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ABSTRACT 

REMOVAL OF SOME HEAVY METALS FROM WASTE WATER WITH 

NATURAL MATERIALS AS ADSORBENT 

 
Esin ATEŞÇİ 

Department of Nanotechnology and Engineering Sciences 

Supervisor: Prof. Dr. Osman SİVRİKAYA 

February 2022, 95 pages 

 

One of the most important environmental problems is the pollution caused by heavy metals 

in wastewaters. In this study, the removal of Zn+2, Cd+2, and Pb+2 ions from synthetically 

prepared solution was investigated with using coconut shell, olive stone, walnut shell, and 

their carbonized products as adsorbent. For this purpose, the effect of adsorbent type, 

contact time, adsorbent dose, and initial metal ion concentration were selected as 

independent variables while the heavy metal removal percentages, namely Zn+2, Cd+2, and 

Pb+2 removals, were selected as dependent variables in the heavy metal adsorption 

experiments. The microstructure properties of the tested adsorbents were examined using a 

Scanning Electron Microscope (SEM). It was found that carbonized products had more 

porous structure than their untreated forms. In adsorption experiments, temperature was 

kept constant 25 ±2 °C and pH was kept between 5.0 and 6.0. Adsorption experiments 

were carried out applying the batch system. Concentrations of heavy metals in 

synthetically prepared solution were determined by using Atomic Absorption Spectrometer 

analyzing technic. As a result of the experimental studies, the maximum contact time was 

determined as 180 min, the maximum adsorbent dose was determined as 2% adsorbent 

amount (g)/solution volume (mL), and the maximum metal removal was provided at lower 

initial ion concentration (50 ppm). It was observed that the removal percentage of heavy 

metal performances of carbonized products was found to be better than their untreated 

forms. Among the tested adsorbents, it was determined that the best adsorbent was the 

olive stone carbonized product for the adsorption of Zn+2, Cd+2, and Pb+2 ions because it 

had the more porous structure. 
 

Keywords: heavy metal, wastewater, adsorption, adsorbent, coconut shell, olive stone, 

walnut shell 
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ÖZET 

ATIK SULARDAN ADSORBAN OLARAK DOĞAL MATERYALLER İLE BAZI 

AĞIR METALLERİN GİDERİLMESİ  

 

Esin ATEŞÇİ 

Nanoteknoloji ve Mühendislik Bilimleri Anabilim Dalı  

Danışman: Prof. Dr. Osman SİVRİKAYA 

Şubat 2022, 95 sayfa 

 

En önemli çevre sorunlarından biri atık sulardaki ağır metallerin neden olduğu kirliliktir. 

Bu çalışmada, adsorban olarak hindistan cevizi kabuğu, zeytin çekirdeği, ceviz kabuğu ve 

bunların karbonize ürünleri kullanılarak sentetik olarak hazırlanmış çözeltiden Zn+2, Cd+2 

ve Pb+2 iyonlarının giderimi araştırılmıştır. Bu amaçla adsorban tipi, temas süresi, adsorban 

dozu ve başlangıç metal iyon konsantrasyonunun etkisi bağımsız değişkenler, ağır metal 

giderim yüzdeleri, yani Zn+2, Cd+2 ve Pb+2 giderimleri bağımlı değişkenler olarak 

seçilmiştir. Test edilen adsorbanların mikro yapı özellikleri, bir Taramalı Elektron 

Mikroskobu (SEM) kullanılarak değerlendirilmiştir. Karbonize ürünlerin işlem görmemiş 

hallerine göre daha gözenekli yapıya sahip oldukları tespit edilmiştir. Ağır metal 

adsorpsiyon deneyleri sıcaklık 25±2 °C'de sabit ve pH 5.0 ve 6.0 arasında tutularak kesikli 

sistem uygulanarak gerçekleştirilmiştir. Sentetik olarak hazırlanan çözeltideki ağır metal 

konsantrasyonları Atomik Absorpsiyon Spektrometre analiz tekniği ile ölçülmüştür. 

Deneysel çalışmalar sonucunda maksimum temas süresi 180 dakika, maksimum adsorban 

dozu %2 adsorban miktarı (g)/çözelti hacmi (mL) olarak belirlenmiş ve daha düşük 

başlangıç iyon konsantrasyonunda (50 ppm) maksimum metal giderimi sağlanmıştır. 

Karbonize ürünlerin ağır metal giderim yüzde performanslarının işlenmemiş hallerine göre 

daha iyi olduğu görülmüştür. Test edilen adsorbanlar arasında Zn+2, Cd+2 ve Pb+2 

iyonlarının adsorpsiyonu için en iyi performans gösteren adsorban daha gözenekli yapıya 

sahip olması nedeniyle zeytin çekirdeği karbonize ürünü olduğu belirlenmiştir. 

 

Anahtar Kelimeler: ağır metal, atık su, adsorpsiyon, adsorban, hindistan cevizi 

kabuğu, zeytin çekirdeği, ceviz kabuğu  
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1. INTRODUCTION 

The extraction of valuable minerals or other geological materials from the earth’s crust is 

defined as ‘Mining’. Mining operation provides essential raw materials for other industries 

such as mechanical, civil, material, plastic industry to produce goods, devices, equipment 

for an industrialized society. However, these procedures may cause some pollution to the 

surrounding area such as air, soil, flora, fauna, and specifically water at the ground or 

underground level during mineral extraction and processing due to some potential heavy 

metals. As well as mining operations, some other application like metal production, 

tannery industry, chloral-alkali fabrication and radiator production, iron-steel smelting and 

alloying industries, battery manufacturing and storage of some wastes and by products may 

generate heavy metal pollution (Kadirvelu et al., 2001). 

 

The heavy metal term is used the any metallic element with fairly higher density and at 

even its low concentrations may be dangerous because of toxic and sometimes poisonous 

characteristic (Pugazhenthiran et al., 2016). Mercury (Hg), arsenic (As), lead (Pb), 

cadmium (Cd), chromium (Cr), and zinc (Zn) can be given as examples for heavy metals. 

Those heavy metals are found in the environment; however their concentration is too low. 

Therefore, they are not dangerous for living organisms. The concentration of these metals 

is important for a healthy environment, living microorganisms and humans. These 

elements cannot be decomposed when they enter the bodies of living creature through 

foods or underground or ground water, air, and accumulate in the body (Raval et al., 2016). 

The accumulation of any kind of the heavy metal in living creature over time is dangerous 

and may potentially cause health risk. Besides the increasing concentration of heavy metals 

in the environment may be dangerous for the organisms living around (Ali et al., 2019). 

Hence, the level of heavy metal must be under the permissible limits according to the 

environmental regulations by the government. The maximum contaminated level (MCL) 

standards, founded by United State Environmental Protection Agency (USEPA), include 

the limit of heavy metal concentration in potable water. For instance, according to those 

standards some of the heavy metal MCL’s are 0.01 mg/L for As, 0.005 mg/L for Cd, 5 

mg/L for Zn, and 0.015 mg/L for Pb (Ahmaruzzaman, 2011). 
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Water is very important for all living creature that is flora and fauna in terms of their 

survival activities and is used in all areas (Water, n.d.). Natural underground and ground 

waters are not including much heavy metal naturally in many part of the world. Some 

ground water sources, such as lakes, may contain heavy metals contaminated water, 

however this is uncommon. Human activities such as mining may a potential effect to 

contaminate the underground and ground waters in terms of heavy metals. Contaminated 

form of water with heavy metals is also called “wastewater”. Wastewaters may contain not 

only heavy metals but also dissolved substances, dyes, nutrients and microorganisms 

(Warwick et al., 2013). The contaminated waters should not be allowed to pass to ground 

and underground waters. 

 

When the quantity of heavy metals in water exceeds a certain level, it can be hazardous to 

living organisms and life. For this reason, the heavy metal in the water must be determined 

and if their concentration is higher than the permissible limits they have to be removed. 

The process in which the wastewater is tried to be purified in terms of pollutant or heavy 

metals is called “wastewater treatment”. 

 

There are various processes for eliminating heavy metal from wastewater such as chemical 

precipitation, coagulation, solvent extraction, ultrafiltration, biological systems, membrane 

filtration, ion exchange, reverse osmosis and adsorption (Osmanlioglu, 2018; Wanyonyi et 

al., 2019; J. Zhang et al., 2020; Kabuba & Banza, 2020; Lopes et al., 2020; Reyes-Serrano 

et al., 2020; Alalam et al., 2021; Badawi & Zaher, 2021; H. Zhang et al., 2021; Sayegh et 

al., 2021; Qi et al., 2021; Zhai et al., 2021). Adsorption is the most effective and applied 

method among all these techniques since its easy and low cost in operation, simple design, 

fast-reactive in nature and effective at even lower concentrations (Jain et al., 2016). In 

wastewater treatment, the adsorption method has a wide range of applications not only for 

the purification of heavy metals but also for the purification of different types of pollutants 

(Pathak et al., 2015). For this purpose, the activated carbon and carbon based materials are 

used.  

 

Activated carbon is a processed form of carbon mainly produced from woody substances, 

with a random or amorphous highly porous structure with a variety of pore sizes. The pores 
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can be visible cracks which are macro cracks and invisible cracks which are micro cracks 

in molecular dimensions (Raval et al., 2016). They are used as adsorbent materials in many 

applications because of their permeable and porous structure and large specific surface 

area. 

 

Figure 1 shows one of the dramatization of activated carbon that can be applied as an 

adsorbent in wastewater treatment. 

 

 

Figure 1. An activated carbon used for the wastewater treatment application as adsorbent. 

 

The mostly used activated carbon as adsorbent in industrial applications is produced from 

coconut shell; however, the increasing demand for coconut shell activated carbon cause to 

increase the price and sometimes the supply cannot be enough for industry. Therefore, 

several researches have been studied in the literature to consider alternative activated 

carbons made from abundant and less expensive sources. For instance, some natural 

organic-origin material such as plant and vegetable shells (potatoes, orange, hazelnut 

shell), fruit seeds/stones (olive, peach, apricot) can be used as an alternative to coconut 

shell activated carbon because of their porous structure (Babel & Kurniawan, 2004; Kobya 

et al., 2005; Al-Qahtani, 2015). However, their porous structures can be enhanced by a 

thermal treatment that is activation process or carbonization. Furthermore, the activation 

operation can be done using some chemical liquids, for example, acids. Hence, those 
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materials can be either used directly after particle sizing or after an activation process for 

heavy metal adsorption from wastewater. Some of the photos for alternative sources can be 

used as an alternative adsorbent to coconut shell is given in Figure 2. 

