necessitating the search for the development of appropriate and applicable 

wastewater treatment technologies (Deepali and Gangwar, 2010). The present challenge is how 

to effectively treat increasing volumes of industrial wastewater before it is released into the water 

bodies or environment, and by so doing prevent the associated environmental and health 

problems. Unfortunately, like other developing countries, Ethiopia cannot afford to use advanced 

treatment technologies to deal with toxic industrial wastewater, therefore, it is crucial to explore 

low-cost locally available materials. Bearing this in mind, the following adsorbent materials 
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coffee husk ash and soil rich in kaolinite-magnetite and soil rich in kaolinite-ferrinatrite will be 

investigated for the adsorptive removal of toxic heavy metal ions from industrial discharge. 

3.2 Research Questions  

 

The following research questions are identified: 

1) What is the suitability of locally available material (adsorbent) media for the adsorptive 

removal of heavy metals from industrial wastewater in Ethiopia?  

2) Will the adsorbent media have the potential to remove ions of toxic heavy metals of interest 

under a single and multicomponent batch adsorption system? 

3) Will the adsorbent media be practically applicable for the effective treatment of industrial 

wastewater under a fixed bed column adsorption technique? 

4) Can it be concluded that sorption efficiencies of the media vary under various experimental 

parameters of batch and fixed bed column adsorption setups? 

 

3.3 The Aim and Objectives of the Study 

3.3.1 The aim of the study 

 

The main aim of this research will be to assess the efficiency and the practical applicability of 

locally abundant low-cost adsorbents such as coffee husk ash and soil rich in kaolinite-magnetite 

and soil rich in kaolinite-ferrinatrite for the single or/and multicomponent removal of heavy 

metals (Pb2+, Cu2+, Cr6+ and Cd2+) from industrial wastewater under batch adsorptive experiment 

and fixed bed column continuous adsorptive experimental designs. The adsorptive experiment 

will investigate the effects of duration of contact time, amount of the adsorbent, pH, presence of 

organic matter, temperature and other effects will be investigated and optimum values of these 

parameters will be reported. A packed column study will also be carried out to estimate ideal 

adsorption time. Finally, it will be used to develop a low-cost adsorptive technology for 

sustainable wastewater treatment.  
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3.3.2 Specific objectives 

 

The specific objectives of this study are:  

1)  to characterize adsorbent media (i.e. coffee husk ash, soil rich in kaolinite-magnetite and soil 

rich in kaolinite-ferrinatrite) and analyze the chemical, mineral, elemental composition as 

well as pH point of zero charge (pHpzc), specific surface area and particle density and size. 

2) to determine the effect of contact time duration, dose of the adsorbent, initial concentration of 

the adsorbates, pH solution, co-existing ions, organic matter and adsorption thermodynamics 

by using a batch adsorption technique. 

3) to investigate the effect of flow rate, column bed depth, the initial solute concentration, pH of 

the solution, co-existing ion and organic matter using a fixed bed column adsorption 

technique. 

4) to evaluate the adsorptive capacity and equilibrium isotherm of coffee husk ash, soil rich in 

kaolinite-magnetite and soil rich in kaolinite-ferrinatrite under batch and fixed bed column 

adsorptive experiments. 

3.4 Materials and Methods 

3.4.1 Sample collection 

3.4.1.1 Adsorbent 

 

For this study, coffee husk ash, soil rich in kaolinite-magnetite and soil rich in kaolinite-

ferrinatrite, which are all found in Ethiopia in abundance, will be collected from Jimma Zone, 

Oromia Regional State, and South West Ethiopia. The soil samples will be collected in plastic 

bags from four different sites according to standard methods of soil sampling (IWRG701, 2009; 

USEPA/SOP, 2012). The collected soil samples will be mixed thoroughly in a 1:1 ratio to make 

a composite sample. Coffee husk will be collected from four coffee pulpary plants and mixed in 

a 1:1 ratio to make a composite sample.  A furnace will be used to obtain ash from the composite 

sample of coffee husk.  

Particle size analysis of the composite sample will be performed according to the American 

Society for Testing and Materials (ASTM D 422) and soil textural classification system (Liu, 
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2003).  The dried composite sample of soils will be crushed by hand in mortar and pestle, and 

sieved to obtain different particle sizes. Then, the sieved sample will be packed in air-tight 

plastic bottles for later investigation. The moisture content will be determined by heating in an 

oven at 105 °C for 24 h. The pH of the adsorbent media will be measured using a pH meter at a 

1:10 adsorbent/water ratio according to the standard method (Appel, 2002). The pH of the point 

of zero charge (pHPZC) will be determined by the potentiometric titration method (Appel, 2003). 

X-ray fluorescence (XRF) spectrometry will be used to characterize the chemical compositions 

of the adsorbent media. The elemental composition of the media will be characterized on 

inductively coupled plasma mass spectroscopy (ICP-MS). Scanning Electron Microscope 

(SEM), Fourier Transform Infrared (FTIR) will be used to characterize the surface morphology 

of the adsorbent media before and after adsorption of heavy metal ions. The specific surface area 

and porosity of the media will be determined by Brunaller-Emmett-Tellet (BET) method using 

Micrometrics (ASAP 2010, USA) after degassing.  

3.4.1.2  Wastewater 

 

Industrial wastewater samples will be collected according to standard methods for water and 

wastewater sample collection procedures (APHA, 2005b; IWRG701, 2009). The samples will be 

collected in acid washed plastic bottles. The sample will be acidified using to pH < 2 using nitric 

acid or sulfuric acid to prevent complications of heavy metal ions by organic matters of the 

wastewater. The physical and chemical properties of the wastewater sample will be determined 

according to standard methods for water and wastewater analysis (APHA, 2005a). Contents of 

Pb2+, Cu2+, Cr6+ and Cd2+ will be determined using ICP-MS and/or Atomic Absorption 

Spectroscopy (AAS) in a laboratory. The experiment will be performed at Jimma University, 

Ethiopia and/or KwaZulu-Natal University, South Africa. 

3.4.1.3 Chemicals 

 

All the chemicals used will be analytical grade reagent from Merck, Darmstadt, Germany. The 

stock solution of each of the heavy metals will be prepared by dissolving their respective salts in 

deionized water. The pH of the solution will be adjusted using 0.1 M NaOH and/or 0.1 M HCl. 
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3.4.2 Heavy metal ions adsorption procedures 

 

A series of duplicate single adsorbate or competitive batch adsorption experiments will be 

conducted at room temperature in acid washed polyethylene plastic bottles with blank (only with 

the adsorbent media) and control (only with the heavy metal ions) experiments. A 500 mL 

industrial wastewater solution containing a known heavy metal ions concentration and a desired 

adsorbent dose will be agitated at a fixed revolution per minute (rpm) on a horizontal shaker for 

a predetermined contact time. Afterwards the solid will be separated by filtration using 0.45 µm 

acetate filter paper (Sartorius Stedim Biotech GmbH, Germany). Then, the heavy metal 

concentration in the filtrate will be analyzed on ICP-MS and/or Atomic Absorption 

Spectrometers (AAS). The average of duplicate measurements will be reported. The experiment 

will be performing at Jimma University, Ethiopia and/or KwaZulu Natal University, South 

Africa. 

3.4.2.1 Batch adsorption experiments 

Effect of contact time 

 

To determine the equilibrium contact time at which the adsorption completes, the agitation time 

will be varied from zero (0) until equilibrium is achieved. A known concentration of the 

adsorbate in industrial wastewater solutions of desired pH will be shaken with a desired amount 

of the adsorbent at a fixed revolution per minute (rpm) for a predetermined contact time. The 

volume of the adsorbate adsorbed per unit mass of each of the adsorbent media, and the 

percentage adsorption will be computed respectively using Eqs. (1) and (2): 
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                                                  (2) 

where, q
t

 [mg.g-1] is the amount of heavy metal ions adsorbed at any time, T [min]; A  (%) is 

the percentage of heavy metal ions removed; ci
 [mg.L-1] is initial heavy metal ions 

concentration; cT
 [mg.L-1] is the concentration of adsorbate in the wastewater phase at any time, 
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T ; V  [L] is volume of industrial wastewater; and M  [g] is mass of the adsorbent media used in 

the experiment. 

Effect of solution pH 

The effect of solution pH will be investigated to determine the optimum pH for maximum 

adsorptive removal of heavy metal over the initial pH range 3 to 11 by allowing a known dose of 

the adsorbent to adsorb a desired concentration of heavy metal ions in the industrial wastewater 

solution. 

Effect of adsorbent dose 

To determine the optimum dose required for the reduction of average heavy metal concentration 

in the industrial wastewater to a desired level, different adsorbent doses ranging from 0.1 to 30 g 

L-1 will be separately added into the industrial wastewater solution of known pH containing a 

desired adsorbate concentration. The mixture will be agitated at a fixed revolution per minute 

(rpm) for equilibrium contact time, determined by time series experiments. 

