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                                     1.0  INTRODUCTION

“ The Earth can satisfy man’s need but not man’s greed”

· Red Indian Chief.

Today’s major environmental problem is pollution. It is the greatest threat posed to humanity and even to the whole biosphere, which sometime in past was pure, virgin, undisturbed, uncontaminated and basically quite hospitable for man (Arora, 2001).

Environmental pollution may be defined as the unfavourable alteration of our surroundings, wholly or largely as a byproduct of man’s actions, through direct or indirect effects of changes in energy patterns, radiation levels, chemicals and physical constitution and abundance of organisms (Satake et al., 1998).

Rapid industrialization coupled with rapid growth of human population has brought about hazards of environmental pollution. This has gradually increased our concern about the side effects, which may rise from the release of the chemicals into our immediate surroundings (Malaiswamy et al., 2002).

The onset of industrial revolution happened to be subtle, but caused significant changes in the biosphere. These changes have been accelerated in recent years; many forms of life have become threatened with extinction of life, health and welfare. There is growing evidence that many chronic diseases such as asthma, emphysema, cancer and bronchitis are environmentally induced and result from long term exposure to various substances (Satake and Mido, 1994).

The diseases affecting humans due to environmental pollution are mostly water borne. There is a phenomenal increase in the diseases affecting the human beings due to the disposal of untreated to partially treated effluents and waste waters (Ahluwalia et al., 2002).

The effluents from the industries that are dumped into the surrounding water bodies include paper pulp waste, sugarcane waste, fertilizer, ferrous and non-ferrous metals, rubber materials and chemicals (Arora, 2001).

Heavy metals in water environment, emanating from a wide variety of sources such as manufacture and use, pose a significant threat to human health and the environment (Pakshirajan, 2004).

The industrial effluents have variable chemical characteristics and metal contents that may prove harmful to soil environment. This causes soil degradation and environmental pollution. A large quantity of waste water generated from some industries plays an important role in the context of scarcity of fresh water resources for irrigating agricultural land and domestic purpose (Indian Society of Soil Science, 2002).

Effluents from the electroplating plants discharge various metals, metallic oxides and others causing metallic pollution in water and soil. These toxic metals percolate in the ground water slowly and cause diseases, mental disorders and death (Kudesia, 2000).

The industrial discharges to the soil and water bodies contain small amounts of heavy metals like lead, zinc, copper, magnesium, iron, molybdate, mercury, cadmium and chromium  (Dahama, 2003).

Almost all metals are toxic at higher concentration and some are lethal even at very low concentration. Heavy metals within limits are essential for aquatic organisms, plants as well as human beings to survive and function (Kudesia, 2000).

Zinc an essential and beneficial element for human bodies causes bitter taste and opalescence, when its concentration is above 5 ppm. In drinking water, zinc concentration ranges from 0.06 to 7.0 ppm (Anilkumar De, 2003). Zinc is essential as a catalyst in many metabolic processes, but at high levels is toxic to animals (Ghose, 2003).

Pollution prevention is a proactive approach to environmental protection that can lead to improvements in environmental quality and economic efficiency by reducing harmful pollutants at the source through cost-effective changes in production, operation and raw use (Farland, 2001).

Current methods for wastewater treatment include precipitation, coagulation, floatation, sedimentation, filtration, membrane process, electrochemical techniques, ion exchange, biological processes and chemical reactions (Liang hu et al., 1996). These methods are of high cost and have their own limitations. Hence there is a need to look into an alternative method which is of low cost and is effective.

Adsorption methods have advantages over these methods. The design is simple and it is sludge free and can involve low investment in terms of both the initial cost and land (Forster et al., 1998).

Agrowastes such as tapioca based waste, press mud, coffee husk and sawdust have been used as adsorbents (Ramakrishna et al., 2002). Some of the adsorbents used were calcinide phosphate (Sebti et al., 2004), activated carbon from co-mingled waste (Vital et al., 2004), cellulose/chitin (Zhou et al., 2004), mucilangenous Ocimum basilicum (Melo and D’Souza, 2004), pyrolyzed coffee residue and clay (Chaiya et al., 2004), rice milling by-products (Tarley and Arruda, 2004), wheat bran (Farajzadeh and Monji, 2004), vermicompost (Arruda and Matos, 2002), groundnut husk (Bhole et al., 2004) and maple saw dust (Shukla et al., 2003).

Twelve different kinds of tree leaves were tested at room temperature for the adsorption of metal ions from wastewater (Liang hu et al., 1996). Minamisawa et al. (2004) investigated the adsorption of metal ions on biomaterials using chitosan, coffee, green tea, tea and Japanese coarse tea.

The objective of the present study was to develop inexpensive and effective metal ion adsorbent from plentiful sources of agro industrial waste, such as tea leaves to offer these adsorbents as replacements for existing commercial materials. In the present study raw tea leaves and used tea dust were used as adsorbents to remove zinc from zinc electroplating industrial effluent.

In tea plants, the apical leaves above are plucked and processed for making tea dust. The rest of the tea leaves are present in the shrubs for months together till another cycle of apical leaves appear. These raw tea leaves are collected, dried and powdered and used as adsorbents. Used tea dust thrown as waste litter from tea shops and hotels were selected as another adsorbent.

The spent water of zinc electroplating industry was characterized to assess its toxicity. Adsorption studies were conducted using the selected adsorbents at different experimental conditions namely various dosages of the adsorbent, pH of the effluent, temperature of the experiment and time of contact. Adsorption kinetic study was also attempted to assess the efficiency of these adsorbents in the remediation of zinc. 

2.0  REVIEW OF LITERATURE

The present study entitled “Remediation of zinc from zinc electroplating industrial effluent using raw tea leaves and tea dust” is reviewed under the following headings:

2.1 ENVIRONMENTAL POLLUTION AND HEALTH HAZARDS

2.2 METAL POLLUTION-ZINC LOAD IN THE ENVIRONMENT

2.3 CHARACTERISTICS OF ELECTROPLATING INDUSTRIAL EFFLUENTS

2.4 REMEDIATION OF ZINC FROM WASTEWATER


2.4.1 Conventional methods for removal of metal ions

2.4.2 Use of agroindustrial wastes

2.4.3 Use of tea leaves and waste tea dust in metal remediation

2.5   ADSORPTION  ISOTHERM

2.1 ENVIRONMENTAL POLLUTION AND HEALTH HAZARDS


Man is both the creator and manipulator of the environment. Since prehistoric times he enjoys a dominant position over other living and non living beings around him. Modern socio - economic development of humanity which is the highest form of vital activity has most vigorously stimulated changes in the manner of interactions between man and nature. This has resulted in far reaching consequences for the environment (Saxena, 2001). 


Environment is broadly defined as the total planetary inheritance and totality of all resources.  These days due to rat race of development, forest and grasslands are converted into farms, houses and commercial spaces; raw materials are extracted for energy and commerce and waterways are dammed and diverted. Degradation of environmental quality by the release of substances that cause a health hazard or contaminate soil, water or air is said to be environmental pollution (Yassi and Kjellstrom, 2004).


Increased industrialization and human activities have imparted various pollution and health hazards on the environment through the disposal of waste containing heavy metals (Viraraghavan and Yan,1999). The accumulation of metals in an aquatic environment has direct consequences to man and the ecosystem (Fatoki et al., 2002).


The presence of heavy metals in the environment at concentrations above critical values stipulated by national and international regulatory bodies is considered unacceptable (Atkinson et al., 1998).


It is a well-known fact that clean water is absolutely essential for living. Adequate supply of fresh and clean drinking water is a basic need for all human beings on the earth. The main source of fresh water pollution can be attributed to discharge of untreated waste, dumping of industrial effluent and run-off from agricultural fields(http://www.edugreen.teri.res.in/explore/water/health.htm, 2005).


Much of the hazards coming to human and ecosystem is mostly due to water pollution.  The untreated sewage, industrial effluents and agricultural wastes are often discharged into the water bodies. This contaminates water and spread wide range of water borne-diseases. The agricultural field around these water bodies are affected (Bajpai et al.,2002)


Hepatitis, cholera, dysentery and typhoid are the most common diseases that affect large populations.  A large number of chemicals either exist naturally in the land or are added due to human activity (Awasthi and Rai, 2005).


Argiriou et al. (2000) reported that chronic bronchitis is affecting the people in the rural and industrial areas.


Friedman et al. (2003) investigated risks for cancer and the case for a cause-effect relationship in fine successive cohorts of normal commando divers with prolonged under water exposures (skin, gastro intestinal tract and airways) to many toxic compounds in the Kishon river.

2.2  METAL POLLUTION-ZINC LOAD IN THE ENVIRONMENT


Mankind, animals and plants all face a variety of problems arising from various kinds of environmental pollution. The availability of a wide range of pollutants including heavy metals in the soil and atmosphere are enhanced due to burning of fossil fuels, domestic rubbish, agricultural activities and increased use of motor vehicles (Uijily and Kumaraguru, 2004).

FIGURE 1 

  
SOURCES OF HEAVY METALS IN SURFACE WATER

(Anilkumar De, 2003)
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Heavy metals generally occur in water in low concentrations as a result of geological processes.  But they cause direct toxicity, both to human and other living beings due to their presence beyond specified limits (Dadhich et al., 2004).

Drinking water, which is obtained from springs, may be contaminated by various toxic metals. One of the most important problems is the accumulation of toxic metals in food structures.  Although heavy metals are necessary for the plant growth, after certain concentrations heavy metals become poisonous for both plants and microorganism (Uzun and Guzel, 2000).

Zinc, copper, lead and cadmium are common pollutants, which are widely distributed in the aquatic environment. Their sources are mainly from weathering of minerals and soils, atmospheric deposition, industrial effluents, domestic effluents, urban storm water run off and soil heaps (Fatoki et al., 2002).


Zinc is a very common element that occurs naturally. Many foodstuffs contain appreciable concentrations of zinc. Drinking water also contains certain amounts of zinc, which may be higher when it is stored in metal tanks.  Industrial sources of toxic waste sites may cause the zinc amounts in drinking water to reach levels that can cause health problems. Zinc is a trace element that is essential for human health (Moulis and Martelli, 2004).


