
 

 

 

i 

REMOVAL OF SOME HEAVY METALS FROM CONTAMINATED SOILS USING 

TWO COMPLEXING AGENTS 

 

 

 

 

 

 

 

 

BY 

 

 

 

 

 

 

 

 

YAKUBU SANI 

 

 

 

 

 

 

 

DEPARTMENT OF CHEMISTRY 

 

AHMADU BELLO UNIVERSITY, 

ZARIA 

 

 

 

 

 

 

 

 

 

 

 

 

NOVEMBER, 2016 



 

 

 

ii 

REMOVAL OF SOME HEAVY METALS FROM CONTAMINATED SOILS USING 

TWO COMPLEXING AGENTS 

 

 

 

 

 

 

 

BY 

 

 

 

 

 

 

SANI YAKUBU 

MSc/SCI/21575/2012-2013 

 

 

 

A THESIS SUBMITTED TO THE SCHOOL OF POSTGRADUATE STUDIES, 

AHMADU BELLO UNIVERSITY, ZARIA 

 

 

 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THE AWARD OF 

MASTER’S DEGREE IN ANALYTICAL CHEMISTRY 

 

 

 

DEPARTMENT OF CHEMISTRY, 

FACULTY OF SCIENCE 

AHMADU BELLO UNIVERSITY, 

ZARIA, NIGERIA 

 

 Page 

 

NOVEMBER, 2016 



 

 

 

iii 

DECLARATION 

I declare that the work in this dissertation entitled ‘Removal of some heavy metals from 

contaminated soils using two complexing agents’ has been performed by me in the department 

of chemistry, under the supervision of Professor E.B. Agbaji and Professor V.O. Ajibola. The 

information derived from literature has been duly acknowledged in the text and a list of 

references provided. No part of this research was previously presented for another degree or 

diploma at any university or institution. 

 

Sani Yakubu  _____________   ___________   

Name of Student          Signature    Date 

    

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

iv 

CERTIFICATION 

This project dissertation entitled ‘Removal of some heavy metals from contaminated soils 

using two complexing agents’ by Sani Yakubu meets the regulation governing the award of the 

degree of MSc. in analytical chemistry of Ahmadu Bello University, and is approved for its 

contribution to knowledge and literary presentation. 

 

 

_________________       _____________ 

PROF. E.B. AGBAJI        DATE 

MAJOR SUPERVISOR           

 

            

 

 

_________________       _____________ 

PROF. V.O. AJIBOLA       DATE 

MINOR SUPERVISOR 

 

 

 

 

 

_________________       _____________ 

PROF. A.O. AYEWALE       DATE 

HEAD OF DEPARTMENT 

 

 

 

 

 

_________________       _____________ 

PROF. K. A. JOSHUA      DATE  

DEAN, POSTGRADUATE SCHOOL 



 

 

 

v 

 

DEDICATION 

This work is dedicated to the Almighty GOD, members of my family and all my friends.



 

 

 

vi 

ACKNOWLEDGEMENTS 

This research would not have been possible without the help and support of many people. First 

of all, I would like to express my greatest gratitude to God Almighty for the gift of life, good 

health and the privilege to undertake this study. I am grateful to my Supervisors: Prof. E.B. 

Agbaji and Prof. V.O. Ajibola for their guidance throughout this study. I am indebted to Dr. 

F.G.Okibe, for his time, inputs and interest in the research which has contributed to the 

completion of this work. My gratitude goes to Mr Oche Ochigbo and Arthur David Ebuka, 

whose assistance and open access to the laboratory allowed me time to carry out this research. 

Special thanks also goes to Mr Silas Ekwuribe and the all the staff of the Multi-User Science 

Research Laboratory, Ahmadu Bello University, Zaria, for helping with the AAS analysis. My 

appreciation goes to Mr Ibrahim Ilu, of the Soil science Department, Ahmadu Bello University, 

Zaria for carrying out the chemical analysis of the soil samples. I express my sincere 

appreciation to Pastor Dele Aronimo, Pastor Musa Latayo and all members of JAWOM Palladan 

(glorious) centre for their moral support. I would also like to thank everyone who contributed in 

one way or the other to make this work a success. Last but not the least, I would like to express 

my deepest gratitude to my mum, Mrs Elizabeth Sani, my brothers (Adamu, Abu, Umaru and 

Tijani) and my sister (Amina) for the support, love and encouragement which was my greatest 

motivation to persevere and finish this work. I deeply love you all. 

 

 

 

 



 

 

 

vii 

ABSTRACT 

A study on the removal of heavy metals from polluted site where metal-works activities are 

carried out was studied. The soil samples were treated separately with aqueous solution of two 

complexing agents – namely, tiron and glutamic acid to determine the removal efficiency of 

heavy metals. Before treatment with the complexing agents, the soils showed remarkably high 

levels of heavy metals above background concentrations. The distribution pattern were in the 

following order: Pb> Zn> Cr> Cd> Ni. Across all the sampling locations, Pb showed the highest 

(199.97 mg Kg
-1

) mean concentration and Cd (1.35 mg Kg
-1

) the least mean concentration 

respectively. Key factors that determine the absorption of heavy metal by complexing agents 

such as pH, concentration, amount of soil, and contact time were considered and the process 

optimized by the application of 2
4
 factorial design of experiment. Results indicated optimum 

removal of Cr 98.81%, Ni 86.00%, Pb 76.18%, Zn 62.63% and Cd 83.95% using tiron while the 

optimum absorption for glutamic acid was 37.68%  Cd, 56.41% Cr, 37.68% Ni, 1.81% Pb, and 

63.23% Zn respectively. Optimum removal Cr 98.81% was obtained at pH 3, 25 mg dm
-3

, 10g 

amount of soil and 60 minutes contact time. The optimum removal of Ni 86.00% obtained at pH 

5, 25 mg dm
-3

, 10g amount of soil and 60 minutes contact time. Optimum removal of Pb 76.16% 

was obtained at pH 5, 10 mg dm
-3

, 5 g amount of soil and 60 minutes contact time. Zn 62.63% 

was obtained at pH 3, 5g amount of soil and 60 minutes contact time. Cd 83.95% was obtained at 

pH 5, 25 mg dm
-3

, 10 g amount of soil and 30 minutes contact time using tiron. This indicates a 

good yield when compared to other used chelating agents like EDTA, EDDS, and NTA.  

Optimum removal of glutamic acid was Cr 99.98%, Ni 53.26%, Pb 99.99%, Zn 99.98% and Cd 

99.98%.Cd 99.98% obtained at pH 5, concentration of 10 mg dm
-3

, 10g amount of soil, and 60 
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minutes contact time. Cr 99.98% obtained at pH 5, concentration of 25 mg dm
-3

, 5 g amount of 

soil, and 60 minutes contact time. Ni 53.26% obtained at 25 mg dm
-3

 concentration, 10 g of soil, 

at pH 3, and 60 minutes contact time. The optimum removal of Pb was 99.99% at pH 3, 10 mg 

dm
-3

, 10 g amount of soil, and 60 minutes contact time. Optimum removal of Zn was 99.98% 

achieved at 25 mg dm
-3

 concentration of glutamic acid, 10 g of soil, 30 minutes contact time, and 

pH 5. The results of cube plots to show the interaction  of the absorption process by factorial 

design of experiment indicate 83.22% Cr, 9.16% Cd, 61.03% Ni, 69.86% Pb and 59.32% Zn 

removal by tiron. In conclusion, the results from this study suggested that tiron and glutamic acid 

have high removal efficiency. However, glutamic acid is more promising extracting agent than 

tiron.    
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CHAPTER ONE 

1.0 INTRODUCTION 

Industrial development and urbanization have led to increase in the amount of solid wastes 

frequently discharged into the natural environment. This has increased the amount of many 

chemical substances in the environment. The chemical substances which are of great 

environmental interest are the heavy metals. Heavy metals are of special interest because of the 

major risks they contribute to the environment. They are toxic to humans as well as other 

organisms; they are released by metal-bearing soil constituents and migrate through the soil 

solution downward to the water table (Van Oort et al., 2006; Shina and Alok, 2010). The 

contamination by these metals is a threat to the quality of groundwater, if these metals are not 

properly treated. Unlike organic compounds that can be biodegraded with time or can be 

incinerated, metals are robust and remain a potential threat to the environment and human health 

for a long time (Hong et al., 2002). Soil and sediments are rich in these heavy metals since they 

are not subject to degradation phenomena. They can easily be suspended or dissolved by surface 

water, hence become available to plankton, nekton and deposit feeders. The consequence of this 

is that, they can enter the food chain and become concentrated in fish and other edible organisms 

(Di Palma and Mecozzi, 2007). 

The environmental impact of soil contamination depends not only on the total amount of metals 

in the soil but mainly on their mobility and availability. This is influenced by leaching and 

interactions with other components of the ecosystem such as air and water. Soil washing 

remediation technology is used to remove undesirable contaminants in soil and sediments by 
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dissolving or suspending them in a washing solution (Freeman and Harris, 1995; Moutsatsou et 

al., 2006; Weihua et al., 2010), and also by concentrating contaminants in small volume of soil 

through particle size separation (Detzner et al., 1998; McCready et al., 2003). This is based on 

findings that contaminants tend to bind either physically or chemically to clay, silt or organic soil 

particles. 

Liberated metal ions are variously trapped by a wide range of reactive soil constituents that is 

organic matter, iron, manganese oxides, hydroxides, silicates, phosphates, carbonates. A 

fraction of these metals can thereafter be remobilized, either in dissolved or colloidal form 

before migrating downward. Mobilization is defined here, as the potential capacity of metals 

to be transferred from the solid phase into the soil solution. It depends on the various links 

between metals and reactive sites of solid phase surfaces. (McGrath, 1996; Gleyzes et al., 

2002; Krishnamurti et al., 2002; Chaignon et al., 2003; Feng et al., 2005;). Metals readily 

extracted, were called „„labile‟‟ by (Fangueiro et al., 2005), and more slowly extracted 

metals, called „„less labile‟‟, which might be reasonably attributed to potentially „„mobile‟‟ 

and/ or „„bioavailable‟‟ metal fractions (Bermond et al., 2005). Degryse et al., (2006) showed 

that the proportion of labile metals was well-correlated with metal uptake in plants. 

Chelating agents are most effective extractants, which can be introduced in the soil washing 

to enhance heavy metal extraction from contaminated soils. The advantages of chelating 

agent include high efficiency of metal extraction, high thermodynamic stabilities of the metal 

complexes, and low absorption of the chelating agents to a catalyst (Jerome et al., 2007). In 
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addition, the chelating agents cause only minor impact on the physical and chemical 

properties of the solid matrix as compared to acids (Lee and Marshall, 2002). 

1.1 Statement of Research Problem 

Metal contaminated soils are a serious environmental problem with implications for 

human health. The presence of metals in the soil has two main origins: the alteration of the 

bedrock and human activities, the latter being the major cause of high level of metals in the soil. 

The risks are related to the mobility and bioavailability of the metals and consequently to their 

speciation in soil. Chelating agents have been widely investigated as efficient extracting agent to 

enhance the performance of soil washing (Peters, 1999). 

Naidu and Harter (1998) stated that metals extracted by a mixture of organic acids are 

well-correlated with the mobile metal fraction in the soil solution. Low molecular weight organic 

acids, naturally exuded by plant roots or produced by microbial activity (Fox and Comerford, 

1990), have been hypothesized to influence nutrient mobilization (Van Hees et al., 2002) or 

translocation of metals in soil profiles (Van Hees and Lundstrom, 2000; Li et al., 2006). 

Ethylene diaminetetraacetic acid (EDTA) is a well-known strong chelating agent and has been 

widely used in agronomy for estimating the total extractable metal pool (Alvarez et al., 2006; 

Manouchehri et al., 2006).  

1.2 Justification of Research 

Soil washing process, amongst other remediation technology gives high removal 

efficiency for remediating sites contaminated with heavy metals and organics using suitable 

chelating agents, surfactant, acids alkalis and complexing agents because it can be applied to 
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large contaminated areas due to its operational easiness and economic efficiency (US-EPA, 

2001). Several types of extractants can be used to extract heavy metals and metalloids from 

contaminated soil for soil washing technology. The extractants can be acids, chelating agents, 

electrolytes, oxidizing agents and surfactants (Reddy and Chinthamreddy, 2000; and Sun et al., 

2001), out of which acids and chelating agents are the most used extractive reagents for heavy 

metal decontamination. Acid washing leads to decreased soil productivity and adverse changes 

in the chemical and physical structures of soil due to mineral dissolution (Reed et al., 1996). 

Chelating agents are regarded as more attractive alternatives to acids because they can form 

strong metal-ligand complexes and are thus highly effective in remediating heavy metal 

contaminated soil (Kim and Ong, 1998 and Wei et al., 2011). EDTA continues to be explored 

extensively for soil remediation because of its ability to mobilize metal cations efficiently 

coupled with only a minor impact on the physical and chemical properties of the soil matrix (Lee 

and Marshall, 2003). However, of the use of dominant complexing agents (tiron and glutamic 

acid) could be employed as alternatives to EDTA in soil washing and for chelant-enhanced 

phytoremediation. The use of nontoxic and biodegradable biopolymer for wastewater and soil 

treatment is becoming increasingly recognized (No and Meyers, 2000). 