Effect of initial concentration of heavy metals 

 

The effect of initial concentration will be varying the concentration of heavy metal ions while 

maintaining the solution pH, adsorbent dose and shaking speed at optimum and contact time at 

equilibrium. 

Effect of co-existing ions 

 

The influence of co-existing ions at different concentration levels on the removal efficiency will 

be examined in such a way that each ion separately and in a mixture added to a container of 500 

mL solution of a known concentration of heavy metal ion at optimum solution pH and desired 

adsorbent dose. 

Effect of organic matter 

The influence of the presence of organic matter on the adsorptive removal of heavy metal will be 

studied by adding varying concentrations of organic matter to 500 mL of industrial wastewater 

solution of heavy metal with a desirable adsorbent amount. 
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Adsorption thermodynamics 

 

The adsorption of heavy metal ions as a function of temperature will be investigated at 

temperatures of 298, 308 and 323 K. Then the interaction between the adsorbate and adsorbent 

media will be determined by analyzing the pattern of the adsorption efficiency of the heavy 

metal ion with the increase in the temperature of adsorption. 

Thermodynamic parameters will be strong-willed using the equilibrium constant, K (qe/ce) which 

depends on temperature. The change in Gibbs free energy (∆Go), enthalpy (∆Ho), and entropy 

(∆So) for the adsorption process will be obtained using the next equation (Argun et al., 2007; 

Sari et al., 2007; Mahmoud and El-Halwany, 2014): 
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Where G
0  the standard Gibbs free energy charge [J] is, R  is the universal gas constant [8.314 

J.mol-1.k-1], T is temperature [K], ∆Ho and ∆So parameters can be calculated from the slope and 

the intercept of the plot of lnK (from the Langmuir isotherm) versus 1/T yields, respectively. 

3.4.2.2 Batch desorption experiment 

 

The regeneration of an adsorbent basically depends on the ease with which an adsorbate is 

released from the spent adsorbent. For desorption experiments, heavy metal ion-loaded adsorbent 

will be prepared by agitating a known dose of the adsorbent with a desired concentration of 

heavy metal by shaking at a fixed revolution per minute (rpm) for a defined equilibrium agitation 

time. After adsorption, the solid will be detached from the supernatant solution by filtration. The 

solid on the filter paper will be washed with deionized water to remove contaminations. The 

heavy metal-loaded adsorbent will be dried at 105 °C for 12 h in an oven. Desorption 

experiments will be then carried out by shaking the oven dried spent adsorbent at  a fixed rpm for 

an equilibrium contact time in 500 mL of  different concentrations of NaOH solution separately. 
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The amount of heavy metal desorbed will be determined via the analysis of the heavy metal ions 

in the supernatant solution by using Atomic Absorption Spectrometers (AAS). 

 

 Desorption ratio of heavy metals will be calculated using the following equation: 

 

100*
),,(

),,(
(%)

adsorbedionsPbandCrCdCuofAmount

desorbedionsPbandCrCdCuofAmount
ratioDesorption        (5) 

3.4.3 Fixed bed column adsorption experiments 

 

A glass column of various lengths (15, 20, 25 and 30 cm) and 2.5 cm internal diameter will be 

used to contain the weighted amount of adsorbent media having a particle size of 1-2 mm as a 

fixed-bed absorber. The bottom of the column or bed will be closed and supported by a rubber 

and cotton pad, respectively, to avoid the flow of effluent together with the CHA, SRKM and 

SRKF. Then, the bed will be washed with distilled water and left overnight to ensure a closely 

packed preparation of particles without voids, channels, or cracks. A synthetic heavy metal 

solution of known concentration will be fed through a bed of the adsorbent in up-flow mode 

using peristaltic pump to avoid channeling due to gravity and to ensure a uniform circulation of 

the effluent thought-out the column. The experiments will be carried out at room temperature. 

The determining factors in the fixed bed column adsorption are bed depth of the column, the 

linear rate of flow, the initial solute amount, the pH and the presence of other ions. Therefore, in 

order to improve the process of adsorption in a packed-bed column it is essential to study these 

parameters and to evaluate their impact on the sorptive removal efficiency of heavy metal ions 

by the selected locally available low-cost materials.  

3.4.4 Adsorptive efficiency of the media 

 

The following equations will be used to estimate the potential and adsorption capacity of 

available low-cost adsorbent media such as coffee husk ash, soil rich in kaolinite-magnetite and 

soil rich in kaolinite-ferrinatrite under column and batch adsorption experiments and for the 

design purposes of practical applicability of adsorption techniques. 
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The Langmuir isotherm model is a monolayer adsorption model (Langmuir, 1916; Kırbıyık, 

2012). All adsorbent sites have equal energies of adsorption (Günay et al., 2007). The model 

shows as the following equations; 

Ck
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                                                                                                         (6) 

  And linear equation of Langmuir: 
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Where q
E

 is mass of Pb, Cu, Cr and Cd adsorbed per gram of coffee husk ash and soil rich in 

kaolinite-magnetite and kaolinite-ferrinatrite, CE
is equilibrium Pb, Cu, Cr and Cd concentration 

in industrial wastewater, milligram of heavy metal per liter, k L
is Langmuir constant, liter per 

milligram of Pb, Cu, Cr and Cd, and q
M

is maximum coverage, milligram of Pb, Cu, Cr and Cd 

per gram of coffee husk ash, soil rich in kaolinite-magnetite and soil rich in kaolinite-ferrinatrite. 

 

The important features of Langmuir stated in the forms of dimensionless separation factor S F

(Shahmohammadi-Kalalagh et al., 2011; Moreno-Piraján and Giraldo, 2012), is defined as: 

 CK
S

OL

F 


1

1                                                                                                             (8) 

Where K L
 is the constant of Langmuir [L.mg-1], and Co

is the initial Pb, Cu, Cr and Cd 

concentration [mg.L-1], S F
 a value shows the character of the isotherms: S F

>1 shows 

unpromising  adsorption, S F
=1 is linear, S F

values between 0 and 1 show promising 

adsorption, and S F
= 0 show irreversible adsorption. 

 

 Freundlich isotherm model is a multilayer type adsorption. This multilayer shows heterogeneous 

surface of adsorbent, that is the energy of adsorption is not equivalent for all adsorbent sites 

(Günay et al., 2007).  The equation shows as following (PMDFEU, 2009; Kırbıyık, 2012) . 

Ckq n
EFE

1

                                                                                                                        (9) 

 And linear formula of Freundlich is: 
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Where q
E

 is mass of Pb, Cu, Cr and Cd adsorbed per gram of coffee husk ash and soil rich in 

kaolinite-magnetite and kaolinite-ferrinatrite,CE
 is equilibrium Pb, Cu, Cr and Cd concentration 

in wastewater, milligram of Pb, Cu, Cr and Cd per liter, and k F
 [mg.g-1] and n  [g.l-1] are 

constants incorporating all factors affecting the adsorption process such as adsorption capacity 

and intensity of adsorption.  

 

Kinetics models enable one to know the rate of adsorption process, the mechanism of adsorption 

and the rate limiting step, which are important to design full scale of the adsorption process. The 

knowledge of kinetics is essential for the attraction between pollutants and to predict the fate 

adsorption with time (Rafatullah et al., 2009; Shahmohammadi-Kalalagh et al., 2011). 

 Pseudo-first-order kinetic 

A linear form of pseudo first-order model equation is illustrated as following Eq. (11):   

     T
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 Pseudo-second-order kinetic 

A pseudo second-order model equation can be stated in a linear form as Eq. (12):   
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where q
E

 [mg.g-1] is amount of Pb, Cu, Cr and Cd adsorbed on the coffee husk ash, soil rich in 

kaolinite-magnetite and soil rich in kaolinite-ferrinatrite at the equilibrium, q
T

[mg.g-1] is 

amount of Pb, Cu, Cr and Cd adsorbed on the coffee husk ash, soil rich in kaolinite-magnetite 

and soil rich in  kaolinite-ferrinatrite at time [min],
K1

 [min-1] is pseudo-first-order constant rate, 

and k 2  
[g.mg-1 .min-1] is pseudo-second-order constant rate. 

The best model to fit the data will be selected based on the patterns of the adsorption curves. 

 

3.5 Innovation and Expected Outcomes 

 

The new aspect of the research is that the adsorbents are local materials which are abundant in 

Ethiopia. None of the referenced studies have conducted any research on how to use a single or 

multicomponent adsorptive material for the removal of Pb2+, Cu2+, Cr6+ and Cd2+ using coffee 
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husk ash, soil rich in kaolinite-magnetite and soil rich in kaolinite-ferrinatrite. The chemical and 

mineralogical composition of the adsorbent materials will be suitable to remove heavy metal ions 

simultaneously from wastewater so the practical applicability of the adsorption method may be 

feasible. However, this research project will investigate the technological viability of the locally 

available low-cost adsorbent media for the removal of Pb2+, Cu2+, Cr6+ and Cd2+ under batch and 

fixed bed column experimental design. This study might therefore help to boost the profitability 

of industries due to the fact that the technology uses low-cost locally available material as an 

input. It also contributes in reduction health related problems in a sustainable and 

environmentally friendly way. 