When people absorb too little zinc they can experience a loss of appetite, decreased sense of taste and smell, slow wound healing and skin sores. Zinc shortages can even cause birth defects. Although humans can handle proportionally large concentrations of zinc, too much zinc can still cause eminent health problems, such as stomach cramps, skin irritations, vomiting, nausea and anemia. Very high levels of zinc can damage the pancreas and disturb the protein metabolism and cause arteriosclerosis (Agarwal, 1999).


Zinc and zincite (ZnO) are the naturally occurring forms of zinc.  Seawater contains 9-21 ppb Zinc.  The human body contains 300 mg zinc, 65% of it in muscle, 20% in bones, 6% in plasma, 2.8% in erythrocytes and about 53% in liver.  Zinc salts are relatively non-toxic but heavy doses (165 mg) for 26 days were found to cause vomiting, renal damage and cramps. Inhalation of air containing zinc oxide at 1-34 mg/m3  caused metal fume fever and pneumonitis in humans (Kudesia, 2000).


Water is polluted with zinc, due to release of wastewater from industrial plants.  Zinc causes increase in the acidity of water.  When zinc enters the bodies of fish that live in waterways, they biomagnify the food chain. Zinc was found to interrupt the activity in soils, as it was observed to negatively influence the activity of microorganisms, earthworms, plant species and animals. The breakdown       of organic matter may seriously slow down because of this. Zinc was                  also reported to be extremely toxic to birds (http://www.lenntech.com/periodic-elements/zn-en.htm).


Zinc eventhough toxic, is used in industry to make dye, paint, rubber, wood metal plating, preservatives and ointments. The availability of zinc is highly dependent on soil pH (State Department of Environmental Conservation, New York, 2001).

2.3  CHARACTERISTICS OF ELECTROPLATING INDUSTRIAL EFFLUENTS


Industrial metal plating effluent, contains a wide range of heavy metals like copper, cadmium, zinc, nickel, chromium and lead (Atkinson et al., 1998). These effluents when discharged through sewage system poison the biological purification mechanism of sewage treatment and pose several pollution problems (Sharma, 2001).


In general, wastes from industries can be classified according to some common characteristics of the effluents. The following are the different types of wastes;

· Wastes containing suspended matter in solid form, but little polluting matter in solution like coal washeries and china clay work wastes.

· Waste containing suspended solid matter and polluting matter in solution like tanneries and dairies wastes.

· Wastes containing polluting substances mainly in solution like wastewater from electroplating industries (Borole and Patil, 2004).


The amount of pollution is generally expressed in terms of parameters such as pH, suspended solids, total dissolved solids, biochemical oxygen demand and chemical oxygen demand (Gupta, 2002).


The electroplating industrial effluents have reported to have varied pH range from strong acidity to alkalinity with no biochemical oxygen demand in most of the effluents (Bhunia and Bandyopadhyay, 2004).



Most of the industrial effluents generally produce wastes containing toxic heavy metals along with hazardous organic and inorganic materials. Table 1 shows the pathological effects of metal water pollutants on man (Sharma, 2000).

TABLE  1

PATHOLOGICAL EFFECTS OF METAL POLLUTANTS ON MAN

(Sharma, 2000)

	Metal
	Pathological effects on man

	Lead
	Anemia, vomiting, loss of appetite, convulsions, damage of liver, brain and kidney.

	Chromium
	Gastrointestinal ulceration, diseases in central nervous system, cancer, nephritis.

	Zinc
	Vomiting, cramps, renal damage.

	Arsenic
	Disturbed peripheral circulation, mental disturbances, liver cirrhosis, hyperkeratosis and lung cancer.

	Selenium
	Damage to liver, kidney and spleen, fever, nervousness, vomiting, low blood pressure, blindness and even death.

	Cadmium
	Growth retardation, diarrhoea, bone deformation, kidney damage, anemia, injury to central nervous system, hypertension, injury to liver.


2.4   REMEDIATION OF ZINC FROM WASTEWATER


Production of electroplating wastewater and its discharge into aquatic ecosystem has increased greatly in recent years.  The most important sources of electroplating wastewater pollution are dumping and spillage of rinse water and process solution.  Electroplating wastewater contains high levels of heavy metals such as copper, chromium, nickel and zinc (Wang et al., 2003).


Zinc is an essential and beneficial element for human bodies. However concentration above 5ppm causes bitter taste and opalescence in alkaline waters.  In drinking water, the zinc concentration ranges from 0.06 to 7.0 ppm (Anilkumar De, 2003).  Zinc is unusual that it is low toxic to man, but relatively highly toxic to fish (Department of Water Affairs And Forestry, 1998).


It is important to monitor the paths and forms of zinc migration, to   forecast transport of its compounds in the environment and to develop approaches for preventing the dangerous impact of this pollutant (Mironento and  Ponizovsky, 2001).

2.4.1  Conventional methods for removal of metal ions


Urban environmental management is one of the most pressing issues as the urbanization trend continues globally. Urban waste management can and must be transformed from disposal-based linear system to a recovery-based closed-loop system that promotes the conservation of water and nutrient resources and contributes to public health (Rose, 1999). The metal contaminants can be directly absorbed from ground water and wastewater (Sikdar, 2005).


A number of element processes have been developed in recent years. The aim of these processes was to improve the wastewater quality to the point at which it can be reused. Their purpose may be complete removal of pollutants from wastewater (Satake et al.,1998).

Some of the basic methods used for the purification of effluents is presented in Figure 2.

FIGURE  2

CLASSIFICATION OF BASIC METHODS OF PURIFYING THE EFFLUENTS 

(Sharma, 2001)


                 


     Effluent



Viraraghavan and Yan (1999) used physical pretreatment methods such as heating, autoclaving, freeze-drying, boiling and chemical pretreatment such as using acids, alkali and organic chemicals to show appropriate absorption of metal ions from wastewater.


The conventional process of heavy metal removal from industrial wastewater involves chemical precipitation of metals usually by lime followed by settling of the metal precipitates in a pond and/or a clarifier. Absorption on              the ion exchange or activated carbon is a recognized method for the removal             of heavy metals from wastewater. However, high costs of them have limited   their use in the real electroplating wastewater treatment (Mercier and    Pinnavala, 2004).


Some of the conventional methods for the remediation of heavy metals from effluents are precipitation technique, ion-exchange with resins (Sanchez      et al., 2003), reverse osmosis, chemical precipitation, evaporation, dialysis, use of activated carbon, removal by algae (Kudesia, 2000), coagulation and filtration, chemical oxidation, electrodialysis and air stripping (Satake et al.,1998).

2.4.2  Use of agroindustrial wastes

Developmental activities all over the globe have resulted in environmental deterioration, putting a question mark over existence of various life forms including man (Jagatram et al., 2002).

Biomonitoring with cryptograms is a suitable, easy and cheap method to detect the possible emission sources of heavy metals, organic or radioactive pollution (Tuba et al., 2002).

The heavy metals present in soils constitute serious environmental hazards from the point of view of polluting the soils and adjoining streams and rivers (Udom et al., 2004).

The best and cheapest way to deal with wastes is to produce less of it and reuse and recycle most of the materials we use (Devakumari et al., 2002).

Surplus, low-value agricultural by-products can be made into sorbent materials which are used in environmental remediation (Daifullah et al., 2003).

The adsorbents selected should be in such a way to overcome the technical issues like 

i. Attaching inexpensive ligands to low-cost substrate to impart high capacity,

ii. Preparing appropriate engineered (thermoplastic) materials which are easily handled, 

iii. Demonstrating the stability of the polymers to internal or environmental effects such as radiation and 

iv. Demonstrating ability of resources recovery of both the encapsulated heavy metals and thermoplastic material (Sikdar, 2005).

Misi and Forster (2001) did batch co-digestion of multicomponent agrowaste such as cattle slurry, chicken manure, molasses, sheep and goat manure and surplus activated sludge.

Activated carbons were prepared from the agricultural solid wastes, silk cotton hull, coconut tree saw dust, sagowaste, maize cob and banana pith         and used to eliminate heavy metals and dyes from aqueous solutions (Kavipriya                et al., 2003).


Arruda and Matos (2003) used vermicompost as natural adsorbent for removing metal ions like cadmium, copper, lead and zinc from effluents. High adsorption of vermicompost was demonstrated as an alternative for effluent treatment offered, especially due to its ease acquisition and low price.


Pine bark was used as sorbent to remove cadmium ions from aqueous solutions. Bark was found to respond better for sorption of metal ions when preloaded with another metal ion (Asheh and Duvnjak, 1997).


Alkali treated straw and insoluble straw xanthate were used as low cost adsorbents for characterization and application of heavy metal removal by Kaul     et al. (1998).


Removal of cadmium, copper and lead ions from aqueous solutions by melon seed husk was examined by equilibrium and dynamic sorption studies at 29°C. The amounts of metal ions removed from solution depended on the metal ion type and were enhanced by EDTA modification of the husks (Okieimen and Onyenkpa, 2003).


Adsorption studies of copper from aqueous solutions on carbonized coir pith were carried out under varying conditions of agitation time, metal ion concentration, adsorbent dose and pH (Kadirvelu and Namasivayam, 1997).


Agrowaste such as saw dust, rice husk, coirpith and charcoal and a naturally occurring mineral (vermiculite) have been tested for their effectiveness in removing chromium from tannery effluent through batch and column experiments (Naidu et al., 2005).


A series of sorption experiments were conducted in order to assess the ability of three mulches to remove several of heavy metal ions typically encountered in urban run off. Three types of mulches, cypress bark, hardwood and pine bark nugget were selected as potential sorbents to capture heavy metals in urban run off (Bishop et al., 2005).


Studies on removal of nickel by fly ash and acid treated fly ash have been carried out at room temperature. Acid treated fly ash has been observed to have greater adsorptive capacity than fly ash in natural form (Kalyani et al., 2003).


