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1.0  INTRODUCTION
Environment pollution is extremely important issue today, affecting all of us in one way or the other. With the rapid increase in human population and industrialization, the demand for natural raw materials and sources of energy are increasing day by day (Jothimani and Elayarajan, 2005).
The pollution of the biosphere with metals has been accelerated dramatically since the beginning of industrial revolution. The tanning industry is one of the major consumer of water and most of its discharged as waste water, which contains high amount of chromium along with high biochemical oxygen demand. The presence of chromium in industrial waste water poses serious problems when discharged into water bodies due to its constant deposition, which affects the surface and ground water quality through seeping (Sinha et al., 2002).

Pollution of the water resources, both surface and underground, by indiscriminate discharge of spent wastes of chromium-based industries has become a serious global concern, for it has created an acute scarcity of safe drinking water in many countries.(Chandra et al.,2004).

Environmental pollution is becoming the global problem in which water pollution is an important issue as water is used directly for various purposes. The major sources of water pollution are industrial effluents and the waste water generated from various industries which is being discharged to the common drainage. The effluent pollute not only the nearby soil but may cause the pollution of drinking water also (Lokhande and Vaidya, 2004).

 Pollution is the greatest threat posed to humanity and even to the whole biosphere. Pollution can be defined as undesirable change in the physiochemical and biochemical properties of the environment. It is difficult to put a price tag on the cost of pollution (Arora, 2001).

Introduction of various pollutants into aquatic environment is actually a major problem for the preservation of drinking water resource in many countries. Tanning industry is recognized as a serious environmental threat all over the world (Tariq et al., 2005).

Water pollution is the major problem related to the economic/industrial growth of any country. The number of industries in India, during the last decade, has grown more than ten times and accordingly problems related to environmental degradation have increased many folds. Some of the industries release their effluents   either on the open land or in the surrounding surface water bodies contaminating the soil, surface water ultimately ground water          (Goued et al., 2007).

Environmental pollution caused by heavy metals is increasing along with the increase in usage of chemicals in industry and agriculture such pollution is most apparent in streams and lakes and also in ground water where aqifiers are replenished directly from surface waters. Tannery water are particularly polluting of receiving waters (Soyaslan and Karaguzal, 2008).

The tanning industry waste have been extensively examined for their environmental impact, consequently they are branded as one of the worst anthropogenic polluters (Khwaja et al., 2001).

Heavy metal contamination caused by natural process or by human activities is one of the most serious ecotoxicology problems. Contamination of soil by toxic metals is a serious concern in environmental perspective for safe rational utilization in agriculture (Singh and Singh, 2004).
The industrial discharge to the soil and waste bodies contain small amounts of heavy metals like chromium, zinc, copper, magnesium, iron, mercury, lead and cadmium (Dahama, 2003).

Bioremediation is an environmental friendly and cost competitive alternative to chemical decomposition processes (Patil et al., 2008).

Phytoremediation is a new and novel strategy to remove toxic heavy metals from soil through hyper accumulator plant species. This is a low cost and eco-friendly means of reclaiming heavy metal contaminated soils, resulting from developmental activities such as discharge of industrial effluents and city wastes into the drinking water (Panwar et al., 2002; Wang et al., 2002).

In this view, the plant selected for the remediation of tannery effluent is Brassica juncea
English
: “Commin Indian” (or) “Brown” Mustard.

Tamil   
: Kadugu.
FAMILY
: Brassicaceae
Habitat 
: Cultivated in many parts of India.

Constituents - Seed contains about 20-25% of oil. An essential oil is also produced by the action of water.

Action – Whole plant possesses bitter, aperients and tonic properties. Oil is stimulant and counter – irritant. “A hot mustard bath is an emmenagogue”.
 This commin Indian mustard is largely employed medicinally along with black mustard (Brassica pigra). Mustard oil extracted from seeds is used as external stimulant application in chest affections especially of children; it is also used as spiced boiled oil used to flavour most curries and vegetables. Oil combined with camphor forms an afficasious embrocation is muscular rheumatism, stiff neck, inflammatory neuralegic affections, in abdominal colic and obstinate vomiting. In cases of dengue fever also it is used with much benefit. Leaves and green pods are eaten as vegetables (Panda, 2005).
Hence, the present study “The Bioremediation Potential of Brassica juncea against tannery disposal” has been studied with the following objectives.
1. To analyse the physiochemical properties of selected tannery effluent.

2. Biochemical analysis of plants sample treated with the tannery effluent.

3. To assess the metal accumulation of Brassica juncea using the tannery effluent.

2.0  REVIEW OF LITERATURE

The review of literature pertaining to the study, “The remediation potential of Brassica juncea against tannery disposal” has been presented under the following headings.   
2.1  Environmental pollution and public health
2.2  Water pollution and toxic heavy metals
2.3  Impact of industrialization on the biosphere
2.4  Toxicity of metals
2.5  Tannase enzyme production and its industrial importance

2.6  Leather tanning industry
2.7  Metals let out during the process of tanning
2.8 Phytoremediation and bioremediation on a promising natural clean  up technology

       2.8.1 Phytoremedial plant Brassica juncea
2.1  ENVIRONMENTAL POLLUTION AND PUBLIC HEALTH

Environmental pollution has become a major concern of developing countries in the last few decades (Ram and Rajor, 2004).

An environmental challenge from leather processing arises from the nature and quality of the chemicals used along with the amount of wastes generated and discharged  (Cooman et al., 2007). Thus the effluent from tannery industry is considered as a serious environmental threat throughout the world (Gupta et al., 2007).

Environmental pollution with polycyclic aromatic hydrocarbons has attracted much attention in recent decades because carcinogenic substances may be formed during biotransformation of polycyclic aromatic hydrocarbons in human and microorganisms (Baldrian et al., 2000).

Heavy metal pose a persistent problem at many contaminated sites and are being added to soil, water and air in increasing amounts from a variety of sources, including industrial, agriculture and military   activities and domestic effluents. As a result, they are now widely dispersed in the environment in a range of different physiochemical forms (Roundhill, 2001; Abou et al., 2008).


The accumulation of metals in a aquatic environment has direct consequences to man and ecosystem (Fatoki et al., 2002).

Most of the hazards coming to human and ecosystem are mostly due to water pollution. The untreated sewage, industrial effluents and agriculture wastes are often discharged into the water bodies. This contaminated water 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 which affects large population (Aswathi and Raj, 2005).
2.1  WATER POLLUTION AND TOXIC HEAVY METALS

Pollution of water resources, both surface and underground, by indiscriminate discharge of spent wastes of chromium-based         industries has become a serious global concern, for it has created an acute           scarcity of safe drinking water in many countries (Chandra and Kulsheshtha, 2004).


Natural water in contact with foreign matters during either industrial process or domestic use becomes polluted. The effluent generated from industries like tanneries, distilleries, dairies, oil refineries, sugar industries are rich in organic contents (Leghouchi et al .,2008). The effluents with high organic matters are biodegradable and are usually accompanied by very high biochemical oxygen demand values, causing environmental pollution (Trivedi, 2004). 

Heavy metals are one of the major water pollutants present in industrial effluents water pollution, resulting from an increased concentration of heavy metals is causing serious  ecological problems in many parts of the world (Srivastava et al., 2006). 

Heavy metal pollution of soil and waste water is a significant environmental problem and has a negative impact on human health and agriculture (Cheng, 2003).
2.3  IMPACT OF INDUSTRIALIZATION ON THE BIOSPHERE



Since the beginning of the industrial evolution, pollution of the biosphere with toxic metals has accelerated dramatically (Swaminathan, 2003). Increasing industrialization and population cause increase in living of standard which results in decrease in the quality of water. Due          to generation of maximum sewage, it flows in open drainage and some percolate in soil. The main sources of pollution are domestic waste water. The discharge of waste into the open drainage through drains enhances the population level (Tiwari et al., 2008).


Rapid industrialization plays an important role in polluting the environment and causes severe degradation in pedosphere, hydrosphere and atmosphere. Water used in industries creates a waste that has potential hazards for our environment because of introducing              various contaminants such as heavy metals into soil and water resources (Sharma et al., 2004).

The impact of leather tanning industry on the environment is an ongoing and increasing problem. Water consumption varies greatly between tanneries, depending on the process involved, the raw material used and the manufacture products. However a large amount of fresh water is used to treat leather and many potentially dangerous chemicals such as chromium, synthetic tannins, oil, resins, biocides and detergents are released (Nazer et al., 2006;Suresh et al.,2001).