1.3 Aim and Objectives 

This study was aimed at determining the pollution level of the soils of some metal-work sites 

and estimating the percentage removal of different heavy metal (Cd, Cr, Ni, Pb and Zn) by 

washing the most polluted soil with complexing agents (tiron and glutamic acid).The specific 

objectives include: 
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i. Determination of some physicochemical parameters of the contaminated soil, such as pH, 

carbonate content, particle size and cation exchange capacity. 

ii. Determination of the concentrations of cadmium, chromium, nickel, lead and zinc in parent 

soil. 

iii. Assessing the metal removal efficiency of the used chemical extractant through batch 

extraction using solutions of the two complexing agents at different contact times, pH, 

masses and concentrations. 

iv. Applying factorial design of experiment to determine the optimum operational condition for 

the process. 
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CHAPTER TWO  

2.0 LITERATURE REVIEW 

2.1 Soil and Its Properties 

Nicholas et al., (2004) stated that the soil is a key component of terrestrial ecosystem, being 

essential for the growth of plants and the degradation and recycling of dead biomass. It is a 

complex heterogeneous medium comprising mineral, organic solids, aqueous and gaseous 

components. Brady and Weil, (2002) stated that the solid components are usually clustered 

together in the form of aggregates, thus creating a system of interconnected bids (pores) of 

various sizes filled with either water or air. The solid components have the ability to absorb ions, 

but this differs between materials and is strongly influenced by the prevailing pH, redox 

conditions and the relative concentrations of the ions present in the aqueous soil solution. The 

structured heterogeneous mixture of organic and mineral components is the habitat for many 

organisms as well as the medium in which plant roots grow, extracting water, oxygen and ions. 

Roots also release carbon dioxide and exude organic compounds which are responsible for the 

intense microbial activity in the interracial zone between the root and the soil called the 

„rhizosphere‟. Plant roots modify the chemical and physical properties of the soil around them 

and thus influence the bioavailability of some chemical elements. The soil is a dynamic system 

subject to short-term fluctuation such as variation in moisture status, pH and redox conditions 

and also undergoing gradual alterations in response to changes in management and 

environmental factors (Ann and Clain, 2005). 
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These changes in soil properties could affect the form and bioavailability of metals and need to 

be considered in decision on the management of polluted soil or the use of soil for disposal of 

waste materials (Gardiner and Miller, 2004). Soil can show marked spatial variability in physical 

and chemical properties at the macro and micro scales, thus emphasizing the need for the 

thorough sampling to include the range of variance in parameters at any site of investigation. 

2.1.1 Soil texture 

According to Basu, (2011) soil texture is the proportion of three mineral particles, sand, 

silt and clay in the soil.  These particles are distinguished by size and make up the fine mineral 

fraction, particles over 2mm in diameter (the coarse mineral fraction) are not considered in 

texture. The relative amount of various particle sizes in a soil defines its texture, i.e. whether it is 

clay, loam, sandy-loam or other textural category. Gurevitch et al., (2002) stated that texture is 

the result of weathering, the physical and chemical breakdown of rocks and minerals, weathering 

is a relatively slow process, hence texture remains fairly constant and is not altered by 

management practice. 

2.1.2 Soil pH 

Brady and Weil, (2002) defined the pH of a soil as the hydrogen ion concentration in the 

solution present in soil pores which is in dynamic equilibrium with the predominant negatively 

charged surfaces of the soil particles, hydrogen ion is strongly attracted to the surface negative 

charges and it has the power to replace most other cations. The diffuse layer close to the 

negatively charged surface has a higher concentration of hydrogen ion than the bulk soil 

solution. Smith and Doran, (1996) stated that when the soil solution is diluted, the diffused layer 
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expands, causing the pH of the bulk solution to increase. The dilution effect is usually overcome 

by measuring the pH in a suspension of soil in a solution of a neutral salt such as calcium 

chloride or potassium chloride. Reducing conditions generally cause a pH increase and oxidation 

brings about a decrease. Soils have several mechanisms which serve to buffer pH to varying 

extents including hydroxyl aluminium ion, carbon dioxide, carbonates and cation exchange 

reactions. However, even with these buffering mechanisms, soil pH differs significantly due to 

localized variations within the soil. Soils generally have pH values within the range of 4.0 – 8.5, 

owing to the buffering by aluminium at the lower end and by calcium carbonate at the upper end 

of the range. The normal pH is 5.0 – 7.0 in soil of humid regions and 7.0 – 9.0 in the soil of arid 

region (Brady and Weil, 2002). 

2.1.3 Organic Matter 

According to Sparks, (2003), the main feature which distinguishes soil from regolith 

(decomposed rock) is the presence of living organisms, organic debris and humus. All soils 

contain organic matter, although the amount and type may vary considerably. Colloidal soil 

organic matter has a major influence on the chemical properties of soil and can be divided into 

humic and non-humic substances. The non-humic substances comprise of unaltered biochemicals 

such as amino acids, carbohydrates, organic acids, fats and waxes that have not changed from the 

form in which they were synthesized by living organisms. Humic substances are a series of 

acidic coloured polyelectrolytes of moderately high molecular weight. They are formed by 

secondary synthesis reactions involving micro-organisms and have characteristics which are not 

similar to any compounds in living organisms. They have a wide variety of functional groups 
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including carboxyl, phenolic, hydroxyl, carbonyl, ester and possibly quinine and methoxy 

groups, which are predominantly composed of humic substances (Huang and Germida, 2002; 

Sparks, 2003). Soil humus also contains some biochemical bound to the humic polymers. 

Methods used to determine the organic matter content of the soil include the percentage loss in 

weight after ignition in a furnace at 375
o
C for 16 hours and oxidation of carbon by acid 

dichromate followed by the titration of excess dichromate.  

Cultivated soils have organic matter content less than 10%. General mineral soils contain 

3 – 5% organic matter. Within the soil profile, the organic matter content is always highest in the 

surface horizon (Ann and Clain, 2005). 

2.1.4 Cation Exchange Capacity 

Quirine et al., (2007) defined ion exchange as the exchange between the counter ions 

balancing the surface charge on the colloids and the ions in the solution.  

Casagrande and Alleoni, (2001) stated that the negative charge in the soil constituents are of 

two types: 

(i) Permanent charges due to isomorphous substitution of major element ions within the 

structures of silicate mineral layer and are independent of the pH value, the valence of 

the counter-ion and the electrolyte level or composition of the bulk solution. 

(ii) pH dependent charges on humus polymers and hydrous oxides: these are due to 

broken bonds at mineral edges and external surfaces, dissociation of acidic functional 

groups in organic compounds and the preferential absorption (by chemical reaction)of 
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certain ions on the particle surface. All of these vary in magnitude depending on the 

pH value, electrolyte level, and valence of the counter-ion, dielectric constant of the 

medium and nature of the anion in the solution phase. 

Another source of variable charge in acid soils is the neutralization of permanent negative 

charge by strongly absorbed aluminium hydroxyl polymers that carry positive charge. As pH 

value rises, these polymers are precipitated as Al(OH)3, thereby freeing the negative sites of 

participation in normal cation exchange reactions. Negative sites can be similarly neutralized by 

the absorption of positively charged mineral particles such as iron oxides. 

Another type of neutralization of permanent charge is that caused by highly selective 

absorption associated with the mica silicate minerals, which contain potassium ion and 

ammonium ion between the contracted platelets. These inter-layer cations are not readily 

exchangeable, although they can be dissolved with certain chemical treatments and through 

weathering. Cation exchange capacity is a soil property that is dependent of the conditions under 

which it is measured. The soil‟s capacity to absorb cations from an aqueous solution varies with 

pH, ionic strength and dielectric constant (Donald and Quirine, 2011). 

2.2 Heavy Metals  

 Heavy metals are conventionally defined as elements with metallic properties (ductility, 

conductivity, stability as cations, ligand specificity, etc) and atomic number >20. The most 

common heavy metal contaminants are: Cd, Cr, Cu, Hg, Pb and Zn. Metals are natural 

components in soil. (Kabata-Pendias and Pendias, 1992). The metals are classified as “heavy 

metals” if in their standard state, they have a specific gravity of more than 5 g cm
-3

. There are 
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sixty known heavy metals. Heavy metals can accumulate overtime in soils and plants and could 

have a negative influence on physiological activities of plants (e.g photosynthesis, gaseous 

exchange, and nutrient absorption), causing reduction in plant growth, dry matter accumulation 

and yield (Devkota and Schmidt, 2000). There are many terms used to describe and categorize 

metals, including trace metals, transition metals, micronutrients, toxic metals and heavy metals. 

Many of them have been used loosely in the literature to include elements that do not strictly 

meet the definition of the term. Metals are defined as any element that has a silvery luster and is 

a good conductor of heat and electricity (McLean and Bledsoe, 1992).  

2.2.1 Cadmium  

 Cadmium (atomic number 48; relative atomic mass 112.40) is a metallic element 

belonging to group II b of the periodic table. Cadmium derives its toxicological properties from 

its chemical similarity to zinc, and essential micro nutrients for plants and animals. Cadmium is 

bio-persistent and once absorbed by an organism, remains resident for many years (over-decades 

for humans) although it is eventually excreted. The average daily intake for humans is estimated 

as 0.15 μg from air and 1 µg from water. Smoking a packet of twenty cigarettes can lead to the 

inhalation of 2-4 μg cadmium but levels may vary widely (Sindhu, 2005). In humans, long term 

exposure to cadmium is associated with renal dysfunction. High exposure can lead to lung 

cancer. Cadmium may also produce bone defects (osteomalacia, osteoporosis) in humans and 

animals. In addition, the metal can be linked to increased blood pressure and affects the 

myocardium in animals (Sindhu, 2005). Other toxic effects of cadmium include dry and scaly 

skin, loss of sense of smell, hair loss, pain in the back and legs and yellow teeth in humans. 
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People exposed to low level of cadmium overtime may suffer from kidney, liver and lung 

damages. Cardiovascular and reproductive systems are also affected (Hrudey et al., 1995). 

2.2.2 Zinc 

 Zinc (atomic number 30; relatively atomic mass 65.38) is a metallic element belonging to 

group II b and the fourth period of the periodic table. Zinc is chalcophilic element like copper 

and Lead, and a trace constituent in most rocks. Zinc rarely occurs naturally in its metallic state, 

but many minerals contain zinc as a major component from which the metal may be 

economically recovered. Sphalerite (ZnS) is the most important ore mineral and the principal 

source for zinc production (WHO, 2001a). For non-contaminated soils worldwide, Adriano 

reported average zinc concentrations of 40-90 mg kg
-1

, with a minimum of 1 mg kg
-1

 and a 

maximum of 2000 mg kg
-1

. Low levels are found in sandy soils (10-30 mg kg
-1

) (Adriano, 1986). 

The fate and transport of zinc (Zn
2+

) in the environment is dependent on cation exchange 

capacity, pH, organic matter content, nature of complexing ligands, and the concentration of the 

metal in the soil. As pH increases, there is an increase in negatively charged binding sites on soil 

particles, which facilitates the adsorption of zinc in anaerobic soils for the insoluble zinc sulfide. 

Therefore, mobility is limited in anaerobic conditions. Zinc mobility increases with low pH 

under oxidizing conditions and low cation exchange capacity. The presence of competing metal 

ions and organic ions such as humic material may cause the adsorption of Zn
2+ 

ions to the soil, 

particularly in soils with an elevated pH, via ligand exchange reactions. These reactions reduce 

the solubility of zinc in the soil solution and, therefore, reducing its mobility and limit its 

bioavalability. 
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2.2.3 Chromium  

 Workers who breathe hexavalent chromium compounds at their jobs for many years may 

be at increased risk of developing lung cancer. Breathing high levels of hexavalent chromium 

can irritate or damage the nose, throat and lungs. Irritation or damage to the eyes and skin can 

occur if hexavalent chromium contacts these organs in high concentration or for a prolonged 

period of time (Ottaway, 1978). Dietary allowance of chromium per day is fixed at 50-200 μg 

per day, even though it is not allowed to be added to food stuffs and medicines (Ottaway, 1978). 

Moreover, long term exposure to chromium causes damage to the kidney, liver and nerve tissues. 

Studies on workers in chromate production, chromate pigment and chrome electroplating, 

industries employed before 1980‟s show increase rates of lung cancer mortality. Chromium is 

highly toxic (chromium unit in water is 0.05 mg dm
-3

) and a possible carcinogen. If continuously 

exposed to it, humans may develop nasal perforation and bronchogenic carcinomas (Sindhu, 

2005). 

2.2.4 Nickel 

Nickel is an essential trace element in animals, although the functional importance of 

nickel has not been clearly demonstrated. However, there is evidence of uptake and 

accumulation in certain plants. Nickel deficiency is manifested primarily in the liver. Its effects 

include abnormal cellular morphology, oxidative metabolism and increase and decrease in lipid 

levels. The essentiality of nickel in humans has not been established and nickel dietary 

recommendations have not been established for humans (ATSDR, 2003). 
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Nickel compounds are known carcinogens in both human and animal models (Feder et al., 

1996). There is evidence that the geno-toxic effects of nickel compounds may be indirect 

through the inhibition of DNA repair systems. As a result of this inhibition it has been suggested 

that accumulation of nickel in breast tissue may be closely related to malignant growth process 

(ATSDR, 2005). 

2.2.5 Lead 

 Lead is one of the four metals that have the most damaging effect on human health. The 

metal arises from both natural and anthropogenic sources, exposure can occur through drinking 

water (65%), air (20%), and dust (15%) from old painting containing lead. High levels of 

exposure may result in toxic  biochemical effects in human which in turn can interfere with the 

synthesis of haemoglobin, can affect the kidneys, gastrointestinal tract, joint and reproductive 

system, and acute or chronic damage to the nervous system (http://www.lenntech.com/heavy-

metal.htm). Excessive lead intake can cause mental retardation, abortion, brain damage, memory 

difficulties, weakness, miscarriage and decrease in man‟s fertility through sperm damage. Lead 

also diminishes intelligent quotient (IQ) and impaired learning in children 

(http://www.lenntech.com/heavy-metals.htm). The risk of young children suffering neuro-

psychological effect because of excessive lead ingestion appear to be more serious than had been 

previously recognized (Needleman et al., 1990). In humans lead causes anaemia, kidney disease, 

brain damage and impaired function of peripheral nervous system. 