 Biosorption of copper from aqueous solutions by wheat shell was investigated by Nurgulbasci et al. (2004). Cocoa shells were used for removal of heavy metals present in acidic effluents from industrial sources or contamination sources (Meunier et al., 2003). The removal of copper, zinc and nickel from solutions using biosorption in cork powder was described by Correia et al. (2003). 


Natural and chemically treated chicken feathers were tested for their ability as adsorbents to remove copper and zinc from wastewater (Banat et al., 2003). The various particle sizes of municipal solid waste bottom ash were used to identify adsorption characteristics of heavy metals (Shookshim et al., 2003).

2.4.3  Use of tea leaves and waste tea dust in metal remediation

Biosorption of heavy metals is an innovative and alternative technology to remove the pollutants from aqueous solutions using inactive and dead biomasses such as agricultural and industrial waste, algae and bacteria (Veglio et al., 2002). 

The use of low cost activated carbon from bagasse, an agricultural waste material has been investigated as a replacement for the current expensive methods of removing heavy metals like cadmium and zinc from wastewater (Singh and Mohan, 2002). Appel et al. (2004) studied the solid liquid interphase reaction between phosphate rock and metals lead, copper and zinc.

Takai et al. (2004) have investigated adsorption of cadmium and lead at pH 2 - 6.7 onto the biomaterials chitosan, coffee, green tea, tea, yuzu, aloe and Japanese coarse tea and onto the inorganic adsorbents, activated carbon and zeolite.

The adsorption ability of Turkish tea waste (fibrous) obtained from various tea processing factories was investigated for the removal of copper and cadmium from single and binary aqueous systems (Cay et al., 2003).

Singh and Rastogi (2004), investigated the use of ‘used tea leaves’            (a kitchen waste) to remove the impurities like milk and sugar by washing with hot distilled water and dried in sun.

The use of low cost materials as adsorbent for metal removal from waste water have been highlighted. The materials investigated for effective removal of lead, nickel and zinc were cotton, walnut waste, peanut skins, sugarcane waste, coffee grounds and tea leaves (Liang hu et al.,1996).

The efficiency of tea waste has been determined in the process of heavy metal removing from both single metal solutions and various mixtures (Nazmara et al., 2005).

A search for low cost and easily available adsorbent has lead to the investigation of materials of agricultural and biological origin as potential metal sorbents.

2.5   ADSORPTION ISOTHERM

To determine the adsorption capacity of the adsorbent materials used, a study of adsorption isotherm is essential and is helpful in selecting the adsorbents for the removal of a metal ion at a particular concentration (Deo and Ali, 1992)

The Langmuir and Freundlich isotherm are used to describe the observed sorption phenomena for lead and other heavy metals by bagasse and bagasse fly ash from aqueous solutions (Paosawat et al., 2004).

Adsorption studies were conducted at fixed initial concentration and varying adsorbent dose were fitted to the liberalized Freundlich adsorption isotherm which is of the form log x/m = log k + 1/n log Ce , where x/m is the amount of adsorbate (metal ion) adsorbed per unit mass of adsorbent (mg/g) and Ce, is the equilibrium concentration of liquid phase, k is a constant, which is a measure of adsorption capacity and 1/n is a measure of adsorption intensity (Jayaveera et al., 2004)
From the above reviewed literature, a study was designed for abatement of metal pollution. Powdered raw tea leaves and waste tea dust were selected and used as adsorbents to determine their capacity to remove zinc from zinc electroplating industry effluent.

3.0  EXPERIMENTAL PROCEDURE
     
The experimental procedure pertaining to the study “Remediation of zinc from zinc electroplating industrial effluent using raw tea leaves and tea dust” is presented under the following headings:

3.1 SELECTION OF THE INDUSTRIAL EFFLUENT

3.2 CHARACTERIZATION OF THE WASTEWATER

3.3 COLLECTION OF TEA LEAVES AND DUST FROM A SELECTED PLANTATION AREA  TO BE USED AS ADSORBENTS

3.4 CHARACTERIZATION OF THE POWDERED RAW TEA LEAVES AND USED TEA DUST

3.5 TREATMENT STRATEGIES

3.6 ADSORPTION ISOTHERM STUDIES

3.1 SELECTION OF THE INDUSTRIAL EFFLUENT

The industrial effluent was collected from a selected zinc electroplating industry, which is likely to contain preferable amount of zinc.  The sample was collected twice in plastic containers in an interval of 15 days and stored at 4° C till further analysis.

3.2  CHARACTERIZATION OF THE WASTEWATER
The collected effluent was analyzed for selected physicochemical parameters.  The details of the parameters analyzed, the methods of analysis, the references and appendices in which these methods are given are shown        in Table 2.

TABLE  2

DETAILS OF THE CHARACTERISTICS ANALYSED IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AND THEIR METHODS 
OF ANALYSIS

	Characteristics
	Methods of  analysis
	References
	Appendix  No.

	Colour

Odour

Turbidity

pH

Total Suspended Solids

Total Dissolved Solids

Chemical Oxygen Demand

Total Hardness

Chloride

Carbonate  and

Bicarbonate

Calcium

Magnesium

Sodium and Potassium

Zinc
	Visual

Sense


Visual

Using digital pH meter

Filtration method

Filtration and Evaporation method

Open reflux titrimetric method

EDTA - titrimetric method

Silver nitrate titrimetric method

Titrimetric method

EDTA- titrimetric method

By calculation

Flame photometric method

Colorimetric method
	-

-

-

-

APHA, 1998

APHA, 1998

APHA, 1998

APHA,1998

Vogel,1964

Natarajan 

et al.,1988

APHA ,1998

APHA,1998

Natarajan

et al.,1988

Manivasakam,

1997
	-

-

-

-

1

2

3

4

5

6

7

8

9

10


3.3 COLLECTION OF TEA LEAVES AND DUST FROM A SELECTED PLANTATION AREA TO BE USED AS ADSORBENTS

The raw tea leaves were collected from a selected plantation area in Kothagiri, Nilgiri district. In tea plants, only the apical leaves are used for making tea dust. The rest of the tea leaves are unused and left in the plant itself. These raw tea leaves were dried and powdered and used as adsorbents.

The used tea dust was collected from selected tea shops from the same area. The collected tea dust waste was dried at 105°C for 24 hours. The powdered tea leaves and used dust to be used as absorbents were stored in polythene bags for characterization.

Plate I shows dried and powdered raw tea leaves. Plate II shows used tea dust. Plate III is a view of tea plantation and Plate IV shows used tea dust disposed near a tea shop.

3.4 CHARACTERIZATION OF THE POWDERED RAW TEA LEAVES AND USED TEA DUST

The powdered raw tea leaves and used tea dust were characterized to determine their adsorption capacity. The details of the parameters characterized and the references of their methodology are given in Table 3.

TABLE  3

DETAILS OF CHARACTERIZATION OF THE SELECTED 
ADSORBENTS

	Characteristics
	References
	Appendix No.

	pH

Ash content

Moisture content

Bulk density

Matter soluble in water

Matter soluble in acid
	ISI, 1984.

Raghuramulu et al., 1983.

Raghuramulu et al., 1983.

Pearson, 1970.

Pearson, 1970.

Pearson, 1970.
	11

12

13

14

15

16


3.5  TREATMENT STRATEGIES

3.5.1 Adsorption experiment using powdered raw tea leaves and used tea dust

The powdered raw tea leaves and used tea dust were separately added to the effluent in 250ml conical flasks. They were subjected to shaking for a predetermined period at predetermined temperature. They were then separated by centrifugation at 2000 rpm for 10 minutes.

3.5.2  Estimation of zinc

The amount of zinc present in the industrial effluent was estimated by Dithiozone method spectrophotometrically before and after the absorption experiment.  The method of estimation of zinc is given in appendix 10. 

3.5.3 Determination of optimal experimental conditions for efficient adsorption of zinc using powdered raw tea leaves and used tea dust

Different experimental conditions were adopted for the adsorption experiment to determine the effectiveness of removal of zinc from the industrial effluent using powdered raw tea leaves and tea dust. In order to determine the optimal experimental condition, the adsorption experiment was conducted in different conditions namely, different pH of the effluent (4,7,10), dosage of the adsorbent (2,4,6 g/L), time of contact (30,60,120 and 180 minutes) and temperature (30, 37 and 45°C).

3.5.4 Treatment using synthetic  zinc solution

A synthetic solution was prepared using zinc sulphate (100mg/100ml) in water to assess the interference of other metal ions in the effluent that would alter the sorption of zinc by powdered raw tea leaves and used tea dust as sorbents. The optimal experimental conditions that were determined as explained in section 3.5.3 were adopted to assess the efficiency of sorption of zinc by the adsorbents from synthetic zinc solution.

3.6 ADSORPTION ISOTHERM STUDIES

The adsorption of zinc from zinc electroplating industrial effluent with powdered raw tea leaves and used tea dust was determined at various experimental conditions as mentioned in section 3.5.3.

The adsorption results were studied using the adsorption isotherm. The optimum condition for the maximum sorption of zinc by selected adsorbents were determined and a suitable isotherm namely Freundlich isotherm, was applied to determine the relationship between the amount of the metal adsorbed per unit mass of the adsorbent and the equilibrium concentration of the metal ion (zinc in the present study)

The Freundlich adsorption isotherm is given as follows 

x/m = k Ce 1/n 

The linearised form of the equation is log x/m = log k + 1/n logCe, in which x/m is the amount of zinc sorbed per unit weight of adsorbent (mg/g), k is the measure of sorption capacity and 1/n is the measure of sorption intensity, Ce is the equilibrium concentration of the residual zinc in solution (Ramu et al.,1992).
4.0  RESULTS AND DISCUSSION

Toxic metals are often discharged by a number of industrial processes and this leads to contamination of fresh water and marine environment. Heavy metals are major pollutants in marine, ground, industrial and even treated waste waters. Industrial waste constitutes the major source of various kinds of metal pollution in natural waters (Valdman et al.,2001).


In accordance to the health hazards rendered on human life and pollution effects on the ecosystem by the toxic metals present in the electroplating industry effluent, the present study was focussed on characterization of zinc electroplating industrial effluent and to use powdered raw tea leaves and used tea dust for removal of zinc from the zinc electroplating industrial effluent.