Contamination by chromium compounds is caused by several of industrial applications eventually leading to heavy pollution of soil, surface, water and atmosphere. Major sources of chromium contamination includes the metal finishing industry, petroleum refineries, iron and steel industries, textile dying and leather tanning (Iyer et al., 2004; Liliana et al., 2008).           












      2.4  TOXICITY OF THE METALS

In many industrialized countries soil contamination has become a serious problem. Soils are equally regarded as the ultimate sink for heavy metals discharged into the environment, and many heavy metals are bound to soils (Cholepecka et al., 2002).

Generally the distribution of these metals is influenced by the nature of parent materials, climate and their relative mobility depending on soil parameters, such as mineralogy, texture and classification of soil (Krishna and Govil, 2008).

The accumulation of metals including chromium in the edible parts of the plant growth in agriculture soil contaminated with industrial waste water has been documented (Sinha et al., 2006).

Heavy metals are presented at elevated levels in the environment and lead to impair the metabolic activities resulting in reduced growth of plants (Rajkumar et al., 2005; http://www.geocities.com/I-Environ-Biol).

The present free style disposal system for discharge of tannery effluents is polluting air, soil, subsoil, surface water and underground water as these effluent contain pollutant such as sediments, toxic metallic compound (including chromium),  chemicals, biologically oxidizable and large quantities of putrefing suspended matter. These heavy pollutant load containing effluent, when discharged to water bodies also affect the food chain and ecosystem (Bhalli and Quaiser, 2006).

Heavy metals generally occur in water in low concentrations as a result of geological process. But they cause direct toxicity both to human and other living beings due to their presence beyond specified limits (Zahid et al., 2006).
2.5 TANNASE ENZYME PRODUCTION AND ITS INDUSTRIAL                               IMPORTANCE

Tannins are naturally occurring secondary metabolites found in plants, and have been considered as the fourth most abundant plant constituent after cellulose, hemicelluloses and lignin. They are water soluble polyphenols with ranging from 0.3 to 5kDa (Rana et al., 2005).

Tannase is an industrially important inducible enzyme produced by the large number of fungi and a few bacteria which hydrolyzes the ester and disulphide bond of tannin and gallic acid esters. This enzyme is used in industrial processing and clarification of beer, fruit juice and aeron wine, detannification of food, high grade leather tannin and coffee-flavoured soft drinks but the major commercial applications of the tannase are used in manufacturing of instant tanning and in production of gallic acid (Manjit et al., 2008).

The enzyme is also used in the pretreatment of animal                       feed additives, to clean up highly polluting tannin from the                  effluent of leather industry, pharmaceuticals and chemical industries       (Mahendran et al., 2006).

For industrial applications immobilized form of enzymes offers several advantages including repeated use of enzymes, convenience of product separation improvement of enzyme stability and continuous operation in packed bed reactors. Although several different methods were used for immobilization of different enzymes entrapment in calcium alginate showed cost effective and better performance in industrial application (Lofrano et al., 2008).

2.6  LEATHER TANNING INDUSTRY

Tanning industry in India is one of the well developed industrial sectors. It contributes significantly towards exports, employment generation and occupies an important place in Indian economy. On the other hand, tannery wastes are ranked as the highest pollutants among all the industrial wastes (Camargo et al., 2003).
Tanning is the chemical process. The semi soluble protein called “collagen” is converted into tough, flexible, in soluble and highly durable leather in a succession of many complex stages, consuming high quantities of water (Verma et al., 2008).

Leather refers to animal skin that has been fully tanned. Tanning  is the process that chemically alters animal skins, making them            supple, strong and resistant to rotting. The leather and leather            products sector now represents one of the most important                industrial sectors, significantly contributing to the national economy (http://www.tve.org/ho/doc.cfm?aid=899).


Leather tanning is the process of converting raw hides or skins into leather. Hides and skins have the ability to absorb tannic acid and other chemical substances that prevent decaying, make them resistant to wetting. Tanning is essentially the reaction of collagen fibers on the hide with tannins, chromium, alum or other chemical agents. The most common tanning agents are chromium and vegetable tannins extracted from specific tree barks.
Figure 1 represents the general flow program for leather tanning and finishing process (De Nicola et al , 2007).
The waste water, after processing raw hide/skin into finishing leather, is highly alkaline and decomposing organic matter, sulphide             and organic nitrogen with a high amount of other toxic chemicals (Mishra et al., 2004).


About 20-30 litres of effluents is discharged per kilogram of skin/hide processed, and in the case of finishing units, this quantity is about 40 liter per kilogram skin/hides (Verma et al., 2007).

Figure 1

General flow diagram for leather tanning and 
finishing process
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Waste generated from tanning generally contains much higher concentrations of total dissolved solids, suspended solids, phenols, chromium, chlorides, ammonia, and heavy metals (Cooman et al., 2003). Besides these chemicals like zinc chloride, mercuric chloride and formaldehyde are used as disinfectants sodium chloride in curing and as bleaching powder and sodium fluoride to prevent putrefaction, lime in liming, sodium sulphate, ammonium chloride, borax and hydrochloric acid in deliming, sodium decreasing, basic or acidic dyes in leather finishing (Barrera et al.,2007).

Without proper treatment the discharge of tannery effluent to the environment cause serious and long lasting consequences (Mishra et al., 2003). The exposure of metals like chromium, pentachlorophenol and other toxic pollutants increases the risk of dermatitis, ulcer, nasal septum, perforation and lung cancer (Carlos et al., 2002).
2.7
METALS LET OUT DURING THE PROCESS OF  TANNINGCHROMIUM

Chromium is the essential trace element involved in the stimulation of enzyme systems, normal carbohydrate metabolisms, pheripheral action of insulin, lipid metabolisms and possibly in the stabilization of nucleic acids. The high concentration of chromium is toxic (Hameed et al., 2005).

Chromium is a transition metal that is discharged into the environment through the disposal of waste from industries like leather tanning, metallurgical and metal finishing, textiles and ceramics, pigments and wood preservatives, photographic sensitizer manufacturing, which leads to the contamination of soil. In the environment, chromium occurs mainly in trivalent and hexavalent forms. The hexavalent chromium is comparatively more toxic than that of trivalent chromium (Vasudevan and Ravinderan,  2008).

Chromium is one of the highly toxic ions released into the environment through leather processing and chrome plating industries. There are a number of methods available for the removal of chromium VI from industrial waste water. In recent years, cyanobacteria were used as biosorbant for the removal of certain heavy metals (Singanan and Singanan, 2007).


Hexavalent chromium is one of the dominant oxidation states of chromium that exist in the environment and is highly toxic to all forms of life (Mary et al., 2008).


Heavy metals are kept under environmental pollutant category due to their toxic effects on plant animals and human (Sharma and Agrawal, 2005).


Heavy metal pollution can originate from both natural and anthropogenic sources. Activities such as mining and smelting operations and agriculture have contaminated extensive areas of word such as Japan, Indonesia and China mostly by heavy metals such as cadmium, copper and zinc (Herawati et al., 2000).
COPPER


Copper is essential heavy metal for higher plants and algae, particularly for photosynthesis. Copper is essential for the formation of enzyme in human being. Intake of excessively large doses of copper leads to severe mucosal irritation followed by depression, copper toxicity includes blue green diarrhea stool and saliva and acute haemolysis and abnormalities of kidney functions. Is an essential heavy metal for       higher plants and algae particularly for photosynthesis (Sharma and Agarwal, 2005).

ZINC


Water is polluted with zinc, due to release of waste water from industrial plants. Zinc causes increase in the acidity of water. 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 (http://www.lenntech.com/periodic_elements/zn_en.html).

Acute zinc toxicity in human includes vomiting, dehydration, drowsiness, lethargy, nausea, lack of muscular co-ordination, and renal failure. Workers exposed to zinc fumes from smelting (or) welding          have suffered from a short term illness called mental fern-fever (Leghouchi et al., 2008).

NICKEL


Nickel reduces photosynthetic activity of plants. Reduction of photosynthetic activity may result both from the disturbance of photochemical and biochemical photosynthetic reduction, and the damage of photosynthetic apparatus at all levels of organization (Sharma and Agarwal, 2005).

