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ABSTRACT 

Studies on the biosorption potentials of Zea mays cobs and Musa paradisiaca peels in the 
treatment of waste effluent from paint industry, was carried out. Standard laboratory 
procedures using 400 ml of the effluent were adopted to assess the values of Pb, Fe, Cl- 
and PO4, BOD and TDS at pH 6.7 and pH 10.0 before and after treatment of the effluent 
with 1g and 3g of pulverized corn cobs and plantain peels. Standard procedures were 
adopted for the phytochemical screening of the biosorbents, while streak method was used 
for bacterial load assessment. Levels of Pb and Fe levels were reduced to a percentage of 
70% and 79% respectively with 1 g of ripe plantain peels at pH 10. Bacterial isolates were 
Escherichia coli, Bacillus sp, Steptococcus sp, Lactobacillus sp, Proteus sp and 
Pseudomonas sp. Total bacterial count of untreated effluent was 4.56x1012 cfu/ml and 
after treatment with 1 g of ripe and unripe plantain peels, corn cob and composite at pH 
6.7, the total counts decreased to 4.8x105, 2.5x105, 1.2x105 and 2.7x105 cfu/ml 
respectively. At pH 10.0, it was 2.2x105, 8.4x105, 1.6x105 and 4.0x105 cfu/ml respectively. 
Using 3g of ripe and unripe plantain peels, corn cob and composite at pH 6.7were 5.4x105, 
3.9x105, 2.3x105 and 4.8x105 cfu/ml respectively. At pH 10.0 it was 8.5x109, 3.6x109, 
5.5x109 and 3.0x109 respectively. The values of BOD and TDS for treated waste effluent 
from paint industry recorded noticeable increase. The student t – test results of mean 
difference between the parameters of treated and untreated waste effluent from paint 
industry were not significant at 95% confidence level at 2 degrees of freedom.  Goodness 
of fit using chi – square was employed on bacterial load at 95% confidence level was 
significant. Correlation coefficient was used to analyze the relationship between 
phytochemical properties of the biosorbants and their purification capacities on paint 
waste effluent sample; which showed perfect negative relationship. Biosorption of heavy 
metals in waste effluent from paint industries can be achieved using pulverized plantain 
peels and corn cobs. 
 
 
 
Keywords: Musa paradisica, Zea mays, Paint Effluent, Treatment, Bacterial Load, 
Physicochemical Properties. 
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CHAPTER ONE 

INTRODUCTION 

1.0 Background of Study 

Paints generally consist of organic and inorganic pigments, extenders, cellulosic and non-

cellulosic thickeners, latexes, emulsifying agents, anti-foaming agents, preservatives, 

solvents and coalescing agents.  

In paint manufacturing, all the constituents entering mixers or reactors come out as 

products and, as such, there is no major stream of wastewater associated with the 

production. Waste water is generated primarily due to cleaning operations of mixers, 

reactors, blenders, packing machines, and floors. 

In general, paint effluents are alkaline and have high BOD, COD, heavy metals, dissolved 

solids, suspended solids and coloured materials (Dey, 1999). An increase in usage of 

heavy metals in paint and other industries has resulted in their existence in wastewater. 

For instance, lead, cadmium, copper, mercury, zinc, iron are contained in wastewater of 

industries such as electroplating, plastic, paint manufacturing, mining, metallurgical 

process, petrochemical process, batteries, paper, and pulp. (Iqba and Edyvean, 2004; 

2005). 

Metallic ions in industrial effluents are of great concern because their presence and 

accumulation have toxic effects on living species (Ko et al., 2000). Heavy metals are toxic 
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to aquatic organisms even at very low concentration. Most of these minerals were present 

in our environment only in minute amounts until recent centuries, when the orientation 

toward industrialization and production brought about our many technological advances. 

At present, these toxic metals have polluted our atmosphere, waters, soil, and food chain. 

The most common and harmful heavy metals are cadmium, mercury, lead, iron, copper, 

nickel, chromium and zinc. These are stable elements that cannot be metabolized by the 

body and get passed up in the food chain to human beings. High levels of heavy metals 

are known primarily to have potential toxicity in the body, though commercially they may 

have great advantages. 

Metals are classified into three categories: toxic metals (e.g. Hg, Cr, Pb, Zn, Cu, Fe, Ni, 

Cd, As, Co, Sn, etc), precious metals (e.g. Pd, Pt, Ag, Au, Ru etc.) and radionuclides (e.g. 

U, Th, Ra, Am, etc.)(Volesky and Bishop, 1990; 2002). Heavy metals are non-

biodegradable pollutants and difficult to eliminate naturally from the environment. Almost 

all heavy metal elements are highly toxic when their concentration exceeds their 

permissible limit in the ecosystem.  

Conventional methods for removing metals from industrial effluents include coagulation, 

solvent extraction, electrolysis, membrane separation, chemical precipitation, ion 

exchange and adsorption (Kang et al., 2004). These methods are expensive, 
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environmentally unfriendly, and have been implicated in the etiology of many diseases 

(Sabriye et al., 2005). 

Adsorption has been shown to be an economically feasible method for removing heavy 

metals from wastewater and water supplies (Peterlene et al., 1999; Dakiky et al., 2002). 

Adsorption is a separation process in which certain components of the fluid phase are 

transferred to the surface of solid adsorbents. It is also defined as selective binding of a 

substance by another solid substance (Barrer, 1978). Most adsorbents are highly porous 

materials, and adsorption takes place primarily on the walls of the pores or at the specific 

sites inside the particle. Separation occurs because of differences in molecular weight, 

shape, or polarity causing some molecules to be held more strongly on the surface than 

others or because the pores are too small to admit the larger molecules. 

Adsorbent materials consist mainly of polysaccharides, proteins, and lipids, functional 

groups that can bind metal ions such as carboxyl, hydroxyl, sulphate, phosphate, and 

amino groups (Doyurum and Celik, 2006). Adsorption of certain metals by certain 

adsorbent depends on several factors such as a number of sites of adsorbent material, the 

accessibility of sites (APHA, 2005). Adsorption techniques for waste water treatment have 

become more popular in recent years with regard to their efficiency in the removal of 

pollutants, especially heavy metal ions, color, odor and organic pollution (Lai, 2003; 

Vahiddastjerdi et al., 2003; Ganji et al., 2005; Georg, 2008;). 
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Biosorption, an alternative process, is the uptake of heavy metals, microbes and inorganic 

compounds from aqueous solution by biological materials. The treatment activity of these 

biological plant wastes depend on adsorption technique. Different forms of inexpensive, 

non-living plant materials such as rice husk (Khalid et al, 1998), sawdust (Holan and 

Volesky, 1995), pine bark and canola meal (Al-Asheh and Duvnjuk, 1998) have been 

widely investigated as potential bio-sorbents for heavy metals. Biosorption appears to be 

good for the treatment of effluents (Sananmuang and Cha-un, 2007). The first thing for an 

efficient adsorption process is the search for a low cost adsorbent with high adsorption 

capacity, and the second biodegradability (Iqbal et al., 2005). Activated carbon has been, 

till now, the most used adsorbent but is expensive to use on a large scale (Figueiredo et 

al., 2000; Voudrias et al., 2002.;Akmil-Basar et al., 2005; Reddy et al., 2008) and the idea 

of using natural adsorbents from waste material rises in this perspective.  

However, the application of untreated plant wastes as adsorbents can also bring several 

problems such as low adsorption capacity, high chemical oxygen demand (COD) and 

biological oxygen demand (BOD) as well as total organic carbon (TOC) due to release of 

soluble organic compounds contained in the plant materials. The increase of the COD, 

BOD and TOC can cause depletion of oxygen content in water and can threaten aquatic 

life. Therefore, plant wastes need to be modified or treated before being applied for the 

decontamination of heavy metals. A comparison of adsorption efficiency between 

chemically modified and unmodified adsorbents has been reported (Demirbas, 2008). 
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1.1   Problem Statements 

Heavy metals are one of the major pollutants in the environment. They have potentially 

damaging effect on human physiology and other biological systems when the tolerance 

levels are exceeded. The major sources of heavy metal contamination are considered to be 

from industry such as lead from paint, rubber, dye, wood, preservatives and electroplating 

industries and iron from paint and powder batteries processing industries (Babel and 

Kurniawan, 2004). Heavy metals are present in low concentration in wastewater and 

are difficult to remove from water. Pollutants in industrial wastewater are almost 

invariably so toxic that wastewater has to be treated before its reuse or disposal in water 

bodies. Major importance has been attached to the treatment of industrial wastewater 

effluent since local and international authorities require that wastewaters from 

industries be treated and made to meet a set standard before it is discharged into the 

water bodies. The need of safe and economical methods for the elimination of heavy 

metals from contaminated waters has developed interest towards the production of low 

cost alternatives to commercially available adsorbent. So there is an urgent need that 

all possible sources of agro-based inexpensive adsorbents should be explored and 

their feasibility for the removal of heavy metals be studied in detail.  

1.2 Aim and Objectives 
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The aim of this research work is to study the biosorption potentials of Zea mays cob and 

Musa paradisiaca peels in the treatment of waste effluent from paint industry. 

 
1.3 Objectives 

 To screen the phytochemical constituents of biosorbent feedstock.  

 To investigate the potential of dried corn cob, ripe and unripe plantain peels to 

absorb metals and other pollutants from paint industry waste effluent. 

 To determine the effect of different conditions such as pH, adsorbent dose and 

metal concentration, on adsorption capacity of corn cob and plantain peels. 

 To evaluate the effect of these adsorption materials on bacteria load of the waste by 

determining the bacterial population in the effluent before and after treatment with 

the bio-sorbents. 

 To determine if there is correlation between the phytochemical properties of corn 

cob, ripe and unripe plantain peels and their biosorbent capacities. 

 

1.4   Research Questions 

 Do the biosorbents adsorb heavy metals and pollutants from paint industry waste 

effluent? 

 What are the optimal conditions that potentiate the biosorbent capacity of these 

biosorbent materials? 
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 Which of the biosorbents have better adsorption capacity of residues and bacterial 

from the waste effluent?  

 What are the phytochemical properties of the biosorbents? 

 Is there any relationship between the phytochemical properties of the biosorbent 

materials and their adsorption capacities? 

1.5   Justification of Study 

Heavy metals which are present in different types of industrial effluents, contribute to 

environmental pollution. The inadequacy of conventional method for removing metals 

from industrial effluents like coagulation, solvent extraction, electrolysis, membrane 

separation, chemical precipitation and ion exchange, has promoted the search for 

inexpensive, biological residues with high metal binding capacity for the remediation of 

polluted waste streams. 

1.6   Scope of Study 

This study covered the following: 

 Determination of the phytochemical properties of the bio-sorbents (corn cob and 

plantain peels). 

 Determination of the heavy metals, bacterial load and some inorganic compounds in 

waste effluent from paint industry before and after treatment with the biosorbents 

separately and combined. 
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 Assessment of pH variation and adsorbent dose on the adsorption capacity of the 

biosorbents. 

 

 

 

 

 

 

 

 

CHAPTER TWO 

LITERATURE REVIEW 

2.1   Industrial Effluent Pollution 

The current trend of industrial activity alters the natural flow of materials and introduces 

novel chemicals into the environment (Faisal and Hasnain, 2004). The rate at which 

effluents are discharged into the environment especially water bodies has been on the 

increase as a result of urbanization. Most of these effluents contain toxic substances 
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especially heavy metals. The presence of heavy metals in the environment is of major 

concern because of their toxicity, bio-accumulating tendency, threat to human life and the 

environment (Igwe and Abia, 2003; Horsfall and Spiff, 2005). 

Heavy metals are among the conservative pollutants that are not subject to bacterial attack 

or other break down or degradation process and are permanent additions to the marine 

environment (El-Nady and Atta, 1996). As a result of this, their concentrations often 

exceed the permissible levels normally found in soil, water ways and sediments. Hence, 

they find their way up the food pyramid. When they accumulate in the environment and in 

food chains, they can profoundly disrupt biological processes. 

The primary sources of heavy metal pollution in coastal lagoons are input from rivers, 

sediments and atmosphere, which can affect aquaculture profitability in certain areas 

(Krishnani et al., 2004). The anthropogenic sources of heavy metals include wastes from 

the electroplating and metal finishing industries, metallurgical industries, tannery 

operations, chemical manufacturing, mine drainage, battery manufacturing, leather 

tanning industries, fertilizer industries, pigment manufacturing industries, leachates from 

landfills and contaminated ground water from hazardous waste sites (Jackson and Huang 

and Fu, 1984; Alloway, 1991; Reed, et al., 1994; Mclaughlin et al., 1996; Faisal and 

Hasnain, 2004). 

Heavy metals are also emitted from resource recovery plants in relatively high levels on 

fly ash particles (Neal et al., 1990). 
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2.2   Physico-chemical Characteristics of Industrial Effluents. 

2.2.1   Biochemical Oxygen Demand 

Biochemical oxygen demand (BOD) is the amount of oxygen used by organisms while 

consuming organic matter in waste water. It is possible to assess the performance of a 

waste water treatment plant by measuring the BOD of the inflow and the outflow. Many 

factors can influence this test, such as temperature of incubation, dilution rate, 

nitrification, toxic substances, nature of bacterial seed and presence of anaerobic 

organisms (Hamer, 1986). 

