
 
 

 

ADSORPTION OF LEAD AND COPPER FROM 

INDUSTRIAL WASTE WATER USING ONION SKINS 

A CASE STUDY OF AYKA ADDIS TEXTILE AND 

INVESTMENT GROUP 

A MASTER‛S THESIS 

BY 

SIMENEH GIZAW BELETE 

DEPARTMENT OF ENVIRONMENTAL ENGINEERING 

ADDIS ABABA SICENCE AND TECHNOLOGY 

UNIVERSITY 

                                           JUNE/ 2019 



 
 

 

ADSORPTION OF LEAD AND COPPER FROM INDUSTRIAL 

WASTE WATER USING ONION SKINS 

A CASE STUDY OF AYKA ADDIS TEXTILE AND 

INVESTMENT GROUP 

By  

SIMENEH GIZAW BELETE 

 A Thesis Submitted as a Partial Fulfillment for the Degree of Masters of Science 

in Environmental Engineering 

to 

DEPARTMENT OF ENVIRONMENTAL ENGINEERING 

ADDIS ABABA SICENCE AND TECHNOLOGY UNIVERSITY 

JUNE/2019



 
 

ii 
 

CERTIFICATE 

This is to certify that the thesis prepared by Mr. Simeneh Gizaw Belete entitled 

“Adsorption of Lead and Copper from Industrial Waste Water Using Onion 

Skin A Case Study of Ayka Addis Textile and Investment Group” and submitted 

as partial fulfillment for the degree of masters of science complies with the regulation 

of the university and meets the accepted standards with respect to originality, content 

and quality. 

          Singed By Examining Board  

         External Examiner                                       Signature                                Date  

         Shimelis K    (PhD)                                     -------------------------------/------------------------ 

         Internal   Examiner                                      Signature                                 Date  

         Amare Tiruneh  (PhD)                                 -------------------------------/----------------------- 

         Chairperson                                                 Signature                                 Date 

        Asamin Yesigat                                          --------------------------------/------------------------ 

         DGC Chairperson                                        Signature                                Date  

           -----------------------------------------------/---------------------------------/-------------------------             

           College Dean /Associate Dean for Gp        Signature                                 Date 

         -------------------------------------------------/---------------------------------/------------------------ 

 

   



 
 

iii 
 

DECLARATION 

I the undersigned declare that this thesis Entitled “Adsorption of Lead and 

Copper from Industrial Waste Water Using Onion Skins A Case Study of 

Ayka Addis Textile and Investment Group” was composed of myself, with the 

guidance of my advisor, that the work contained herein is my own except where 

explicitly stated otherwise in the text, and that this work has not been submitted, in 

whole or in part for any other degree or processional qualification. 

 

            Author                                             Signature                                      Date 

            Simeneh Gizaw Belete            -----------------------------------/---------------------------------                      

           Witnessed by 

           Name of the Advisor                       Signature                                       Date 

           Assefa Sergawie                         --------------------------------/----------------------------------- 

 

 

 

 

 

 

 



 
 

iv 
 

ABSTRACT 

Textile industries are among industries which release large amount of waste which 

contains hazardous heavy metals. Heavy metals such as lead, chromium, cadmium 

and copper are widely used for the production of color pigments of textile dyes. 

Textile pollutant dyes are released to the environment at various stages of operation. 

Therefore, there is a need to find an economical method to remove pollutants. 

This study evaluated the efficiency and capacity of onion skin on the adsorption of 

lead and copper ions from Ayka Addis textile industry waste water. Batch 

experiments were carried out to optimize adsorption parameters and to evaluate the 

metal uptake from synthetic waste water prepared from lead nitrate and copper 

sulphate. The adsorption was studied at different adsorption parameters, namely; pH, 

contact time, initial metal ion concentration and adsorbent dose. It was found that the 

optimum PH  for copper was 6 and that of lead was 5, initial metal ion concentration 

50 mg/L, adsorbent dose 1 gram, contact time 30 minute. In the optimum condition 

the removal efficiency of onion skin on the adsorption of lead and copper from 

synthetic waste water were 98.9% and 95.9% and from real waste water were 80.2% 

and 78.9% respectively. The Freundlich adsorption isotherm model fitted well with 

the experiment data for both metals. The results indicate that the adsorption of Pb
+2

 

and Cu
+2 

takes place by multilayer adsorption on a heterogeneous surface of the 

adsorbent.
 
From the experimental results, it can be concluded that onion skin is a 

potential adsorbent for the removal of lead and copper ion in textile industry 

wastewater.  

               Key words: - Adsorption, onion skin, removal efficiency, adsorption isotherm 
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1. INTRODUCTION 

                 1.1 Background of the Study 

The current pattern of industrial activity alters the natural flow of materials and 

introduces novel chemicals into the environment (Faisal and Hasnain, 2004). The 

rate at which effluents are discharged into the environment especially into water 

bodies have been on the increase as a result of urbanization and industrialization. 

Most of these effluents contain toxic substances especially heavy metals. The 

presence of heavy metals in the environment is of major concern because of their 

toxicity, bio-accumulating tendency, threat to human life and the environment 

(Horsfall and Spiff, 2005). 

Pollution of water resources due to disposal of heavy metals has been an 

increasing worldwide concern for the last few decades (Feng and Guo, 2012). 

These metals include lead, copper, zinc, cadmium, mercury, and nickel among 

others. Pollution by heavy metals is a serious threat to aquatic ecosystems because 

some of these metals are potentially toxic, even at very low concentrations. Heavy 

metals are non-biodegradable and can accumulate in living tissues, thus becoming 

concentrated throughout the food chain and can easily be absorbed into the human 

body, causing severe problems to both human health and wildlife (Crini, 2005). It 

is therefore crucial that their levels in drinking water, wastewater and water used 

for agricultural and recreational purposes be reduced to within the allowable 

concentrations recommended by national and international health authorities such 

as the World Health Organization (WHO). 
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Many water treatment methods are available such as precipitation, membrane 

processes and ion exchange. However, these techniques have some limitations 

such as poor efficiency, sensitive operating conditions and production of a 

secondary sludge requiring further costly disposal (Abbas et al, 2010). These 

disadvantages together with the need for more economical and effective method 

for recovering the metals have resulted in the development of alternative 

separation techniques. One such alternative is bio-sorption in which certain types 

of biomass are able to bind and concentrate metals from even very dilute aqueous 

solutions (Liang et al., 2009). Adsorption offers a number of advantages. They 

include; ease of operation, comparable low cost of application, high quality of the 

treated effluent especially for well-designed sorption process (Milan et al., 2012). 

The removal process involves interaction of the heavy metals pollutants and the 

functional groups within the bio mass by a simple chemical process (Harmon et 

al., 2007). Activated carbon is widely used as an adsorbent but it is expensive and 

therefore not economical for waste water treatment (Liang et al., 2009). Therefore 

researchers are interested to investigate the use of different adsorbents based on 

the agricultural waste products to remove different types of pollutants such as 

heavy metals. One of the advantages of removals of heavy metals using 

agricultural waste products than other adsorption materials is that it also uses what 

was once a waste product. Agricultural waste provide rich source of low cost 

adsorbents besides industrial by products, natural material due to its abundant 

availability (Kumar, 2006). 

Agricultural wastes such as banana peel, peanut husks, rice husk, coconut shell, 

wheat bran and sawdust offer little economic value and create serious disposal 
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problems (Surchi, 2011). The bio-sorbents contain a variety of functional groups 

capable of metal complexation with in their cellular structure. This provides a low 

cost method as an alternative for wastewater treatment. This is because the 

adsorbed pollutants can easily be removed to offer a solution to disposal problem 

(Chen et al., 2004). 

Some of Ethiopian industries are found near to rivers and they discharge their 

waste directly to the nearby river without proper treatment. Even if they have 

treatment plant they do not need to incur additional cost for the treatment process 

(Zinabu and Zerihun, 2002)..  

This study focused on a bio sorption process for the removal of lead (Pb) and 

copper (Cu) from Ayka Addis textile industry waste water using onion skin. The 

study investigated the effect of pH, initial metal ion concentration, adsorbent dose 

and contact time of the adsorbent and the wastewater containing the metal ions on 

the efficiency of the bio-sorption. The model for the adsorption isotherm was also 

tested. 

               1.2 Statement of the Problem 

Rapid population growth, urbanization and industrial development have been 

adversely degrading the environment by their effect through loss of biodiversity 

and pollution from wastes. Industrialization, like other activities that have impact 

on the environment, often results in pollution and degradation. Industrial waste is 

the most common point source of water pollution in present day and it increases 

yearly due to the rapid growth of industrialization worldwide. In Ethiopia too, 

industries are increasing in number, producing wastes of peculiar type, volume 
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and pollution strength depending on the type of industry, raw materials used, the 

process and technological variations applied to the process (Zinabu and Zerihun, 

2002). Most of Ethiopian textile industries do not meet the standards set for the 

disposal of waste by Ethiopian environmental agency because of the high cost of 

the waste water treatment plant. (Wegen, 2015) Therefore the search for low cost 

and easily available adsorbents has led to investigation of material of agricultural 

origin as potential adsorbents (Hossain et al,. 2007). Onion is widely used and 

their skins left as waste, this has resulted to disposal problem. Onion skin contains 

flavanol compounds which contain poly phenolics groups (wanjiru, 2015). Due to 

this, they are able to bind metals towards themselves hence can be used in 

remediation of waste water containing heavy metals. Therefore this study 

proposed to evaluate the efficiency and capacity of onion skin to adsorb lead and 

copper ions from Ayka addis textile industry waste water. 

                 1.3 Objectives 

                1.3.1 General Objective 

The general objective of this study is to investigate the effectiveness of onion skin 

as an adsorbent for the removal of lead and copper from textile industry 

wastewater. 

1.3.2 Specific Objectives 

i. To prepare and characterize the physico-chemical properties of 

onion skin.  

ii. To investigate the presence of lead and copper in Ayka Addis 

textile factory waste water 
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iii. To study the effect of pH, initial metal ions concentration, 

adsorbent dosage and contact time to determine the optimum 

condition for the removal of lead and copper from aqueous solution 

of lead and copper using onion skin as an adsorbent. 

iv. To determine the adsorption efficiency  of onion skin in removing  

lead and copper ions from  textile industry waste water  

v. To determine the adsorption model of the experiment. 

                  1.4. Scope of the study 

There are various wastewater contaminants in textile industries both of organic 

and inorganic origin. However, in this study only commonly occurring heavy 

metal (lead and copper ions) in wastewater were considered because of budget 

constraint. There are many agricultural wastes that can be used as bio adsorbents. 