 

 

 

Figure 2. Some of the photos for alternative organic-origin material sources can be used as alternative 
adsorbent to coconut shell. A) Peach stone B) Apricot stone C) Hazelnut shell D) Orange peel E) 
Potatoes shell F) Corn silk 

 

The adsorption process is affected by a few factors in the applications, such as medium pH, 

ambiance temperature, application contact time, applied adsorbent dose, and heavy metal 

abundance. The mentioned factors are responsible for binding and adsorption of metal ions 

in liquid solutions or mediums (Ahmaruzzaman, 2011; Jain et al., 2016). 

1.1 Pollution 

Environment refers to the biological, physical, economic, social, and cultural environment 

in which living creature maintain their relationships and interact with each other (Stratejik 

Çevresel Değerlendirme Yönetmeliği, 2017). Human activities such as industrial 

productions, and natural conditions may change the natural structure of the environment 

and the negative effects of living creature to environment can be called environmental 

pollution (Fırat, 2007; Çevre Kirliliği, n.d.). 

1.2 Water Pollution 

Water is a tasteless and odourless substance required for all known life forms. However, 

with the increase in industrialization, urbanization, population growth, unconscious use of 

pesticides and chemical fertilizers and the discharge of substances or energy directly or 

A B C 

E F D 
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indirectly to the water environment, the water we need is polluted (Çevre Kirliliği, n.d.). In 

other words, water pollution can also be defined as adversely affecting of the water source 

in terms of physical and chemical properties. Furthermore, bacteriological, radioactive, and 

ecological characteristics of water may be changed when water pollution happen in any 

water source (Su Kirliliği Yönetmeliği, 2004). 

1.3 Heavy Metals 

Heavy metal definition is used for elements with higher atomic weights. That is elements 

with greater than 63.5 and with lower than 200.6 g per mol are called as heavy metal. In 

addition, their densities are characterized greater than 5.0 g / cm3 in terms of physical 

properties. This group includes more than sixty elements, including Pb, Cr, Zn, Cd, As, Cu, 

Ni, and Hg (Fu & Wang, 2011; İnce & Kaplan İnce, 2017; Seven et al., 2018). These 

elements are generally present in the form of carbonate, oxide, silicate and sulphur, or 

trapped in silicates on the earth (Bakar & Baba, 2009). 

 

Erosion, volcanic activities at the seabed, terrestrial volcanic activities, forest fires, burning 

of fossil fuels such as coal and petroleum, including industry-wastes or by-products may 

cause the heavy metal pollution. On the other hand, the use of fertilizer and pesticides; 

minerals and chemicals production, smelting and metal coating processes; accumulator 

production; personal or industrial engine exhaust gases; fly ash from coal combustion in 

thermal power plants, and the rapid population increase brought about environmental and 

water pollution. The industrial sources of some heavy metal ions are listed in Table 1. 

(Salman et al., 2014). The fact that water is used in every field and indispensable for life 

has shown the importance of the protection of water resources (Peters & Shem, n.d.; 

Murathan & Koçyiğit, 2014). 
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Table 1. Industrial source of heavy metals (Salman et al., 2014) 

Heavy Metals Major Source 

Lead Mining, paint, pigments, electroplating, manufacturing of batteries, 

burning of coal 

Copper Plating, copper polishing, paint, printing operations 

Cadmium Plastic, welding, pesticide, fertilizer, mining, refining 

Zinc Mining, refineries, brass manufacturing, plumping 

Mercury Batteries, paper industry, paint industries, mining 

Nickel Porcelain enamelling, non-ferrous metal, paint formulation, 

electroplating 

Arsenic Smelting, mining, rock sedimentation, pesticides 

Chromium Textile, dyeing, paints and pigments, steel fabrication 

 

Heavy metals are found as natural compounds in the earth’s crust. They are not bio-

degradable unlike organic components. Most of these heavy metals given in the table are 

toxic at high concentrations since they have accumulation ability in the bodies of 

organisms (Salman et al., 2014). 

 

The metals which damage the body of living creature when they enter it are called “toxic 

metals”. Toxicity varies in terms of metal types, living creature types, and the 

concentration value (Fırat, 2007), and the toxicity effects of some heavy metal ions are 

listed in Table 2 (Salman et al., 2014). 
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Table 2. Toxicity effects of heavy metals (Salman et al., 2014) 

Heavy Metals Toxicity Effects 

Lead 
Anaemia, brain damage, anorexia, malaise, loss of appetite, liver, 

kidney, gastrointestinal damage, mental retardation in children 

Copper Neurotoxicity, and acute toxicity, dizziness, diarrhoea 

Cadmium 

Kidney damage, bronchitis, gastrointestinal disorder, bone 

marrow, cancer, lung insufficiency, hypertension, Itai–Itai disease, weight 

loss 

Zinc Causes short term ‘metal-fume fever’, gastrointestinal distress 

Mercury 
Damage to nervous system, protoplasm poisoning, corrosive to 

skin, eyes, muscles, dermatitis, kidney damage 

Nickel 
Chronic bronchitis, reduced lung function, lung cancer 

Arsenic 

Bronchitis, dermatitis, bone marrow depression, hemolysis, 

hepatomegaly 

Chromium 
Carcinogenic, mutagenic, teratogenicity, epigastria pain nausea, 

vomiting, severe diarrhoea, producing lung tumors 

 

1.3.1 Conventional Treatment Processes for Heavy Metals 

As it is known, the mining industry is responsible for an important part of the heavy metal 

pollution in water when the necessary precautions are not taken. The presence of metals in 

the structure of rocks, ore, and minerals in the earth crust and the wastes generated by the 

processes during the recovery of metals from ores becomes a source of pollution. At the 

same time, these heavy metals cannot be disintegrated and heavy metals bio-accumulate in 

living creature, thus they must be removed from the wastewater. 

 

There are various processes for eliminating heavy metals from wastewater such as 

chemical precipitation, coagulation, solvent extraction, ultrafiltration, biological systems, 

membrane filtration, ion exchange, reverse osmosis, and adsorption (Ahluwalia & Goyal, 

2007; Das et al., 2008; Lin et al., 2008; Ahmaruzzaman, 2011; Dhir, 2014; Gunatilake, 

2015). 
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1.3.2 Chemical Precipitation 

This process enhances the removal of heavy metal in specific system conditions. Insoluble 

precipitation includes heavy metal hydroxide, phosphate, carbonate, or sulphide, and then 

filtration or sedimentation processes are applied to precipitate the solids and therefore they 

can be separated from the water (Fu & Wang, 2011; Gunatilake, 2015). Figure 3 shows 

that how chemical precipitation applying in a laboratory and specifically Pb+2 ion in the 

solution is precipitated with the addition of sulphate (SO4)
2- ions as solid lead sulphate 

(PbSO4). The formed PbSO4 can be filtered from the system. 

 

 
Figure 3. Chemical precipitation process (Chemical Precipitation, n.d.) 

 

1.3.3 Coagulation and Flocculation 

Colloidal solution including particle size ranging from 2 to 500 nm is a heterogeneous 

mixture. Figure 4 shows particle size of different colloidal solutions. 
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Figure 4. Particle size of colloidal solution (Particle Size of Colloidal Solution, n.d.) 

 

Coagulation and flocculation can be applied based on physical and electrostatic interaction 

between colloidal particles. Coagulants-flocculants are used to achieve the produce large 

size agglomerates in the impurity including wastewaters. The coagulants contribute to the 

ultra-fine materials in solution to agglomerate together into large particles called flocs or 

agglomerates, as shown Figure 5. 

 

 
Figure 5. Coagulation stage of colloidal materials/impurities in wastewater (Casiday et al., 1999) 
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Flocculation is a process of increasing the size of particles by slow mixing and addition of 

flocculants mostly synthetic large molecular weight polymers. Figure 6 shows coagulation 

and flocculation processes. The most commonly used coagulants are aluminium and iron 

salts. These are aluminium sulphate, sodium aluminate, iron(3)chloride, iron(3)sulphate, 

and iron(2)sulphate. 

 

 
Figure 6. Coagulation and flocculation process (Coagulation and Flocculation Process, n.d.) 

 

1.3.4 Ultrafiltration 

Ultrafiltration is a separation process that includes using of membranes for eliminating 

suspended solids, impurities, heavy metals and macromolecules. The primary removal 

mechanism is the size separation; It is shown in Figure 7 that the pore size of ultrafiltration 

membranes is between 100 nm and 10 nm. Although the pore size of the membranes is 

prominent, the surface chemistry and electrical properties of particles or characteristic of 

the membrane may affect the clarification/removal performance (Fu & Wang, 2011; 

Gunatilake, 2015). 
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Figure 7. The pore sizes of different filtration membranes (Ultrafiltration Pore Size, n.d.) 

 

1.3.5 Reverse Osmosis 

Reverse osmosis is a separation process using pressure to force a solution through a 

membrane that retains the solute on one side and allows the pure solvent to pass to the 

other side, as shown in Figure 8. The membrane here is semipermeable, meaning it allows 

the passage of solvent but not for the metals (Fu & Wang, 2011; Gunatilake, 2015). 

 

 
Figure 8. Reverse osmosis process (Reverse Osmosis, n.d.) 
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1.3.6 Ion-Exchange 

Schematic diagram of the process given in Figure 9 is the most common applied method 

for water treatment industry. For removal of metal ions in the solution, cation or anion ion 

exchangers; commonly synthetic organic ion exchange resin is used. Ion exchange resins 

are water-insoluble solid substances which can absorb positively or negatively charged 

ions from an electrolyte solution and release other ions with the same charges into the 

solution in an equivalent amount (Fu & Wang, 2011; Gunatilake, 2015). 

 

 
Figure 9. Ion-exchange process (Ion-Exchange Process, n.d.) 

 

1.3.7 Electro-dialysis 

Electro-dialysis (Figure 10) is an electro-chemical, membrane separation process in which 

ionized species in the solution are passed through an ion exchange membrane by applying 

an electric potential. The membranes are thin sheets of plastic materials with either anionic 

or cationic characteristics (Fu & Wang, 2011; Gunatilake, 2015). 
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Figure 10. Electro-dialysis process (Electro-Dialysis Process, n.d.) 