3.6 Resource and Equipment Requirements 

Table 3.1: Laboratory equipment  

Laboratory equipment Purpose Laboratory 

Sieve Particle size JU, Eth./UKZN, SA 

1. pH meter pH measure JU, Eth./UKZN, SA 

2. Densitometer bulk density JU, Eth./UKZN, SA 

3. Brunaller-Emmett-Tellet (BET) surface area and porosity JU, Eth./UKZN, SA 

4. X-ray fluorescence (XRF) chemical composition JU, Eth./UKZN, SA 

5. Scanning Electron Microscope (SEM) surface morphology 

before & after process 

JU, Eth./UKZN, SA 

6. X-Ray Diffraction (XRD) mineralogy of sample JU, Eth./UKZN, SA 

7. Fourier Transform Infrared (FTIR)  nature of adsorbent 

before & after process 

JU, Eth./UKZN, SA 

8. Inductively Coupled Plasma Mass 

Spectroscopy (ICP-MS) 

elemental composition JU, Eth./UKZN, SA 

9. Atomic Absorption Spectrometer (AAS) wastewater analysis JU, Eth./UKZN, SA 

Orbital Shaker batch experiment JU, Eth./UKZN, SA 

Column setup/ peristaltic pump column experiment JU, Eth./UKZN, SA 

 

 

3.7 Possible Papers for Publishing  

 

1) Challenges of wastewater discharge and techniques for treatment: A Review on the prospects 

of developing countries. 

2) The potential of coffee husk ash, soil rich in kaolinite-magnetite and soil rich in kaolinite-

ferrinatrite to remove Pb2+, Cu2+, Cr6+ and Cd2+ under a single and multicomponent batch 

adsorption system.  
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3) The practical applicability of coffee husk ash, soil rich in kaolinite-magnetite and soil rich in 

kaolinite-ferrinatrite for the effective treatment of industrial wastewater under a fixed bed 

column adsorption technology.  

4) The adsorptive capacity and equilibrium isotherm of coffee husk ash, soil rich in kaolinite-

magnetite and soil rich in kaolinite-ferrinatrite under batch and fixed bed column adsorptive 

experiments. 

3.8 Project Plan 

 

Table 3.2: Schedule of research work time 

Year Works 

Working Months 
Ja

n
 

F
eb

 

M
ar

 

A
p
r 

M
ay

 

Ju
n

 

Ju
ly

 

A
u
g
 

S
ep

t 

O
ct

 

N
o
v
 

D
ec

 

2014 
Literature review and 

proposal development                         

2015 

Literature review and 

proposal development                         

Literature and proposal 

presentation                         

Locally available adsorbents 

media collection                         

Adsorbent characterization                         

Wastewater analysis                         

Batch adsorption 

experiments                         

Column adsorption 

experiments                         

2016 
Thesis write up                         

Thesis write up                         

2017 Thesis finalization                         

 



46 

 

4. REFERENCES 

 

Abas, SN, Ismail, MH, Kamal, ML and Izhar, S. 2013. Adsorption Process of Heavy Metals by 

Low-Cost Adsorbent: A Review. World Applied Sciences Journal, 28(11), 1518-1530.  

ABS. 2010. Australian Bureau of Statistics. Water Account Australia 2008–2009. 

http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/D2335EFFE939C9 

BCCA2577E700158B1C $File/46100 2008-09.pdf (accessed 07.10.11).  

Agrawal, A, Sahu, K and Pandey, B. 2004. A comparative adsorption study of copper on various 

industrial solid wastes. AIChE journal, 50(10), 2430-2438.  

Ahalya, N, Ramachandra, T and Kanamadi, R. (2003). Biosorption of heavy metals. Res. J. 

Chem. Environ, 7(4), 71-79.  

Ahluwalia, S and Goyal, D. 2005. Removal of heavy metals by waste tea leaves from aqueous 

solution. Engineering in life Sciences, 5(2), 158-162.  

Ahluwalia, SS and Goyal, D. 2007. Microbial and plant derived biomass for removal of heavy 

metals from wastewater. Bioresource technology, 98(12), 2243-2257.  

Ahmaruzzaman, M. 2009. Role of fly ash in the removal of organic pollutants from wastewater. 

Energy and  Fuels, 23(3), 1494-1511.  

Ahmaruzzaman, M. 2011. Industrial wastes as low-cost potential adsorbents for the treatment of 

wastewater laden with heavy metals. Adv Colloid Interface Sci, 166(1-2), 36-59. doi: 

10.1016/j.cis.2011.04.005 

Ahn, KH, Song, KG, Cha, HY and Yeom, IT. 1999. Removal of ions in nickel electroplating 

rinse water using low-pressure nanofiltration. Desalination, 122(1), 77-84.  

Akkaya, G and Güzel, F. 2013. Optimization of Copper and Lead Removal by a Novel 

Biosorbent: Cucumber (Cucumis Sativus) Peels-Kinetic, Equilibrium, and Desorption 

Studies. Journal of Dispersion Science and Technology, 34(10), 1295-1307.  

Aksu, Z and Tezer, S. 2005. Biosorption of reactive dyes on the green alga< i> Chlorella 

vulgaris</i>. Process Biochemistry, 40(3), 1347-1361.  

Al-Farraj, AS, Al-Sewailem, M, Aly, A., Al-Wabel, M and El-Maghraby, S. 2013. Assessment 

and heavy metal behaviors of industrial waste water: A case study of Riyadh city, Saudi 

Arabia. Proceedings of the International Academy of Ecology and Environmental 

Sciences, 3(3), 266-277.  

Alemayehu, A. 2014. Source and Determinants of Water Pollution in Ethiopia: Distributed Lag 

Modeling Approach. Intel Prop Rights, 2(110), 2.  

Alfarra, RS, Ali, NE and Yusoff, MM. 2014. Removal of heavy metals by natural adsorbent: 

review. International Journal of Biosciences (IJB), 4(7), 130-139.  

Ali, H, Khan, E and Sajad, MA. 2013. Phytoremediation of heavy metals—concepts and 

applications. Chemosphere, 91(7), 869-881.  

Alluri, HK, Ronda, SR, Settalluri, VS, Bondili, JS, Suryanarayana, V and Venkateshwar, P. 

2007. Biosorption: An eco-friendly alternative for heavy metal removal. African Journal 

of Biotechnology, 6(25).  

Amarasinghe, B and Williams RA. 2007. Teawaste as a low cost adsorbent for the removal of Cu 

and Pb from wastewater. Chemical Engineering Journal, 132, 299-309.  

Apak, R, Guclu K and Turgut MH. 1998. Modelling of copper (II), cadmium (II), and lead (II) 

adsorption on red mud. Journal of Colloid Interface Science, 203, 122-130.  

http://www.ausstats.abs.gov.au/ausstats/subscriber.nsf/0/D2335EFFE939C9


47 

 

APHA. 2005a. Standard methods for examination of water and wastewater. American Public 

Health Association, American Water Works Association and the Water and Environment 

Federation, 21th ed, Washington.  

APHA. 2005b. Standard methods for the examination of water and wastewater. American Public 

Health Association, American Water Works Association and the Water and Environment 

Federation, 21th ed, Washington.   

Appel, C and  Ma, L. 2002. Concentration, pH, and surface charge effects on cadmium and lead 

sorption in three tropical soils. J. Environ. Qual. 31, 581e589.  

Appel, MC, Ma, LQ, Dean Rhue, R and  Kennelley, E. 2003. Point of zero charge determination 

in soils and minerals via traditional methods and detection of electroacoustic mobility. 

Geoderma 113, 77e93.  

AQUAREC. 2006. Integrated concepts for reuse of upgraded wastewater: Report on integrated 

water reuse concepts. AQUAREC. EVK1-CT-2002-00130, Deliverable D19. RWTH 

Aachen University, Aachen.  

Argun, ME, Dursun, S, Ozdemir, C and Karatas, M. 2007. Heavy metal adsorption by modified 

oak sawdust: Thermodynamics and kinetics. Journal of Hazardous Materials, 141(1), 77-

85.  

Arora, M, Kiran, B, Rani, S, Rani, A, Kaur, B and Mittal, N. 2008. Heavy metal accumulation in 

vegetables irrigated with water from different sources. Food Chemistry, 111(4), 811-815.  

Asfaw, F. 2007. Modeling on Akaki rivers liquid waste disposal and base flow separation,AAU, 

Ethiopia. Unpublished result, 6.  