This study considers only onion skin without considering its species or 

geographical region where it has grown. 

                1.5. Significance of the Study 

So far various wastewater treatment techniques have been used to remove heavy 

metals from industrial wastewater. Wastewater treatment through adsorption is one 

treatment technique used. Different adsorbent have been used to remove heavy 

metals from wastewater. But only those which have high removal capacity, low 

cost and easily available in large amount will be feasible for industrial wastewater 

treatment. This was the reason for choosing onion skin as a bio-sorbent for the 

removal of lead and copper ions from textile industry waste water.   
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2. LITERATURE REVIEW 

          2.1 Textile Manufacturing Process 

Cottons and cotton-based textiles are processed through three main stages, comprising 

spinning, knitting or weaving and wet processing. These textile processes and their 

associated waste are given bellow  

Spinning 

Spinning is the process which converts raw fiber into yarn or thread. The spinning 

process is entirely dry, although some yarns maybe dyed and finished as a final 

customer product (Gray, 2009). 

Knitting 

Knitting is carried out by interlocking a series of yarn loops, usuallyusing sophisticated, 

high speed machinery. This process is almost completely dry, although some oils may 

be applied during the process for lubrication. These are removed by subsequent 

processing and enter the wastewater stream (Hoxbro,Vivian, 2004) 

Weaving 

Weaving is the most common method used for producing fabrics. Prior to weaving, the 

warp threads are coated with a size, to increase their tensile strength and smoothness. 

Natural starches are the most commonly used sizes, although compounds such as 

Polyvinyl Alcohol (PVA), resins, alkali-soluble cellulose derivatives, and gelatin glue 

have been used. Other chemicals, such as lubricants and fillers, are often added to 

impart additional properties to a fabric.  
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Sizing 

Sizing is carried out before the weaving process to increase the strength and smoothness 

of the yarn, to reduce yarn breakages. Yarns used for the production of knitted fabric 

are usually treated with waxes or lubricants. Cotton is the most heavily sized fiber with 

loads of up to 200 g/kg applied to the warp yarn. This is because starch/starch 

derivatives are usually employed, for which loadings are significantlyhigher than for 

synthetic sizes. A range of additional agents are generally present in most size 

preparation for cotton. (IPP, 2003). 

Singeing 

Singeing is a dry process, it considered as a part of the wetprocessing. Unlike other wet 

processing operations, it does not call for large quantities of water, except for quenching 

the material after singeing. Therefore, this is environmental friendly. The most 

significant development that has taken place in direct flame singeing of woven fabrics is 

the design of burners to produce high intensity flamewith uniform temperature using 

natural gas, butane or propane. This direct flame heights and clogged flame jets. To 

avoid or eliminate these problems, indirect singeing system has been developed. 

(VenkataRJ,2001) 

Desizing 

Sizes have, in general, a high biological oxygen demand (BOD) and will contribute 

significantly to the waste load of the mill’s effluent. Reports show that waste stream of 

the desizing operation can contribute up to 40-50% of the total pollution load of a mill’s 

wastewater. The goal of these methods is to hydrolyze the starch. Unlike starch 

synthetic starches stay intact during desizing, can be recovered and reused(Simon JJ 

1994). Gums and Polyvinyl alcohol may be removed by a simple hot wash but starch 
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and its derivatives have to be made soluble by soaking with acids, enzymes or oxidants 

before being removed by a hot wash. 

Scouring 

Scouring is usually the first step in the processing of knitted goods and will remove the 

knitting oils which were applied to the yarn prior to knitting (Hadar Y 1996). This is 

usually done at high temperatures (above 100°C) with sodium hydroxide and produces 

strongly alkaline effluents (around pH 12.5) with high organic loads. They tend to be 

dark in color and have high concentrations of Total Dissolved Solids (TDS), oil and 

grease. Common scouring agents include detergents, soaps, alkalis, antistatic agent’s 

wetting agents, foamers, deformers, sand lubricants. 

Bleaching 

Fabric containing cellulosic’s is being bleached to remove the natural colored matter. 

Mainly flavonoids are responsible for the color of cotton (Hadar Y 1996). It has three 

technologies: sodium hypochlorite bleaching, hydrogen peroxide bleaching and sodium 

chlorite bleaching. Hydrogen peroxide bleaching is carried out under alkaline 

conditions which generate effluents with a low organic content, high TDS levels and 

strong alkalinity (pH 9-12) and temperatures close to boiling. Furthermore, a huge 

amount of water is needed to remove hydrogen peroxide from fabric, which can cause 

problems in dying. Therefore, replacement of hydrogen peroxide by an enzymatic 

bleaching system would not only lead to better product quality due to less fiber damage 

but also to substantial savings on washing water needed for the removal of hydrogen 

peroxide (Cavaco-paulo, 2003) reported for the first time the enhancement of the 

bleaching effect achieved on cotton fabrics using laccases (copper- containing oxidize 

enzymes found in plants) in low concentrations. More recently a combined ultrasound 

laccase treatment for cotton bleaching was also reported (Cavaco-paulo, 2007) 
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Mercerization 

In this process overall fabric size and made it stronger and easier to dye. Baths 

containing very concentrated solutions of sodium hydroxide (20-30%) are used (Tom, 

1999). To improve luster, strength and dye uptake and it also removes immature fibers. 

Excess sodium hydroxide is normally recovered for reuse in either the scouring or other 

mercerization stages. Sufficient washing is required after this step to remove any traces 

of caustic soda (Simon, 1994).   

Dyeing 

Dyeing industry effluents are one of the most problematic wastewaters to be treated not 

only for their high chemical oxygen demand, but also for high biological oxygen 

demand, suspended solids, turbidity, toxic constituents but also for color, which is the 

first contaminant discernible by the human eye. Dyes are classified as follows: anionic: 

- direct, acid and reactive dyes; cationic: - basic dyes; nonionic disperse dyes (UBA, 

2003). Water soluble reactive and acid dyes are problematic; as they pass through the 

conventional treatment system unaffected, posing problems. Hence, their removal is 

also of great importance (Tripathy, 1993).Dyes most commonly applied to cotton are 

reactive and direct dyes. Basic dyes have high brilliance and intensity of colors and are 

highly visible even in very low concentration (Chen , 2002)  

Printing 

Textile printing is the process of applying color to fabric in definite patterns or designs. 

Textile printing is related to dyeing but, whereas in dyeing proper the whole fabric is 

uniformly covered with one color, in printing one or more colors are applied to it in 

certain parts only, and in sharply defined patterns .(William, 2003) 

Finishing 

In textile manufacturing, finishing refers to the processes that convert the woven or 
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knitted cloth into a usable material and more specifically to any process performed after 

dyeing the yarn or fabric to improve the look, performance, or “hand” (feel) of the 

finished textile or clothing  (Sara J,2007). Some finishing techniques such as bleaching 

and dyeing are applied to yarn before it is woven while others are applied to the grey 

cloth directly after it is woven or knitted. The general process from raw cotton picked to 

finishing and its pollution is given below in Figure 1. As it was observed above textile 

wastewater contains substantial pollution loads in terms of temperature, color, pH, 

COD, BOD, TDS, TSS and heavy metals hence characterizing textile wastewater is a 

prerequisite to investigate the appropriate treatment option and to evaluate the treatment 

plant. 
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           Figure 2.1. Cotton fabric productions and associated water pollutants Source  

           (Sara J,  2007). 
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          2.2 Environmental problems associated with industrial waste discharge 

Growing attention is being directed towards environmental and health hazards caused 

by accumulation of heavy metals in aqueous environment. Rapid population growth, 

urbanization and industrial development have been adversely degrading human 

environment by their effect through loss of biodiversity and pollution from wastes. 

Industrialization, like other activities that impact on the environment, often results in 

pollution and degradation. It carries inevitable costs and problems in terms of pollution 

of air, water resources and general degradation of the natural environment. Industrial 

waste is the most common point source of water pollution in the present day and it 

increases yearly due to the fact that industries are increasing because most countries are 

getting industrialized (Akinbile and Ogedengbe, 2004). 

Industrial effluents which discharged from textile and tannery contains a higher amount 

of metals especially chromium, lead, copper and cadmium. These effluents released on 

the land as well as dumped into surface water which ultimately leaches to ground water 

and lead to contamination due to accumulation of toxic metallic components and 

resulted in a series of well documented problems in living things because they cannot be 

completely degraded. Hence, industrial effluents offer a wide scope of environmental 

problems and health hazards are becoming more complex and critical not only in 

developing countries but also in developed countries (Krishnasamy et al. 2007). Heavy 

metals are elements having atomic weights between 63.5 and 200.6, and a specific 

gravity greater than 5. The rapid development of industries such as metal plating 

facilities, mining operations, fertilizer industries, tanneries, batteries, paper industries 

and pesticides, etc. heavy metals through wastewaters are directly or indirectly 

discharged into the environment, especially in developing countries. Unlike organic 

contaminants, heavy metals are not biodegradable and tend to accumulate in living 
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organisms and many heavy metal ions are known to be toxic or carcinogenic. Toxic 

heavy metals of particular concern in treatment of industrial wastewaters include zinc, 

copper, nickel, mercury, cadmium, lead and chromium (Fenglian and Qi, 2011). 

Essentially it is now recognized that direct contact with some industrial chemicals can 

potentially cause disability, illness (toxigenic/carcinogenic) and death in humans. Minor 

exposures can cause the buildup of toxic levels within humans. Solvents from 

degreasing and finishing are a source of exposure through vapors. Human health can 

also be affected by toxic hazards through the unskilled and unprotected handling of 

pesticides, tanning chemicals and treated hides and skins (Meharg et al., 2005). 

         2.3 Characteristics and Environmental Impacts of Textile industries Effluent 

The characteristics of textile effluents vary and depend on the type of textile 

manufactured and the chemicals used. The textile wastewater effluent contains high 

amounts of agents causing damage to the environment and human health including 

suspended and dissolved solids, biological oxygen demand (BOD), chemical oxygen 

demand (COD), chemicals, odor and color. Most of the BOD/COD/ ratios are found to 

be around 1:4, indicating the presence of non-biodegradable substances. (Kambole MS, 

et al, 2003).  The possible pollutant and the nature of effluents released from each step 

of the wet process. The textile effluents contain trace metals like Cr, As, Cu and Zn, 

which are capable of harming the environment (UBA, et al). Dyes in water give out a 

bad color and can cause diseases like haemorrhage, ulceration of skin, nausea, severe 

irritation of skin and dermatitis (Mishra, Tripathy, et al, 2003). They can block the 

penetration of sunlight from water surface preventing photosynthesis (Chu, et al 2002). 

