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Abstract 

Chromium Removal from Tannery Wastewater Using Eucalyptus camaldulensisDehnh. 
Bark Powder; the Case of Modjo Tannery, Ethiopia. 
 

Abraham Aynekugnem 

Addis Ababa University, 2015. 

Tannery industries are the main source of chromium in the environment which is 

carcinogenic to human, hinder development of plants. Since removal by adsorption is 

cost effective, not time consuming and environmentally friendly, it has been widely 

studied by many scholars for the remediation of heavy metals. This work objective was to 

use E. camaldulnesis bark powder as an adsorbent for the removal of chromium from 

chromium rich tannery wastewater at different pH, contact time, adsorbent dose and 

initial concentration. The bark’s powder physico-chemical characterization shows that it 

is reddish in color with porosity of 74.9%, ash content 4.5%, moisture content 1.58%, 

bulk density 1.55g/cm3, particle density 0.389 g/cm3, carbon 16.41% and nitrogen 2.63%. 

FT-IR analysis revealed the presence of multiple functional groups in the adsorbent. The 

effects of experimental parameters such as, pH of initial concentration of chromium 

solutions, contact time, dosage of adsorbent and initial concentration of chromium in the 

solutions were thoroughly investigated. The result showed that 90% and above removal 

capacity at pH 5, 2.5h contact time and 20g/L of adsorbent dose. With this optimum 

condition kinetics and isotherm of the adsorption process were analyzed using different 

models. The result revealed that kinetics of the process fitted well the pseudo-second 

order kinetic model and from the tested isotherm models the Feundlich model was found 

to be the best fit. All this indicate that E. camaldulnesis bark powder has a good potential 

to be used as an alternative low cost adsorbent for the removal of chromium from tannery 

wastewater. 

Key words: Adsorption, chromium, E. camaldulnesis bark powder, Isotherm and 

Kinetics 
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1. Introduction 

1.1. Background 

Our environment is composed of both biotic and abiotic components and an interaction 

between and within these components. Therefore, healthy flow of material and energy 

through biogeochemical cycles among these components is an essential link which 

supports the coexistence of different components in the environment(Dash, 2001). 

However, like that of other organisms human beings also modify their environment. Due 

to high population growth, advancement of technology and industrialization, the rate and 

scope of these modifications results to a large extent in the introduction of different 

pollutants to the environment (Vitousek et al., 1997; Kaushik and Kaushik, 2010). 

Water is one of the most essential components of the environment which circulates 

among atmosphere, lithosphere and hydrosphere through a process known as the 

hydrological cycle. Since water is a media for the metabolic activities of living 

organisms, it is possible to say that most living organisms cannot survive without it. 

Living organisms not only require water, it should also be pure of any 

contaminants(Pickering and Owen, 1997).The most serious impact of industrialization is 

environmental pollution that has affected our land, water and air. Major rivers of the 

world have suffered colossal losses due to water pollution. Many important rivers have 

been converted into open sewers. Even the groundwater is getting polluted due to illegal 

drilling of industrial wastewater (Kaushik and Kaushik, 2010). For example, in USA 

more than 30,000 industries that consume water for production are responsible for the 

pollution problem related to BOD and toxics (Koren and Bisesi, 2002). 



2 
 

In industries large quantity of water is used for cooling and processing. From this large 

amount cooling takes the highest share, which is over 90%. The major amount is used to 

condense steam in thermal electric power stations. Excluding electrical utilities, 

industries still use twice as water for cooling than for processing and other purposes 

(Koren and Bisesi, 2002).  

Like the other industries tanneries are also major pollutants of the environment. In 

tannery effluents there are a number of organic and inorganic pollutants which have a 

potential to contaminate water, soil and air (Mwinyihija, 2010). These pollutants are by 

products of different chemicals and input materials used during tanning process at 

different stages. One metric ton of wet salted hides yield 200 kg of leather, along with 50 

m3 of wastewater (Adeel et al., 2013).   

Even if Ethiopia has a long history in processing and exporting of leather and leather 

products modern industrial production of leather goods is related to the development of 

the first tanning industries in the mid-1920s. Leather industry including 26 operational 

tanneries is one of the many economic sectors in which the country earns foreign 

currency next to coffee (MOARD and GRM international, 2007; Ethiopian Investment 

Agency, 2008; UNIDO, 2012). The operation of tanneries in Ethiopia is causing severe 

environmental pollution due to the disposal of untreated effluent on land and in water 

bodies (Andualem Mekonen and Seyoum Leta, 2011).  
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1.2. Chromium and its use 

Chromium was discovered by Louis-Nicholas Vauquelin, a French scientist in 1797.It is 

a steel-grey, lustrous, hard, brittle metal of Group VI-B of the transition series with 

atomic number of 24 and atomic weight of 51.996 (Zayed and Terry, 2003). It is a natural 

occurring metal element which can be found in different components of the environment 

such as in soil, rocks and animals and plants tissue (Barnhart, 1997). Chromium metal 

(0), chromium halide (+2), chromium acetate (+3), chromium oxide (+4), chromium 

fluoride (+5) and chromic acid (+6) are oxidation states of chromium. However, most of 

the time +3 and +6 states predominate and are stable in the environment; with the +2 

state usually undergoing oxidation to the +3 state (Von Burg and Liu, 1993).  

This metal is used in different industries and it has a wide spectrum of application in 

many industries. The three major industries that use chromium are metallurgical, 

refractory and chemical. In the metallurgical industry, chromium is used in making steels, 

alloy cast irons, non-ferrous alloys and miscellaneous other materials. Refractory uses 

include producing chrome and chrome-magnesite, magnesite-chrombrick and granular 

chromite, some of which may be used in cements. In the chemical industry, chromium is 

used primarily in pigments, metal finishing, and wood treatment. Past uses have included 

blue-printing’s lithography and the leather tanning industry (Von Burg and Liu, 1993). 
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1.3. Statement of the problem 

Research conducted by Andualem Mekonen and Seyoum Leta (2011) shows that Modjo 

Tannery wastewater consists of different chemicals including chromium which has the 

potential of causing different pollution problems to the environment. Amanial Haile 

(2015) showed that the concentration of chromium and other metals like zinck and nikel 

in Modjo tannery effluent are above the standards of FEPA and WHO guide lines which 

also led to the presence of chromium in the Modjo river beyond the limit set by WHO. 

Tsigereda Shkib (2013) also showed that Modjo tannery is highly affected Modjo river 

through introduction of different pollutants. These also results in pollution of lake Koka.  

According to Shanker et al. (2005) chromium affects the healthy development of plants at 

different stages at different degrees depending on its oxidation state and concentration. Its 

toxicity arises from highly oxidizing property of Cr(VI) and the formation of other 

radicals during the reduction of Cr(VI) to Cr(III) occurring inside the cell. 

These showed that the presence of higher concentration of chromium in the Modjo 

tannery effluents affects the nearby by water body communities of plants and animals. 

The effect also may further extend to the soil and human beings. Therefore different 

heavy metal remediation techniques should be studied and applied. 
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1.4. Objective 

1.4.1. General objective 

The general aim of this study is to assess the efficacy of Eucalyptus Camaldulensis bark 

powder for the removal of chromium from tannery wastewater in different pH, contact 

time, adsorbent dosage and initial concentration.  

1.4.2. Specific objectives 

 To characterize bark powder of  E. camaldulensis with respect to its physical and 

some chemical properties 

 To study effect of pH, contact time, adsorbent dose and initial concentration of 

chromium on adsorption efficiency of E. camaldulensisbark powder  

 To study different kinetic models 

 To study isotherm of the adsorption process using different models  
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2.  Literature Review 

2.1. Sources of wastewater 
 

There are four main sources of wastewater; these are domestic wastewater, industrial 

wastewater, agricultural runoff and storm water and urban runoff (Ramalho, 1977). 

However, the source of pollution is grouped into point and non-point source in many 

literatures. Non-point sources refers to introduction of pollutants from unknown places 

such as surface polluted runoff from city, agricultural wastes and so on. But, in case of 

point-source the point at which the pollutants is introduced into the environment is 

known such as industrial discharge (Koren and Bisesi, 2002; Kaushik and Kaushik, 

2010).  

2.2. Tannery wastewater 
 

Pollution from the different sources puts the environment in numerous stresses. Tannery 

industries are also the major contributors of these pollution problems through an 

introduction of different kinds of contaminants to the environment in the form of solid 

and liquid wastes. These are the result of many process of tanning (leather manufacturing 

process). The solid waste of this industry is composed of suspended solid, settleable 

solids and gross solid together with different chemicals used during the process. The 

liquid waste or wastewater contains pollutants such as high total nitrogen, ammonia, 

sulfide, sulfate, oil, grease chromium (III) and chromium (IV) (Bosnic et al., 2000).   
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2.3. Use of chromium in tanneries 
 

Tanning is the process in which hides and skins are converted into different stable 

materials by using different  tanning agents (Wang et al., 2005). Chromium is one of the 

many chemicals used during tanning process for the treatment of skin and hides(Barnhart, 

1997). It is used in tanneries as chromium (III) sulfate because of its processing speed, 

low cost, and light color and greater stability of the resulting leather.  

2.4. Chromium speciation and toxicity 
 

Both trivalent and hexavalent chromium have different species in wastewater depending 

on different conditions. Inorganic chromium (III) may exist in aqueous solution as 

hydroxo species, Cr(OH)2+, Cr(OH)2
+, Cr(OH)3, Cr(OH)4

-, Cr2(OH)2
4+, Cr3(OH)4

5+, and a 

mixed ligand complexes, such as Cr(OH)Cl+, Cr(SO4)+. However Cr(OH)2+ predominate 

at pH 5.  Whereas, Chromium (VI) may be present in aqueous solutions mainly as 

chromate, dichromate, hydrogen chromate, chromic acid, and hydrogen dichromate. The 

last two species have been detected only in strongly acidic solutions. In typical surface 

waters when concentration of chromium is less than 5 μg/L only HCrO4
- and CrO4

2- can 

be found (Rakhunde et al., 2012).  

According to Zayed and Terry (2003) there is the possibility of oxidation of Cr (III) to Cr 

(VI) at low pH. This results in sever environmental consequences since the hexavalent 

form is more carcinogenic. The human health effects related to Cr (VI) are lung cancer, 

respiratory irritation, dermatosis, dermatitis, and kidney and liver damage(Kimbrough et 

al., 1999). 
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2.5. Wastewater treatment methods 
 

There are three main kinds of treatment techniques for tannery wastewater; which are 

physical, chemical and biological methods. Most commonly used chemical methods of 

treating tannery effluent are by the process of coagulation and flocculation of the 

pollutant from the effluent. For the physical methods it is possible to mention aeration 

and in case of biological methods different kinds of plants and microorganism are 

involved. However, in most cases it is difficult to say only one of these methods is 

involved in the treatment process because these methods are inter-related to one another 

(Panizza and Cerisola, 2004; UNIDO, 2011). 

2.5.1. Commonly used methods for the removal of heavy metals from wastewater 
 

2.5.1.1. Chemical precipitation  
 

This method has been widely used for the treatment of heavy metals. The process 

involves alteration of the wastewater’s pH in order to precipitate the metals from the 

solution. The metals precipitate from the solution in the form of metal hydroxides(De 

Philippis and Micheletti, 2009). Dissolved metal ions are changed to the insoluble form 

due to the chemical reaction which takes place between the precipitant agent and the ions 

(Santoleri et al., 2000). For this process precipitant agents such as lime and calcium 

hydroxide are commonly used in many countries because of their availability (Kurniawan 

et al., 2006). These agents help to bring the solution into basic condition and the ions to 

form a metal hydroxide. The disadvantage of this processes according to (USEPA, 2000) 
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are requirement of working with corrosive chemicals which increase operator safety 

concerns and an addition of treatment chemicals, especially lime, may increase the 

volume of waste sludge by up to 50 percent. 