4.1
CHARACTERISATION OF ZINC ELECTROPLATING INDUSTRY EFFLUENT


To determine the toxicity level of the zinc electroplating industrial    effluent, its physicochemical characters were assessed. Table 4 gives the physicochemical characteristics of the zinc electroplating effluent.


The tolerable pH of the effluent ranges from 5.5 - 9 according to Bureau of Indian Standard whereas in the present study, the pH of the zinc electroplating effluent was 10.  It might be due to increased levels of cations in the effluent. 


There was no odour in the effluent and turbidity of the effluent noticed might be due to dissolved solids.  It had straw yellow colour.


The total suspended solids and total dissolved solids (2420 and 2968 mg/L respectively) in the zinc electroplating effluent were higher than the levels prescribed by the Bureau of Indian Standards. This might be due to the presence of metal scrapings and other solid wastes that would be eluted out of the industry.

TABLE  4

PHYSICOCHEMICAL CHARACTERISTICS OF ZINC ELECTROPLATING INDUSTRIAL EFFLUENT

	Parameters
	Sample #
	BIS Limits*             (IS: 3307 – 1977)

	pH

Odour

Colour

Turbidity

Total Suspended Solids 

Total Dissolved Solids 

Chemical Oxygen Demand   

Total Hardness                       

Chloride

Carbonate                               (mg/L)

Bicarbonate

Calcium

Magnesium 

Sodium

Potassium 

Zinc ((g/ ml)
	10

odourless

straw yellow

turbid

2420

2968

113

1200

-

15000

21655

-

1200

19

135

92.4
	5.5-9

odourless

should be absent

-

100

2100

250

-

1000

-

-

-

-

5.00


# - Mean value of duplicate samples collected at 15 days intervals

* - Tolerance limits for industrial effluents discharged into inland surface waters prescribed by the Bureau of Indian Standards.


Higher total dissolved solids content of subsurface water was suggested to be due to longer residence time of water in the subsurface environment leading to higher toxic concentration. Bicarbonate was the most dominant ion both in surface and subsurface water, contributing to increased total dissolved solids (Singh, 2002).


The Chemical Oxygen Demand (COD) of the electroplating industry effluent was found to be lesser than the tolerance limit prescribed by the Bureau of Indian Standards.


The increased levels of BOD and COD indicated the nature of chemical pollution.  The entry of sewage water, industrial effluents and the agricultural run off might be responsible for the increased level of COD.  High content of COD causes oxygen depletion which leads to the suffocation of the aquatic life (Sivakumar and Thriumathal, 2003).


In the present study since, there was no mixing of agricultural run off and sewage waters with the electroplating industry effluent, COD level seemed to be on the lesser side.


According to BIS limits there should be no hardness in any water sample, but the effluent showed increased hardness (1200mg/L).  


The amount of chloride that can be present in the effluent according to Bureau of Indian Standard limits is 1000mg/L. But chloride was below detectable level, since zinc electroplating industry did not employ the use of chloride in any stage of the processes.


The levels of carbonate and bicarbonate were higher than the prescribed limits by the Bureau of Indian Standards (15000 and 21655 mg/L respectively). This could have rendered the effluent alkaline.


The effluent contained magnesium, sodium and potassium at increased levels (1200,19 and 135 mg/L respectively). Since calcium was not in detectable level in the effluent, the amount of magnesium would have accounted for the hardness of the effluent.  Zinc metal ion concentration in the effluent was found to be 92.4 (g/ml.

4.2  CHARACTERISATION OF POWDERED RAW TEA LEAVES AND USED TEA DUST


In the present study, the powdered raw tea leaves and used tea dust were used as adsorbents to remove zinc from the zinc electroplating industrial effluent.


They were characterized to determine their adsorption capacity for zinc.  Table 5 indicates the levels of selected characteristics of powdered raw tea leaves and used tea dust.   

TABLE  5

CHARACTERISTICS OF POWDERED RAW TEA LEAVES 
AND USED TEA DUST

	Parameters
	Powdered raw tea leaves
	Used tea dust

	pH

Ash content (%)

Moisture content (%)

Bulk density (g/ml)

Matter soluble in  water (g/L)

Matter soluble in acid (g/L)
	5.85

5.50

87.20

0.2913

7.08

3.6
	5.26

3.50

80.00

0.3158

1.25

6.42



From Table 5  it is obvious that the powdered raw tea leaves and used tea dust had pH values 5.85 and 5.26 respectively. The ash content of raw tea leaves was 5.5% when compared to waste tea dust which had 3.5% ash content. The amount of moisture that could be absorbed by raw tea leaves was found to be 87.2% which was more than that of used tea dust (80%).


Bulk density normally decreases when the texture of the adsorbent is finer. The adsorbents having low and high bulk densities exhibit favourable and poor physical conditions respectively.  The bulk densities of the two adsorbents were 0.2913 and 0.3158 g/ml respectively.


  There were variation in the solubility of tea waste adsorbents in water and acid.  The powdered raw tea leaves recorded 7.08 g/L and 3.6 g/L solubility in water and acid whereas used tea leaves recorded 1.25 g/L and 6.42 g/L in water and acid respectively.

4.3 EFFECT OF DIFFERENT EXPERIMENTAL CONDITIONS ON ZINC ADSORPTION BY THE SELECTED ADSORBENTS


Zinc metal ion was removed using tea waste adsorbents by conducting batch study at different experimental conditions to determine the optimum condition for the remediation of zinc.

4.3.1 Effect of dosage of the adsorbents on remediation of zinc from zinc   electroplating industrial effluent


The levels of zinc in the electroplating industry effluent after treatment with different dosage of powdered raw tea leaves and used tea dust is shown in   Table 6.

TABLE  6

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATING WITH DIFFERENT DOSAGES OF POWDERED 
RAW TEA LEAVES AND USED TEA DUST

	Dosage of adsorbents

(g / L)
	Powdered raw tea leaves 
	Used tea dust 

	2
	34.17

(63.0)
	34.30

(62.9)

	4
	22.56

(75.6)
	27.22

(70.6)

	6
	20.73

(77.6)
	6.91

(92.5)


· Initial level of zinc in the electroplating industrial effluent was 92.43 (g /ml

· Values in parentheses show the percent of zinc removed from effluent after treatment with adsorbents 

· CD (0.05) = 0.262

· Experimental condition: temperature - 30(C, pH -10, time of contact - 1h.
Increase in the removal of zinc from the effluent was observed with 6g/L dose of both the adsorbents at 5% significant level. Significantly increased zinc removal was recorded by powdered raw tea leaves at 2 and 4 g/L dosages, but there was a significant increase (p<0.05) in the adsorption by used tea dust at a higher dosage of 6 g/L than powdered raw tea leaves.

Nazmara et al. (2005) reported that by increasing the amount of tea waste to 1.5 g it was possible to increase the efficiency of adsorption of lead level to about 96.5% from industrial waste water.
Figure 3 shows the percentage removal of zinc from the effluent with different dosages of powdered raw tea leaves and used tea dust.

FIGURE  3

PERCENTAGE OF ZINC REMOVED BY POWDERED RAW TEA LEAVES 
AND USED TEA DUST AT DIFFERENT ADSORBENT DOSAGES


TABLE  7

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATMENT WITH POWDERED RAW TEA LEAVES AND 
USED TEA DUST AT DIFFERENT pH LEVELS

	pH
	Powdered raw tea leaves 
	Used tea dust 

	4
	50.28

(45.6)
	47.78

(48.3)

	7
	90.72

(1.9)
	92.39

(0.04)

	10
	61.59

(33.4)
	60.59

(34.5)


·  
Initial level of zinc in the electroplating industrial effluent was 92.43 (g /ml

·  
Values in parentheses show the percent of zinc removed from effluent after  treatment with adsorbents 

·  
CD (0.05) = 0.211

·  
Experimental condition: temperature - 30(C, dosage – 4g/L, time of contact - 1h.

FIGURE  4

PERCENTAGE OF ZINC REMOVED BY POWEDERED RAW TEA LEAVES AND USED TEA DUST AT DIFFERENT pH

At neutral pH (7), there was no effective adsorption of zinc by both the adsorbents viz, powdered raw tea leaves and used tea dust. There was significant increase (p<0.05) in the amount of zinc adsorbed at acidic pH by the tea waste adsorbents than at an alkaline pH of 10. 48.3%of zinc present in the effluent was adsorbed by used tea dust waste at pH 4.


Figure 4 shows the percentage removal of zinc from the effluent after treatment with the two selected adsorbents at three different pH.  Maximum adsorption was seen at pH 4 with used tea dust.


Adeyiga et al. (1996) carried out adsorption experiments using different raw tree leaves and found that there was effective removal of metal ions, lead, zinc and nickel at pH 5 to 5.5.


The results of the study indicated that there was decrease in the adsorption capacity of sorbents of tea waste at alkaline pH and highly reduced adsorption at neutral pH.

4.3.3 Effect of time of contact of adsorbents on remediation of zinc from electroplating industrial effluent


Effective adsorption of metal ions by the sorbents depends upon the time of contact of the sorbent with metal ions. The levels of zinc in the electroplating industrial effluent after treatment with powdered raw  tea leaves and used  tea dust waste at different time of contact of effluent with adsorbents is given in  Table  8.


It is obvious from the table that, there was significant increase (p< 0.05) in the adsorption of zinc metal ion with a longer duration of contact of selected sorbents with the effluent.  There was 86.5% of zinc removal by used tea dust which was lower than the amount of zinc removed by powdered raw tea leaves (88.2%).