Atun, G, Hisarli, G, Sheldrick, WS and Muhler, M. 2003. Adsorptive removal of methylene blue 

from colored effluents on fuller's earth. Journal of  Colloid Interface Science. J C I S, 32, 

261.  

Aziz, AM and Aws, A. 2012. Wastewater production, treatment and use in Iraq: Country report , 

Presented at the Second Regional Workshop of the Project ‘Safe Use of Wastewater in 

Agriculture’, 16–18 May 2012, New Delhi http://www.ais.unwater.org/a 

s/mod/page/view.php?id=62 (accessed 21.12.12).  

Babel, S and Kurniawan, TA. 2003. Low-cost adsorbents for heavy metals uptake from 

contaminated water: a review. Journal of Hazardous Materials, 97(1), 219-243.  

Bailey, SE, Olin, TJ, Bricka, RM, and Adrian, DD. (1999). A review of potentially low-cost 

sorbents for heavy metals. Water research, 33(11), 2469-2479.  

Barakat, MA. 2011. New trends in removing heavy metals from industrial wastewater. Arabian 

Journal of Chemistry, 4(4), 361-377. doi: DOI 10.1016/j.arabjc.2010.07.019 

Basandorj, D. 2002. Water Resource Management in Mongolia. In: the National Seminar on 

Water Quality Improvement, Ulaanbaatar, 12–13 June. Cited by: Dore, G., Nagpal, T., 

2006. Urban Transition in Mongolia: Pursuing Sustainability in a Unique Environment. 

Environment: Science and Policy for Sustainable Development 48, 10–24.  

Belay, A and Sahile, S. 2013. The Effects of Dashen Brewery Wastewater Treatment Effluent on 

the Bacteriological and Physicochemical quality of Shinta River in Gondar, North West 

Ethiopia. World Environment, 3(1), 29-36.  

Benavente, M. 2008. Adsorption of metallic ions onto chitosan: equilibrium and kinetic studies.  

Bennour, HA. 2012. Influence of pH and Ionic Strength on the Adsorption of Copper and Zinc in 

Bentonite Clay.  

http://www.ais.unwater.org/a


48 

 

Beyene, H and Banerjee, S. 2011. Assessment of the Pollution Status of the Solid Waste 

Disposal Site of Addis Ababa City with Some Selected Trace Elements, Ethiopia. World 

Applied Sciences Journal, 14(7), 1048-1057.  

Bhatnagar, A, Minocha, AK, Pudasainee, D, Chung, HK, Kim, SH, Kim, HS, Lee, G, Min, B 

and Jeon BH 2008. Vanadium removal from water by waste metal sludge and cement 

immobilization. Chemical Engineering Journal 144, 197.  

Bhattacharyya, KG and Gupta, SS. 2008. Adsorption of a few heavy metals on natural and 

modified kaolinite and montmorillonite: a review. Advances in Colloid and Interface 

Science, 140(2), 114-131.  

Biney, C and Ameyibor, E. 1992. Trace metal concentrations in the pink shrimp Penaeus notialis 

from the coast of Ghana. Water, Air, and Soil Pollution, 63(3-4), 273-279.  

Bocca, B, Pino, A, Alimonti, A and Forte, G. 2014. Toxic metals contained in cosmetics: A 

status report. Regulatory Toxicology and Pharmacology, 68(3), 447-467.  

Boparai, HK, Joseph, M and O’Carroll, DM. 2011. Kinetics and thermodynamics of cadmium 

ion removal by adsorption onto nano zerovalent iron particles. Journal of Hazardous 

Materials, 186(1), 458-465.  

Carvalho, J, Araujo, J and Castro, F. 2011. Alternative low-cost adsorbent for water and 

wastewater decontamination derived from eggshell waste: an overview. Waste and 

Biomass Valorization, 2(2), 157-167.  

Çay, S, Uyanık, A and Özasık, A. 2004. Single and binary component adsorption of copper (II) 

and cadmium (II) from aqueous solutions using tea-industry waste. Sep Purif Technology, 

38, 273-280.  

Chakraborty, D and Mukhopadhyay, K. 2014. Water Pollution and Abatement Policy in India: A 

Study from an Economic Perspective (Vol. 10): Springer. 

Chang, KL, Hsieh, JF, Ou, BM, Chang, MH, Hseih, WY, Lin, JH and Chen, ST. 2012. 

Adsorption studies on the removal of an endocrine-disrupting compound (Bisphenol A) 

using activated carbon from rice straw agricultural waste. Separation Science and 

Technology, 47(10), 1514-1521.  

Charerntanyarak, L. 1999. Heavy metals removal by chemical coagulation and precipitation. 

Water Science and Technology, 39(10), 135-138.  

Chaturvedi, D and Sahu, O. 2014. Adsorption of Heavy Metal Ions from Wastewater. Global 

Journal of Environmental Science and Technology, 2(3), 020-028.  

Chen, KC, Wang,YH and Chang, YH. 2009. Using catalytic ozonation and biofiltration to 

decrease the formation of disinfection by products‖ Desalination 249: 929-935.  

Christmann, K. 2010/11. Lecture Series 2010/2011:Modern Methods in Heterogeneous Catalysis 

Research Institut für Chemie und Biochemie, Freie Universität Berlin.  

Corcoran, E. 2010. Sick Water?: The Central Role of Wastewater Management in Sustainable 

Development: a Rapid Response Assessment: UNEP/Earthprint. 

CROSTAT. 2012. Public sewage system, 2011. http://www.dzs.hr/default e.htm. (accessed 

21.12.12).  

CSA. 1999. Central Stastics Agency, Ethiopia. Unpublished result.  

CSA. 2010. Central Stastics Agency, Ethiopia. Unpublished result.  

CSBL. 2011. Central Statistical Bureau of Latvia. Database: Environmental Protection. 

http://www.csb.gov.lv/  (accessed 21.09.11).  

Daifullah, A, Girgis, B and Gad, H. 2003. Utilization of agro-residues (rice husk) in small waste 

water treatment plans. Materials Letters, 57(11), 1723-1731.  

http://www.dzs.hr/default
http://www.csb.gov.lv/


49 

 

Deepali, GK and Gangwar, K. 2010. Metals concentration in textile and tannery effluents, 

associated soils and ground water. New York Sci J, 3, 82-89.  

Deras, MA. 2012. Wastewater production, treatment and use in El Salvador, Presented at the 

Forth Regional Workshop of the Project ‘Safe Use of Wastewater in Agriculture’, 11–13 

December 2012, Lima http://www.ais.unwater.org/ ais/pluginfile.php/378/mod 

page/content/127/EL SALVADOR.pdf (accessed 21.12.12; in Spanish).  

Dimitrova, S. 1996. Metal Sorption on Blast-Furnace Slag,  . Water Resource, 30, 228-232.  

Dişli, E. 2010. Batch and Column Experiments to Support Heavy Metals (Cu, Zn, and Mn) 

Transport Modeling in Alluvial Sediments Between the Mogan Lake and the Eymir Lake, 

Gölbaşı, Ankara. Groundwater Monitoring & Remediation, 30(3), 125-139.  

Dore, G and Nagpal, T. 2006. Urban transition in Mongolia: pursuing sustainability in a unique 

environment. Environment: Science and Policy for Sustainable Development, 48(6), 10-

24.  

Du, Z, Deng, S, Bei, Y, Huang, Q, Wang, B, Huang, J and Yu, G. 2014. Adsorption behavior and 

mechanism of perfluorinated compounds on various adsorbents-A review. Journal of 

Hazardous Materials, 274, 443-454.  

Duruibe, J, Ogwuegbu, M and Egwurugwu, J. 2007. Heavy metal pollution and human biotoxic 

effects. International Journal of Physical Sciences, 2(5), 112-118.  

Ekengele, MC and Ombolo A, . 2008. Metal pollution in freshly deposited sediments from river 

Mingoa, main tributary to the Municipal lake of Yaounde, Cameroon. Geosciences 

Journal, 12, 337-347.  

El-Gendy, M, Hassanein, NM, Ibrahim, EH, Abd, H and El-Baky, DH. 2011. Evaluation of 

Some Fungal Endophytes of Plant Potentiality as Low-cost Adsorbents for Heavy Metals 

Uptake from Aqueous Solution. Journal of Applied Sciences Research, 7(7).  

El Zayat, MA.  2014. Adsorption of heavy metals cations in wastewater using cement kiln dust.  

EUROSTAT. 2012. Generation and discharge of wastewater. http://epp.eurostat.ec. 

europa.eu/portal/page/porta /environment/data/database (accessed 21.12.12). 

FAO. 2011. The wastewater database. http://www.fao.org/nr/water/infores databases 

wastewater.html. (accessed 21.09.11).  

Fasinu, PS and Orisakwe, OE. 2013. Heavy metal pollution in sub-saharan Africa and possible 

implications in cancer epidemiology. Asian Pacific J. Cancer Prev, 14(6), 3393-3402.  

