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ABSTRACT 
 

This study was conducted to assess the capability of three waste materials in removing pollutants from 

synthetic and real wastewater samples. Column experiments with single (egg shells, shrimp shells and coal) 

and mixed medium (egg shells and coal; shrimp shells and coal) were carried out at room temperature. The 

removal efficiencies of TSS, PO4
3-

, NH3-N, NO3-N, COD and heavy metals (Cd, Zn and Pb) were 

determined. All the waste materials showed good capability in removing heavy metals (Cd, Zn and Pb) from 

synthetic and real wastewater with removal efficiencies ranged between 90-100%. Of all the waste materials 

studied, egg shells showed the best adsorption and removal capability and this was supported by Langmuir 

adsorption studies using synthetic wastewater which revealed that egg shells had better capability in 

removing Cd (II) and Pb (II) ions compared to other waste materials. The influence of particle sizes for all 

single medium except shrimp shells was pursued and results showed that the smaller the particle size, the 

better is the removal capability of the waste materials except for the removal of COD using eggs shells. Egg 

shells with particle size 2 mm (18.67%) showed higher COD removal compared to 1 mm particle size 

(14.67%). However, statistical analysis showed that there was no significant difference in the removal by the 

two particle sizes. Waste materials also reduced the concentrations of TSS, PO4
3-

, NH3-N, NO3-N, COD and 

heavy metals in real wastewater. Results of this study showed the effectiveness and feasibility of the 

proposed waste materials as treatment medium for wastewater. 

 

Key words: waste materials, wastewater, removal, column experiment, pollutant  

 

 

 

ABSTRAK 
 

Kajian ini dijalankan untuk mengkaji keupayaan tiga jenis bahan buangan dalam menyingkirkan bahan 

pencemar daripada air kumbahan sintetik dan sebenar. Eksperimen  kolum melibatkan media tunggal (kulit 

telur, kulit udang dan arang batu) dan media campuran (kulit telur dan arang batu; kulit udang dan arang 

batu) dijalankan pada suhu bilik. Peratusan penyingkiran untuk TSS, PO4
3-

, NH3-N, NO3-N, COD dan logam 

berat (Cd, Zn dan Pb) telah ditentukan. Peratusan penyingkiran menghampiri 100% menunjukkan bahawa 

kesemua bahan buangan mempunyai kebolehan menyingkirkan logam berat (Cd, Zn dan Pb) daripada air 

kumbahan sintetik dan sebenar yang baik. Daripada kesemua bahan buangan yang digunakan, kulit telur 

menunjukkan keupayaan menyerap dan menyingkirkan bahan pencemar yang lebih baik dan ini disokong 

oleh kajian penyerapan Langmuir menggunakan air kumbahan sintetik yang turut menunjukkan bahawa kulit 

telur mempunyai daya penyingkiran ion Cd (II) dan Pb (II) yang lebih baik berbanding dengan bahan 

buangan lain. Pengaruh saiz partikel untuk kesemua media tunggal kecuali kulit udang dikaji dan keputusan 

menunjukkan bahawa semakin kecil saiz partikel, semakin baik keupayaan bahan buangan dalam 

menyingkirkan bahan pencemar kecuali untuk penyingkiran COD oleh kulit telur. Kulit telur bersaiz partikel 

2 mm (18.67%) menunjukkan penyingkiran COD yang lebih baik berbanding saiz partikel 1 mm (14.67%). 

Walaubagaimanapun, penganalisisan statistik menunujukkan bahawa tiada perbezaan di dalam 

penyingkiran oleh kedua-dua partikel saiz. Bahan buangan juga menurunkan kepekatan TSS, PO4
3-

, NH3-N, 

NO3-N, COD dan logam berat di dalam air kumbahan sebenar. Keputusan kajian ini menunjukkan 

keberkesanan dan kebolehlaksanaan bahan buangan dalam merawat air kumbahan. 

 

Kata kunci:  bahan buangan, air kumbahan,  penyingkiran, eksperimen kolum, bahan pencemar 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Introduction 

 

Increasing human population and mushrooming industries nowadays have been attributed 

to the degradation of natural bodies. This phenomenon is considered to be more serious in 

inland catchment areas due to increasing urbanization and industrial development. The 

current increase in the production and disposal of wastes has created serious wastewater 

problems (Preetha and Kumar, 2008). Therefore, because of the limited water resources, 

removing pollutants from wastewater is gaining a special significance (Kocasoy and 

Guvener, 2009). 