Dyes also increase the biochemical oxygen demand of the receiving water and in turn 

reduce the re oxygenation process and hence hamper the growth of photoautotrophic 

organisms (Mishra, Tripathy, et al, 2003). The suspended solid concentrations in the 
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effluents play an important role in affecting the environment as they combine with oily 

scum and interfere with oxygen transfer mechanism in the air-water interface (Chu, et al 

2002). 

As compared to other industries, the textile dyeing industry consumes large quantities 

of water and produces large volumes of wastewater from different steps in the dyeing 

and finishing processes. Wastewater from printing and dyeing units is often rich in 

color, containing residues of reactive dyes and chemicals, such as complex components, 

many aerosols, high Chroma, high COD and BOD concentration as well as much more 

hard-degradation materials. The toxic effects of dyestuffs and other organic compounds, 

as well as acidic and alkaline contaminants, from industrial establishments on the 

general public are widely accepted. At present, the dyes are mainly aromatic and 

heterocyclic compounds, with color-display groups and polar groups. The structure is 

more complicated and stable, resulting in greater difficulty to degrade the printing and 

dyeing wastewater (Shaolan Ding et al., 2010). And in most developing countries textile 

dyeing industry effluents are discharged directly into sewers or water bodies without 

treatment (Favazzi, 2002) 

In Ethiopia also, industries turnout wastes directly into the nearby water bodies. This 

makes industrial and chemical pollution to become major problem in the country and 

one of the great environmental concerns (Wegen, 2015) 
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  Table .2.1 characteristics of textile waste water  

No.  

 

Physic-chemical  

parameters  

Units  range Trace 

element in 

(mg/L)  

Range  

1 pH - 6-10 Iron < 10 

2 Temperature 
0
C 35-45 Zinc < 10 

3 Total dissolved solids mg/L 8000-

12000 

Copper < 10 

4 Biological oxygen 

demand 

mg/L 80-6000 Arsenic < 10 

5 Chemical oxygen demand mg/L 150-12000 Nickel < 10 

6 Total suspended solids mg/L 15-8000 Boron < 10 

7 Total dissolved solids mg/L 2900-3100 Mercury < 10 

8 Chlorine mg/L 1000-6000 Vanadium < 10 

9 Free chlorine mg/L <10 Vanadium < 10 

10 Sodium mg/L 70% Curium < 10 

11 Oil and grease mg/L 10-30   

12 NO3-N mg/L <5   

13 Fee ammonia mg/L <10 

 

  

14 SO4 mg/L 600-1000   

15 silica mg/L <15   

16 Total kjeldahl nitrogen mg/L 70-80   

17 Color (Pt-Co) Pt-Co 50-2500   

           Source (Ghaly AE et al, 2004) 

 

         2.4 Healthy impacts of heavy metals 

         2.4.1 Lead 

Human activities such as mining, manufacturing and fossil fuel burning has resulted in 

the accumulation of lead and its compounds in the environment, including air, water 

and soil. Lead is used for the production of batteries, cosmetics, metal products such as 

ammunitions, solder and pipes, etc. (Martin & Griswold, 2009). Lead is highly toxic 

and hence its use in various products, such as paints, gasoline, etc., has been 

considerably reduced nowadays. The main sources of lead exposure are lead based 

paints, gasoline, cosmetics, toys, household dust, contaminated soil, industrial 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0051


 
 

19 
 

emissions (Gerhardssonet al., 2002). Lead poisoning was considered to be a classic 

disease and the signs that were seen in children and adults were mainly pertaining to the 

central nervous system and the gastrointestinal tract (Markowitz, 2000). Lead poisoning 

can also occur from drinking water. The pipes that carry the water may be made of lead 

and its compounds which can contaminate the water (Brochinet al., 2008). According to 

the Environmental Protection Agency (EPA), lead is considered a carcinogen. Lead has 

major effects on different parts of the body. Lead distribution in the body initially 

depends on the blood flow into various tissues and almost 95% of lead is deposited in 

the form of insoluble phosphate in skeletal bones (Papanikolaou, 2005). Toxicity of 

lead, also called lead poisoning, can be either acute or chronic. Acute exposure can 

cause loss of appetite, headache, hypertension, abdominal pain, renal dysfunction, 

fatigue, sleeplessness, arthritis, hallucinations and vertigo. Acute exposure mainly 

occurs in the place of work and in some manufacturing industries which make use of 

lead. Chronic exposure of lead can result in mental retardation, birth defects, psychosis, 

autism, allergies, dyslexia, weight loss, hyperactivity, paralysis, muscular weakness, 

brain damage, kidney damage and may even cause death (Martin & Griswold, 2009). 

         2.4.2 Copper 

Among the heavy metals, studies have found out that copper is most abundant heavy 

metal pollutant in aquatic environment (Abu Al-Rub et al., 2006). This is due to it wide 

application in both in the industries and as a farm input. Industries like metals cleaning, 

plating and metal processing, paper and pulp, fertilizers, wood preservatives are among 

the leading sources of copper metal (Abu Al-Rub et al., 2006). Copper in the blood 

system may generate reactive free oxygen species and damage the proteins, lipids and 

DNA (Brewer, 2010). The excess copper compounds in the body may also have an 

effect on aging and schizophrenia, mental illness, gastro-intestinal malfunction and 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0027
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/#CIT0051
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convulsions (Kumar, 2006). Copper has damaged the marine ecosystem as well as the 

gills, liver, kidney, the nervous system and changing sexual life of fishes (Van et al., 

2005). Furthermore, it degrades the natural soil and water physiology that eventually 

affect the biota. 

          2.5 Environmental policy in Ethiopia 

Realizing that natural resources are the foundation of an economy, Ethiopia has 

attempted to develop a policy to protect its ecosystems. By proclamation No. 9/1995 the 

Ethiopian Environmental Protection Authority (EPA) has created an environmental 

policy, as well as legal and regulatory reforms to manage its environmental and natural 

resources. The overall aim of the Ethiopian Environmental Protection Authority (EPA) 

is to “improve and enhance the health and quality of life of all Ethiopians and to 

promote sustainable social and economic development through the sound management 

and use of natural, human-made and cultural resources and the environment as a whole 

so as to meet the needs of the present generation without compromising the ability of 

future generations to meet their own needs” (EPA, 2010).    

In Ethiopia constitution article 44 grants all citizens have the right to live in a clean and 

healthy environment. Furthermore, proclamation No.300/2002, article 3(1), stipulates 

that, “No person shall pollute or cause any other person to pollute the environment by 

violating the relevant environmental standard”. Article 3(2) of the same proclamation 

further states that the relevant authority or the relevant regional environmental agency 

may take administrative or legal measures against a person who, in violation of law, 

releases any pollutant into the environment.  
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        2.6 Environmental standards for textile industries waste water 

Several environment protection agencies worldwide have imposed rules entrusted with 

the protection of human health and guarding the environment from pollution caused by 

the textile industry. These agencies imposed certain limits on the disposal of effluents 

into the environment (Ghaly et al, 2004). The disposal limits are found to differ from 

country to country (Ejeomo et. al, 2013). However, a constant check is to be kept on 

these discharge limits every now and then to maintain a safe and a healthy environment. 

It is urgently required that industries should continuously monitor textile effluents and 

take necessary actions to properly treat the wastewater prior their disposal to water 

bodies and save already depleting natural water resources. The Ethiopia EPA emission 

limits for textile industry describe in appendix 5.  

         2.7 Heavy metal removal methods 

        2.7.1 Physico - chemical methods 

Different methods have been used by various researchers for removal of heavy metals. 

Physical separation techniques are primarily applicable to particulate forms of metals, 

discrete particles or metal bearing particles. Physical separation consists of mechanical 

screening, hydrodynamic classification, gravity concentration, flotation, magnetic 

separation, electrostatic separation, and attrition scrubbing. The efficiency of physical 

separation depends on various soil characteristics such as particle size distribution, 

particulate shape, clay content, moisture content, humic content, heterogeneity of soil 

matrix, density between soil matrix and metal contaminants, magnetic properties, and 

hydrophobic properties of particle surface. The conventional chemical processes for 

removing heavy metals from wastewater include many processes such as chemical 

precipitation, flotation, adsorption, ion exchange, and electrochemical deposition.  
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         2.7.2 Adsorption 

Adsorption has emerged out as effective, economical and eco-friendly treatment 

technique. It is a process potent enough to fulfill water reuse obligation and high 

effluent standards in the industries. Adsorption is basically a mass transfer process by 

which a substance is transferred from the liquid phase to the surface of a solid, and 

becomes bound by physical and/or chemical interactions. It is a partition process in 

which few components of the liquid phase are relocated to the surface of the solid 

adsorbents. All adsorption methods are reliant on solid-liquid equilibrium and on mass 

transfer rates. The adsorption procedure can be batch, semi-batch and continuous. At 

molecular level, adsorption is mainly due to attractive interfaces between a surface and 

the group being absorbed. Depending upon the types of intermolecular attractive forces 

adsorption could be of following types: (Tripathi, 2015) 

        2.7.2.1 Physical adsorption 

It is a general incident and occurs in any solid/liquid or solid/gas system. Physical 

adsorption is a process in which binding of adsorbate on the adsorbent surface is caused 

by Vander Waals forces of attraction. The electronic structure of the atom or molecule 

is hardly disturbed upon physical adsorption. Vander Waals forces originate from the 

interactions between induced, permanent or transient electric dipoles. Physical 

adsorption can only be observed in the environment of low temperature and under 

appropriate conditions, gas phase molecules can form multilayer adsorption. 

Commercial adsorbents utilize physical adsorption for its surface binding. (Ranjan, 

2015) 
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         2.7.2.2 Chemical adsorption 

It is a kind of adsorption which involves a chemical reaction between the adsorbent and 

the adsorbate. The strong interaction between the adsorbate and the substrate surface 

creates new types of electronic bonds (Covalent, Ionic). Chemical adsorption is also 

referred as activated adsorption. The adsorbate can form a monolayer. It is utilized in 

catalytic operations. In general, the main steps involved in adsorption of pollutants on 

solid adsorbent are: Transport of the pollutant from bulk solution to external surface of 

the adsorbent. The overall rate of adsorption is decided by either film formation or intra 

particle diffusion or both as the last step of adsorption are rapid as compared to the 

remaining two steps. 