 

 

http://www.lenntech.com/heavy-metal.htm
http://www.lenntech.com/heavy-metal.htm
http://www.lenntech.com/heavy-metals.htm
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2.3 Soil Remediation 

Soil remediation is the removal of pollutants or contaminants from the soil. Remediation 

technologies are many and vary but can be categorized into ex-situ and in situ methods. Ex-situ 

methods involve excavation of affected soil and subsequent treatment at the surface while in-situ 

methods treats the contamination without removing the soil. It basically consists of two 

fundamental principles, the first is to completely remove contaminations from polluted sites and 

the second is to transform these pollutants to harmless forms by using one or more engineering 

technologies, which mainly include excavation, separation, extraction, electrokinetics, washing, 

oxidation, reduction, phytoextraction, phytovolatilization or solidification, vitrification and so 

on. (Mulligan et al., 2001; Zhou and Song, 2004; Aboulroos et al., 2006; Chen et al., 2006). 

2.4 Washing Technology 

Soil washing is the most commonly used treatment technology for remediation of metal 

contaminated soils. The technique is an ex-situ treatment method and is less expensive compare 

to other treatment technologies (Krishna and Supraja, 2000). 

There are two main types of remediation for metal-contaminated soil; (i) technologies 

that leave the metal in the soil and technologies that remove the heavy metals from the soil 

(Rampley and Ogden, 1998). Technologies such as solidification/stabilization and vitrification 

immobilize contaminants, thereby minimizing their migration. Techniques such as soil washing 

and in-situ soil flushing transfer the contaminants to a liquid phase by desorption and 

solubilization (Reed et al., 1996). Soil washing can be a physical and/or chemical process that 

results in the separation, segregation and volume reduction of hazardous materials and/or the 
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chemical contaminants to non-hazardous materials (Semer and Reddy, 1996). Generally, in-situ 

technologies are more economical and safer than the ex-situ technologies because excavation is 

not required. Cation exchange and specific absorption are two mechanisms that control metal 

absorption (Cline and Reed, 1995). Heavy metals can also be retained by other mechanisms other 

than absorption (e.g. solid state diffusion and precipitation reactions) especially when lead exists 

as PbCO3, PbSO4, or as an organic lead form. 

Soil washing involves the separation of contaminants from soil solids by solubilizing 

them in a washing solution. The technology is generally an ex situ method, it usually employs 

wash solution that contain acids, bases, chelating agents, alcohols or other additives. A chelant is 

a ligand that contains two or more electron-donor groups so that more than one bond is formed 

between the metal ion and the ligand. EDTA forms 1:1 molar ratio complexes with several metal 

ions. Acids and chelating agents are generally used to remove heavy metals from the soils but the 

particular reagent needed can depend not only on the heavy metal involved but also on the 

specific metal compound or species involved. Pickering (1986), identified four ways in which 

metals are mobilized in soils; (i) changes in the acidity; (ii) changes in solution ionic strength; 

(iii) changes in the redox potential; (iv) formation of complexes. In practice, acid washing and 

chelator soil washing are the two most prevalent removal methods. The most common chelating 

agent studied in the literature is EDTA. (Cline and Reed, 1995; Griffiths, 1995; Reed et al., 

1996; Ramphey and Ogden, 1998; Steele and Pichtel, 1998). 

Metal removal efficiencies during soil washing depend on the soil characteristics, metal 

characteristics, extractant chemistry and processing conditions. pH plays a significant role in the 
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extractability of heavy metals from soils (Atanassova and Okazaki, 1997). Heavy metals that are 

less soluble in water often require chelating agents or other extractants for successful soil 

washing. The ability to form stable metal complexes makes chelating agents such as EDTA and 

NTA effective extractants for heavy metal-contaminated soil (Davis and Singh, 1995; Pichtel 

and Pichtel, 1997; Polettini et al., 2006). 

There are many factors to consider when comparing studies of chelating agent assisted 

soil washing in order to decide whether the chelating agent is suitable for field-scale 

decontamination of polluted sites. The ratio of chelating agent to toxic metals, pH, quantity of 

major cations extracted, and source of contamination (artificial or anthropogenic) are the most 

important ones. Most studies of chelant-assisted soil washing have found that a ratio >1 between 

chelant and toxic metal is required to give good toxic metal extraction (Pichtel and Pichtel, 1997; 

Steele and Pichtel, 1998; Pichtel et al., 2001; Kim et al., 2003.,).  

2.5 Chelant Extraction Technology Description 

Contaminants absorbed into the soil particles are separated from soil in an aqueous-based 

soil washing system. The wash water may be augmented with a basic leaching agent, acids, 

surfactant, pH adjustment or chelating agents to help remove organics and heavy metals. Factors 

affecting soil washing/soil flushing processes include clay content, complex waste mixtures, high 

humic content, metal concentrations, mineralogy, particle size distribution/soil texture, 

separation coefficient and wash solution. Given that metals are not like organics and cannot be 

destroyed or degraded away, the metals and radionuclide can only be transformed or transferred 

(Peters, 1999). 
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2.6 Chemistry of Metal Extraction Using Chelating Agents 

2.6.1 Acid-base equilibrium of chelating agents: Effective chelating agents typically have 

multiple coordination sites (i.e. ligand atom) available for complexation with a metal center. 

They are often multi-protic acids capable of undergoing acid-base equilibrium reactions in the 

aqueous phase, metal chelate extraction is usually investigated under equilibrium conditions. 

2.6.2 Metal complexation with chelating agents: Each conjugate acid/base of the chelating agent 

may form a strong complex with the metal, resulting in the formation of various complexes. The 

general equation for extraction of a simple metal chelate is 

 M
n+

 + nHR  → MRn  +  nH
+        

(2.1) 

HR represents the chelating agent used in the form of solution, R is its anion, M
n+  

is the hydrated 

cation of the metal.
 

2.6.3 Interaction of soil with metals and complexes: When the amount of heavy metals of interest 

exceeds the solubilities of their corresponding hydroxides, carbonates and /or hydroxy-carbonate 

mineral phases at a given pH value, the metals will precipitate as solids. Hence these solid 

minerals will be entrapped in the soil or sediments matrix. In addition, soils contain mineral and 

humic constituents which carry hydroxyl and carboxylic groups. The acid-base characteristics of 

these functional groups contribute to the formation, at the soil surface of electrically charged 

groups important for the retention of metal ions and complexes. Thus solution pH can influence 

acid-base equilibrium reactions of the surface groups; this in turn can influence the soil‟s 

retention of metals by absorption and complexation with metal ions and complexes to different 
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degrees depending on the pH of the zero point charge of the soil. Hence, in addition to physical 

entrapment of metal hydroxide or carbonate solids, the soil can accommodate metals through 

more direct interactions, including surface complexation and surface precipitation mechanisms. 

2.6.4 Chelating agent selectivity towards target heavy metals: For target heavy metals extraction 

application, the chelating agents should satisfy the following criteria; 

(i) The chelating agents shall be stable with the foam and display no adverse effects on the 

stability of the foam. 

(ii) The ligands possess high metal complexing abilities towards heavy and transition metals as 

opposed to hard sphere cations such as Ca and Mg. the relative magnitude of the equilibrium 

complexation constant towards heavy metal and towards alkali metals are an indicator. 

(iii) The ligands containing sulphur and nitrogen as donor atoms are generally preferred for 

higher selectivity towards metals of interest, which are transition metals and soft sphere cations. 

Ligands containing sulfur or nitrogen as donor atoms generally form more stable complexes with 

soft sphere metals, whereas ligands containing oxygen as the donor atom prefer hard sphere 

cations. 

  (iii) Multidentate ligands are preferable because they contain multiple coordinating sites 

capable of forming more stable complexes with metals. 

2.7 Studies on Glutamic Acid 

The discovery of a potent glutamic acid producing bacterium by Kinoshita et al.,(1957) was the 

start of the subsequent development of amino acid production by regulation of biosynthetic 
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metabolism. At that time, a two-step L-glutamic acid production process was used. The glutamic 

acid producing bacterium first discovered was reported as Micrococcus glutamicusin 1958, and 

other glutamic acid producing coryneform species, all patent strains, were subsequently isolated 

by many other workers. 

Wild strains of glutamic acid bacteria are able to produce only a few amino acids 

extracellularly such as glutamic acid, valine, alanine, proline and glutamine. For the extracellular 

production of any amino acid, changes in cellular metabolism and/or regulatory control, are 

required. It has been shown that biotin promotes the glutamate excretion by bacteria in both. 

Under biotin excessive growth conditions, synthesized glutamic acid does not permeate through 

the cell membrane and it accumulates internally. In order to overcome this problem, the sub-

lethal concentrations of penicillin or a detergent is added in early exponential growth phase 

(Somerson and Phillips, 1962). 

Kinoshita et al., (1957) introduced the first fermentation process for industrial production of 

amino acids by microorganisms. Bacterial cultures were used for glutamic acid production due to 

the increasing demand for monosodium glutamate as a flavoring agent. He discovered a 

bacterium Micrococcus glutamicus through, which he introduced a new approach for the 

screening of microorganisms capable of accumulating glutamic acid in the medium. 

Shiio et al., (1963) reported the microorganisms that could produce glutamic acid from 

hydrocarbons. Nakayama (1966) claimed that some of the glutamic acid secreting 

microorganisms can be easily found in nature, however, this is not true for microorganisms that 

produce other amino acids. 
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A variety of bacteria as fermentative agents have been used for the production of L- 

glutamic acid. Shisoo et al., (1974) produced L-glutamic acid by fermentation process in which 

carbon source (glucose) and nitrogen source (NHs) were automatically supplied in order to 

maintain carbon as well as nitrogen concentration. Ammonium hydroxide (NH4OH) was used to 

control pH as well as nitrogen source in the medium. In this way, 6.48 mg ml
-1

 of L-glutamiic 

acid was obtained. 

Yoshiro et al., (1974) carried out L-glutamic acid production in biotin-rich media by 

fermentation without controlling the microbial growth by adding antibiotics. 

Micrococasglutamicus was cultured at 30°C and pH 7.0-8.0 for 48 hours in a medium containing 

adenine, biotin, glucose, KH2PO4, K2HPO4, FeSO4, MnSO4, (NH4)2SO4 and urea.  

Ryochi and Kenichiro (1980) produced L-glutamic acid by Corynebacterium and 

Brevibacterium sensitive to lysozyme and noted that the glutamic acid production was not 

inhibited by the excessive biotin, the observation which is in contrast to the study conducted by 

Somenon and Phillips (1961). Kinoshita et al., 2004 carried out screening tests for glutamate 

producing strains, with the media containing carbohydrate and ammonia source as chief 

ingredients. Accumulation of L-glutamic in a significant amount has been demonstrated by 

various strain of bacteria, streptomycetes, yeasts and fungi. The highest level of glutamate 

production has been obtained by a new species of Micrococcus.  

Jyothi et al., 2005 studied conditions of optimization of glutamic acid production from 

cassava starch factory residues using Brevibacterium divaricatum. With 0.7% ammonium nitrate 

in the medium, highest glutamic acid yield of 3.86% based on the weight of the residue was 

obtained at 30°C at a pH of 7.0. The highest glutamic production was recorded at 5% inoculum 
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size at an agitation speed of 180 rpm. The study showed that the solid residues from cassava 

starch factories could serve as a low cost substrate for glutamic acid production. 

2.8 Studies on Tiron 

Kim et al., (2003) carried out a study on the effects of tiron on human promyelotic HL-60 

leukemia cell differentiation and death. Tiron is known to be a widely used antioxidant to rescue 

Ros-evoked cell death and a non-toxic chelator to alleviate an acute metal overload. In this study 

we showed that tiron is a potent inducer of cell differentiation and apoptotic cell death in human 

promyelotic HL-60 leukemia cell, from the results, they suggested that tiron-mediated 

differentiation and cell death result from the disturbance of iron metabolism. 

Sharma et al., (2002) carried out a study on comparative effectiveness of tiron and CaNa2 

EDTA with time after beryllium poisoning. In their study they compared the efficacy of two 

chelating agents (Tiron and Calcium disodium EDTA) in the treatment of beryllium induced 

blood biochemistry and hepatic histopathological alteration was investigated at different duration 

in female albino rats. They found tiron to be more effort than CaNa2EDTA in reducing the 

beryllium induced haematological alterations and histopathological lesions in liver. 

Srivastava et al., (2007) carried out an investigation on the effect of tiron with and 

without supplement against vanadylsulphate intoxication. They planned to evaluate the 

therapeutic effectiveness of tiron with and without supplement against intoxication. They 

discovered that treatment of tiron along with various supplements LA, vitamin E, Se showed 

recovery but the effect was most pronounced with T + Se. 
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The influence of organic-hexavaelnt-uranium u (vi) complexzation on u (vi) reduction by 

a sulfate-reducing bacterium (shewanella alga) was evaluated by Raja et al., (1997). Four ligands 

(acetic, molonate, oxalate, and citratrate) and an aromatic ligand (tiron [4,5-dihydroxy -1,3 - 

benzene disulforic acid]) were used to study complex uranium bioavailability. The trends in 

uranium reduction varied with the nature and the amount of u (vi) – organic complex formed and 

the type of bacteria present. D. desulfuricans rapidly reduced uranium from a monodentate 

aliphatic (acetate) complex. However, reduction from multidentate aliphatic complexes 

(malonate, axalate, and citrate) was slower. A decrease in the uranium more rapidly from 

multidentatealiphate complexes then from monodentate aliphatic complexes. The rate of 

reduction decreased with a decrease in the amount of multidentate complexes present. Uranium 

from an aromatic (tiron) complex was readily available for reduction by D. desulfuricans, while 

an in significant level of u (vi) from the tiron complex was reduced by S. alga. The result 

indicate that selection of bacterial for rapid uranium reduction will depend on the organic 

composition on waste streams. 