 

A number of treatment technologies are available to treat various types of pollutants in 

wastewater. In order to remove pollutants from wastewater, methods such as chemical 

precipitation, coagulation, ion exchange, solvent extraction, filtration, evaporation and 

reverse osmosis have been adopted (Park et al., 2007; Babel and Kurniawan, 2004). 

Generally, activated carbon, silica gel, activated alumina and ion exchange resin have 

shown higher capacity in the removal of pollutants in wastewater. However, most of these 

techniques have some limitations such as high costs, less effective, requirement for several 

pre-treatment and additional of chemicals (Kocasoy and Guvener, 2009; Park et al., 2007). 

The addition of chemicals increases the contaminants and complicates the problem of 

ultimate disposal of the wastewater (Kocasoy and Guvener, 2009). Therefore, studies have 

been carried out to find less costly and efficient treatment or technologies by using natural 

waste materials.  
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In this study, naturally available waste materials, egg shells, shrimp shells and coal were 

evaluated for their ability of these waste materials to remove pollutants from synthetic and 

domestic wastewaters. 

 

1.2 Statement of Problems 

 

Suspended substances, nutrients like phosphate and nitrate, organic load such as chemical 

oxygen demand (COD) and heavy metals are the major pollutants in rivers, lakes and also 

ponds (Ahsan et al., 2001).  Improper disposal of wastes pollute the water bodies as well. 

The recent wastewater technologies such as the use of activated carbon as commercial 

absorbent are too expensive to be adopted and maintained (Dias et al., 2007). Therefore, 

there is a need to find low-cost and environmental friendly raw materials such as waste 

materials to replace activated carbon in wastewater treatment technology.   

 

1.3 Objectives 

 

The objectives of this study are to: 

(i) investigate the usage of waste materials namely egg shells, shrimp shells and coal 

as pollutants removal in synthetic and real wastewater.    

(ii) evaluate the removal of total suspended solids (TSS), phosphate-phosphorus 

(PO4
3-

), ammonia-nitrogen (NH3-N), total nitrate (NO3-N), chemical oxygen 

demand (COD) and heavy metals (Cd, Zn and Pb) using single and multilayered 

waste materials. 

 (iii) compare the removal of single waste materials at different particle sizes and the 

removal between multilayered waste materials by employing independent T-test. 
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(iv) compare the removal of heavy metals form synthetic wastewater at different 

concentrations and between waste materials by using Two-way Anova analysis. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Waste Materials 

 

Waste is unwanted or undesired material or substance. Waste is any solid material in the 

material flow pattern that is rejected by society (Pfeffer, 1993). It can refer to rubbish, 

trash, garbage, or junk depending upon the type of material and the regional terminology.  

 

Natural waste materials are easily available in large quantities. Wastes can come from five 

main sources which are domestic or residential wastes such as garbage, rubbish and ashes, 

commercial and institutional wastes from construction and demolition wastes, municipal 

wastes like street refuse, dead animals and landscape wastes, industrial wastes that consist 

mainly of process wastes and agricultural wastes that include confined animal feeding and 

crop residues (Pfeffer, 1993). 

 

Eutrophication is one of the phenomena resulting from improper management and disposal 

of wastes into water bodies. Eutrophication is caused by the dumping of domestic and 

agriculture wastes such as detergent and fertilizers which contain nutrients like nitrates and 

phosphates into the water bodies. Eutrophication can have a dramatic impact on aquatic 

ecosystems. This includes excessive algae growth on the water surface, loss of seagrass 

and reductions in water quality (Juhasz et al., 2004). Algal blooms will occur when the 

concentration of nitrogen and phosphorus exceed 0.30 mg/L and 0.01 mg/L respectively.  

Plants in the bottom of water will die as algal blooms limits the sunlight available for 
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photosynthesis process. Other marine animals will die off as well due to the decline level 

of dissolved oxygen in the water (Tchobanoglous and Burton, 1991). 

 

Land disposal of solid wastes can be a major source of groundwater pollution unless 

precautions are taken to treat leachates emerging from waste disposal. A major concern 

with groundwater pollution is the fact that it may persist underground for years, decades 

and even centuries. Pollutants frequently found in leachate include BOD, COD, Fe, Mn, 

Cl, NO3, hardness and trace elements. Hardness, alkalinity and total dissolved solids are 

often found in elevated levels in groundwaters at landfill sites. During decomposition of 

organic wastes, these wastes normally produce leachates that dissolve a wide range of 

materials as they pass through landfill. Leachates emerge from landfill may have BOD 

concentration over 20,000 mg/L which is several times higher than that of raw sewage 

(Juhasz et al., 2004).  