2.5.1.2. Electro-chemical process 
 

Wastewater which is contaminated with heavy metals can also be treated using electro -

chemical methods. Electro-chemical methods involve the plating-out of metal ions on a 

cathode surface and can recover metals in the elemental metal state. This method 

involves different phenomena such as electro-deposition, electro-coagulation, electro-

flotation and electro-oxidation (Shim et al., 2014). Electro-chemical methods are very 

important for the removal of a broad spectrum of heavy metals such as Zn2+, Cu2+, Ni2+, 

Ag+ and Cr. The drawbacks of these methods are involvement of relatively large capital 

investment and the expensive electricity supply (Fu and Wang, 2011). 

2.5.1.3. Ion exchange 
 

It is one of the most frequently used methods of treatment heavy metal leaden 

wastewaters.  This process uses an interaction or interchanging of ions between the 

wastewater and solids. For this process metal ions from dilute solutions are exchanged 

with ions held by electrostatic forces on the exchange resin, where an insoluble substance 

(resin) removes ions from an electrolytic solution and releases other ions of like charge in 

a chemically equivalent amount without any structural change of the resin. The 

disadvantage of this process includes high cost and selectivity of ions (Rao and 

Prabhakar, 2011). 
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4.5.1.4. Coagulation  
 

According to Akbal and Camcı (2010),coagulation is a phenomenon in which the charged 

particles in colloidal suspension are neutralized by mutual collision with counter ions and 

are agglomerated, followed by sedimentation. In this process there are two kinds of 

coagulation; chemical and Electrical. In the case of chemical coagulation process 

coagulants can be either natural or synthetic. Electro-coagulation of Iron (Fe) and 

aluminum (Al) plates are used as anode and cathode. The study also showed that in 

chemical coagulation, Cu, Cr, and Ni removal of 99.9% was achieved with Al2 (SO4)3 

and FeCl3 dosages of 500, 1000, and 2000 mg L–1, respectively and it was found that 

electro-coagulation with iron electrodes enables a fast and effective reduction of metals 

(99.9% of Cu, 99.9% of Cr, and 98% of Ni). However, both have their drawbacks; in the 

case of chemical coagulation the need for chemicals and in the case of electro-

coagulation the need for electrical energy.  

4.5.1.5. Ultrafiltration  
 

In this method permeable membranes are used in order to separate heavy metals, 

macromolecules and suspended solids from inorganic solution based on the pore size (5–

20 nm) and molecular weight of the separating compounds (1000–100,000 Da). These 

special features of ultrafiltration enable to allow the passage of water and low-molecular 

weight solutes, while retaining the macromolecules, which have a size larger than the 

pore size of the membrane (Kurniawan et al., 2006). Enhanced form of ultrafiltration has 

also been used to remove  copper, chromate, zinc, nickel, cadmium, selenium and 

arsenate (Bade and Lee, 2011). 
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2.5.1.6. Biological remediation of heavy metals  
 

Bioremediation is are medial process which uses different living organisms, primarily 

microorganisms, to utilize and degrade environmental contaminants into less toxic forms. 

It uses naturally occurring bacteria and fungi or plants to degrade, accumulate and 

detoxify substances hazardous to human health and/or the environment (Vidali, 2001). 

This method can be applied for the treatment of different heavy/toxic metal including 

chromium from wastewater according to different literatures. A study conducted by 

(Murugesan and Maheswari, 2009) shows that the bacterial isolates Pseudomonas Sp, 

was found to utilize the Cr(VI) up to 100 ppm without affecting its other metabolic 

activities. In this study the biosorption potential of the sp. was found to be 7.7% in initial 

stages and it was increased to the higher of 54% at 240 minutes. Protonated marine 

brown macro-algae P. canaliculata as a biosorbent for trivalent chromium removal from 

aqueous solutions can be considered as an innovative and effective process, giving good 

performances as showed by (Vilar et al., 2012). 

2.6. Adsorption 
 

Adsorption can be defined as enrichment of material or increase in the density of the fluid 

in the vicinity of an interface (Rouquerol et al., 1999). In this process certain components 

of the solution are transferred to active sites of the adsorbent. There are two kinds of 

forces which help the adsorption process to take place. These forces are physical and 

chemical. If the adsorption takes please because the physical forces the process is known 

to be physisorption, in this case the force that retains adsorbate and adsorbent is Vander 

Walls forces and this phenomena is reversible. However, chemisorption takes place 
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through the chemical interaction of adsorbate and adsorbent molecules and the process is 

irreversible (Yadla et al., 2012). This method has been widely used for the removal of 

many heavy metals from wastewater. Removal of chromium from different wastewaters 

using adsorption is one of the most promising areas in the treatment of wastewater. Since 

it is simple, economically viable, technically feasible and socially acceptable (Foo and 

Hameed, 2010). 

2.6.1. Adsorbents 
 

Currently, there are different kinds of adsorbents available for wastewater treatment. A 

number of researchers have used different types of adsorbents to examine their efficiency 

towards several heavy metals. Form this we can mention the most commonly used once 

such as activated carbons, low cost materials, and others.    

2.6.1.1. Activated carbon 
 

Activated carbon has been widely used as an adsorbent for a long period of time. The 

efficiency of activated carbon makes it one of the important adsorbent types. It has been 

used for the adsorption of different heavy metals from different kinds of wastewaters. 

There may be many sources for the preparation of activated carbon ranging from waste 

materials of industries to agricultural left-overs. Commercially available activated 

carbons are prepared from materials having high carbon content such as coal, lignite, 

wood, peat, nut shell, coconut shell, lignin, petroleum coke, and synthetic high polymers. 

To convert these materials to activated carbon there are two very important processes 

known as carbonization and activation which are drying methods to remove undesirable 

products such as tar and at high oxygen deficient environment where the temperature 
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ranges from 400-600OC, the carbonaceous material polarized respectively (Çeçen and 

Aktas, 2011).  

Table 2-1Adsorption of chromium using activated carbon of different sources. 

Material used Metal 

removed 

Efficiency Source 

Activated carbon from saw 
dust  

Cr(VI)  3.46 mg/g (Selvi et al., 2001) 

Commercially grade 
granular activated carbon   

Cr(III) 59 mg/g (SwapnaPriya and 
Radha, 2014) 

Activated carbon produced 
from olive stones and also 
chemically activated with 
sulfuric acid 

Cr(VI)  71 mg/g (Attia et al., 2010) 

Activated carbon of 
mineral origin, type CAGR 
manufactured by Clarimex 
(Mexico City) 

Cr(III) greater than 
99% 

(Leyva‐Ramos et al., 
1995) 

 

2.6.1.2. Low cost adsorbents  
 

Different review articles describe a number of low cost adsorbents regarding their 

availability in the environment. Relatively high cost of preparing activated carbon forces 

us to search for other materials which are low cost and effective. Now a days, there are 

study results  available on research carried out on the treatment of heavy metals of 

different sources using agricultural wastes, industrial byproducts and natural substances 

as adsorbents (Bhatnagar and Minocha, 2006). 
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Table 2-2. Adsorption of chromium by different low cost adsorbents 

Material used  Types of 

heavy 

metal 

removed  

Efficiency  Source  

Clay  Cr (VI), Pb 
(II), Cd (II) 

55, 58, 16.5, 300 
mg/g 
respectively  

(Višekruna et al., 2011) 

clarified sludge  Cr (VI)  26.31 mg/g  (Bhattacharya et al., 
2008) 

Saw dust  Cr (VI)  39.7 mg/g (Sharma and Forster, 
1994) 

diatomite Cr (III) 97% (Gürü et al., 2008) 
Moringa stenopetala Seed 
Powder 

Total 
chromium 

99.74%  (Dagmawi Mulugeta and 
Mekibib Dawit, 2013) 

chitosan Cr(VI) 92.9% Aydın and Aksoy, 2009 
wheat bran Cr(VI) 310.58 mg/g (Singh et al., 2009) 
fertilizer industry waste 
material 

Cr(VI) 15.244 mg/g  (Gupta et al., 2010) 

sugarcane bagasse treated 
with succinic acid 

Cr(VI) 92.2 % (Garg et al., 2009) 

 Eucalyptus Camaldulensis 
bark powder 

Total 
chromium 

93.06 % This study 

 

 

2.7. Kinetics 
 

In order to determine the rate limiting step during the adsorption process different kinetic 

models have been used to analyze the experimental data. These models include first-

order, pseudo-second-order and intra-particle diffusion. 

2.7.1. Pseudo first order model 
 

First order model which is believed to be the earliest model, was developed by Lagragren 

in 1898 (Qiu et al., 2009). To describe the kinetic process of liquid-solid phase 

adsorption he presented first order model as:-  
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1( )e t

dqt
K q qp

dt
 

…………………………………………………………………  Eq 2.1 

Where qe and qt(mg/g) are the adsorption capacities at equilibrium and time t (min), 

respectively. Kp1 (min-1) is the pseudo first order rate constant for the kinetic model. 

Integration of the equation with the boundary conditions of qt=0 at t=0 and qt=qt at t=t, 

gives, 

1ln( )e
p

e t

q
K t

q q



…………………………………………………………Eq 2.2

 

That can be rearranged to  

1log( ) log
2.303

p

e t e

K
q q q t   ……………………………………….…Eq 2.3  

2.7.2. Pseudo-second-order model 
 

For adsorption process pseudo-second order model is used in different literatures in order 

to describe the adsorption isotherm (Ho and McKay, 1998; Ho, 2006). Most of the time 

this equation is used when the first-order model fails and the equation for this model is 

written as:-  

2
2 ( )t

e t

t

dq
K q q

d
 

………………………………………………………...………Eq 2.4 

Integrating the equation for the boundary conditions t = 0 to t = t and qt = 0 to qt = qt, 

gives: 
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2
1 1

( )e t e

K t
q q q

 
 ……………………………………………………………….....Eq 2.5

 

qe is the amount of chromium sorbed at equilibrium, mg/ g ; k is the equilibrium rate 

constant of pseudo-second order sorption, g /mg min  

2
2

1 1

t e e

t
t

q K q q
 

……………………………….…………….…………………Eq 2.6 

and   

2
eh Kq …………………………………………………...…………………….….Eq 2.7 

Where, 

h is the initial sorption rate, mg/g min .  

2.7.3. Intra-particle diffusion model 
 

In the case of intra-particle diffusion model it is assumed that an uptake of metal ions 

from the solution by an adsorbent varies almost proportionally with the square root of t 

(i.e. t0.5) rather than t, nearly linear variation of the quantity is sorbed with t0.5and is 

predicted for a large initial fraction of reactions controlled by rates of intra-particle 

diffusion (Ho and McKay, 1998). An equation for this model can be written as:-  

0.5
t i

t i

q k t

or

q k t





…………………….…………………………….. Eq 2.8 

Where qt is metal uptake at time t and ki is the intra-particle diffusion rate constant, mg 

g1min -0.5. 
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2.8. Adsorption Isotherms 
 

An adsorption isotherm models are used to describe the phenomenon governing the 

retention (or release) or agility of a substance from the aqueous porous media or aquatic 

environments to a solid-phase at a constant temperature and pH (Foo and Hameed, 2010).  

2.8.1. Langmuir Adsorption Isotherm 
 

This model is used to describe the formation of monolayer adsorbate on the outer surface 

of the adsorbent. It is based on the assumption that the maximum adsorption occurs when 

a saturated monolayer of solute molecules is present on the adsorbent surface, the energy 

of adsorption is constant and there is no migration of adsorbate molecules in the surface 

plane. It also describes that different adsorbent sites has equal probability for the 

adsorbate which refers that only one molecule can attach to the active site(Kumar and 

Kirthika, 2009; Dada et al., 2012). The equation for Langmuir Adsorption Isotherm can 

be described as:-  

max max

1 1 1 1( )
e L

x
q Ce K q q

 

………………………………………………………...Eq 2.9 

Where, 

Ce = the equilibrium concentration of chromium in the solution (mg/L) 

qe = the amount of metal adsorbed per gram of the adsorbent at equilibrium (mg/g). 

qmax = maximum monolayer coverage capacity (mg/g) 

KL = Langmuir isotherm constant (L/mg). 
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2.8.2. Freundlich Adsorption Isotherm 
 

It is one of the oldest models which is extensively used, it was developed by Freundlich 

in 1932 (Cooney, 1998). The Freundlich Isotherm is an empirical equation employed to 

describe heterogeneous systems. In this model it is described that during the adsorption 

process different sites of the adsorbent are involved with several adsorption energy 

(Kumar and Kirthika, 2009).  