To evaluate efficacy of chelating agents tiron (sodium - 4,5 - dihyroxy -1, 3 - benzene 

disulphonate) and induced toxicity, adult female albino rats were exposed to beryllium nitrate for 

28 days followed by therapy with tiron (471 mg kg
-1

, ip) and CaNa3DTPA (35 mg kg
-1

, ip) alone 

and in combination with α–tocopheral (25 mg kg
-1

, po). Results revealed non-significant fall in 

heamoglobin and total serum protein content while significant fall in blood sugar level of activity 

of serum transminases and LDH was noticed after beryllium administration. Significant increase 

in total and esterified cholesterol was found in liver and kidney after toxicity. Significant 

increase in lipid peroxidation and decrease level of reduced glutathione in both the organs 
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showed oxidative stress due to beryllium exposure. Histopathological and ultra structural 

observation of liver and kidney revealed lesions due to beryllium toxicity followed by recovery 

due to combined therapy. CaNa3DTPA showed moderate therapeutic efficacy, however, its 

effectiveness was enhanced with α-tocopheral to some extent. Tiron in combination with α-

tocopheral exerted statistically more beneficial effects in reversal of beryllium induced 

biochemical, histopathological and ultra structural alternations. Nirala et al., (2009).  

2.9 Properties of glutamic acid 

Systematic IUPAC name is 2- Amino pentanedioic acid, other name is 2 - Amino glutaric acid, 

Chemical formula of glutamic acid is C5H9NO4.It has molecular weight of  147.13 gmo1
-1

and  

is a white crystalline powder. 

 

          O            O 

  HO                                   HO 

 

NH2 

Figure 2.1: Structure of glutamic acid  

 

2.10   Properties of Tiron 

Disodium 4,5 - dihydroxy - 1,3 - benzenedisulfonate is a chemical compound used for its 

ability to form strong complexes with titanium and iron. It is a colorimetric reagent from iron, 

manganese, titanium, molybdenum, and complexes of zirconium. Other names catecolsulfate; 
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149-45-1; 3,5-disulfocatecho 1 disodium salt. Chemical formula of tiron is C6H4Na2O8S2with 

molecular weight of 314.19 gmo1
-1

. Its appearance is light tan powder. 

 

Figure 2.2: Structure of tiron 

Principle of Atomic Absorption Spectroscopy 

Atomic absorption spectroscopy measures the concentration of chemical elements present 

in environmental samples by measuring the absorbed radiation of the chemical elements of 

interest. This is done by reading the spectra produced when the sample is excited by radiation. 

The atoms absorb ultraviolet or visible light and make transitions to higher energy levels. Atomic 

absorption methods measure the amount of energy in the form of photons of light that are 

absorbed by the sample. A detector measures the wavelength of light transmitted by the sample, 

and compares them to the wavelengths which originally passed through the sample. A single 

processor then integrates the changes in wavelength absorbed, which appear in the readout as 

peaks of energy absorption at discrete wavelengths. The energy required for an electron to leave 

an atom is known as ionization energy and specific to each chemical element. When an electron 

moves from one energy level to another within the atom, a photon is emitted with energy. Atoms 



 

 

 

26 

of an element emit a characteristic spectral line. Every atom has its own distinct pattern of 

wavelength at which it will absorb energy, due to the unique configuration of electrons in its 

outer shell. This enables the qualitative analysis of a sample. To measure how much of a given 

element is present in a sample, a basis for comparison must first be established using known 

quantities of that element to produce a calibration curve. To generate this curve, a specific 

wavelength is selected, and the detector is set to measure only the energy transmitted at that 

wavelength. As the concentration of the target atom in the sample increases, the absorption will 

also increase proportionally. A series of samples containing known concentrations of the 

compound of interest are analyzed, and the corresponding absorbance, which is the inverse 

percentage of light transmitted is recorded. The measured absorption at each concentration is 

then plotted, so that a straight line is drawn between the resulting points. From this line, the 

concentration of the substance under investigation is extrapolated from the substance‟s 

absorbance. The use of special light sources and the selection of specific wavelengths allow for 

the quantitative determination of individual components in a multi element mixture. (Garcia and 

Baez, 2012). 

2.11 Factorial Design of Experiment 

 The conventional method of studying a process by changing one variable at a time and 

keeping the other variables at a constant level does not depict the combined effects of all the 

factors involved in process optimization. Moreover, univariate method is time-consuming and 

also requires a large number of experiments to determine optimum levels, which may or may not 

be reliable. These limitations of the conventional method can be eliminated by simultaneously 

varying all the parameters affecting the process by using statistical factorial experimental design 
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such as the response surface methodology (RSM) (Elibol, 2002). RSM, initially described by 

Box and Wilson (1951), is an experimental approach to identify the optimum conditions for a 

multivariate system. RSM is a collection of statistical and mathematical techniques useful for 

developing, improving, and optimizing processes that can be used to evaluate the relative 

significance of all factors involved in the process even in the presence of complex interactions. 

Current literature includes a number of studies that are related to the applications of factorial 

design in adsorption of dyes from aqueous solution (Mestari et al., 2008; Auta and Hameed), 

2011; Muthukumar et al., 2004). The main objective of RSM is to determine the optimum 

operational condition for a system or process (Myers et al., 2009). The application of statistical 

experimental design techniques in adsorption process development can result in improved 

product yields, reduced process variability, and reduced development time and overall cost 

(Annaadurai et al., 2002).  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Description of Study Area 

Soil samples were collected in Sabon-gari, Samaru, and Tudun-wada areas, Zaria, 

Kaduna state, Nigeria (figure 3.1) where blacksmith activities (metal-works) were taking place, 

in March 2015. 

Table 3.1: The sampling position of each sample site showing latitude and longitude 

Soil Place Latitude Longitude 

1 Samaru 112
o

 07
o

 E 

2 Sabon-gari 10
o

 N 07
o

 E 

3 Tudun-wada 11
o

 N 07
o

 E 
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Figure 3.1: Map of Zaria showing sampling locations  
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3.2 Sample Collection and Treatment 

Three different soils samples were collected for this study. Each soil sample was collected from a 

blacksmith site from a depth (0- 15 cm) layer of the soil profile at five different points and 

pooled together to give a composite sample. The soil samples were packaged in clean polythene 

bags and transported to the laboratory. The soil samples were air- dried. The chemical analysis of 

the soil samples was done in the laboratory of the faculty of Agriculture, department of soil 

science, Ahmadu Bello University, Zaria, Nigeria. The mean concentration of heavy metals in 

parent the was determined by AAS. The soil with the highest level of concentration (Tudun-

wada) was used in the experimental runs. The other soil samples from Samaru and Sabon-gari 

were discarded. Each soil samples was washed with solutions of the complexing agents (tiron 

and glutamic acid) separately to determine the percentage removal of cadmium, chromium, lead, 

nickel and zinc.  

3.3 Chemicals and Reagents 

Glutamic acid (99.0 w/w %); tiron (98.0 w/w %) were used to prepare the ligand solution meant 

for soil washing. Hydrochloric acid (37.0 w/w %) Sodium hydroxide (99.0 w/w %) were used as 

buffers to maintain pH. All chemicals used in this study were purchased as analytical grade and 

need no further purification before use. All reagents were of Fluka and Riedel-de Haën patent 

Sigma-Aldrich. 
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3.4 Soil Analysis 

Characteristic physicochemical parameters of the soil were determined. The properties 

determined include; particle size, pH, CaCO3 content, HCO3 and cation exchange capacity 

(CEC). Total metal concentrations in the soil sample were determined using the flame atomic 

absorption spectrophotometer after HF/HClO4 acid digestion in a ratio of 1:1. 

3.4.1 Particle Size and Texture Determination (Bouyoucos Hydrometer Method, 1951) 

Preparation of Reagents 

Sodium hexametaphosphate(calgon) (2 mol dm
-3

): Fifty grams of calgon was weighed and 

dissolved in deionized water, the solution was made up to 1000cm
3
 in a volumetric flask with 

deionized water. 

Procedure 

  A fifty grams mass of the sieved metal-work soil sample was placed in a 250 cm
3
 plastic 

beaker, 100 cm
3
 of 50% sodium hexametaphosphate (calgon) solution was then added to the soil 

mixture and stirred with a glass rod. After which 100 cm
3
 of deionized water was then added to 

the mixture, stirred and allowed to stand for 30 minutes with occasional stirring. This was then 

transferred to a 250 cm
3
 plastic container and shaken on mechanical shaker for 10 minutes and 

then transferred into 1 dm
3
 measuring cylinder and made up to mark with hand plunger and 

hydrometer. The temperature readings were taken after 40 seconds and 8 hours respectively. A 

blank consisting of 0% calgon in 100 cm
3
 of deionized water was made, this was diluted to 1 
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dm
3
 in a measuring cylinder and the hydrometer and temperature readings were taken (Gee and 

Or, 2002). 

3.4.2 Soil pH Measurement 

Preparation of Reagents 

Calcium chloride (0.01 mol dm
-3

): 1.1g of calcium chloride was dissolved in deionized water and 

made it up to 1000 cm
3
 in a volumetric flask with deionized water. 

Procedure 

Ten grams of air-dried soil was weighed into a 1000 cm
3
 beaker, 10 cm

3
 of deionized water was 

added and the suspension was allowed to stand for 15 minutes with frequent stirring with a glass 

rod. Prior to use the pH meter was calibrated with pH 4.0 and 7.0 buffers. The electrode of the 

pH meter was then immersed into the partly settled suspension and the pH was measured. The 

procedure was repeated using 0.01 moldm
-3

 calcium chloride solution and the pH was measured 

3.4.3 pH Measurement (Black, 1965) 

Twenty grams of air-dried soil was weighed into a 50 cm
3
 beaker, 20 cm

3
 of deionized water was 

added and allowed to stand for 30 minutes with occasional stirring using a glass rod. Using a pH 

meter, an electrode was inserted into the partly settled suspension and the reading was taken. The 

suspension was not stirred during the measurement. 
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3.4.4 Determination of Cation Exchange Capacity (Hendershot et al., 1993) 

Preparation of Reagents 

Ammonium Acetate (1.0 mol dm
-3

): 57 cm
3
 of glacial acetic acid (100% w/w, sp. gr.1.05) was 

dissolved in 800 cm
3
 of deionized water in a 1000 cm

3
 volumetric flask, 68 cm

3
 of concentrated 

ammonium hydroxide was added mixed thoroughly and allowed to cool. The pH was adjusted to 

7.0 with ammonium hydroxide and diluted with deionized water to 1000 cm
3
 

Ammonium chloride (1.0 mol dm
-3

): 53.5 g of ammonium chloride was dissolved in deionized 

water and made up to 1000 cm
3
 volumetric flask. 

Silver nitrate (0.1 mol dm
-3

): 17.0 g of silver nitrate was dissolved in deionized water and made 

up to mark in a 1000 cm
3
 volumetric flask. 

Boric acid (0.1 mol dm
-3

): 2 g of boric acid was dissolved in deionized water and made up to 

1000 cm
3
 in a volumetric flask. 

Sodium hydroxide (1.0 mol dm
-3

): 40 g of sodium hydroxide pelletes was dissolved in 

deionized water and made up to mark in a 1000 cm
3
 volumetric flask. 

Bromocresol green - methyl red mixed indicator: 0.099 g of bromocresol green and 0.066 g of 

methyl red were dissolved in 100 cm
3
 99% ethanol. 

Sulphuric acid (0.01 mol dm
-3

): 0.56 cm
3
 of concentrated H2SO4 (96% w/w, sp. gr. 1.80) was 

added to 200 cm
3
 of deionized water in a 1000 cm

3
 volumetric flask. After thorough shaking, the 

solution was made up to mark with more deionized water. 
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Procedure  

Ten grams of the soil sample was weighed into a 500 cm
3
 Erlenmeyer flask and 40 cm

3
 

of 1.0 mol dm
-3

 ammonium acetate was added. The flask was shaken thoroughly and allowed to 

stand overnight. The mixture was filtered under suction using a Buchner funnel. The soil was 

leached with more ammonium acetate until test for calcium was negative in the filtrate. The soil 

was leached further with four portions (25 cm
3
 of 1.0 mol dm

-3
) of NH4Cl. The leachate was 

tested for chloride using 0.1 mol dm
-3

 AgNO3 and when the concentration was found to be 

negligible, the soil was allowed to drain thoroughly. 

The NH4Cl leachate was transferred into 500 cm
3
 distillation flask and 10 cm

3
 of 1.0 mol 

dm
-3

NaOH was added then distilled. 60cm
3
 of the distillate was collected into 50 cm

3
 of 2% 

boric acid solution in a 250 cm
3
 Erlenmeyer flask and 10 drops of bromocresol green-methyl red 

indicator were added and then titrated with 0.01 mol dm
-3

 H2SO4. The end point was indicated by 

colour change from bluish green to pink. 

A blank distillation was carried out; volume of 1.0 mol dm
-3

 NH4Cl was measured into a 

500 cm
3
 distillation flask containing 250 cm

3
 distilled water and 10 cm

3
 of 1.0 mol dm

-3
NaOH 

was added and then distilled. 60 cm
3
 of the distillate was collected into 50 cm

3
 of 2% boric acid 

solution in a 250 cm
3
 Erlenmeyer flask and 10 drops of bromocresol green- methyl red indicator 

were added and then titrated with 0.01 mol dm
-3

 H2SO4 (Jackson, 1962). 

Calculation: 

CEC (meg/100g) =          (3.4) 
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Where: T is the titre value for sample, B is the titre value for blank, C is the concentration of acid 

used (mol dm
-3

), W is the weight of soil sample used. 

3.4.5 Determination of Carbonate and Bicarbonate 

Preparation of Reagents 

Phenolphthalein (indicator): 1.0 g of phenolphthalein was dissolved in 500 cm
3
 ethanol and 500 

cm
3
 distilled water. 

Methyl orange (indicator): 1.0 g of methyl orange was dissolved in 1.5 dm
3
of boiling deionized 

water and filtered. 

Sulphuric acid (0.01 mol dm
-3

): 0.56 cm
3
 of sulphuric acid (17% w/w sp. gr. 1.80) was added to 

200 cm
3
 of deionized water in a 1000 cm

3
 volumetric flask, it was mixed thoroughly and made 

up to the mark with deionized water. 

Procedure 

Accurately measured volume 20 cm
3
 of the soil extract was transferred into a 250 cm

3
 

conical flask and few drops of phenolphthalein indicator was added. A pink coloured solution 

which indicated the presence of carbonate was titrated slowly with 0.01 mol dm
-3 

H2SO4 until the 

solution became colourless (phenolphthalein end point). This is called half neutralization stage. 