 
 

 

2.2.2   Chemical Oxygen Demand 

This is the equivalent amount of oxygen needed to break down organic matter under 

strong oxidizing agents. A strong oxidizing agent is added to quickly break down organic 

material (Khan and Noor ,2002). The process is much faster to perform than BOD testing 

since an incubation period is not required. COD, like BOD, is only an approximation of 

the natural degradation of organic materials in nature. The harsh chemicals may break 

down more of the organic material than a natural process would. Hence, COD is usually 

greater than the BOD.   
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2.2.3   Dissolved Oxygen (DO) 

Water has the ability to dissolve oxygen molecules and many aquatic creatures depend on 

dissolved oxygen (DO) for survival. When the level of oxygen gets too low, plants and 

animals may become impaired or even die. The maximum amount of oxygen water is able 

to dissolve decreases as water temperature increases. As a result of the temperature effect, 

aquatic life is more frequently subject to DO stress during the summer. In addition, the 

breakdown of organic materials in water requires the consumption of DO. Therefore, 

waters receiving large loads of organic materials may have DO concentrations too low to 

support healthy aquatic communities (APHA, 1992).  

 
 

2.2.4 Oxygen Demand 

Oxygen demand is the amount of oxygen required to aerobically metabolize a waste. 

Water usually contains organic material consisting of remnants or wastes of plants, 

animals, and microbial organisms. If organic material is added to water, it will be 

decomposed by bacteria through biochemical processes (Rao, 2005). This is known as the 

oxidation or the breakdown of organic substances. Oxidation uses DO and thus depletes 

the DO supply available for aquatic life. 

 

2.2.5 Total Dissolved Solids 
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Total Dissolved Solids (TDS) is a measure of the combined content of all inorganic and 

organic substances contained in a liquid in molecular, ionized or micro-granular 

(colloidal) suspended form (Khan and Noor, 2002). The operational definition is that the 

solids must be small enough to survive filtration through a sieve size of two micrometer 

(Khan and Noor, 2002). The principal application of TDS is in the study of water quality 

for streams, rivers and lakes. Although TDS is not generally considered as a primary 

pollutant, it is used as an indication of aesthetic characteristics of drinking water and as an 

aggregate indicator of the presence of a broad array of chemical contaminants. The 

effluents with high TDS value may cause salinity problem if discharged into irrigation 

water (Shah, 1999). 

 
 

2.2.6 Total Suspended Solids 

Total suspended solid is the sum of the organic and inorganic solid concentrations that can 

be subdivided into: suspended solids and organic solids. 

Suspended solids represent the solids that are in suspension in the water. It is generally 

comprised of 70% organic and 30% inorganic solids and can be removed by physical or 

mechanical means.  

Organic solids which are about 50% of solids present in urban waste water are derived 

from the waste products of animal and vegetable life (APHA, 1992). It is sometimes 

called the combustible fraction or volatile solids as these can be driven off by high 
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temperature. Inorganic solids are inert substances and are not subject to decay. They 

include sand, gravel and silt, settleable solids, is a subset of suspended solids and 

represents that fraction of suspended solids that will settle in a given period. Colloidal 

suspended solids, refer to solids that are not truly dissolved and yet do not settle readily. 

They can be referred to as organic and inorganic solids that rapidly decay. 

 

2.2.7   Turbidity  

Turbidity is a measure of the water’s lack of clarity and is often associated with the 

possibility of microbiological contamination (APHA, 1992). Water with high turbidity is 

cloudy, while water with low turbidity is clear. The more particles in the water, the more 

light is reflected off the particles and therefore the higher the turbidity or cloudiness. High 

turbidity decreases the amount of sunlight able to penetrate the water, thereby decreasing 

the rate of photosynthesis (APHA, 1992). Reduced clarity also makes the water less 

aesthetically pleasing, making it less desirable for many water uses. This can lead to 

problems associated with increased water temperature. 

 
2.2.8 pH 

pH is the concentration of hydrogen ions in solution and indicates the level of acidity or 

alkalinity of an aqueous solution. If the pH of waste water is outside the range 6.5-9.2, 

there may be considerable interference with biological processes (WHO, 1984). pH value 

of water is determined by the relative concentrations of H+ ion and OH- ion. Water with a 
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pH of 7 has equal concentrations of H+ ion and OH- ion and is considered to be a neutral 

solution. If a solution is acidic (pH<7), the concentration of H+ ion is greater than the 

concentration of OH- ion. If a solution is basic (pH>7), the concentration of H+ ion is less 

than the concentration of OH- ion. A change from pH7 to pH8 represents a ten-fold 

increase in the OH ion (Richards, 1954). 

 
 

 

2.3   Heavy Metals 

Heavy metals are inorganic components whose density is 5 times denser than the density 

of water. They are natural components of the earth crust that cannot be degraded or 

destroyed. These metals enter into living organisms through food or proximity to emission 

sources. They tend to bio-accumulate over time, and are stored faster than excreted 

(Daniel et al., 1997; Davies et al., 2006).  Some heavy metals found in paint industry 

include: Fe, Cr, Cu, Zn, Pb, Co and As.  

 
Iron (Fe) 
 
Iron is an element in the periodic table with an atomic number of 26. It is found in the 

earth crust, often in combination with other chemical elements. Some iron compounds are 

considered to be soluble in the whole pH range. The availability of iron increases with 

decreasing pH (Sauchelli, 1969). Iron is an essential nutrient, which is involved in the 
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oxygen transport. Proper functioning of the immune system relies in part, on sufficient 

amounts of iron.  

The body stores iron very efficiently, and too much of this, can be toxic. Iron overload is a 

condition characterized by excessive adsorption of Iron through diet. Much of the 

additional iron is deposited in the liver, damaging the vital organ and causing it to enlarge. 

Iron overload can lead to a vast range of symptoms like joint pain, constant fatigue, heart 

problems, hair loss, abnormal liver function, impaired memory, mood swings and 

depression (Sauchelli, 1969). 

Chromium (Cr) 

Chromium is heavy metal on the earth that can also be found in wastewater. It is 

discharged from the wastewater of the steel manufacturing industry, paint industry, paper 

industry, electroplating and chrome plated products (Malkoc et al., 2006). Chromium 

exists in two forms: trivalent Cr(III) and hexavalent Cr(VI). Its abundance is harmful to 

marine life, vegetation and plants, and to humans due to its toxicity (Lalvani et al., 1998; 

Selvaraj et al., 2003). Cr(VI) is also a strong oxidizing agent, as well as a potential 

carcinogen. Other potential harmful effects on humans due to long term exposure to the 

metal include liver damage, kidney circulatory damage, and dermatitis (Chojnacka, 2006).  

Copper (Cu) 

Copper is a very common metal that exists naturally in the environment and spreads 

across the environment through natural phenomena. Two types of copper can be formed: 
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Cu(I) and Cu(II). As industries advance, copper has become one of the most widely used 

metals. The primary waste sources of copper discharged from industries include printed 

circuit boards, metal finishing industries, tannery operations, chemical manufacturing and 

mining drainage (Stephenson and Blackburn, 1998). The production of copper has 

increased over the last decades, which contributes to the expanded copper quantities in the 

environment. 

Excess amount of copper in the body can inhibit the enzyme dihydrophil hydratase, an 

enzyme involved in haemopoiesis. An inherited condition called Wilson’s disease causes 

the body to retain Copper, since it is not excreted by the liver into the bile. If this disease 

is not treated, brain and liver damage can occur. Excessive Copper in water has also been 

found to damage marine life (Cempel and Janicka, 2002). The observed effect of higher 

concentrations of copper to fish and other creatures is damage to gills, liver, kidneys and 

the central nervous system (Fiol et al., 2006). 

Zinc (Zn) 

Zinc is a common element occurring naturally in the environment and it is widely used by 

humans for domestic and industrial purposes. Zinc compounds are widely used in 

industries to make paints, rubber, dyes and wood preservatives. Depending on the type of 

soil, some zinc compounds can percolate into the groundwater, and into lakes, streams and 

rivers. The solubility of zinc is highly dependent on the compounds, for example zinc 

phosphate is insoluble and zinc nitrate is soluble (Sauchelli, 1969). 
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Low level of zinc, Zn(II) is essential for maintaining good health. If zinc levels are too 

low, it will result in, skin lesions, sexual immaturity, and depression and can affect taste 

(Igwe and Abia, 2003). 

Lead (Pb) 

Lead exists in three oxidation states: Pb(O), Pb(II) and Pb(IV). Metallic lead, Pb(O) exists 

in nature, but its occurrence is rare. In the environment, lead is commonly found 

combined with two or more other elements to form lead compounds and it usually exists 

as Pb(II). Lead occurs naturally in the earth crust but the high level of lead found 

throughout the environment mainly comes from human activities. The use of leaded 

gasoline, house paint and pesticides has already been banned in recent years. Lead is still 

widely used in car batteries and ammunitions. The improper disposal of wastewater from 

these industries contributes to the environmental rise in lead level. Accumulation of lead 

in human body causes a rise in blood pressure, abortion, improper function in the brain 

and kidney as well as behavioral disruption and mental retardation of young children 

(Igwe and Abia, 2003). 

Moreover, as lead can enter a fetus through the placenta of the mother, it can also cause 

damage to the brain and central nervous system of unborn children (Volesky, 1990). 

Cobalt (Co) 

Cobalt exists in the principal minerals smaltite (CoAs2) and Caboltite (CoAsS) and it only 

represents 4x10-3 percent of the earth’s crust. Cobalt commonly exists in two oxidation 
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states, (II) and (III). In oxygenated water the (II) state is immediately oxidized to the (III) 

state  but since the (III) state hydrolyzes, its observed concentrations are low (Pagenkopf, 

1983). 

Cobalt is used in the preparation of magnetic, wear resistant, and high strength alloys. Its 

compounds are used in ink, paint, and varnish industries. Cobalt is also a central 

component of the vitamin, cobalamin, or vitamin B12 and is only slightly toxic. The 

isotope 60Co is commonly used in radiotherapy, sterilization of medical supplies and 

medical wastes. But, this high energy gamma emitting isotope can cause severe burns and 

death (Kameswara and Venkateswarlu, 2012).  

Arsenic (As) 

This is used in paints as preservative. Inorganic arsenic is human poison, organic arsenic 

is less harmful. In pure form arsenic is a tasteless, odorless white powder or clear crystals. 

It is not found in pure form in the environment, where it is generally exists combined with 

oxygen, chlorine or sulfur. These mineral (inorganic) forms of arsenic are generally more 

toxic than its more complex organic compounds found naturally in animal tissues, 

especially in fish and sea foods. Arsenic damages many tissues including nerves, stomach 

intestines and skin. Breathing high levels can cause a sore throat and irritated lungs 

(Abernathy et al., 1997). 
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2.4   Paint Effluent 

Paint industries are among the industries that discharge effluents containing heavy metals 

(Kupoluyi and Madukasi, 2005). Paint components are pigments, solvents, blotters and 

auxiliary additives. Paints generally consist of organic and inorganic pigments and 

dyestuffs, extenders, cellulosic and non-cellulosic thickeners, latexes, emulsifying agents, 

anti foaming agents, preservatives, solvents and coalescing agents (Morgan, 1982).  

Since most of the heavy metals contained in paint effluents are not biodegradable into 

non-toxic end products, their concentrations must be reduced to acceptable levels before 

discharged into the environment. Otherwise, these could pose a serious threat to public 

health and could affect the aesthetic quality of potable water. According to the World 

Health Organization (WHO, 1984), the metals of most immediate concern are mercury, 

copper, chromium, zinc, iron and lead. 

Paint effluent is highly polluted in terms of chemical oxygen demand (COD), dissolved 

solids, (D.S) suspended solids (S.S), biological oxygen demand (BOD), colour, lead, zinc, 

iron and copper. The value of these parameters is high when compared with the value of 

the Federal Environmental Protection Agency (FEPA) set by the government of Nigeria 

(FEPA, 1991).  
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2.5   Conventional Methods for Heavy Metal Removal from Waste Water 

2.5.1 Precipitation 

Precipitation is the most common method for removing toxic heavy metals up to parts per 

million (ppm) levels from water. Some metal salts are insoluble in water and get 

precipitated when correct anion is added. Although the process is cost effective, its 

efficiency is affected by low pH and the presence of other salts (ions). The process 

requires addition of other chemicals, which finally leads to the generation of a high water 

content sludge, the disposal of which is cost intensive. Precipitation with lime, bisulphate 

or ion exchange lacks the specificity and is ineffective in removal of the metal ions at low 

concentration (Ku and Jung, 2001). 

 

2.5.2 Ion Exchange 

Ion exchange is a method used successfully in the industry for the removal of heavy 

metals from effluents. Though it is relatively expensive as compared to the other methods, 

it has the ability to achieve ppb levels of clean up while handling a relatively large 

volume. An ion exchanger is a solid capable of exchanging either cations or anions from 

the surrounding materials. Commonly used matrices for ion exchange are synthetic 

organic ion exchange resins. The disadvantage of this method is that it cannot handle 

concentrated metal solutions as the matrix gets easily fouled by organics and other solids 

in the wastewater (Kang et al., 2004).  
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Moreover, ion exchange is nonselective and is highly sensitive to pH of the solution. 

 

2.5.3 Electro-Winning 

Electro-winning is widely used in the mining and metallurgical industrial operations for 

heap leaching and acid mine drainage. It is also used in the metal transformation and 

electronics and electrical industries for removal and recovery of metals. Metals like: Ag, 

Au, Cd, Co, Cr, Ni, Pb, Sn and Zn present in the effluents can be recovered by electro-

deposition using insoluble anodes (Issabayeva et al., 2006). 

 
2.5.4 Electro-Coagulation 

Electro-coagulation is an electrochemical approach, which uses an electrical current to 

remove metals from solution. Electro-coagulation system is also effective in removing 

suspended solids, dissolved metals, tannins and dyes (El Samrani et al., 2008). The 

contaminants present in wastewater are maintained in solution by electrical charges. When 

these ions and other charged particles are neutralized with ions of opposite electrical 

charges provided by electro-coagulation system, they become destabilized and precipitate 

in a stable form. 