         2.7.2.3 Factors affecting adsorption of heavy metals  

Various factors influence the adsorption capacity of potential adsorbents during the 

adsorption process. Previous researches have assumed that the efficiency of any 

adsorbent is strongly influenced by the physic chemical characteristics of the solutions 

such as pH, temperature, initial concentration, contact time and also adsorbent dose. A 

large portion of adsorption studies has been compiled to investigate the relationship of 

these Parameters. 

Contact time:-the removal efficiency of the adsorbent increased with in contact time 

between adsorbent and adsorbate before equilibrium is reached. The amount adsorbed at 

the equilibrium point reflects the maximum adsorption capacity of the adsorbent under 

operating condition. (Mohammad, 2011). 
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Adsorbent dosage: is an important parameter to determine the capacity of the 

adsorbent. The removal of heavy metal ions increase with an increase in the adsorbent 

dosage. (Azimieretal., 2010) 

Surface Area: Adsorption is a surface phenomenon and as such the extent of 

adsorption is proportional to specific surface area. Specific surface area can be defined 

as that portion of the total surface area that is available for adsorption. Thus the amount 

of adsorption accomplished per unit weight of solid adsorbent is greater, if the solid is 

more finely divided and more porous. It was found that for porous materials like 

activated carbon, the breaking up of large particulars to form smaller ones can in some 

instances serve to open some tiny, sealed channels in the carbon with might then 

become available for adsorption thus possibly yielding dependence of equilibrium 

capacity of particular size. They also showed that both the rate and extent to adsorption 

by particulars of a fixed carbon size should vary approximately linearly with the dosage 

of adsorbent over a range of doses that do not result in great differences in the 

concentrations of solute remaining in bulk solution phase. 

Nature of adsorbate: Adsorption increases with decrease in the solubility of the 

solvent, the greater the solubility, stronger the solute-solvent. The solubility of the 

solute is to a large extent, a controlling factor for adsorption equilibrium. The landelius 

rule states that an inverse relationship can be anticipated between the extent of 

adsorption of a solute and its solubility in the solvent from which adsorption occurs. 

Adsorption increases with decrease in the solubility of the solvent. Greater the 

solubility, stronger the solute-solvent bond and the smaller the extent of adsorption. 

Hydrogen ion concentration: The pH of a solution from which adsorption occurs 

influences the extent of adsorption. Because, hydrogen and hydroxide ions are adsorbed 

quite strongly, the adsorption of other ions is influenced by the pH of the solution. The 
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majority of colored materials encountered with the industry are negatively charged and 

ordinarily carbons will give greater de colorization with increase in acidity of the 

solution, the pH of the adsorbent itself is an important factor, as this may affect the pH 

of the liquid. 

Temperature: Heavy metal removal is usually greater at higher temperature. 

Temperature effects on adsorption equilibrium are generally not significant over the 

range of temperature practically encountered in water and wastewaters. Thus small 

variations in temperature do not alter the adsorption process to any significant extent. 

Mixed solutes: In the application of adsorption for purification of waters and 

wastewaters, the material to be adsorbed commonly will be mixture of many 

compounds rather than a single one. The compounds may mutually enhance adsorption, 

may act relatively a single one. The compounds may mutually enhance adsorption, may 

act relatively independently or may interfere with one another. In mixed solutes, each 

solute completes in some way with the adsorption of the other. The degree of mutual 

inhibition of competing should be related to the relative size of the molecules being 

adsorbed, to the relative adsorptive affinities and the relative concentrations of the 

solutes. The presence of the other solutes in the mixture adversely affects adsorptions of 

the first, leading to much more rapid breakthrough of this material. 

Nature of adsorbent: The physiochemical nature of the adsorbent can have profound 

effects on both rate and capacity for adsorption. Adsorption by activated carbon is a 

surface phenomenon and is affected by the surface functional groups and structural 

details. Significant amount of the carbonyl and carboxyl groups are present on activated 

carbon surfaces. The behaviors of activated carbon as an adsorbent have to be related to 

the surface functionally of the material and the evidence for chemical interaction at the 

surface between carbonyl and carboxyl groups and organic adsorbents is convincing. 
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The adsorption capacity of activated carbon may well be accomplished by increasing 

the concentration of the appropriate functional groups. 

Adsorption of solutes from solutions: Porous or finely divided substances can also 

adsorb dissolved substances from solution. Thus activated carbon is used to remove 

colored impurities from solutions. Charcoal will also adsorb dyestuffs. Adsorption from 

solution generally follows the same principles as laid down for adsorption of gases by 

solids and is subject to the same factors. Thus, some adsorbents specifically adsorb 

certain solutes more effectively than others. An increase of temperature decreases the 

extent of adsorption. An increase in surface area increases the extent of adsorption. 

Adsorption of solutes also involves the establishment of equilibrium between the 

amount adsorbed and the concentration of the solute in solution. The precise mechanism 

of adsorption from solution is not clear. However there is a limit to the adsorption by a 

given mass of adsorbent and hence possibly adsorption takes place unless a uni- 

molecular layer is formed. 

          2.7.2.4 Adsorption by natural materials 

Zeolites 

Zeolite is hydrated alumino silicate minerals and has a micro porous structure. Zeolite 

are used in various applications such as adsorption, catalysis, ion-exchange, 

petrochemical cracking, and removal of gas and solvents and also used in many 

industrial activities due to their unique porous structure. Zeolite converts solid and 

liquid hazardous wastes into environmentally acceptable products (Shevade et al., 

2004).Zeolite is considered as effective adsorbent because it can adsorb heavy metals 

from the waste water sample (Erdem et al., 2004).  
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The percentages of lead removal from textile wastewater samples upon additional 

zeolite with different concentrations of alum were as follows; 10mg/L, 61.03% (0.39 

mg/L) > 30 mg/L, 60.68% (0.39mg/L) > 40 mg/L, 60.63% (0.39 mg/L) > 20 

mg/L,56.09% (0.36 mg/L), respectively. Treatment of the wastewater sample using 

zeolite alone removed55.34% (0.36 mg/L) of lead from the sample (N.Halimoon and 

R.Yin, 2014)   

Based on the experiment done, lowest percentage of wastewater treatment was using 

zeolite whereas the highest percentage was by adding zeolite and 10 mg/L of alum. 

Therefore, the most efficient removal of lead from textile wastewater is the treatment 

using zeolite with 10 mg/L of alum. (Ogunfowokanetal., 2007). With zeolite alone, the 

lead ions or particles are probably adsorbed in to the pores of the zeolite not as effective 

as compare to the former, as lead ions normally exist in the state of+2 which is more 

stable than at the state of +4 (Lim, 2004), thus, zeolite has less capability to adsorb the 

stable ions. The removal of heavy metals is very efficient at the dosage of 10 mg/L of 

alum, and of pH of slightly alkaline, near pH 8. In a research by Fatoki and 

Ogunfowokan (2002), it was stated that when the dosage of alum increases, the 

percentage of removal of heavy metals increases. 

The percentages of removal of Cu from textile wastewater sample after additional of 

zeolite with different concentrations of alum as follows; 10 mg/L, 88.52% (0.1683 

mg/L) >30 mg/L, 88.43% (0.1681 mg/L) > 20 mg/L, 86.94%(0.1653 mg/L) > 40 mg/L, 

82.29% (0.1534 mg/L) >with zeolite alone, 64.74% (0.1231 mg/L), respectively. 

(N.Halimoon and R.Yin, 2014)  In comparison, the highest removal of copper from 

wastewater sample with usage of using zeolite and 10mg/L of alum (P≤0.05) compared 

to the removal of copper from wastewater sample by using zeolite alone, which is the 

lowest among the others. Cu2+ exist in the solutions as complex ions and water is the 
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weaker ligand in this complex, thus, it is displaced by aluminum ions, Al
+3

 of alum 

easily and  the heavy metal ions were aggregated into flocks (Lim, 2004). 

Clay 

There are three main groups of clays: kaolinite, montmorillonite, smectite, and mica. 

The montmorillonite has the highest cation exchange capacity and its recent market 

price is found to be 20 times cheaper as compared to activated carbon. Their heavy 

metals removal capacity is less as compared to zeolites but their easy availability and 

economical properties give back their less efficiency. Efficiency for heavy metal 

removal by clay could be improved by modifying them to clay-polymer composites. ( 

Ranjan and Tripathi, 2015) 

Peat moss 

Peat moss is abundant in nature and has a very high organic content. Its large surface 

area (≥ 200 m
2
 /g) and high porosity makes it an effective agent for heavy metal 

removal from wastewater. It was observed that peat moss plays an important role in 

treatment of metal-bearing industrial effluents such as Cu
+2

, Cd
+2

, Zn
+2

 and Ni
+2

 ( 

Okoro, 2011). 

Chitin  

It is the second most abundant natural biopolymer followed by cellulose. Chitin is 

along-chain polymer of a N-acetyl glucosamine, a derivative of glucose. It is the main 

component of the cell walls of fungi, the exoskeletons of arthropods such as crustaceans 

(e.g., crabs, lobsters and shrimps) and insects, the radula’s of mollusks, and the beaks 

and internal shells of cephalopods, including squid and octopuses. It has been used for 

removal of several heavy metals in the past. Currently, chitosan, which is produced by 

alkaline N-de acetylation of chitin, is drawing an increased amount of research interest 
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for its heavy metal removal capability due to chelating property. It can be made by 

treating shrimp and other crustacean shells with the alkali sodium hydroxide. Chitosan 

has been used for treatment of Hg
+2

, Cr
+6

, Cd
+2

, Pb
+2

 Cu
+2

, Zn
+2

, and Ni
+2

. (Surchi, 

2011). 

          2.7.2.5 Adsorption by agricultural wastes 

They are solid material from biological origin, which have the properties of attracting 

soluble analytes species in solution and attaches them to its surface by removing them 

from solution. The sorption of pollutants by use of bio-sorbents has been given 

consideration over other methods, motivated by environmental concerns (Surchi, 2011). 

Agricultural wastes such as maize tassels, peanut husk, rice husk, coconut shell, wheat 

bran and sawdust have little economic value and create serious disposal problem 

(Surchi, 2011). However, the utilization of these wastes materials as such directly or 

after some minor treatment as adsorbent is becoming vital concern because they 

represent unused resources and cause serious disposal problems. Carbonized rice husks 

(CRH) and activated rice husks (ARH), both from waste rice husks have been 

investigated and applied for the removal of Pb, Cd, Cu, and Zn at controlled pH ( 

Okoro, 2011). 