The burette reading (volume used) was taken and designated as P. Three drops of methyl orange 

was then added to the colourless solution and the titration continued until a colour change was 

observed and the final reading (volume used) was taken and designated as T. 
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Calculation: 

Carbonate =        (3.5) 

Bicarbonate=       (3.6) 

3.5 Metal Analysis 

Reagents 

Hydrofluoric acid (1 mol dm
-3

): was prepared by dissolving 48 cm
3
 of hydroflouric acid (48% 

w/w, sp. gr 1.167) in 52 cm
3
 of deionized water in a 100 cm

3
 volumetric flask. 

Perchloric acid (2 mol dm
-3

): was prepared by dissolving 70 cm
3
 of perchloric acid (70% w/w, 

sp.1.70) in 30 cm
3
 of deionized water in a 100 cm

3
 volumetric flask. 

Hydrochloric acid (6.0 mol dm
-3

): was prepared by dissolving 50 cm
3
 of hydrochloric acid 

(36%w/w, sp. gr 1.18) in little volume of deionized water in a 1000 cm
3
 volumetric flask and 

made up to  mark with more deionized water. 

Procedure 

One gram of ground soil sample (wet with deionized water) was placed in a Teflon 

crucible and 5 cm
3
 of 1 mol dm

-3 
hydrofluoric acid and 5 cm

3
 of 2 mol dm

-3 
perchloric acid was 

added. The crucible with its content was placed on a sand bath and heated at about 200
o
C in a 

fume cupboard to dryness. The crucible was removed and allowed to cool. Measured 5 cm
3
 of 

deionized water was added followed by 5 cm
3
 of 6.0 mol dm

-3 
HCl and the mixture heated to 

boiling. 
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The soil sample dissolved and was transferred to a 100 cm
3
 volumetric flask and diluted 

to mark with deionized water. The concentration of metals (Cd, Cr, Ni, Pb and Zn) were 

determined using the flame atomic absorption spectrophotometer. 

3.6 Preparation of Element Standard Solutions 

Lead nitrate solution (1000 mg dm
-3

): 1.5980 g of lead nitrate, (Pb(NO3)2) was dissolved in 

100 cm
3
 of deionized water and diluted to 1 dm

3
 in a volumetric flask. It was stored in a 

polythene bottle where various concentrations (2 mg dm
-3

, 4 mg dm
-3

, 6 mg dm
-3

, 8 mg dm
-3

 and 

10 mg dm
-3

 ) used for the calibration curve were prepared. 

Cadmium chloride solution (1000 mg dm
-3

): 2.0360 g of cadmium chloride, (CdCl2) was 

dissolved in 250 cm
3
 of deionized water and dilute to 1 dm

3
 in a volumetric flask and stored in a 

polythene bottle where various concentrations (1 mg dm
-3

, 2 mg dm
-3

, 3 mg dm
-3

, 4 mg dm
-3

 and 

5 mg dm
-3

) used for the calibration curve were prepared. 

Zinc oxide solution (1000 mg dm
-3

): 1.2450 g of Zinc oxide, (ZnO) was dissolved in 15 cm
3
 

deionized water followed by 25 cm
3
 of 5 mol dm

-3
 HCl and diluted to 1000 cm

3
 in a volumetric 

flask and stored in a polythene bottle where various concentrations (2 mg dm
-3

, 4 mg dm
-3

, 6 mg 

dm
-3

, 8 mg dm
-3

 and 10 mg dm
-3

) used for the calibration curve was prepared. 

Nickel nitrate solution (1000 mg dm
-3

): 4.9530 g of cadmium nitrate, (Ni (NO3)2.6H2O) was 

dissolved in 250 cm
3
 of deionized water and dilute to 1 dm

3
 in a volumetric flask and stored in a 

polythene bottle where various concentrations (1 mg dm
-3

, 2 mg dm
-3

, 3 mg dm
-3

, 4 mg dm
-3

 and 

5 mg dm
-3

) used for the calibration curve were prepared. 
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Chromium nitrate solution (1000 mg dm
-3

): 7.6960 g of cadmium nitrate, (Cr (NO3)3. 9H2O) 

was dissolved in 250 cm
3
 of deionized water and dilute to 1 dm

3
 in a volumetric flask and stored 

in a polythene bottle where various concentrations (1mg dm
-3

, 2 mg dm
-3

, 3 mg dm
-3

, 4 mg dm
-3

 

and 5 mg dm
-3

) used for the calibration curve were prepared. 

3.7 Preparation of Ligand Solutions (1000 mg dm
-3

) 

Stock solutions of the tiron and glutamic acid solution were each prepared in separate 1000 cm
3
 

capacity volumetric flasks by dissolving 1.0 g each of the ligand in small amount of deionized 

water in the flasks and made up to the mark with deionized water where the various 

concentrations of 10 mg dm
-3

, 17.5 mg dm
-3

 and 25 mg dm
-3

 used for the experimental runs were 

pipetted. 

3.8 Full Factorial Design of Experiment For Absorption of Cd, Cr, Pb, Ni and Zn by Tiron 

and Glutamic acid. 

     Four factors which are important variables in the absorption process were selected to study 

the absorption of cadmium, chromium, lead, and nickel from polluted soils by tiron and 

glutamic acid. The variables were: pH (A), concentration of complexing ligands (B), amount of 

soil (C), and contact time (D). The absorption process was investigated by varying these factors 

at two levels (2
4
), high (+1) and low (-1) with two central points (0) in the experimental runs 

(table 3.2). Design softwares (6.0 version) was used to generate the template used in the 

experimental runs and for statistical analysis of percentage sorbed (table 3.3).Interactions 

between these factors was studied using cube plotsgenerated by the designsoftwares. 
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Table 3.2: Factors and Levels Used in the Factorial Design for Absorption of Cadmium, 

Chromium, Lead, Nickel and Zinc 

Factors Symbol Low (-) Centre(0) High(+) 

pH A 3 4 5 

Concentration of ligands (mg dm
-3

) B  10 17.5 25 

Amount of soil (g) C 5 7.5 10 

Contact time (min) D 30 45 60 
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Table  3.3: Design matrix and response for removal of cadmium, chromium, lead, nickel and zinc using Tiron and glutamic acid  

RUN Factor 1 

A: pH 

Factor 2 

B:Time 

(min) 

Factor 3 

C: 

Concentrat

ion  

Factor 4 

D:Amount 

of Soil 

Response 1 

Pb Removal 

% 

Response 2 

Zn Removal 

%  

Response 3  

Cd Removal  

% 

Response 4 

Ni Removal 

%  

Response 5 

Cr Removal 

1 3 60 10 10      

2 3 30 10 5      

3 3 60 10 5      

4 3 30 25 10      

5 5 60 10 5      

6 3 60 25 5      

7 5 30 25 10      

8 4 45 17.5 7.5      

9 5 30 10 10      

10 3 60 25 5      

11 5 60 25 5      

12 4 45 17.5 7.5      

13 5 30 25 5      

14 5 30 10 5      

15 5 60 10 10      

16 3 30 10 10      

17 5 60 25 10      

18 3 60 25 10      
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3.9 Design Matrix and Response for Extraction of Cd, Cr, Ni, Pb and Zn By Complexing 

Agents  

 The concentrations of cadmium, chromium, lead, nickel and zinc of the soils across the 

Sampling locations was determined by Atomic Absorption Spectrophotometry (AAS). The soil 

sample (from Tudun-wada) with the highest level of metal concentration was then treated with 

the aqueous solutions of chelating ligands separately. The concentrations were measured at 10 

mg dm
-3

, 17.5 mg dm
-3

, 25 mg dm
-3

 (Table 3.3). The masses of the contaminated soil used in 

each run of experiment was measured at: 5 g, 10 g, 20 g and 25 g. The pH was adjusted to the 

given concentrations with hydrochloric acid and sodium hydroxide as buffers and kept at (pH 3 – 

5). The suspension was shaken with a multipurpose flask shaker at 30 minutes, 45 minutes and 

60 minutes. After shaking, the supernatants were carefully filtered, residue washed thoroughly 

until it is no longer acidic. This was air dried and kept as washed soil (Nolan et al., 2005). 

Calculations 

 The amount of heavy metals absorbed per kilogram of soil in contact with an aqueous 

chelating agent solution was calculated using an equation similar to the one reported by Reddy 

and Chinthamreddy (2000) as: 

          (3.7)                                                          

Where Si (mg/kg) is the amount of the species i sorbed per unit weight of soil; Ci (mg/l) is the 

initial solution concentration of the species; Cf (mg/l) is concentration remaining or final solution 

concentration of the species V(l) is solution volume; and W (kg) is dry soil weight. 
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CHAPTER FOUR 

 

4.0  RESULTS 

4.1  Physicochemical Parameters of Soil 

 The result of the physiocochemical properties of the soil samples are presented in Table 

4.1.Preliminary visual inspection of the soils from polluted metal work sites from Samaru, 

Sabon-gari and Tudun-wada showed that the soils were dark grey in colour indicating a low 

amount of humus. Colour is one of the characteristics of soil, which tells much about the origin 

of the soil and its composition. The  value of pH (water) and pH (CaCl2) obtained for soil from 

Tudun-wada are 7.50 and 9.67 respectively; while the values of pH (water) and pH (CaCl2) 

obtained for Sabon-gari was 8.43, and 9.03  respectively, indicating the soils are alkaline. The 

value of pH (water) and pH (CaCl2) obtained for soil from Samaru are 6.47 and 6.60, indicating 

the soil is moderately acidic.  

The CEC values (in Cmo1
-1

kg) was 11.00 at Samaru, 16.33 at Sabon-gari, and 19.67 at Tudun-

Wada. Particle size distribution for Samaru was 20.00.% clay, 19.67% silt and 67.33% sand. The 

particle size distributed for Sabon-gari was 17.00% clay, 17.00% silt and 69.67% silt while the 

particle size distribution of the soil from Tudun-wada was 12.67% clay, 12.67% silt and 80.00% 

sand. 

4.2 Level of Metal Concentration 

The histogram showing the metal concenrtation across all sampling locations is presented in 

Figure 4.1.The result  indicates that the soil sample from Tudun-wada has the highest 

concentration of heavy metals among the sites under study, this implied it was the most polluted, 
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and therefore, was the only soil sample used for the washing experiments with the solutions of 

complexing agents (tiron and glutamic acid). 
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Table 4.1: Physicochemical Properties of Soil Across All Sampling Locations 

Location  pH 

H2O 

pH 0.01M 

CaCl2 

CO2 HCO3 Particle-size Distribution Corrected to 20oC (%) 

 CEC Clay Silt Sand  T.class 

Samaru 6.47±3.05 6.60±1.71 9.00±10.0 6.00±2.00 11.00±2.00 20.00±2.65 19.67±2.52 67.33±3.06 Sandy Loam 

Sabon-

gari 

8.43±2.45 9.03±1.12 7.67±ND 2.53±0.81 16.33±1.53 17.00±2.00 17.00±2.00 69.67±2.08 Sandy Loam 

Tudun-

wada 

7.50±1.50 9.67±1.53 ND 3.33±1.53 19.67 ±3.2 12.67±3.53 12.67±3.53 80.00±10.00 Sandy Loam 
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Figure 4.1: Heavy metal concentration (mg/kg) in Samaru, Sabon-gari and Tudun-wada metal 

workshop soil samples.
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4.3 Responses for The Absorption of Heavy Metals By Tiron 

The responses or percentage absorbed for the removal of heavy metals by tiron is 

presented in table 4.2. From the tables, the result indicate good percentage absorbed for all 

metals under study for the removal of heavy metals using tiron. 

The results show that experimental runs (7) and (9) respectively gave the highest removal 

efficiency value of 83.95%and the least value of 29% for the first run for cadmium. This suggest 

that for the absorption with tiron, the optimum value of 83.95% percentage sorbed for the 

interaction of these factors was obtained at pH 5, 30 minutes, 25 mg dm
-3

concentration with 10 g 

amount of soil. 

The result for chromium shows that the experimental run (18) gave the highest removal value of 

98.81% and the least value of 21.43% for the first run. Result infers that optimum removal for 

the interaction of these factors was obtained at pH 3, 60 minutes contact time, 25 mg dm
-3 

concentration of tiron with 10 gram of soil. 

The result for lead shows that experimental run (5) gave the highest removal efficiency value of 

76.16% and the least value of 16.6% for the (17) run. The conditions which gave the best 

percentage sorbed of 76.16% Pb was pH 5, 60 minutes contact time, 10 mg dm
-3

 with 5 g amount 

of soil. 