 
 

2.5.5 Cementation 
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Cementation is another precipitation method employing an electrochemical mechanism in 

which a metal having a higher oxidation potential passes into solution e.g. oxidation of 

metallic iron, Fe (I) to ferrous Fe (II) to replace a metal having a lower oxidation potential. 

Copper is most frequently separated by cementation along with noble metals such as Ag, 

Au and Pb as well as As, Cd, Ga, Pb, Sb and Sn can be recovered in this manner (Chen, 

2004). 

 
2.5.6 Reverse Osmosis and Electro-Dialysis 

Reverse Osmosis is one of the finest methods of water filtration. This process allows the 

removal of all particles as small as ions from a solution. It is used to purify water and 

remove salts and other impurities in order to improve the colour, taste or properties of 

water. Reverse Osmosis uses a membrane that is semi-permeable, allowing the fluid that 

is being purified to pass through it while, rejecting other ions and contaminants from 

passing (Shahalam et al., 2002). This technology uses a process known as cross flow to 

allow the Reverse Osmosis membrane to continually clean itself. The membrane is put 

into a container (membrane housing) so pressure can be maintained on its surface. It is 

this pressure that supplies energy to force the water through the membrane (Free Drinking 

Water, 2006). The higher the pressure, the larger the driving force and 

efficiency.  

2.6 Adsorption Process and Mechanism 
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Adsorption is a process that occurs when a gas or liquid solute accumulates on the surface 

of a solid or a liquid (adsorbent), forming a molecular or atomic film (the adsorbate). It is 

different from absorption, in which a substance diffuses into a liquid or solid to form a 

solution. Sorption encompasses both processes, while desorption is the reverse process. 

Adsorption offers significant advantages like low cost, availability, profitability, ease of 

operation and efficiency, in comparison with conventional methods (such as membrane 

filtration or ion exchange) especially from economical and environmental points of view 

(Moussavi, and Barikbin, 2010., Wang et al., 2009). Adsorption is operative in most 

natural physical, biological, and chemical systems, and is widely used in industrial 

applications such as activated charcoal, synthetic resins and water purification. Similar to 

surface tension, adsorption is a consequence of surface energy.  

In a bulk material, all the bonding requirements (be they ionic, covalent or metallic) of the 

constituent atoms of the material are filled. But atoms on the (clean) surface experience a 

bond deficiency, because they are not wholly surrounded by other atoms (Georg, 2008).  

The exact nature of the bonding depends on the details of the species involved, but the 

adsorbed material is generally classified as exhibiting physisorption or chemisorptions 

(Al-Asheh and Duvnjuk, 1998). 

Physisorption or physical adsorption is a type of adsorption in which the adsorbate 

adheres to the surface only through Van der Waals (weak intermolecular) interactions, 

which are also responsible for the non-ideal behavior of real gases. 



 
 

37 
 

Chemisorption is a type of adsorption whereby a molecule adheres to a surface through 

the formation of a chemical bond, as opposed to the Van der Waals forces which cause 

physisorption. 

Adsorption is usually described through isotherms, that is, functions which connect the 

amount of adsorbate on the adsorbent, with its pressure (if gas) or concentration (if 

liquid). Several models describing process of adsorption are: Freundlich isotherm, 

Langmuir isotherm, Brunauer-Emmett-Tellery component (BET) isotherm etc (Al-Asheh 

and Duvnjuk, 1998). 

 
2.7   Adsorption Models 

2.7.1 Adsorption Isotherm  

Adsorption isotherms are used for the description of how adsorbate will interact with 

adsorbent and are critical in optimizing the use of adsorbent. The correlation of 

experimental equilibrium data using either a theoretical or empirical equation is essential 

for adsorption data prediction. 

2.7.1.1   Langmuir Isotherm Model 

According to Langmuir adsorption theory, molecules are adsorbed at a fixed number of 

well-defined active sites which are interactions occurring between the adsorbed molecules 

homogeneously distributed over the surface of the adsorbent. These active sites have the 

same affinity for adsorption of a mono molecular layer and no interaction between the 

adsorbed molecules with variety of adsorbents (Langmuir, 1918). 
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For Langmuir equation, it is written as: 

 1/q = 1/qmax + 1/ (b.qmax) (Cf) 

 Where qmax and b are the Langmuir constants 

 
2.7.1.2   Freundlich Isotherm Model 

Freundlich isotherm model interprets the adsorption on heterogeneous surfaces with 

interactions occurring between the adsorbed molecules and is not restricted to the 

formation of a monolayer. This isotherm is commonly used to describe the adsorption of 

organic and inorganic compounds on a wide variety of adsorbents (Febrianto et al., 2009).  

This model, attributed to Freundlich, but was actually devised earlier by Boedecker and 

van Bemmelen, is empirical and non linear in pressure: 

Log q = log k + (l/n) log Cf 

Whenever the graphical method is employed, the data are plotted as log q versus log p. 

The best straight line through the data has a slope of (l/n) and an intercept of log k. In 

general, k decreases with increasing temperature, while n increases with increasing 

temperature and approaches a value of 1 at high temperature . 

Where 1/n is the heterogeneity factor which is related to the capacity adsorbent and 

intensively depends on the physical and intensity of the adsorption. This model assumes 

that when the adsorbate concentration increases, the concentration of adsorbate on the 

adsorbent surface also increases and correspondingly, the sorption energy exponentially 

decreases over the completion of the sorption centre of the adsorbent (Faust and Aly, 
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1987). Langmuir and Freundlich isotherm models are frequently used for describing the 

short term and mono-component adsorption of metal ions by different materials (Yu et al., 

2000; Aksu and Kabasakal, 2004).  

  
2.7.2   Adsorption Thermodynamic 

Temperature is an important parameter for the sorption of metal ions related with the 

thermodynamics of the adsorption process. Generally, there are two common types, 

endothermal and exothermal sorption processes which are determined based on the 

increase or decrease in the temperature during adsorption. If the sorption increases with 

the increasing temperature, the sorption is an endothermal process whereas if the sorption 

decreases with the increasing temperature it is described as an exothermal process. The 

equilibrium constant obtained from Langmuir equation at various temperatures was used 

to determine the thermodynamic parameters such as the enthalpy (H), free energy change 

(G) and entropy change (S) (Liu, 2006). 

The adsorption of different heavy metals is quite different and the thermodynamic 

parameters of the metal ion sorption are dominated by the nature of metal ion, nature of 

sorbents, solution conditions, ionic strength and experimental conditions. 

2.7.3   Adsorption Kinetics 

 Contact time from experimental results can be used to study the rate-limiting step in the 

adsorption process in terms of the kinetic energy. The overall adsorption process can be 

controlled by one or more steps such as pore diffusion, surface diffusion or a combination 
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of more than one step. Lagergen’s first order equation and Ho’s second order equation are 

such examples of kinetic models commonly used to describe these adsorption kinetic 

models (Ho, 2006).  

 

2.8   Low Cost Adsorbents 

Activated carbon has been a  widely-used adsorbent in wastewater treatment all over 

the world. Inspite of its prolific use, activated carbon remains an expensive material, 

since t h e  higher the quality of activated carbon, the greater its cost. Activated 

carbon also requires complexing agents to improve its removal performance for 

inorganic matters. Therefore, this situation makes it no longer attractive to be widely 

used in small-scale industries because of cost inefficiency. Due to the problems 

mentioned previously, research interest has been shifted to the production of 

alternative adsorbents, especially those which have metal-binding capacities and are 

able to remove unwanted heavy metals from contaminated water at low cost. These 

include natural zeolite, ash, rice husk, peat, volcanic stones, bentonite and 

clinoptilolite for adsorption of heavy metal ions (Kameswara and Venkateswarlu, 

2012). In particular, some natural materials, such as polysaccharides, clays, biomass, 

etc. that can remove pollutants from contaminated water at low cost has been widely 

researched around the world ( Ronaldo et al., 2007). Agricultural waste is one of the 

rich sources of low-cost adsorbents besides industrial byproduct and natural material. 
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Due to its abundant availability, agricultural wastes such as peanut husk, rice husk, 

coconut shell, wheat bran and sawdust offer little economic value and, moreover, create 

serious disposal problems (Igwe & Abia, 2007). Moreover the utilization of these waste 

materials as such directly or after some minor treatment as adsorbents is becoming 

vital concern because they represent unused resources and cause serious disposal 

problems. A growing number of studies have been carried out in recent years to 

evaluate the behavior of emerging adsorbents such as agricultural products and by-

product for emerging contaminants removal on the other hand industrial wastes, 

such as, fly ash, blast furnace slag and sludge, black liquor lignin, red mud, and 

waste slurry are currently being investigated as potential adsorbents for the removal of 

the emerging contaminants from wastewater (Mariangela et al., 2012). Carbonized 

Rice Husk (CRH) and Activated Rice Husk (ARH) made out of rice husks, available 

as agricultural waste, are investigated as viable materials for treatment of Pb, Cd, 

Cu, and Zn contained in industrial wastewater, at controlled pH. The results 

obtained from the batch experiments revealed a relative ability of the rice husk in 

removing some heavy metals at pH 7. (Nhapi et al., 2012). 

 
2.9 Factors Affecting the Adsorption of Heavy Metals 

Various factors influence the adsorption capacity of potential adsorbents during the 

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

is strongly influenced by the physicochemical characteristics of the solutions such as pH, 



 
 

42 
 

temperature, initial concentration, contact time and also adsorbent dose. A large portion of 

adsorption studies has been compiled to investigate the relationship of these parameters 

(Bailey et al., 1999).  

 

2.9.1 Effect of pH  

Adsorption of metal ions from wastewater is mainly influenced by the pH of the solution. 

pH can influence the surface charge of the adsorbent, the degree of ionization and the 

species of adsorbate. In a particular pH range, most metal sorption is enhanced, increasing 

to a certain value followed by a reduction when further pH increases. The dependence of 

the metal uptake on pH can be associated with both the surface functional groups on the 

biomass' cell walls and also the metal chemistry of the solution (Sheng et al., 2004). The 

pH value of the medium affects the equilibrium of the system (Romera et al., 2007). 

pH =p ka- log [AH] / [A-] 

Where [A] and [AH], represent the concentration of deprotonated and protonated surface 

groups and the equilibrium constants p Ka resembled the carboxyl groups. The effect of 

pH in the metal ion uptake is also being investigated for the removal of Pb(II) ions using 

the polkan peel (Pavan et al., 2008). The pH within the range of 2.0-8.0, and the 

maximum biosorption, occurred between 2.5 and 5.0. This is because at lower pH values, 

the dissociation of carboxylic acids leads to the formation of carboxylate groups plus H+ 

and an increase of pH value adsorption process can be estimated from equilibrium from 
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2.0 to 5.0, giving the increased amount of metallic ion biosorbed. Meanwhile, to pH 

higher than 5.0, there is a drastic decrease in the metallic uptake due to the hydrolysis of 

the metallic ion that takes place. The effect of pH on banana peel has been investigated 

(Hossain et al., 2012). The pH (9) of the adsorption capacities of Cu (II) was increased 

from 0.7 mg/g to 1.76 mg/g with the increase in pH from pH 2 to pH 6 which was 

because, free ion was available at pH below  6. However, the adsorption capacity 

decreased after pH 6 to pH 12. To explain this, at low pH, the adsorption capacities lower 

than Cu ions compete with hydrogen ion for binding site on the adsorbent surface while at 

higher pH, Cu ions started to precipitate in the solution. 

 
2.9.2 Effect of Temperature 

Depending on the temperature of the adsorbent used, temperature can affect the adsorption 

capacity of adsorbent. Temperature can change the adsorption equilibrium depending on 

the exothermic or endothermic nature of a process. Enthalpy, entropy and Gibbs free 

energy are such parameters that need to be determined before the spontaneity of the 

process can be inferred. Gibbs free energy (G°) is considered as the spontaneity indicator 

of a chemical reaction (Ho and Ofomaja, 2006). 

 
 2.9.3 Effect of Contact Time 

 The adsorption of metal ion by an adsorbent also depends on the interactions of 

functional groups between the solution and the surface of adsorbent. Adsorptions can be 
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assumed to be complete when equilibrium is achieved between the solute of solution and 

the adsorbent. However, specific time is needed to maintain the equilibrium interactions to 

ensure that the adsorption process is complete. The effect of contact time on saw dust and 

neem bark for adsorptive removal of Zn(II) and Cd(II) ions from aqueous solutions has 

been reported (Naiya et al., 2009). The experiment measures the effect of contact time 

under batch adsorption’s initial concentration and pH of 25 mg/L and pH 5 for Zn(II) 

while 10 mg/L and pH 6 for Cd(II) under contact time varied from 0 to 5 h. For the first 2 

hours, the increased contact time enhanced the adsorption of both ions. However, the 

rapid adsorption initially affected the time needed to reach equilibrium. For saw dust, the 

equilibrium time was 3 hr for both Zn (II) and Cd(II) adsorption while for neem bark, 3 

and 4 hr were needed to reach the equilibrium for the adsorption of Zn(II) and Cd(II), 

respectively. Hence, 4 h contact time was established as an optimum contact time for 

future studies (Rafatullah et al., 2009). The range of contact time varied from 1 to 180 min 

but the significant removal of different metal ions occurred during the first 20 min and no 

appreciable changes in terms of removal were noticed after 120 min. The adsorption of 

Cu(II), Cr(III), Ni(II) and Pb(II) ions is initially high probably due to the availability of 

the larger surface area of the sawdust for the adsorption of these ions. For all subsequent 

experiments, the equilibrium time was maintained at 120 min which is considered 

sufficient for the removal of different metal ions by meranti sawdust (Rafatullah et al., 

2009). 
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2.9.4 Effect of Initial Concentration 

 Initial concentration of metal ions can alter the metal removal efficiency through a 

combination of factors such as the availability of specific surface functional groups and 

the ability of surface functional groups to bind metal ions. Initial concentration of solution 

can provide an important driving force to overcome the mass transfer resistance of metal 

between the aqueous and solid phases (Malkoc and Nuhoglu, 2005). 