TABLE  8

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATMENT WITH POWDERED RAW TEA LEAVES AND USED 
TEA DUST AT DIFFERENT TIME OF CONTACT

	Time of contact 

(minutes)
	Powdered raw tea leaves 
	Used tea dust 

	30
	73.66

(20.3)
	78.53

(15.0)

	60
	69.71

(24.6)
	64.67

(30.0)

	120
	37.62

(59.3)
	42.66

(53.7)

	180
	10.91

(88.2)
	12.44

(86.5)


· Initial level of zinc in the  electroplating industrial effluent was 92.43 (g /ml

· Values in parentheses show the percent of zinc removed from effluent after treatment with adsorbents 

· CD (0.05) = 0.556

· Experimental condition: temperature - 30(C, dosage – 4g/L, pH -10 


Figure 5 shows the percentage of zinc removed by the tea waste sorbents at different time of contact of the adsorbents with the effluent.


There was effective removal of zinc and lead ions by common persimmon and mountain laurel leaves at an increased time of contact of about 3 hours as reported by Tee and Khan (1988).


The effective removal of zinc after 180 minutes of contact with the sorbents might be due to contact of tea dust, with more metal particles for a longer time with continuous agitation. This would have increased the interaction of metal ions with sorbent.

4.3.4
Effect of temperature on remediation of zinc from electroplating industrial effluent


The adsorption capacity of adsorbents might change with change in temperature. Hence the adsorption study was conducted at different temperatures namely 30, 37 and 45(C during the agitation period.

The levels of zinc in the electroplating industrial effluent after treatment with powdered raw tea leaves and used tea dust at different levels of temperature is presented in Table 9.

TABLE  9

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATMENT WITH POWDERED RAW TEA LEAVES AND USED 
TEA DUST AT DIFFERENT TEMPERATURES

	Temperature ((C)
	Powdered raw tea leaves 
	Used tea dust 

	30
	11.78

(87.3)
	13.86

(85.0)

	37
	24.80

(73.2)
	29.13

(68.5)

	45
	36.83

(60.2)
	39.54

(57.2)


· Initial level of zinc in the electroplating industrial effluent was 92.43 (g /ml

·  Values in parentheses show the percent of zinc removed from effluent after treatment with adsorbents 

· CD (0.05) = 0.40

·  Experimental condition: dosage – 4g/l, pH –10, time of contact- 1h.


The amount of zinc adsorbed by the selected adsorbents at 30(C was 87.3% and 85% in powdered raw tea leaves and used tea dust which were significantly higher (p<0.05) than the amount of zinc adsorbed at higher temperature of 45ºC (60.2 and 57.2%). The sorption capacity of powdered raw tea leaves was higher than used tea dust at all the three temperatures.


The metal ions would elevate from the ground state of ionization to excited state when the temperature is increased. Hence, the interaction of metal ions with the sorbent would be less effective, to remove the metal ions. A rise in temperature might lead to the speeding up of the chemical reactions preventing adsorption process (Nair, 2002).

The percentage of zinc removed from electroplating industrial effluent using tea waste as sorbents at different levels of temperature is illustrated in Figure  6.

The results of the study with different experimental conditions showed that there was increased removal of zinc from the effluent with powdered raw tea leaves at pH 4, at 30ºC, with 180 minutes of contact time and dosage of 6g/L and with used tea dust, the maximum adsorption was at same experimental conditions as for powdered raw tea leaves.

4.4  TREATMENT WITH SYNTHETIC  ZINC SOLUTION

The levels of zinc adsorbed from the synthetic solution by the powdered raw tea leaves and used tea dust at optimum conditions is presented in Table 10.

TABLE  10

LEVELS OF ZINC ((g/ml) IN THE SYNTHETIC SOLUTION AFTER TREATMENT WITH OPTIMUM CONDITIONS OF POWDERED RAW TEA 
LEAVES AND USED TEA DUST 

	Adsorbents
	Levels of zinc

	Powdered raw tea leaves
	9.98

(90.0)

	Used tea dust
	26.86

(73.1)


·  
Values in parentheses show the percent of zinc removed from synthetic solution after treatment with adsorbents at optimum conditions
·  
Optimum condition: dosage – 4g/l, pH – 4, time of contact- 180 minutes, temperature - 30ºC

·  
Initial level of zinc in the synthetic solution was 100mg / L.

A synthetic solution was prepared using zinc sulphate in water (100mg of zinc/100ml), in order to study the interference in zinc adsorption by other metal ions that may be present in the effluent when treated with powdered raw tea leaves and used tea waste at the identified optimal conditions. 


The results presented in Table 10 shows that there was significant increase  (90.0%) in adsorption of zinc from the synthetic solution with powdered raw tea leaves when compared to adsorption with used tea dust (73.1%).


There was a significant increase in adsorption of zinc from the synthetic solution with selected sorbents than the level of zinc adsorbed from the effluent. This indicated the interference of other metal ions during the sorption of zinc.

4.5
KINETIC STUDIES FOR THE ADSORPTION OF ZINC FROM ELECTROPLATING INDUSTRIAL EFFLUENT USING THE SELECTED ADSORBENTS – POWDERED RAW TEA LEAVES AND USED TEA DUST


Adsorption isotherms were applied to determine the adsorption capacity of powdered raw tea leaves and used tea dust in the adsorption of zinc from electroplating industrial effluent.


The widely accepted Freundlich adsorption isotherm model was applied to determine the adsorption capacity and intensity of the adsorbents. The linearized form of Freundlich isotherm is log x/m = logK+1/n log Ce. Table 11 gives the values of x/m and Ce for the adsorption of zinc by the two selected adsorbents at optimum experimental conditions with the dosage of 4g/L.

TABLE 11

ADSORPTION OF ZINC ON POWDERED RAW TEA LEAVES AND USED TEA DUST WITH OPTIMUM EXPERIMENTAL CONDITIONS AND
ADSORBENT DOSAGE OF 4g/L
	Initial Zinc concentration (mg/L)
	Powdered raw tea leaves 
	Used tea dust 

	
	Ce 
   x/m       log Ce   1+log x/m
	Ce 
  x/m 
   log Ce  1+log x/m

	92.43

92.43

92.43
	50.28
 10.5375     1.7014      2.0227

10.91
  20.380      1.0378      2.3092

11.78
  20.1625    1.0711      2.3045
	47.78
11.1625    1.6792     2.0478

12.44
19.9975    1.0948     1.3010

13.86
19.6425    1.1418     1.2932

	Slope (1/n)
	0.4317
	0.1792


The linearized plots of Freundlich isotherms at optimum experimental condition with 4g/L of adsorbent for the adsorption of zinc are presented in  Figure  7.  The graph is plotted taking 1+log x/m on Y-axis and log Ce on X-axis.


The value of 1/n represents all the factors affecting the adsorption process from solutions. It was noted that the values of n for both the adsorbents used in the present study at optimum experimental conditions was greater than 1, which is indicative of the suitability of these adsorbents for the removal of zinc from the effluents.


The value of n was found to be greater than 1 for coal, Montmorillonite and Kaolinite and this indicated favourable conditions for the sorption of zinc on these adsorbents as observed by Chandrasekar and Chakravarthy (2000).


Ortiz et al (2001) used steel converter slag (from steel industry) as sorbent for removal of nickel from waste water. In their study, the adsorption rate increased with initial concentration but decreased with increase in temperature, due to competition of the dissolution process and the adsorption process obeyed the Freundlich isotherm model.

5.0  SUMMARY AND CONCLUSION

Nature is able to cope with certain amounts of waste through a variety of natural cleaning mechanisms. However, if the concentration of waste products increases, nature’s mechanisms become overburdened and pollution problems start to occur.


With increase in industrialization and rapid growth in population, the luxury and health hazards of man also is increasing.  The industries contribute to a large extent to environmental pollution, with release of effluents into the streams, water bodies or sewages and cause various ill effects onto living beings either directly or indirectly.


Metal plating and finishing industry because of their toxicity and high level of metal contents contribute to a heavy load of pollution to the environment. The metal finishing industrial effluent consists of heavy metals namely lead, zinc, cadmium, chromium, copper, cobalt, nickel and mercury. These metals are required for the growth and development of human body in trace amounts; when the same metals are present in higher concentration, they lead to serious health effects.


Many conventional methods are applied for the removal of metal ions from the effluent.  These methods are expensive and less reliable.  In the present study, low cost adsorbents namely powdered raw tea leaves and used tea dust were used to remove zinc from zinc electroplating effluent.


The tea leaves which are left on the shrub other than the apical leaves which are used for making tea dust and used tea dust thrown after use as waste are selected as the two adsorbents.  The tea leaves were collected from a tea estate in Kothagiri and used dust from tea shops from the same area.


The effluent collected from the zinc electroplating industry was characterized for its physico chemical characters and the selected adsorbents were also characterized to determine their adsorption capacity.


The effluent and the adsorbents were subjected to batch experiments at different experimental conditions namely three different pH, temperature, time of contact and adsorbent dosages. Synthetic solution containing zinc was prepared and was tested for zinc adsorption by the selected adsorbents to assess if other metal ions present in the effluent would interfere with the adsorption of zinc by tea waste adsorbents.


The following conclusions were drawn from the results obtained in the present study:

· The zinc electroplating effluent had high levels of total dissolved solids, total suspended solids, total hardness, sodium, magnesium, potassium, carbonate and bicarbonate than the levels prescribed by the Bureau of Indian Standard, for the discharge of industrial effluent into the inland surface waters.

· The selected tea waste absorbents were characterized for the parameters pH, ash content, moisture content, bulk density, matter soluble in water and matter soluble in acid. The powdered raw tea leaves had greater solubility in water and acid than used tea dust.

· Adsorption experiments were done at pH 4, 7 and 10, different dosage            of adsorbents 2, 4 and 6g/L, different time of contact, 30, 60, 120 and          180 minutes and at temperature 30, 37 and 45(C.  It is clear from the results that powdered raw tea leaves had greater adsorption capacity for zinc at  pH 4, temperature-30(C, time of contact 180 minutes with dosage of adsorption 4g/L than the used tea dust.

· The powdered raw tea leaves and used tea dust were treated with synthetic solution containing zinc sulphate. Comparison of zinc adsorbed by the adsorbents in identical experimental conditions from the effluent and the synthetic zinc solution was done in order to asses interference by other metal ions that might be present in the effluent which would have interfered during the adsorption of zinc. It was noted that the percentage of zinc removed/adsorbed by powdered raw tea leaves from synthetic solution was greater than the percentage adsorbed from the zinc electroplating effluent, thereby confirming interference in adsorption by other ions present in the effluent.