The result for nickel shows that experimental run (17) gave the highest percentage sorbed of 

86.00% and the least value 8.49% for run (1). Best removal efficiency of 86.00% was obtained at 

pH 5, 60 minutes contact time, 25 mg dm
-3

 and 10 g amount of soil. 
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 The result for zinc shows that experimental run (9) gave the highest removal efficiency of 

66.19% and the least value of 7.33% for run (1). The conditions that gave the highest percentage 

sorbed was of 66.19% was achieved at pH 5, 30 minutes contact time, 10 mg dm
-3

 concentration 

of tiron and 10 g amount of soil. 
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Table  4.2: Design Matrix and Response for Removal of cadmium, chromium, lead, nickel and zinc using Tiron 

RUN Factor 1 

A: pH 

Factor 2 

B:Time 

(min) 

Factor 3 

C: 

Concentration 

(mg dm
-3

)  

Factor 4 

D:Amount of  

Soil(g) 

Response 1 

Pb Removal 

% 

Response 2 

Zn Removal 

%  

Response 3  

Cd 

Removal  

% 

Response 4  

Ni Removal 

%  

Response 5 

Cr Removal 

1 3 60 10 10 22.59 7.33 29.00 8.49 21.43 

2 3 30 10 5 28.72 18.35 54.74 17.13 31.90 

3 3 60 10 5 57.85 32.00 58.39 21.45 39.84 

4 3 30 25 10 61.26 24.41 47.44 19.59 47.46 

5 5 60 10 5 76.16 37.98 83.94 24.36 49.44 

6 3 60 25 5 55.69 41.54 58.39 35.12 58.57 

7 5 30 25 10 63.81 53.08 83.95 48.37 61.19 

8 4 45 17.5 7.5 24.41 11.42 40.05 25.12 61.83 

9 5 30 10 10 63.53 66.19 83.95 36.05 63.57 

10 3 60 25 5 50.00 62.63 72.99 76.59 67.04 

11 5 60 25 5 50.14 62.52 72.99 76.59 67.04 

12 4 45 17.5 7.5 43.04 36.58 65.99 33.78 67.62 

13 5 30 25 5 22.90 33.51 47.44 54.30 70.24 

14 5 30 10 5 38.82 52.44 58.39 25.17 70.56 

15 5 60 10 10 30.20 39.86 72.99 36.05 76.27 

16 3 30 10 10 43.72 53.05 51.09 48.37 76.85 

17 5 60 25 10 16.60 23.50 72.99 86.00 90.00 

18 3 60 25 10 43.39 51.43 65.69 41.63 98.81 
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4.4 Responses for the Absorption of Heavy Metals by Glutamic Acid 

 Table 4.3 is the variation of the selected factors affecting absorption process and the 

corresponding removal efficiency (response) in the percentage obtained after each experimental 

run was performed for the removal of heavy metals using glutamic acid. The result for chromium 

shows that experimental run (11) gave the highest removal efficiency of 99.98% and the least 

value of 35.00% for run (14). Result suggests that the conditions which gave the best 

compromise was pH5, 60 minutes contact time, 25 mg dm
-3

 and 5g amount of soil.   

 The results for cadmium shows that the experimental run (15) gave the highest removal 

efficiency of 99.98% and the least value of 29.00% for run (12). The response which gave the 

best percentage yield of 99.98% was obtained at pH 5, 60 minutes contact time, 10 mg dm
-3

 

concentration and 10 g amount of soil. 

The result for lead shows that the run (1) gave the highest removal of 99.99% and the least value 

of 31.79% for run (16). Result suggest that the interaction of these factors which gave the 

optimum removal of 99.99% was obtained at pH 3, 60 minutes, 10 mg dm
-3

 concentration and 10 

g amount of soil.   

 The result for chromium shows that experimental run (11) gave the highest removal efficiency 

of 99.98% and the least value of 35.00% for run (14). The conditions which gave the best 

percentage sorbed was achieved at pH 5, 60 minutes contact time, 25 mg dm
-3

 and 5 g amount of 

soil.  
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 The result for zinc shows that run (7) gave the highest removal efficiency of 99.98% and the 

least value of 17.45% for run (1). Optimum percentage absorbed of 99.98% for the interaction of 

these factors was obtained at pH 5, 30 minutes contact time, 25 mg dm
-3

 and 10 g amount of soil. 
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Table  4.3: Design Matrix and Response for Removal of cadmium, chromium, lead, nickel and zinc using glutamic acid 

RUN Factor 1 

A: pH 

Factor 2 

B:Time 

(min) 

Factor 3 

C: 

Concentration 

(mg dm
-3

)  

Factor 4 

D: Amount 

of Soil(g) 

Response 1 

Pb Removal  

% 

Response 2 

Zn Removal 

%  

Response 3  

Cd 

Removal  

% 

Response 4  

Nickel 

Removal 

%  

Response 5 

Cr Removal 

 % 

1 3 60 10 10 99.99 17.45 40.15 17.74 36.90 

2 3 30 10 5 65.55 24.61 43.80 37.50 51.51 

3 3 60 10 5 74.56 50.03 58.39 34.94 56.67 

4 3 30 25 10  84.82 66.81 34.89 53.26 58.25 

5 5 60 10 5 59.45 48.78 40.15 28.66 51.51 

6 3 60 25 5 62.16 19.31 40.15 40.70 51.83 

7 5 30 25 10 63.77 99.98 98.54 49.01 55.92 

8 4 45 17.5 7.5 52.24 66.81 80.29 38.20 46.67 

9 5 30 10 10 61.17 61.06 87.59 45.69 61.51 

10 3 60 25 5 57.73 50.03 51.09 50.23 61.51 

11 5 60 25 5 70.24 51.14 29.00 33.60 99.98 

12 4 45 17.5 7.5 99.98 38.91 72.99 37.38 45.71 

13 5 30 25 5 66.64 26.48 62.04 31.22 45.48 

14 5 30 10 5 65.13 39.48 62.04 26.63 35.00 

15 5 60 10 10 65.52 65.03 99.98 51.34 48.73 

16 3 30 10 10 31.79 40.12 54.74 32.73 56.00 

17 5 60 25 10 69.90 48.76 62.04 28.66 38.97 

18 3 60 25 10 62.95 59.56 58.39 41.00 92.86 
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4.5  The Effect of Interaction of Three Variables on The Removal of Tiron and Glutamic 

Acid 

 The cube plots to show the effects of the interaction of three variables on the removal of Cd, 

Cr, Ni, Pb and Zn using tiron are presented in figures 4.3 – 4.7. The values on each plot represent 

the percentage absorbed. From each cube plot, the interractions which give the optimum 

percentage removal can also be deduced. The result show that optimum removal efficiency was  

9.16%, 83.22%, 61.03%, 69.86%, 59.32% for Cd, Cr, Ni, Pb and Zn respectively. This means 

removal efficiency is of the following the order: Cr > Pb > Ni > Zn> Cd. Optimum removal of 

Cr 69.92% was obtained at pH 4, concetration of 25 mg dm
-3

, 5 g amount of soil and 60 minutes 

contact time. Optimum removal of cadmium was obtained at  pH 5, 30 minutes contact time, 25 

mg dm
-3

 and 10 g of soil. Optimum removal of Pb was obtained at pH 5, 60 minutes contact 

time, 10 mg dm
-3

 and 5 g amount of soil. Best percentage removal of nickel was obtained at pH 

5, 60 minutes contact time, 25 mg dm
-3

 and 10 g amount of soil. 

  Figures 4.8 – 4.12, are the cubeplots to show the effect of interaction of concetration of 

glutamic acid, contact time, amount of soil and pH on the removal of Cd, Cr, Ni, Pb and Zn. The 

results show optimum removal values of 61.43%, 56.41%, 37.68%, 1.81%  63.23% for Cd, Cr, 

Ni, Pb and Zn respectively. The removal efficiency is of the following order: Zn > Cd > Cr > Ni 

> Pb.The removal of Cr  56.41% was obtained at pH 5, 10 mg dm
-3

 concetration of glutamic 

acid, 7.5 g amount of soil and 60 minutes contact time. The response which gave the best 

percentage removal of Cd 61.43%was pH 5, 60 minutes contact time, 10 mg dm
-3

 and 10 g 

amount of soil. Result suggest that the condition which gave the best removal of Ni 37.68% was 

pH 5, 60 minutes contact time, 25 mg dm
-3

 and 5 g amount of soil. The interraction of factors 
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gave the best removal for Pb 1.81% at pH 3, 60 minutes 10 mg dm
-3

 with 10 g amount of soil. 

The conditions which gave the optimum percentage sorbed of Zn 63.23% was pH 5, 

concentration of 25 mg dm
-3

 , 30 minutes contact time with 7.5 g amount of soil.  
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DESIGN-EXPERT Plot

Sqrt(Cadmium)

X = A: pH

Y = B: TIME

Z = C: concentration of tiron

Actual Factor

D: amount of soil = 7.50

Cube Graph
Sqrt(Cadmium)

A: pH

B
: T

IM
E

C: concentration of tiron

A- A+
B-

B+

C-

C+

6.39

8.54

7.02

7.88

7.64

9.16

8.03

7.22

 
Figure 4.3: Cube plot for the absorption of cadmium using tiron and interaction between pH, 

time and concetration. 
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Figure 4.4: Cube plot for the absorption of Chromium using tiron and interaction between  

amount of soil, time and concetration. 

 

 

 

 

 

 

 

DESIGN-EXPERT Plot

Chromium

X = B: TIME

Y = C: concentration of tiron

Z = D: amount of soil

Actual Factor

A: pH = 4.00

Cube Graph
Chromium

B: TIME
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D: amount of soil

B- B+
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DESIGN-EXPERT Plot
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Figure 4.5: Cube plot for the absorption of nickel using tiron and interaction between  pH, time 

and concetration. 
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Figure 4.6: Cube plot for the absorption of lead using tiron and interaction between  pH, time and 

concetration. 
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Figure 4.7: Cube plot for the absorption of zinc using tiron and interaction between  pH, time and 

concetration. 
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Figure 4.8: Cube plot for the absorption of cadmium using glutamic acid and interaction between  

pH, time and concetration. 
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Figure 4.9: Cube plot for the absorption of nickel using glutamic acid and interaction between  

pH, time and concetration. 
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Figure 4.10: Cube plot for the absorption of chromium using glutamic acid and interaction 

between  pH, time and concetration. 
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Figure 4.11: Cube plot for the absorption of lead using glutamic acid and interaction between  

pH, time and concetration. 
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Figure 4.12: Cube plot for the absorption of zinc using glutamic acid and interaction between  

pH, time and concetration. 
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CHAPTER FIVE 

5.0   DISCUSSION 

5.1   Physicochemical Properties of Soil 

Particle size analysis across all sampling locations showed the preponderance of sand fraction 

ranged from ( 67.33 - 80.00%), followed by silt and clay ranging from (12.67 - 19.67%), thus 

classifying the parent soils as loamy-sand (soil survey staff,1998). The CEC parameter 

particularly measures the ability of soils to allow for easy exchange of cations between its 

surface and solution. The relatively low levels of silt, clay and high CEC indicate the high 

permeability (Eshan et al., 2006; Atafar, 2010). Preliminary characterization also revealed very 

high metal concentration. Consequently, there was no need for the soil to be spiked with a 

mixture of the metal nitrates to achieve higher levels of Cd, Cr, Ni, Pb and Zn. The pH values 

recorded for the soils in Samaru and Tudun-wada is within the range of agricultural soils, while 

that recorded slightly higher than the range of agricultural soils. Soil pH play a major function in 

heavy metals as it directly influences ion-pair formation (Tokalioglu et al., 2006). Each soil had 

low carbonate and bicarbonate content and high CEC ranging between (11-20). The relatively 

low levels of carbonate and bicarbonate, and high CEC indicate high permeability hence 

leachability of heavy metals in the soil. (Eshan et al., 2006; Atafar et al., 2010). Particle size 

distributed across the sampling locations indicate very high percentage of sand, and low levels of 

clay and silt respectively, classifying the soils as sandy-loam. 
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5.2 Comparism to Other Used Complexing Agents  

Many studies have compared EDTA to other chelating agents, acids and surfactants and 

found it better suited than or equal to its competitors for the extraction of toxic metals from soils. 

Between 45 and 100% Pb, 54 – 100% Zn and 47 – 98% Cu were extracted from various 

contaminated soils by EDTA. The maximum extraction efficiencies of other chelating agents for 

Pb were found to be the following: 63% for ADA (N – 2 (acetamido) iminodiacetic acid), 60% 

for NTA, 58% for PDA (pyridine -2, 6, dicarboxylic acid. For Zn maximum extraction 

efficiencies were reported as 41% with DPTA, 12% with citric acid, and for Cu they were 32% 

with DPTA and 11% with acid. Citric and tartaric acids and their salts have been identified as the 

best chelating organic acids (80 – 100%) whose binding efficiencies are close to that of EDTA 

and DTPA (75 – 99.9%) (Wasay et al., 1998).  

The results of the batch washing of heavy metals from the contaminated soils with 

different concentrations of tiron gave a binding efficiency Pb (16.7 – 76.16%), Zn (7.33 – 

62.63%), Cd (29.00 – 83.95%), Ni (8.49 – 86.00%) and Cr (21.43 – 98.81%)  while glutamic 

acid gave Pb (31.79 – 99.98%), Zn (17.45 – 99.98%), Cd (29.00 – 99.98%), Ni (17.74 – 53.26%) 

and Cr (35.00 – 99.98%). 

The concentrations of heavy metals and extraction yields varied considerably with nature 

of the compexing agent. At the end of washing experiment, glutamic acid gave best percentage 

sorbed of Cd, Cr, Pb and Zn than tiron for all metals under consideration. Suggesting it is suited 

for the extraction of heavy metals from soils than tiron. Tiron gave a better optimum percentage 

sorbed Ni than glutamic acid, indicating it is better suited for the removal of Ni from 



66 

 

 

contaminated soils (Tables 4.2 and 4.3). Results from this study has shown that tiron and 

glutamic acid have close extraction efficiencies compared to EDTA and other complexing agents 

like EDDS, IDSA, NTA and MGDA. The result also showed glutamic acid as the most 

promising compared to tiron 

5.3 Heavy Metal concentration in Metal-Works Site 

The level of metal concentrations across Samaru, Sabon-gari and Tudun-wada is shown in Figure 

4.1. The height of each bar gives the level of the metal ion concentration. 

The mean level of Cd in the soils of the study areas ranged from 1.35 – 119.68 mg kg
-1

 

The mean Cd value obtained for the metal-work site soils studied were higher than those 

reported by Omoniyi et al., (2013) for soils of Kaduna metropolis dumpsite, Nigeria, and studies 

of Yahaya et al., (2009) for dumpsite soil of abattoir dumping site in Yauri, Nigeria, likewise 

that by Ukpong et al., (2013) for dumpsite soil in Uyo metropolis.From the results, the level of 

Cd in the soils may lead to environmental hazard. The high concentration of cadmium in the 

study areas could be attributed to human activities around the site. Cadmium concentrations in 

the soils were above the standard limits (0.01 mg kg
-1

) set by Federal Environmental Protection 

Agency (FEPA) 1991 and (3.0 mg kg
-1

) set by European Commission (1986). 