 

These methods are not sufficiently effective at low concentrations and can be very 

expensive due to the high chemical reagent and energy requirements as well as the disposal 

problem of toxic secondary sludge (Abdolali et al., 2016). As a result, certain alternative 

low-cost, simple, and efficient methods are being researched and implemented in industry. 

Adsorption is one of these strategies. The following sections provide more information on 

adsorption. 

1.4 Adsorption 

The adhesion of dissolved substance to a solid surface in any medium by physical, 

chemical or ionic forces is called ‘adsorption’ (İpek, 2014). Adsorption may be defined, is 

a mass transfer process involving the accumulation of substances at the interface of two 

phases, such as the liquid–liquid, gas–liquid, gas–solid, or liquid–solid interface. The 

substance being adsorbed is the adsorbate and the adsorbing material is termed the 

adsorbent (De Gisi et al., 2016). In Figure 11, an adsorption phenomenon of heavy metal 

(in the form of liquid solution) by clay particle (in the form of solid) is shown (González et 

al., 2017; Mo et al., 2018). 
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Figure 11. Adsorption process of heavy metals by clay (Mo et al., 2018) 

 

Adsorption is the most preferred over other methods because of its easiness to operation, 

low-cost and simple design working flexibility, effectiveness, efficiency reuse of 

adsorbents after process and high quality purified product (Raval et al., 2016; İnce & 

Kaplan İnce, 2017; Kaur & Sharma, 2017; Mo et al., 2018). Adsorption occurs in a variety 

of ways, based on the attractive forces between the adsorbent and the adsorbate substance. 

1.4.1 Adsorption Types  

1.4.1.1 Physical Adsorption 

It is the weak Van der Waals forces that provide surface adhesion in physical adsorption. 

This type of adsorption is affected by the attraction forces between the solid surface and 

the adsorbent molecules. It does not enter the crystal lattice of the adsorbent layer and is 

insoluble but completely covers the surface. The layer adsorbed on a smooth surface is no 

more than a few molecular thicknesses. However, since the capillary condensation event 

occurs in addition to this surface adsorption in the capillaries of a porous solid, the total 

amount adsorbed increases significantly compared to flat surfaces. It is a multi-layered and 

easy to regenerate adsorption type that can occur in the low temperature range. Desorption 

is achieved by increasing the temperature or lowering the pressure. Due to its reversible 

character, the adsorbents  used in any application can be used again applying the de-

sorption process (Fırat, 2007). This property of the technique makes it economic. 
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1.4.1.2 Chemical Adsorption 

Chemical adsorption is the adsorption type which is formed by the chemical affinity of the 

adsorbed ions and the adsorbent materials. In this type adsorption, functional groups of 

both materials are responsible in adsorption. The particles bound to the surface generally 

form a covalent bond. Chemical adsorption is irreversible, monolayer and usually occurs in 

the high temperature range, and regeneration is also very difficult. The heat released during 

the adsorption is greater than the reaction temperature and the activation energy is also 

high (Fırat, 2007; Dönmez, 2006). 

1.4.1.3 Ionic Adsorption 

The electrical attraction between the adsorbent surface and the adsorbed material can be 

defined as ionic adsorption. Here, the adsorbent having opposite electric charges and the 

adsorbent surface are attracted to each other. Ions with high electrical charge and ions with 

small diameters are better adsorbed. 

No definitive distinction can be made between physical, chemical and ionic adsorption, 

these three adsorption types can be seen simultaneously or consecutively (Fırat, 2007). 

1.4.1.4 Biological Adsorption 

The ability of some kinds of inactivated or dead biomasses for binding and accumulation 

that is concentration of heavy metals in the aqueous medium can be defined as bio-

sorption.  In addition bio-sorption can be carried out even at low concentration. Biomass 

demonstrates this property by acting as an ion exchanger of biological origin. It has been 

found that the main structure responsible for this process is the cell wall of some algae, 

fungi, bacteria and other biomasses (Fırat, 2007). 

1.4.2 Factors Affecting Adsorption 

Adsorption process is influenced with application variables like surface properties; 

physical and chemical, of the adsorbent and adsorbate materials. 

 

Adsorption is affected by the physicochemical and surface properties of the adsorbent, like 

elemental composition, porosity, particle density, bulk density, surface and medium pH, 

specific surface area, functional groups present on the surface, and thermal properties. 
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Factors like electrical charges on adsorbate, size of moiety, functional groups, solubility, 

hydrophobicity/hydrophilicity, reactivity, relative affinity between the solution and the 

adsorbent, thermodynamics of the solution, and in case of organic pollutants, dissociation 

constant also affects the adsorption (Pathak et al., 2015). 

1.4.2.1 Effect of Solution pH 

pH is assessed to be the most important parameter in the adsorption process. It affects the 

solution chemistry, functional group activity on the adsorbent surface, and the composition 

of the adsorbate. As the pH varies from acidic to basic, it enhances adsorptive removal of 

cationic metals (Pathak et al., 2015). 

1.4.2.2 Effect of Contact Time  

Contact time of any adsorption process is the necessary time to reach the equilibrium of the 

system. This solid/liquid heterogeneous system is often subjected to different mass transfer 

steps. Therefore, it is necessary to determine the contact time to ensure equilibrium is 

(Pathak et al., 2015). 

1.4.2.3 Effect of Temperature 

It is well known that the temperature affects the reactions. In adsorption studies, when the 

temperature increases the mobility of the ions increases as well and as a result adsorption 

rate increased. On the other hand, viscosity of liquid medium is reduced. In researches, the 

thermodynamic parameters; enthalpy, entropy and free energy, are studied to evaluate the 

effects of the temperature on the efficiency of the adsorption experiments (Pathak et al., 

2015). 

1.4.2.4 Effect of Initial Ion Concentration 

Another factor is the initial ion concentration of adsorbate which is an important factor 

necessary to achieve the mass transfer resistance between the adsorbate and the adsorbent 

materials. Higher initial concentrations provide higher loading (Pathak et al., 2015). 

1.4.2.5 Effect of Adsorbent Dose 

The dose of adsorbent determines the extent of surface binding sites available for 

adsorption. Therefore, the percentage removal of adsorbate increases with adsorbent 

dosage. Once the equilibrium is reached, no further change in the percentage of adsorbate 

removal occurs. This shows at a given concentration that when the optimum solid/liquid 
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ratio is used, the amount of adsorbent is sufficient for the maximum removal of adsorbate 

ions from the solution. Even if more adsorbent is used, it does not affect removal (Pathak 

et al., 2015). 

1.4.2.6 Effect of Adsorbent Specific Surface Area 

Specific surface area is a significant property of solid materials, and it always increases 

when particle size of adsorbent material becomes finer. Also porous and permeable-porous 

structure adsorbent materials have higher specific surface area. If specific surface area is 

great then it provides greater binding possibility between adsorbent and adsorbate. Small 

particle size lowers the mass transfer driving force per unit area of adsorbent particles, 

which increases the uptake/saturation capacity per unit mass of adsorbent (Pathak et al., 

2015). 

1.5 Adsorbents Types for Heavy Metal Adsorption 

Activated carbon is the raw form of carbon-based organic materials with a random or 

amorphous structure. It has highly porous structure. The pores can be micro or macro 

cracks depending on the activated carbon source. Activated carbons are mainly used as 

adsorbents in different industrial applications. It can be used in water or air filtration 

system. One of the application areas is the elimination of heavy metal pollutants from 

water sources. Because of its expanded specific surface area is reasonable for great 

adsorption capacity. It is mostly used since production easiness from organic substances 

and renewable sources, reuse capacity, micro porous form and good surface reactivity 

(Raval et al., 2016). 

 

One of the most widely used adsorbents in wastewater treatment containing heavy metal 

ions is commercially active carbon. But it is expensive; the fact that they are exhausted 

after their use. Consequently, the cost of reusing the procedure is an additional expense 

(Raval et al., 2016). 

In recent years, natural or synthetic, living or non-living, cheaper, more effective, reusable 

new adsorbent materials have been investigated and tried to be used as adsorbent to 

eliminate these causes. 
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1.5.1 Natural Materials 

1.5.1.1 Chitosan 

Chitin is a natural inorganic raw material in production of chitosan which is a bio-sorbents. 

Chitin is the source of chitosan and chitosan is used mostly after than cellulose in 

application of adsorption. Molecular structure of chitosan is more important than chitin and 

takes role in the adsorption mechanism. Chitin is mainly found in the body shellfish 

exoskeleton and chitosan is obtained through alkali N-deacetylation processing of chitin. 

 

 
Figure 12. Adsorption mechanism of chitosan (Vakili et al., 2019) 

 

As it is an effective collector and adsorbent for heavy metals due to its low price and 

abundance, antibacterial property, non-toxicity, biocompatibility, biodegradability, 

macromolecular structure, hydrophilicity, cationicity, active sites, and high adsorption 

capacity (Vakili et al., 2019). The increasing need for new low-cost adsorbent sources, the 

increasing waste disposal problems, the increased cost of synthetic resins make chitosan 

one of the most attractive materials for wastewater treatment (Babel & Kurniawan, 2003). 

Figure 12 shows the schematic diagram of chitosan adsorption. 

1.5.1.2 Zeolites 

Zeolites are natural materials formed in the earth crust in a definite crystalline structure 

consisting of alumina-silicate by the association of tetrahedral molecules bonded together 

by common oxygen atoms. 
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Figure 13. Structure of zeolite (Golomeova & Zendelska, 2016) 

 

Shown in Figure 13 the micro porous structure provides a high specific surface area of the 

zeolite in which reactions can occur. Therefore, it acts ‘molecular sieve’. This feature is 

used to capture or separate gases in agriculture (e.g. ammonia) and to treat wastewater 

containing radioactive pollutants or other heavy metals (Golomeova & Zendelska, 2016). 

 

Zeolites consist of a wide variety of species such as clinoptilolite and chabazite. 

Clinoptilolite is the most abundant in nature and is readily available from more than forty 

natural zeolite species. Among the most commonly used natural zeolites, clinoptilolite is 

known with high affinity to some heavy metal ions; Pb+2, Cd+2, Zn+2, and Cu+2 (Babel & 

Kurniawan, 2003). 