A number of biological adsorbent materials have been investigated for their potential to 

remove toxic ions. They include; corn cobs (Abia, and Igwe 2003), cereal crops (Abbas, 

2010), woody materials such as bark, leaves and saw dust (Harmon et al, 2007), banana 

peels (Castro et al, 2011), pumpkin waste (Lauren, 2012) and most recently tomato and 

apple peels (Mallampati, 2013) these bio-sorbents have functional groups capable for 

sorption of pollutants in solution to their surface (Deans and Dixon, 1992, Garget al., 
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2008). Such attached functional groups can derivertised to improve their affinity 

towards targeted pollutants and hence adsorption capacity. (Das et al., 2008). 

          2.7.2.6 Adsorption by industrial wastes 

Various industrial wastes have also got adsorption capacity and can be used for 

adsorbing heavy metals from wastewater. These industrial wastes are produced as a by-

product and are used rarely for any purpose. The by-product nature renders it to be 

easily available and very economical also. These industrial wastes are found to have 

good application as adsorbent. Adsorptive capacity of these wastes could be increased 

followed by slight processing. Industrial by-products such as fly ash, blast furnace 

sludge, waste slurry, lignin-a black liquor waste of paper industry, iron (III) hydroxide 

and red mud have been explored for their technical feasibility to remove toxic heavy 

metals from contaminated water. Other industrial wastes, coffee husks , Areca waste, 

tea factory waste, sugar beet pulp, waste pumice of olive oil factory waste , battery 

industry waste, waste biogas residual slurry, sea nodule residue and grape stalk wastes 

have been utilized as low-cost adsorbents for the removal of toxic heavy metals from 

wastewater. 

          2.7.2.7 Adsorption by onion skin 

Onion skins which is an agro wastes and which is discarded all over the world as 

useless material, is causing waste management problems even if it has some compost, 

cosmetics and adsorbent potentiality (Avisha et al., 2012). It would be very appropriate 

if applied as an abandoned since it is readily available, cheap and an environment 

friendly biomaterial. Based on the above criteria, onion skins were considered as 

biomaterial to be studied for their sorption properties. This study investigated the 

possibility of this agricultural waste material for possible application in the removal 
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lead and copper ions from textile industry waste water. The aim of this research was to 

investigate the potential application of the same for remediation of water and the 

possibility of improvement in adsorption capacity of onion skins as bio-sorbent towards 

selected pollutants. This is because onion skins are available in large quantities in local 

markets and pose a disposal problem. 

          2.8 Adsorption isotherm 

Adsorption isotherm is used to describe the mechanism of how adsorbate ions interact 

on the surface of adsorbent. There are several isotherm equations available to analyze 

the experimental sorption equilibrium parameters, but the well-known adsorption 

isotherm models used for single solute system are Langmuir (Langmuir, I., 1918) and 

Freundlich (Freundlich, H., 1906). Both   adsorption isotherm models are found to be 

more suitable to describe the relationship between qe (quantity adsorbed at equilibrium, 

mg/g) and Ce concentration of adsorbate remained in the bulky solution at the 

equilibrium mg/L. 

          2.8.1 Langmuir adsorption isotherm 

Langmuir isotherm has been used extensively for the sorption of many heavy metal 

ions. Langmuir assumes adsorption of an ideal gas on an ideal surface. It assumes that 

sorption occurs on a homogeneous surface and that adsorption can only occur at fixed 

sites and can only hold one adsorbate molecule at a time (monolayer). A further 

assumption is that all sites available are equivalent and there is no transmigration of the 

sorbate in the plane of the surface even on adjacent sites (Boukhiar et al., 2008). The 

Langmuir equation is given by equation (2.1) (Langmuir, 1918) 

      
        

      
                                     (2.1) 
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             Where, 

                      qe is the metal adsorption capacity of adsorbent(mg/g) 

               Ce is the supernatant concentration after equilibrium of the system (mg/L). 

                     KL is the Langmuir affinity constant (L/mg). 

               Qmax is the maximum adsorption capacity of the material (mg/g) assuming  

                a monolayer of   adsorbate up taken by the adsorbent. 

The linear form of the Langmuir equation is given by equation (2.2.). A plot with a 

good linear correlation indicates that the Langmuir model describes the adsorption 

process, (Langmuir, 1918; Ng et al., 2003). The values of Qmax and KL can be 

determined from the slope and the intercept of the linear plot of 
  

  
 versus Ce, 

respectively. 

   

  
   

 

      
  

 

    
                                                                     (2.2) 

 

The essential characteristics of the Langmuir isotherm may also be expressed in terms 

of a dimensionless separation factor of equilibrium (RL) which may be calculated from 

equation (2.3) 

      
 

       
                                                            (2.3.) 

RL is related to the shape of the isotherm according to the following characteristics  

given in table 2.2  
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     Table 2.2 RL value for Langmuir adsorption isotherm model 

No. RL value Nature of adsorption 

1 RL =0 Un favorable  

2 0 < RL < 1  Favorable  

3 RL =1 Linear  

4 RL >1 Irreversible  

 

          2.8.2 Freundlich adsorption isotherm 

It is a multi-site sorption isotherm adsorption model for heterogeneous surfaces. 

According to the model, the ratio of the amount of solute adsorbed on to a given mass 

of sorbent to the concentration of the adsorbate in solution is not constant at different 

concentrations. It is widely used for highly interactive species. The general equation is 

as shown in equation (2.4) (Oubagaranadin et al., 2007). 

                     
 

                                                                                      (2.4) 

           Where, 

                qe is the metal adsorption capacity of adsorbent (mg/g) 

               Ce is the equilibrium concentration of solute in the bulk solution (mg/L). 

               KF is the Freundlich constant related with adsorption capacity (mg/g)  

                nF is the Freundlich exponent (dimensionless).  

 KF constant is an indicative of the relative adsorption capacity of the adsorbent (mg/g), 

while 1/n is the function of the strength of adsorption in the adsorption process (Freitas 

et al., 2008). A plot of log qe versus log Ce with a good linear correlation implies that 

the sorption fits the Freundlich model. 



 
 

34 
 

The linear form of the Freundlich equation is given by equation (2.5). If the plot of log 

qe versus log Ce is linear, the values of nF and KF can be determined the slope and the 

intercept, respectively.   

                                        
 

  
                                                            (2.5)           
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3. MATERIALS AND METHODS 

          3.1 Description of the study area 

Ayka Addis Textile & Investment Group PLC is a Turkish company which is vertically 

integrated textile manufacturer covering spinning, knitting, dyeing and sewing. It is 

found in Oromia region, Alemgena city which is 20 kilometers to the south west of 

Addis Ababa. The industry has been operational since 2010. It is the biggest integrated 

textile factory in the Sub Saharan Africa region. The industry has waste water treatment 

plant with the capacity to treat 5760 m
3
 waste water per day. 

         3.2 Waste water sampling and preservation 

The waste water samples of this study were obtained from Ayka Addis Textile & 

Investment Group PLC. The source of heavy metals in the process are scouring, dyeing 

and finishing. Before collecting the wastewater sample the plastic container was washed 

thoroughly using distilled water and dilute sodium hydroxide solution in order to 

remove contaminants. The fresh waste water sample was collected from the outlet of the 

grit chamber of the factory’s treatment plant. The samples were collected two times a 

day after peak hour of production at 10 AM in which most of the effluents from night 

shift is released and at 4 PM in which the effluents from day shift is released. The 

collection was repeated for three days in five days interval in October, 2018.The pH and 

temperature of the waste water samples were recorded using pH meter (model 

HI831410). The sample was placed in an ice storage box containing ice packs and it 

was transported to Addis Ababa science and technology university chemical 

engineering laboratory. The sample was refrigerated at 4 C
o
 prior to the experiment in 

order to maintain its composition from degradation by microbes. All the samples were 

mixed together for the study. 
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         3.3. Heavy metals analysis in the waste water sample 

Some common heavy metals such as copper, lead, zinc, cadmium and chromium that 

may found in the waste water sample were identified by inductively coupled plasma 

optical emission spectrometry (ICP – OES) in Ethiopian textile industry development 

institute. ICP-OES is a trace level, elemental analysis technique that uses the emission 

spectra of a sample to identify, and quantify the elements present.  

The concentrations of the heavy metals; copper, lead, zinc, cadmium and chromium in 

the Ayka Addis waste water were determined in Ethiopian leather industry development 

institute laboratory.  They were identified by inductively coupled plasma optical 

emission spectrometry, ICP – OES (model Avio 200) a trace level elemental analysis 

technique that uses the emission spectra of a sample to identify, and quantify the 

elements present.  

It was found that 2.85mg/L, 2.02 mg/L, 1.7 mg/L 0.01 mg/L of copper, lead,  Zinc and 

cadmium ions, respectively were present while the concentration of chromium ion was 

below  detection limit (<0.007 mg/L). Therefore the two dominant metals, copper and 

lead having high concentrations in the waste water were selected for the batch 

adsorption study. 

         3.4. Preparation of the adsorbent 

Onion skins were collected from local markets, Addis Ababa “Kera” vegetable markets. 

They were put in a clean plastic bag and transported to Addis Ababa Science and 

Technology University chemical engineering laboratory. The onion skins were washed 

with warm water and rinsed with distilled water to remove dirt materials and then dried 

overnight in an oven at 45°C until constant weight was attained. The dried materials 

were ground using mortar and pestle and sieved through a fine-mesh of 200m sieve. 
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The resulting material was then kept in desiccators to remove moisture prior to the 

experiment (wanjiku, 2015). 

                     

                    A. Washing    B. drying                    C. grinding     

 

                          

                                D. sieving     E. Powder onion skin  

                   Figure 3.1. Onion skin powder preparation flow diagram from A to E  

          3.5. P
H

 point zero charge determination of the adsorbent ( P
H

 pzc) 

The P
H
 value at which the surface charge is zero is called the point of zero charge (pzc), 

which is one of the most important parameters used to describe variable-charge surfaces 

(Morais et al., 1976). Determination of point zero charge was conducted by salt addition 

method. The method consists of a simple titration that requires a smaller amount of 

solid sample than other methods (Mahmood, 2011). In the method, 0.2 gram of 

adsorbent was added to 40 ml of 0.1 M NaNO3 in ten 50 ml conical flasks. The pH was 

adjusted using pH meter (model HI 8314100) to 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 with 0.1 

M HCl and 0.1 M NaOH as needed for a conical flask. The flasks were shaken for 24 
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hours in a shaker (model SSLI) at room temperature and at 200rpm. After this time each 

resulting pH was measured and the initial pH (pHi) versus the difference between the 

initial and final pH value (PH) was plotted. The point zero charge was taken as the 

point where PH = 0.  