Nickel is the potential carcinogen for lung and may cause allergies, lung fibrosis and cancer of respiratory tract in occupationally exposed populations (Kazprazak et al., 2003).
2.8
PHYTOREMEDIATION AND BIOREMIDIATION
        (a promising clean up technology)

The term “Phytoremediation” is used to describe the clean up of heavy metals from contaminated sites by plants. This study demonstrate phytoremediation potential of Indian mustard Brassica juncea genotype for chromium (Diwan et al., 2008).

Phytoremediation, which makes use of plants to decontaminate pollutants, represents a green and environment friendly tool for cleaning the metal polluted soil and water as opposed to the conventional chemical and physical remediation technologies that are generally too costly and often harmful to soil characteristics. The premise of this method is to find out the hyper accumulator, which has great ability to accumulate the heavy metal (Salt and Kramer, 2000; Trapp et al., (2001).

Environmental pollution affects the quality of pedosphere, hydrosphere, atmosphere, lithosphere and biosphere. Great efforts has been made in the last two decades to reduce pollution source and remediate the polluted soil and water resources. Phytoremediation is most cost effective and fewer side effects than physical and chemical approaches which has gained increasing popularity in both academic and practical circles. More than 400 plant species have been identified to have potential for soil and water remediation (Lone et al., 2008).


There are different categories of phytoremediation, including phytoextraction, phytofiltration, phtostabilization, phytovolatization and phytodegradation, depending on the mechanism of remediation. Phytoextraction involves the use of plants to remove contaminants from soil. Phytofiltration involves the plant roots or seedling for removal of metals from aqueous wastes. In phytostabilization, the plants root absorbs the pollutants from the soil and keep them in the rhizosphere. Phytovoltalization involves the use of plants to volatilize pollutants from the foliage such as selenium and mercury. Phytodegradation means the use of plants and associated microorganisms to degrade organic pollutants (Garbisu and Alkorta, 2001).

Rhizofilteration is the removal of pollutants from the contaminated waters by accumulation into plant biomass. Several aquatic species have been identified and tested for the phytoremediation of heavy metals from the polluted water (Prasad and Freitas, 2003). The roots of Indian mustard are found to be effective in the removal of cadmium, chromium, lead and zinc (Wang et al., 2002).  


The use of plants for extraction of contaminants from the environment or for lowering of the toxicity is defined as phytoremediation (Angelova and Ivanov, 2005).


Bioremediation seems to be a good alternative to conventional clean up technologies. The biochemical removal of heavy metals received attention in recent years because of its potential in environmental protection. The aim of this work was to remove   ammonia, nickel and hexavalent chromium from synthetic solutions by bioremediation techniques (Elizabeth et al., 2008).


Bioremediation is an environmental friendly and cost competitive alternative to chemical decomposition processes (Patil et al., 2008).
2.8.1  Phytoremedial plant Brassica juncea

The Brassicaceae family distinguishes with their ability                        to accumulate the heavy metals in an exteremely high deegre           (Broadley et al., 2001). That is why significant attention is paid to the member of the Brassicaceae family, which are distinguished as plant                 having significant biomass and capacity to accumulate high quantities of heavy metals (Angelova and Ivanov, 2008). Henry (2000) examines plant with high speed of growth from the Brassicaceae family for their ability to tolerate and accumulate the metal, including Brassica juncea L., Brassica nigra Koch, brassica campestris L., Brassica napus L., and Brassica oleraceae L. Despite the fact that all of the examined  crops from the  Brassicaceae family accumulates the metals Brassica juncea shows the highest ability to accumulate and transport copper, chromium, cadmium, nickel, lead and zinc towards their stem. Brassica juncea shows a significant potential for induced phytoremediation and they suggest that it should be used with soil contaminated with heavy metals.
3.0  EXPERIMENTAL  PROCEDURE
         The impact of leather tanning industry on the environment is an ongoing and increasing problem. Water consumption varies greatly between tanneries, depending on the process involved the raw material used and the manufactured product. However  large amount of fresh water is used and to treat leather and many potential dangerous chemicals such as chromium, synthetic tannins, oils, resins, biocides and detergents are released (Suresh et al., 2001; Nazer et al., 2006).

        
Heavy metals are difficult to remove from the environment. Unlike many other pollutants they cannot be chemically or biologically degraded. Thus the use of plants for the decontamination of heavy  metals has attracted growing attention because of several problems associated with pollutant removal using conventional methods (Grojanovic et al., 2004).

Phytoremediation means the use of plants and associated microorganism to degrade organic pollutants (Garbisu and Alkorta, 2001).
Phytoremediation, being more cost-effective and fewer side effects than physical and chemical approaches, has gained increasing popularity in both academic and practical circles. It involves the use of green plants to decontaminate soil, water and air. It is an emerging technology that can be applied to both organic and inorganic pollutants present in the soil, water or air (Lone et al., 2008). 
In this view, the present study has been undertaken to analyze the remediation potential of Brasicca juncea against tannery disposal. The study was carried out in four phases.

3.1 PHASE I
·  Collection of the tannery effluent.

·  Characterization of the tannery effluent.

3.2  PHASE II

·   Preparation and characterization of the soil.

3.3  PHASE III

·   Selection of the plant sample.

·   Treatment of the plant under study using tannery effluent.

·   Biometric observation of the plant sample.

·   Biochemical analysis of the plant sample.
3.1 PHASE I 

3.1.1 COLLECTION OF THE TANNERY EFFLUENT

          
The effluent was collected from a selected leather processing industry, Kuruvainaidu Tanning Industry, Kuniyamuthur, Coimbatore              at regular intervals and stored at 4(C for analysis.

3.1.2  CHARACTERIZATION OF THE EFFLUENT

The collected tannery effluent was analyzed for selected physiochemical properties. The parameter, method of analysis, references and appendices of the parameters analyzed are listed in Table 1.

Table 1 

Physicochemical Characteristics Analyzed in the Tannery 
Effluent and their method of analysis
	Characteristics
	Method of analysis
	References
	Appendix No

	Colour
	Visual
	-
	-

	Odour
	Sense
	-
	-

	Turbidity
	Visual
	-
	-

	pH
	Using digital meter
	-
	-

	Total suspended solids
	Filtration method
	APHA,1998
	I

	Total dissolved solids
	Filtration method
	APHA,1998
	II

	Chemical oxygen demand
	Titrimetric method
	APHA,1998
	III

	Biochemical oxygen demand
	Winkler’s Iodometric method
	APHA,1998
	IV

	Carbonate and bicarbonate
	Titrimetric method
	Natarajan

et al.,1988
	V

	Sodium and Potassium
	Flame photometric method
	Natarajan  et al.,1988
	VI

	Chromium,Copper, Cadmium,Nickel and Zinc
	Spectrophotometric method
	APHA,1998
	VII


3.2  PHASE II

3.2.1  PREPARATION AND CHARACTERIZATION OF  THE SOIL

Red Soil of about three kilograms was filled in each pots before sowing of seeds of the plant sample. Both the control soil and effluent treated contaminated soil were analysed. The parameters characterized are listed in Table 2.

 Table 2
 Characterisation of control and effluent contaminated soil

	Characterisation
	Method of analysis
	References
	Appendix   No

	pH
	Digital PH meter
	-
	-

	Sodium and Potassium
	Flame photometric method
	Natarajan            et al.,1988
	VI

	Chromium,Copper, Cadmium, Nickel       and Zinc
	Spectrophotometric method
	APHA, 1998
	VII


3.3  PHASE III
3.3.1 SELECTION OF THE PLANT SAMPLE 

The seeds of the plant sample Brassica juncea (Plate I) selected for the study which was collected from Tamilnadu Agricultural University, Coimbatore.

3.3.2 TREATMENT OF THE PLANT UNDER STUDY USING TANNERY EFFLUENT

The untreated soil was taken as control. Brassica juncea was grown in control soil, effluent treated soil in three different dilution           (1:1 and 1:2 dilutions and effluent as such). The plant Brassica juncea was grown for a period of 30 and 60 days.

The leaves were taken and analyzed for certain biochemical parameters and the characterization was done on different parameters like, height of the plant, fresh and dry weight of the plant were analyzed.

PLATE I

SELECTED MEDICINAL PLANT OF Brassica juncea
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Seeds of Brassica juncea
3.3.3  BIOMETRIC OBSERVATIONS OF  THE PLANT SAMPLE

The study was conducted for a period of 30 and 60 days.                  The leaves were taken and analyzed for the biochemical parameters.           The characterization was done on different parameters like height of the plant, fresh and dry weight of the plant were analyzed.
3.3.4  BIOCHEMICAL ANALYSIS OF THE PLANT SAMPLE

The biochemical parameters were analyzed on 30th and 60th day.