The Cr(VI) adsorption on sawdust as adsorbent is significantly influenced by the initial 

concentration of the aqueous solutions is observed (Gupta, and Babu, 2009). Results 

obtained show that the increase of the Cr(VI) concentration from 50 to 500 mg L-1 

decreased the percentage removal from 99.9% to 89.9% due to limitations of active sites 

on the adsorbent which become saturated above a certain concentration. The adsorption 

capacity increased from 4.98 to 41.45 mg g-1 due to the higher adsorption rate and the 

utilization of all the active sites available for the adsorption at higher concentration. The 

rapid adsorption of Cu(II) using watermelon shell after 20 min before it proceeds at a 

slower rate and attains saturation has been investigated (Koel et al., 2012). As the initial 

concentration of Cu(II) increased from 6, 10 and 20 ppm, the adsorption removal had 

decreased which was probably due to the fact that at lower concentration, almost all Cu(II) 

ions were adsorbed very quickly on the outer surface. However, further increase of the 

initial concentration of Cu(II) leads to the fast saturation of adsorbent. 

 



 
 

46 
 

2.9.5 Effect of Adsorbent Dose 

 Adsorbent dose is another parameter used to determine the capacity of adsorbent at a 

given concentration of the adsorbate. The effect of adsorbent dosage on bael tree (BT) leaf 

powder to adsorb Ni(II) from aqueous solutions has been investigated (Kumar and 

Kirthika, 2009).The effects of adsorbent dosage were varied from 5 to 30 g/L under room 

temperature (30°C) and with initial concentration at 10 mg/L. Result obtained from this 

study describes the adsorption of Ni(II) which increased rapidly when the dose of BT leaf 

powder was increased from 5 to 20 g/L, further explaining the large availability of the 

surface area at higher concentration of adsorbent. Any further addition of the adsorbent 

beyond this would not cause any significant change in the adsorption due to the 

overlapping adsorption sites of adsorbent particles. 
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Plate 2.1: picture of corn cobs 

 

2.10 Corn cobs 

Corncob is the central core of maize (Zea mays spp.) ear. It is the part of the ear on which 

the grains grow. The corn plant’s ear is also considered a “cob” or “pole” but it is not fully 

a “pole” until the ear is shucked or removed from the plant material.  

Young ears, also called baby corn can be consumed raw, but as the plant matures the cob 

becomes tougher until only the kernels are edible. The innermost part of the cob is white 

and has a consistency similar to foam plastic. 
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Corncobs are important byproduct of the sweet corn processing industry in Egypt, where 

they represent about 15% of the total corn production and the total volume of this by-

product generated from the total volume of corn was estimated to be 54,424 tonne in 2008 

(personal communication, Egyptian Directorate of Agriculture). Worldwide, corncobs are 

either used as animal feed or returned to the harvested field as fertilizer. Corncobs contain 

approximately 39.1% cellulose, 42.1% hemicellulose, 9.1% lignin, 1.7% protein, and 

1.2% ash (Barl et al., 1991).  
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Plate 2.2: Picture of plantain peels 

 

2.11   Plantain peels 
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Musa paradisiaca belongs to the natural order, plantaginaceae which contains more than 

200 species, twenty-five or thirty of which have been reported. Plantain belongs to the 

family Musaceae and the genus Musa tree, is like perennial, 2-9cm tall, with an 

underground rhizome. 

The common plantain (Plantango major) has broad, irregular oval leaves, abruptly 

contracted at the base into a long broad, channeled footstalk. The fully grown blade is 

1.3–2.4 meters long and about two- third as broad, usually smooth, with several parallel 

veins. Plantain grows more than any other plant in compacted soils, is abundant beside 

paths, roadside and other areas with frequent soil compaction. It is also common in 

grassland and as a weed among crops.  

It is wind pollinated and propagates primarily by seeds which are held on the long 

narrow spikes which rise well above the foliage. The large diversity that occurred in 

plantain has resulted in a variety of cultivars.  

The number of plantain cultivars has been reported to vary from one country to 

another. In Nigeria, only a few are important commercially ( Swennen,  1990). 

Plantain is a major starch crop of importance in the human tropical zone of Africa, 

Asia, Central and South America. It is undoubtedly one of the oldest cultivated fruits 

in West and Central Africa. It is consumed as an energy yielding food and desert. 

It has been estimated that plantains and other bananas provide many with more than 

200 calories (food energy) per day. Fruits such as plantain are important 
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contribution to the diets of many low and middle class people in many African 

settings (Stover, 1972).  

Ripening changes in plantain of three cultivars, a French type, and two horn types and 

compared these with those in banana ripening under same conditions, it showed that 1% 

starch was present in banana when fully ripen while there was no starch present at all 

when over ripe, unlike plantains in which 9% starch was found when fully ripe and 3% 

when over ripe (Marriot et al, 1981). Both fully ripe and overripe banana contains 23% 

total sugar content, but in case of plantains, there was an increase from 20% when fully 

ripe to 27% when overripe. For banana and plantain at all stages of ripeness, the ratio of 

glucose to fructose was approximately unity. Of  total sugar present in fully ripe banana 

and plantains, sucrose comprised of more than 70% and close to half of the total sugar in 

overripe fruits (Marriot et al., 1981). 
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CHAPTHER THREE 

MATERIALS AND METHOD 

3.1   Sample Collection and Sample Area 

Effluent samples were collected from Hossana Paint Industry at Effurun, Warri, in Delta 

State of Nigeria in 10litres sterile plastic containers and transported to the laboratory for 

analyses. Maize, ripe and unripe plantains were obtained from Eke Onunwa market in 

Owerri, Imo State. They were packed in polythene bags and taken to the laboratory then 

sun dried and pulverized for the various analyses. 

 
3.2 Methods 

3.2.1 Preparation Experimental Control 

Experimental control was prepared by filtering 400 ml of the industry waste effluent 

through Whatman No. 1 filter paper to remove supernatants. The filtrate was analyzed for 

pH, total dissolved solid, chloride, phosphate, biological oxygen demand and heavy 

metals (Fe and Pb) concentration following standard procedures (APHA, 1993).  

 

3.2.2 Preparation  of Biosorbents with Sample Feedstock 
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Corn cob, ripe and unripe plantain peels were collected and washed 5 times with water. 

The washed materials were cut into small pieces (1-2 cm) sun dried, and later dried further 

in the oven at 60°C for 1 h to remove the    adhering   moisture. The properly dried peels 

were pulverized separately into fine powder using a sterilized milling machine. 

The pulverized peels were sieved through a 0.25 mm (or 400 µm) sieve size and was 

stored in air tight bottle prior to the experiments at room temperature.   

3.2.3 Adsorption Experiments 

The biosorption capacity of corn cob, unripe and ripe plantain peels were determined by 

treating 400 ml of industrial paint waste effluent with 1 g and 3 g of biosorbents, sieved 

with 400 µm sieve size. This mixture was stirred on a shaker incubator at 240 rpm for 

1hour. The control set, contained only paint effluent without the adsorbent, while the 

remaining two sets contained 400 ml of the paint effluent plus the concentrations of the 

powder as labeled. The flasks were continuously stirred for the required time period in a 

shaker. The mixture was filtered through Whatman No. 1 filter paper to remove bio-

sorbent precursors. Each filtrate was subjected to analysis. The dependent variables 

analyzed were pH, total dissolved solid, chloride, phosphate, biological oxygen demand 

and heavy metals (Fe and Pb) concentration. Standard methods were followed in 

determining the above variables (APHA, 1993).  
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3.2.4   Phytochemical Analysis of Sample Feedstock 

Standard procedures as described by (Sofowara, 1993) and (Herbone, 1973) were adopted. 

3.2.4.1 Test for Tannins   

Few drops of 0.1% ferric chloride were added to heated 0.5 g of the dried powdered 

samples in 20 ml of water in a test tube containing the filtrate. Observation was made for 

brownish green or a blue-black colouration.   

3.2.4.2 Test for Saponins  

Measured 2 g of the powdered sample was heated in 20 ml of distilled water in a water 

bath and then filtered with filter paper. To 10 ml of the filtrate was added 5 ml of distilled 

water and shaken vigorously for a stable persistent froth. The frothing was mixed with 3 

drops of olive oil and shaken vigorously, and observed for the formation of emulsion.   

3.2.4.3 Test for Flavonoids 

Few drops of ammonia solution were added to 2 ml of the filtrate. A yellow colouration 

indicated the presence of flavonoids. 

3.2.4.4   Test for Steriods 

Measured 2ml of the aqueous extract was put into a test tube, and 1ml of concentrated 

sulphuric acid added. Reddish-brown colouration indicated the presence of steroids. 

3.2.4.5   Test for Terpenoids (Salkowski Test)  
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Five ml of each extract was mixed in 2 ml of chloroform, and concentrated 3 ml of H2S04 

was carefully added to form a layer. A reddish brown colouration of the interface is 

formed to show positive results for the presence of terpenoids.   

3.2.4.6   Test for Alkaloids 

About 2 ml of the extract was put into a test tube, and 2 ml of ethanol was put into a 

separate test tube. Few drops of iodine were put into each test tube and swirled. The 

presence of dark brown to green colouration indicates the presence of alkaloids. 

 

3.3   Treatment of Waste Effluent with Biosorbent Materials 

3.3.1   Total Dissolved Solids (TDS)  

The TDS was determined by the Direct Reading Engineering Method (DREM) (APHA, 

1993) using multi-meter, pre-calibrated according to the manufacturer’s instruction. A 50 

ml volume of the treated and untreated paint effluent sample was introduced into different 

100 ml glass beaker. The probe of the meter was dipped into the beaker, and the TDS 

mode activated by pressing gently on the meter's soft touch button. The displayed value on 

the meter was allowed to stabilize and recorded as the true value of the reading.  

3.3.2   Chloride 

The method used was argentometric titration, and 100 ml of the untreated and treated 

paint effluent was analyzed respectively. To coloured or turbid treated and untreated paint 

effluent was added 3ml of aluminum hydroxide suspension, mixed, allowed to settle and 
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filtered. About 1ml of Potassium chromate solution was added as an indicator, and was 

titrated with standard silver nitrate to a pinkish yellow end point. The titration was 

repeated for the blank with distilled water. A blank of 0.2 ml was used. 

Calculation 

Mg Cl- /L = (A-B) × N × 35 450/ ml sample 

Where: 

A = ml titration for sample 

B = ml titration for blank 

N = normality of AgNO3 

35,450/ml = Patton and Reeder’s constant 

 
3.3.3   Phosphate 

The Spectrometer was employed in the measurement of color intensity of the blue 

solutions.  A wavelength of 650 nm was used for the analysis and the glassware was 

washed thoroughly with hot water followed by rinsing with distilled water.  

 Phosphate salt standard solutions were prepared using a 5 point calibration curve with 

concentrations ranging from 0–5 mg/L Phosphate from the provided stock standard 

solution. The standard solutions and the blank were treated according to the “color 

development” procedure. 
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In color development, in paint effluent sample, the standard solutions and blank were 

placed in 25 ml Erlenmeyer flask. About 1.0 ml (with a pipette) of ammonium molybdate 

solution was placed into a flask and swirled to mix. Next was addition of two drops of 

stannous chloride solution and mixed by swirling.  If phosphate was present, a blue colour 

developed in a maximum of five minutes. The time period is somewhat critical as 

measurement was taken anywhere from 5 to 15 min after addition of stannous chloride. 

3.3.4   Biological Oxygen Demand  

The BOD was determined using the BOD TrakII method, because it is easy to monitor at 

any time as the instrument continuously show BOD result and the sample was stirred 

constantly and kept in natural conditions. About 95 ml each of the untreated and treated 

paint waste effluent was measured, using graduated cylinder and was placed in a BOD 

bottle with magnetic stirrer inside. 

Nutrient buffer was added to act as nutrient to the microorganisms, and carbon dioxide 

was removed from each sample bottle by placing potassium hydroxide pellets on the seal 

cup of the sample bottle with the aid of a spatula, then placed in the BODTrackII for 

monitoring. This process was repeated for each sample and system calibrated before and 

after use. The value displayed was taken after the completion of the 5 days.  

3.3.5   pH  
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The pH of the sample was determined by the same DREM. The probe of the meter was 

dipped into beaker of 50 ml of treated and untreated effluent sample, and the pH mode 

called up. The value displayed was taken as the true pH value.  

To determine the effects of different pH on adsorption rate, NaOH was added to the 

solution to adjust pH to 10, while the initial pH of the paint waste effluent, 6.7 remained 

unadjusted and was used to treat the waste effluent first. 

3.3.6   Heavy Metals 

After biosorption, biosorbents were separated from the solution by passing through a 

Whatman filter paper, and the filtrate was subjected to residual Lead and Iron 

concentration determination. The initial concentration and the residual concentrations of 

the heavy metal ions were analyzed by Flame Atomic Absorption Spectrophotometer.  