1.5.1.3 Clay 

Due to certain characteristics such as high cation exchange capacity, large specific surface 

area, chemical and mechanical stability and layered structure, clays have high adsorption 

capacity for heavy metals. Because of these advantages, and easily accessible and cheap 

compared to other adsorbents (Kaur & Sharma, 2017) it is used to adsorb various 

pollutants, particularly heavy metal ions from the aqueous solutions. Montmorillonite 

behaves as a potential ionic exchanger for heavy metals because of its easy manipulation, 

high abundance, friendly and safe to the environment between natural clays (İnce & 

Kaplan İnce, 2017; Babel & Kurniawan, 2003). For this reason, some researches have been 

carried out montmorillonite type clay and others, to demonstrate the efficiency of the 
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removal of heavy metal ions such as Hg+2, Cd+2, As+3, Zn+2, Pb+2 and Al+3 from liquid 

solutions (Babel & Kurniawan, 2003). 

 

  

 
Figure 14. Structure of clay minerals and adsorption of clay minerals (Aboudi Mana et al., 2017) 

 

1.5.1.4 Peat Moss 

Peat moss is a complex soil material consisting of lignin and cellulose as main 

components. It is one of the highly porous natural adsorbents that can be used to adsorb 

some heavy metals to its structure. Peat moss is abundant and widely available and has a 

large specific surface area (> 200m2/g). Its low cost, abundant and widespread nature, 

increases the usability of this natural adsorbent (Kaur & Sharma, 2017; Babel & 

Kurniawan, 2003). 

1.5.1.5 Agricultural Wastes 

Agricultural wastes are mainly agricultural and forest biomass, such as straw, bark (Hansen 

et al., 2010), shells (Babel & Kurniawan, 2004; Hansen et al., 2010; Pino et al., 2006), 

burrs and crumbs, fruit stones (Bohli et al., 2015; Fiol et al., 2006; Hansen et al., 2010; 
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Kobya et al., 2005; Milojković et al., 2016; Yakout & Sharaf El-Deen, 2016; Calero et al., 

2018) and peels (Pathak et al., 2015), plant wastes. Plant wastes have many advantages 

including large availability, chemical stability, cheapness, fast renewable cycle, short and 

easy regeneration cycle, environment friendly and green energy. In addition, their 

structures have high porosity and large specific surface area, which makes them  easier to 

physically adsorb heavy metal ions such as Ni+2, Cu+2, Hg+2, Cd+2, As+3, Zn+2, Pb+2 and 

Al+3. Agricultural wastes mainly contain cellulose, lignin, and hemi-cellulose in their 

structures (Mo et al., 2018; Tripathi & Rawat Ranjan, 2015). 

1.5.2 Industrial Wastes 

1.5.2.1 Fly Ash 

Fly ash is a disposal product of coal-burning thermal power plants. Fly ash is considered as 

an economical alternative to other conventional adsorbent materials such as carbon and 

resins-based adsorbents because it is easily accessible and inexpensive (S. Wang et al., 

2007). 

 

The chemical composition and surface appearance of the fly ash depends on the initial 

source (coal type), the combustion process and the combustion equipment (furnace 

type).The main components of fly ash are alumina, silica, ferric oxide and calcium oxide 

(Ayala et al., 1998). Fly ash is used in wastewater applications due to its suitable chemical 

composition, low price and good adsorbent capacity (porous structure, sufficient specific 

surface area and proper particle size distribution) (Visa et al., 2012). 

1.5.2.2 Sludge and Slag 

Electroplating industry produces a waste material called as sludge which is a dried form of 

the waste material. It is also obtained from integrated iron and steel industries (De Gisi et 

al., 2016). It is formed via precipitation process of metal ions in wastewater with calcium 

hydroxide chemicals. Sludge contains both insoluble metal hydroxides and other salts 

(Ahmaruzzaman, 2011). 

 

Blast and electric arc furnace slags, which are discarded after metal production in 

integrated iron and steel plants, are another low-cost waste material that can be employed 
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as an adsorbent. This product can be used for wastewater treatment in terms of its capacity 

to adsorb heavy metals (Ahmaruzzaman, 2011). 

1.5.2.3 Saw Dust 

Sawdust is a by-product from the wood industry. It contains cellulose, lignin and 

hemicelluloses together with polyphenolic groups. These organic structures in sawdust 

bind heavy metals to itself and therefore sawdust is used to eliminate the heavy metals 

from wastewaters (Kaur & Sharma, 2017). 

1.5.3 Bio-sorption 

Bio-sorption term can be defined as the ability of biological materials, to accumulate heavy 

metals from wastewater via metabolically mediated or physico-chemical uptake routes 

(Salman et al., 2014). 

 

Bio-sorbents can be obtained from following sources such as; 

1. Non-living biomass like lignin, shrimp, krill, squid, and crab shell. 

2. Algae biomass. 

3. Microbial biomass like bacteria, fungi, and yeasts (Kaur & Sharma, 2017). 

Bio-sorption has been used as an alternative technology for removing heavy metals 

from wastewaters (Begum et al., 2015). 

1.6 Heavy Metal Found in Wastewater and Their Properties 

1.6.1 Cadmium 

Cadmium is one of the elements in the periodic table with the symbol Cd and atomic 

number 48. Cd is a shiny, silvery-white, ductile, malleable metal and is soft enough to be 

cut with a knife. Cadmium and its compounds are highly toxic; Table 2 shows the toxic 

effects of cadmium. 

 

Cadmium is mostly used in electrolytic coating since it is more resistant to atmospheric, 

alkali and salt water corrosion than zinc. In addition, various cadmium compounds are 

used in the production of other cadmium compounds, in photography, galvanoplasty, 

batteries, cotton dyeing, lithography, to give reddish yellow colour to glass, in porcelain 

works, in luminescence powders, as antiseptic and pigment (İpek, 2014). 
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Cadmium can be released from cadmium-using industries; therefore cadmium including 

industrial processing wastes in both solid and liquid media should be cleaned before 

storage in stock areas. 

1.6.2 Lead 

Lead is one of the elements in the periodic table with the symbol Pb and atomic number 

82. It is a soft, heavy, toxic and easily malleable metal. It is the one with the highest atomic 

number among the stable elements. Electrical conductivity is low. Due to its corrosion 

resistance, it is used for the storage of corrosive liquids (e.g. sulphuric acid). 

 

The main uses of lead are; automotive and machinery manufacturing industry (accumulator 

and automobile, various machinery and equipment production), construction (coating, lead 

pipe, installation material, lead wool making), defence industry (as an alloy for the 

production of bullets and various weapons and equipment), packaging industry (in the 

production of package seal lead, various packaging materials), printing (in the production 

of printing letters and mold making), chemical industry (lead oxide, lead chromate, basic 

chromate, superstructure, powder lead grease, lead borosilicate production), other (acid-

resistant in-house coatings, anti-vibration blocks, X-ray protection devices, as solder, as 

anode, for hunting scattering). 

 

Lead is a highly toxic metal that enters biological systems by mixing air, water and soil, 

breathing and nutrients and shows the toxic effects given in Table 2. Undesirable 

concentrations of lead pollution are also found in lead mines and metal industries, battery 

and battery factories, oil refineries, paint industry and explosive industry wastewater. 5.66 

mg/L in battery factory waste water, 0.02-2.5 mg/L in acidic mine drainage, 125-150 mg/L 

organic and 66-85 mg/L inorganic lead pollution in factory wastewater producing 

tetraethyl lead (Fırat, 2007). 

1.6.3 Zinc 

Zinc is a hard and brittle metal in blue-white appearance. Zinc is a metal with an atomic 

number 30, symbol Zn, which is fragile at room temperature but can be forged and drawn 

at 100-150 °C. 
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The main uses of zinc are galvanizing of pipes and conveying lines (55-60%), production 

of brass (15-20%), zinc plate production (3%), zinc oxide production and tire industry (8-

10%), battery manufacturing (3%), zinc alloy, die casting industry (6-7%), textile, ceramic 

industry, and chemical industry. 

 

Zinc also; as a fundamental element for the human-body, zinc is used in the preparation of 

vitamins, as a key component of many enzymes, in the structure of insulin hormone and in 

the reproductive system. 

 

Zinc is a basic metal in terms of nutrition. Inadequate health problems occur as a result. 

Poisoning due to excessive zinc intake is not common, but the toxic effects that may occur 

in case of excessive intake are given in Table 2 (Ayten, 2006; Bolatkhan, 2009). 

1.6.4 Arsenic 

Arsenic is an element with symbol As, and atomic number 33. In the earth crust it usually 

combines with sulphur and metals, and also it can be found as a single element. 

 

Common usage areas of arsenic; mining activities, fossil fuel combustion, pesticide 

production, ceramics, cement, cosmetics, paint, leather, paper industries and animal feed 

additives. Also, arsenic and its compounds are used in wood preservatives, glass 

manufacturing, electronics, catalysts, alloys, feed additives and it is also widely used in 

veterinary chemicals (Rahman, 2017).  

Humans may be exposed to arsenic element via inhalation, feeding and drinking water. 

 

The most dangerous form of arsenic to human health is its inorganic forms which are 

arsenite and arsenate. In addition to the toxic effects given in Table 2, long-term exposure 

can cause skin lesions, internal cancers, neurological problems, lung disease, peripheral 

vascular disease, hypertension and cardiovascular disease, and diabetes mellitus 

(Jaishankar et al., 2014). 

1.6.5 Copper 

Copper is the best electrical conductor after silver, its symbol is Cu and its atomic number 

is 29. It is mostly found in nature as oxide, carbonate and sulphur minerals. Copper is a 
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metal that can be shaped by hammering, is resistant to shrinkage, has no magnetic 

susceptibility, and has high electrical and thermal conductivity. 

 

Besides the use of copper as a conductor; in the coating of ship hulls, in the production of 

printing plates in printing, water pipe, hot water serpentine pipes, thermo siphon, L.P.G. It 

is widely used in making gas pipes, household items and ornaments. 

 

Copper is an essential element for biological systems. In case of insufficiency; (anemia), 

malnutrition, and Menke syndrome occur. In case of excess, it causes health problems such 

as Wilson's cirrhosis, concentration disorder, loss of appetite, other than those mentioned 

in Table 2 (Ayten, 2006). 