Table 3
Biochemical parameters analysed in Brassica Juncea

	Characteristics
	Method of analysis
	References
	Appendix no

	Chlorophyll
	Spectrophotometry
	Yosida et al.,1971
	VIII

	Carotenoid
	Spectrophotometry
	Zakaria et al.,1979
	IX

	Protein
	Spectrophotometry
	Lowry,1951
	X

	Vitamin A
	Spectrophotometry
	Bayfield and Cole, 1980
	XI

	DNA
	Spectrophotometry
	Anal. Biochem. 17:100 (1966)
	XII

	RNA
	Spectrophotometry
	J. Biol. Chem 181:293 (1945)
	XI II

	Chromium,Copper,Cadmium, Nickel and Zinc
	Spectrophotometric method
	APHA,1998
	VII


3.3.5  STATISTICAL ANALYSIS

Two way ANOVA was carried out between the treatment and days for biometric and all biochemical parameters.
4.0  Results And Discussion

Land and water pollution by heavy metals is a worldwide issue. All countries have been affected, though the area and severity of pollution vary enormously (Mc Grath et al., 2001).There is a need for sustainable development of economic growth and industries. Some of the industries release their effluents either on the open land or in surrounding surface water bodies contaminating the soil, surface water and ultimately ground water.

Government of India is aware of these problems and has started looking into the remedial measures to clean some of the highly contaminated surface water bodies. Involvement of very high costs of remediation will make this process slow and therefore it is essential that the contamination of water bodies is controlled rather than remediation (Goued et al., 2007).

Phytoremediation referred as botanical bioremediation involves the use of green plants to decontaminate soil, water and air. It is an emerging technology that can be applied to both organic and inorganic pollutants present in the soil, water and air (Lone et al.,2008).

In accordance to the hazards rendered on environment, human life and pollution effects due to the toxic metals present in the tannery industrial effluent and to phytoremediate the effluent using Brassica juncea.
 The results and discussion pertaining to the present study, "The Remediation Potential of Brassica juncea against tannery disposal" is discussed as follows,
The study was carried out in three phases. In phase I of the study, the collected tannery effluent was characterized for its physical features like colour, odour, turbidity and their chemical characteristics like the presence of minerals and metals.

In phase II   of the study, the soil characteristics were analyzed for both control soil and effluent treated soil. Phase III of the study comprised the analysis of the plant chosen for the study after treating the plant with the effluent. The plant sample was analyzed for biometric observation, metal accumulation and certain biochemical parameters.

 4.1
Characterisation of collected LEATHER TANNING industrial effluent
The collected leather tanning industrial effluent was assessed for its physicochemical properties and its toxic metal levels were also determined. Table 4 shows the physicochemical characteristics of a selected tannery effluent.
According to BIS, water should be odourless, colourless and clear. The presence of colour and odour in any water sample indicates the unpleasant nature of water. The leather tanning industrial effluent studied was found to be light brown coloured, turbid and also had an offensive odour.


According to BIS, the normal PH range of water should be  between 6.0 and 9.0. The effluent sample analyzed had a PH value of 10.5 which is high when compared to standard value. The Higher PH value indicates the alkaline nature of the effluent (Voo and James, 2002).

Table 4
Physicochemical characteristics of the tannery effluent

	Parameters
	Sample#
	Units
	Bis limits*

	Colour
	Light brown
	-
	Absent

	Odour
	Offensive
	-
	Absent

	Turbidity
	Turbid
	-
	-

	pH
	10.5
	mg/g
	6.0-9.0

	Total suspended solids
	2300
	mg/g
	100

	Total dissolved solids
	12900
	mg/g
	2100

	Chemical oxygen demand
	218
	mg/g
	250

	Biochemical oxygen demand
	20
	mg/g
	30

	Carbonate
	7250
	mg/g
	NM

	Bicarbonate
	10,238
	mg/g
	NM

	Sodium
	50
	mg/g
	NM

	Potassium
	202
	mg/g
	NM


* - Tolerance limits for textile effluent discharged into inland water source as per Bureau   of Indian Standards (BIS), (1986).
#-Mean value of duplicate samples


NM- Not mentioned.

The total suspended solids (2300mg/l) and total dissolved solids (12,900mg/l) in the sample was found to be high when compared with BIS standards. The presence of high level of total suspended solids and total dissolved solids might be due to the insoluble organic and inorganic matter present in the effluent (Nagarajan et al., 2005).
          The high dissolved solids might be due to the presence of  inorganic salts and small amounts of organic matter dissolved in water (Lofrano et al ., 2008).


Chemical oxygen demand and biochemical oxygen demand in           the selected effluent sample was found to be 218mg/l and 20mg/l respectively. The record of chemical oxygen demand may be due to the presence of oxidizable organic matter in it (Umamaheshwari, 2004).

In the effluent sample analysed, the presence of carbonate and bicarbonate were found to be high (7250mg/l and 10,238mg/l respectively) and from the study by Balakrishnan and Karuppusamy (2005), it is clear that high carbonate and bicarbonate content contributes to the total alkalinity of the sample. The level of sodium and potassium in the textile effluent were found to be 50mg/l  and  202mg/l  respectively.
Table 5
Metal levels in the selected textile effluent

	Parameters
	Sample#   (mg/l)
	Bis limits*

	Chromium
	179
	2.0

	Copper
	64.32
	NM

	Zinc
	171
	NM

	Nickel
	132
	NM

	Cadmium
	4.81
	NM


* - Tolerance limits for textile effluent discharged into inland water source as  per Bureau of Indian Standards (BIS).

# -  Mean value of duplicate samples.

NM-Not mentioned.

           The effluent chosen for the present study was analysed for the presence of metals like chromium, copper, zinc, nickel and cadmium using spectrophotometric method. Chromium is widely used metal in tannery industries and was found to be 179mg/l. The other metals like copper, zinc, nickel and cadmium were present in the levels of 64.32mg/l, 171mg/l, 132mg/l, and 4.81 mg/l respectively.
Chromium is the main tanning agent in chrome tanning process. Chromium and sulfide are among the most hazardous effluent of the tanneries. The use of excessive amount of these chemicals in tanning process gives rise to their high concentrations in the effluents.  Chromium VI is known to cause cancer. The recommended limit               for maximum amount of chromium in the effluent samples is 1.0mg/l (Bhalli et al., 2006).

4.2.
CHARACTERISTICS of control and effluent contaminated soil sample

Both the control and effluent contaminated soil samples were analysed for essential parameters and are listed in the Table 6.

 Table 6
Parameters recorded in control and effluent 
   Contaminated soil

	Parameters
	Control soil sample
	Effluent contaminated soil sample

	pH
	8.04
	8.50

	Sodium(mg/kg)
	121.07
	46

	Potassium(mg/kg)
	513.05
	650

	Chromium(mg/kg)
	21.01
	90

	Zinc(mg/kg)
	47.92
	82.1

	Cadmium(mg/kg)
	3.21
	6.81

	Nickel(mg/kg)
	90.1
	113.4

	Copper(mg/kg)
	20.05
	64


From the table, it is evident that the effluent contaminated soil has a great variation in the mineral and metal content than the control soil. The average levels of sodium, potassium, chromium, zinc, cadmium, nickel and copper were found to be more in the effluent contaminated soil collected from tannery receiving sites which may be due to the presence of metals in the control soil sample.

Krishna and Govil (2008) reported that the level of exchangeable cations (sodium and potassium) in the soil irrigated with tannery waste water varied differently from control sites. In general, the exchangeable sodium and potassium were found to be high. Similarly, the level of chromium was found to be high in soils receiving treated tannery waste water for irrigation than control soil due to the presence of chromium in textile waste water.

          The above result reported by Krishna and Govil (2008) is similar to the results of the present study where chromium and other metals are high in effluent contaminated soil than the control sample.

4.3. BIOCHEMICAL characteristics of control and tannery effluent treated Brassica juncea
4.3.1  Biometric observation of Brassica juncea under study


The biometric observations like height of the plant, fresh and dry weight of control plant and effluent treated plants were recorded on both 30th and 60th day. In the plant sample when treated with effluent as such, no growth was noticed. Two dilutions of the effluent was selected         1:1 dilution(one part of effluent mixed with one part of water) and the other 1:2 (one part of effluent mixed with two part of water). The following table represents the biometric observations of the plant sample.