          3.6 Fourier transform infrared spectroscopy (FTIR) 

FTIR spectroscopy is a technique, which analyses a wide range of radiation wavelength 

simultaneously. The signal produced is processed by a mathematical process called 

Fourier transforms to produce IR spectrum (Skoog et al., 2007). Infrared radiations are 

of low energy and when they interact with matter they excite the molecules causing 

them to vibrate or rotate. Each material has unique arrangement of atom and molecules, 

and any two compounds are excited by different frequency, making infrared 

spectroscopy a tool for qualitative analysis. Types of functional groups present can be 

established by comparing the absorptions seen in an experimental spectrum, to the 

literature absorption of various functional groups and hence determine a list of possible 

identities for the bonds present (Feng, 2009). In this study, the technique was used to 

identify the functional groups, responsible for adsorption of pollutants on to the surface 

of the adsorbents before adsorption and also conducted after adsorption. The FTIR 

experiment was carried out in Ethiopian Leather Industry Development Institute using 

FTIR spectra (model IR affinity) in the wave number range of 400 cm
-1

 -4000 cm
-1

 

using KBr pellets. 

          3.7 X-ray diffraction (XRD) 

The XRD pattern of the adsorbent was done to investigate molecular arrangement of the 

adsorbent (onion skin powder). X-ray diffraction technique is used to analyze the 

Crystalline nature of the material, if the material under investigation is crystalline, well 
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defined peaks were observed, if it is non - crystalline or amorphous system shows a 

hollow instead of well-defined peaks. (Ahmaruzzaman, 2000). XRD analysis on the 

prepared adsorbent was carried out at Addis Ababa university faculty of science 

department of chemistry laboratory using XRD instruments (model miniflex 600PXRD. 

         3.8. Preparation of lead and copper stock solution 

Standard stock solutions of lead and copper ions with a concentration of 1000ppm were 

prepared by dissolving 1.5985 gram of Pb(NO3)2 and 3.9289 gram of CuSO4.5H2O in 

one liter of distilled water. All the chemical reagents were of analytical grade with a 

purity of 99%. Synthetic samples of different concentration of lead and copper solutions 

were prepared from the stock solution by appropriate dilution with distilled water. 

           3.9. Batch adsorption study 

          3.9.1. Batch adsorption experiments 

50 ml of each Pb(NO3)2 and CuSO4.5H2O standard test solutions with concentrations of 

50, 100, 150 and 200 mg/L were added to a 250 ml conical flask that contains 0.2, 0.5, 

0.8 and 1.0 gram of the adsorbent. The pH of each solution was adjusted at 3, 5, 6, and 

8 by adding the required amount of 0.1 M HCl or 0.1M NaOH. Each mixture was 

shaken by an orbital shaker (model SSLI) at 200 rpm at room temperature for a contact 

time of 10, 30, 60 and 90 minutes. The resulting mixtures were filtered using Whatman 

No.42 filter paper. The filtrates were digested by adding 10 ml of concentrated nitric 

acid (69% HNO3) in a hot plate at a temperature of 100 
o
C until it boils (Wanjiku, 

2015). Finally, the samples were kept in a refrigerator at 4
o
C till they are analyzed for 

their metal ion concentration by AAS (model ZEEnit700P F). Optimum adsorption 

parameters (pH, contact time, metal ion concentration and dose of the adsorbent) were 

investigated by varying one parameter while keeping the others constant at room 
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temperature. All samples were run in triplicate and the average values were taken to 

calculate the removal efficiency of the adsorbent. After digestion, the Ayka Addis waste 

water was analyzed following the same experimental procedure. 

          3.9.1.1 Optimization of pH on the onion skin 

50 ml of each Pb(NO3)2 and CuSO4.5H2O standard test solutions with concentrations of 

10 mg/L were added to  a 250 ml conical flask that contains 0.5 gram of the adsorbent. 

The pH of each solution was adjusted at 3, 5, 6, and 8. The mixtures were equilibrated 

for 1 hour and then filtered. Finally the metals ions in the filtrate were determined and 

the optimums PH were established. 

         3.9.1.2 Effect of contact time on sorption of the metal ions 

50 ml of each Pb(NO3)2 and CuSO4.5H2O standard test solutions with concentrations of 

10 mg/L were added to  a 250 ml conical flask that contains 0.5 gram of the adsorbent 

at optimum PH values for each respective metal under study for a contact time of 10, 

30, 60 and 90 minutes. The mixtures were filtered and the metals ions in the filtrate 

were determined. 

          3.9.1.3 Effect of metal ion concentration on sorption 

50 ml of each Pb(NO3)2 and CuSO4.5H2O standard test solutions with concentrations of 

50, 100, 150 and 200 mg/L were added to  a 250 ml conical flask that contains 0.5 gram 

of the adsorbent at optimum PH values for each respective metal for a contact time of 

60  minutes. The mixtures were filtered and the metals ions in the filtrate were 

determined. 
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         3.9.1.4 Effect of sorbent dose on percent recovery of metals ions 

50 ml of each Pb(NO3)2 and CuSO4.5H2O standard test solutions with concentrations of 

50 mg/L were added to a 250 ml conical flask that contains 0.2,0.5,0.8 and 1.0 gram of 

the adsorbent at optimum PH values for each respective metal for a contact time of 60  

minutes. The mixtures were filtered and the metals ions in the filtrate were determined. 

         3.10 Calculation of metal ion adsorption capacity of onion skin 

The amount of Pb
2+

 and Cu
2+

adsorbed per unit mass of the sorbent material and the 

removal efficiency of the adsorbent were determined using equation (3.1) and (3.2), 

respectively. 

         e  
( o  e) 

 
      (3.1) 

        Removal           ( )  
( o  e)     

 o

   (3.2) 

                 Where,   qe is the metal adsorption capacity of adsorbent.  

                               Co is the initial metal ions concentration (mg/L) 

                               Ce is the equilibrium metal ions concentration (mg/L) 

                              V is the volume of the test solution (or waste water sample) (L) 

                              m is the amount of the adsorbent used (g) 
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          4. RESULTS AND DISCUSSION 

          4.1 Point of zero charge determination of the adsorbent 

The change in pH versus initial pH for 0.2 gram of the adsorbent in 0.1MNaNO3 

solution is plotted in Figure 4.1.  From the figure it can be observe that the point of zero 

charge is 5.6. This means above 5.6 the surface of the adsorbent will be negatively 

charged because of the presence of excess OH
-
 ion. Hence, cationic species will be 

adsorbed when the pH is above 5.6 and anionic species will be adsorbed when the pH is 

below 5.6.  

 

                       

                 Figure 4.1.point of zero charge for onion skin  

             4.2. Characterization of onion skin using FTIR spectroscopy   

The resulting spectra of the onion skin powder before and after adsorption are 

presented in figure 4.2 (a) and (b), respectively. The FTIR characterization of onion 

skin indicates the presence of many functional groups. These include, –NH2, -OH, 

C=O, -COOH, S=O and C-N   which are capable of binding metal ions. (Moran et al, 
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2008). Figure 4.1 (a) shows the FTIR spectra of onion skin. The dominant peaks are at 

3335.07cm
-1

, 2920.35 cm
-1

, 1624.13 cm
-1

, 1369.52 cm
-1

and 895.01 cm
-1

. The peaks 

region 3335.07 cm
-1

 indicate –OH stretching vibration of alcohol (Ogunleye et al, 

2014), 2920.35 cm
-1 

 indicate the C-H stretching of the aromatic ring (Avisha et al, 

2012) , 1624.13 cm
-1

 indicates C=O symmetric stretching of the aromatic ring 

(Ogunleye et al, 2014), 1369.52 cm
-1   

indicates the S=O stretching of the sulfoxide 

group (Koch et al, 1970) and 895.01 cm
-1

 indicates C=C stretching of the aromatic 

ring. (Somania et al,2014). After adsorption of Pb
+2

 and Cu
+2

 the dominant peaks 

shifted from 3335.07cm
-1 

to 3284.91cm
-1

, 2920.35 cm
-1 

to 2918.42 cm
-1

, 1624.13 cm
-1

 

to 1631.85 cm
-1 

, 1369.52 cm
-1

to 1363.73 cm
-1 

and 895.01 cm
-1

 to 958.66 cm
-1

. 

Shifting was observed on C-C stretching and C-N stretching. (Somania et al, 2014). 

The prepared onion skin contains protein (with –COOH and –NH2 groups), sugars, 

carbohydrates, and vitamins (with OH groups), minerals and over 80% water. 

(SuleriaHAR et al, 2015), which are responsible for binding metal ions. 
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a) 
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          (b) 

                   Figure 4.2.FTIR spectra of onion skin (a) before adsorption (b) after adsorption 
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          4.3. X-ray diffraction (XRD) of onion skin  

The X-ray pattern of onion skin powder present in figure 4.3 shows the absence of sharp 

peaks this indicate that onion skin powder is an amorphous material, which is an 

advantage property for a good adsorbent. The diffraction pattern of onion skin 

confirmed amorphous structure. 

 

 

 

          Figure 4.3 XRD pattern of onion skin 

 

        4.4. Batch adsorption studies 

         4.4.1. Effect of pH on the removal of Pb
+2

 and Cu
+2

 

Adsorption of metal ions by adsorbent is pH dependent as it influences the charge of the 

binding sites of the adsorbent and the chemistry of the metal ion (Unlu and Ersoz, 

2006). The effect is due to the fact that, adsorbents have sorption sites due to the 
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presence of functional groups, whose charges are influenced by the pH (Fourest and 

Serre, 1996). 

The effect of pH on the removal efficiency and the maximum amount of Pb
+2

 and Cu
+2 

adsorbed (mg/g) are shown in figure 4.4 and 4.5, respectively. For Pb
+2

, when the pH of 

the test solution increased the removal efficiency increased from 97.6% at pH 3 to 

98.50% at pH 6. Beyond pH 6, the removal efficiency decreased from 98.50 % at pH 6 

to 96.85% at pH 8.For Cu
+2

, the removal efficiency increased from 92.43% at pH 3 to 

95.50% at pH 5. Beyond pH 5, the removal efficiency decreased from 95.50% at pH 5 

to, 88.65% at pH 8. 