1.6.6 Mercury 

With an atomic number of 80, mercury is another heavy metal element with the symbol of 

Hg. Mercury can be found in the earth crust in three different combinations with other 

elements mainly sulphur. Mercury can be found as elemental, inorganic and organic forms 

in nature. The elemental form of mercury is liquid at room temperature. 

 

Mercury metal has toxic characteristic for both humans and the environment. It can 

accumulate in the body of humans and other living things. The toxic effects of mercury are 

given in Table 2 (Öngül Bülbül, 2019). 

1.6.7 Chromium 

Chromium is an element with symbol Cr and atomic number 24. Chromium is found in 

nature in oxidation stages ranging from +2 to +6 and in the form of Cr+3 oxides, 

hydroxides and sulphates. The most common forms are Cr+3 and Cr+6.  Although 

hexavalent chromium is soluble in water; trivalent chromium is insoluble in water both 

forms are toxic to living things and the toxic effects of Cr are given in Table 2 (Jaishankar 

et al., 2014). 

 

Chromium is used in industries such as metallurgy, paper and cellulose, organic chemical, 

petro-chemistry, chemical fertilizers, iron and steel foundry, metal, textile, leather tanning, 

and electroplating (Doğu, 2019). 
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1.6.8 Nickel 

Nickel with atomic number 28, and symbol ‘Ni’ is one of the heavy metals that cause 

pollution in water. Nickel, which is found in nature as sulphur, silicate and arsenide 

minerals, is hard and silvery heavy metal.  

 

Nickel is mostly used as an alloy. Widely used in plating, Ni is used in the electrolytic 

coating of alloys made of steel, copper and aluminium, especially in automobile machinery 

and components, in the construction of marine tools. Among the alloys, the most widely 

used in industry is stainless steel. Stainless steel, which contains an alloy of iron and 

chromium, contains 35% nickel. It is also used as a cathode in nickel-cadmium batteries, to 

give green colour to glass, in magnets and coins. 

 

It is known that nickel, which has a permissible limit value of 20 µg/L in drinking and 

potable water, causes health problems indicated in Table 2 when it is taken into the body 

through the skin, inhalation and food above this value (İpek, 2014). 

1.7 Objective of the Thesis 

Recently, researchers have been investigating to obtain cheaper, more abundant, and more 

effective alternative adsorbents for waste water treatment due to the high price of activated 

carbon used in the industry (Babel & Kurniawan, 2003; Babel & Kurniawan, 2004; 

Hegazi, 2013; De Gisi et al., 2016; Raval et al.,2016). 

 

This study aims to investigate the removal of Zn+2, Cd+2, and Pb+2 heavy metal ions from a 

synthetically prepared wastewaters using coconut shell, olive stone, walnut shell, and their 

carbons after a carbonization process as adsorbent. 

 

The effects of adsorbent type, contact time, adsorbent dose, and initial ion concentration on 

the % adsorption of adsorbents (% removal of metals) have been examined comparatively. 

This study searched the answers to the following questions; 
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 How did the contact time affect the adsorption of adsorbents? 

 How did the adsorbent dose affect the adsorption of the adsorbents? 

 How did the initial ion concentration affect the adsorption of the 

adsorbents? 

 Which heavy metal had the highest percentage of removal efficiency? 

 Which adsorbent had the best percentage of removal efficiency? 
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2. LITERATURE SURVEY 

The removal of Hg+2, Pb+2, Cd+2, Ni+2, and Cu+2 ions from industrial wastewater by the 

coir pith carbon as an adsorbent by activating chemical method has been studied by 

Kadirvelu, Thamaraiselvi, and Namasivayam (2001).The removal of heavy metals from 

industrial wastewater has shown that the success of experiments varies depending on the 

composition and pH of the solution. As a result of this study, it was demonstrated that the 

coal obtained from coir pith was economical for heavy metal adsorption (Kadirvelu et al., 

2001). 

 

In 2002, Al-Rub, Kandah, and Al-Dabaybeh in their study using sheep manure waste as the 

adsorbent for removing of Ni+2 ions from aqueous solution, contact time, initial pH, the 

amount of adsorbent, adsorbent particle size, initial concentration of Ni+2 ions, salt and 

chelate agent on the effects of Ni+2 ions elimination had been studied. This study showed 

that sheep manure waste had a high affinity for Ni+2 binding (Al-Rub et al., 2002). 

 

In the study of Igwe, Ogunewe, and Abia (2005), the competitive adsorption of Zn+2, Cd+2, 

Pb+2 metal ions from aqueous and non-aqueous solutions was investigated using modified 

and unmodified maize cobs and husks. According to this; the highest adsorption with 

unmodified adsorbents Zn+2 ions at the concentration of 495.9 mg/g was obtained. As a 

result of Igwe, Ogunewe, and Abia 2005 study, it was showed that the presence of other 

heavy metals and chemicals as a design parameter in the treatment and management of 

heavy metal pollutants using cellulosic materials affects adsorption (Igwe et al., 2005). 

 

In 2005, Kobya et al. in their study after the carbonization of apricot stone and activated 

with sulphuric acid as adsorbents, they investigated the removal of Ni+2, Co+2, Cd+2, Cu+2, 

Pb+2, Cr+3 and Cr+6 ions by adsorption method from aqueous solutions with these 

adsorbents. According to the study, the highest adsorption was observed around pH 1.0-2.0 

for Cr+6 and pH 3.0-6.0 for the remaining metal ions. As a result of this study, Kobya et al. 

showed that adsorption of ions was related to solution pH value (Kobya et al., 2005). 
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The bio-sorption capacity of cadmium was studied with using green coconut shell powder 

as adsorbent by Pino et al. in 2006. In this study, the effects of pH and metal ion 

concentration on adsorption capacity were investigated and the results were evaluated for 

Freundlich and Langmuir adsorption isotherm models. Also the kinetic of Cd+2 bio-

sorption was investigated. Pino et al. (2006) applied to data the pseudo first-order and 

pseudo second-order kinetic models and observed that the most suitable model is pseudo 

second-order kinetic model (Pino et al., 2006). 

 

Fiol et al. (2006) studied the adsorption of Pb+2, Ni+2, Cu+2 and Cd+2 ions from aqueous 

solutions using olive stone waste as an adsorbent. The effects of contact time, solution pH, 

ionic medium and initial metal concentration on metal adsorption were studied and the 

highest metal adsorption was found to be around 5.5-6.0 pH and increasing ionic strength 

concentration caused a decrease in metal removal. Their kinetic studies showed that initial 

uptake was rapid and that all metals examined were equilibrated in 1 hour and the data 

followed the pseudo-second order reaction. Also for single metal systems in the study, 

Freundlich model has been found to provide the best correlation. According to the results 

of this study, it was concluded that olive stone waste, which is a low-cost adsorbent, is 

suitable for heavy metal adsorption (Fiol et al., 2006). 

 

In 2007, Amarasinghe and Williams examined the adsorption of Cu+2 and Pb+2 ions from 

aqueous solutions using tea wastes as adsorbent, using variable parameters such as 

adsorbent dose, initial metal ion concentration, solution pH, adsorbent particle size. In this 

study, to determine the factor affecting adsorption and kinetics and to investigate practical 

applicability, they performed batch and fixed bed column experiments. They observed the 

higher adsorption rate and capacity for smaller particle sizes and the highest metal 

adsorption was around at pH 5.0-6.0. The results of this study showed that tea waste is a 

better adsorbent for metal removal compared to other low-cost absorbents (Amarasinghe & 

Williams, 2007). 

 

The adsorption of Cd+2 with different parameters from aqueous solutions by using 

sugarcane bagasse, maize corncob and jatropha oil cake was investigated by Garg et al. 

(2008). The initial metal ion concentration, pH and adsorbent dose were used as 

experiment parameters. They found that the highest adsorption capacity belongs to JOC 
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with 99.5% and the maximum metal removal was observed at pH 6.0. Additionally they 

investigated number and position of the functional groups of adsorbents with FT-IR 

spectrum (Garg et al., 2008). 

 

The removal of Cu+2 ions from aqueous solutions with using potato shell charcoal as an 

adsorbent have been examined by Aman et al. in 2008. In this study, they investigated the 

effects of various parameters such as temperature, pH and solid-liquid ratios. They carried 

out kinetic and isotherm studies by studying the effects of those mentioned parameters. 

They observed that for Cu+2 adsorption, the optimum pH value was 6.0 (Aman et al., 

2008). 

 

Hansen et al. (2010) investigated Cu+2 adsorption capacity, kinetics and isotherms of 

different low-cost residual agricultural materials in their study. They used seven different 

materials: peanut shells, nut shells, plum seeds, eucalyptus barks, olive pips, peach stones 

and pine sawdust as adsorbents. The best adsorption results were obtained at acidic pH for 

olive pips, peach stones and pine sawdust (Hansen et al., 2010). 

 

In 2010, the removal of Cd+2 ions from aqueous solutions using bamboo charcoal as 

adsorbent according to interaction time, pH value, initial metal concentration, and 

adsorbent dose parameters have been investigated by Wang et al.. This study showed that 

the adsorption of Cd+2 ions was rapid at first but reached equilibrium within 6 hours and 

high pH (≥8.0) was suitable for adsorption and removal of Cd+2 ions. Consequently, this 

study demonstrated that bamboo charcoal could be used to remove Cd+2  ions from 

wastewater (F. Y. Wang et al., 2010). 

 

The removal of Cr+6 from aqueous solutions by producing activated carbon from peach 

stone and acrylonitriledivinylbenzene copolymer as an adsorbent have been investigated by 

Durano et al. (2010). As a result of the study, the highest adsorption capacity was reached 

at pH 2.0 and the adsorption performance of the produced peach coals was found to be 

close to the commonly used coal performance, and the acceptability of the use of peach 

stones coal as an adsorbent for the removal of Cr+6 from aqueous solutions was 

demonstrated (Duranoĝlu et al., 2010). 
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Moodley et al., in their study in 2011, studied the adsorption capacity of Ni+2 element 

according to pH, adsorbent dose and heavy metal initial concentration using pine sawdust, 

which are low-cost adsorbent from nickel and other heavy metal-containing wastewaters. 