· Adsorption isotherm using Freundlich model was performed using adsorbents at their respective optimum conditions with 4 g/L dosage of the adsorbents.  The constant value 1/n which gives the relationship between the sorbent and the adsorbate was determined.  The values of 1/n for both the selected adsorbents were less than 1, indicating the suitability of the selected adsorbents for zinc removal. 

It can be concluded from the present study that both powdered tea leaves and used tea dust could serve as adsorbents for sorption of zinc from zinc electroplating industrial effluent and among the two, powdered raw tea leaves recorded greater absorptive capacity for zinc.

Nazmara et al. (2005) reported that by increasing the amount of tea waste to 1.5 g it was possible to increase the efficiency of adsorption of lead level to about 96.5% from industrial waste water.
Figure 3 shows the percentage removal of zinc from the effluent with different dosages of powdered raw tea leaves and used tea dust.

FIGURE  3

PERCENTAGE OF ZINC REMOVED BY POWDERED RAW TEA 
LEAVES AND USED TEA DUST AT DIFFERENT 
ADSORBENT DOSAGES


The removal of zinc by used tea dust and powdered raw tea leaves might be due to increase in the number of particles which might adsorb metal ions at higher dosage.

4.3.2 Effect of pH on remediation of zinc from electroplating industrial effluent


The pH of industrial effluent is changed to acidic, basic or neutral status to determine the effectiveness of the adsorbents in the removal of zinc.      Table 7 shows the levels of zinc in the electroplating industrial effluent after treatment with powdered raw tea leaves and used tea dust at different pH levels of the effluent.

TABLE  7

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATMENT WITH POWDERED RAW TEA LEAVES AND 
USED TEA DUST AT DIFFERENT pH LEVELS

	pH
	Powdered raw tea leaves 
	Used tea dust 

	4
	50.28

(45.6)
	47.78

(48.3)

	7
	90.72

(1.9)
	92.39

(0.04)

	10
	61.59

(33.4)
	60.59

(34.5)


· Initial level of zinc in the electroplating industrial effluent was 92.43 (g /ml

· Values in parentheses show the percent of zinc removed from effluent after  treatment with adsorbents 

· CD (0.05) = 0.211

· Experimental condition: temperature - 30(C, dosage – 4g/L, time of contact - 1hr.
FIGURE  4

PERCENTAGE OF ZINC REMOVED BY POWDERED RAW TEA 
LEAVES AND USED TEA DUST AT 
DIFFERENT pH



TABLE  8

LEVELS OF ZINC ((g/ml) IN THE ELECTROPLATING INDUSTRIAL EFFLUENT AFTER TREATMENT WITH POWDERED RAW TEA LEAVES AND USED 
TEA DUST AT DIFFERENT TIME OF CONTACT

	Time of contact 

(minutes)
	Powdered raw tea leaves 
	Used tea dust 

	30
	73.66

(20.3)
	78.53

(15.0)

	60
	69.71

(24.6)
	64.67

(30.0)

	120
	37.62

(59.3)
	42.66

(53.7)

	180
	10.91

(88.2)
	12.44

(86.5)


· Initial level of zinc in the  electroplating industrial effluent was 92.43 (g /ml

· Values in parentheses show the percent of zinc removed from effluent after treatment  with adsorbents 

· CD (0.05) = 0.556

· Experimental condition: temperature - 30(C, dosage – 4g/L, pH -10 

Figure 5 shows the percentage of zinc removed by the tea waste sorbents at different time of contact of the adsorbents with the effluent.

FIGURE  5

PERCENTAGE OF ZINC REMOVED BY POWDERED RAW TEA 
LEAVES AND USED TEA DUST AT DIFFERENT 
TIME OF CONTACT



The amount of zinc adsorbed by the selected adsorbents at 30(C was 87.3% and 85% in powdered raw tea leaves and used tea dust which were significantly higher (p<0.05) than the amount of zinc adsorbed at higher temperature of 45ºC (60.2 and 57.2%). The sorption capacity of powdered raw tea leaves was higher than used tea dust at all the three temperatures.


The metal ions would elevate from the ground state of ionization to excited state when the temperature is increased. Hence, the interaction of metal ions with the sorbent would be less effective, to remove the metal ions. A rise in temperature might lead to the speeding up of the chemical reactions preventing adsorption process (Nair, 2002).

The percentage of zinc removed from electroplating industrial effluent using tea waste as sorbents at different levels of temperature is illustrated in Figure  6.

FIGURE  6

PERCENTAGE OF ZINC REMOVED BY POWDERED RAW TEA 
LEAVES AND USED TEA DUST AT DIFFERENT 
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FIGURE 7

ADSORPTION ISOTHERM OF ZINC WITH POWDERED RAW TEA LEAVES AND USED TEA DUST AT OPTIMUM EXPERIMENTAL CONDITIONS AND ADSORBENT DOSAGE OF 4 g/l

POWDERED RAW TEA LEAVES


USED TEA DUST



2.2  METAL POLLUTION-ZINC LOAD IN THE ENVIRONMENT


Mankind, animals and plants all face a variety of problems arising from various kinds of environmental pollution. The availability of a wide range of pollutants including heavy metals in the soil and atmosphere are enhanced due to burning of fossil fuels, domestic rubbish, agricultural activities and increased use of motor vehicles (Uijily and Kumaraguru, 2004).
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(Anilkumar De, 2003)
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Powdered raw tea leaves
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Used tea dust
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A view of tea plantation
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Used tea dust disposed near a tea shop
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CHARACTERIZATION OF ZINC ELECTROPLATING INDUSTRY EFFLUENT

APPENDIX  1

DETERMINATION OF TOTAL SUSPENDED SOLIDS 

 FILTRATION METHOD 

 (APHA, 1998)
Principle


A well-mixed sample is filtered through a weighed standard glass-fiber filter and the residue retained on the filter is dried to a constant weight at 103(            C - 105(C. The increase in weight of the filter represents the total suspended solids. If the suspended material clogs the filter and prolongs filtration, it may be necessary to increase the diameter of the filter or decrease the sample volume. 

Procedure

Filtered 250ml of the effluent through a tared filter paper by applying suction.  Washed the filter paper with distilled water to remove the soluble salts. Dried the filter paper for atleast one hour in an oven at 103(C - 105(C. The increase in weight was the total suspended solids.

Expressed the results as mg total suspended solids per litre of the sample. 

APPENDIX  2

DETERMINATION OF TOTAL DISSOLVED SOLIDS 

FILTRATION AND EVAPORATION METHOD

(APHA, 1998)

Principle

            A well-mixed sample is filtered through a standard glass fiber filter, and the filtrate is evaporated to dryness in a weighed dish and dried to constant weight at 180(C. The increase in dish weight represents the total dissolved solids. 

Procedure 

Filtered 250ml of the effluent through a glass microfiber filter paper. Evaporated the filtrate in a tarred porcelain dish, which was preheated at 105(C and then at 550(C for one hour in a muffle furnace and cooled and brought to constant weight. Kept the dish at 180(C for about 1 hour, cooled and weighed.  The increase in weight denoted the total dissolved solids content. 


Expressed the result as mg total dissolved solids per litre of the sample. 

  APPENDIX  3

ESTIMATION OF CHEMICAL OXYGEN DEMAND 

OPEN-REFLUX TITRIMETRIC METHOD 

(APHA, 1998)

Principle


Chemical oxygen demand (COD) is defined as the amount of a specified oxidant that reacts with the sample under controlled conditions. The quantity of oxidant consumed is expressed in terms of its oxygen equivalence. Because of its unique chemical properties, the dichromate ion (Cr2O72-), the specified oxidant is reduced to the chromic ion (Cr3+). 


COD often is used as a measurement of pollutants in wastewater and natural waters. Boiling mixture of chromic and sulfuric acids oxidize most types of organic matter. A sample is refluxed in strongly acid solution with a known excess of potassium dichromate.  After digestion, the remaining unreduced potassium dichromate is titrated with ferrous ammonium sulfate to determine the amount of potassium dichromate consumed and the oxidizable matter is calculated in terms of oxygen equivalent. 


Reagents

1. Mercuric sulphate crystals.

2. Sulphuric acid – silver sulphate reagent: Dissolved 10.1 g of silver sulphate in 1 litre of concentrated sulphuric acid. Allowed the solution to stand for two days for complete dissolution.

3. Potassium dichromate solution 0. 125N: Dissolved 0.129g in distilled water and made up to 1 litre. 1.0 ml of 0.125N potassium dichromate ( 1.0 mg of oxygen.

4. Ferroin indicator solution: Dissolved 95 mg of ferrous sulphate in 500 ml of distilled water. Added 1.485g of 1,10 phenanthroline monohydrate and mixed thoroughly.

5. Ferrous ammonium sulphate solution 0.125N: 40g of ferrous ammonium sulphate was dissolved in distilled water. Added 20 ml of concentrated sulphuric acid. Made up to one litre with water. Standardised it with 0.125 N potassium dichromate.

Procedure


A refluxing flask of 250ml capacity was used with a ground glass 24/40 neck fitted with a 300mm double surface condenser to which a glass cap was fitted.  Placed 50ml of the sample in the flask.  Added mercuric sulphate of suitable quantity such that the ratio of chloride content of the sample to mercuric sulphate was 1:10 (For this, chloride content of the sample was estimated as given in Appendix 5). Then added 5 ml of sulphuric acid- silver sulphate reagent and dissolved the mercuric sulphate. Cooled in cold water while mixing. Pipetted 25ml of 0.125N potassium dichromate into the flask and mixed well. Added 70ml sulphuric acid silver sulphate reagent very carefully and mixed. Added a few porcelain bits and attached the condenser. Started water circulation and refluxed for two hours. Removed the flame, allowed the flask to cool. Transferred the contents of the flask and diluted to about 350ml with distilled water. Added 2 to 3 drop of ferroin indicator and titrated against 0.125N ferrous ammonium sulphate solution. The end point was the sharp colour change from blue-green to reddish brown. A blank was conducted using 50ml of distilled water instead of the sample.