Fatoki, MS. 2001. An assessment of heavy metal pollution in the East London and Port Elizabeth 

habours. Water Sa, 27, 2.  

FDRE-CRGE. 2011. Federal Democratic Republic of Ethiopia. Unpublished result.  

Fianko, OS, Adomako, D, Adotey, DK and Serfor-Armah Y. 2007. Assessment of heavy metal 

pollution of the Iture Estuary in the Central region of Ghana. Environ Monit Assess, 131, 

467-473.  

FIE. 2012. French Institute for the Environment, Sewage treatment: treatment and sludge (water 

and sanitation survey). http://www.stats. environnement.developpem 

ntdurable.gouv.fr/Eider/seriesdo# (accessed 21.12.12; in French).  

Freundlich, H. 1906. Uber die adsorption in losungen. Z Phys Chem 57A:385–470.  

Fu, F and Wang, Q. 2011a. Removal of heavy metal ions from wastewaters: a review. J Environ 

Manage, 92(3), 407-418. doi: 10.1016/j.jenvman.2010.11.011 

Fu, F and Wang, Q. 2011b. Removal of heavy metal ions from wastewaters: a review. Journal of 

Environmental Management, 92(3), 407-418.  

http://www.ais.unwater.org/
http://epp.eurostat.ec/
http://www.fao.org/nr/water/infores
http://www.stats/


50 

 

Fufa, F, Alemayehu, E and Lennartz, B. 2014. Sorptive removal of arsenate using termite 

mound. Journal of Environmental Management, 132, 188-196.  

Gao, Z, Bandosz, TJ, Zhao, Z, Han, M and Qiu, J. 2009. Investigation of factors affecting 

adsorption of transition metals on oxidized carbon nanotubes. Journal of Hazardous 

Materials, 167(1), 357-365.  

Gebre, G, Rooijen, DV and Shaw, R. 2009. Urban water pollution and irrigated vegetable 

farming in Addis Ababa. Paper presented at the Water, sanitation and hygiene: 

sustainable development and multisectoral approaches. Proceedings of the 34th WEDC 

International Conference, United Nations Conference Centre, Addis Ababa, Ethiopia, 18-

22 May 2009. 

Getachew, T. 2006. Industrial Waste Management Practices in Addis Ababa: A Case Study on 

Akaki-Kality Industrial Zone, Ethiopia.  

Ghiloufi, I, Khezami, L and El Mir, L. 2014. Nanoporous activated carbon for fast uptake of 

heavy metals from aqueous solution. Desalination and Water Treatment(ahead-of-print), 

1-10.  

Goswami, D and Das AK. 2000. Removal of arsenic from drinking water using modified fly-ash 

bed. Int J Water, 1, 61-70.  

GSOE. 2011. Opportunities for Kaolin Resource Development in Ethiopia,Geological Survey of 

Ethiopia.  

GTP-MoFED. 2010. Growth and Transformation plan of Ethiopia Government (2010/2011-

2014/2015). Unpublished result.  

Günay, A, Arslankaya, E and Tosun, I. 2007. Lead removal from aqueous solution by natural 

and pretreated clinoptilolite: adsorption equilibrium and kinetics. Journal of Hazardous 

Materials, 146(1), 362-371.  

Gupta, K, Gupta, M and Sharma, S. 2001. Process development for the removal of lead and 

chromium from aqueous solution using red mud: An aluminum industry waste. Water 

research, 35, 1125-1134.  

Gupta, V. 2009. Application of low-cost adsorbents for dye removal–A review. Journal of 

Environmental Management, 90(8), 2313-2342.  

Gupta, VK, Mohan and Sharma, S. 1998. Removal of lead from wastewater using bagasse 

flyash: A sugar industry waste material. Separation Science and Technology, 33, 1331-

1343.  

Gupta, VK, Jain, R, Saleh, T, Nayak, A, Malathi, S and Agarwal, S. 2011. Equilibrium and 

thermodynamic studies on the removal and recovery of safranine-T dye from industrial 

effluents. Separation Science and Technology, 46(5), 839-846.  

Gupta, VK, Jain, CK, Ali, I, Sharma, M and Saini, SK. 2003. Removal of cadmium and nickel 

from wastewater using bagasse fly ash – a sugar industry waste. Water research, 37, 

4038-4044.  

Gyampo, MA. 2012. Wastewater production, treatment, and use in Ghana, Presented at the Third 

Regional Workshop of the Project ‘Safe Use of Wastewater in Agriculture’, 26–28 

September 2012, Johannesburg http://www.ais.unwater. org/ais/mod/page/view.php 

id=61 (accessed 21.12.12).  

Habuda-Stanić, M, Ravančić, ME, and Flanagan, A. 2014. A Review on adsorption of fluoride 

from aqueous solution. Materials, 7(9), 6317-6366.  

http://www.ais.unwater/


51 

 

Haddis, A, Getahun, T, Mengistie, E, Jemal, A, Smets, I and Bruggen, B. 2014. Challenges to 

surface water quality in mid‐sized African cities: conclusions from Awetu‐Kito Rivers in 

Jimma, south‐west Ethiopia. Water and Environment Journal, 28(2), 173-182.  

Handa, GD and Kumar A 1983. Pollution of natural waters by industrial waste effluents in some 

parts of North and Northwestern India. Asian Environment(5), 13-19.  

Hua, R and Li, Z. 2014. Sulfhydryl functionalized hydrogel with magnetism: Synthesis, 

characterization, and adsorption behavior study for heavy metal removal. Chemical 

Engineering Journal, 249, 189-200.  

Isah, U and Lawal, M. 2012. Acid activated tea bag waste as an adsorbent for the removal of 

chromium ions from tannery waste water. Advances in Applied Science Research, 3(6), 

4033-4035.  

Itanna, F. 2002. Metals in leafy vegetables grown in Addis Ababa and toxicological implications. 

Ethiopian Journal of Health Development, 16(3), 295-302.  

IWRG701. 2009. Sampling and analysis of waters, wastewaters, soils and wastes.  

Jain, M, Garg, V and Kadirvelu, K. 2013. Chromium removal from aqueous system and 

industrial wastewater by agricultural wastes. Bioremediation Journal, 17(1), 30-39.  

Jiménez, B and Asano, T. 2008a. Water reuse: An international survey of current practice, issues 

and needs. IWA, London.  

Jiménez, B, Drechsel, P, Koné, D, Bahri, A, Raschid-Sally, L and Qadir, M. 2010. Wastewater, 

sludge and excreta use in developing countries: an overview. Wastewater Irrigation, 1.  

Juang, RS and Shiau, RC. 2000. Metal removal from aqueous solutions using chitosan-enhanced 

membrane filtration. Journal of Membrane Science, 165(2), 159-167.  

Kapanji, KK. 2009. The removal of heavy metals from wastewater using South African 

clinoptilolite. Faculty of Engineering and the Built Environment, University of the 

Witwatersrand, Johannesburg.    

Kara, Y. 2005. Bioaccumulation of Cu, Zn and Ni from the wastewater by treated Nasturtium 

officinale. International Journal of Environmental Science & Technology, 2(1), 63-67.  

Kaur, R, Wani, SP, Singh, AK and Lal, K. 2012. Wastewater production, treatment and use in 

India, Presented at the Second Regional Workshop of the Project ‘Safe Use of 

Wastewater in Agriculture’, 16–18 May 2012, New Delhi 

http://www.ais.unwater.org/ais/mod/page/view.php?id=61 (accessed 21.12.12).  

Kaushal, RK. 2013. Treatment of waste water with low cost adsorbent – A review. RVSRD 

International Journal of Technical & Non-Technical Research,, 4(2).  

Kaushal, RK and Upadhyay, K. 2014. Treatability Study of Low Cost Adsorbents for Heavy 

Metal Removal from Electro Plating Industrial Effluent: A Review.  

Kayiizzi, RK, Tomusange, TM, Paskwale, KA and Lal, K. 2012. Wastewater production, 

treatment, and use in Uganda, Presented at the Third Regional Workshop of the Project 

‘Safe Use of Wastewater in Agriculture’, 26–28 September 2012, Johannesburg 

http://www.ais.unwater.org/a s/mod/page/view.php?id(accessed 21.12.12).  

Keng, PS, Lee, SL, Ha, ST, Hung, YT and Ong, ST. 2013. Cheap materials to clean heavy metal 

polluted waters Green Materials for Energy, Products and Depollution (pp. 335-414): 

Springer. 

Khan, SA, and Khan, MA. 1995. Adsorption of chromium (III), chromium (VI) and silver (I) on 

bentonite. Waste Management, 15(4), 271-282.  