Similarly, the amounts of the metals adsorbed per gram of the adsorbent were found to 

vary with pH. For Pb
+2

 and Cu
+2

, maximum adsorption was observed at pH 6 and 5, 

respectively. The observed values are close to those reported by other research group 

4.2 and 5 for Pb
+2

 and Cu
+2

, respectively. (Wanjiku, 2015) The lower adsorption 

capacity and removal efficiency of both metal ions at low pH is due to the competing 

H
+ 

ion which is present at high concentration. As the pH increases, the concentration of 

H
+
 in a solution decreases and the competition between the ions is reduced, thereby 

allowing more of the positively charged Pb
+2

 and Cu
+2

 ions to diffuse faster towards the 

active binding site resulting with an increased adsorption and removal efficiency. When 

the pH is between 5 and 6, the adsorbent is relatively more negatively charged when 

compared with the solution. This contributes to high adsorption of metal species 

(Singhetal, 2006). 

Beyond pH 6, the presence of excess OH
- 

may lead to the formation of Pb(OH)2 and 

Cu(OH)2. 
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Figure 4.4.Effect of pH on the removal efficiency of onion skin. Contact time = 1hr, 

conc. = 10mg/L, dose = 0.5 gm, rpm = 200 at room temperature.  
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Figure 4.5.Effect of pH on the adsorption capacity of onion skin. Contact time = 1hr, 

conc. = 10 mg/L, dose = 0.5 gm, rpm = 200 at room temperature. 

         4.4.2. Effect of contact time on the removal of Pb
+2

 and Cu
+2

 

As shown in figure 4.6 and 4.7, removal efficiency and adsorption capacity increased 

during the first 30 minutes of contact and then decreased. For Pb
+2

, when the contact 

time between the adsorbent and the metal ions increased from the first 10 minutes to 30 

minutes the removal efficiency also increased from 90.18 % to 93.89 %.  Beyond 30 

minutes contact time, the removal efficiency decreased from 93.89% for 30 minutes 

contact to 87.82% for 90 minutes contact. For Cu
+2

, when the contact time between the 

adsorbent and the metal ions increased from the first 10 minutes to 30 minutes the 

removal efficiency also increased from 89.94% to 92.19 %.  Beyond 30 minutes contact 

time, the removal efficiency decreased from 92.19% for 30 minutes contact to 85.82 % 

for 90 minutes contact. Similarly, the amounts of the metals adsorbed per gram of the 

adsorbent were found to vary with contact time between the adsorbent and the metals 

ions. For Pb
+2

 and Cu
+2

, maximum adsorption was observed, when the time of contact 

reaches 30 minutes. Initially there were large numbers of vacant active binding sites 

available at the first phase of experiment and large amount of both metals ions were 

bound rapidly on the adsorbents at a faster adsorption rate. The binding site was shortly 

become limited and the remaining vacant surface sites were difficult to be occupied by 

metal ions due to formation of repulsive forces between the metals ions on the solid 

surface and the liquid phase (Anwar,et al.,2010). 
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Figure 4.6 Effect of contact time between adsorbent and metal ions (Cu
+2

and Pb
+2

) on 

the removal efficiency, at pH = 5 for Cu & 6 for Pb conc. = 10 mg/L, dose = 0.5gm, 

rpm = 200 and at room temperature. 
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Figure 4.7 Effect of contact time between adsorbent and metal ions (Cu
+2

and Pb
+2

) on 

the adsorption capacity of onion skin, at pH = 5 for Cu & 6 for Pb, conc. = 10 mg/L, 

dose = 0.5gm, rpm = 200 and at room temperature. 

         4.4.3. Effect of initial metal ion concentration on the removal of Pb
+2

 and Cu
+2

 

Metal adsorption is significantly influenced by the initial metal ion concentration in 

aqueous solution (wanjiku, 2015).The effect of the initial Pb
+2 

and Cu
+2 

concentration 

on the removal efficiency and adsorption capacity were carried out at different initial 

concentration of both metals 50, 100, 150 and 200 mg/L, at the optimum pH of both 

metals, keeping the other variables constant, adsorbent dose = 0.5gm, contact time 30 

minute, rpm=200 and at room temperature. The effect of the initial Pb
+2 

and Cu
+2 

concentrations on the removal efficiency and adsorption capacity are show in figure 4.8 

and 4.9, respectively. It can be seen from the figure that the percentage removal 

decreases with the increase in initial heavy metal concentration for both metals ions. 

When the initial concentration of both metals increase from 50 mg/L to 200 mg/L, the 

removal efficiency for Pb
+2 

and Cu
+2 

decreased from 97.58 % to 92.74 % and from 

95.41% to 93.49% respectively. However the adsorption capacity of Pb
+2 

and Cu
+2 

increased from 4.88 mg/g to 18.55 mg/g and from 4.77 mg/g to 18.70 mg/g, 

respectively, under the same conditions. The percentage removal is highly effective on 

the 50 mg/L initial concentration, after which percentage removal decreases gradually. 

At lower initial metal ion concentrations, sufficient adsorption sites are available for 

adsorption of the heavy metals ions. However, at higher concentrations the numbers of 

heavy metal ions are relatively higher compared to availability of adsorption sites.  
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Figure 4.8.Effect of initial metal ion concentration (Cu
+2 

and Pb
+2

) on the removal 

efficiency of onion skin.at pH = 5 for Cu & 6 for Pb, dose = 0.5gm, contact time 30 

minute, rpm = 200 and at room temperature. 

 

                       

                           (a) 

92

93

94

95

96

97

98

50 100 150 200

R
em

o
v
al

 e
ff

ic
ie

n
c
y
 (

%
) 

 

Concentration mg/L 

Cu

Pb

0

2

4

6

8

10

12

14

16

18

20

50 100 150 200

A
d
so

rp
ti

o
n
 c

ap
ac

it
y
 m

g
/g

  

Concentration  mg/L 



 
 

53 
 

                       

                             (b) 

Figure 4.9 Effect of initial metal ion concentration on the adsorption capacity of onion 

skin.(a)  Pb
+2  

 (b) Cu
+2 

at pH = 5 for Cu & 6 for Pb, contact time = 30 minute dose = 

0.5gm, rpm = 200 and at room temperature. 

           4.4.4. Effect of adsorbent dose on the removal efficiency and adsorption capacity 

               of Pb
+2

 and Cu
+2

          

The effect of adsorbent dose on the removal efficiency and adsorption capacity of both 

metal are shown below in figure 4.10 and 4.11.  Adsorbent doses of 0.2, 0.5, 0.8 and 1 

gram for a concentration of 50mg/L of lead and copper solutions were used at their 

optimum pH investigated. From the figures it is observed that when the adsorbent dose 

increased from 0.2 to 1 gram the removal efficiency of Pb
+2

 and Cu
+2

increased from 

95.61% to 98.90% and from 87.73% to 95.90%, respectively. However the adsorption 

capacity decreased from 35.85 to7.5 mg/g and from 32.90 to 7.16 mg/g, respectively. 

Higher percentage of adsorption with increase of adsorbent concentration can be 

attributed to increase in surface area and the availability of more binding sites for 
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adsorption. This suggests that after a certain dose of adsorbent, the maximum 

adsorption sets in and hence the amount of ions bound to the adsorbents and the amount 

of free ions remains constant even with further addition of the dose of adsorbent 

(Kartkeyan,et al.,2009). Therefore 1gram/50 ml of adsorbent was taken as an optimum 

dose for   further experiment. 

 

                 

              

 

 

 

 

 

 

 Figure 4.10 effect of dose of adsorbent on the removal efficiency of onion skin, at pH = 

5 for Cu & 6 for Pb, contact time = 30 minute, conc. = 50mg/L, rpm = 200 and at room 

temperature. 
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Figure 4.11. Effect of dose of adsorbent on the adsorption capacity of onion skin at pH 

= 5 for Cu & 6 for Pb, contact time = 30 minute, conc. = 50mg/L, rpm = 200 and at 

room  temperature.  

Generally the optimum parameters obtained from the experiments are given bellow in 

table 4.1 

Table 4.1 optimum parameters for the removal of lead and copper. 

N0. Parameters  Optimum result  

1 PH 5 for Cu
+2 

and 6 for Pb
+2 

2 Contact time (minute) 30 

3 Concentration (mg/L) 50 

4 Dose of adsorbent  (gm) 1 
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           4.5. Adsorption isotherms 

          4.5.1. Langmuir isotherm 

The adsorption of Pb
+2

 and Cu
+2 

at different initial metal concentrations were studied 

keeping the other parameters at optimum values. A graph of Ce/qe against Ce was 

plotted following the Langmuir equation (equation 3.4).  The results are depicted in 

figure 4.12.  
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                                 (b) 

              Figure 4.12.Langmuir adsorption isotherms for adsorption of (a) Pb
+2

 (b) Cu
+2 

using      

              onion skin  

From figure 4.12 (a), the values of R
2
, slope (= 1/Qmax) and intercept (= 1/QmaxKL) are 

0.9616, 0.038 and 0.247, respectively. Accordingly, using the Langmuir adsorption 

isotherm model that assume a monolayer adsorption, the maximum adsorption capacity 

of onion skin (Qmax)  for Pb
+2

 was 26.32 mg/g and the Langmuir affinity constant (KL) 

was 0.15L/mg. 

Similarly, from figure 4.12 (b), the values of R
2
, Qmax and KL for Cu

+2
 were 0.9531, 

52.63 mg/g and 0.04 L/mg, respectively. The essential characteristics of the Langmuir 

isotherm may also be expressed in terms of a dimensionless separation factor of 

equilibrium (RL) which may be calculated using equation 3. 
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                       (a)  

                          

                       (b) 

        Figure  4.13.A plot of separation factor versus initial concentration of (a) Pb
+2

 (b)   Cu
+2

 

Figure 4.13 (a) and (b) show that RLvalues are between zero and one. Hence, according 

the Langmuir adsorption isotherm, the adsorptions are favorable, but non-linear because 

the RL values are different from one.  
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        4.5.2. Freundlich isotherm 

The adsorption of Pb
+2

 and Cu
+2

 on onion powder was tested whether or not it follows 

the Freundlich isotherm. Figure 4.14 is a plot of log qe verses log Ce. The observed 

values of R
2
, nF and KF for Pb

+2 
from the linear regression equation were calculate to be 

0.9997, 1.86 and 4.36, respectively. The values for Cu
+2

 are 0.9995, 1.26 and 2.46, 

respectively. The Freundlic constant nF is an indication of favorable sorption, when its 

value is between 2 and 10 (Chen et al., 2010).  The value of nF for both ions were 

between 2 and 10, an indication that the process was favorable in Freundlic isotherm 

model. 
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                          (b)  

              Figure 4.14 Freundlich adsorption isotherm of (a) Pb
+2

 and (b) Cu
+2

 on the onion skin. 