Table 7
Biometric observation of control and tannery effluent 
treated Brassica juncea
	Treatment
	Plant height (cm)
	Fresh weight(mg/g)
	Dry weight (mg/g)

	
	30th day
	60th day
	30th day
	60th day
	30th day
	60th day

	Control
	22
	34
	7.25
	20.01
	0.99
	8.62

	1:1 dilution 
	15
	22
	3.63
	16.23
	0.48
	4.32

	1:2 dilution
	18
	26
	5.34
	18.93
	0.71
	6.58

	Cd(0.05)
	5.203
	4.707
	0.776


Values are mean of triplicates
Figure 2
Biometric observation (Plant height) of control and textile 
effluent treated Brassica juncea
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Table 7, Figure 2 & 3 and Plate II reveals that the control plant sample receiving only water had normal growth. The plant receiving effluent as such does not show any growth. The 1:2 diluted effluent compared to 1:1 dilution might be well suited for plant growth.

PLATE  II 

 SELECTED MEDICINAL PLANT Brassica juncea WAS 
GROWN IN TWO DIFFERENT DILUTION
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Figure 3

Biometric observation (Fresh weight and Dry weight) of 
control and textile effluent treated 
Brassica juncea
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The plants receiving 1:2 dilution shows better similar growth like control plants when compared to 1:1 dilution effluent treated plants. Similarly Chandra and Kulshtethra, (2004) reported that when aquatic vascular plants were grown in the soil amended  with different amounts of tannery sludge, collected from waste water treatment plant, the shoot length and root length increased with increase in sludge amendments. The same result was noticed in the present study where in the presence of more diluted effluent, the plant had the ability to grow more or less similar to the control plants.

4.3.2.  Biochemical analysis of Brassica juncea plant treated with two dilutions of the effluent
Table 8 and Figure 4 reveals the chlorophyll and carotenoid contents in the leaves of plant sample under two different dilutions of the effluent.
Table 8

Chlorophyll and Carotenoids content in the leaves of Brassica juncea plant treated with two dilutions of the effluent
	Treatment
	Chlorophyll(mg/g)
	Carotenoids(mg/g)

	
	30th day
	60th day
	30th day
	60th day

	Control
	2.873
	3.231
	8.198
	8.201

	1:1 dilution 
	1.213
	0.832
	3.571
	2.418

	1:2 dilution
	2.077
	1.541
	6.422
	5.011

	Cd(0.05)
	0.476
	0.250


 Values are mean of triplicates.

Figure 4
Chlorophyll and carotenoid content in the leaves of Brassica juncea plant treated with two dilutions of the effluent
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The chlorophyll content was comparatively less than the control plant both on 30th and 60th day of analysis. Similarly, the carotenoid concentration of control plant was high (8.198mg/g and 8.2011mg/g) on 30th and 60th day respectively compared to the dilutions of the treated plant. The plants grown under 1:2 dilution of the effluent showed better results than that of 1:1 diluted plant.


Sinha et al.(2002) reported that the effect of metals in the effluent on the chlorophyll concentration of V. spiralis showed a decrease in total chlorophyll, Carotenoids and protein concentration in the leaves and roots when compared to control plants.

Table 9 and Figure 5 & 6 shows the protein and vitamin A contents in control and effluent treated plants with two different dilutions. The protein content of the 1:2 diluted effluent treated plants showed a significant amount of protein than that of 1:1 dilution. The increase in protein content at lower concentration of effluents could be due to adsorption of nitrogen by plants according to Lakshmi and Sundaramoorthy (2001) when paddy seedlings were grown with tannery effluent.
Table 9

Protein and vitamin A content in the leaves of Brassica juncea 
plant treated with two dilutions of the effluent

	Treatment
	Protein (mg/g)
	Vitamin A (mg/g)

	
	30th day
	60th day
	30th day
	60th day

	Control
	0.874
	0.981
	0.012
	0.023

	1:1 dilution 
	0.664
	0.732
	0.004
	0.009

	1:2 dilution
	0.726
	0.831
	0.007
	0.010

	Cd(0.05)
	0.007
	0.009


 Values are mean of triplicates.
Figure 5

Protein content in the leaves of Brassica juncea plant treated 
with two dilutions of the effluent


Figure 5

Figure 6

Vitamin A content in the leaves of Brassica juncea plant 
treated with two dilutions of the effluent


Table 10

DNA and RNA content in the leaves of Brassica juncea plant 
treated with two dilutions of the effluent
	Treatment
	DNA(mg/g)
	RNA (mg/g)

	
	30th day
	60th day
	30th day
	60th day

	Control
	0.513
	0.716
	0.513
	0.716

	1:1 dilution 
	0.198
	0.245
	0.198
	0.245

	1:2 dilution
	0.280
	0.315
	0.280
	0.315

	Cd(0.05)
	0.239
	0.007


   Values are mean of triplicates.
Figure 7
DNA and RNA content in the leaves of Brassica juncea plant 
treated with two dilutions of the effluent

































































 
The highest amount of DNA was recorded at 1:2 dilution        (Table 10 and Figure 7) (0.280mg/g and 0.315mg/g) on 30th and 60th day and the lowest was observed at 1:1 dilution. Similarly RNA content was reported to be high in 1:2 dilution of the effluent both on 30th and 60th day of estimation. The amount of DNA and RNA present in control sample was found to be high.

Table 11

Chromium and copper level in the leaves of Brassica juncea 
plant treated with two dilutions of the effluent

	Treatment
	Chromium (μg/g)
	Copper (μg/g)

	
	30th day
	60th day
	30th day
	60th day

	Control
	0.513
	0.716
	0.513
	0.716

	1:1 dilution 
	0.198
	0.245
	0.198
	0.245

	1:2 dilution
	0.280
	0.315
	0.280
	0.315

	Cd(0.05)
	0.239
	0.007


    Values are mean of triplicates.
Figure 8
Chromium and copper level in the leaves of Brassica juncea 
plant treated with two dilutions of the effluent


Table 11 and Figure 8 show the metal uptake capacity of Brassica juncea. Chromium and Copper concentration in all control plants found below permissible limit. The chromium and copper accumulation of Brassica juncea under two different dilution of the effluent is depicted in the table 13. Both dilutions had the capacity to accumulate chromium (63.18 μg/g and 66.12 μg/g on 30th and 60th day in 1:2 dilution; 44.08 μg/g and 62.01 μg/g on 30th and 60th day in 1:1 dilution) in their leaves. The highly diluted effluent treated plants shows chromium and copper accumulation at higher concentration when compared to 1:1 dilution.

         Barman et al.,(2000) reported that the accumulation of toxic metal, chromium in the fruit part of wheat and Brassica was 8 and 30.3 μg/g respectively. Similarly, the accumulation of chromium (201 μg/g) in the leaves of A. sesselis was reported by Sinha et al.(2006).
The uptake ability of zinc, cadmium and nickel in Brassica juncea leaves under different dilutions of the effluent is shown in the Table 12 and Figure 9.
Table 12
Zinc, Cadmium and Nickel uptake ability by the leaves of 
Brassica juncea plant treated with two 
dilutions of the effluent 

	Treatment
	Zinc(μg/g)
	Cadmium(μg/g)
	Nickel(μg/g)

	
	30th day
	60th day
	30th day
	60th day
	30th day
	60th day

	Control
	40.13
	84.89
	21.06
	23.05
	30.12
	36.19

	1:1 dilution 
	42.39
	79.08
	39.09
	58.06
	43.23
	62.53

	1:2 dilution
	53.19
	89.70
	56.03
	69.18
	60.81
	75.31

	Cd(0.05)
	5.578
	5.578
	6.047


Values are mean of triplicates

Zinc accumulation capacity in the 1:2 dilution treatment plant sample was found better (53.19μg/g and 89.70 μg/g) than the control   and 1:1 dilution. Similarly, cadmium and nickel accumulation was also noticed high in 1:2 dilution compared to control sample on 30th and 60th day respectively. This might be due to the presence of high zinc and nickel content in the tannery effluent used for the study.

Figure 9

Zinc, Cadmium and Nickel uptake ability by the leaves of 
Brassica juncea plant treated with two 
dilutions of the effluent



           Mani et al.(2007) reported that phytoextraction is a remediation technology that uses plants to remove heavy metals from soil. They conducted a pot experiment using Helianthus annus to determine the zinc accumulation potential and the maximum shoot concentration of zinc (1364.4 μg/g)was recorded.