Kırbıyık, KM¸ epeliog˘ullar, O¨ and Pu¨tu¨n AE. 2012. Use of sesame stalk biomass for the 

removal of Ni(II) and Zi(II) from aqueous solutions. Water Sci Technol, 66(2), 231–238.  

http://www.ais.unwater.org/ais/mod/page/view.php?id=61
http://www.ais.unwater.org/a


52 

 

Kishe, MJ. 2003. Distribution of heavy metals in sediments of Mwanza gulf of Lake Victoria 

Tanzania. Environ Int, 28, 619-625.  

Krishna, KD. 2011. Environmental Impact Assessment: a study on liquid waste management in 

Addis Ababa, Ethiopia. Abhinav National Monthly Refereed Journal of Research in 

Science and Technologyy.  

Kufa, T. 2012. Recent Coffee Research Development in Ethiopia, Ethiopian Coffee Export 

Conference: Strengthening the Legacy of Our Coffee 8-9 November 2012, Hilton  Hotel, 

Addis Ababa, Ethiopia.  

Kulkarni, S, and Kaware, J. 2014. Fixed bed removal of heavy metal,a review. International 

Journal of Research, 1(6), 861-871.  

Kurniawan, TA, Chan, G, Lo, WH and Babel, S. 2006a. Comparisons of low-cost adsorbents for 

treating wastewaters laden with heavy metals. Science of the Total Environment, 366(2), 

409-426.  

Kurniawan, TA, Chan, G, Lo, WH and Babel, S. 2006b. Physico–chemical treatment techniques 

for wastewater laden with heavy metals. Chemical Engineering Journal, 118(1), 83-98.  

Langmuir, I. 1916. The constitution and fundamental properties of solids and liquids. J Am 

Chem Soc 38:2221–2295.  

Lawrence, PR, Meigh, J and Sullivan, C. 2002. The water poverty index: an international 

comparison: Department of Economics, Keele University. 

Lazaridis, N, Hourzemanoglou, A and Matis, K. 2002. Flotation of metal-loaded clay anion 

exchangers. Part II: the case of arsenates. Chemosphere, 47(3), 319-324.  

Lee, SM, D, AP. 2001. Removal of Cu(II) and Cd(II) from aqueous solution by seafood 

processing waste sludge. Water research, 35, 534-540.  

Leta, S. 2004. Developing and optimizing processes for biological nitrogen removal from 

tannery wastewaters in Ethiopia: Bioteknologi. 

Li, Q, Xu, X, Cui, H, Pang, J, Wei, Z, Sun, Z and Zhai, J. 2012. Comparison of two adsorbents 

for the removal of pentavalent arsenic from aqueous solutions. Journal of Environmental 

Management, 98, 98-106.  

Li, Q, Zhai, J, Zhang, W, Wang, M and Zhou, J. 2007. Kinetic studies of adsorption of Pb (II), 

Cr (III) and Cu (II) from aqueous solution by sawdust and modified peanut husk. Journal 

of Hazardous Materials, 141(1), 163-167.  

Liang, S, Guo, XY, Feng, NC and Tian, QH. 2010. Effective removal of heavy metals from 

aqueous solutions by orange peel xanthate. Transactions of Nonferrous Metals Society of 

China, 20, s187-s191.  

Lim, AP and Aris, AZ. 2014. A review on economically adsorbents on heavy metals removal in 

water and wastewater. Reviews in Environmental Science and Bio/Technology, 13(2), 

163-181.  

Liu, C and Evett, JB.  2003. Soil Properties – Testing, Measurement, and Evaluation. Banta 

Book Company, USA. ISBN:0-13-093005-9.  

Long, C, Li, A, Wu, H and Zhang, Q. 2009. Adsorption of naphthalene onto macroporous and 

hypercrosslinked polymeric adsorbent: effect of pore structure of adsorbents on 

thermodynamic and kinetic properties. Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 333(1), 150-155.  

Mahmoud, M and El-Halwany, M. 2014. Adsorption of Cadmium to Orange Peels: Isotherms, 

Kinetics, and Thermodynamics. J Chromatograph Separat Techniq, 5(238), 2.  



53 

 

Majeed, MR, Muhammed, AS and Rasheed, KA. 2014. The removal of Zinc, Chromium and 

Nickel from industrial waste water using Rice husk.  

Malarkodi, M. 2007. Characterization of heavy metal contaminated soils of Coimbatore district 

in Tamil Nadu. J. Agron, 6(1), 147-151.  

Mandal, NK. 2014. Performance of low-cost bio adsorbents for the removal of metal ions, a 

review. International Journal.  

Marshall, WE and Champagne, ET. 1995. Agricultural byproducts as adsorbents for metal ions 

in laboratory prepared solutions and in manufacturing wastewater. Journal of 

Environmental Science and Health Part A, 30(2), 241-261.  

Meck, LD and Mapani, B. 2006. Zimbabwean mine dumps and their impacts on river water 

quality – a reconnaissance study.  Physics and Chemistry of the Earth, 31, 797-803.  

Mekuyie, M. 2014. Heavy metals concentration in effluents of textile industry, Tikur Wuha 

River and milk of cows watering on this water source, Hawassa, Southern Ethiopia. 

Journal of Natural Sciences Research, 4(20), 47-56.  

Memon, AR and Schröder, P. 2009. Implications of metal accumulation mechanisms to 

phytoremediation. Environmental Science and Pollution Research, 16(2), 162-175.  

Mersha, Z. 2008. Water Quality Monitoring Design for Little Akaki River. Unpublished result. 

Addis Ababa University. Addis Ababa.  

Metcalf, E. 2004. Wastewater engineering: treatment and reuse McGraw-Hill, Boston, USA.  

Mihelcic, JR and Zimmerman JB. 2010. Environmental Engineering; Fundamental 

Sustainability, Design: Wiley, USA.  

Mohanty, K, Das, D and Biswas, M. 2006. Preparation and characterization of activated carbons 

from Sterculia alata nutshell by chemical activation with zinc chloride to remove phenol 

from wastewater. Adsorption, 12(2), 119-132.  

Mohod, CV and Dhote, J. 2013. Review of heavy metals in drinking water and their effect on 

human health.  

Mombeshora, AS and Osibanjo, O. 1998. Pollution studies on Nigerian rivers: toxic heavy metal 

status of surface waters in Ibadan city. Environ Ins, 5, 49-53.  

MONSTAT. 2010. Statistical Office of Montenegro (MONSTAT), Statistical Year Book 2010. 

MONSTAT, Podgorica.  

Moreno-Piraján, JC and Giraldo, L. 2012. Heavy metal ions adsorption from wastewater using 

activated carbon from orange peel. Journal of Chemistry, 9(2), 926-937.  

Muiruri, J, Nyambaka, H and Nawiri, M. 2013. Heavy metals in water and tilapia fish from Athi-

Galana-Sabaki tributaries, Kenya. Int Food Res J, 20(2), 891-896.  

Mungray, AA, Kulkarni, SV and Mungray, AK. 2012. Removal of heavy metals from 

wastewater using micellar enhanced ultrafiltration technique: a review. Central European 

Journal of Chemistry, 10(1), 27-46.  

Murtaza, G. 2012. Wastewater production, treatment and use in Pakistan, Presented at the 

Second Regional Workshop of the Project ‘Safe Use of Wastewater in Agriculture’, 16–

18 May 2012, New Delhi http://www.ais. unwater.org/ais/mod/page/v ew.php?id=62 

(accessed 21.12.12).  

Muwanga, BE. 2006. Impact of industrial activities on heavy metal loading and their physico-

chemical effects on wetlands of Lake Victoria basin (Uganda). Africa  Journal of  

Science Tecnology, 7, 51-63.  

Naiya, TK, Bhattacharya, AK, Mandal, S and Das, SK. 2009. The sorption of lead (II) ions on 

rice husk ash. Journal of Hazardous Materials, 163(2), 1254-1264.  

http://www.ais/


54 

 

Narain, S, Ojha, C, Mishra, S, Chaube, U and Sharma, P. 2011. Cadmium and chromium 

removal by aquatic plant, International Journal of Environmental Sciences. 1(6), 1297-

1304.  

Naseem, R and Tahir, S. 2001. Removal of Pb (II) from aqueous/acidic solutions by using 

bentonite as an adsorbent. Water research, 35(16), 3982-3986.  

NASI, S. 2012. National Statistics Institute, Spain. Survey on water supply and sewage. 

http://www.ine.es/welcoing.htm (accessed 21.12.12).  

NIWP. 2010. National Institute for Water, Portugal, Portuguese acronym for National Inventory 

on Urban Water Supply and Sewerage Systems. Cited by: National Institute of Statistic. 

Wastewater discharged (m3) by Geographic localization and Existence of treatment. 

http://www.ine.pt/xportal/ xmain?xpid=INE&xpgid=ine indicadores&indOcorrCod 

0001879&contexto= bd&selTab=tab2 (accessed 21.12.12).  