1
n

e f eq K c
……………………………………………………………….….. Eq 2.11  

In which  

qe is the amount of adsorbate per unit weight of adsorbent in equilibrium with a solution 

concentration Ce in mg/L.  

Where, 

Kf and 1/n are Freundlich constants and the characteristics of the system.  

The logarithmic form of Freundlich equation can be expressed as  

1log log ( ) loge f eq k c
n

   ……………………………………………………... Eq. 

2.12 
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2.8.3. Temkin Adsorption Isotherm model 
 

This isotherm model is based on the assumption that the decline of the heat of sorption as 

a function of temperature is linear and this decrease is due to adsorbate-adsorbent 

interaction. This model is expressed as 

ln( )e e

RT
q Ac

b
   

The linearized form of Temkin equation is expressed as follows  

ln lne e

RT RT
q A c

b b
   

Where, 

R is gas constant (8.314 J/mol/K), T is Temperature (K), qe is the amount of chromium 

adsorbed at equilibrium, Ce equilibrium concentration in mg/L, a is Temkin isotherm 

constant (L/g) and b is heat of sorption (J/mol) 

2.8.4. The Dubinin – Radushkevich (D–R) Isotherm 
 

The report by Radushkevich and Dubinin showed that the characteristic sorption curve 

and porous structure of the sorbent is related. Therefore, the constant, BD, is related to 

the mean free energy of sorption per mole of the sorbate as it is transferred to the surface 

of the solid from infinite distance in the solution and this energy can be computed using 

the following relationship (El-Nafaty et al., 2014). 

The equation is given as  
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2exp( )e sqq   …………….………………………………………...….Eq 2.13  

The linearized equation is  

2ln lne sq q   ………………………………………………………...Eq 2.14 

Where, 

qe = Experimental equilibrium adsorption in mg/g 

qs = The theoretical adsorption capacity in mg/g 

β = is a constant related to the mean free energy of adsorption per mol of the metal 
(mol2kJ-2). 

ε = is the Polanyi potential 1(1 )
e

RT
C

     where R =gas constant, T=Temperature, 

Ce= initial concentration 

 

2.9. Factors influencing adsorption process 

2.9.1. Contact time 
 

Every waste treatment options should be effective economically (Tangjuank et al., 2009). 

In order to see the rate and effectiveness of any wastewater treatment process it is very 

important to study the effect of time. The time of contact between the adsorbate and 

adsorbent is the determinant factor of the kinetics and equilibrium of the adsorption 

process.  Therefore, studying the effect of contact time on adsorption experiment is very 

important for its practical applications(Iscen et al., 2007). 

2.9.2. pH 
 

pH of the solution is one of the determinant environmental factors in adsorption process 

since it affects the solubility of the metal ions, concentration of the counter ions on the 
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functional groups of the adsorbent and the degree of ionization of the adsorbate during 

adsorption process (Gill et al., 2014).Adsorption of chromium is highly influenced by the 

pH of the solution according to many studies on chromium removal efficiency which 

decreased with an increase in pH for hexavalent chromium (Pandey et al., 2010; Kara and 

Demirbel, 2012). However, (Song et al., 2007) shows that trivalent chromium adsorption 

increases with an increase pH of the solution.   

2.9.3. Dose of adsorbent 
 

When the amount of adsorbent is increased more active sites will be available to which 

more amount of metal pollutants can be attached (Semerjian, 2010). However, further 

increase in the amount of adsorbent will have a negative effect on the adsorption process. 

This means either the metal adsorption decreases or it becomes steady because the active 

site for adsorption is blocked by screening effect (Hammaini et al., 2007).  

2.10. Eucalyptus camaldulnesis Dehnh. 
 

E. camaldulnesis Dehnh. is one of the eucalyptus species which is also known as Key 

Bahir Zaf in Amharic and red eucalyptus in English. It is native to Australia and widely 

distributed in Ethiopia. This species is the first to be introduced in the Mediterranean 

regions and the Tropics. It mostly grows in semi-arid regions and tolerates long dry 

seasons. It does well in deep silt or clay soil in dry and moist Kolla (hot) agro-climatic 

zones, 900-1,800m, and tolerates some salinity (Azene Bekele et al., 1993). 

This plant can be described as evergreen tall tree up to 30m and deeply branched but also 

with a long straight trunk.  



22 
 

Bark: white to brown, thin and peeling in long strips; when cut it exudes red gum.  

Leaves: grey-blue, long and drooping, to 30 cm.  

Flowers: white clusters, short conical bud caps.  

Fruit: very small rounded capsules on thin stalks, each less than 1 cm, 4 valves.  

 

Figure 2-1.Young seed and leaves of E. camaldulnesis Dehnh.  
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3. Materials and Methods 
  

3.1. Experimental procedures 

3.1.1. Sample collection and preparation 

The composite wastewater sample was obtained from Modjo Tannery when it leaves the 

drum after the chrome tanning process. For transporting and taking sample plastic bottles 

were used and the bottles were cleaned using nitric acid and distilled water  (Victoria, 

2000). Being in line with Malkoc et al. (2006) the wastewater was diluted in order to 

prepare 50 mg/L of chromium in the sample from the original concentration of 4166.7 

mg/L at pH of 2.7 after it leaves the dram. Since he found that an increase in 

concentration of chromium from 50 to 200 mg/L, adsorption removal decreased from 

61% to 30.37%. De-ionized water was used to dilute the sample until the desirable 

concentration was achieved.    

 

a.              b.  

Figure 3-1 a. Raw composite sample from Modjo Tannery and b. Diluted sample for 

the experiment. 
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3.1.2. Preparation of adsorbent and characterization 

Bark of E. camaldulensis tree species which were collected from the local area was 

washed, dried using oven and grinded into small particles size. Then the powder was 

washed using de-ionized water for cleaning (Plank, 1992). Finally, previously prepared 

adsorbent was characterized following methods described in (Halilu et al., 2008). 

 

a.                                                                         b.  

Figure 3-2 a. collected sample bark of E. Camaldulensis and b. Its powdered form 

3.1.2.1. Particle size 

The particle size of adsorbent material is one of the determinant factors in the adsorption 

process (Talokar, 2011). Therefore, to determine the particle size of grinded eucalyptus 

bark it was sieved using different pore size sieves. Sieve sizes of 600µm, 300µm, 150µm 

and 75µm were used to select the desired particle size. It was sieved by ordering the 

sieves from larger pore size to the smaller.  
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Figure 3-3Pictures of the sieves used to determine particle size in the department of 

Engineering Geology lab, Addis Ababa University. 

 

3.1.2.2. Moisture content 

The moisture content was determined by loss on drying method. 1g of powdered stem 

bark was accurately weighed and placed into a clean evaporating dish of a known weight. 

Then the dish containing a known weight of bark powder was incubated at 105oC in an 

oven. After an hour, the weight of the powdered bark and the evaporating dish was 

weighed and returned to oven at the same temperature as in the previous step. Then 

subsequent incubations were made at the interval of 30 minutes until constant weight was 

achieved. Finally, moisture content was calculated using the equation 3.1. 

Moisture content (%) = Weight of moisture          x 100………………………… Eq 3.1 
                                      Weight of original sample   
 

3.1.2.3. Ash content 

Four grams of the powdered stem bark was accurately weighed and transferred into a 

crucible. The crucible and its contents were gently heated over Bunsen burner flame until 

it became free from moisture and completely charred. The heat was increased gradually 

until most of the carbon was vaporized and then heated strongly such that the inorganic 
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ash could be seen (residue free from carbon) as almost white. The ash was cooled in 

desiccators, weighed and the weight was recorded. Then the heating continued until the 

weight became constant. Then the ash value was calculated using equation 3.2:  

   Ash value (%) = Weight of residual ash      x 100……………….………………. Eq 3.2 
                              Weight of original sample 
 

3.1.2.4. Bulk density 

Bulk density of E. camaldulensis bark powder was calculated by placing known amount 

of bark powder in a 100 ml cylinder to a specified volume and tapping the cylinder for at 

least 1-2 min and measuring the volume of powder. Then the result was calculated using 

the equation below.   

Bulk density (g/cm3) = Weight of dry sample (g)         ………..………………... Eq 3.3 
                                     Volume of packed sample (cm3) 
 
 

 

Figure 3-4.Bulk density apparatus 

 

3.1.2.5. Porosity 

Porosity is the fraction of the total powder volume that is taken up by the pore (Nimmo, 

2004). The porosity of the E. camaldulensis bark powder was determined based on the 

particle density and bulk density of the powder. The porosity for the E. camaldulensis 

bark powder was obtained from bulk and particle density using equation 3.4: 
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Porosity % = Bulk density-particle density …………………..….……………….Eq 3.4 
                                Bulk density  
 
3.1.2.6. Carbon and nitrogen value 

Elemental analysis for carbon (C) and nitrogen (N) content of E. camaldulensis was 

estimated using standard methods. The total Nitrogen was determined using Kjeldahl 

method and total carbon was determined by loss on ignition method.  

3.2. Treatment and optimizations 

Composite sample of wastewater that was obtained from Modjo Tannery (chrome line) 

was analyzed for the amount of chromium using FAAS prior to the experiment. After 

obtaining the result of the amount of chromium from analysis of the sample wastewater it 

was diluted to 50mg/L then adsorption efficiency of E. camaldulensis bark powder was 

evaluated under different pH, contact time and dose of adsorbent. With the optimum 

condition set, bark powder of E. camaldulensis was subjected to different initial 

concentrations of chromium. Adsorption efficiency in percent and milligram of Cr 

adsorbed per gram of adsorbent was calculated using the equations 3.5 and 3.6, 

respectively. Finally, average of the triplicate results was presented.  

% 100o f

o

c c
R

c

 
  
 

…………………………………………………………….. Eq 3.5 

Where %R is percent removal co is initial concentration and cf concentration after 

adsorption  

( )o fv c c
q

m


 ……………………………………………………………………... Eq 3.6 
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Where q is metal removal in mg/g, co is initial concentration, cf concentration after 

adsorption, m is adsorbent mass in gram and v is volume of wastewater used during the 

experiment. 

3.2.1. Batch adsorption studies 

All experiments were carried out in batch mode. The batch adsorption studies were 

conducted at room temperature by agitating (150 rpm) weighed quantities of the 

adsorbent in 100 ml of chrome water solutions at the required pH, contact time and does 

of adsorbent. These experiments were run in different Erlenmeyer glass flasks of 250 ml 

of capacity. In each flask first determined amount of adsorbent was added. After shaking 

the sample was taken and filtered by Whatman membrane filter paper of pore size 0.45 

µm using a syringe. Finally, the sample was analyzed by FAAS for the remaining 

chromium in the solution. The experiments were conducted in triplicate and the average 

results presented except for kinetic and equilibrium experiments which were conducted in 

duplicate. Equilibrium of this experiment was studied using Langmuir, and Freundlich, 

isotherm models. The kinetics was also studied by Pseudo- first order and Pseudo-second 

order models.  

 

                      a.                                                                            b.  

Figure 3-5a.Adsorption experiment and b. Sample filtered for analysis. 
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3.2.1.1. pH 

To study the effect of pH on the adsorption process and to find the optimum pH, the 

experiments were carried out under pH of 2, 3, 4, and 5. The pH of the solution was 

adjusted by the addition of 0.1M NaOH and 0.1M HCl as needed. These experiments 

were conducted at different contact times while keeping the adsorbent dose constant and 

different adsorbent doses while keeping the contact time constant and the shaker at 150 

rpm; at room temperature. The experiments were carried out in triplicate and the average 

results were used for calculations. 