 
3.4. Bacteriological Tests 

The samples of effluent emanating from paint industry as well as the effluent subjected to 

additional treatments were subjected to bacteria test. The samples were collected in 

sterilized bottles and stored at 48 oC prior to the test. Spread plate method was used to 

ascertain the bacterial loads, and the growth of micro-organisms was assessed after 24 h 

incubation period. Total viable counts were conducted for samples showing positive 

results in the screening stage. The nutrient agar and peptone water which was used for 

serial dilution was prepared following manufacturer’s instruction. Bacterial isolates were 
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subjected to gram stain, catalase test, oxidase test, methyl red test, voges proskauer test, 

indole test and citrate test for proper characterization. 
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CHAPTER FOUR  

RESULTS AND DISCUSSION 

4.1 Results 

Phytochemical Screening 

The result of phytochemical screening of ripe and unripe plantain peels and corn cob 

showed that saponins was present in both ripe and unripe plantain peels;  flavonoids, 

saponins and steroids present in Corn cob. While alkaloids and Terpenoids were absent in 

all samples as shown in Table 4.1. 

Table 4.1 Phytochemical Properties of Ripe and Unripe Plantain Peels and  
Corncob. 

Chemical Component Ripe plantain peels Unripe plantain peels Corn cob 

  
  
Alkaloids - - - 

Flavonoids  -   
  

- + 

Saponins + + + 

Terpenoids  - - - 

Tannins  + - - 

Steroids - + + 

Key: +: present; - : absent 
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Physicochemical Properties 

Physical Properties 

Physical properties of paint effluent before and after treatment with 1 g of ripe and unripe 

plantain and corn cob are shown in Table 4.2. The untreated effluent sample of pH was 

6.7 and after treatment it was observed to decline little, ranging from 5.9 to 6.6. The mean 

value of untreated Biochemical Oxygen Demand (BOD) and Total Dissolved Solids 

(TDS) was 22 mg/l and 141 mg/l respectively, and after treatment it was between 0.05 to 

360 mg/l and 189 to 335 mg/l respectively.  

 

Table 4.2 Mean values for physical properties of paint effluent before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(unadjusted pH 6.7). 

   pH          BOD             TDS 

            (mg/l)             (mg/l) 

Untreated  6.7         22.0            141  

Ripe (pp)            6.5        360            335 

Unripe (pp)            6.5        0.05           281 

Corn cob           5.9        252           189 

Composite          6.6        96.0           194 

Key: Composite = Corncob + Unripe plantain 
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The mean pH value of untreated effluent sample was 10.0, after treatment it was ranging 

from 6.7 to 10.1. Mean BOD and TDS value of untreated effluent sample were 22 mg/l 

and 141 mg/l respectively, and after treatment there was a noticeable increase, ranging 

from 150 to 561 mg/l and 349 to 625 mg/l respectively, as shown in Table 4.3. 

 

Table 4.3 Mean values for physical properties of paint effluent before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(adjusted pH to 10).  

      pH          BOD        TDS 
         (mg/l)      (mg/l) 

Untreated  10.0       22.0       141  

Ripe (pp)     8.8      561                 573 

Unripe (pp)   10.1      150                 625 

Corn cob  6.7      456                349 

Composite  8.4      225                377 

Key: Composite =Corncob + Unripe Plantain 

Mean pH value of untreated paint effluent sample was 6.7 and after treatment it was 

ranging from 6.4 to 7.5. The untreated effluent sample of BOD and TDS were 22 mg/l and 

141 mg/l respectively, and after treatment it was increased 111 to 649 mg/l and 253 to 736 

mg/l respectively as shown in Table 4.4. 
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Table 4.4  Mean values for physical properties of paint effluent before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(unadjusted pH 6.7). 

   pH         BOD           TDS 
          (mg/l)            (mg/l) 
Untreated  6.7       22.0           141  

Ripe (pp)   6.6      649                     736 

Unripe (pp)   7.5      224                     542 

Corn cob  6.4      233                     253 

Composite  6.8      111                     456 

Mean pH value of untreated effluent sample was 10.0 and after treatment it ranges from 

5.9 to 7.7. The untreated effluent sample of BOD and TDS were 22 mg/l and 141 mg/l 

respectively, and after treatment, there was a noticeable increase, ranging from 177 to 467 

mg/l and 341 to 811 mg/l respectively, as shown in Table 4.5. 
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Table 4.5 Mean values for physical properties of paint effluent before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(adjusted pH to 10). 

   pH              BOD               TDS 

      (mg/l)              (mg/l) 

Untreated  10.0           22.0              141  

Ripe (pp)   6.0           467              811 

Unripe (pp)   7.7           177              625 

Corn cob  5.9           230             341 

Composite  6.8           195             378 

 

Inorganic Compounds and Heavy metals 

Mean value of heavy metals concentration of untreated paint effluent sample were 0.490 

mg/l (Fe) and 0.020 mg/l (Pb). After treatment with 1 g of biosorbents, the concentrations 

Fe and Pb reduced as shown in Table 4.6. 
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Table 4.6  Mean values for heavy metals of paint waste effluent before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(unadjusted pH 6.7). 

     Iron                        Lead 

    (mg/l)                      (mg/l) 

Untreated          0.490                      0.020  

Ripe (pp)           0.290                      0.018 

Unripe (pp)           0.300                               0.010 

Corn cob         0.150                      0.012 

Composite         0.240                      0.016 

 

Mean value of inorganic compounds of untreated paint effluent samples were 9.810 mg/l 

(Cl), 9.650 mg/l (PO4). After treatment with 1 g of biosorbents, the concentrations of Cl 

and PO4 increased as shown in Table 4.7. 
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Table 4.7  Mean values for inorganic compounds of paint effluent before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(unadjusted pH 6.7). 

   Chloride                          Phosphate  

   (mg/l)                           (mg/l)   

Untreated  9.810                           9.650      

Ripe (pp)            37.900                29.500   

Unripe (pp)            32.700                24.500   

Corn cob           15.400                13.500  

Composite          21.700                          10.200   

 

Mean value of heavy metals concentration of untreated paint effluent sample were 0.490 

mg/l (Fe) and 0.020 mg/l (Pb). After treatment with 1 g of biosorbents, the concentrations 

of heavy metals reduced as shown in Table 4.8. 
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Table 4.8 Mean values heavy metals of paint effluent before and after treatment with 
1 g of corn cob, composite, ripe and unripe plantain peels (adjusted pH to 
10).  

     Iron                                Lead 

    (mg/l)                              (mg/l) 

Untreated   0.490                              0.020  

Ripe (pp)    0.100                             0.006 

Unripe (pp)             0.130                             0.015 

Corn cob            0.300                             0.014 

Composite            0.280                             0.016 

 

Mean value of inorganic compounds of untreated paint effluent sample were 9.810 mg/l 

(Cl), and 9.650 mg/l (PO4). After treatment with 1 g of biosorbents, the concentrations of 

inorganic compounds increased as shown in Table 4.9. 
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Table 4.9 Mean values for inorganic compounds of paint effluent before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(adjusted pH to 10).  

   Chloride                            Phosphate  

   (mg/l)                             (mg/l) 

Untreated  9.810                             9.650    

Ripe (pp)   30.500                   28.400   

Unripe (pp)   28.000                   16.600   

Corn cob  13.700                   7.400   

Composite  22.700                   12.400   

 

Mean value of heavy metals concentration of untreated paint effluent sample were 0.490 

mg/l (Fe) and 0.020 mg/l (Pb). After treatment with 3g of the adsorbent and unadjusted 

pH 6.7, the concentrations of heavy metals reduced as shown in Table 4.10. 
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Table 4.10 Mean values of heavy metals of paint effluent before and after treatment 
with 3 g of corn cob, composite, ripe and unripe plantain peels 
(Unadjusted pH 6.7).  

 

     Iron                               Lead 
    (mg/l)                             (mg/l) 

Untreated   0.490                             0.020  

Ripe (pp)    0.310                             0.011 

Unripe (pp)    0.340                                      0.013 

Corn cob   0.380                            0.011 

Composite   0.320                            0.017 

 

Mean value concentration of inorganic compounds of untreated paint effluent sample was 

9.810 mg/l (Cl) and 9.650 mg/l (PO4). After treatment with 3g of the adsorbent precursors 

and unadjusted pH 6.7 the concentrations of inorganic compounds increased as shown in 

Table 4.11. 
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Table 4.11 Mean values for inorganic compounds of paint effluent before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(Unadjusted pH 6.7).  

 

   Chloride                               Phosphate   
   (mg/l)                                (mg/l)   

Untreated  9.810                                9.650   

Ripe (pp)   75.400                      72.000   

Unripe (pp)   69.800                      38.000   

Corn cob  18.600                      15.000   

Composite  44.600                      38.000   

  

Mean value of heavy metals concentration of untreated paint effluent samples were 0.490 

mg/l (Fe) and 0.020 mg/l (Pb). After treatment with 3g of adsorbent precursors, the 

concentrations of Fe and Pb reduced as shown in Table 4.12. 
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Table 4.12 Mean values for heavy metals of paint effluent before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(Adjusted pH to 10). 

   Iron                                      Lead 

           (mg/l)                                      (mg/l) 

Untreated           0.490                                      0.020  

Ripe (pp)           0.390                                      0.019 

Unripe (pp)           0.032                                      0.019 

Corn cob          0.032                                               0.015 

Composite          0.031                                                 0.009 

 

 
Mean value of inorganic compounds of untreated paint effluent samples were 9.810 mg/l 

(Cl) and 9.650 mg/l (PO4). After treatment with 3g of adsorbent precursors, the 

concentrations of Cl and PO4 increased as shown in Table 4.13. 
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Table 4.13 Mean values for inorganic compounds of paint effluent before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(Adjusted pH to 10). 

   Chloride                                  Phosphate  

   (mg/l)                                   (mg/l)   

Untreated  9.810                                    9.650  

Ripe (pp)   70.400                          62.000   

Unripe (pp)   66.700                          45.000   

Corn cob  14.200                          23.000   

Composite  43.800                          25.500   

 
 
 
ADSORPTION ISOTHERM STUDY 
 
Comparison of Langmuir and Freundlich isotherm models and the applicability was 

judged with the correlation coefficient (R2) as shown in Table 4.10. Freundlich model 

interprets adsorption on heterogeneous surfaces while Langmuir model interprets 

adsorption on monolayer and constant adsorption energy. Using Freundlich equation 

isotherm: log q = log K + (1/n) log Cf (Where q is the amount adsorbed per unit mass of 

adsorbent and Cf is equilibrium concentration), and Langmuir equation of adsorption 
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isotherm: 1/q = 1/qmax + 1/ (b.qmax) (Cf) (Where qmax and b are the Langmuir 

constants), the plot log q vs log Cf was linear, and constants K and n were evaluated from 

slopes and intercepts (Appendix F). 

 
 
Table 4.14 Comparison of Langmuir and Freundlich Isotherms for Heavy Metals in 

Paint Effluent Sample. 
 

Langmuir Isotherm   Freundlich Isotherm 
Parameters     Parameters  

Metals qmax    b  R2  KF  n R2 

Fe  -0.0011 -0.05  -0.84  -0.14  1.2 - 4.6  

Pb  -0.0048 0.0048 -0.38  -0.21  1.2 -1.85 

 

 

Bacterial Load 

The total bacterial load result shows a decrease in the treated paint effluent sample. Corn 

cob adsorbed the microbes better. The untreated paint effluent of total bacterial count was 

4.56x1012cfu/ml and after treatment with 1 g of  ripe and unripe plantain peels, corn cob 

and composite of unadjusted pH, the total counts decreased to 4.8x105, 2.5x105, 1.2x105 

and 2.7x105 cfu/ml respectively. While adjusted pH to 10 was 2.2x105, 8.4x105, 1.6x105 

and 4.0x105 cfu/ml respectively. And also the total bacterial count of the treated effluent 

with 3g of ripe and unripe plantain peels, corn cob and composite of unadjusted pH were 
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5.4x105, 3.9x105, 2.3x105 and 4.8x105 cfu/ml respectively. While adjusted pH to 10 was 

8.5x109, 3.6x109, 5.5x109 and 3.0x109cfu/ml respectively Tables 4.1 and 4.12. 

 

Table 4.15  Mean Bacterial counts of Paint effluent sample before and after 
treatment with 1 g of corn cob, composite, ripe and unripe plantain peels 
(Unadjusted and Adjusted pH to 10). 

 

 (Unadjusted pH) 1 g                    (Adjusted pH to 10)1 g 
Adsorbent Total Bacterial                           Total Bacterial Precursors count 
(cfu/ml)                   count (cfu/ml) 
 
Untreated          4.56X1012    4.56X1012 

Ripe (PP)        4.8X105     2.2X105 

Unripe (PP)        2.5X105     8.4X105 

Corn cob       1.2X105     1.6X105 

Composite       2.7X105     4.0X105 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

75 
 

Table 4.16 Mean Bacterial counts of Paint effluent sample before and after 
treatment with 3 g of corn cob, composite, ripe and unripe plantain peels 
(Unadjusted and Adjusted pH to 10). 

 

 (Unadjusted pH) 3 g              (Adjusted pH to 10) 3 g  
Adsorbent  Total Bacterial    Total Bacterial Precursors 
 count (cfu/ml)               count (cfu/ml) 
 
Untreated    4.56X1012    4.56X1012 

Ripe (PP)  5.4X105    8.5X109 

Unripe (PP)  3.9X105    3.6X109 

Corn cob  2.3X105    5.5X109 

Composite  4.8X105    3.0X109 
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Table 4.17 Results of biochemical identification of microorganisms present in the 
paint effluent before and after treatment 
 

  Morphology                 Gram stan       Catalase         Oxidase       Methyl       Voges Pros-       Indole         Citrate      Microorganisms                                
test                 test              red test      kauer   test         test              test   

Pink, circular, entire,      +ve (Rods)         -ve                  +ve             +ve               -ve        -ve                    +ve             Lactobacillus sp         raised and 
dry surface   

 Milky, round, smooth,       +ve cocci in     -ve             +ve             +ve               -ve    (slo w+ve            -ve              Streptococcus sp            raised, 
translucent surface  

 chains & single  

Circular, entire,                   -ve rods             +ve             -ve             +ve               -ve              -ve                         -ve           Proteus mirabilis  

 raised, milky and translucent 

 Pink, circular, entire,          -ve (Rods)   +ve           -ve             +ve                -ve           -ve               -ve            Escherichia coli  

raised and dry surface  

 Milky, undulate, flat           -ve (Rods)      +ve           +ve             -ve     +ve        -ve               +ve            Pseudomonas sp 

spreading, and translucent   

 Milky, circular, entire,          +ve (Rods)      +ve          +ve              -ve      +ve        -ve                -ve             Bacillus sp 

raised and translucent  

Legend:   +ve = positive test;  -ve = negative test  

 

 

Statistical Results 

 Appendix D shows the student t – test results of mean difference between the parameters 

of treated and untreated waste paint effluent were not significant at 95% confidence level 

with 2 degrees of freedom. Goodness of fit using chi – square was employed on bacterial 

load, and it was significant at 95% confidence level (Appendix E). Correlation coefficient 

was used to analyze between phytochemical properties and the purification potential on 
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paint effluent sample; which showed that there was perfect negative relationship 

(Appendix F). 