            Cadmium accumulation in different plants increases with increasing concentration of cadmium and the exposure time. The gradient of accumulation of heavy metals was found highest in root followed            by stem, branch, leaf and then in fruit (Aery and Rana, 2003).
Nickel reduces photosynthetic activity of plants. Reduction of photosynthetic activity may result both from the disturbance of photochemical and biochemical photosynthetic reduction, and the damage of photosynthetic apparatus at all levels of organization as reported in Brassica olaracea (Molas, 2002).
5.0  SUMMARY AND CONCLUSION

Heavy metal contamination is caused by natural process or by human activity is one of the serious ecotoxicological problems. Contamination of soil and heavy metals is a serious concern in environmental perspective for safe utilization in agriculture.


Phytoremediation is an emerging, plant based technology for the removal of toxic contaminants from soil and water. Phytoremediation can be used to enhance bioremediation of contaminants. It is relatively invasive and provides a low-cost remedial option well suited too many sites.


The present study was focussed with an objective to remediate the tannery effluent contamination using Brassica juncea.


Leather tanning is the process of converting raw hides or skins into leather. Tanning is essentially the reaction of collagen fibers in the hide with tannins, chromium and other chemical agents. The leather tanning effluent was collected and effluent was analyzed. From the analysis, the tannery effluent was found to contain high pH indicating alkalinity of the sample and large amount of total suspended and total dissolved solids, minerals and metals like sodium, potassium, chromium, zinc and copper.


During the study the tannery effluent contaminated soil and control soil were also analyzed. The chromium, zinc, copper, content were found to be high in effluent contaminated soil than the control soil.


The plant chosen for the present study was Brassica juncea which is an  herb whose essential oil is used as flavouring agent in most curries and vegetables,  have broad spectrum of medicinal properties. Brassica juncea was grown as a control plant using water and also using tannery effluent as such and with two different dilutions of the effluent (1:1 and 1:2 dilutions). The biometric and biochemical parameters, were recorded within a period of 30days and 60days.

Biometric observations

The results showed that the plant grown under 1:2 dilution treatment was taller than the plant grown using 1:1 dilution of the effluent. The seeds did not propagate when the effluent was used as such.

Biochemical characteristics

Chlorophyll, carotenoid, protein, vitamin, DNA and RNA were analyzed in the leaves of control and effluent treated plants. The biochemical constituents mentioned above were found to be high in the leaves of the plant treated with 1:2 diluted effluent when compared with the leaves of plant treated with 1:1 diluted  effluent.


Chromium, copper, zinc, cadmium, nickel, were found to be more accumulated in the leaves of the plant treated with 1:2 diluted effluent. This indicates the accumulation potential of leaves when they are grown using effluent with high dilution.


Besides the medicinal value, Brassica juncea can be cultivated in the tannery effluent contaminated sites. This plant might be used to remediate the contamination and make society clean and healthy. This vegetation would play a vital role in remediating polluted system and preventing further contamination.


The plant vary greatly in their ability to accumulate various metals in their roots and leaves. Further, repeated metal exposure enhanced metal accumulation in the plants. Thus the plant can have beneficial practical application in remediation and recovery operations and reuse of metals bound with plant biomass.

Recommendations

The present study investigated the remediation potential of leaves of Brassica juncea grown under effluent treatment. The various plants can be chosen and compared in future study.
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APPENDIX – I

DETERMINATION OF TOTAL SUSPENDED SOLIDS

FILTRATION METHOD (APHA, 1998)

PRINCIPLE

A well-mixed sample is filtered through a weighed standard glass- fibre filter and the residue retained on the filter is dried to a constant weight at 103ºC–105ºC. 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 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 at least one hour in an oven at 103ºC –105ºC.The increase in weight was the total suspended solids. Expressed the result as mg total suspended solids per liter of the sample.

APPENDIX – II

DETERMINATION OF TOTAL DISSOLVED SOLIDS

FILTRATON METHOD (APHA, 1998)

PRINCIPLE

Filtered 250ml of the effluent through a glass micro fiber filter paper. Evaporated the filtrate in a tarred porcelain dish which was preheated at 105ºC and then at 550ºC for one hour in a muffle furnace and cooled and brought to constant weight. Kept the dish at 180ºC. The increase in dish weight represents the total dissolved solids.

PROCEDURE

Filtered 250ml of the effluent through a glass micro fiber filter paper. Evaporated the filtrate in a tared porcelain dish which was preheated at 105ºC and then at 550ºC for one hour in a muffle furnace and cooled and brought to constant weight. Kept the dish at 180ºC for about one hour, cooled and weighed. The increase in weight denoted the total dissolved solid content. Expressed the result as mg total dissolved solids per liter of the sample.

APPENDIX – III

ESTIMATION OF CHEMICAL OXYGEN DEMAND

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 (Cr2O7)2 the specified oxidant is reduced to the chromate ion(Cr3+).

COD often is used as a measurement of pollutants in wastewater and natural waters. Most types of organic matter are oxidized by boiling mixture of chromic and sulphuric acids. 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 features ammonium sulphate 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 10.1g of silver sulphate in one 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 upto one litre. 1.0ml of 0.125N potassium dichromate = 1.0mg of oxygen.

4. Ferroin Indicator solution: Dissolved 95mg of ferrous sulphate in 500ml of distilled water. Added 1.48g of 1.10g phenanthroline monohydrate and mixed thoroughly.

5. Ferrous Ammonium Sulphate solution 0.125N: 40g of ferrous ammonium sulphate was dissolved in distilled water. Added 20ml of concentrated sulphuric acid. Made upto one litre with water. Standardized of it with 0.125N 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 X).Then added 5ml 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. 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 drops 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

COD in mg/l = (blank titre value-sample titre value) x 0.125 x 1000 x 8 volume of the sample taken.

APPENDIX –IV

ESTIMATION OF BIOCHEMICAL OXYGEN DEMAND

AND DISSOLVED OXYGEN

WINKLERS IODOMETRIC METHOD (APHA, 1998)

PRINCIPLE

BOD determination involves the measurement of dissolved oxygen content of the sample, before and after 5 days incubation at 20ºC. The reduction in oxygen content to the demand exerted by the microbiological population and it is a measure of oxidisable organic matter in the sample.
When manganous sulphate is added to the sample containing potassium oxide,magnesium hydroxide is formed, which is oxidized by the dissolved oxygen of the sample to basic manganic oxide on addition of sulphuric acid.

The basic manganic oxide liberated iodine equivalent to the dissolved oxygen originally present in the sample. The liberated iodine is titrated with a standard solution of sodium thiosulphate using starch as indicator.

REAGENTS FOR PREPARATION OF DILUTION WATER

1. Calcium chloride solution: 27.5g was dissolved in one litre of distilled water.

2. Magnesium sulphate solution: 0.25g was dissolved in one litre of distilled water.

3. Ferric chloride solution: 0.25g was dissolved in one litre of distilled water.

4. Phosphate buffer (pH7.2): 21.75g dipotassium hydrogen phosphate, 23.4g of disodium hydrogen phosphate, 8.5g of potassium hydrogen phosphate and 1.7g of ammonium chloride, dissolved in 500ml of distilled water and make upto one litre with water.

REAGENTS FOR THE ESTIMATION OF DISSOLVED OXYGEN

1. Manganous Sulphate solution: Dissolved 91.0g of manganous sulphate in 250ml of distilled water.

2. Alkali-iodide-azide reagent: 

Reagent A: 175g of potassium hydroxide and 37.5g of potassium iodide were dissolved in 250ml water. Reagent B:2.5g sodium azide was dissolved in 10ml of water. Mixed reagent A and reagent B.

3. Concentrated sulphuric acid

4. Phosphoric acid: 80-90%

5. Sodium thiosulphate solution (0.1N): 24.82g was dissolved in one litre of distilled water.

6. Sodium thiosulphate solution (0.025N): Diluted 250ml of sodium thiosulphate solution (0.1N) to 1000ml of distilled water.1.0ml of 0.025N sodium thio sulphate is equivalent to 0.2mg dissolved oxygen. 

7. 1% starch solution.

PROCEDURE

PREPARATION OF DILUTION WATER: Added 1.0ml of calcium chloride, magnesium sulphate, ferric chloride and phosphate buffer solutions to one litre of aerated distilled water and mixed thoroughly. This is the standard dilution water, prepared freshly every time.

SEEDING OF THE DILUTION WATER: It is essential to seed the dilution water. The seeding material generally used is freshly settled raw sewage. 2.0ml of raw sewage was added to one litre of dilution water.