3.2.1.2. Contact time 

The effect of contact time on the adsorption efficiency and the optimum contact time for 

the process was studied by conducting the experiment under 1, 1.5, 2, 2.5 hours of 

contact of adsorbent and the wastewater sample for various pH while keeping the amount 

of adsorbent dosage constant and for various adsorbent dose while keeping constant 

pHat150 rpm and room temperature.  These durations were selected because many 

studies in the literature show that too much contact time will not have significant change 

on the adsorption, studies conducted on short contact time (1, 3, 5, 10, 20, and 30 min) by 

Sahranavard et al. (2011)showed an increase in adsorption with increase in contact time  

and maximum adsorption was achieved at 2 h contact time (Sarin and Pant, 2006; 

Dagmawi Mulugeta and Mekibib Dawit, 2013).  
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3.2.1.3. Does of adsorbent 

Different dose of the adsorbent was used to determine the most effective dose for the 

removal of determined amount of chromium from the solution. 5 - 20g/L of E. 

camaldulensis with 5g/L difference were used to study the effect of adsorbent dosage on 

removal efficiency of the bark powder. The experiments were conducted under different 

pH while keeping contact time constant and under different contact time while keeping 

constant pH.   

3.2.1.4. Initial concentration of chromium 

Another most important determinant factor in the adsorption process is the initial 

concentration of chromium. Six samples in the concentration range of 20-120 mg/L with 

the interval of 20mg/L were prepared for the sake of determining the effect of initial 

concentration of chromium on the removal efficiency of E. camaldulensis. Then it was 

put on the orbital shaker at 150rpm by maintaining previously determined optimum 

conditions. 

3.2.1.5. Kinetics study 

It is very important to know the rate at which the process takes place and the factors that 

control the rate of the process, for this purpose kinetics of the process were evaluated. 

These experiments were conducted for the contact time of 240 minute by setting 

chromium concentration, pH, adsorbent dosage and agitation speed constant. Then 

sample was withdrawn starting from 60 minute in every 30 minute interval for 

determination of residual chromium in the solution. Then data from the experiment was 

introduced into pseudo-first order model of Lagergren and pseudo-second order models 
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of Ho and McKey (De Souza Macedo et al., 2006; Gulipalli et al., 2011; Dagmawi 

Mulugeta and Mekibib Dawit, 2013).  

3.2.1.6. Adsorption Isotherm 

To study the adsorption isotherms the optimum conditions which were found from 

previous optimization experiments were applied only by varying adsorbent dose. These 

experiments were carried out using adsorbent dose in the range of 5-25 g/L with 5g/L 

difference. For each adsorbent dosage 100ml of sample was taken and agitated at150 

rpm. The data from the experiment was fitted into Langmuir and Freundlich adsorption 

isotherm models (Gulipalli et al., 2011). 
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4. Result and discussion 

4.1.  Characterization of adsorbent 
  

4.1.1.   Particle size 
 

The particle size of the adsorbent was determined using sieve of different sizes. The 

result of preliminary assessment revealed that the range between 150 - 300µm showed 

remarkable adsorption efficiency than the other particle sizes as shown in Table 4-1. 

Therefore, these particle sizes were used in the entire experiment. 

Table 4-1 Result of effective particle size in experimental condition of 100ml of 

solution, 50mg/L Cr in the solution and 20g/L of adsorbent dosage at natural 

condition for 60 min contact in 150rpm. 

Particle size in µm Co in mg/L Cf1 in mg/L Cf2 in mg/L Cava in 

mg/L 

Adsorption 

efficiency in 

mg/g 

75-150 50 23.583 24.17 23.8765 1.306175 

150-300 50 19.61 18.84 19.225 1.53875 

300-600 50 30.25 30.903 30.5765 0.971175 

 

4.1.2. Moisture content 
 

Measuring the moisture content of the adsorbent is one of the important features in order 

to know the adsorbent quality. The moisture content of powder E. camaldulensis was 

found to be 1.58% in this study. Which is lower as compared to other adsorbents such as 

activated carbon from coffee husk where the moisture content was 19% (Dessalew 

Berihun, 2013), activated carbon prepared from Balsamodendron caudatum in the 
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moisture content was for BAC1, BAC2, BAC3, BAC4, BAC5 where 4.91%, 6.47%, 

4.92%, 5.6%, 5.71% respectively (Sivakumar et al, 2012). The lower the moisture 

content, the higher its adsorption efficiency since water molecules can have the potential 

effect in the pores of an adsorbent through filling the adsorbent binding site before it 

contact with the solution. Therefore, adsorption efficiency decreased with an increase in 

moisture content of an adsorbent (Silgado et al., 2014). 

4.1.3. Ash value 
 

Ash is defined as the quantity of mineral matter which, after application of the described 

working methods, remains as incombustible of tested substance (Cauvain and Young, 

2009). It can influence the adsorptive capacity of the adsorbents as it is linked directly to 

the pore structure even if the effect is negative (Anisuzzaman et al., 2015). Ash value of 

powdered E. camaldulensis bark was found to be 4.5%,this result was close to that of 

commercial activated carbon which is 3.5% (Ranjan and Hasan, 2010). 

4.1.4. Bulk density 
 

In order to design an adsorption treatment pilot plant or tower systems some physical 

parameters of the adsorbent should be taken into consideration such as particle size and 

bulk density in which adsorption rate of activated carbon depends and also during 

wastewater treatment process the residence time of the wastewater in the column 

containing granular activated carbon is affected by the bulk density (Aidan, 2012). In this 

study it was found that the bulk density of E. camaldulensisis bark powder was 1.55 

g/cm3. 
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4.1.5. Porosity 
 

In the current study powdered E. camaldulensisis bark was found to have 74.9% of 

porosity. According to Malik et al. (2006) for activated carbon there is a direct relation 

between porosity and adsorptive property. An increase in porosity means the adsorbent 

has relatively large potential of adsorbing the adsorbate.  

4.1.6. Carbon and nitrogen content 
 

The amount of carbon and nitrogen was found to be 16 and 2.632 percent, respectively. 

Adsorbents with carbon amount greater than amount of nitrogen are considered to be 

good adsorbents and it is also possible to derive carbonaceous solid as an adsorbent 

(Giraldo and Moreno-Piraján, 2008). 

4.1.7. FT-IR 
 

The vibrational spectrum of a molecule is considered to be a unique physical property 

and is characteristic of the molecule. As such, the infrared spectrum can be used as a 

fingerprint for identification by the comparison of the spectrum from an ‘‘unknown’’ 

with previously recorded reference spectra (Coates, 2000).  

The IR spectrum of unloaded and chromium loaded E. camaldulensis bark powder is 

presented in Figure 4.1. It shows the presence of different functional groups. The broad 

and strong absorption peak around 3425 cm-1 is an indicative of hydroxyl groups. The 

bands at 2924 cm−1 in IR spectra of the adsorbent may be due to the C–H stretching 

vibrations. The shift in the peak of OH stretching from 3424 to 3436 and the peak of C-O 

stretching become very weak after an adsorbent is loaded with chromium. This may be 
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because of the result of the formation of a complex between an adsorbent and adsorbate. 

Other functional groups present in E. camaldulensis are listed in the table below. 

Table 4-2.Summery of available functional groups 

 
Functional 
groups 

Range of wave 
number 

unloded Loaded  

OH stretching  3200-3600  3424 3436 
C-H stretching  2850-3000 2924 2924 
C=C stretching 1740-1720  1735 and 1624 1735 and 

1624 
C-O stretching 1000-1300 1037 and 1053 - 
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Figure 4-1FT-IR analysis of E.camaldulensis bark powder (black) and chrome 

loaded E.camaldulensis bark powder. 

 

 

4.2. Results and their respective discussion of optimization experiments 

4.2.1. The effect of pH 
 

It is clear that pH is one of the prominent factors in any adsorption experiments because 

of its effect on the adsorption efficiency (Attia et al., 2010). The functional groups which 
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are responsible for binding of metals ions in the adsorbent surface are highly affected by 

it and also here is competition between ions that are present in the wastewater for the 

active sites of the adsorbent. This competition is affected by the pH of the solution(Reddy 

et al., 2014). 

The samples were adjusted to different pH levels from 2 to 5 with a unit interval under 

room temperature and 150 rpm agitation speed. These are selected for the reason that 

further increase in pH of the solution leads to the precipitation rather than adsorption; 

therefore, adsorption experiments for wastewater that contain trivalent chromium is 

favored to be conducted at the pH of 5 (Yang et al., 2009). Following these the results 

obtained showed radical increase in the adsorption of chromium with an increase in pH. 

For each agitation time the change in pH have significant effect in the adsorption (Figure 

4-2).  

In one hour contact between the adsorbent and solution containing chromium the result 

showed an increase in removal with an increase in pH. This is true for all time intervals. 

It was found that higher adsorption occurred at pH 5 from the existing pH; which were 

80.63%, 88.11%, 91.43% and 93.06% removal for 60, 90, 120 and 150 minutes, 

respectively. This result is in line with the result obtained by Sarin and Pant (2006) at pH 

3.41, the maximum adsorption was observed in the first two hours and three hours were 

required for reaching equilibrium. However, the experiment conducted by the above 

researchers does not include the variation of pH. In another experiment conducted by 

(Guo et al., 2008) for a pH range of 2 to 5, removal efficiency increased sharply and 

almost equilibrium was reached at pH 4, where more than 90% of Cr in solution was 

adsorbed. 
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Figure 4-2.Percentage removal of chromium by E.camalandulnesis bark powder 

from Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L at pH 

2,pH 3,pH 4 and pH 5 of the wastewater for various contact times ranging from 60 

min to 150 min in 100ml of solution. 

 

Removal of chromium at different pH for various contact time was also calculated in 

milligram of asorbate per gram of adsorbent using Equation 3.5. As it is presented in 

Figure 4.3, higher adsorption was observed at pH 5, which is 2.02, 2.2, 2.29 and 2.33 

mg/g for 60, 90, 120 and 150 minute, respectively. Since the adsorbent dose had been 

kept constant in this set of experiments both Figure 4.2 and 4.3 show increasing trends as 

it was also reported by (Oo et al., 2013).  
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Figure 4-3.mg/g removal of chromium by E. camalandulnesis bark powder from 

Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L at pH 2, pH 

3, pH 4 and pH 5 for various contact times ranging from 60 min to 150 min in 100ml 

of solution. 

 

The effect of pH on various adsorbent doses was also examined. These experiments were 

conducted using 5, 10, 15 and 20 g/L of adsorbent under the experimental condition of 

150 rpm, constant contact time. Different results were obtained from these experiments. 

As it is observed from the Figure 4.4 percent adsorption efficiency increased with an 

increase in pH for various doses, this was in line with the result found by (Sharawy et al., 

2013). This may be because pH affects the adsorbent active sites by retaining or releasing 

protons (Sahmoune and Louhab, 2010). Therefore, when pH increases there will be more 

available active sites for chromium ions than the competitive ions, especially H+ since it 

will precipitate in the form of chromium hydroxides with an increase in pH of the 

solution (Jeon and Höll, 2003; Taty-Costodes et al., 2003).  Being in line with Agaje 

Bedemo (2007) since Cr(OH)2+ is dominant at pH of 5 the precipitation reaction for 

hydrogen were  

Cr(OH)2+ + H+  Cr(OH)3 ……………………………… Eq 4.1 
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With this reason highest adsorption occurs at pH 5 for all sets of adsorbent dose at 

constant contact time that was 81.07, 86.61, 88.57 and 90.68 in percent for 5, 10, 15, 20 

g/L, respectively.   

 

Figure 4-4.Removal of chromium by E. camalandulnesis bark powder from Modjo 

Tannery wastewater with dissolved Cr concentrations of 50mg/L at pH 2, pH 3, pH 

4 and pH 5 of the wastewater for various adsorbent doses ranging from 5g/L to 

20g/L in 100ml of solution at constant contact time. 

 

Figure 4.5 shows that mg/g adsorption of chromium at various pH had an increasing 

trend for all adsorbent dosage. However, it is clear that there is higher removal at lower 

dose than the others. This may be because of adsorbent dose is increased without further 

increase on the concentration of chromium in the solution (Dagmawi Mulugeta and 

Mekibib Dawit, 2013). This may be explained by adsorption sites remaining unsaturated 

during the process and the existence of more active sites with an increasing dosage. 