                             Table 4.2. Adsorption isothermal of Pb
+2 

and
 
Cu

+2
. 

Metal 

ions  

Langmuir 

 

Freundlich 

Qmax  

(mg/g)  

KL (L/mg) R
2 

nF KF (mg/g) R
2
 

Pb
+2 

26.32 

 

0.15 0.9616 1.86 4.36 0.9997 

Cu
+2 

52.63 

 

0.04 0.9531 1.26 2.46 0.9995 

            

          Results of the linear regression equations of the Langmuir and Freundlich isotherms are 

shown on Table 4.1. It can be seen that Freundlich isotherm fits the data      better than 

Langmuir isotherm for adsorption of Pb
+2

and Cu
+
2. The results indicate that the 

adsorption of Pb
+2

 and Cu
+2

 takes place by multilayer adsorption on a heterogeneous 
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surface of the adsorbent. The maximum adsorption capacity of onion skin observed was 

26.32 mg/g for Pb
+2 

and 52.63 mg/g for Cu
+2

, respectively. 

         4.6. Application of onion skin for removal of Pb
+2 

and Cu
+2 

from textile wastewater 

For more understanding of the application of onion skin for the removal of Pb
+2

 and 

Cu
+2 

from real waste water, batch adsorption experiments were conducted on real waste 

water at optimum conditions obtained for the standard test solutions. The concentration 

of Pb
+2

 and Cu
+2

 in the waste water samples collected from Ayka Addis textile factory 

were determined to be 2.02 mg/L and 2.85 mg/L, respectively. The removal efficiencies 

for Pb
+2

 and Cu
+2

 were found to be 80.2 % and 78.9 %, respectively. The values are 

smaller than the removal efficiency of both metals in the standard test solution, but still 

high for application. The reason for the lower efficiency could be due to the presence of 

other metals and wastes in the real waste that affect the adsorption process or competes 

for adsorption. The results indicate that onion skin can have a potential application to be 

used as an efficient adsorbent for the removal of Pb
+2

 and Cu
+2 

from textile industry 

waste water. 
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5. CONCLUSIONS AND RECOMMENDATIONS 

          5.1 Conclusions 

The FTIR characterization of onion skin indicates the presence of many functional 

groups. These include, –NH2, -OH, C=O, -COOH, S=O and C-N   which are capable of 

binding metal ions. The XRD structure of onion skin powder indicate that the material 

is amorphous, which is a characteristics of good adsorbent. The waste water of Ayka 

Addis textile factory contains 2.02 mg/L Pb
+2

, 2.85 mg/L Cu
+2

, 1.7 mg/L Zn
+2

, 0.01 

mg/L Cd
+2

 and the amount of chromium was below the detection limit of ICP – OES. 

This work has demonstrated the removal of lead and copper ions from textile industry 

waste water through batch adsorption study using onion skin as an adsorbent. Maximum 

removal efficiencies were obtained at a pH of 6 for Pb
+2

 and a pH of 5 for Cu
+2

 when 

the initial concentration of the metal ions, adsorbent dose and contact time were 50 

mg/L, 1 gram and 30 minute, respectively. The maximum removal efficiency of Pb
+2

 

obtained was 98.9 % for the standard test solution and 80.2 % for the real wastewater of 

Ayka Addis textile factory.  The values for Cu
+2

 were 95.9 % and 78.9 %, in their 

respective order.  

The model for the adsorption isotherm was tested using the Langmuir and Freundlich 

models. It was found that the Freundlic isotherm model fitted well with the 

experimental data with correlation, R
2
 =0.999.The study showed that onion skin can be 

used as an adsorbent for the removal of Pb
+2

 and Cu
+2

 form textile industry waste water.   
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          5.2 Recommendations 

This research was conducted only for the removal of lead and copper from both 

standard test solution and real waste water from textile industry. Further research should 

be conducted for the removal of other heavy metals. Recovery studies were not 

conducted in this work. These should further be done for the reuse of the sorbent or for 

using the metals. 

Similar studies should be conducted on the waste water of other industries that contain 

lead and copper.  Use of modified onion skin may enhance the removal efficiency of the 

heavy metals. Therefore similar studies should be conducted with modified onion skin. 

While conducting studies to increase the removal efficiency, feasibility studies should 

also be considered.  
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APPENDICES 

Appendix 1:- The average experimental data for the removal efficiency and adsorption 

capacity of Pb (II) and Cu(II) for triplicate data 

 

Variables Responses 

Run PH Initial 

Concentration 

mg/L 

Contact 

time 

Minute 

Adsorbent 

dose 

,gram 

Ce  

mg/L 

qe 

mg/g 

Efficiency 

% 

1 3 10 60 0.5 0.240 0.976 97.60 

2 5 10 60 0.5 0.2176 0.978 97.82 

3 6 10 60 0.5 0.15 0.985 98.50 

4 8 10 60 0.5 0.3149 0.969 96.85 

5 6 10 10 0.5 0.9818 0.90 90.18 

6 6 10 30 0.5 0.6115 0.939 93.89 

7 6 10 60 0.5 0.9902 0.90 90.01 

8 6 10 90 0.5 1.218 0.878 87.82 

9 6 50 30 0.5 1.212 4.88 97.58 

10 6 100 30 0.5 4.401 9.56 95.60 

11 6 150 30 0.5 8.879 14.11 94.08 

12 6 200 30 0.5 14.523 18.55 92.74 

13 6 50 30 0.2 6.585 35.85 95.61 

14 6 50 30 0.5 3.7755 14.62 97.48 

15 6 50 30 0.8 2.233 9.24 98.51 

16 6 50 30 1 1.65 7.41 98.90 

17 6 2.02 30 1 0.40 0.162 80.20 

18 3 10 60 0.5 0.7572 0.92 92.43 

19 5 10 60 0.5 0.450 0.96 95.50 

20 6 10 60 0.5 0.7273 0.93 92.73 

21 8 10 60 0.5 1.135 0.89 88.65 

22 5 10 10 0.5 1.006 0.90 89.94 

23 5 10 30 0.5 0.7812 0.92 92.19 

24 5 10 60 0.5 1.008 0.90 89.92 

25 5 10 90 0.5 1.418 0.86 85.82 

26 5 50 30 0.5 2.294 4.77 95.41 

27 5 100 30 0.5 5.558 9.44 94.44 

28 5 150 30 0.5 8.863 14.11 94.09 

29 5 200 30 0.5 13.02 18.70 93.49 

30 5 50 30 0.2 18.41 32.90 87.73 

31 5 50 30 0.5 8.837 14.92 94.11 

32 5 50 30 0.8 8.980 8.81 94.01 

33 5 50 30 1 6.15 7.20 95.90 

34 5 2.85 30 1 0.60 0.225 78.90 
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Appendix 2 list of instruments used table 

  

Appendix 3 list of chemicals and materials used 

1. Sodium hydroxide  NaOH 

2. Hydrochloric acid    HCl (35%) 

3. Lead nitrate Pb(NO3) 2 

4. Copper suphate pentahydrate CuSO4.5H2O 

5. HNO3 (69 %) 

6. Distilled water  

7. Buffer solution at PH=4, PH=7 and PH =10 

8. Filter paper  

9. NaNO3 

 

 

 

 

 

 

 

 

 

 

NO. Instruments 

 

Used for  

1 Orbital shaker  Mixing sample  

2 Hot plate  Sample digestion  

3 Conical flask 250, 300ml Sample preparation  

4 Desicator Moisture removal 

5 Evermed medical refrigerator  Cooling 

6 Mortar and peastle  Size reduction  

7 Oven Drying  

8 Sample tube To take sample  

9 Digital PH meter  To measure PH of a solution and sample 

10 Funnel Filtration 

11 Beaker 250,500,1000ml Measuring volume 

12 Spatula To take adsorbent  

13 Round bottom flask Stock solution preparation  

14 Electronic balance   Measuring mass of a sample  

15 Sieve  Sieving analysis 

16 FTIR Determine functional group  

17 AAS Determine the conc. of  Metals ion  

18 XRD Identify the state  
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Appendix 4. Point zero charge determination  

 

PHi 2 

 

3 4 5 6 7 8 9 10 11 

PHf  

3.86 

 

4.2 

 

4.8 

 

5.6 

 

5.1 

 

5.05 

 

5.35 

 

4.18 

 

4.50 

 

4.6 

PH  1.86 

 

1.2 0.8 0.6 -

0.9 

-

1.95 

-

2.65 

-

4.82 

-5.5 -6.4 

 

 

Appendix 5.  EEPA Emission Limits For Textile Manufacturing industries  

           parameter                   Limit values 

Temperature 40
0
C 

pH 6-9 

BOD5 90% removal or 50 mg/l, whichever is less 

Total nitrogen(as  N) 80% removal or 40 mg/l, whichever is less 

COD (mg O2/1) 80% removal or 150 mg/l, whichever is less 

Total phosphorus (as  P) 80% removal or 10 mg/l, whichever is less 

Suspended solids 30 

Total ammonia (as  N) 20 

Oils, fats &grease 20 

phenols 1 

Mercury (as  Hg) 0.001 

Nickel (as  Ni) 2 

Cobalt (as  Co) 1 

Lead (as Pb) 0.5 

Antimony (as  Sb) 2 

Tin (as  Sn) 5 

Chromium (as Cr VI) 0.1 

Chromium (as total Cr) 1 

Arsenic (as  As) 0.25 

Cadmium (as  Cd) 1 

Zinc ( as  Zn) 5 

Copper (as  Cu) 2 

Mineral oils (Interceptors) 20 
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Benzene, toluene & xylene (combined) 1 

Mineral oils (Biological Treatment) 5 

Organo chlorine pesticides (as  Cl) 0.03 

Mothproofing agents (as  Cl) 0.003 

Organ phosphorus pesticides (as  P ) 0.003 

Adsorbable organic halogen compounds (AOX) 5 

Sulphide (as S) 2 

 

     Source (Fetiya , 2015) 

   Appendix 6 Sample preparation 
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                    Appendix 7 sample shaker  
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                                  Appendix 8.  Sample filtration. 
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                       Appendix 9 Sample digestion hot plate. 

 

                         