NSCRB. 2011. National Statistical Committee of the Republic of Belaru. Statistical Yearbook 

2011. NSCRB, Minsk, Belaru. 

NSSRA. 2012. National Statistical Service of the Republic of Armenia. Statistical Yearbook of 

Armenia 2012. NSSRA, Yerevan.  

Nyachhyon, BL. 2008. Service Enhancement and Development of Sanitary Sewage System in 

Urban and Semi-Urban Setting in Nepal, Policy Paper 23 , Prepared for Economic Policy 

Network, Ministry of Finance (MOF)/HMGN, ADB Nepal Resident Mission, pp. 86–94 

(Cited by: Tuladhar, B, Shrestha, P and Shrestha, R. 2008. Decentralised wastewater 

management using constructed wetlands. In: Wicken, J, Verhagen, J, Sijbesma, C, Silva, 

CD and Ryan, P. 2008. Beyond construction: use by all. A collection of case studies from 

sanitation and hygiene promotion practitioners in South Asia. IRC, International Water 

and Sanitation Centre – WaterAid, Delft and London).  

Ogedengbe, K and Akinbile, CO. 2004. Impact of industrial pollutants on quality of ground and 

surface waters at Oluyole industrial estate, Ibadan, Nigeria. Nigerian Journal of 

Technological Development, 4 139-144.  

Oliveira, W, Franca, AS, Oliveira, LS and Rocha, SD. 2008. Untreated coffee husks as 

biosorbents for the removal of heavy metals from aqueous solutions. J Hazard Mater, 

152, 1073-1081.  

Öncel, M. 2008. Adsorption of copper (II) from aqueous solution by Beidellite. Environmental 

Geology, 55(8), 1767-1775.  

Padanilly, Zerihun, T, Tadele, N, Sevanan, R, Lakew, W, Alemayehu, N, Ephrem, D, Esayas, A, 

Asfaw, A  and Asefa, K. 2008. Characterisation of sewage wastewater and assessment of 

downstream pollution along Huluka River of Ambo, Ethiopia,. Journal of Science and 

Technology, 2(02), 440-443.  

Pal, P and Banat, F. 2014. Comparison of heavy metal ions removal from industrial lean amine 

solvent using ion exchange resins and sand coated with chitosan. Journal of Natural Gas 

Science and Engineering, 18, 227-236.  

Palaniappan, M. 2010. Clearing the waters: a focus on water quality solutions: United Nations 

Environment Programme, Division of Environmental Policy Implementation. 

Pansini, M, Colella, C and De Gennaro, M. 1991. Chromium removal from water by ion 

exchange using zeolite. Desalination, 83(1), 145-157.  

Park, D, Yun, YS and Park, JM. 2010. The past, present, and future trends of biosorption. 

Biotechnology and Bioprocess Engineering, 15(1), 86-102.  

http://www.ine.es/welcoing.htm
http://www.ine.pt/xportal/


55 

 

Pawar, K, Wankhede, S, Kaul, H and Karda, S. 2014. Removal of heavy metal ions from 

synthetic wastewater using various low-cost natural adsorbents.  

PEDCAR. 2001. Palestinian Economic Council for Development and Reconstruction . Water 

Sector Strategic Planning. Environmental Authority, Palestine (Cited by: Fatta, D., 

Salem, Z., Mountadar, M., Assobhei, O., Loizidou, M., 2004. Urban wastewater 

treatment and reclamation for agricultural irrigation: the situation in Morocco and 

Palestine. Environmentalist, 24, 227–236).  

Pehlivan, E, Cetin, S and Yanık, B. 2006. Equilibrium studies for the sorption of zinc and copper 

from aqueous solutions using sugar beet pulp and fly ash. Journal of Hazardous 

Materials, 135(1), 193-199.  

Pehlivan, E, Yanık, BH, Ahmetli, G and Pehlivan, M. 2008. Equilibrium isotherm studies for the 

uptake of cadmium and lead ions onto sugar beet pulp. . Bioresour Technology, 99, 3520-

3527.  

Pendias. 1984. Trace elements in soils and plants, Boca Raton, Florida. CRC press.  

Pérez, AL and Montás, LA. 2012. Wastewater production, treatment and use in Dominican 

Republic, Presented at the Forth Regional Workshop of the Project ‘Safe Use of 

Wastewater in Agriculture’, 11–13 December 2012, Lima 

http://www.ais.unwater.org/ais/mod/page/view.php?id=171 (accessed 21.12.12; in 

Spanish). 

Pizano, M, Besri, M, Marcotte, M and Porter, I. 2010. United Nations Environment Programme 

(UNEP) 2010 Report of the Methyl Bromide Technical Options Committee. 

UNEP/Ozone Secretariat, Nairobi.  

PMDFEU. 2009. Principality of Monaco, Department of Facilities of the Environment and 

Urban,The environment in Principality of Monaco: data collection 2009. 

http://www.gouv.mc/content/download/ 7013/108142/file/LEnvironn ment%20Recueil 

20Donnees 202009-2.pdf (accessed 21.12.12; in French).  

Qadir, M, Bahri, A, Sato, T and Al-Karadsheh, E. 2010. Wastewater production, treatment, and 

irrigation in Middle East and North Africa. Irrigation and drainage systems, 24(1-2), 37-

51.  

Rafatullah, M, Sulaiman, O, Hashim, R and Ahmad, A. 2009. Adsorption of copper (II), 

chromium (III), nickel (II) and lead (II) ions from aqueous solutions by meranti sawdust. 

Journal of Hazardous Materials, 170(2), 969-977.  

Rao, KS and Venkateswarlu, P. 2010. Cadmium removal from aqueous solutions using 

biosorbent Syzygium cumini leaf powder: Kinetic and equilibrium studies. Korean 

Journal of Chemical Engineering, 27(5), 1547-1554.  

Renge, V,  Khedkar, S and Pande, SV. 2012. Removal of heavy metals from waste water using 

low cost adsorbents: A Review. Sci. Revs. Chem. Commun, 2(4), 580-584.  

RMSSO. 2011. Republic of Macedonia, State Statistical Office. Environmental statistics, 

RMSSO. Skopje.  

Saad, A. 2008. Studies on the biosorption of (lead and nickel) in wastewater using the fungus 

Rhizopus nigricans & effect of the biomass pretreatment on the biosorption activity II, Al 

Azhar University, Egypt.  

Sahni, S. 2011. Hazardous metals and minerals pollution in India. A Position Paper, August 

2011. Indian National Science Academy New Delhi, India, 1-22.  

Said, R. 1993. The Nile River: Geology, Hydrology, and Utilization: Pergamon Press, Oxford, 

UK. 

http://www.ais.unwater.org/ais/mod/page/view.php?id=171
http://www.gouv.mc/content/download/


56 

 

Saloua, R. 2012. National Report: Tunisia, Presented at the First Regional Workshop of the 

Project ‘Safe Use of Wastewater in Agriculture’, 18–19 February 2012, Marrakech 

http://www.ais.unwater.org/a s/mod/page/view.php?id=59 (accessed 21.12.12; in 

French).  

Santhy, K and Selvapathy, P. 2004. Removal of heavy metals from wastewater by adsorption on 

coir pith activated carbon. Separation Science and Technology, 39(14), 3331-3351.  

Saraswat, S and Rai, J. 2010. Heavy metal adsorption from aqueous solution using< i> 

Eichhornia crassipes</i> dead biomass. International Journal of Mineral Processing, 

94(3), 203-206.  

Sari, A, Tuzen, M, Citak, D and Soylak, M. 2007. Equilibrium, kinetic and thermodynamic 

studies of adsorption of Pb (II) from aqueous solution onto Turkish kaolinite clay. 

Journal of Hazardous Materials, 149(2), 283-291.  

Sarı, A, Tuzen, M and Soylak, M. 2007. Adsorption of Pb (II) and Cr (III) from aqueous solution 

on Celtek clay. Journal of Hazardous Materials, 144(1), 41-46.  

Sato, T, Qadir, M, Yamamoto, S, Endo, T and Zahoor, A. 2013. Global, regional, and country 

level need for data on wastewater generation, treatment, and use. Agricultural Water 

Management, 130, 1-13.  

Schmuhl, R, Krieg, H and Keizer, K. 2004. Adsorption of Cu (II) and Cr (VI) ions by chitosan: 

Kinetics and equilibrium studies. Water Sa, 27(1), 1-8.  

Shahmohammadi-Kalalagh, S, Babazadeh, H, Nazemi, A and Manshouri, M. 2011. Isotherm and 

kinetic studies on adsorption of Pb, Zn and Cu by kaolinite. Caspian J. Environ. Sci, 9, 

243-255.  

Solley, WB, Pirce, RR and  Perlman, HA. 1998. Estimated Use of Water in the United States in 

1995. U.S. Geological Survey Circular, 1200. U. S. Geological Survey, Colorado.  

Soltani, RD, Khorramabadi, GS, Khataee, A and Jorfi, S. 2014. Silica nanopowders/alginate 

composite for adsorption of lead (II) ions in aqueous solutions. Journal of the Taiwan 

Institute of Chemical Engineers, 45(3), 973-980.  