 

 

2.2 Wastewater 

 

Wastewater contains mostly water by weight. Practically, anything that can be flushed 

down a toilet, drain, or sewer can be found in wastewater. Hence, wastewater components 

should be of most concern to homeowners and communities as those have the highest 

potential to cause disease or detrimental environmental effects (Pipeline, 1997).   

 

The main constituents in domestic wastewater are proteins (40-60%), carbohydrates (25-

50%), fats and oils (1.0%), urea derived from urine and a large number of trace organics 

such as detergents, pesticides and also other priority pollutants (Preetha and Kumar, 2008). 
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Besides that, wastewater also consists of organisms, pathogens, solids and gases.  

Components such organisms are essential to wastewater treatment. For example, organisms 

such as bacteria and protozoa will break down carbon-based pollutants in wastewater by 

consuming them.  Through this process, organisms turn wastes into carbon dioxide, water, 

or new cell growth (Pipeline, 1997). 

 

Wastewaters are normally characterized in terms of its physical, chemical and biological 

composition. Physical characterizations include determination of total solids, temperature, 

density, colour and turbidity of wastewater. Meanwhile, chemical characterization of 

wastewater involve measurement of total organic matter such as proteins and 

carbohydrates in wastewater, measurement of organic content like BOD and COD, 

determination of inorganic matter such as pH, alkalinity and heavy metals and finally is 

measurement of gases such as dissolved oxygen and methane in wastewater. Wastewater 

can also be characterized through biological composition which includes detection of 

microorganisms, bacteria, fungi, plants and animals and viruses in wastewater 

(Tchobanoglous and Burton, 1991). 

 

 

2.3 Types of Pollutants in Wastewater 

 

2.3.1 Total Suspended Solids (TSS) 

  

The term suspended solids (SS) refers to the mass (mg) or concentration (mgL
-1

) of 

inorganic and organic matter, which is held in the water column of a stream, river, lake or 

reservoir by turbulence. SS are typically comprised of fine particulate matter that is 
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retained in water after evaporation with a diameter less than 62 mm (Bilotta and Brazier, 

2008). SS or matter may contain a number of contaminants such as phosphate, nitrate, 

heavy metals and other organic compounds (Chapman, 1992).  

  

SS cause both physical and chemical alterations.  Physical alterations caused by SS include 

reduced penetration of light, temperature changes, and infilling of channels and reservoirs 

when solids are deposited. These physical alterations are associated with undesirable 

aesthetic effects, higher costs of water treatment, reduced navigability of channels and 

decreased longevity of dams and reservoirs. Meanwhile, chemical alterations caused by SS 

include the release of contaminants such as heavy metals, pesticides and nutrients like 

phosphorus into the water body from adsorption sites on the sediment (Bilotta and Brazier, 

2008). 

 

SS in wastewater can be removed by several mechanisms namely mechanical straining, 

filtration, sedimentation, absorption and settling (Ahsan et al., 2001; Preeta and Kumar, 

2008). However, in the case where the bulk of contaminant load is associated with 

particulate matter, physical settling of suspended solids can result in a more efficient 

removal of those contaminants in the water or wastewater stream.   

 

The surface forces responsible for the reduction of SS in wastewater are Van Der Waal’s 

force of attractions and electric forces. These forces may be attractive or repulsive 

depending on the surface charges and particles size. The SS in wastewater can be removed 

by bounding onto waste materials through Van Der Waal’s forces or electric forces.  

Particles which have smaller size than pore size can be trapped to the waste material and 

been removed easily (Preeta and Kumar, 2008). 
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2.3.2 Phosphate-phosphorus (PO4
3-

) 

 

Phosphorus is an essential nutrient in living organisms. It can exist in water bodies as both 

dissolved and particulate species. Natural sources of phosphorus are mainly from 

weathering of rocks, decomposition of organic matter, industrial effluents and fertilizer run 

off (Chapman, 1992). The common forms of phosphorus compounds found in wastewater 

are orthophosphates, polyphosphates and organically bound phosphate (Hammer, 2005).  

In most natural surface waters, concentration of phosphorus ranges from 0.005-0.020 mg/L 

PO
4-

P. Concentration of phosphorus can be found as low as 0.001 mg/L PO
4-

P in pristine 

water and as high as 200 mg/L PO
4-

P in saline water (Chapman, 1992). 