As a result of the study showed that the use of pine sawdust is capable of separating Ni ion 

from multi-component aqueous solutions (Moodley et al., 2011). 

 

Hegazi (2013) examined the removal of heavy metal from galvanic industry wastewater by 

using rice husk and fly ash as adsorbent depending on the adsorbent dose, contact time and 

pH. According to this study; fly ash was effective for Cd+2 and Cu+2 adsorption, the contact 

time required for the highest adsorption was 2 hours and the pH range for the highest 

heavy metal adsorption was between 6.0, and 7.0 (Hegazi, 2013). 

 

In 2014, Murathan et al. examined the removal of Cd+2 pollution in water with adsorption 

on packed adsorption columns using oak valonia and horse chestnut as adsorbents. As a 

result of the study, oak valonia was found to have adsorption capacity of 26.32 mg Cd+2 / g 

adsorbent and horse chestnut 14.59 mg Cd+2 / g adsorbent. It has shown that the highest 

adsorption capacity belongs to oak valonia with 40.24 mg Cd+2  / g adsorbent (Murathan & 

Koçyiğit, 2014). 

 

The removal of Cd+2, Cr+3 and Zn+2 ions from aqueous solutions using different fruit 

cortexes (banana, kiwi, tangerine) as adsorbents has been investigated by Al-Qahtani 

(2015). By examining the effects of initial concentration, pH, adsorbent dose and contact 

time on adsorption capacity, experiments showed that natural adsorbent can effectively 

remove impurities from wastewater (Al-Qahtani, 2015). 
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3. MATERIALS AND METHODS 

3.1 Preparation of Adsorbents 

In this study, three natural organic agricultural waste materials, namely, coconut shells, 

olive stones, walnut shells, and their carbonized products are selected as adsorbent materials 

for removal of Zn+2, Cd+2, and Pb+2 ions from synthetically prepared wastewater to 

determine their suitability for using them as adsorbent materials for the mentioned heavy 

metals. Coconut shell was intentionally selected in this study since it is mostly used in 

researches in the literature (Chandana et al., 2018; Abdul Rahim et al., 2020; 

Packialakshmi et al., 2021; James & Yadav, 2021), and in industry with the purpose of 

activated carbon adsorption in gold cyanidation, water treatment, air and gas treatment, 

chemical and food industry. Therefore performances of the other selected two adsorbent’s 

can be compared with its performance. 

 

Those three adsorbents were obtained from an operating industrial plant in which 

commercial charcoal and hookah charcoal are produced for the local market. And also the 

carbonized products of those three adsorbent materials were also obtained from the above-

mentioned plant. In plant, the raw materials are converted to their carbonized products by 

burning under suitable conditions; close atmosphere and pressure, in an industrial furnace. 

 

After carbonization process the structures of organic materials are affected and their 

porosity can be changed. Therefore, the carbonized products of the tested adsorbent 

materials were also used in the heavy metal adsorption experiments in the present study. 

 

The photos of the adsorbent materials used in the experiments are shown in Figure 15. 
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Figure 15. Raw materials used as adsorbent in the experiments; A) Coconut shell, B) Olive stone C) 
Walnut shell D) Coconut shell carbonized product E) Olive stone carbonized product F) Walnut shell 
carbonized product 

 

Since the raw materials are not suitable to directly use in the adsorption experiments 

because of their particle sizes, they were crushed and ground to get suitable particle sizes. 

The crushing was carried out using a laboratory scale jaw crusher (Figure 16), and the 

grinding was carried out using a laboratory scale Retsch ZM 200 brand centrifugal 

grinder/mill (Figure 17). 

 

Ground raw materials were sieved with Retsch brand laboratory scale sieves 200 mm in 

diameter and Retsch brand laboratory scale sieve shaker (Figure 18). At the end of the 

sieving, the particle size in the range of -1000 μm + 850 μm was chosen to be used in the 

adsorption experiments. 

 

After screening, the photos of the adsorbent materials used in the experiments are shown in 

Figure 19. 

A B C 

E F D 
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Figure 16. Jaw crusher used for crushing the 
adsorbent materials 

 

 
Figure 17. Centrifugal grinder used for 
grinding the adsorbent materials 

 

Figure 18. Retch brand sieves (left) and sieve shaker (right) used to screen the ground adsorbent 
materials 
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Figure 19. Desired particle size of adsorbent materials used in the experiments; A) Coconut shell, B) 
Olive stone C) Walnut shell D) Coconut shell carbonized product E) Olive stone carbonized product F) 
Walnut shell carbonized product 

 

3.2 Examination of Micro Images of Adsorbents 

Microstructures of coconut shell, olive stone, walnut shell and their carbonized product 

used as adsorbent were coated with gold and analysed with Scanning Electron Microscopy 

(SEM) technique. FEI brand Quanta 650 Field Emission model SEM device was used. 

These analyses were carried out in Cukurova University Central Research Laboratory. 

SEM was performed at 500X, 1000X, and 2000X magnification levels to observe the 

porous structure of the adsorbents. 

The micro images obtained for coconut shell, olive stone, walnut shell and their carbonized 

product used as adsorbent were given in the following section. They were comparatively 

examined and their differences from each other were discussed. 

A B C 

E F D
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3.2.1 Micro Images of Coconut Shell and Coconut Shell Carbonized Product 

SEM images of coconut shell and coconut shell carbonized product taken at different 

magnification levels were illustrated in Figure 20. 

 

 

 
Figure 20. SEM images of coconut shell and coconut shell carbonized product; A)500X, B)1000X, 
C)2000X magnification levels belong to coconut shell at left column and D)1000X, E)2000X 
magnification levels belong to coconut shell carbonized product at right column. 

 

When the micro images of mentioned adsorbent are examined, it can be seen obviously 

that the surface of coconut shell have less porous structures than its carbonized products. 

Obtained results in this study were also found in the literature (Claoston et al., 2014; Abdul 

Rahim et al., 2020). They reported that when the organic matters are carbonized they reach 

at a higher porous structure with the removal of volatile substances after the carbonization 

B 

A 

C E 

D 
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process. This can be seen from Figure 20 that, the carbonized products have higher porous 

structures, pores are well distributed, and the numbers of the pores are also much higher. 

 

3.2.2 Micro Images of Olive Stone and Olive Stone Carbonized Product 

SEM images of olive stone and olive stone carbonized-product taken at different 

magnification levels were illustrated in Figure 21. 

 

 

 

 
Figure 21. SEM images of olive stone and olive stone carbonized product; A)500X, B)1000X, C)2000X 
magnification levels belong to olive stone at left column and D)500X, E)1000X, F)2000X magnification 
levels belong to olive stone carbonized product at right column. 

 

A 

E B 

D 

C F 
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It was again determined that the olive stone has also little porous structure as seen in 

Figure 21 A, B, C. However, after carbonization process, it was observed in Figure 21 D, 

E, F that the number of pores in the structure increased as happened in the coconut shell 

carbonized products. It was found that the shapes of the pores are large and small 

longitudinally circular. 

 

3.2.3 Micro Images of Walnut Shell and Walnut Shell Carbonized Product 

SEM images of walnut shell and walnut shell carbonized product taken at different 

magnification levels were illustrated in Figure 22. 

 

Figure 22. SEM images of walnut shell and walnut shell carbonized product; A)1000X, B)2000X, 
magnification levels belong to walnut shell at left column and C)1000X D)2000X magnification levels 
belong to walnut shell carbonized product at right column 

 

In Figure 22, as with other previous adsorbents, it was observed that more porous 

structures due to carbonization process which is responsible for the removal of volatile 

compounds in the walnut shell structure. When these porous structures were examined, it 

was found that the shapes of those pores are more round or circular when compared the 

A 

D B 

C 
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previous pores found in olive stone carbonized product. And the sizes of the pores of 

walnut shell carbonized product are greater and the numbers of the pores are less when 

compared to the olive stone carbonized product.  

 

3.3 Comparison of the Micro Images of Adsorbents 

In order to compare the micro structures of all three tested adsorbent in this study, their 

micro photos were given side by side in Figure 23. Their micro photos taken at 2000X 

magnification levels were given and examined comparatively. 

  

 
Figure 23. SEM images of adsorbents A) Coconut shell B) Olive stone C)Walnut shell D) Coconut shell 
carbonized product E) Olive stone carbonized product F) Walnut shell carbonized product 

 

After the examination of the adsorbents it was found that, the structures and the surfaces of 

both untreated adsorbents and carbonized products adsorbents were different than each 

other.  

When the untreated adsorbents were compared with each other, olive stone was found to 

have the more porous structures than others (Figure 23 A, B and C). 

 

When the carbonized products adsorbents were compared with each other, olive stone 

carbonized product was found to have the most porous structure as seen Figure 23 E. The 

other adsorbents (Figure 23 F and D) namely walnut shell carbonized products and coconut 

shell carbonized products followed the olive stone carbonized products for the porous 

structure, respectively.  

A B C 

E F D 



41 
 

As said before here and in the literature, carbonization process removes the potential 

volatile components in the organic material structure, and after separation of volatile 

matters the material structure here adsorbents can have a more porous structure. As a 

result, their specific surface areas are increased and this type of materials can be used for 

the previous mentioned purposes. These findings were also observed in this micro photos 

examination and it is expected that the specific surface areas of the tested adsorbents 

increased (Figure 23 D, E, F). 

 

The preparation of chemicals used to prepare heavy metal stock solution is explained 

below and then adsorption tests have been carried out. 

 

3.4 Chemicals Used to Prepare Heavy Metal Stock Solution 

The synthetic stock solution used in this study was prepared as a mixture using Honeywell 

brand analytical reagent grade of Lead (II) nitrate (Pb(NO3)2), Cadmium Nitrate 

Tetrahydrate (Cd(NO3)2.4H2O), and Fisher Scientific brand analytical grade of Zinc Nitrate 

Hexahydrate (Zn(NO3)2.6H2O), in distilled water. 