Calculation 



      (Blank titre value – Sample titre value) x 0.125 x 1000 x 8

COD in mg/l =




                Volume of sample taken 

APPENDIX   4

ESTIMATION OF TOTAL HARDNESS 

EDTA- TITRIMETRIC METHOD 

APHA (1998)

Principle

Ethylene diamine tetra acetic acid and its sodium salts (EDTA) form a chelated soluble complex when added to a solution of certain metal cations. If a small amount of dye such as Eriochrome Black –T or calmagite is added to an aqueous solution containing calcium and magnesium ions at a pH of 10.0 ( 0.1, the solution becomes wine red. If EDTA is added as a titrant, the calcium and magnesium will be complexed, and when all the magnesium and calcium has been complexed the solution turns from wine red to blue, marking the end point of the titration.

Reagents

1. Calcium standard solution: 1.0 g of pure calcium carbonate was dissolved in 1 litre of water using 20.5 ml of HCl and warming.  1 ml = 1 mg CaCO3.

2. Standard EDTA titrant (0.02 N): 3.723 g disodium ethylene diamine tetra acetate dihydrate was dissolved in 1 litre of water. It was standardised against standard calcium solution. 1.0 ml of 0.02N EDTA ( 1.0 mg of CaCO3.
3. Eriochrome Black – T indicator: 0.5 g of the dye was mixed with 100 g of sodium chloride to obtain a dry powder mixture.

Procedure 

Placed a suitable volume of the sample in a conical flask and diluted to 50 ml. Added 1.0 ml of buffer solution per 50 ml volume. The pH of the titre should be 10.0 ( 0.1. Added a pinch of the indicator. Titrated with standard EDTA, until a reddish tinge appeared and added the last few drops within 3-5 seconds. The end point was the appearance of blue colour.

Calculation

If EDTA titrant is exactly 0.02 N, 





 ml EDTA titrant x 1 x 1000

mg /l Total Hardness  = 

(as CaCO3)

         ml sample taken for estimation

APPENDIX  5

ESTIMATION OF CHLORIDE 

SILVER NITRATE TITRIMETRIC METHOD 

(Vogel, 1964)

Principle

 Silver nitrate reacts with chloride ions to form silver chloride. The completion of reaction is indicated by the red colour produced by the reaction of silver nitrate with potassium chromate solution, which is added as an indicator.

Reagents 

Chloride free double distilled water was used for all reagents.

1. Standard silver nitrate titrant, 0.0282N: 4.791 g of silver nitrate was dissolved in 1 litre of distilled water. Standardized it  against 0.0282 N sodium chloride solution. 1.0 ml of exactly 0.0282 N AgNO3 ( 1.0 mg chloride.

2 Standard sodium chloride titrant, 0.0282 N: 1.648 g of sodium chloride was dissolved in 1 litre of distilled water. 1.0 ml ( 1.0 mg chloride. 

3 Potassium chromate indicator solution: Dissolved 25 g in 100 ml of distilled water. Added silver nitrate solution dropwise until a slight red precipitate was formed.  Allowed to stand for 12 hours. Filtered and made upto 500 ml with distilled water.

4 Aluminium hydroxide suspension: Dissolved 100 g aluminium ammonium sulphate in 1000 ml distilled water. Warmed to 60(C and added with stirring 55 ml conc. ammonia solution. Allowed the precipitate to settle for about an hour. Washed by decantation with distilled water to make the precipitate free from chloride. Checked it by treating a portion of the decantate every time with silver nitrate solution. After the precipitate was free from chloride, diluted it to 1000 ml with distilled water.

Procedure

For coloured, turbid effluent samples 

Added 3.0 ml of aluminium hydroxide to a measured volume of the sample in a beaker. Stirred well and allowed to settle. Filtered, washed the precipitate with chloride free distilled water and combined the filtrate and washings. Pipetted out 100 ml of the sample into a porcelain dish. Adjusted the pH to be in the range of 7-9.5. Added 1 ml of potassium chromate indicator solution. Titrated it against standard silver nitrate solution with constant stirring until a slight precipitable reddish colouration persisted. Conducted a blank by placing 100 ml chloride – free distilled water instead of sample.

Calculations

If the silver nitrate solution is exactly 0.0282 N,




  
(ml AgNO3 for sample – ml AgNO3 for blank)   x 1000

Chloride (mg per litre) =





                              ml sample taken for estimation

If the silver nitrate solution is not exactly 0.0282 N, 




  
 (ml AgNO3 for sample – ml AgNO3 for blank ) 



  
  
      x Normality of AgNO3 x 35.45 x 1000 

Chloride (mg per litre) = 
 






 




           ml sample taken for estimation

APPENDIX  6

ESTIMATION OF CARBONATE AND BICARBONATE 

TITRIMETRIC METHOD 

(Natarajan et al.,1988)

Principle 

When a  sample containing carbonate and bicarbonate is titrated against the standard sulphuric acid, phenolphthalein looses its pink colour  when half of the carbonate is converted to bicarbonate. So twice this value is a measure of carbonates present in the sample. 

To the colourless solution, a few drops of methyl orange is added and titrated against sulphuric acid till straw yellow colour changes to pinkish red colour.  This value gives the amount of acid required to neutralise the bicarbonate originally present and that formed from the carbonates. By subtracting the first titre value from the second one, acid required to neutralise the bicarbonate originally present in the sample is obtained. 

Reagents   

1. Sodium carbonate solution 1 N: 13:25 g was dissolved in 250 ml water. 

2. Sulphuric acid 1 N : 28 ml of conc. sulphuric acid was made upto a litre with water. 

3. Sulphuric acid 0.02 N : Prepared from 1 N acid 1.0 ml of 0.02 N Sulphuric acid ( 1.0 mg CaCO3. 
4. Phenolphthalein indicator : 500 mg was dissolved in  50 ml of alcohol and 50 ml of distilled water. Added 0.02 N sodium hydroxide solution dropwise until a faint pink colour appeared. 

5. Mixed  indicator solution : 20 mg of methyl red and 100 mg of bromocresol green were dissolved in 100 ml of 95% isopropyl alcohol. 

Procedure 


Added 25 ml of the sample and 25ml of distilled water in a 250ml conical flask. Added phenolphthalein indicator solution. If no pink colouration occurred, it indicated nil phenolphthalein alkalinity.  If a pink colour appeared then titrated  with 0.02 N sulphuric acid until the solution became colourless. 


Added 3 drops of mixed indicator solution to the solution in which phenolphthalein alkalinity had been determined and titrated against 0.02 N sulphuric acid to light pink. 

Calculation 

Volume of the sample taken 

= 25 ml 

Volume of 0.1 N H2SO4  used upto 

Phenolphthalein end point 


= A ml 

Volume of 0.1 N H2SO4 used upto 

Methyl orange end point 


= B ml 

Volume of 0.1 N H2SO4 required to 

neutralise bicarbonate alone 

= (B –A) ml 

Carbonate 


1.0 ml of 0.1 N H2SO4 ( 0.003 g of CO3 

· 2 x A ml of 0.1 N H2SO4 (  0.003 x 2 x A g 


Amount of carbonate            0.003 x 2 x A x 1000 x 1000 

Per litre of sample  
= 
 


         mg 






     25 

Bicarbonate 

1.0 ml of 0.1 N H2SO4 ( 0.0061 g HCO3 -

- (B-A) ml of 0.1 N H2SO4 ( 0.0061 x (B – A) g of HCO3 -

Amount of bicarbonate          0.0061 x (B-A) x 1000 x1000 

Per litre of sample 
    =
 


           mg 






         25 

APPENDIX  7

ESTIMATION OF CALCIUM

EDTA TITRIMETRIC METHOD 

(APHA, 1998)

Principle

The pH of the sample is made sufficiently high (12-13) to precipitate magnesium as hydroxide, and calcium only is allowed to react with EDTA in the presence of a selective indicator.

Reagents

1. Sodium hydroxide, 1N : 40 g of sodium hydroxide was dissolved in 1 litre of distilled water.

2. Murexide indicator: 200 mg of the dye was ground with 100 g of sodium chloride.

3. Standard EDTA titrant, 0.02 N  

Procedure

Pipetted out 50 ml of the sample. Added 2.0 ml of sodium hydroxide to it to produce a pH of 12-13 and mixed well. Added 0.1 –0.2 g of the indicator, titrated immediately with EDTA. The end point is from pink to purple. 

Calculation

If the EDTA titrant is exactly 0.02 N,





  
ml EDTA titrant x 1 x 1000

mg/l Calcium (as CaCO3) = 





  ml sample taken for titration

APPENDIX  8

ESTIMATION OF MAGNESIUM

BY CALCULATION

(APHA, 1998)

Calculation

mg/l Magnesium (as CaCO3) = mg/l Total hardness as (CaCO3) – mg/l Calcium (as CaCO3).

APPENDIX  9

ESTIMATION OF SODIUM AND  POTASSIUM

  FLAME PHOTOMETRIC METHOD

   (Natarajan et al.,1988)

Principle

 In flame photometry, the solution under test is passed under carefully controlled conditions as a very fine spray in the air supply to a burner. In the flame, the solution evaporates and the salt dissociates to give neutral atoms.  A very small proportion of these  move into a higher energy state. When these excited atoms fall back to the ground state, the light emitted of characteristic wave length is measured. Sodium and potassium are estimated at 590 nm and 770 nm respectively.

Reagents

1. Sodium stock solution: 2.524 g of sodium chloride was dissolved in deionised distilled water and made upto one litre. 1.0 ml = 1.0 mg sodium. 

2. Potassium stock solution: 1.907 g of potassium chloride was dissolved in deionised distilled water and made up to one litre. 1.0 ml = 1.0 mg potassium.

Procedure

Estimation of Sodium and Potassium

Standardised the flame photometer before feeding the sample. Set the reading to zero using deionised water. Using the stock solutions of sodium and potassium, adjusted the reading to 100 at their specific wavelengths. Then fed the sample in the flame photometer and noted the readings to get the amounts  of sodium and potassium directly.