The mean level of Cr across the metal-work site soils ranged from 40.83 mg kg
-1

 – 

119.97 mg kg
-1

. Chromium concentration in the polluted soils were generally above standard 

limits (0.03 mg kg
-1

) set by Federal Environmental Protection Agency (FEPA) 1991 and (50 mg 

kg
-1

) set by European commission (1986) with exception of the soil from Tudun-wada which 

exceeds the standard limits. The concentration range reported in this study for the Cr was higher 
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than the range of values reported by Adelekan and Alawode (2011) being (13.15 – 75.55 mgkg
-1

) 

for municipal dumpsite in Ibadan. Nigeria. The levels of Cr recorded in this study were lower 

than those recorded by Awokunmi et al., (2010) (212.00 – 2020.00 mg kg
-1

) for soils within 

Ikere and Ado Ekiti Metropolis dumpsites soils, Ekiti State, Nigeria and Oluyemi et al., (2008). 

 Zinc concentration in the metal-work site was higher for the soil in Tudun-wada, almost 

equal with the soil from Sabon-gari and lower than the soil from Samaru according to standard 

limits (138 mg kg
-1

) set by European Commission (1986).The levels of Zn recorded in this study 

were higher than the levels reported by Opaluwa et al., (2012) with range (0.82 – 0.91 mg kg
-1

) 

for soils around polluted site in Lafia metropolis, Nigeria. 

 The mean Ni concentration value recorded at across the sampling locations were 

generally above the standard limits (0.1 mg kg
-1

) set by Federal Environmental Protection 

Agency (FEPA) 1991 and the soils from Sabon-gari and Tudun-wada with values of 130 mg kg
-1

 

and 168 mg kg
-1 

had higher values than the (75 mg kg
-1

) limit set by European Commission 

(1986), thus implying that the soils are contaminated with Ni. The concentration range reported 

in this study was higher than the concentration range reported by Adelekan and Alawode (2011) 

being 4.35 – 49.80 mg kg
-1

, and the range (1.50 – 54.80 mg kg
-1

) reported by Ukpong et al., 

(2013), Opaluwa et al., (2012) (0.21 – 0.31) and range (7.10 – 14.90 mg kg
-1

) reported by 

Akpofure (2012) in soils of municipal dumpsites in Ibadan, Nigeria, in soils of waste dumpsites 

in Uyo metropolis, Akwa Ibom State, in soils around dumpsites in Lafia metropolis, Nasarawa 

State, Nigeria and in soils of abandoned dumpsites in Effurun, Nigeria. 

      Lead had values ranging from 20.42 mg kg
-1

 to 199.97 mg kg
-1

.The levels of Pb recorded in 

this study were lower than the range of 35.7 – 635.31 mg kg
-1

 reported by Yahaya et al.,(2009) in 
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the study of seasonal variations of heavy metal concentration in abattoir dumping site soil in 

Yauri, Nigeria, Ukpong et al., (2013) reported a range of (3.00 – 117.50 mg kg
-1

) for dumpsite 

soil in Uyo metropolis, Nigeria and Adelekan and Alawode (2011) reported a range 45.00 – 

624.50 mg kg
-1

 for soil from municipal dumpsite in Ibadan. Nigeria. On the other hand, the 

concentrations of Pb reported in this study were higher than those reported by Opaluwa et al., 

(2012) with range 0.90 – 4.20 mg kg
-1

 for soil around dumpsites in Lafia metropolis, Nigeria. 

Higher values were recorded for lead in this study, these values were generally found to be above 

the 0.05 mg kg
-1

 limit of Pb in soil as recommended by Federal Environmental Protection 

Agency (FEPA) 1991, but were below the standard limit set by European Commission (1986) 

being 100 mg kg
-1

, though they are within the tolerance limit set by EU. In general, the ranking 

of the average metal contents in the study area was Pb> Ni> Zn> Cr> Cd. 

5.4 The Effect of Interaction of Three Variables on The Removal Efficiency of Cadmium    

Using Tiron and Glutamic Acid 

The cube plot to show the effects of the interaction of three variables on the removal of 

Cadmium by tiron is presented in figure 4.3. The results show that for 7.5 g amount of soil, the 

optimum removal efficiency of 9.16% and minimum removal of 6.39%. This result implies that, 

for the interaction of these three variables when amount of soil is 7.5 g, minimum removal 

efficiency of 6.39% obtained at 7.5 g amount of soil, pH 3, 10 mg dm
-3

 concentration of tiron 

and 30 minutes contact time (Table 3.2). Maximum removal efficiency of 9.16% was achieved at 

pH 3, 10 mg dm
-3

 concentration of tiron and 60 minutes contact time. This shows that the factor 

influencing absorption of cadmium by tiron is the contact time. 
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 The effect of interaction between contact time, pH and, concentration of glutamic acid 

on the percentage removal of cadmium showed that for the interaction of these three variables 

when amount of the soil is 7.5 g, optimum removal efficiency of 61.43% was obtained at pH 3, 

concentration of 10 mg dm
-3

 of glutamic acid and 30 minutes contact time while a minimum 

removal efficiency of 61.43% was also obtained under the same conditions (Figure 4.8). This 

shows equal effect of all variables on the removal of cadmium by glutamic acid. 

5.5 The Effect of Interaction of Three Variables on The Removal Efficiency of Chromium 

Using Tiron and Glutamic Acid 

      The cube plot for the effect of interaction between pH, contact time and concentration of 

tiron for the removal of chromium is presented in figure 4.4. The results shows minimum 

removal efficiency of 45.24% (this corresponds to the least value on the plot). The minimum 

value was achieved at 10 mg dm
-3

 concentration of tiron, 5 g amount of soil, and 30 minutes 

contact time at pH 5. The optimum value of 83.22% (which corresponds to the highest value on 

the cube plot) was achieved at 30 minutes contact time, 25 mg dm
-3

 concentration of tiron 10 g 

amount of soil and pH 4 (Table 3.2). This revealed that the factor influencing absorption of 

chromium by tiron are amount of soil, concentration of tiron and pH. 

The cube plot for the effect of interaction between contact time, concentration of 

glutamic acid and amount of soil on the removal of chromium is presented in figure 4.10. The 

optimum removal efficiency achieved was 56.41% obtained at pH 5, 25 mg dm
-3

 concentration 

of ligands, 60 minutes contact time and 7.5 g amount of soil (Table 3.2). This implies all 

variables have equal impact on the absorption of chromium.  
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5.6 The Effect of Interaction of Three Variables on The Removal Efficiency of Lead Using 

Tiron and Glutamic Acid 

   In figure 4.6, the effect of interaction of pH, contact time and concentration of tiron on the 

removal efficiency of lead indicates good removal efficiency of 69.86% were obtained at 

(highest value on the cube plot). This optimum value was obtained at 7.5 g amount of soil, 25 mg 

dm
-3

 concentration of ligands, 30 minutes contact time and pH 5. A minimum percentage 

removal of 23.40% (least value on the cube plot) was obtained as 7.5 g amount of soil, 25 mg 

dm
-3

 concentration of tiron, 30 minutes contact time and pH 3 (Table 3.2). From the values of 

optimum and minimum removal obtained, the variable influencing the removal of lead by tiron is 

pH. This means when pH is high, more removal of lead could be obtained.  

The cube plot for the effect of interaction between pH, contact time and concentration of 

glutamic acid is presented in figure 4.11. Optimum removal efficiency of 1.81% was achieved at 

7.5 g amount of soil, 60 minutes contact time and pH 3 (Table 3.2). This implies that all the 

variables have equal effect on the absorption of lead by glutamic acid.  

5.7 The Effect of Interaction of Three Variables on The Removal Efficiency of Nickel Using 

Tiron and Glutamic Acid 

   The cube plot to show the effect of interaction between pH, concentration in mgdm
-3

, and 

contact time of tiron on the removal of nickel is presented in figure 4.5. The result showed 

optimum removal efficiency of 61.03% (highest value on the plot). Optimum value of 61.03% 

removal efficiency for the interaction was obtained at 7.5 g amount of soil, 25mgdm
-3

 

concentration of tiron, 30 minutes contact time and pH (Table 3.2). A minimum percentage 
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removal of 12.81% (least value on the plot) was achieved at 7.5 g amount of soil, 10 mg dm
-3

 

concentration, 30 minutes contact time and pH 3(Table 3.2). In this case concentration is 

affecting the removal of nickel by tiron. 

 Figure 4.9 is the cube plot for the effect of interaction of pH, contact time, concentration 

of glutamic acid on the removal of nickel. This plot has revealed that optimum removal 

efficiency of 37.68% was achieved at 25 mg dm
-3

 concentration of glutamic acid, 60 minutes 

contact time, 7.50 g amount of soil and pH 3 (Table 3.2). Minimum removal efficiency of 

37.68% was also obtained under the same conditions. From the optimum and minimum removal 

values, it can be inferred that all the factors have the same effect on the absorption of nickel. 

5.8 The Effect of Interaction of Three Variables on Removal Efficiency of Zinc Using Tiron 

and Glutamic Acid 

       In figure 4.7 is the cube plot to show the effect of interaction of pH, contact time, 

concentration of tiron. This plot has shown the optimum value of 59.32% (highest value on the 

cube plot). The optimum value of 59.32% was achieved at 10 g amount of soil, pH 5, 30 minutes 

contact time and 17.5 mg dm
-3

 concentration of tiron (Table 3.2). A minimum removal efficiency 

of 20.92% (least value on the plot) was achieved at 5 g amount of soil, pH 3, 30 minutes contact 

time and 17.5 mg dm
-3

 concentration of tiron. This revealed amount of soil and pH are the 

dominant factors influencing the absorption of zinc by tiron. 

         Shown in figure 4.12 is the cube plot for the effect of interaction of concentration of 

glutamic acid, pH, and contact time. The results show that at 7.5 g amount of soil, optimum 

removal efficiency of 63.23% (highest value on the plot). Therefore, for the interaction of these 
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three variables when amount of soil is 7.5 g, removal efficiency was achieved at pH 5, 

concentration of 25 mg dm
-3

 and 30 minutes contact time (Table 3.2). The minimum percentage 

removal was 32.37% (least value on the plot) obtained at 7.5 g amount of soil, pH 3, 

concentration of 10 mg dm
-3

 and 30 minutes contact time. This shows that the factors influencing 

the removal of zinc by glutamic acid are pH and concentration of glutamic acid. 
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CHAPTER SIX 

6.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Summary 

  This study has allowed the determination of the level of some important heavy metals at 

locations where blacksmith activities are carried out. The blacksmith (metal-work) site is getting 

polluted particularly with Pb, Zn, Cr and Ni. This is a reflection of anthropogenic contribution 

which might partly result from continuous smelting of iron and aluminum containers. Based on 

the concentration of heavy metals in the soils, the soils can generally be classified as moderately 

polluted. The entire blacksmith site soils are considered to be of pollution concern.  There was an 

indication of uneven distribution of the metals in soils from various sampling locations. 

 The polluted soil samples was treated separately with aqueous solution of tiron and 

glutamic acid using full factorial design of experiment. The effect of pH, concentration of 

complexing agent, amount of soil and contact time on the absorption of: Cd, Cr, Ni, Pb and Zn 

on the absorption process was also investigated. Eighteen (18) experimental runs including two 

(2) central points were used for each complexing agent as suggested by the 2
4
 full factorial 

design generated from design expert 6.0 software. 

The interactions between variables were evaluated by response surface methodology and cube 

plots. The study clearly shows that factorial design of experiment is one of the suitable methods 

for optimizing absorption process. Statistical analysis of results proved the significance of the 
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models from optimization data. The removal efficiency of tiron was Cd 9.16%, Cr 83.22%, Ni 

61.03%, Pb 69.86%, and Zn 59.32%. 

Removal efficiency of glutamic acid was 61.44% for Cd, 56.41% for Cr, 37.68% for Ni, 

64.79% for Pb and 63.23% for Zn, with large surface presented by high low amount of soil, low 

pH and high initial concentration interacting to enhance removal efficiency. 

6.2 Conclusion  

 From the results of the various studies carried out in this investigation the following 

conclusions are hereby made: 

i. Total metal concentration across all sampling locations in Samaru and Sabon-gari is 

moderate but high in Tudun-wada, indicating that metal work activities in this area impact 

the environment negatively due to metal ion.    

ii. The relatively low levels of silt, clay, organic matter and cation exchange capacity indicates 

high permeability and hence leachability of heavy metals. 

iii. There was variation in metal removal efficiency. The removal efficiency showed that 

complete solubilization of metals did not occur, as not all the chelating agent added to the 

soil, binded the target metal. This might be due to the presence of other ions such as Ca and 

Fe which have relatively high stable complexes.    

iv. Glutamic acid gave more optimum yield of Cd, Cr, Pb and Zn than tiron for all the metals 

under consideration. This could be due to entropy resulting from an increase in the number 
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of free molecules liberated as the chelate is formed. This can be readily explained in terms 

of thermodynamic factors. Large values of stability constant K are favoured by large 

negative enthalpy and positive entropy changes. For example, in the reaction: 

[M (H2O)6]
2+

    +  Gl    →   [ M(H2O)4 Gl ]
2+

   +   2H2O 

Two water molecules are replaced by bi-dentate Gl ligand. This process increases the 

number of particles in the system and hence its disorder and entropy. Thus, [ M(H2O)4 Gl ]
2+

 

is more stable than  [ M(H2O)6 ]
2+

. The size and number of rings, substituents on the rings 

and the nature of the metal and donor atoms are among the factors that can affect the 

thermodynamic stability of these chelate systems (Chao et al., 1998).  

v. Ni was extracted more by tiron for all metals under consideration, this suggest that Ni is 

more labile in solution than Cd, Cr, Pb and Zn. Cd, Cr, Pb are more bonded to the soil and 

less labile. 