DILUTION OF THE SAMPLE: The test water sample were diluted with seeded dilution water sample (1%,5%,10%) in dilution mixture for the water sample. Each dilution sample was taken in a two set of BOD bottles.
Determination of dissolved oxygen (DO) before and after five days incubation: In one set of flasks DO was determined immediately while other set was kept for incubation at 20ºC for five days. DO of the incubated sample was determined.

Determination of DO is as follows: To the contents of the BOD bottle added 2.0ml of manganous sulphate solution and 2.0ml of alkali-iodide-azide solution. Stoppered the bottle and mixed thoroughly. A brown precipitate of basic manganic oxide was formed, which was allowed to settle completely leaving a clear supernatant liquid. Then added 2.0ml of conc.sulphuric acid along the sides of the bottle. Stoppered and mixed for complete dissolution. Transferred the contents to a 500ml conical flask and titrated immediately against 0.025N sodium thiosulphate using starch as an indicator.

CALCULATION FOR DO:
Volume of 0.025N sodium thiosulphate used in the titration = DO in    mg/l 

DO at 0ºC 760 mm pressure = DO x 0.07 mg/l

CALCULATION FOR BOD:

BOD (5 days at 20ºC) = (DO0 - DO5 - BC) x100\percent sample.

DO0 = Initial DO

DO5 = DO after 20ºC  incubation for 5 days

BC = Blank correction i.e., Difference in DO of blank on the                       initial day and after 5 days incubation.

APPENDIX – V

ESTIMATION OF CARBONATE AND BICARBONATE (ALKALINITY)

TITRIMETRIC METHOD (Natarajan et al., 1988)

PRINCIPLE


When a sample containing carbonate and bicarbonate are titrated against the standard sulphuric acid, phenolphthalein loose its pink colour when half of the carbonate is converted into bicarbonate. So twice the value is a measure of carbonate 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 neutralize the carbonate originally present and that formed from the carbonates. By subtracting the first titre value from the second one, acid required to neutralize the bicarbonate originally present in the sample is obtained.

REAGENTS

1. Sodium carbonate solution 1N: 1 3.25g was dissolved in 250ml water.

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

3. Sulphuric acid0.02N: Prepared from 1N sulphuric acid

4. Phenolphthalein indicator: 500mg was dissolved in 50ml of alcohol and 50ml of distilled water.  Added 0.02N sodium carbonate solution until a faint pink colour appeared.

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

PROCEDURE

Added 25ml of the sample and 25ml of distilled water in a 250ml conical flask. Added phenolphthalein indicator solution. If no pink colouration , it indicated ml phenolphthalein alkalinity. If pink colour appeared then titrated with sulphuric acid (0.02N), until the solution became colourless. Added 3 drops of mixed indicator solution in which phenolphthalein alkalinity had been determined and titrated against sulphuric acid (0.02N) to light pink colour.

CALCULATION

Volume of the sample taken = 25ml

Volume of 0.1N sulphuric acid used up to phenolphthalein end point = A ml

Volume of 0.1N sulphuric acid used up to methyl orange end point =B ml

Volume of 0.1N sulphuric acid required up to neutralize bicarbonate alone = (B-A) ml.

CARBONATE

1.0ml of 0.1N sulphuric acid=0.003g of co3.

2xAml of 0.1N sulphuric acid =0.003x2xag

amount of carbonate per liter of sample=0.003x2x1000x1000/25m

BICARBONATE
1.0ml of 0.1N sulphuric acid = 0.0061g of HCO3.

(B-A)ml of 0.1N sulphuric acid = 0.0061x(B-A)g of HCO3
amount of bicarbonate per liter of sample = 0.0061X(B-A)x1000x1000/25mg
APPENDIX – VI

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 moves into a higher energy state. when these excited atoms fall back to the ground state, the emitted of characteristic wavelength is measured. Sodium and potassium are measured at 590 and 770nm respectively.

REAGENTS

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

2. Potassium stock solution: 1.907g of potassium chloride was dissolved in deionised water and made upto one liter. 1.0ml = 1.0mg of Potassium.

PROCEDURE

Standardized 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 feed the sample in the flame photometer and noted the readings to get the amounts of sodium and potassium directly on in milligrams per litre, by referring to the appropriate calibration curve.

APPENDIX-VII

ESTIMATION OF TOTAL CHROMIUM, COPPER, ZINC, NICKEL AND CADMIUM

(Atomic absorption spectrophotometric method) (APHA, 1998)

Principle


The technique involves determination of concentration of a substance by the measurement of absorption of characteristic radiation by the atomic vapour of an element.  When radiation characteristic to a particular element passes through the atomic vapour of the same element, absorption of radiation occurs in proportion to the concentration of the atoms in the light path.  The source of characteristic radiation is a hollow cathode lamp, the cathode being made of the element desired to be estimated.

Reagents

1. Air: Cleaned and dried through a suitable filter to remove oil, water and other foreign substances.  The source may be a compressor or commercially bottled gas.

2. Acetylene, standard commercial grade.

3. Metal free water

4. Calcium solution:  Dissolved 630mg calcium carbonate, in 50ml of 1+ hydrochloric acid and diluted to 1000 ml with water.

5. Hydrochloric acid, 1%, 10%, 20% (all V/V), 1+5, 1+1 and concentrated.

6. Lanthanum solution:  Dissolved 58.65g lanthanum oxide (la2O3) in 250 ml conc. Hydrochloric acid.  Added and slowly until the material was dissolved and diluted to 1000ml with water.

7. Hydrogen per oxide, 30%

8. Nitric acid, 2%(V/V), 1+1 and concentrated.

9. Aqua regia:  Added 3 volumes concentrated HCl to one volume conc. Nitric acid.

10. Standard metal solutions:  Prepared a series of standard metal solutions in the optimum concentration range by appropriate dilution of the following stock solutions with water containing 1.5 ml conc. Niric acid/l

a) Chromium:Dissolved 0.1923g CrO3 in water acidified with 10ml Conc. Nitric acid and      diluted to 1000ml with water.  1.0ml=100µg of chromium.
b) Copper:  Dissolved 0.1g copper metal in 2ml Conc.nitric acid, added 10.0ml Conc. Nitric acid and diluted with water 1.0ml=100µg copper.
c) Cadmium: Weigh 100.0 mg pure Cd metal and dissolve in a solution composed of 20ml water plus 5ml conc. HCL. Use heat to assist metal dissolution. Transfer quantitatively to a one liter volumetric flask and dilute to 1000ml

d) Standard Cadmium Solution: Pipette 10.0ml stock solution into avolumetric flask, add 10ml conc.HCL and dilute to 1000ml with water. 1.0ml= 100µg cd.
e) Standard nickel sulfate solution: Dissolve 447.9 mg nickel sulfate in    1000ml distilled water.
f) f) Stock zinc solution: Dissolve 100mg 30-mesh zinc metal in a slight excess of 1+1 HCL; dilute to 1000ml with water. 1.00ml=100µg Zn

Sample preparation


10ml of the effluent was taken in a 100ml kjeldahl flask.  Added 25ml of 3:2:1 triple acid mixture (Conc. Nitric acid – Conc. Perchloric acid – Conc. Sulphuric acid) and left a side for 3-4 hours in a fume cupboard.  Then heated for 30 min until the initial vigorous reaction has subsided.  Heated more storngly for 4 hours until the nitrous fumes were removed and white fumes of perchloric acid were with 3-4 washings of deionised water to 10ml volumetric flask and made up to the mark with water.

Procedure


Selected atleast three concentrations of each standard metal solution to find out the expected metal concentration of a sample.  Then aspirated each standard in turn into flame and recorded the absorbance.

Prepared a calibration curve by plotting the absorbance of standards versus their concentrations.  Plotted calibration curve for chromium based on original concentration curve for chromium based on original concentration of standard before the addition of hydrogen peroxide.  Rinsed nebulizer by aspirating.  Water containing 1.5ml Conc. Nitric acid/l.  Aspirated the sample and determined its absorbance against blank.  The estimations of Chromium, copper and Zinc were done at the wavelengths of 357.9, 324.7, 248.3 and 213.9 nm respectively.

Calculation


Calculated the concentration of each metal ion in milligrams per litre, by referring to the appropriate calibration curve.    