 

4.2 Discussion 

Phytochemical Properties 

Phytochemical screenings were found to contain flavonoids, saponins, tannins and 

steroids as documented in this study. The results show that corn cob, ripe and unripe 

plantain peels contain saponin, while flavonoids was present in corn. Tannins was present 

in ripe plantain peels, steroids were present in corn cob and unripe plantain peels. 

However, alkaloids and terpenoids were absent. These principles have been known for 

many years to exhibit wastewater treatment and biological activities (Harborne, 1973). 

The findings of this study is consistent with reports of the presence of these 

phytochemicals in various parts of the Musa paradisiaca plant as documented by 

Akpuaka and Ezem (2011) and Akpabio et al. (2012).  

The permissible level of pH value for stream water or natural water by World Health 

Organization (WHO, 1984) is 6.5 – 9.2, and must be colourless and odourless. Some of 

the mean pH values in this study were observed to be within (WHO, 1984) permissible 

limits, while others were above. The pH can be decreased by the carbon dioxide released 

by the bacteria breaking down the organic wastes (Matovu, 2010). Carbon dioxide 

dissolves in water to form carbonic acid. Although this is a weak acid, large amounts of it 
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will lower the pH and when waters with low pH values come into contact with certain 

chemicals and metals, this often makes them more poisonous than normal. 

The temperature in this study (27ºC) was within set down standards and therefore suitable 

for aquatic environment. It was observed that the absorbent materials had no effect on the 

temperature of the effluent. 

Biochemical oxygen demand result revealed that there was a noticeable increase in BOD 

levels in the treated effluent sample. This high level observed is probably due to the 

presence of organic matter in the adsorbent materials. 

The lower concentration of TDS of the untreated paint effluent sample may be due to 

several physiochemical reactions such as sedimentation, coagulation, fixation, amongst 

other factors like oxidation and precipitation. While the high levels of the treated samples 

may be due to high inorganic salt contents present in the precursors. However, Total 

Dissolved Solids (TDS) concentrations of treated and untreated paint waste effluent 

sample in this study are above the maximum acceptable limits of (100 mg/l) World Health  

Organization (WHO, 1984). 
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Inorganic Compounds and Heavy Metals 

Chlorine is used to control odour of industrial waste according to Nweke and Sander 

(2009).The chloride levels obtained in this study were below 250 mg/l the permissible 

level from World Health Organization (WHO, 1984). 

Phosphate levels of untreated and treated paint effluent samples were generally above the 

World Health Organization (WHO, 1984) permissible limits (5.82 mg/l). 

The untreated and treated effluent sample in this study contains iron below the WHO 

permissible limits.   

The untreated paint waste effluent sample concentration of lead was above the maximum 

permissible limits for FEMA (1999) standard of 0.1 mg/l, while treated was on the 

permissible limits. 

 
Effect of Adsorbent Dose 

It is well understood that the amount of metal removal is vastly dependent upon the metal 

concentration in the solution (Chojnacka, 2006). If the amount of biomass remains 

constant in the system, the metal removal efficiency may be reduced regardless of the 

increased metal concentration (Zhou et al., 2007).  

In this study, 1 g and 3 g of the adsorbent doses were used for the effluent treatment, and 

it was observed that adsorbent dose had effect on the adsorption capacity of the adsorbent 

of the heavy metals.  At the high doses of adsorbent, removal of metal may be affected by 

the partial aggregation among the available active binding sites (Anwar et al., 2010), 
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whereas at low doses, lack of active binding sites may result in lower rate of metal 

removal (Karthikeyan et al., 2007).  

 

Bacterial Load 

The total bacterial load showed a decrease in the treated effluent samples. Since the 

adsorbent materials caused the suspended liquid to form flocs and settles, some 

microorganisms will attach to these flocs thereby causing the decrease in microbial 

population observed. These findings are agreeable with the results of (Stanley et al. 2013). 

Analogous to this report, Ashraf et al. (2011); Castro et al. (2011) and Hossain et al. 

(2012) reported high level of bacterial load with similar precursors. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

 
5.3  Conclusion 

This study clearly shows that the use of corn cob, ripe and unripe plantain peels as 

adsorbent is much effectual on heavy metals and bacterial load. The cost implication of 

using conventional methods of industrial effluent treatment is extremely high compared to 

using these agro- wastes which are more viable, cost effective, economical and eco-

friendly.   

 
5.4  Recommendation 

I recommend that corn cob, ripe and unripe plantain peels be used to reduce metals and 

bacterial load from industrial paint waste effluent, as this will not only save the cost of 

pollutant removal, but also reduce the overall production cost of different products that 

come from these industries. 
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APPENDICES 

APPENDIX A: APPARATUS 

1. Atomic Adsorption Spectrophotometer (AAS) 

2. Rotary Shaker 

3. Digital pH Meter 

4. Drying Oven 

5. Sterile Conical Flask 

6. Sterilized Food Milling Machine 

7. Weighing Balance 

8. Incubator 

9. Autoclave 

10. Dissolved Oxygen Meter 

11. Spectrophotometer 
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APPENDIX B: 

EFFICIENCY CALCULATION OF PERCENTAGE REMOVAL OF HEAVY 
METALS AND INORGANIC IONS ON PAINT EFFLUENT. 

IRON (Fe) 

Percentage removal of Fe                =                Initial Conc. – Final Conc. X 100% 

                                                                                     Initial Conc. 

Ripe (PP) 1g unadjusted pH  

0.490 –  0.290     X  100                  =                                        41% 

          0.490 

Unripe (PP) 1g unadjusted pH 

0.490 – 0.300 X 100                       =                                             38% 

         0.490    

Corncob 1g unadjusted pH         

0.490 – 0.150 X100                        =                                             71% 

        0.490 

Composite: Corncob + Unripe (PP) 1g unadjusted pH 

0.490 – 0.240 X 100                       =                                             51%              

        0.490 

IRON (Fe) 

Ripe (PP) 1g adjusted pH 10 

0.490 – 0.100 X 100                       =                                             79% 

        0.490 
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Unripe (PP) 1g adjusted pH 10 

0.490 – 0.130 X 100                      =                                               73% 

        0.490 

Corncob 1g adjusted pH 10          

0.490 – 0.300 X 100                      =                                               38% 

        0.490 

Composite 1g adjusted pH 10 

0.490 – 0.280 X 100                     =                                                42% 

        0.490 

 

IRON (Fe) 

Ripe (PP) 3g unadjusted pH  

0.490 – 0.310 X 100                     =                                               37% 

        0.490 

Unripe (PP) 3g unadjusted pH  

0.490 – 0.340 X 100                     =                                               31% 

     0.490 

Corncob 3g unadjusted pH 

0.490 – 0.320 X 100                    =                                                22% 

     0.490 

Composite 3g unadjusted pH 

0.490 – 0.320 X 100                    =                                                35% 

     0.490 
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IRON (Fe) 

Ripe (PP) 3g adjusted pH 10 

0.490 – 0.390 X 100                         =                                       20% 

     0.490 

Unripe (PP) 3g adjusted pH 10 

0.490 – 0.320 X 100                        =                                        35% 

      0.490 

Corncob 3g adjusted pH 10   

0.490 – 0.320 X 100                        =                                        35% 

     0.490 

Composite 3g adjusted pH 10 

0.490 – 0.310 X 100                        =                                        37%                          

       0.490 

LEAD (Pb) 

Percentage removal of Pb                =                Initial Conc. – Final Conc. X 100% 
                                                                             Initial Conc. 

Ripe (PP) 1g unadjusted pH 

0.020 – 0.18 X 100                         =                                         10% 

      0.020 

Unripe (PP) 1g unadjusted pH 

0.020 – 0.010 X 100                       =                                        50% 

        0.020 
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Corncob 1g unadjusted pH 

0.020 – 0.012 0X 100                     =                                            40% 

        0.020 

Composite 1g unadjusted pH 

0.020 – 0.016 X100                        =                                            20% 

        0.020 

 

LEAD (Pb) 

Ripe (PP) 1g adjusted pH 10 

0.020 – 0.006 X 100                       =                                           70% 
        0.020 
 
Unripe (PP) 1g adjusted pH 10                
0.020 – 0.015 X 100                       =                                           25% 

        0.020 

Corncob 1g adjusted pH 10                          

 0.020 – 0.014 X 100                     =                                           30%                               

          0.020 

Composite 1g adjusted pH 10 

 0.020 – 0.016 X 100                     =                                           25% 

          0.020 
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LEAD (Pb) 

Ripe (PP) 3g unadjusted pH 

0.020 – 0.011 X 100                      =                                             40% 
         0.020 

 
Unripe (PP) 3g unadjusted pH 
0.020 – 0.013 X 100                      =                                             35% 
         0.020 
 
Corncob 3g unadjusted pH 
0.020 – 0.011 X 100                     =                                              40% 
         0.020 

 

Composite 3g unadjusted pH 

0.020 – 0.017 X 100                     =                                              15% 
         0.020 
 

LEAD (Pb) 

Ripe (PP) 3g adjusted pH 10 

0.020 – 0.019 X 100                    =                                               5% 

      0.020 
 

Unripe (PP) 3g adjusted pH 10 

0.020 – 0.019 X 100                    =                                               5% 

      0.020 

Corncob 3g adjusted pH 10 

0.020 – 0.015 X 100                   =                                                25% 

         0.020 
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Composite 3g adjusted pH 10 

0.020 – 0.009 X 100                  =                                                55% 

         0.020 
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APPENDIX C 

STATISTICAL ANALYSIS OF PHYSICOCHEMICAL 

PARAMETERS ON PAINT EFFLUENT SAMPLE. 

BOD (unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 22 36 -14 196 

 23 35 -12 144 

 21 37 -16 256 

Total 66 108  596 

Mean difference = -14 

Estimated Standard Deviation Difference = 17.26 

Standard Error of Mean = 8.63 

T- Test = -1.62 

Degree of Freedom = 2 

P = (0.05) = 2.92 
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 Untreated Unripe  Deviation Variance 

 22 0.05 21.95 481.8 

 23 0.04 22.96 527.1 

 21 0.06 20.94 438.4 

Total 66 0.15  1447.4 

Mean difference = 21.95 

Estimated Standard Deviation Difference = 26.9 

Standard Error of Mean = 13.45 

T- Test = 1.63 

Degree of Freedom = 2 

P = (0.05) = 2.92 
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Untreated Corn cob  Deviation Variance 

 22 25.2 - 3.2 10.24 

 23 25.1 -2.1 4.41 

 21 25.3 -4.3 18.49 

Total 66 75.6  33.14 

Mean difference =-3.2 

Estimated Standard Deviation Difference =4.0 

Standard Error of Mean =2.0 

T- Test = -1.6 

Degree of Freedom = 2 

P = (0.05) =2.92 
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 Untreated Composite  Deviation Variance 

 22 96 -74 5476 

 23 95 -74 5184 

 21 97 -76 5776 

Total 66 288  16436 

Mean difference = -74 

Estimated Standard Deviation Difference = 90.65 

Standard Error of Mean = 45.32 

T- Test = - 1.63 

Degree of Freedom = 2 

P = (0.05) =2.92 
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BOD (adjusted pH to 10) 
 
 Untreated Ripe  Deviation Variance 

 22 649 -627 393129 

 23 648 -625 390625 

 21 650 -629 395641 

Total 66 1947  1179395 

 
Mean difference = -627 

Estimated Standard Deviation Difference = 767.9 

Standard Error of Mean = 383.9 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)   
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Untreated Unripe  Deviation Variance 

 22 224 -202 40804 

 23 223 -200 40000 

 21 225 -204 41616 

Total 66 672  122420 

 
Mean difference = -202 

Estimated Standard Deviation Difference = 247.4 

Standard Error of Mean = 123.7 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   

 
 Untreated Corn cob Deviation Variance 

 22 233 -211 44521 

 23 232 -209 43681 

 21 234 -213 45369 

Total 66 699  133571 

 

Mean difference = -211 
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Estimated Standard Deviation Difference = 258.4 

Standard Error of Mean = 129.2 

T- Test = 1.63 

Degree of Freedom = 2  

P = (0.05)   

 
 

 Untreated Composite Deviation Variance 

 22 111 -89 7921 

 23 110 -87 7569 

 21 112 -91 8281 

Total 66 333  23771 

 

Mean difference = -89 

Estimated Standard Deviation Difference = 109.0 

Standard Error of Mean = 45.5 

T- Test = -1.63  

Degree of Freedom = 2  

P = (0.05)   
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TDS (Unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 141 335 -194 37636 

 142 334 -192 36864 

 140 336 -196 38416 

Total 423 336  112916 

 