According to Ghorbani et al. (2008) higher metal adsorption in mg/g was obtained by 

decreasing biomass dosage and increasing  initial solution pH simultaneously.  
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Figure 4-5. mg/g adsorption of chromium by E.camalandulnesis bark powder from 

Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L at pH 2, pH 

3, pH 4 and pH 5 for various adsorbent doses ranging from 5g/L to 20g/L in 100ml 

of solution at constant contact time. 

 

4.2.2. The effect of contact time 
 

To see the effect of contact time on adsorption efficiency and to find the optimum contact 

time between the adsorbate and adsorbent the experiment was conducted in the time 

range of 60-150 minutes with 30 minute interval using various dose and pH. Other 

parameters such as rpm, concentration of chromium and temperature were kept constant 

to 150, 50mg/L and room temperature, respectively. The result which is presented in the 

Figure 4.6 revealed that with an increase in time there also an increase in percent 

adsorption of Cr for all adsorbent dosages. A similar trend was obtained by Aslam et al. 

(2013) for adsorption of Hg (II) into Adulsa (Justicia adhatoda) leaves powder. Change 

in removal efficiency is more significant with lower adsorbent dosage than the higher at 

constant pH of 5 (JIANG et al., 2006; Dagmawi Mulugeta and Mekibib Dawit, 2013). 
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Higher removal efficiency was observed at 150 minute which was 34.63%, 63.9%, 

82.97% and 95.29% for 5g/L, 10g/L, 15g/L and 20g/L of adsorbent dose. 

 

Figure 4-6.Percentage removal of chromium by E. camalandulnesis bark powder 

from Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L at 

60minute, 90 minute, 120 minute, 150 minute contact between various adsorbent 

dose and wastewater in 100ml of solution at pH 5 and150rpm. 

 

On the other hand, Figure 4.7shows that adsorption of chromium in mg/g was highest 

value at 5 g/L of dose and 150 minute of contact between the adsorbate and adsorbent, 

which was 3.46 mg/g. This is because while adsorbent dose increased chromium 

concentration was kept at constant at 50 mg/L, similar process, which is a decrease in 

mg/g  was removal observed by (Dagmawi Mulugeta and Mekibib Dawit, 2013). 
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Figure 4-7.mg/g removal of chromium by E. camalandulnesis bark powder from 

Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L L at 

60minute, 90 minute , 120 minute, 150 minute contact between various adsorbent 

dose and wastewater in 100ml of solution at pH 5 and 150rpm. 

 

The result for the effect of contact time with various pH showed that an increase in 

removal efficiency with an increase in contact time. Here also there was significant 

increase of removal efficiency for the lower pHs’ than the higher ones. This might be 

explained as follows; at higher pH the process tends to reach equilibrium quickly, since 

the competition between H+ and Cr ions is highly reduced and most of adsorbents’ active 

sites are occupied by the adsorbate which leads to the electrostatic repulsion of 

previously adsorbed metal ions and free ions in the solution (Wang et al., 2013). As it is 

shown in Figure 4-8 and Figure 4-9 removal efficiency chromium removal and 

adsorption of chromium in mg/g showed the same types of increasing trend since there 

was no variation of adsorbent dose in this set of experiment.  
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Figure 4-8.Removal of chromium by E. camalandulnesis bark powder from tannery 

wastewater with dissolved Cr concentrations of 50mg/L for 60 minute, 90 minute , 

120 minute, 150 minute contact between adsorbent and wastewater under pH of 2, 

3, 4 and 5 using 20g/L of adsorbent dose at 150rpm in 100ml of solution. 

 

 

Figure 4-9.mg/g removal of chromium by E.camalandulnesis bark powder from 

tannery wastewater with dissolved Cr concentrations of 50mg/L for 60 minute, 90 

minute , 120 minute, 150 minute contact between adsorbent and wastewater under 

pH of 2, 3, 4 and 5 using 20g/L of adsorbent dose at 150rpm in 100ml of solution. 
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4.2.3. The effect of adsorbent dose 
 

The study of the effect of adsorbent dosage on the removal efficiency of chromium was 

examined using adsorbent dosage ranging from 5-20 g/L under different experimental 

condition. The effect of adsorbent dose on variable pH was examined by controlling other 

parameters such as contact time, shaking speed, initial concentration of metal and 

temperature at 150 min, 150 rpm, 50 mg/L and room temp in 100ml of sample. The result 

which is presented in the Figure 4-10 manifest that an increase in adsorbent dose show 

increase in adsorption efficiency in agreement with Dagmawi Mulugeta and Mekibib 

Dawit (2013).  Higher adsorptions were obtained at 20g/L of adsorbent dose for the all 

pHs’ which was 21.27%, 56.4%, 82.56% and 90.68% for pH 2, 3, 4 and 5, respectively. 

This increase in percent removal with an increase in adsorbent dose may be due to the 

availability of more active sites in adsorbent surface(Reddy et al., 2014). 

 

Figure 4-10.Removal of chromium by E.camalandulnesis bark powder from 

ModjoTannery wastewater with dissolved Cr concentrations of 50mg/L using 5, 10, 

15 and 20 g/L of adsorbent under various pH at 150 minute of contact time in 100ml 

of solution. 
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In contrast to Figure 4-10, Figure 4-11 shows a decreasing trend in mg/g adsorption of 

chromium with an increase adsorbent dose for all pH values. Higher removal was 

observed at 5g/L of adsorbent dose from the studied adsorbent dose for all pH under 

consideration. 

 

Figure 4-11.mg/g removal of chromium by E.camalandulnesis bark powder from 

Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L using 5, 10, 

15 and 20 g/L of adsorbent under various pH at 150 minute of contact time in 100ml 

of solution. 

 

Adsorbent dose showed also significant effect on removal efficiency in different contact 

times. Higher adsorption occurred at 20 g/L for all contact times however at this 

adsorbent dose percent removal variations among different contact times were small. This 

may be explained by the presence of  screening effect when the adsorbent dose increases 

(Hammaini et al., 2007). However, as it was observed from Figure 4-13, mg/g adsorption 

of chromium for various doses showed an increasing trend up to 10g/L of adsorbent dose 
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for contact time 60 min and 150 minute then started to decrease this may be because of 

there are excess adsorbent in the solution than the chromium ions. It was also possible to 

observe that for time intervals 120 minute and 150 minute there was a decrease in 

adsorption efficiency.   

 

Figure 4-12.Removal of chromium by E. camalandulnesis bark powder from Modjo 

Tannery wastewater with dissolved Cr concentrations of 50mg/L using 5, 10, 15 and 

20 g/L for various contact time under pH 5 in 100ml of solution at 150 rpm. 

 

 

Figure 4-13.mg/g removal of chromium by E.camalandulnesis bark powder from 

Modjo Tannery wastewater with dissolved Cr concentrations of 50mg/L using 5, 10, 

15 and 20 g/L for various contact time under pH 5 in 100ml of solution at 150 rpm. 
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4.2.4. The effect of initial concentration 
 

Using optimum condition the effect of initial concentration of chromium in the solution 

to wards adsorption efficiency was analyzed. Form the Figure 4-14 it can be seen that 

adsorption efficiency decreases with an increase in initial concentration. This is due to 

lack of active sites of an adsorbent (Lalvani et al., 2000).   
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Figure 4-14Effect of initial concentration of chromium on percent removal at pH 5, 

20 g/L and 150 minute contact time in 100 ml of chromium solution. 

 

Removal efficiency in mg/g showed different trends than that of percent adsorption 

(Figure 4-15). Increase in the initial concentration up to  a certain point show an 

increasing removal of chromium as much as available active sites (Mohan et al., 2006). 

However, further increase in the adsorbate results in the reduction of removal efficiency 

since all the active sites have already been occupied by the metal ions.  
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Figure 4-15Effect of initial concentration of chromium on removal efficiency in 

mg/g at pH 5, 20 g/L and 150 minute contact time in 100 ml of chromium solution. 

 

4.2.5. Kinetics study 
 

4.2.5.1. Pseudo-first order kinetics  
 

To determine if the adsorption process fits with pseudo-first order model or not the 

experimental data which was conducted under the optimum experimental condition that 

was obtained from multi-factorial experiments (i.e. pH 5, adsorbent dose 20g/L, initial 

concentration 50 mg/L and room temp) were introduced to Equation 2.3. The sorption 

kinetics of Cr removal using E. camaldulensis (Figure 4.16) was not predicted by pseudo-

first order kinetics model of Lagergren since calculated and experimental metal removal 

were not close to each other as it can be seen from the Table 4.4 (Patricia et al., 

2011).The rate constant and qe(cal) was calculated from the slope and intercepts of the 

graph log (qe-qt) vs time. 
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Figure 4-16. Pseudo-first order kinetic plots for the adsorption of chromium ions 

onto E. camaldulensis bark powder. 

 

 

Table 4-3Results of line fit model of pseudo - first order kinetic. 

 

 

 

Equation y = a + b*x      

Adj. R-

Square 

0.98801 Value Standard 

Error 

qe(exp) qe(cal) K1 

Log(qe-qt) Intercept 0.037 0.06343 2.411mg/
g 

1.088 
mg/g 

2.089 x10-2 

Log(qe-qt) Slope -0.00907 5.75423E-4 
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4.2.5.2. Pseudo- second order kinetic model 
 

The data obtained from kinetic experiment was further fitted to pseudo-second order 

kinetic model (Figure 4.17).Calculated equilibrium adsorption capacity qe(cal), pseudo-

second order rate constant and the initial adsorption rate were obtained from the model. 

The experimental equilibrium adsorption capacity and the calculated capacity are close to 

each other as can be seen from the Table 4.5 with the R2 value of 0.9997. According to 

(Ho, 2006)this rate expression was used to describe chemisorption involving valency 

forces through the sharing or exchange of electrons between the adsorbent and adsorbate 

as covalent forces, and ion exchange. Similar fit to this model has been also reported 

by(Wu et al., 2008), (Anisuzzaman et al., 2015), (Wu et al., 2014), for adsorption of 

trivalent chromium in lignin, lead on Typha orientalis leaves and chromium and arsenite 

on  amino-functionalized SBA-15 (NH2-SBA-15), respectively. 
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Figure 4-17. Pseudo-second order kinetic plots for the adsorption of trivalent 

chromium ions onto E.camaldulensis bark powder. 
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Table 4-4. Results of line fit model of pseudo - second order kinetic. 

 

4.2.6. Adsorption isotherm 
 

For the description of capacity of adsorption it is important to investigate the adsorption 

isotherm experiment results. This helps to evaluate the feasibility of the process for a 

practical application and for selection of the appropriate adsorbent. Furthermore, the 

isotherm plays significant role in the predictive modeling procedures for analysis and 

design of sorption systems. 

4.2.6.1. Langmuir adsorption isotherm model 
 

As it was presented in the Figure 4 -18the experimental results that were obtained from 

isotherm experiment under the experimental condition  pH, contact time and rpm being 

kept constant at5, 2.5h and 150rpm, respectively at room  temperature and with various 

adsorbent dose of 0.5, 1. 1.5,2 and 2.5 grams in 100 ml of solution using 250ml 

volumetric flask. It was observed that the negative intercept in the graph leads to the 

value of KL and qmax to be negative. Negative values of KL and qmax are an indicative of 

the inadequacy of the isotherm model to explain the adsorption process, since these 

Equation y = a + b*x      

Adj. R-

Square 

0.99974      

  Value Standard 
Error 

qe(exp) qe(cal) K2 

t/qt Intercept 4.83143 0.41626 2.411mg/g 2.549mg/g 3.183  x10-2 
t/qt Slope 0.39219 0.00258 
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constants are related to both the surface binding energy and monolayer coverage (Maarof 

et al., 2004).  

 

 

Figure 4-18.Langmuir Adsorption Isotherm model. 

 

Table 4-5Summary table for the line fit graph of Langmuir Isotherm model. 