 

The recent developments on biological phosphorous removal are based on the capacity of 

some denitrifying microorganisms to store ortho-phosphate intracellular as polyphosphate 

in the presence of nitrate, NO3
-
. These microorganisms store substrate anaerobically which 

is further oxidized when NO3
-
 is present. By extracting excess sludge from the anoxic 

phase, PO4
3-

 is removed from the system. Removing PO4
3-

 using NO3
-
 instead of oxygen 

has the advantage of saving energy (oxygen input) and using less organic carbon 

(Villaverde, 2004). 

 

The removal of PO4
3-

 by waste medium can take place by precipitation mechanisms, ion 

exchange as well as weak physical interaction between the surface of sorbent and metallic 

salt of phosphate. However, various studies revealed that adsorption and precipitation are 

the main mechanisms of PO4
3-

 removal in wastewater. PO4
3-

 immobilization in wastewater 

was mainly controlled by Ca ingredients (especially CaO and CaSO4) and Fe ingredients 

(Fe2O3). Ca ingredients can be easily found in waste materials such as shells. Formation of 
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calcium phosphate and/or octacalcium phosphate is found out to be the major and 

predominant mechanism for phosphorus-phosphate removal (Lu et al., 2008). 

 

2.3.3 Ammonia-nitrogen and Total nitrate (NH3-N and NO3-N) 

 

Nitrogen is a major component of municipal wastewater. It usually results from human 

excreta, ground garbage and industrial wastes. Nitrogen can exist in different forms of 

oxidation states as it can readily change from one oxidation state to another. The principal 

forms of nitrogen are organic nitrogen, ammonia (NH3 or NH4
+
), nitrite (NO2

-
), and nitrate 

(NO3
-
) (Hammer, 2005).   

 

NH3 present in water mainly due to industrial discharge and breakdown of nitrogenous 

organic and inorganic matter in soil and water (Chapman, 1992). Meanwhile, NO3
-
 is 

formed from aerobic oxidation of NH3 derived from bacterial composition of organic 

nitrogen compounds. High NO3
- 
levels in water can cause methemoglobinemia, a condition 

found especially in infants of age under 6 months which can result in brain damage and 

even death (Lee et al., 2006). Normally, the concentration of NH3 in water ranges from 

0.2-3 mg/L N while the concentration of NO3
- 
in surface water is usually found to be less 

than 1 mg/L NO3-N. However, the concentration of NO3
-
 in water can rise up to 5 mg/L 

NO3-N due to human activities (Chapman, 1992). 

 

For many years the accumulation of NO3
-
, NO2

-
 and NH4

+
  in wastewater treatment plants 

have been undesired and related to inefficient plant operation and/or toxicity episodes of 

the sludge in conventional nitrification-denitrification processes. These processes consist 

of three main groups of processes: 1) Nitrogen containing organic matter is degraded by a 
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variety of organisms and NH4
+

 is released, 2) Nitrification: NH4
+
 is converted to NO3

-
 by 

certain autotrophic bacteria, 3) Denitrification: NO3
-
 is then, through several steps, 

converted to N2 which is released to the atmosphere (Villaverde, 2004). 

NH3 → NO2
-
 → NO3

-
 → NO2

-
 → N2 

 

One of the common processes used recently for wastewater treatment is ion exchange 

using natural waste material (Leakovica et al., 2000). Ion exchange is a physiochemical 

process which pollutants in its ion forms can be exchanged chemically with equivalent 

number of ions associated with the waste material. NH4
+
 and NO3

-
 in wastewater are 

normally removed through cationic ion exchange process. In the process, when wastewater 

in contacts with the ion exchange material (waste), NH4
+

 and NO3
-
  in water will exchanged 

for similarly charged ions on the waste material. The process will continue until the resin 

which is the waste is exhausted (Yoon et al., 2000). However, high concentration of other 

cations in wastewater will reduce NH4
+

 and NO3
-
 removal capability due to competition 

that might exist (Lee et al., 2006). 

  

2.3.4 Chemical Oxygen Demand (COD) 

 

Compounds that contribute to COD can come from biodegradable organic compounds, 

non-biodegradable organic compounds and inorganic oxidizable compounds (Moreno-

Casillas et al., 2007). Untreated wastewater is generally rich in organic matter. This 

organic matter is normally consumed by the bacteria and algae that present in water. 