Mean difference = -194 

Estimated Standard Deviation Difference = 237.6 

Standard Error of Mean = 118.8 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   

 
 Untreated Unripe  Deviation Variance 

 141 281 -140 19600 

 142 280 -138 19044 

 140 282 -142 20164 

Total 423 843  58808 
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Mean difference = -140 

Estimated Standard Deviation Difference = 171.4 

Standard Error of Mean = 85.7 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)   

 

 Untreated Corn cob Deviation Variance 

 141 253 -112 12544 

 142 252 -110 12100 

 140 254 -114 12996 

Total 423 759  37640 

 

Mean difference = -112 

Estimated Standard Deviation Difference = 137.1 

Standard Error of Mean = 68.5 

T- Test = -1.63 



 
 

115 
 

Degree of Freedom = 2  

P = (0.05)   

   
 Untreated Composite Deviation Variance 

 141 456 -315 99225 

 142 455 -313 97969 

 140 457 -317 100489 

Total 423 1368  297683 

Mean difference = -315 

Estimated Standard Deviation Difference = 385.7 

Standard Error of Mean = 192.8 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)  
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TDS (adjusted pH to 10) 

 Untreated Ripe  Deviation Variance 

 141 811 -670 448900 

 142 810 -668 446224 

 140 812 -672 451584 

Total 423 2433  1346708 

 
Mean difference = -670 

Estimated Standard Deviation Difference = 820.5 

Standard Error of Mean = 410.2 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)  

  untreated Unripe  deviation Variance 

141 625 -484 234256 

 142 624 -482 232324 

 140 626 -486 236196 

Total  423 1875  702776 
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Mean difference = -484 

Estimated Standard Deviation Difference = 592.7 

Standard Error of Mean = 296.3 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)   

 Untreated  Corn cob Deviation  Variance  

 141 378 -200 40000 

 142 377 -198 39204 

 140 379 -202 40804 

Total  423 1134  120008 

Mean difference = -200 

Estimated Standard Deviation Difference = 244.9 

Standard Error of Mean = 122.4 

T- Test = -1.63 

Degree of Freedom = 2 
P = (0.05)   
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 Untreated  Composite Deviation  Variance  

 141 378 -237 56169 

 142 377 -235 55225 

 140 379 -239 57121 

Total  423 1134  168515 

 

Mean difference = -237 

Estimated Standard Deviation Difference = 290.2 

Standard Error of Mean = 145.1 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   
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Chloride (Unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 9.81 37.9 -28.09 789.04 

 9.82 37.8 -27.98 782.8 

 9.80 38.0 -28.2 795.2 

Total 29.43 113.7  2367.16 

 

Mean difference = -28.09 

Estimated Standard Deviation Difference = 34.4 

Standard Error of Mean = 17.2 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Unripe Deviation Variance 

 9.81 32.7 -22.89 523.95 

 9.82 32.6 -22.78 518.92 

 9.80 32.8 -23.0 529 

Total 29.43 98.1  1571.88 

 

Mean difference = -22.8 

Estimated Standard Deviation Difference = 28.0 

Standard Error of Mean = 14 

T- Test = -1.62 

Degree of Freedom = 2 

P = (0.05)   
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 Untreated Corn cob Deviation Variance 

 9.81 15.4 -5.59 31.24 

 9.82 15.3 -5.48 30.03 

 9.80 15.5 -5.7 32.49 

Total 29.43 46.2  93.768 

 

Mean difference = -5.59 

Estimated Standard Deviation Difference = 6.8 

Standard Error of Mean = 3.4 

T- Test = -1.64 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Composite Deviation Variance 

 9.81 21.7 -11.89 141.37 

 9.82 21.6 -11.78 138.76 

 9.80 21.8 -12.0 144 

Total 29.43 65.1  424.14 

 

Mean difference = -11.89 

Estimated Standard Deviation Difference = 14.5 

Standard Error of Mean = 7.2 

T- Test = -1.65 

Degree of Freedom = 2  

P = (0.05)   
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Chloride (adjusted pH to 10)  

 Untreated Ripe  Deviation Variance 

 9.81 30.5 -20.69 428.07 

 9.82 30.4 -20.58 423.53 

 9.80 30.6 -20.8 432.64 

Total 29.43 91.5  1284.25 

 

Mean difference = -20.69 

Estimated Standard Deviation Difference = 25.3 

Standard Error of Mean = 12.6 

T- Test = -1.64 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Unripe Deviation Variance 

 9.81 28.0 -18.19 330.87 

 9.82 27.9 -18.08 326.88 

 9.80 28.1 -18.3 334.89 

Total 29.43 84  992.65 

Mean difference = -18.19 

Estimated Standard Deviation Difference = 22.2 

Standard Error of Mean = 11.1 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)   
 

 Untreated Corn cob Deviation Variance 

 9.81 13.7 -3.89 15.13 

 9.82 13.6 -3.78 14.28 

 9.80 13.8 -4 16 

Total 29.43 41.1  45.42 
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Mean difference = -3.89 

Estimated Standard Deviation Difference = 4.7 

Standard Error of Mean = 2.3 

T- Test = -1.69 

Degree of Freedom = 2  

P = (0.05)   

   
 Untreated Composite Deviation Variance 

 9.81 22.7 -12.89 166.15 

 9.82 22.6 -12.78 163.32 

 9.80 22.8 -13 169 

Total 29.43 68.1  498.47 

 
Mean difference = -12.89 

Estimated Standard Deviation Difference = 15.7 

Standard Error of Mean = 7.8 

T- Test = -1.65 

Degree of Freedom = 2  

P = (0.05)   
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Phosphate (Unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 9.65 29.5 -19.85 394.02 

 9.66 29.4 -19.74 389.66 

 9.64 29.6 -19.96 398.40 

Total 28.95 88.5  1182.08 

 
Mean difference = -19.85 

Estimated Standard Deviation Difference = 24.3 

Standard Error of Mean = 12.15 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   

 

 Untreated Unripe Deviation Variance 

 9.65 24.5 -14.85 220.52 

 9.66 24.4 -14.74 217.26 

 9.64 24.6 -14.96 223.80 

Total 28.95 73.5  661.58 

 
Mean difference = -14.85 
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Estimated Standard Deviation Difference = 18.18 

Standard Error of Mean = 9.0 

T- Test = -1.65 

Degree of Freedom = 2 

P = (0.05)   

 

 Untreated Corn cob Deviation Variance 

 9.65 13.5 -3.85 14.82 

 9.66 13.4 -3.74 113.98 

 9.64 13.6 -3.96 15.68 

Total 28.95 40.5  44.48 

 
Mean difference = -3.85 

Estimated Standard Deviation Difference = 4.7 

Standard Error of Mean = 2.35 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   
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Untreated Composite Deviation Variance 

 9.65 10.2 -12.89 166.15 

 9.66 10.1 -12.78 163.32 

 9.64 10.3 -13 169 

Total 28.95 30.6  498.47 

 

Mean difference = -0.55 

Estimated Standard Deviation Difference = -0.68 

Standard Error of Mean = -0.34 

T- Test = -1.61 

Degree of Freedom = 2  

P = (0.05)  
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Phosphate (Adjusted pH to 10)  

 Untreated Ripe  Deviation Variance 

 9.65 28.5 -18.75 351.56 

 9.66 28.3 -18.64 347.44 

 9.64 28.5 -18.86 355.69 

Total 28.95 85.2  1054.69 

 

Mean difference = -18.75 

Estimated Standard Deviation Difference = 22.96 

Standard Error of Mean = 11.48 

T- Test = 1.63 

Degree of Freedom = 2  

P = (0.05)  
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 Untreated Unripe Deviation Variance 

 9.65 16.6 -6.95 48.30 

 9.66 16.5 -6.84 46.78 

 9.64 16.7 -7.06 49.84 

Total 28.95 49.8  144.92 

 

Mean difference = -6.95 

Estimated Standard Deviation Difference = 8.5 

Standard Error of Mean = 4.25 

T- Test = -1.63 

Degree of Freedom = 2 

P = (0.05)   
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 Untreated Corn cob Deviation Variance 

 9.65 7.40 2.25 5.06 

 9.66 7.39 2.27 5.15 

 9.64 7.41 2.23 4.97 

Total 28.95 22.2  15.18 

 

Mean difference = 2.25 

Estimated Standard Deviation Difference = 2.75 

Standard Error of Mean = 1.3 

T- Test = 1.73 

Degree of Freedom = 2  

P = (0.05)  
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Untreated Composite Deviation Variance 

 9.65 12.4 -2.75 7.562 

 9.66 12.3 -2.64 6.969 

 9.64 12.5 -2.66 8.179 

Total 28.95 37.2  22.71 

 

 

Mean difference = -2.75 

Estimated Standard Deviation Difference = 3.3 

Standard Error of Mean = 1.68 

T- Test = -1.63 

Degree of Freedom = 2  

P = (0.05)   
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Iron (unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 0.49 -0.24 0.73 0.53 

 0.50 -0.23 0.73 0.53 

 0.48 -0.25 0.73 0.53 

Total 1.47 -0.72  1.59 

 

Mean difference = 0.73 

Estimated Standard Deviation Difference = -0.89 

Standard Error of Mean = -0.44 

T- Test = -1.65 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Unripe  Deviation Variance 

 0.49 -0.14 0.63 0.396 

 0.50 -0.13 0.63 0.396 

 0.48 -0.15 0.63 0.396 

Total 1.47 -0.42  1.19 

 

Mean difference = 0.63 

Estimated Standard Deviation Difference = -0.76 

Standard Error of Mean = -0.38 

T- Test = -1.65 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Corn cob  Deviation Variance 

 0.49 -0.17 0.66 0.435 

 0.50 -0.16 0.66 0.435 

 0.48 -0.18 0.66 0.435 

Total 1.47 -0.51  1.30 

 

Mean difference = 0.66 

Estimated Standard Deviation Difference = -0.80 

Standard Error of Mean = -0.4 

T- Test = -1.65 

Degree of Freedom = 2  

P = (0.05)  
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 Untreated Composite  Deviation Variance 

 0.49 0.29 0.2 0.04 

 0.50 0.28 0.22 0.048 

 0.48 0.30 0.18 0.032 

Total 1.47 0.87  0.1204 

 

Mean difference = 0.2 

Estimated Standard Deviation Difference = -0.24 

Standard Error of Mean = -0.12 

T- Test = -1.66 

Degree of Freedom = 2  

P = (0.05)   
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Iron (Adjusted pH to 10)  

 Untreated Ripe  Deviation Variance 

 0.49 -1.55 2.04 4.16 

 0.50 -1.54 2.04 4.16 

 0.48 -1.56 2.04 4.16 

Total 1.47 -4.65  12.4 

 

Mean difference = 2.04 

Estimated Standard Deviation Difference = 2.49 

Standard Error of Mean = 1.2 

T- Test = 1.7 

Degree of Freedom = 2  

P = (0.05) 
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 Untreated Unripe  Deviation Variance 

 0.49 -1.28 1.77 3.13 

 0.50 -1.27 1.77 3.13 

 0.48 -1.29 1.77 3.13 

Total 1.47 -3.84  9.39 

 

Mean difference = 1.77 

Estimated Standard Deviation Difference = 2.16 

Standard Error of Mean = 1.08 

T- Test = 1.63 

Degree of Freedom = 2  

P = (0.05)   

 Untreated Corn cob  Deviation Variance 

 0.49 -0.10 0.59 0.3 

 0.50 -0.09 0.59 0.3 

 0.48 -0.11 0.59 0.3 

Total 1.47 -0.3  1.0 

 



 
 

139 
 

Mean difference = 0.59 

Estimated Standard Deviation Difference = -0.7 

Standard Error of Mean = -0.35 

T- Test = -1.68 

Degree of Freedom = 2  

P = (0.05)  
 

 Untreated Composite  Deviation Variance 

 0.49 -0.18 0.61 0.44 

 0.50 -0.17 0.61 0.44 

 0.48 -0.19 0.61 0.44 

Total 1.47 -0.54  1.34 

 

Mean difference = 0.61 

Estimated Standard Deviation Difference = -0.81 

Standard Error of Mean = -0.40 

T- Test = -1.52 

Degree of Freedom = 2  

P = (0.05)   
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Lead (Unadjusted pH)  

 Untreated Ripe  Deviation Variance 

 0.02 0.01 0.01 0.0001 

 0.03 0.01 0.02 0.0004 

 0.01 0.01 0.00 0.00 

Total 0.06 0.01  0.0005 

 

Mean difference = 0.01 

Estimated Standard Deviation Difference = -0.015 

Standard Error of Mean = -0.0079 

T- Test = -1.26 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Unripe Deviation Variance 

 0.02 -0.58 0.6 0.36 

 0.03 -0.57 0.6 0.36 

 0.01 -0.59 0.6 0.36 

Total 0.06 -1.74  1.08 

 

Mean difference = 0.6 

Estimated Standard Deviation Difference = -0.73 

Standard Error of Mean = -0.36 

T- Test = 1.66 

Degree of Freedom = 2  

P = (0.05)   
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Untreated Corn cob Deviation Variance 

 0.02 -0.53 0.55 0.30 

 0.03 -0.52 0.55 0.30 

 0.01 -0.54 0.55 0.30 

Total 0.06 -1.59  0.90 

 
Mean difference = 0.55 

Estimated Standard Deviation Difference = -0.67 

Standard Error of Mean = -0.33 

T- Test = 1.66 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Composite Deviation Variance 

 0.02 -0.51 0.53 0.28 

 0.03 -0.50 0.53 0.28 

 0.01 -0.52 0.53 0.28 

Total 0.06 -1.53  0.84 

 