R2 0.9468 
Equation 1/qe= 2.4045(1/ce) - 0.1319 
KL -5.48 x 10-2 
qmax -7.581 mg/g 
 

 

4.2.6.2. Freundlich Isotherm model. 

 

The ability of Freundlich model to fit with the experimental data for experiments carried 

out under the condition described in the Langmuir part of discussion were examined to 

see if they fit this model. For this purpose, the graph was developed using log qe as a y-

axis and log ce as x-axis then the line fit was performed. As it can be seen from Figure 

4.19, a linear equation was obtained with R2 value of 0.9971 which indicates a high 

y = 2.4045x - 0.1319
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goodness of fit. From this equation it is possible to calculate the value of Kf and 1/n after 

that it is possible to develop the Freundlich equation. Kf and 1/n was 0.182 and 1.664, 

respectively. According to Foo and Hameed (2010) the slope ranges between 0 and 1 and 

is a measure of adsorption intensity or surface heterogeneity, becoming more 

heterogeneous as its value gets closer to zero. Whereas, a value below 1implies 

chemisorption process where 1/n above 1is an indicative of cooperative 

adsorption(Ossman et al., 2014). 

 

Figure 4-19.FreundlichAdsorption Isotherm model. 

 

Table 4-6. Result of the line fit graph of Freundlich Isotherm 

R2 0.9971 

Equation Log qe= 1.6642Log ce- 0.7389 

Kf 0.182 

1/n 1.6642 

  

y = 1.6642x - 0.7389
R² = 0.9971

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8 1 1.2

lo
g 

q
e

log ce



54 
 

4. Conclusion and Recommendation 

 

4.1. Conclusion 

 

E. camaldulensis bark powder was characterized using selected physical and chemical 

parameters and the result obtained are comparable with other adsorbents. The parameters 

analyzed were moisture content, Ash value, porosity, bulk density, particle density 

percent carbon and nitrogen their respective results were 1.58%, 4.5%, 74.9%, 1.55g/cm3, 

0.389 g/cm3, 16.41%  and 2.632%, respectively. 

Batch adsorption studies were used to evaluate the effects of contact time, pH, dose of the 

adsorbent and initial concentration. Adsorption removal efficiency of E. camaldulensis 

bark powder was found to be highly affected by these factors. It was found that percent 

removal increases with an increase in pH (2 - 5), contact time (60 min – 150 min) and 

dose (0.5 g/100ml – 2 g/100ml) the extent of increase was 90.59, 90.82 and 82.21 

respectively. There is also decreasing trend with an increase in initial concentration of 

chromium in the solution at fixed adsorbent dosage. In this work 93.06% removal was 

obtained at pH 5, 150 min and 20 g/l of adsorbent dose. The data from kinetic 

experiments was found to fit well with pseudo-second order kinetic model with high R2 

value of 0.9997 than pseudo-first order kinetic model which indicates the presence of 

chemisorption. Adsorption process of this research is well described by Freundlich model 

than the Langmuir model. 

These results indicate that E. camaldulensis bark powder can be used for the removal of 

chromium from aqueous solution of tannery wastewater.  
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4.2. Recommendation 

 

E. camaldulensis bark powder can also be used as a possible alternative for the removal 

of other heavy metals due to its multi-functionality. Further studies can be carried out by 

chemically and physically activating this adsorbent for chromium removal and other 

heavy metals. It is also possible to study the thermodynamics of the system as well as 

desorption to get a fuller picture of the removal capacity of the bark powder for heavy 

metal removal from different types of wastewater. Other studies should be conducted 

using this adsorbent and it’s activated for the removal of chromium from the general 

tannery wastewater. 

 

 

 

 

 

 

 

 

 

 



56 
 

References 

Abraha Gebrekidan, Gebrekidan Gebresellasie and Afework Mulugeta (2009). Envrionemntal  

Impacts of  Sheba Tannery (ETHIOPIA) Effulents on the Surrounding Water Bodies 

Bull. Chem. Soc. Ethiop.23(2): 269-274. 

Adeel, S. S., Wajid, A., Hussain, S., Malik, F., Sami, Z., Haq, I. U., Hameed, A. and Channa, R. 

A. (2013). Recovery of Chromium from the Tannery Wastewater by Use of Bacillus 

Subtilis in Gujranwala, Pakistan. IOSR Journal of Pharmacy and Biological Sciences 

2(2): 36-45. 

Aidan, G. (2012). Agricultural wastes and activated carbon from them for furfural removal from 

water solutions. Life Science Journal.9(3). 

Akbal, F. and Camcı, S. (2010). Comparison of electrocoagulation and chemical coagulation for 

heavy metal removal. Chemical Engineering & Technology.33(10): 1655-1664. 

Aklilu Asfaw, Mengistu Sime and Fisseha Itanna (2012). Determining the Effect of Tannery 

Effluent on Seeds Germination of Some Vegetables in Ejersa Area of East  Shoa, 

Ethiopia ijsrp.2(12): 1-10. 

Andualem Mekonen and Seyoum Leta (2011). Effect of cycle and fill period length on the 

performance of a single sequencing batch reactor in the treatment of composite tannery 

waste water. Nature and science 9(10): 1-8. 

Anisuzzaman, S. M., Joseph, C., Daud, W., Krishnaiah, D. and Yee, H. (2015). Preparation and 

characterization of activated carbon from Typha orientalis leaves. International Journal 

of Industrial Chemistry.6(1): 9-21. 

Aslam, M., Rais, S., Alam, M. and Pugazhendi, A. (2013). Adsorption of Hg (II) from Aqueous 

Solution Using Adulsa (Justicia adhatoda) Leaves Powder: Kinetic and Equilibrium 

Studies. Journal of Chemistry.2013: 1-11. 



57 
 

Attia, A., Khedr, S. and Elkholy, S. (2010). Adsorption of chromium ion (VI) by acid activated 

carbon. Brazilian Journal of Chemical Engineering.27(1): 183-193. 

Azene Bekele, Ann, B. and Bo, T. (1993). Useful Trees and Shrubs for Ethiopia Identification, 

Propagation and Management for Agricultural and Pastoral Communities. Regional Soil 

Conservation Unit, Swedish International Development, Nairobi, Kenya. 

Bade, R. and Lee, S. H. (2011). A review of studies on micellar enhanced ultrafiltration for heavy 

metals removal from wastewater. Journal of Water Sustainability.1(1): 85-102. 

Barnhart, J. (1997). Chromium chemistry and implications for environmental fate and toxicity. 

Soil and Sediment Contamination.6(6): 561-568. 

Bhatnagar, A. and Minocha, A. (2006). Conventional and non-conventional adsorbents for 

removal of pollutants from water-A review. Indian journal of chemical technology.13(3): 

203-217. 

Bhattacharya, A., Naiya, T., Mandal, S. and Das, S. (2008). Adsorption, kinetics and equilibrium 

studies on removal of Cr (VI) from aqueous solutions using different low-cost 

adsorbents. Chemical Engineering Journal.137(3): 529-541. 

Bianchi, V. and Levis, A. G. (1984). Mechanisms of chromium Genotoxicity. Toxicological & 

Environmental Chemistry.9(1): 1-25. 

Bosnic, M., Buljan, J. and Daniels, R. (2000). Pollutants in tannery effluents. UNIDO. 

Cauvain, S. P. and Young, L. S. (2009). The ICC handbook of cereals, flour, dough & product 

testing: methods and applications. DEStech Publications, Inc, Pennsylvania, U.S.A. 

Çeçen, F. and Aktas, Ö. (2011). Activated carbon for water and wastewater treatment: 

integration of adsorption and biological treatment. 1st ed. John Wiley & Sons, 

Weinheim, Germany. 

Coates, J. (2000). Interpretation of infrared spectra, a practical approach. In:"Encyclopedia of 

analytical chemistry" (R. Meyers, Ed.), pp. 0815– 10837. John Wiley and Sons Ltd, 

Chichester, UK. 



58 
 

Cooney, D. O. (1998). Adsorption design for wastewater treatment. CRC Press, U.S.A. 

Dada, A., Olalekan, A., Olatunya, A. and Dada, O. (2012). Langmuir, Freundlich, Temkin and 

Dubinin–Radushkevich isotherms studies of equilibrium sorption of Zn2+ unto 

phosphoric acid modified rice husk. Journal of Applied Chemistry.3(1): 38-45. 

Dagmawi Mulugeta and Mekibib Dawit (2013). Chromium Removal from Modjo Tannery 

Wastewater Using Moringa stenopetala Seed Powder as an Adsorbent. Water, Air, & Soil 

Pollution.224(12): 1-10. 

Dash, M. C. (2001). Fundamentals of ecology. Tata McGraw-Hill Education, New Delhi. 

De Philippis, R. and Micheletti, E. (2009). Heavy Metal Removal with Exopolysaccharide-

Producing Cyanobacteria. In:"Heavy Metals in the Environment" (L. K. Wang, J. P. 

Chen, Y. T. Hung, and N. K. Shammas, Eds.). CRC Press, New York. 

De Souza Macedo, J., da Costa Júnior, N. B., Almeida, L. E., da Silva Vieira, E. F., Cestari, A. 

R., de Fátima Gimenez, I., Carreño, N. L. V. and Barreto, L. S. (2006). Kinetic and 

calorimetric study of the adsorption of dyes on mesoporous activated carbon prepared 

from coconut coir dust. Journal of colloid and interface science.298(2): 515-522. 

El-Nafaty, U., Sirajuddeen, A. and Muhammad, I. (2014). Isotherm Studies on Oil Removal from 

Produced Water Using Mango Seed Kernel Powder as Sorbent Material. Chemical and 

Process Engineering Research.23: 55-65. 

Ethiopian Investment Agency (2008). Investment opportunity profile for the manufactory of 

leather garments and articles in Ethiopia. Ethiopian Investment Agency. 

Foo, K. and Hameed, B. (2010). Insights into the modeling of adsorption isotherm systems. 

Chemical Engineering Journal.156(1): 2-10. 

Fu, F. and Wang, Q. (2011). Removal of heavy metal ions from wastewaters: a review. Journal of 

Environmental Management.92(3): 407-418. 



59 
 

Garg, U. K., Kaur, M., Sud, D. and Garg, V. (2009). Removal of hexavalent chromium from 

aqueous solution by adsorption on treated sugarcane bagasse using response surface 

methodological approach. Desalination.249(2): 475-479. 

Ghorbani, F., Younesi, H., Ghasempouri, S. M., Zinatizadeh, A. A., Amini, M. and Daneshi, A. 

(2008). Application of response surface methodology for optimization of cadmium 

biosorption in an aqueous solution by Saccharomyces cerevisiae. Chemical Engineering 

Journal.145(2): 267-275. 

Gill, R., Nadeem, Q.-u.-A., Nadeem, R., Nazir, R. and Aslam, S. (2014). Removal efficiency of 

vegetable waste mixture for uptake of Cd (II) and Cu (II) ions. JBES.5(4): 239-249. 

Giraldo, L. and Moreno-Piraján, J. (2008). Pb2+ adsorption from aqueous solutions on activated 

carbons obtained from lignocellulosic residues. Brazilian Journal of Chemical 

Engineering.25(1): 143-151. 

Gulipalli, C. S., Prasad, B. and Wasewar, K. L. (2011). Batch study, equilibirum and kinetics of 

adsorption of selenium using rice husk ash (RHA). J. Eng. Sci. Technol.6: 586-605. 

Guo, X., Zhang, S. and Shan, X.-q. (2008). Adsorption of metal ions on lignin. Journal of 

Hazardous Materials.151(1): 134-142. 

Gupta, V. K., Rastogi, A. and Nayak, A. (2010). Adsorption studies on the removal of hexavalent 

chromium from aqueous solution using a low cost fertilizer industry waste material. J 

Colloid Interface Sci.342(1): 135-141. 

Gürü, M., Venedik, D. and Murathan, A. (2008). Removal of trivalent chromium from water 

using low-cost natural diatomite. Journal of hazardous materials.160(2): 318-323. 