 

3.5 Procedure 

Adsorption experiments were carried out applying the batch system. In the experiment, to 

prepare the 1000 ppm Zn+2 stock solution, 2275.9 mg Zn(NO3)2.6H2O is first dissolved in 

distilled water in a beaker and then transferred to a 500 mL flask, to prepare  the 1000 ppm 

Cd+2 stock solution, 1370.1 mg Cd(NO3)2.4H2O is first dissolved in distilled water in a 

beaker and then transferred to a 500 mL flask, to prepare the 1000 ppm Pb+2 stock solution, 

800.8 mg Pb(NO3)2 is first dissolved in distilled water in a beaker and then transferred to a 

500 mL flask, and the mix solutions at the desired concentrations (50ppm, 100ppm, 

200ppm) were prepared by dilution from the stock solution, respectively. 

 

Adsorption was carried out in 100 mL erlenmeyer using IKA KS 4000 ic control shaker 

(Figure 24) at room temperature (25 ±2 °C). 
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Figure 24. IKA KS 4000 ic control shaker 
 

At the end of the adsorption processes, the liquid phase was taken from the samples and 

filtered with Macherey-Nagel brand 110mm diameter pore width 7-12 µm filter paper. The 

ion concentrations in the solutions were determined using the Perkin Elmer PinAAcle 

900H brand Atomic Absorption Spectrometer (AAS) at Mining Engineering Department, 

Çukurova University (Figure 25). AAS analyses were carried out repeatedly and mean 

values were taken. The adsorption of Zn+2, Cd+2, Pb+2 ions using coconut shell, olive stone, 

walnut shell, and their carbonized products were examined according to contact time, 

adsorbent dose and initial concentration variables. From the results, the removal 

percentages of Zn+2, Cd+2, and Pb+2 ions were calculated. These values are calculated using 

the following equation. 

 

%Removal	Efficiency ൌ
݅ܥ െ ݂ܥ
݅ܥ

∗ 100 

 

Ci = Initial concentration of metal in the solution 

Cf = Final concentration of metal in the solution after adsorption process 
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Figure 25.  Perkin Elmer brand PinAAcle 900H model AAS used to determine the heavy metal ion 

concentrations. 

 

3.6 Independent and dependent variables 

The particle size of the different adsorbent materials was kept as constant to be -1000 μm 

+850 μm, the adsorption temperature was kept constant 25 ±2 °C, and the medium pH was 

measured with Hanna HI2211 brand pH meter and was kept between 5.0 and 6.0 for all the 

heavy metal adsorption experiments. Those values were selected and determined according 

to the results of the previous completed researches published in the related literature. 

 

The effect of adsorbent type, contact time, adsorbent dose, and initial ion concentration 

were selected as independent variables in the heavy metal adsorption experiments. And the 

heavy metal removal percentages, namely Zn+2, Cd+2, and Pb+2 removals, were selected as 

dependent variables. 
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4. RESULT AND DISCUSSION 

4.1 Zn+2, Cd+2, and Pb+2 Adsorption Experiments 

4.1.1 Effect of Contact Time 

The effects of contact time on the adsorption of Zn+2, Cd+2, and Pb+2 ions from waste water 

using coconut shell, olive stone, walnut shell and their carbonized products were 

investigated. 

 

A certain amount of per adsorbents was taken and mixed with 100 mL 100 ppm Zn+2, 

Cd+2, and Pb+2 mixture solution at room temperature for 30, 60 and 180 min with IKA KS 

4000 ic control shaker at 180 rpm (Figure 24). At the end of the adsorption experiment 

periods, samples were taken and filtered with a Macherey-Nagel brand with a pore opening 

of 7-12 µm filter paper, and the concentrations of Zn+2, Cd+2, and Pb+2 remaining in the 

filtrate were determined by AAS. 

 

The results of the removal of Zn+2, Cd+2, and Pb+2 ions were given below respectively. 

 

In Figure 26, 27, and 28; removal percentages of Zn+2 ions verse the contact time were 

plotted. 
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Figure 26.  Zn+2 ion uptake by coconut shell and coconut shell carbonized product as a function of 

contact time 
 

It can be seen in Figure 26, 27, and 28 that the removal of Zn+2 ions was increased 

depended on contact time for all the adsorbent types. The better performed adsorbent ones 

are walnut shell, coconut shell and olive stone, respectively. 

 

 
Figure 27.  Zn+2 ion uptake by olive stone and olive stone carbonized product as a function of contact 

time 
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Figure 28.  Zn+2 ion uptake by walnut shell and walnut shell carbonized product as a function of 

contact time 
 

Performances of their carbonized products were found to be better for the removal of Zn+2 

ions from solution. As seen in previous studies, the carbonization process increased the 

surface area of the adsorbent as it removed the volatile components (Gündoğdu, 2010; 

Abdul Rahim et al., 2020). Olive stone carbonized products and walnut shell carbonized 

products were performed almost same and they were found to be better adsorbents than 

coconut shell carbonized products for the removal of Zn+2 ions from solution. The 

performances of the other adsorbents namely coconut shell, olive stone and walnut shell 

were lower than their carbonized products. And the descending order of them was found to 

be walnut shell, coconut shell and olive stone, respectively. For Zn+2 ion, it was observed 

that the best adsorbent is olive stone carbonized products. 

 

Removal percentages of Cd+2 ions from wastewater were presented as a function of contact 

time in Figure 29, 30, and 31. 
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Figure 29.  Cd+2 ion uptake by coconut shell and coconut shell carbonized product as a function of 

contact time 
 

It can be seen from Figure 29, 30, and 31 the removal for Cd+2 ions increased regularly 

when the contact time increased. For the removal of Cd+2 ions from the solution, the better 

performed adsorbent ones among the untreated adsorbents are olive stone, coconut shell, 

and walnut shell, respectively. 

 

 
Figure 30.  Cd+2 ion uptake by olive stone and olive stone carbonized product as a function of contact 

time 
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Figure 31.  Cd+2 ion uptake by walnut shell and walnut shell carbonized-product as a function of 

contact time 
 

Performances of their carbonized products were found to be better than their untreated 

natural form for the removal of Cd+2 ions from the solution. It was observed that the best 

adsorbent for Cd+2 is olive stone carbonized product. The second good adsorbent was 

walnut shell and the last one was coconut shell carbonized product. For instance, when the 

contact time is increased from 30 min to 180 min the removal of Cd+2 ions increased from 

10.0% to 16.3% for olive stone carbonized product (Figure 30). It can be said that the 

carbonized products of the tested adsorbent almost double performed when compared to 

their untreated natural forms with the change of their structure by carbonization process. 

 

Removal percentages of Pb+2 ions verse the contact time were shown graphically in Figure 

32, 33 and 34. 
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Figure 32.  Pb+2 ion uptake by coconut shell and coconut shell carbonized product as a function of 

contact time 

 

As could be seen from Figure 32, 33, and 34, while carbonized products showed the best 

performance, untreated natural organic adsorbents remained in the background. Good 

performers among these adsorbents are walnut shell, olive stone, and coconut shell, 

respectively. For Pb+2 ion, it was observed that the best adsorbent is olive stone carbonized 

products. 
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Figure 33.  Pb+2 ion uptake by olive stone and olive stone carbonized product as a function of contact 

time 

 

It is observed that the removal of Pb+2 ions with the use of olive stone carbonized product is 

dramatically higher compared to others. This is most probably due to the high pore 

structure, found and shown in Figure 21 D, E, and F of the olive stone carbonized product. 

Besides is explained by researchers that the reason of the behind of this phenomenon is the 

smaller hydration energy and hydration radius of the lead ion (Colella, 1996; 

Mobasherpour et al., 2012; Golomeova & Zendelska, 2016). Therefore, the adsorption of 

Pb+2 ions is expected to be better than other ions. 
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Figure 34.  Pb+2 ion uptake by olive stone and olive stone carbonized product as a function of contact 

time 
 

According to figures above, it appears that the increase in contact time from 30 min to 180 

min for all adsorbent types significantly increases the removal per cent of Zn+2, Cd+2, and 

Pb+2 ions. 

 

When the performances for the removal of Zn+2, Cd+2, and Pb+2 ions for the untreated 

natural forms and their carbonized products of the adsorbents of all three types examined; 

the carbonized products of the adsorbents well performed for all the tested heavy metal 

types. As said before the reason for this is the porous structure due to carbonization process 

(Claoston et al., 2014; Abdul Rahim et al., 2020). Therefore, the carbonization of the all 

three type adsorbents has more and open pore structure in their physical bodies, as seen 

from SEM images (Figure 23) and the higher porosity is responsible for the higher heavy 

metal removal from the solution. 

 

According to these findings and data, while examining the effects of the other independent 

variable parameters below, the contact time was chosen constant as 180 min for the 

adsorption experiments. 
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4.1.2 Effect of Adsorbent Dose 

The effect of adsorbent dose on the adsorption of Zn+2, Cd+2, and Pb+2 ions of coconut 

shell, olive stone, walnut shell and their carbonized products were investigated and the 

results are given below. 

 

0.5, 1, and 2 g of coconut shell, olive stone, walnut shell and their carbonized products 

were taken and mixed with 100 mL, 100 ppm Zn+2, Cd+2, and Pb+2 mix solution at 180 rpm 

for 180 min at room temperature. At the end of the adsorption experiment periods, samples 

were taken and filtered with a Macherey-Nagel brand filter paper, and the concentrations 

of Zn+2, Cd+2, and Pb+2 remaining in the filtrate were determined by AAS. 

 

The removal percentages of Zn+2 ion versus the adsorbent amounts/doses of coconut shell, 

olive stone, walnut shell and their carbonized products were presented in Figure 35, 36,and 

37. 

 

 
Figure 35.  Adsorbent dose effect on Zn+2 removal by coconut shell and coconut shell carbonized 

product 

 

According to Figure 35, 36, and 37 when the adsorbent dose per 100 mL solution is 
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adsorbent types. Although, it was observed that the performances of the untreated natural 

adsorbents were almost equal to each other around 20%, the performances of their 

carbonized products were found to be better for the removal of Zn+2 ion. 

 

 
Figure 36. Adsorbent dose effect on Zn+2 removal by olive stone and olive stone carbonized product 

 

The best removal efficiency for Zn+2 ion was achieved using olive stone carbonized 

product and the removal value was increased from 27.7% to 65.4% when the adsorbent 

dose was increased from 0.5 g to 2.0 g. 
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Figure 37. Adsorbent dose effect on Zn+2 removal by walnut shell and walnut shell carbonized product 

 

In Figure 38, 39, and 40 the removal percentages of Cd+2 ion versus the adsorbent amounts 

of coconut shell, olive stone, walnut shell and their carbonized products were shown. 