Mean difference = 0.53 

Estimated Standard Deviation Difference = -0.64 

Standard Error of Mean = -0.32 

T- Test = 1.65 

Degree of Freedom = 2  

P = (0.05)   
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Lead (Adjusted pH to 10)  

 Untreated Ripe  Deviation Variance 

 0.02 0.59 -0.57 0.3249 

 0.03 0.58 -0.55 0.3025 

 0.01 0.60 -0.59 0.3481 

Total 0.06 1.77  0.9755 

 

Mean difference = -0.57 

Estimated Standard Deviation Difference = -0.69 

Standard Error of Mean = -0.34 

T- Test = 1.67 

Degree of Freedom = 2  

P = (0.05)   
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 Untreated Unripe  Deviation Variance 

 0.02 0.41 -0.39 0.1521 

 0.03 0.40 -0.37 0.1369 

 0.01 0.42 -0.41 0.1681 

Total 0.06 1.23  0.4571 

 

Mean difference = -0.39 

Estimated Standard Deviation Difference = -0.47 

Standard Error of Mean = -0.23 

T- Test = 1.69 

Degree of Freedom = 2  

P = (0.05) 
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 Untreated Corn cob Deviation Variance 

 0.02 0.42 -0.4 0.16 

 0.03 0.41 -0.38 0.14 

 0.01 0.43 -0.42 0.17 

Total 0.06 1.26  0.4764 

 

Mean difference = -0.4 

Estimated Standard Deviation Difference = -0.48 

Standard Error of Mean = -0.24 

T- Test = 1.66 

Degree of Freedom = 2  

P = (0.05) 
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 Untreated Composite Deviation Variance 

 0.02 0.52 -0.5 0.25 

 0.03 0.51 -0.48 0.23 

 0.01 0.3 -0.52 0.27 

Total 0.06 1.56  0.7504 

 

Mean difference = -0.5 

Estimated Standard Deviation Difference = -0.61 

Standard Error of Mean = -0.30 

T- Test = 1.66 

Degree of Freedom = 2  

P = (0.05) 
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APPENDIX D 

Student t- Test result of BOD of Paint Effluent 

 

Parameters  Adsorbent     MD     ESDD  SEM       T-test  
     (Unadjusted pH) 1g 

BOD   Ripe (PP)   -14     17.26 8.63  -1.62 

   Unripe (PP)  21.95   26.90 13.45  1.63 

   Corn cob  -3.2     4.0   2.0  -1.6 

   Composite -74   90.65 45.32  -1.63 

     (Adjusted pH to 10) 1g 

   Ripe (PP)  -539      660.1 330  -1.63 

   Unripe (PP)   -128      156.7 78.39  -1.63 

   Corn cob   -434      531.5 265.7  -1.63 

   Composite    -203     248.6 124.3  -1.63 

     (Unadjusted pH) 3g 

BOD   Ripe (PP)   -627     767.9 383.9  -1.63 

   Unripe (PP)   -202     247.4 123.7  -1.63 

   Corn cob  -211     258.4 129.2  1.63 

   Composite  -89   109  54.5  -1.63 

     (Adjusted pH to 10) 3g 

   Ripe (PP)  -445      545 272.5  -1.63 
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   Unripe (PP)   -155     189.8  94  -1.64 

   Corn cob   -208      254.7 127.3  -1.63 

   Composite    -173     211.8 105.9  -1.63 

      

Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 

 
Student t- Test result of TDS of Paint Effluent 
 
Parameters  Adsorbent     MD     ESDD  SEM       T-test  

     (Unadjusted pH) 1g 

TDS   Ripe (PP)   -194    237.6 118.8  -1.63 

   Unripe (PP)    -140   171.4 85.7  -1.63 

   Corn cob     -48     58.8 29.4  -1.63 

   Composite     -53      64.9 32.4  -1.63 

     (Adjusted pH to 10) 1g 

   Ripe (PP)    -432     529 264.5  -1.63 

   Unripe (PP)    -484     592.7 296.3  -1.63 

   Corn cob    -208      254.7 127.3  -1.63 

   Composite    -236      289 144.5  -1.63 

     (Unadjusted pH) 3g 

TDS   Ripe (PP)   -595       728.7 364.3  -1.63 

   Unripe (PP)    -401      491.1 245.5  -1.63 

   Corn cob    -112     137.1  68.5  -1.63 
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   Composite     -315     385.7 192.8  -1.63 

     (Adjusted pH to 10) 3g 

   Ripe (PP)  -670      820.5 410.2  -1.63 

   Unripe (PP)   -484      592.7 296.3  -1.63 

   Corn cob   -200      244.9 122.4  -1.63 

   Composite    -237     290.2 145.1  -1.63 
      

Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 

 
Student t- Test result of Chloride of Paint Effluent 
 
Parameters  Adsorbent     MD     ESDD  SEM       T-test  
     (Unadjusted pH) 1g 

Chloride  Ripe (PP)   -28     34.4 17.2  -1.63 

   Unripe (PP)   -22.8   28  14  -1.62 

   Corn cob  -5.59    6.8   3.4  -1.64 

   Composite  -11.8    14.5  7.2  -1.65 

     (Adjusted pH to 10) 1g 

   Ripe (PP)  -20.6     25.3  12.6  -1.64 

   Unripe (PP)  - 18.1    22.2 11.1  -1.63 

   Corn cob  -3.89     4.7  2.3       -1.69 

   Composite   -12.8     15.7 7.8  -1.65 

     (Unadjusted pH) 3g 
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Chloride  Ripe (PP)   -65.5     80.3 40.1  -1.63 

   Unripe (PP)   -59.9   73.4  36  -1.63 

   Corn cob  -8.79    10.7   5.3  -1.65 

   Composite  -34.7    42.6  21.3  -1.63 

     (Adjusted pH to 10) 3g 

   Ripe (PP)  -60.59   74.2  37.1  -1.63 

   Unripe (PP)  -56.8    69.6  34.8  -1.63 

   Corn cob  -5.7     5.3  2.6      -2.1 

   Composite   -33.9   41.6  20.8  -1.63 

 

Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 

 
Student t- Test result of Phosphate of Paint Effluent 
 
Parameters  Adsorbent     MD     ESDD  SEM       T-test  

     (Unadjusted pH) 1g 

Phosphate  Ripe (PP)   -19.8     24.3 12.15  -1.63 

   Unripe (PP)   -14.8    18.18 9.0  1.65 

   Corn cob  -3.85     4.7   2.35  -1.63 

   Composite -0.55     -0.55 -0.34  -1.61 

     (Adjusted pH to 10) 1g 

   Ripe (PP)  -18.7        22.9 11.48  1.63 

   Unripe (PP)  -6.95      8.5  4.25  -1.63 
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   Corn cob  2.25      2.7   1.3  -1.73 

   Composite   -2.75       3.3   1.68  -1.63 

     (Unadjusted pH) 3g 

Phosphate  Ripe (PP)   -62.3     76.3 38.1  -1.63 

   Unripe (PP)   -28.3    34.7 17.3  1.63 

   Corn cob  -5.35     6.5   3.2  -1.67 

   Composite -28.35   34.7  17.3  -1.63 

     (Adjusted pH to 10) 3g 

   Ripe (PP)  -52.3      64.1 32  -1.63 

   Unripe (PP)  -35.3      43.2  21.6  -1.63 

   Corn cob  -13.3     16.3  8.17  -1.63 

   Composite   -15.8     19.4   9.7  -1.63 

 

Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 

 
Student t- Test result of Iron of Paint Effluent 
 
Parameters  Adsorbent     MD     ESDD  SEM       T-test  
     (Unadjusted pH) 1g 

Iron   Ripe (PP)   0.73     -0.89 -0.44  -1.65 

   Unripe (PP)    0.63   -0.76 -0.38  1.65 

   Corn cob  0.66     -0.80  -0.4  -1.65 

   Composite  0.2    -0.24 -0.12  -1.66 

     (Adjusted pH to 10) 1g 

   Ripe (PP)   2.04      2.49 1.2  -1.7 

   Unripe (PP)   1.77      2.16 1.08  -1.63 
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   Corn cob   0.59      -0.7 -0.35  -1.68 

   Composite   0.61      -0.81 -0.40  -1.52 

     (Unadjusted pH) 3g 

Iron   Ripe (PP)   0.50     -0.6 -0.3  -1.66 

   Unripe (PP)    0.37   -0.45 -0.22  1.68 

   Corn cob  0.17     -0.20  -0.10  -1.7 

   Composite  0.44    -0.53 -0.26  -1.69 

     (Adjusted pH to 10) 3g 

   Ripe (PP)   0.17      -0.20 -0.10  -1.7 

   Unripe (PP)   0.1       -0.12 -0.06  -1.61 

   Corn cob   0.44      0.55 0.27  1.62 

   Composite   0.49      0.6  0.3  1.63 

 

Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 

 

Student t- Test result of Lead of Paint Effluent 
 
Parameters  Adsorbent     MD     ESDD  SEM       T-test  

     (Unadjusted pH) 1g 

Lead   Ripe (PP)   0.01     -0.015 -0.0007 -1.26 

   Unripe (PP)  0.6       -0.73 -0.36  1.66 

   Corn cob  0.55     -0.67 -0.33  -1.66 

   Composite 0.53    -0.64 -0.32  -1.65 

     (Adjusted pH to 10) 1g 

   Ripe (PP)  -0.57    -0.69 -0.34  1.67 
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   Unripe (PP)   -0.39      -0.47 -0.23  1.69 

   Corn cob   -0.4      -0.48 -0.24  1.66 

   Composite   -0.5       -0.61 -0.30  1.66 

     (Unadjusted pH) 3g 

Lead   Ripe (PP)   -0.45   -0.55 -0.27  1.66 

   Unripe (PP)   -0.42    -0.51 -0.25  1.68 

   Corn cob  -0.36     -0.55 -0.27  1.33 

   Composite 0.01    -0.038 -0.019 -1.0 

     (Adjusted pH to 10) 3g 

   Ripe (PP)  0.01    -0.038 -0.019 -1.0 

   Unripe (PP)   0.01    -0.038 -0.019 -1.0 

   Corn cob   0.06    -0.073 -0.036 -1.66 

   Composite   0.51    -0.62 -0.31  -1.64 

 
Key: PP- Plantain Peel; MD- Mean Difference; ESDD- Estimated Standard Deviation 

Difference; SEM- Standard Error of Mean; t- test- Student t-test. 
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APPENDIX E 

Total Bacterial load of treated paint effluent sample and their chi – square test 
results (Unadjusted pH) 1 g 

 
Adsorbent Total bacterial viable count cfu/ml        Chi – Square test  

Ripe   4.8x105     1.2x1020 

Unripe  2.5x105     2.4x1020 

Corn cob  1.2x105     5.1x1020  

Composite  2.7x105     2.3x1020 

  

Chi – square significant at 95% level (p=5.99) 

Chi – square (X2) = (O – E) 2 where O =observed value; E= expected value 
          E  

Df = degree of freedom n – 1= 3-1 =2 

 
 
Total Bacterial load of treated paint effluent sample and their chi – square test 

results (Adjusted pH to 10) 1 g 
 

Adsorbent Total bacterial viable count cfu/ml  Chi – Square test 

Ripe   2.2x105     2.8x1020 

Unripe  8.4x105     7.4x1019 

Corn cob  1.6x105     3.8x1020  

Composite  4.0x105     1.5x1020 
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Chi – square significant at 95% level (p=5.99) 

Chi – square (X2) = (O – E) 2 where O =observed value; E= expected value 
          E  

Df = degree of freedom n – 1= 3-1 =2 

 
Total Bacterial load of treated paint effluent sample and their chi – square test 

results (Unadjusted pH) 3 g 
 
Adsorbent Total bacterial viable count cfu/ml  Chi – Square test 

Ripe   5.4x105     1.1x1020 

Unripe  3.9x105     1.5x1020 

Corn cob  2.3x105     2.7x1020  

Composite  4.8x105     1.2x1020 

 

Chi – square significant at 95% level (p=5.99) 

Chi – square (X2) = (O – E) 2 where O =observed value; E= expected value 
          E  

Df = degree of freedom n – 1= 3-1 =2 
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Total Bacterial load of treated paint effluent sample and their chi – square test 
results (Adjusted pH to 10) 3 g 

 
Adsorbent Total bacterial viable count cfu/ml  Chi – Square test 

Ripe   8.5x109     7.3x1035 

Unripe  3.6x109     1.7x1036 

Corn cob  5.5x109     1.1x1036  

Composite  3.0x109     2.0x1034 

 

Chi – square significant at 95% level (p=5.99) 

Chi – square (X2) = (O – E) 2 where O =observed value; E= expected value 
          E  

Df = degree of freedom n – 1= 3-1 =2 

 
Correlation coefficient results between .Phytochemical Properties of the adsorbent 

precursors and their purification potentials of Paint Effluent. 
 

Parameters        Rs Value 

Iron         - 2.31    

Lead         -2.0 

Rs= 1-6 £D2  

        N (N2-1) 

Flavonoids = (1.24, 1.25& 1.23) 

Tannins = (1.24, 1.25 & 1.23) 

Steroids = (1.24, 1.25 & 1.23) 
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Saponins = (1.24, 1.25 & 1.23) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX F 
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ADSORPTION ISOTHERM FOR HEAVY METALS 

Adsorption equation 

q= v (Ci - Cf) 

             S    

Where, 

q= adsorption capacity 

V= volume of paint waste effluent  

Ci= untreated initial conc.  

Cf= treated final conc. 

S= dry weight (adsorbent) 

 

Freundlich Isotherm 

log q= log k + (1/n) log Cf 

log q= y on the graph 

log cf= x on the graph 

 

Langmuir Isotherm 

1/q= 1/qmax +1/(b.qmax) (Cf) 

1/q= y on the graph 

1/cf= x on the graph 
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