Halilu, M., Agunu, A., Ibrahim, H. and Abdurahman, E. (2008). Pharmacognostic evaluation of 

the stem bark of Parinari curatellifolia Planch ex benth (Chrysobalanaceae). Niger J 

Pharm Sci.7(1): 79-85. 



60 
 

Hammaini, A., González, F., Ballester, A., Blázquez, M. L. and Muñoz, J. A. (2007). Biosorption 

of heavy metals by activated sludge and their desorption characteristics. Journal of 

Environmental Management.84(4): 419-426. 

Hanna Habtemariam (2010). Developing and evaluating the performance of sequencing batch 

reactor for the treatment of sulfur rich modjo tannery effluent. Maters of Science Thesis 

Addis Ababa University. 

Ho, Y.-S. (2006). Review of second-order models for adsorption systems. Journal of hazardous 

materials.136(3): 681-689. 

Ho, Y.-S. and McKay, G. (1998). Sorption of dye from aqueous solution by peat. Chemical 

engineering journal.70(2): 115-124. 

Iscen, C. F., Kiran, I. and Ilhan, S. (2007). Biosorption of Reactive Black 5 dye by Penicillium 

restrictum: The kinetic study. Journal of hazardous materials.143(1): 335-340. 

Jabari, M., Aqra, F., Shahin, S. and Khatib, A. (2009). Monitoring chromium content in tannery 

wastewater. The Journal of the Argentine Chemical Society.97(2): 77-87. 

Jeon, C. and Höll, W. H. (2003). Chemical modification of chitosan and equilibrium study for 

mercury ion removal. Water Research.37(19): 4770-4780. 

JIANG, K., SUN, T.-h., SUN, L.-n. and LI, H.-b. (2006). Adsorption characteristics of copper, 

lead, zinc and cadmium ions by tourmaline. Journal of Environmental Sciences.18(6): 

1221-1225. 

Kara, A. and Demirbel, E. (2012). Kinetic, isotherm and thermodynamic analysis on adsorption 

of Cr (VI) ions from aqueous solutions by synthesis and characterization of magnetic-

poly (divinylbenzene-vinylimidazole) microbeads. Water, Air, & Soil Pollution.223(5): 

2387-2403. 

Kaushik, A. and Kaushik, C. (2010). Basics of environment and ecology. New Age International 

Pvt Ltd, New Delhi. 



61 
 

Kimbrough, D. E., Cohen, Y., Winer, A. M., Creelman, L. and Mabuni, C. (1999). A critical 

assessment of chromium in the environment. Critical reviews in environmental science 

and technology.29(1): 1-46. 

Koren, H. and Bisesi, M. S. (2002). Handbook of Environmental Health, Volume I: Biological, 

Chemical, and Physical Agents of Environmentally Related Disease. 4th ed. CRC press, 

Florida, USA. 

Kumar, P. S. and Kirthika, K. (2009). Equilibrium and kinetic study of adsorption of nickel from 

aqueous solution onto bael tree leaf powder. Journal of Engineering Science and 

Technology.4(4): 351-363. 

Kurniawan, T. A., Chan, G. Y., Lo, W.-H. and Babel, S. (2006). Physico–chemical treatment 

techniques for wastewater laden with heavy metals. Chemical engineering 

journal.118(1): 83-98. 

Lalvani, S., Hubner, A. and Wiltowski, T. (2000). Chromium adsorption by lignin. Energy 

sources.22(1): 45-56. 

Leyva‐Ramos, R., Fuentes‐Rubio, L., Guerrero‐Coronado, R. M. and Mendoza‐Barron, J. (1995). 

Adsorption of trivalent chromium from aqueous solutions onto activated carbon. Journal 

of Chemical Technology and Biotechnology.62(1): 64-67. 

Maarof, H. I., Hameed, B. H. and Ahmad, A. L. (2004). Adsorption isotherms for phenol onto 

activated carbon. ASEAN Journal of Chemical Engineering.4(1): 70-76. 

Malik, R., Ramteke, D. and Wate, S. (2006). Physico-chemical and surface characterization of 

adsorbent prepared from groundnut shell by ZnCl~ 2 activation and its ability to absorb 

colour. Indian journal of chemical Technology.13(4): 319. 

Malkoc, E., Nuhoglu, Y. and Dundar, M. (2006). Adsorption of chromium(VI) on pomace--an 

olive oil industry waste: batch and column studies. J Hazard Mater.138(1): 142-151. 

MOARD and GRM international (2007). Livestock Development Master Plan Study. GRM 

International   



62 
 

Mohan, D., Singh, K. P. and Singh, V. K. (2006). Trivalent chromium removal from wastewater 

using low cost activated carbon derived from agricultural waste material and activated 

carbon fabric cloth. Journal of hazardous materials.135(1): 280-295. 

Murugesan, A. and Maheswari, S. (2009). Uptake of hexavalent chromium from aqueous solution 

employing live, dead and immobilized bacterial biomass. J. Appl. Sci. Environ. 

Manage.11(4): 71-75  

Mwinyihija, M. (2010). Main Pollutants and Environmental Impacts of the Tanning Industry. 

In:"Ecotoxicological Diagnosis in the Tanning Industry", pp. 17-35. Springer, New 

York. 

Nimmo, J. (2004). Porosity and pore size distribution. Encyclopedia of Soils in the 

Environment.3: 295-303. 

Oo, C.-W., Osman, H., Fatinathan, S. and Zin, M. A. M. (2013). The Uptake of Copper (II) Ions 

by Chelating Schiff Base Derived from 4-Aminoantipyrine and 2-Methoxybenzaldehyde. 

International Journal of Nonferrous Metallurgy.2(1): 1-9. 

Ossman, M., Mansour, M., Fattah, M., Taha, N. and Kiros, Y. (2014). Peanut shells and talc 

powder for removal of hexavalent chromium from aqueous solutions. BULGARIAN 

CHEMICAL COMMUNICATIONS.46(3 ): 629 – 639. 

Pandey, P., Sharma, S. and Sambi, S. (2010). Kinetics and equilibrium study of chromium 

adsorption on zeoliteNaX. International Journal of Environmental Science & 

Technology.7(2): 395-404. 

Panizza, M. and Cerisola, G. (2004). Electrochemical oxidation as a final treatment of synthetic 

tannery wastewater. Environmental science & technology.38(20): 5470-5475. 

Patricia, B., Cong, C., Adriana, C., María, F., Martha, G., Silvia, G., Juan, G., Masafumi, H., 

Cristina, M. and Yasuhiro, N. (2011). Biosorption of Trivalent Chromium from Aqueous 

Solution by Red Seaweed Polysiphonia nigrescens. Journal of Water Resource and 

Protection.3(11): 1-12. 



63 
 

Pickering, K. T. and Owen, L. A. (1997). An introduction to global environmental issues. 

Routledge, London. 

Plank, C. O. (1992). Plant analysis reference procedures for the southern region of the United 

States. Southern cooperative series bulletin (USA). 

Qiu, H., Lv, L., Pan, B.-c., Zhang, Q.-j., Zhang, W.-m. and Zhang, Q.-x. (2009). Critical review 

in adsorption kinetic models. Journal of Zhejiang University Science A.10(5): 716-724. 

Rakhunde, R., Deshpande, L. and Juneja, H. (2012). Chemical speciation of chromium in water: a 

review. Critical Reviews in Environmental Science and Technology.42(7): 776-810. 

Ramalho, R. S. (1977). Solutions Manual for Introduction to Wastewater Treatment Processes. 

1st ed. Academic Press, U.S.A. 

Ranjan, D. and Hasan, S. H. (2010). Rice bran carbon: An alternative to commercial activated 

carbon for the removal of hexavalent chromium from aqueous solution. 

BioResources.5(3): 1661-1675. 

Rao, L. N. and Prabhakar, G. (2011). Removal of heavy metals by biosorption-an overall review. 

J Eng Res Stud.2(4): 17-22. 

Reddy, N. A., Lakshmipathy, R. and Sarada, N. C. (2014). Application of Citrullus lanatus rind as 

biosorbent for removal of trivalent chromium from aqueous solution. Alexandria 

Engineering Journal.53(4): 969-975. 

Rouquerol, F., Rouquerol, J. and Sing, K. S. W. (1999). Adsorption by Powders and Porous 

Solids: Principles, Methodology and Applications. 2nd ed. Academic Press, Oxford, UK. 

Sahmoune, M. N. and Louhab, K. (2010). Kinetic analysis of trivalent chromium biosorption by 

dead Streptomyces rimosus biomass. Arab J Sci Eng.35: 69-80. 

Sahranavard, M., Ahmadpour, A. and Doosti, M. R. (2011). Biosorption of hexavalent chromium 

ions from aqueous solutions using almond green hull as a low-cost biosorbent. European 

Journal of Scientific Research.58(3): 392-400. 



64 
 

Santoleri, J. J., Theodore, L. and Reynolds, J. (2000). Introduction to Hazardous Waste 

Incineration. 2nd ed. John Wiley and Sons, New York. 

Sarin, V. and Pant, K. K. (2006). Removal of chromium from industrial waste by using 

eucalyptus bark. Bioresource Technology.97(1): 15-20. 

Selvi, K., Pattabhi, S. and Kadirvelu, K. (2001). Removal of Cr (VI) from aqueous solution by 

adsorption onto activated carbon. Bioresource Technology.80(1): 87-89. 

Semerjian, L. (2010). Equilibrium and kinetics of cadmium adsorption from aqueous solutions 

using untreated Pinus halepensis sawdust. Journal of hazardous materials.173(1): 236-

242. 

Shanker, A. K., Cervantes, C., Loza-Tavera, H. and Avudainayagam, S. (2005). Chromium 

toxicity in plants. Environment international.31(5): 739-753. 

Sharawy, H., Ossman, M. and Mansour, M. (2013). Kinetics modeling and Adsorption isotherm 

studies for Cr (III) removal using Boehmite Nano-powder. International Journal of 

Chemical and Biochemical Sciences.3: 9-18. 

Sharma, D. and Forster, C. (1994). The treatment of chromium wastewaters using the sorptive 

potential of leaf mould. Bioresource Technology.49(1): 31-40. 

Shim, H. Y., Lee, K. S., Lee, D. S., Jeon, D. S., Park, M. S., Shin, J. S., Lee, Y. K., Goo, J. W., 

Kim, S. B. and Chung, D. Y. (2014). Application of Electrocoagulation and Electrolysis 

on the Precipitation of Heavy Metals and Particulate Solids in Washwater from the Soil 

Washing. Journal of Agricultural Chemistry and Environment.3(04): 130. 

Silgado, K. J., Marrugo, G. D. and Puello, J. (2014). Adsorption of Chromium (VI) by Activated 

Carbon Produced from Oil Palm Endocarp. Chemical Engineering Transactions.37: 721-

726. 

Singh, K., Hasan, S., Talat, M., Singh, V. and Gangwar, S. (2009). Removal of Cr (VI) from 

aqueous solutions using wheat bran. Chemical Engineering Journal.151(1): 113-121. 



65 
 

Song, Y., Jin, Y., Sun, J. and Wei, D. (2007). Removal of trivalent chromium from aqueous 

solutions by amphiphilic core-shell poly (methyl acrylate)/silk sericin nanospheres. 

Polimery.52(11-12): 880-884. 

SwapnaPriya, S. and Radha, K. V. (2014). Batch adsorption studies of chromium(III) onto 

commercial grade granular activated carbon. IJEDR.1(3): 125 - 129. 

Talokar, A. Y. (2011). Studies on Removal of Chromium from Waste Water by Adsorption Using 

Low Cost Agricultural Biomass as Adsorbents. International Journal of Advanced 

Biotechnology and Research.2(4): 452-456. 

Tangjuank, S., Insuk, N., Udeye, V. and Tontrakoon, J. (2009). Chromium (III) sorption from 

aqueous solutions using activated carbon prepared from cashew nut shells. International 

Journal of Physical Sciences.4(8): 412-417. 

Taty-Costodes, V. C., Fauduet, H., Porte, C. and Delacroix, A. (2003). Removal of Cd(II) and 

Pb(II) ions, from aqueous solutions, by adsorption onto sawdust of Pinus sylvestris. 