Besides that, wastewater also contains both oxidizable organic and inorganic compounds 

which directly or indirectly consume the available oxygen present in ecosystem.   
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COD is a measure of the amount of oxygen used in the oxidation process of organic and 

inorganic matter in wastewater. Although COD is not a specific compound, it has been 

widely used to gauge overall water treatment plant efficiencies. It is also an indicator of the 

degree of pollution in the effluent and of the potential environmental impact of the 

discharge of wastewater in the water bodies (Moreno-Casillas et al., 2007; Chapman, 

1992). The concentration of COD in surface waters usually range from 20 mg/L O2 or less. 

In polluted waters it is usually reported to be greater than 200 mg/L
 
O2 (Chapman, 1992). 

 

2.3.5 Heavy Metals 

 

The term heavy metal refers to any metallic chemical element that has a relatively high 

density and can be toxic and poisonous even at low concentration. Heavy metals are one of 

the serious pollutants in our natural environment due to its toxicity, persistence and 

bioaccumulation properties (Karvelas et al., 2003).   

Heavy metals are released into the aqueous environment through a variety of sources such 

as metal smelters, effluents from plastics, textiles, microelectronics, wood preservatives 

producing industries as well as usage of fertilizers and pesticides. Natural waters also 

contain toxic metals depending upon the bed rock. Increased consciousness for 

safeguarding the aqueous environment has prompted a search for alternative technologies 

for the removal of toxic metal ions from aqueous solutions. Conventional methods for 

removing heavy metals include chemical precipitation and ion exchange. However, these 

become inefficient or expensive especially when the concentration of the heavy metal ion 

is low, of the order of 1–100 mg/L (Bhatti et al., 2007). Besides, these processes cause 

large volumes of sludge containing heavy metals and the fact that the heavy metal content 

in the resulting effluents is still high. Thus, additional treatment such as reverse osmosis, or 
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adsorption processes is required subsequent to the precipitation process in order to purify 

the effluent prior to discharge (Ulmanu et al., 2003). 

 

Biosorption is a process which is based on the metal binding capability of biological 

materials such as domestic waste materials as biosorbent to accumulate heavy metals from 

wastewater through metabolically or photochemical pathways uptake (Ahalya et al., n.d.). 

The main attractions of biosorption are high selectivity, efficiency, cost effectiveness and 

good removal performance. Raw materials or biosorbents for biosorption process can be 

either abundant (sea weeds) or wastes from other industrial operations (fermentation 

wastes and activated sludge process wastes) (Aksu, 2005). The mechanism of binding 

depend on the chemical nature of pollutant (species, size, ionic charge), type, preparation 

and surface properties of biosorbent as well as the environmental conditions (pH, 

temperature, ionic strength, existence of competing organic or inorganic ligands in 

solution) (Lin and Juang, 2009). 

 

 

2.4 Waste Materials for Wastewater Treatment 

 

2.4.1 Egg Shells and Shrimp Shells 

 

Egg shells and shrimp shells wastes can be easily obtained from home and restaurants.  

Egg shells and shrimp shells have a very little developed porosity and it has pure calcium 

carbonate, CaCO3, as its main and important constituents. These shells can be treated to 

achieve its potential as pollutant removal in wastewater. These shells have to undergo 

calcinations process before been used in wastewater treatment. Before calcinations, Ca as 
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limestone (91-94%) and Si (4.30%) are the main composition the shells.  After 

calcinations, the major composition of the shells is lime, CaO (99.63%) and K, P and Sr 

are the minor compositions. 

   CaCO3 → CaO + CO2  (calcination) 

 

CaO formed after calcination process enables calcined shells to have an almost complete 

removal of heavy metals such as Cr and Cd. This indicates that alkalinity of the calcined 

shells (CaO) has effects on the efficient removal of pollutants particularly heavy metal ions 

through precipitation. 

CaO + H2O → Ca
2+

 + 2OH
- 

 

Besides having lime, CaO as the major composition in the calcined shells, the pore and 

grain in the shells also enlarge during calcinations process and this enable plausible uptake 

of heavy metal ions or other pollutants in the wastewater. Calcined shells also have a good 

neutralization capacity. Therefore, it was a good material in the treatment of wastewater 

(Park et al., 2007). 

 

2.4.2 Coal 

 

Coal is a major source of energy in developed as well as developing countries and it is 

believe that coal will continue to be a major source of heat and electricity until the middle 

of 21
st
 century. Coal is an important fuel for the production of heat and electricity and in 

recent years annual hard coal production has approached a level of around 5 000 million 

metric tones (Mt, t = 1 000 kg) (Mukherjee et al., 2008). Coal composed of fine solid 