Sonde, CU and Odoemelam, SA. 2012. Sorption studies on the use of african breadfruit (treculia 

africana) seed hull as adsorbent for the removal of Cu 2, Cd 2 and Pb 2 from aqueous 

solutions. American Journal of Physical Chemistry, 1(1), 11-21.  

SORS. 2012. Statistical Office of the Republic of Slovenia . Environment, energy, and transport 

in figures. http://www.stat.si/doc/pub/OET-ANG.pdf (accessed 21.12.12). doi: 

10.1061/(ASCE)HZ.1944-8376.0000023 

Srivastava, S, Gupta, VK and  Mohan DJ. 1997. Removal of lead and chromium by activated 

slag a blast-furnace waste. Journal of  Environmental Eng, ASCE(123), 461.  

Srivastava, S, Gupta VK, Yadav IS and Mohan D. 1995. Removal of 2,4-dinitrophenol using 

bagasse fly ash-A sugar industry waste material. Fresenius Environ Bull 4, 550.  

Srivastava, S, Tyagi, R and Pant, N. 1989. Adsorption of heavy metal ions on carbonaceous 

material developed from the waste slurry generated in local fertilizer plants. Water 

research, 23, 1161-1165.  

Srivastava, SK, Singh, AK and Sharma, A. 1994. Studies on the uptake of lead and zinc by lignin 

obtained from black liquor-A paper industry waste material. Environmental Technology, 

15, 353-361.  

SUSU. 2012. The State Committee of Statistics of Ukraine. Main indicators on the water 

resources use and protection. http://www.ukrstat.gov.ua/ (accessed 21.12.12).  

http://www.ais.unwater.org/a
http://www.stat.si/doc/pub/OET-ANG.pdf
http://www.ukrstat.gov.ua/


57 

 

Tajar, AF, Kaghazchi, T and Soleimani, M. 2009. Adsorption of cadmium from aqueous 

solutions on sulfurized activated carbon prepared from nut shells. Journal of Hazardous 

Materials, 165(1), 1159-1164.  

Tajrishy, M. 2012. Wastewater production, treatment and use in Iran , Presented at the Second 

Regional Workshop of the Project ‘Safe Use of Wastewater in Agriculture’, 16–18 May 

2012, New Delhi http://www.ais.unwater.org/ ais/mod/page/view.php?id  62(accessed 

21.12.12). 

Tan, W, Ooi, S and Lee, C. 1993. Removal of chromium (VI) from solution by coconut husk and 

palm pressed fibres. Environmental Technology, 14(3), 277-282.  

Tegegn, FE. 2014. Physico-chemical pollution pattern in Akaki River basin, Addis Ababa, 

Ethiopia. Paper presented at the 2014 GSA Annual Meeting in Vancouver, British 

Columbia. 

Tong, BC. 2012. Wastewater production, treatment and use in Peru, Presented at the Forth 

Regional Workshop of the Project ‘Safe Use of Wastewaterin Agriculture’, 11–13 

December, Lima. http://www.ais.unwater.org/ ais/mod/page/view.php?id 171 (accessed 

21.12.12, in Spanish),2012; p. 216-221. 

Tran, H, Roddick, F and O'Donnell, J. 1999. Comparison of chromatography and desiccant silica 

gels for the adsorption of metal ions-I. adsorption and kinetics. Water research, 33(13), 

2992-3000.  

Tünay, O and Kabdaşli, N. 1994. Hydroxide precipitation of complexed metals. Water research, 

28(10), 2117-2124.  

TURKSTAT. 2012. Environment statistics; Municipal Wastewater Statics. 

http://www.turkstat.gov.tr/St rt.do;jsessionid=hkLSRRjHdx hKXPhMZLTwYG 

0w6SRJ5HLT2bGZdlpB0L0khf B9tY!-1381182142 (accessed 21.12.12).  

UNECE. 2001. UN Economic Commission for Europe. Environmental Performance Reviews: 

Uzbekistan. UN Publication, New York and Geneva.  

UNECE. 2009. Environmental Performance Reviews: Kyrgyzstan Second Review. UN 

Publication, New York and Geneva.  

UNEP. 2010. United Nations Environment Programme.  

UNIDO. 2001. Proceeding of the National workshop on the Industrial Environmental Policy and 

Strategy of Ethiopia,UNIDO/EPA/Royal Netherlands Government, Addis Ababa.  

USEPA/SOP. 2012. U. S. EPA Environmental Response Team Standard Operating Procedures.  

Van Rooijen, DJ, Biggs, TW, Smout, I and Drechsel, P. 2010. Urban growth, wastewater 

production and use in irrigated agriculture: a comparative study of Accra, Addis Ababa 

and Hyderabad. Irrigation and drainage systems, 24(1-2), 53-64.  

Veli, S and Alyüz, B. 2007. Adsorption of copper and zinc from aqueous solutions by using 

natural clay. Journal of Hazardous Materials, 149(1), 226-233.  

Volesky, B. 2003. "Sorption and Biosorption" BV Sorbex, Inc., Montreal St. Labert, 

Quebec,Canada.  

Wandiga. 1977. Analysis of Chemical Pollution In Some Kenyan Water Systems With Special 

Reference To Lake Nakuru’. The Role of water Resources In Development: Proceedings 

of the 13th Annual Symposium of the East African Academy,Nairoby, Kenya, National 

Academy For Advancement of Arts and Sciences. Symposium.  

Wang, J and Chen, C. 2009. Biosorbents for heavy metals removal and their future 

Biotechnology Advances. 27(2), 195-226.  

http://www.ais.unwater.org/
http://www.ais.unwater.org/
http://www.turkstat.gov.tr/St


58 

 

Wang, LK and Shammas, NK. 2009. Single-sludge biological systems for nutrients removal 

Advanced Biological Treatment Processes (pp. 209-270): Springer. 

WB. 2012. The World Bank data; GNI per capita, Atlas method (current US$). 

http://data.worldbank.org/indicator/NY.GDP.PCAP.CD (accessed 21.12.12).  

WHO. 1984. World health Organization, Geneva, Guidelines for Drinking Water Quality .  

Wosnie, A and Wondie, A. 2014. Bahir Dar tannery effluent characterization and its impact on 

the head of Blue Nile River.  

Wu, Y, Zhang, S, Guo, X and Huang, H. 2008. Adsorption of chromium (III) on lignin, 

Bioresource Technology. 99(16), 7709-7715.  

Yadanaparthi, SK, Graybill, D and Von Wandruszka, R. 2009. Adsorbents for the removal of 

arsenic, cadmium, and lead from contaminated waters. Journal of Hazardous Materials, 

171(1), 1-15.  

Zinabu, E. 2011. Assessment of the impact of industrial effluents on the quality of irrigation 

water and changes in soil characteristics: The case of Kombolcha town. Irrigation and 

Drainage, 60(5), 644-653.  

Zouboulis, AI and Kydros, KA. 1993. Use of red mud for toxic metals removal: the case of 

nickel. Journal of chemical technology and biotechnology, 58(1), 95-101.  

Zwain, HM, Vakili, M and Dahlan, I. 2014. Waste Material Adsorbents for Zinc Removal from 

Wastewater: A Comprehensive Review. International Journal of Chemical Engineering, 

2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://data.worldbank.org/indicator/NY.GDP.PCAP.CD


59 

 

5. APPENDIX 

 

LOW-COST LOCALLY AVAILABLE MATERIALS IN ETHIOPIA 

 

 

Fig. 1: Availability of major coffee growing areas in Ethiopia (Kufa, 2012) 

 

 

 

Fig. 2: Availability of major kaolin deposit areas in Ethiopia (GSOE, 2011) 
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Adsorbate                                                                         Adsorbent 

 

                                                    Adsorption site 

 

Fig. 3:  The Langmuir adsorption process.  Scheme of the simplest adsorption of molecules on 

a homogeneous adsorbent.(Benavente, 2008) 

 

  Fig. 4:  Adsorption process (Christmann, 2010/11) 

 

 

Fig. 5: Monolayer and Multilayer adsorption (Christmann, 2010/11) 
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Fig.6:  Isotherm models (Christmann, 2010/11) 

 

 

Fig.7:  Scheme of heavy metal cycle. The heavy metals are moving from the environment 

(pollution) to the human body through the food chain.(Benavente, 2008)  

 

 

Fig. 8:  Wastewater discharge to water body (zeleke,2011) 
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Fig.9: Wastewater treatment stages. 

 

 

 

 

 

 

 

Fig. 10: Vegetable irrigated with wastewater (Zeleke, 2011). 
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Fig. 11: Ethiopia Rank According National Values for Water Poverty Index (Lawrence et al., 

2002 
 JIL 