Journal of Hazardous Materials.105(1–3): 121-142. 

UNIDO (2011). Introduction to Treatment of Tannery Effluent:What every tanner should know 

about effluent treatment. UNDIO, Vienna. 

UNIDO (2012). Technical assistance project for the upgrading of the Ethiopian leather and 

leather products industry;Independent Evaluation Report, Ehiopia. 

USEPA (2000). Wastewater Technology Fact Sheet Chemical Precipitation. USEPA Office of 

Water Washington, D.C. EPA 832-F-00-018. 

Victoria, E. (2000). A guide to the sampling and analysis of waters, wastewaters, soils and 

wastes. 7th ed. EPA Victoria Victoria, Australia. 

Vidali, M. (2001). Bioremediation. an overview. Pure and Applied Chemistry.73(7): 1163-1172. 

Vilar, V. J., Valle, J. A., Bhatnagar, A., Santos, J. C., de Souza, S. M. G. U., de Souza, A. A. U., 

Botelho, C. M. and Boaventura, R. A. (2012). Insights into trivalent chromium 



66 
 

biosorption onto protonated brown algae Pelvetia canaliculata: distribution of chromium 

ionic species on the binding sites. Chemical Engineering Journal.200: 140-148. 

Višekruna, A., Štrkalj, A. and Marinić Pajc, L. (2011). The use of low cost adsorbents for 

purification wastewater. The Holistic Approach to Environment.1(1): 29-37. 

Vitousek, P. M., Mooney, H. A., Lubchenco, J. and Melillo, J. M. (1997). Human domination of 

Earth's ecosystems. Science.277(5325): 494-499. 

Von Burg, R. and Liu, D. (1993). Chromium and hexavalent chromium. Journal of applied 

toxicology.13(3): 225-230. 

Wang, L., Vaccari, D., Li, Y. and Shammas, N. (2005). Chemical Precipitation. 

In:"Physicochemical Treatment Processes" (L. Wang, Y.-T. Hung, and N. Shammas, 

Eds.), Vol. 3, pp. 141-197. Humana Press, Totowa, New Jersey. 

Wang, T., Liu, W., Xiong, L., Xu, N. and Ni, J. (2013). Influence of pH, ionic strength and humic 

acid on competitive adsorption of Pb (II), Cd (II) and Cr (III) onto titanate nanotubes. 

Chemical Engineering Journal.215: 366-374. 

Wu, Y., Zhang, S., Guo, X. and Huang, H. (2008). Adsorption of chromium(III) on lignin. 

Bioresour Technol.99(16): 7709-7715. 

Wu, Y., Zhou, J., Jin, Y., Cao, J., Yilihan, P., Wen, Y. and Wu, Y. (2014). Mechanisms of 

chromium and arsenite adsorption by amino-functionalized SBA-15. Environ Sci Pollut 

Res Int.21(3): 1859-1874. 

Yadla, S. V., Sridevi, V. and Lakshmi, M. C. (2012). A Review on Adsorption of Heavy Metals 

from Aqueous Solution. J. Chem. Bio. Phy. Sci.2(3): 1585-1593. 

Yang, Z.-h., Wang, B., Chai, L.-y., Wang, Y.-y., Wang, H.-y. and Su, C.-q. (2009). Removal of 

Cr (III) and Cr (VI) from aqueous solution by adsorption on sugarcane pulp residue. 

Journal of Central South University of Technology.16: 101-107. 

Zayed, A. and Terry, N. (2003). Chromium in the environment: factors affecting biological 

remediation. Plant and Soil.249(1): 139-156. 



67 
 

Annex- I Results of analysis for the optimum condition   

a. The result of the effect of pH adsorption at different contact time while 

keeping adsorbent dose constant to 20 g/L.  

pH Contact 
time in 
min 

Co  
in 
mg/L 

Cf1 
in mg/L 

Cf2 
in mg/L 

Cf3 
in 
mg/L 

Cava 
in mg/L 

%R q  
in 
mg/g 

2 60 50 48.52 48.97 48.81 48.7667 2.4667 0.06 
2 90 50 45.9 46.04 46.07 46.0033 7.9933 0.2 
2 120 50 46.02 45.93 45.57 45.84 8.32 0.21 
2 150 50 41.3 40.16 40.23 40.5633 18.8733 0.47 
3 60 50 31.79 32.17 32.24 32.0667 35.8667 0.9 
3 90 50 28.95 30.28 30.73 29.9867 40.0267 1 
3 120 50 29.31 28.54 29.79 29.2133 41.5733 1.04 
3 150 50 27.46 27.99 27.6 27.6833 44.6333 1.12 
4 60 50 21 21.16 21.11 21.09 57.82 1.45 
4 90 50 19.56 19.85 19.93 19.78 60.44 1.51 
4 120 50 15.07 15.27 15.2 15.18 69.64 1.74 
4 150 50 13.66 13.44 13.28 13.46 73.08 1.83 
5 60 50 9.8 9.72 9.54 9.6867 80.6267 2.02 
5 90 50 5.57 6.05 6.22 5.9467 88.1067 2.2 
5 120 50 4.94 4.01 3.91 4.2867 91.4267 2.29 
5 150 50 3.88 3.13 3.4 3.47 93.06 2.33 
 

b. The result of the effect of different adsorbent dosage with different pH on the 

adsorption while keeping contact time constant to 2h.  

 

Adsorbent 
Dosage in 
g/100ml 

pH Co  
in mg/L 

Cf1 
in mg/L 

Cf2 
in 
mg/L 

Cf3 
in 
mg/L 

Cava 
in 
mg/L 

%R q  
in 
mg/g 

0.5 2 50 43.98 45.01 44.38 44.4567 11.0867 1.11 
0.5 3 50 31.3 30.83 30.51 30.88 38.24 3.82 
0.5 4 50 23.79 24.59 24.14 24.1733 51.6533 5.17 
0.5 5 50 9.81 9.1 9.49 9.4667 81.0667 8.11 
1 2 50 43.57 43.18 43.7 43.4833 13.0333 0.65 
1 3 50 29.08 29.62 29.31 29.3367 41.3267 2.07 
1 4 50 17.23 17.94 17.66 17.61 64.78 3.24 



68 
 

1 5 50 6.32 7.19 6.58 6.6967 86.6067 4.33 
1.5 2 50 42.48 42.03 42.33 42.28 15.44 0.51 
1.5 3 50 27.15 27.75 27.3 27.4 45.2 1.51 
1.5 4 50 14.23 14.39 14.55 14.39 71.22 2.37 
1.5 5 50 5.4 5.03 6.72 5.7167 88.5667 2.95 
2 2 50 39.11 39.38 39.61 39.3667 21.2667 0.53 
2 3 50 22.2 21.86 21.34 21.8 56.4 1.41 
2 4 50 8.813 8.42 8.93 8.721 82.558 2.06 
2 5 50 4.58 4.69 4.717 4.6623 90.6753 2.27 
0.5 2 50 43.98 45.01 44.38 44.4567 11.0867 1.11 
 

c. The result of the effect of different adsorbent dosage with different contact 
time on the adsorption while keeping pH to 5. 

Adsorbent 
Dosage in 
g/100ml 

Contact 
time in 
hours 

Co 
in 
mg/L 

Cf1 
in 
mg/L 

Cf2 
in 
mg/L 

Cf3 
in 
mg/L 

Cava 
in 
mg/L 

%R q 
in 
mg/g 

0.5 60 50 41.72 41.83 42.18 41.91 16.18 1.62 
0.5 90 50 40.6 40.21 40.33 40.38 19.24 1.92 
0.5 120 50 34.37 34.76 34.24 34.456 31.086 3.11 
0.5 150 50 32.89 32.45 32.71 32.683

3 
34.633
3 

3.46 

1 60 50 25.14 25.43 25.5 25.356
7 

49.286
7 

2.46 

1 90 50 23.82 23.22 23.53 23.523
3 

52.953
3 

2.65 

1 120 50 21.44 21.76 21.21 21.47 57.06 2.85 
1 150 50 17.91 18.04 18.2 18.05 63.9 3.2 
1.5 60 50 14.57 14.93 14.8 14.766

7 
70.466
7 

2.35 

1.5 90 50 13.13 13.05 13.32 13.166
7 

73.666
7 

2.46 

1.5 120 50 11.72 11.38 11.9 11.666
7 

76.666
7 

2.56 

1.5 150 50 8.84 8.45 8.26 8.5167 82.966
7 

2.77 

2 60 50 5.95 5.97 5.41 5.7767 88.446
7 

2.21 

2 90 50 4.16 4.08 4.15 4.13 91.74 2.29 
2 120 50 3.58 3.77 3.62 3.6567 92.686

7 
2.32 

2 150 50 3.42 3.29 3.35 3.3533 93.293
3 

2.33 
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Annex II. Result for the effect of initial concentration 

  

 

 

 

 

Annex III. Result of kinetics experiment  

Time Co in 

mg/L 

Cf1 in 

mg/L 

Cf2 in 

mg/L 

Cava 

in 

mg/L 

qtmg/g qe-qt 

in 

mg/g 

log (qe-qt) 

in mg/g 

t/qt in 

min/(mg/g) 

60 50 8.375 7.96 8.17 2.09 0.31 -0.5 28.69 

90 50 5.151 4.795 4.97 2.25 0.15 -0.81 39.98 

120 50 3.539 4.16 3.85 2.31 0.1 -1.01 52 

150 50 2.702 2.893 2.8 2.36 0.05 -1.34 63.56 

180 50 1.916 1.84 1.88 2.41 0  74.81 

210 50 1.784 1.75 1.77 2.41 -0.01  87.08 

240 50 1.823 1.69 1.76 2.41 -0.01  99.5 

 

 

 

Co  
in 
mg/L 

Cf1 
in 
mg/L 

Cf2 
in mg/L 

Cava 
in 
mg/L 

q  
in mg/g 

%R 

40 1.45 1.37 1.41 1.93 96.48 
60 7.24 6.95 7.09 2.65 88.18 
80 35.01 32.88 33.94 2.3 57.57 
100 60.09 58.76 59.42 2.03 40.58 
120 81.46 79.87 80.67 1.97 32.78 
40 1.45 1.37 1.41 1.93 96.48 
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Annex IV. Result of isotherm experiment  

dose
in 
g/L 

Co  
in 
mg/L 

cf1in 
mg/
L 

cf2i
n 
mg/
L 

cein 
mg/L 

qe 
in 
mg/g 

1/ce 
in 
mg/L 

1/qe 
in mg/g 

Logce 
in 
mg/L 

Logqe 
in mg/g 

5 50 8.75
3 

8.40
1 

8.577 8.2846 0.11659 0.12070 0.98349 0.90712 

10 50 6.61
5 

6.20
8 

6.4115 4.3588 0.15597 0.22941 0.82978 0.63591 

15 50 6.33 4.49
1 

5.4105 2.9726 0.18482 0.33640 0.73323 0.47314 

20 50 4.34
2 

4.93 4.636 2.2682 0.21570 0.44087 0.66614 0.35568 

25 50 3.10
1 

3.72 3.4105 1.8635 0.29321 0.53660 0.59223 0.26566 

 

Annex V. Some pictures taken during the experiment 

 

 

A.                                                           B.  

 

  Figures V-1: A, bulk desity apparatuse with samples   B, oven used for draying samples  
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A.                                                     B.  

Figure V-2. Figures showing the adsorbent during washing  

 

Annex VI. Operating condition of FAAS 

During analysis of chromium using atomic absorption spectrophotometry the following 
condition was steed. 
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Figure VI-1. Calibration cure of FAAS 
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Table VI-1 Summery of table of Figure VI-1 

Equation y = a + b*x   

Adj. R-Square 0.99223   
  Value Standard Error 
Absorbance Intercept 0.01966 0.01606 
Absorbance Slope 0.0705 0.00312 
 

Table VI-2 instrumental parameters  

Method  Lamp 
element  

Wave 
length  Flame Burner 

height  
Burner 
length  

Flam 
absorption  Chromium  357.87nm C2H2/air  8mm 100mm 

 