 

 
Figure 38.  Adsorbent dose effect on Cd+2 removal by coconut shell and coconut shell carbonized 

product 
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It can be seen from Figure 38, 39, and 40 when the adsorbent dose was increased from 0.5 

to 2.0 g, the removal of the Cd+2 ions was also increased for all types of adsorbents. The 

removal results for the Cd+2 ions were found about same and about 10% for the untreated 

natural adsorbents. On the other hand, the performances of their carbonized products were 

found to be better for the removal of Cd+2 ions. 

 

 
Figure 39. Adsorbent dose effect on Cd+2 removal by olive stone and olive stone carbonized product 
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Figure 40. Adsorbent dose effect on Cd+2 removal by walnut shell and walnut shell carbonized product 

 
 

The best adsorbent for the removal of Cd+2 ions was found as olive stone carbonized 

product. The other better performed adsorbents were walnut shell carbonized product and 

coconut shell carbonized products following olive stone carbonized products. 

 

In Figure 41, 42, and 43; removal percentages of Pb+2 ions verse the adsorbent amounts of 

coconut shell, olive stone, walnut shell and their carbonized products were graphically 

shown. 
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Figure 41.  Adsorbent dose effect on Pb+2 removal by coconut shell and coconut shell carbonized 

product 
 

As shown in Figure 41, 42, and 43, almost similar trends on the curves are observed in 

figures of other metals for Pb+2. When the adsorbent dose was increased the removal of 

Pb+2 ions was also increased. The best Pb+2 ions removal was achieved using the olive 

stone carbonized product as adsorbent again as happened similar for the other heavy ions 

namely Zn+2 and Cd+2 ions. 

 
Figure 42. Adsorbent dose effect on Pb+2 removal by olive stone and olive stone carbonized product 
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Figure 43. Adsorbent dose effect on Pb+2 removal by walnut shell and walnut shell carbonized product 
 

The removals of Pb+2 ions were determined between about 20% and 47% when untreated 

natural coconut shell, walnut shell and olive stone shell used as adsorbent. On the other 

hand, these values were increased from 25% to 84% when their carbonized products used 

as adsorbents. 

 

According to results shown in figures above, the removal (adsorption percentage of 

adsorbents) of Zn+2, Cd+2 and Pb+2 ions increased as the amount of adsorbent increased for 

all adsorbent type. As the number of adsorption sites or specific surface area is increased 

with the amount of the adsorbent, higher metal removal percentage was achieved at higher 

doses. This result is consistent with the results obtained in the similar literature 

(Amarasinghe & Williams, 2007; Garg et al., 2008; Bansal et al., 2009; Gündoğdu, 2010). 

At the same time, it has been observed that the adsorbent carbonized products adsorb more 

Zn+2, Cd+2, and Pb+2 ions because of their high porosity structure than their untreated 

natural forms. Another result is that olive stone carbonized product is determined as the 

best adsorbent since it adsorbed the highest Zn+2, Cd+2, and Pb+2 ions. 

 

Based on these results, adsorbent dose was chosen as 2 g while examining the effect of 

initial concentration parameter below. 
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4.1.3 Effect of Initial Ion Concentration 

The effect of initial concentration of mix solution (heavy metal including synthetically 

prepared wastewater) on the adsorption of Zn+2, Cd+2, and Pb+2 ions of coconut shell, olive 

stone, walnut shell and their carbonized products were investigated. 

 

A certain amount (2 g as determined before) of coconut shell, olive stone, walnut shell and 

their carbonized products mixed with 100 mL 50-100-200 ppm of Zn+2, Cd+2, and Pb+2 mix 

solution, at 180 rpm at room temperature for optimum adsorption period (180 min as 

determined before). At the end of the adsorption experiment periods, samples were taken 

and filtered with a Macherey-Nagel brand filter paper, and the concentrations of Zn+2, 

Cd+2, and Pb+2 remaining in the filtrate were determined by AAS. 

 

In Figure 44, 45, and 46; removal percentages of Zn+2 ions verse initial heavy metal 

concentration of mix solution were shown. 

 

 
Figure 44.  Effect of initial ion concentration on Zn+2 ion removal by coconut shell and coconut shell 

corbonized product 
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Figure 45.  Effect of initial ion concentration on Zn+2 ion removal by olive stone and olive stone 

corbonized product 

 

 
Figure 46.  Effect of initial ion concentration on Zn+2 ion removal by walnut shell and walnut shell 

corbonized product 
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percentages of Zn+2 was decreased about 20% for untreated natural adsorbents and their 

carbonized products. 

 

In Figure 47, 48, and 49; removal percentages of Cd+2 ions verse the initial concentration 

of mix solution were shown graphically. 

 
Figure 47.  Effect of initial ion concentration on Cd+2 ion removal by coconut shell and coconut shell 

corbonized product 
 

 
Figure 48.  Effect of initial ion concentration on Cd+2 ion removal by olive stone and olive stone 

corbonized product 
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Figure 49.  Effect of initial ion concentration on Cd+2 ion removal by walnut shell and walnut shell 

corbonized product 

 

As could be seen from Figure 47, 48, and 49, when the initial concentration of the mixing 

solution was increased, natural untreated adsorbents and their carbonized products showed 

similar declining behaviour in the percentage of Cd+2 removal. 

 

Removal percentages of Pb+2 ions verse initial concentration of mix solution were shown 

in Figure 50, 51, and 52. 
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Figure 50. Effect of initial ion concentration on Pb+2 ion removal by coconut shell and coconut shell 

corbonized product 

 

 
Figure 51.  Effect of initial ion concentration on Pb+2 ion removal by olive stone and olive stone 

corbonized product 
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Figure 52.  Effect of initial ion concentration on Pb+2 ion removal by walnut shell and walnut shell 

corbonized product 
 

As shown in Figure 50, 51, and 52, for untreated adsorbent and their carbonized products, 

it is seen that the percentage of Pb+2 removal increases at 50 ppm, which is the initial 

concentration of the mixture solution, and the percentage of Pb+2 removal decreases when 

the initial concentration is increased to 200 ppm. 

 

In the present study, in which the amount of untreated natural adsorbent and their 

carbonized products were kept constant, as shown in the figures above, for the removal of 

Zn+2, Cd+2 and Pb+2 ions by using coconut shell, olive stone, walnut shell and their 

carbonized products, it was observed that the % removal of heavy metal ions decreased as 

the initial ion concentration increased. These results show that adsorption is affected by the 

initial concentration of metal ions. Since the ratio of surface, pores and cracks of adsorbent 

sites to total metal ions in solution is high at tested low ion concentrations, all metal ions 

can interact with the adsorbent and be removed from the solution (İpek, 2014). On the 

other hand, when the initial metal concentration is high, the suitable surface, pores and 

cracks of adsorbent is occupied with the potential heavy metal ions found in the solution. 

Therefore, decreases in metal removal are observed as the initial ion concentration 

increases. This finding is well consistent with the results published in the similar literature 

(Garg et al., 2008; Bansal et al., 2009; Gündoğdu, 2010; Al-Qahtani, 2015). 
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5. CONCLUSION 

The increase in mining activities and industrialization may cause hazardous effects for the 

environment. One of these is heavy metal pollution in underground and surface waters, 

which has a toxic effect on living things. In this study; coconut shell, olive stone, walnut 

shell, and their carbonized products as adsorbents were investigated for the removal of 

Zn+2, Cd+2, and Pb+2  ions from the synthetically prepared wastewater. Effect of adsorbent 

type, contact time, adsorbent dose, and initial ion concentration were selected as 

independent variables. Heavy metal removal percentage was selected as dependent 

variables. 

The following results were obtained from the present study. 

 

 The dose of adsorbent and the initial ion concentration were kept constant in the 

beginning experiments and the contact time was tested for different times: 30, 60 

and 180 min. The contact time which is 180 min was determined as maximum 

contact time. 

 It was found that the removal percentages of all tested heavy metal ions increased 

regularly when the contact time increased. 

 The best removal for Zn+2 ion was 27.4%, for Cd+2 ion was 16.3 %, for Pb+2 ion 

was 29.7 % and these values were provided with olive stone carbonized product. 

 The contact time and initial ion concentration were kept constant and the effect of 

the adsorbent doses on adsorption percentage was investigated and the maximum 

adsorbent dose was determined as 2.0% adsorbent amount (g)/solution volume 

(mL). 

 It was determined that when the adsorbent dose was increased the removals of 

heavy metal ions were also increased. 

 It was determined that the olive stone carbonized products have the maximum 

adsorption percentage for Zn+2, Cd+2, and Pb+2 ions (65.4%, 67.8%, and 83.7%, 

respectively). 

 The effects of the initial ion concentration on the adsorption percentage were 

investigated for 50, 100, and 200 ppm by keeping the maximum adsorbent dose 

(2.0% adsorbent amount (g)/solution volume (mL)) and contact time (180 min). 
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Results showed that the lower initial ion concentration (50 ppm) provided better 

heavy metal removal than others. These results show that adsorption is affected by 

the initial ion concentration of metal ions. Since the ratio of surface, pores and 

cracks of adsorbent sites to total metal ions in solution is high at tested low ion 

concentrations, all metal ions can interact with the adsorbent and be removed from 

the solution. 

 The performances of the carbonized products of tested adsorbents were found to be 

better than their untreated natural forms for the removal of heavy metal ions. The 

carbonization of the all three type adsorbents provides more and open pore structure 

in their physical bodies, and the higher porosity is responsible for the higher heavy 

metal removal from the solution. This was proven via micro images examination. 

 

As a result, it was concluded that the coconut shell, olive stone, walnut shell and their 

carbonized products can be used as adsorbent for the removal of heavy metal ions from 

industrial wastewaters. 

 

The best performed adsorbent for the adsorption of Zn+2, Cd+2, and Pb+2 ions among 

tested adsorbents was olive stone carbonized product. This should be investigated 

deeply in a separate research.  
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6. RECOMMENDATIONS 

 In the adsorption studies of olive stone carbonized product, the removal of different 

heavy metals or other parameters affecting the adsorption can be studied. 

 It can be studied on the recovery of heavy metal ions captured by using olive stone 

carbonized product. 

 Kinetic studies or adsorption isotherms of olive stone carbonized product can be 

studied. 
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