6.3 Recommendations 

i. Further work on the removal of heavy metals by complexing agents may include the use 

of other complexing agents like heme, porphine, malate, histidine. 

ii. Additionally the essential metals Ca, Fe, Mg and Mn may be studied with respect to 

negative side effects of extraction. 

iii. The application of tiron and glutamic acid on other polluted sites like dumpsites and 

heavily fertilized soils, are suggested.  
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iv. It is also recommended that government should provide appropriate places that will serve 

as blacksmith village where metal works to be being carried out.  

v. Education and legislation on management of wastes in Blacksmith sites should be 

intensified to forestall the effect of waste-related problems on the environment.  

vi. Also, full factorial design of experiment at other levels and factors above four to include 

temperature may be investigated. 
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APPENDIX A 

ANOVA for the factorial model for the removal of lead using Tiron [Parial sum of squares]  

 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 4917.57 15 327.84 33452.88 0.0043 Significant 

A 1629.54 1 1629.54 1.663E+005 0.0016  

B 49.18 1 49.18 5017.87 0.0090  

C 19.56 1 19.56 1995.77 0.0142  

D 153.45 1 153.45 15658.18 0.0051  

AB 766.60 1 766.60 78224.25 0.0023  

AC 109.36 1 109.36 11159.11 0.0060  

AD 172.07 1 172.07 17558.04 0.0048  

BC 253.53 1 253.53 25870.00 0.0040  

BD 1.91 1 1.91 195.03 0.0455  

CD 116.59 1 116.59 11896.53 0.0058  

ABC 1246.97 1 1246.97 1.272E+005 0.0118  

ABD 28.70 1 28.70 2928.86 0.0037  

ACD 285.02 1 285.02 29083.55 0.0525  

BCD 1.43 1 1.43 146.33 0.0069  

ABCD 83.68 1 83.68 8538.44 0.0070 Significant 

Curvature 81.62 1 81.62 8328.18   

Pure Error 9.800E-

003 

 

 

    

       

Cor Total

  

4999.20 17     

 

 Std. Dev.    0.099       R
2    

1.0000 

 Mean          44.05                                                     R
2

adj  1.0000 

 C.V.            0.22                                                       CL    95% 
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APPENDIX B 

ANOVA for the factorial model for the removal of zinc using Tiron [Partial sum of squares]  

 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 4099.74 15 273.32 45176.16 0.0037 Significant 

A 555.90 1 555.90 91884.05 0.0021  

B 4.30 1 4.30 709.96 0.0239  

C 14.54 1 14.54 2402.51 0.0130  

D 146.11 1 146.11 24150.03 0.0041  

AB 959.61 1 959.61 1.586E+005 0.0016  

AC 36.45 1 36.45 6025.03 0.0082  

AD 7.28 1 7.28 1202.73 0.0184  

BC 404.92 1 404.92 66928.10 0.0025  

BD 1177.35 1 1177.35 1.946E+005 0.0014  

CD 145.87 1 145.87 24110.08 0.0041  

ABC 59.41 1 59.41 9819.10 0.0025  

ABD 383.47 1 383.47 63384.18 0.0054  

ACD 82.67 1 82.67 13665.05 0.0122  

BCD 105.42 1 105.42 17425.05 0.0014 Significant 

ABCD 16.46 1 16.46 2721.21   

Curvature 1216.44 1 1216.44 2.011E+005   

Pure Error 6.050E-

003 

1 6.050E-003 0.0048   

Cor Total

  

5316.18 17     

 Std. Dev.  0.078               R
2    

1.0000 

 Mean        39.32                                                                R
2

adj 1.0000 

   C.V          0.20                                                                  CL    95%                                            
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APPENDIX C 

ANOVA for the factorial model for the removal of cadmium using Tiron [Partial sum of squaers] 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 17.12 15 1.14 6.366E+007 < 0.0001 Significant 

A 1.22 1 1.22 6.366E+007 < 0.0001  

B 0.64 1 0.64 6.366E+007 < 0.0001  

C 3.48 1 3.48 6.366E+007 < 0.0001  

D 2.90 1 2.90 6.366E+007 < 0.0001  

AB 0.58 1 0.58 6.366E+007 < 0.0001  

AC 1.33 1 1.33 6.366E+007 < 0.0001  

AD 0.10 1 0.10 6.366E+007 < 0.0001  

BC 3.27 1 3.27 6.366E+007 < 0.0001  

BD 0.48 1 0.48 6.366E+007 < 0.0001  

CD 0.33 1 0.33 6.366E+007 < 0.0001  

ABC 0.27 1 0.27 6.366E+007 < 0.0001  

ABD 1.77 1 1.77 6.366E+007 < 0.0001  

ACD 0.19 1 0.10 6.366E+007 < 0.0001  

BCD 0.47 1 0.19 6.366E+007 < 0.0001  

ABCD 1.16 1 0.47 6.366E+007 < 0.0001 Significant 

Curvature 0.000 1 1.16    

Pure Error  1 0.000    

Cor Total

  

18.29 17     

Std. Dev.    0.000                                                          R
2    

10000 

Mean          7.82                                                    R
2

adj1.0000 

C.V             0.000                                                          CL  95%  
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APPENDIX D 

ANOVA for the factorial model for the removal of Nickel using Tiron [Partial sum of squares]  

  

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 5129.25 15 341.95 6.366E+007 < 0.0001 Significant 

A 157.25 1 157.25 6.366E+007 < 0.0001  

B 36.72 1 36.72 6.366E+007 < 0.0001  

C 143.40 1 143.40 6.366E+007 < 0.0001  

D 736.31 1 736.31 6.366E+007 < 0.0001  

AB 0.89 1 0.89 6.366E+007 < 0.0001  

AC 156.75 1 156.75 6.366E+007 < 0.0001  

AD 28.73 1 28.73 6.366E+007 < 0.0001  

BC 1317.69 1 1317.69 6.366E+007 < 0.0001  

BD 1.66 1 1.66 6.366E+007 < 0.0001  

CD 41.15 1 41.15 6.366E+007 < 0.0001  

ABC 1269.85 1 1269.85 6.366E+007 < 0.0001  

ABD 615.29 1 615.29 6.366E+007 < 0.0001  

ACD 546.16 1 546.16 6.366E+007 < 0.0001  

BCD 11.70 1 11.70 6.366E+007 < 0.0001  

ABCD 65.69 1 65.69 6.366E+007 < 0.0001  

Curvature 3066.02 1 3066.02 6.366E+007 < 0.0001 Significant 

Pure Error 0.000 1 0.000    

Cor Total

  

8195.27 17     

Std. Dev.   0.000                                                                          R
2
     1.0000 

Mean         39.68                                                                          R
2

adj 1.0000 

C.V            0.00                                                                            CL     95% 
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APPENDIX E 

ANOVA for the factorial model for the removal of Chromium using Tiron [Partial sum of 

squares] 

 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 6157.35 15 410.49 6.366E+007 < 0.0001 Significant 

A 87.33 1 87.33 6.366E+007 < 0.0001  

B 240.25 1 240.25 6.366E+007 < 0.0001  

C 746.38 1 746.38 6.366E+007 < 0.0001  

D 431.39 1 431.39 6.366E+007 < 0.0001  

AB 3.71 1 3.71 6.366E+007 < 0.0001  

AC 88.08 1 88.08 6.366E+007 < 0.0001  

AD 71.83 1 71.83 6.366E+007 < 0.0001  

BC 444.79 1 444.79 6.366E+007 < 0.0001  

BD 472.19 1 472.19 6.366E+007 < 0.0001  

CD 130.19 1 130.19 6.366E+007 < 0.0001  

ABC 3040.97 1 3040.97 6.366E+007 < 0.0001  

ABD 278.39 1 278.39 6.366E+007 < 0.0001  

ACD 0.73 1 0.73 6.366E+007 < 0.0001  

BCD 117.72 1 117.72 6.366E+007 < 0.0001  

ABCD 3.40 1 3.40 6.366E+007 < 0.0001  

Curvature 52.76 1 52.76 6.366E+007 < 0.0001 Significant 

Pure Error 0.000 1 0.000    

Cor Total

  

6210.11 17     

 Std. Dev.      0.000                                                                         R
2
    1.0000 

 Mean            62.20                                                                         R
2

adj 1.0000 

  C.V               0.000                                                                         CL     95%                                      R
2

adj 1.0000     C.V                                    0.000                                                                                                                                  

 

 

 

 

 

 

 

 

 

 

 



108 

 

 

APPENDIX F 

ANOVA for the factorial model for the removal of lead using glutamic acid 

 [Partial sum of squares] 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 0.000 0     

Curvature  4.004E-003 1 4.004E-003 0.33 0.5753 not significant 

 

Residual  0.20 14 0.012 0.26 0.9304 not significant 

  

Lack of Fit 0.16 15 0.010    

Pure Error 0.040 1 0.040    

Cor Total 0.20 17     

Std. Dev.     0.11                                                                                     R
2
      0.0000 

Mean           1.82                                                                                     R
2

adj 0.0000 

C.V.             6.09                                                                                     CL      95% 
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APPENDIX G 

ANOVA for the factorial model for the removal of nickel using glutamic acid 

 [Partial sum of squares] 

      

 Source     Sum of squares     DF      Mean square         F Value       Prob >F           Remark                     

    

 Model          1572.35           15 104.82 311.79 0.0444         significant 

 A 11.04 1 11.04 32.83 0.1100 

 B 153.95 1 153.95 457.90 0.0297 

 C 171.94 1 171.94 511.41 0.0281 

 D 80.78 1 80.78 240.26 0.0410 

 AB 52.74 1 52.74 156.88 0.0507 

 AC 324.99 1 324.99 966.66 0.0205 

 AD 335.16 1 335.16 996.92 0.0202 

 BC 55.84 1 55.84 166.09 0.0493 

 BD 73.40 1 73.40 218.33 0.0430 

 CD 0.81 1 0.81 2.40 0.3652 

 ABC 28.65 1 28.65 85.21 0.0687 

 ABD 0.98 1 0.98 2.90 0.3380 

 ACD 183.53 1 183.53 545.91 0.0272 

 BCD 17.33 1 17.33 51.54 0.0881 

 ABCD 81.23 1 81.23 241.60 0.0409 

Curvature            0.021 1 0.021 0.062 0.8449            not significant 

Pure Error            0.34 1 0.34 

Cor Total          1572.71 17 

 

Std. Dev.     0.58                                                                                         R
2
     0.9998  

Mean           39.69                                                                                       R
2
adj  0.9984 

C.V.            1.54                                                                                         CL     95% 
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APPENDIX H 

ANOVA for the factorial model for the removal of Zinc using Glutamic acid  

  

 [Partial sum of squares] 

 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 6570.55 15 438.04 1.13  0.6392 not significant 

A 795.38 1 795.38 2.04 0.3886  

B 146.96 1 146.96 0.38 0.6492  

C 356.55 1 356.55 0.92 0.5139  

D 1386.26 1 1386.26 3.56 0.3102  

AB 30.11 1 30.11 0.077 0.8273  

AC 165.57 1 165.57 0.43 0.6321  

AD 297.65 1 297.65 0.76 0.5426  

BC 405.32 1 405.32 1.04 0.4935  

BD 699.73 1 699.73 1.80 0.4080  

CD 721.06 1 721.06 1.85 0.4034  

ABC 0.052 1 0.052 1. 330E-004 0.9927  

ABD 200.01 1 200.01 0.51 0.6041  

ACD 103.99 1 103.99 0.27 0.6963  

BCD 0.066 1 0.066 1 704E-004 0.9917  

ABCD 1261.85 1 1261.85 3.24 0.3227  

Curvature 41.29 1 41.29 0.11  0.7995 not significant 

Pure Error 389.21 1 389.21    

Cor Total

  

7001.05 17     

 Std. Dev.    19.73                                                                           R
2
    0.441 

 Mean          48.58                                                                           R
2

adj 0.1052   

C.V40.61CL   95% 
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APPENDIX I 

ANOVA for the factorial model for the removal of Cadmium using Glutamic acid  

  

 [Partial sum of squares] 

 

 

Source Sum of 

Squares 

DF MeanSquare Value Prob>F Remark 

Mode 0.000 0     

Curvature  410.94 1 410.94 0.87 0.3657 not significant 

 

Residual  7586.12 16 474.13 18.91 0.1788 not significant 

  

Lack of Fit 7559.48 15 503.97    

Pure Error 26.65 1 26.65    

Cor Total 7997.06 17     

Std. Dev.      21.77                                                                           R
2
      0.0000 

Mean            63.13                                                                           R
2

adj   0.0000      

C.V.              34.49                                                                           CL      95% 
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APPENDIX J 

ANOVA for the factorial model for the removal of chromium using Glutamic acid 

[Partial sum of squares] 

       

 Source Sum of squares         DF     Mean square   F ValueProb> F Remark  

 Model  4673.45 15 311.56 676.14         0.0302         Significant      

     A  50.52 1 50.52 109.63 0.0606 

     B  170.76 1 170.76 370.57 0.0330 

     C  715.16 1 715.16 1552.00 0.0162 

     D 1.18 1 1.18 2.57 0.3553 

     AB  57.34 1 57.34 124.44 0.0569 

     AC  24.43 1 24.43 53.01 0.0869 

     AD  152.09 1 152.09 330.06 0.0350 

     BC  330.24 1 330.24 716.67 0.0238 

     BD  407.13 1 407.13 883.53 0.0214 

     CD  28.22 1 28.22 61.25 0.0809 

     ABC  1.59 1 1.59 3.46 0.3141 

    ABD  911.59 1 911.59 1978.27 0.0143 

    ACD  1013.63 1 1013.63 2199.71 0.0136 

    BCD  43.53 1 43.53 94.46 0.0653  

   ABCD  766.04 1 766.04 1662.42        0.0156           Significant                                                                                        Curvature                  403.31                  1          185.85       185.89          0.0317                           significant 

     Pure Error             0.461  

    Cor Total        4859.7617                                                     

  

Std. Dev.    0.68                                                                                           R
2
       0.9999 

Mean         55.28                                                                                          R
2

adj    0.9984 

C.V.            1.23                                                                                           CL      95%   
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APPENDIX K 

 

 