APPENDIX  10

ESTIMATION OF ZINC

COLORIMETRIC METHOD USING DITHIOZONE 

(Manivasakam, 1997)

Principle


Zinc reacts with dithiozone to form a co-ordinate compound which when extracted with carbon tetrachloride is red in color and is used to measure the zinc content.

Interferences


Copper, cadmium and lead interfere when they present in excess concentration and must be removed by precipitation with hydrogen sulfide.  A separate procedure for such samples is given. Another important factor in the determination of zinc is the purity of reagents and glassware. The reagents should be free from zinc.  As glassware contribute to zinc, they must be thoroughly cleaned with sodium citrate solution before use.


Reagents

1) Prepared all the reagents using zinc-free distilled water, which was prepared by redistilling the distilled water in an all pyrex distillation apparatus.

2) Sodium citrate solution: Dissolved 50g sodiumcitrate, Na3C6H6O7.2H2O in  450 ml zinc-free distilled water. Purified by dithiozone extraction.

3) Zinc stock solution: Dissolved 100 mg zinc metal (30 mesh) in about 1 ml 1+1 HCI and made upto 1000 ml in a volumetric flask using zinc-free distilled water.  1ml = 1 µg Zn

4) Zinc working solution: Pipetted out 10.0 ml zinc stock solution into a 1000 ml volumetric flask and made upto the mark with zinc-free distilled water.

5) Methyl red indicator solution: Dissolved 200 mg methyl red (sodium salt) in distilled water and diluted to 1000 ml.

6) Conc. ammonia solution (0.91 to 0.88)

7) Potassium cyanide solution, 5%: Dissolved 5g potassium cyanide, KCN in 100 ml zinc-free distilled water.

8) Acetic acid, conc.

9) Carbon tetra chloride.

10)  Bis (2-hydorxy ethyl) dithio carbamate solution: Mixed 4.0 g diethanol amine and 1 ml carbon-disulfide with 40 ml methyl alcohol (Prepared freshly).

11)  Dithiozone solution, 0.005%: Dissolved 5 mg dithiozone thoroughly in a little carbon tetrachloride and diluted to 100 ml with CCI4.

12)  Sodium sulfide solution I: Dissolved 3.0 g Na2S.9H2O in 100 ml zinc-free distilled water.

13)  Sodium sulfide solution II: Diluted 4.0ml of sodium sulfide solution I to 100 ml with zinc-free distilled water (Prepare just before use).

Procedure

1) Pipetted  1.0, 2.0, 3.0, 4.0 ml of zinc working solution in to a series of 125 ml separating funnels and diluted to 20 ml with zinc-free distilled water.

2) Included a separating funnel containing 20 ml zinc-free distilled water as the blank.

3) Placed in a separating funnel an aliquot of the sample containing not more than 10 ug Zn and diluted to 20 ml with zinc-free distilled water.

4) To the blank, standards and sample, added 2 drops of methyl red indicator solution and 2.0 ml sodium citrate solution. The color turned yellow.

5) Added 1 ml potassium cyanide solution and then conc. acetic acid dropwise until the solution becomes neutral peach in color.

6) Added 5 ml carbon tetrachloride to each separating funnel to extract the methyl red and discard CCI4 layer.

7) Added 1 ml bis-2-hydroxy ethyl dithio carbamate solution.  Mixed well by shaking, and then added 10 ml dithiozone solution.  Shaked well and drawn off the CCI4 layer into another separating funnel.  Extracted the aqueous solution in the first separating funnel with 5 ml portions of dithiozone solution until the last CCI4 extract remained green.  All the CCI4 extracts were combined in the second separating funnel.

8) To the combined extracts in the second separating funnel, 10 ml sodium sulfide solution II was added, shaked well and discarded the aqueous layer. Washed the CCI4 layer with further 10 ml portions of sodium sulfide solution II until the unreacted dithiozone has completely been removed as shown by the color of the aqueous layer either colorless or very pale yellow.

9) The CCl4 layer was drawn off into a 50 ml volumetric flask after removing the water adhering to the stem of the funnel using a cotton swab.  Made up to the mark with CCI4.
10)  Determined the absorbance of the blank, standards and sample at 535nm. A calibration curve was plotted.

CHARACTERIZATION OF THE ADSORBENTS

APPENDIX  11

pH  

(ISI, 1984)

Weighed accurately 5 g of the sample and added 50 ml of distilled water.  Allowed the contents to soak for 1 hour.  Stirred the contents for 10 to 15 minutes, preferably with the help of a mechanical stirrer to obtain a uniform aqueous suspension.  Recorded the pH of the suspension in a pH meter.

APPENDIX  12

ASH CONTENT 

(Raghuramulu et al.,1983)

An empty crucible was cleaned well and heated to redness over a Bunsen burner, cooled in a desiccator and  weighed.  Heating, cooling and weighing were repeated to obtain constant weight.

2.0 g of the indigenous material was taken in the pre-weighed crucible and  the total weight was noted.  Then the crucible was heated over a Bunsen burner until the sooty flame disappeared.  Then kept the crucible in the muffle furnace at 550(C for 6 hours.  The crucible was then cooled in a desiccator and weighed.  (Weight of the crucible + Ash) – (Weight of the empty crucible) gives the weight of the ash content of 2.0 g of the material.  From this, the percentage of ash content was calculated as


  

        Weight of the ash

Ash content (%)  = 



           x 100




Weight of the sample taken

APPENDIX  13

MOISTURE CONTENT

(Raghuramulu et al., 1983)

An empty silica crucible with lid was cleaned well and heated to redness over a Bunsen burner.  Cooled in a desiccator and weighed.  Heating, cooling and weighing were repeated until a constant weight was obtained.

2.0g of the indigenous material was taken in it and heated in the oven at 100(C for 6 hours.  Cooled in a desiccator and weighed.  This procedure was repeated until a constant weight was obtained.  The difference in the weight of the crucible with the indigenous material before and after heating gives the moisture content of the material.  From this value the percentage of moisture content was calculated as 



       Initial weight – Final weight

Moisture (%)  = 



           x 100



            Weight of the sample

APPENDIX  14

BULK DENSITY 

(Pearson, 1970)

Placed dried indigenous material in a 100 ml measuring cylinder. Levelled off the powder upto the mark and measured the bulk density in g/ml
APPENDIX  15

MATTER SOLUBLE IN WATER 

(Pearson, 1970)

Added 250 ml of water to 2.5 g sample in a 600 ml beaker.  After allowing to stand for 5 minutes, poured through a dried and weighed filter paper.  After washing the filter paper well with water, dried and weighed the insoluble matter and calculated the solubility figure.

APPENDIX  16

MATTER SOLUBLE IN ACID 

(Pearson, 1970)

Added 100 ml of concentrated hydrochloric acid to 1.0 g sample in a 250 ml beaker.  After allowing to stand for 5 minutes, poured through a dried and weighed filter paper.  After washing the filter paper well with water, dried and weighed the insoluble matter and calculated the solubility figure.
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				Course sago waste		Fine sago waste

		2.0		49.57		44.89

		4.0		62.07		47.53

		6.0		58.23		48.13

		pH		Course sago waste		Fine sago waste

		4.0		41.58		42.36

		5.0		62.92		46.93

		6.0		44.11		44.89

		Time of contact (hrs)		Course sago waste		Fine sago waste

		1		42.66		42.12

		2		62.68		49.09

		3		63.1		53.54

		Time of contact (hrs)		Course sago waste		Fine sago waste
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				Course sago waste		Fine sago waste

		2.0		49.57		44.89

		4.0		62.07		47.53

		6.0		58.23		48.13

		pH		Course sago waste		Fine sago waste

		4.0		41.58		42.36

		5.0		62.92		46.93

		6.0		44.11		44.89

		Time of contact (hrs)		Course sago waste		Fine sago waste

		1		42.66		42.12

		2		62.68		49.09

		3		63.1		53.54

		Time of contact (hrs)		Course sago waste		Fine sago waste

		30		42.66		42.12

		37		62.68		49.09

		45		63.1		53.54

		0.7903		1.4179

		0.7993		1.4125

		0.7882		1.4191

		0.946		1.2906

		0.943		1.2939

		0.8882		1.3474
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		pH		Powdered raw tea leaves		Used tea dust

		4.0		45.6		48.3

		7.0		1.85		0.04

		10.0		33.37		34.45

		Time of contact (min)		Powdered raw tea leaves		Used tea dust

		30		20.31		15.04

		60		24.58		30.03

		120		59.3		53.66

		180		88.2		86.54

		Time of contact (hrs)		Powdered raw tea leaves		Used tea dust

		30		87.25		85

		37		73.17		68.48

		45		60.15		57.22

		1.7014		2.0227

		1.0378		2.3092
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		1.0948		1.301
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Sheet1

		

		Dosage

				Course sago waste		Fine sago waste

		2.0		49.57		44.89

		4.0		62.07		47.53

		6.0		58.23		48.13

		pH		Course sago waste		Fine sago waste

		4.0		41.58		42.36

		5.0		62.92		46.93

		6.0		44.11		44.89

		Time of contact (hrs)		Course sago waste		Fine sago waste

		1		42.66		42.12

		2		62.68		49.09

		3		63.1		53.54

		Time of contact (hrs)		Course sago waste		Fine sago waste

		30		42.66		42.12

		37		62.68		49.09

		45		63.1		53.54

		0.7903		1.4179

		0.7993		1.4125

		0.7882		1.4191

		0.946		1.2906

		0.943		1.2939

		0.8882		1.3474
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		Dosage

				Powdered raw tea leaves		Used tea dust

		2.0		63.03		62.89

		4.0		75.59		70.55

		6.0		77.57		92.52

		pH		Powdered raw tea leaves		Used tea dust

		4.0		45.6		48.3

		7.0		1.85		0.04

		10.0		33.37		34.45

		Time of contact (min)		Powdered raw tea leaves		Used tea dust

		30		20.31		15.04

		60		24.58		30.03
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		Time of contact (hrs)		Course sago waste		Fine sago waste
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