APPENDIX -VIII

ESTIMATION OF CHLOROPHYLL

(Yoshida et al., 1971)

Principle

Chlorophyll was extracted in 80% acetone and the absorption at 663 nm and 645 nm were read in a spectrophotometer. Using the absorption coefficient, the amount of chlorophyll was calculated.

Reagents


80% Acetone

Procedure


1 gm of fresh leaves were cut into small pieces and homogenized in a motor with pestle using 80% acetone.  Decanted and filtered the supernatant through a funnel using whatmann No.42 filter paper. Added sufficient quantity of 80% acetone and repeated the extraction. Transferred the contents from the motor to a funnel and washed the extract with acetone until it became colourless.  Pooled the filtrates and made up the volume to 100 ml in a volumetric flask. Transferred 5ml of the extract into a 50ml volumetric flask and diluted by making up the volume with 80% acetone.  Measured the absorbance at 645 and 663 nm for the determination of chlorophyll-a and chlorophyll-b and total chlorophyll.

The chlorophyll content was calculated on the fresh weight basis using the formula:

                                                                                                 V

mg chlorophyll a/g tissue = 12.7(A663)  -2.69(A645)   x 
                                                                                           1000 X W
                                                                                                  V

mg chlorophyll b/g tissue = 22.9(A645)  -4.68 (A663)    x
                                                                                           1000 X W
                                                                                                       V

mg total chlorophyll b/g tissue = 20.2 (A645)  +8.02(A663) x     

                                                                                                1000 X W

were, 

A-Absorbance at specific wave lengths

V-Final volume of chlorophyll extract in 80% acetoneW-Fresh weight of tissue extract.

APPENDIX -IX
ESTIMATION OF TOTAL CAROTENOIDS AND LYCOPENE
(Zakaria et al., 1979)

PRINCIPLE

          
 The total carotenoids in the sample were extracted in petroleum ether. The total carotenoids were estimated in UV/ visible spectrophotometer at 450 nm.

REAGENTS
1. Petroleum ether

2. Anhydrous sodium sulphate

3. Calcium carbonate

4. 12% alcoholic KOH (ice cold)

PROCEDURE



Five to ten gram of the plant sample was weighed. After extracting the sample in 12% alcoholic KOH, the sample was saponified for about 30 minutes in a shaking water bath at 37˚C. The saponified sample was transferred into a separating funnel (packed with glass wool and calcium carbonate) containing 10-15 ml of petroleum ether and mixed gently. The petroleum ether layer with the carotenoid pigment was taken up. The lower aqueous phase was transformed into another separating funnel and the petroleum ether extract containing the carotenoid pigment to an amber coloured bottle. The extraction of the aqueous phase was repeated similarly with petroleum ether, until it becomes colourless. The aqueous phase was discarded. To the petroleum ether extract, added a small quantity of anhydrous sodium sulphate to remove turbidity. The final volume of the petroleum ether extract was noted and diluted if needed by a known dilution factor.


The absorbance of the extract at 450 nm and 503 nm was noted in a spectrophotometer using petroleum ether as a blank.

For total carotenoids 
Amount of total carotenoids present = P x 4 x V x 100      µg

                                                                               W

Where,                                                          

P - Optical density of the sample

V - Volume of the sample

W - Weight of the sample

APPENDIX – X
ESTIMATION OF PROTEIN
(Lowry et al., 1951)

Principle 


The blue colour was developed by the reduction of the phosphomolybic phosphotungstic components.  The Folin – Ciocalteau reagent by the amino acid tyrosine and tryptophan present in the protein plus the colour developed by the Biuret reaction  of the protein with the alkaline cupric tartarate was measured in the Lowry’s method.

Reagents

1. Reagent A: 2% sodium carbonate in 0.1N sodium hydroxide

2. Reagent B: 0.5%copper sulphate (CuSO4:5H2O) in 1% potassium sodium tartarate.

3. Reagent C: Alkaline copper sulphate solution: Mixed 50ml of A and 1ml of B prior to use.

4. Reagent D: Folin-Ciocalteau Reagent: Refluxed gently for 10 hours a mixture consisting of 100g sodium tungstate, 25g sodium molybdate, 700ml water, 50ml of 85% phosphoric acid and 100ml of concentrated hydrochloric acid in a 1.5litre flask.  Added 150g of lithium sulfate, 50ml water and a few drops of bromine water.  Boiled the mixture for 15 min without condenser to remove excess bromine.Cooled, diluted to 1 litre and filtered.

5. Stock standard protein solution: Weighed accurately 50mg of bovine serum albumin and dissolved in distilled water and made up to 50ml in a standard flask.

6. Working standard: Diluted 10ml of the stock solution to 50ml with distilled water in a standard flask.

Procedure

Extraction of protein from sample


Weighed 500mg of the sample and grinded well with a mortar and pestle in 10ml of the phosphate buffer.  Centrifuged and used the supernatant for protein estimation.

Estimation of protein


Pipetted out 0.2, 0.4, 0.6, 0.8 and 1ml of the working standard into a series of test tubes.  Pipetted out 0.1ml of the sample extract in another test tube.  The volume was made upto 1ml in all the test tubes.  A tube with 1ml of water served as a blank.  Added 5ml of reagent C to all the test tubes including the blank.  Mixed well and allowed to stand for 10 minutes then 0.5ml of reagent D was added, mixed well and incubated at room temperature in the dark for 30 minutes.  Blue colour was developed.  Readings were taken in spectrophotometer at 660nm.  Standard graph was drawn and the amount of protein in the sample was calculated.

APPENDIX-XI

ESTIMATION OF VITAMIN A

(Bayfield and Cole, 1994)

PRINCIPLE


The color produced by vitamin A, its acetate or palmitate with TCA is proportional to its concentration, which is measured at 620nm in a spectrophotometer.

REAGENTS

All the reagents were prepared fresh. Exposure of sample and reagents to light was avoided at all times.

1. Saturated TCA in chloroform


15g clear TCA crystals were dissolved in 25 ml of alcohol-free chloroform, stored in dark.

2. Standard vitamin A


15 mg vitamin A palmitate/10 ml of chloroform.

PROCEDURE

Aliquots of the standard were pipetted out into a series of clear, dry test tubes in the concentration range of 0-7.5µg. The volumes in all the tubes were made upto 0.1 ml with chloroform. From a fast delivery pipette, added 2 ml of TCA reagent rapidly, mixing with the contents of the tube. Recorded the absorbance immediately at 620nm in a spectrophotometer. The procedure was repeated for the sample tubes. Constructed a standard graph and read off the concentration in the sample vitamin A levels were expressed as µg/g tissue.

APPENDIX-XII
ESTIMATION OF DNA

(Di-Phenylamine by Spectrophotometric Method)

Anal.Biochem. 17:100 (1996)

AIM:


To estimate the concentration of DNA in the isolated sample using diphenylamine method.

PRINCIPLE:


Under extreme acid condition DNA is initially depurinated quantitatively, followed by dehydration of sugar to hydroxyl levulinaldehyde. This aldehyde condenses in acidic medium with diphenylamine to produce a deep blue coloured condensation product with an absorption maximum at 595nm.
REAGENTS:

1. DNA Standard- 50 mg of DNA was dissolved in 100ml of distilled water (warmed slightly if necessary).

2. DNA Working standard – 20 ml of the DNA standard was taken and made up to 100 ml and the concentration of the DNA was 100 µg/ml.

3. Diphenylamine reagent (DPA) – 5 g of fresh or recrystallised diphenylamine, 500ml of glacial acetic acid and 13.75ml of concentrated sulphuric acid were mixed together (Stable for six months at 2ْC, warmed to room temperature, swirled to remix before use). Stored in a brown bottle.

 PROCEDURE

1.0-3.0ml of standard DNA containing 20-100 µg of DNA and 0.4ml of the isolated DNA sample were pipette out into clean test tubes. The volumes in all test tubes were made up to 1.5ml with distilled water. 3ml of the DPA reagent was added to each tube and mixed well. Then the tubes were kept in a boiling water bath for 10 minutes and were then cooled. The blue colour developed was concentration of DNA g/ml of the given sample was calculated. 

APPENDIX - XIII

ESTIMATION OF RNA

(ORCINOL BY SPECTROPHOTOMETRIC METHOD)

J. Biol. Chem. 181:293 (1945)
  AIM:

        To estimate the amount of RNA in the isolated sample.
PRINCIPLE:
       The method involves the conversion of pentose in the precence of hot acid to furfural, which reacts with Orcinol to yield a green colour, which can be measured spectrophotometrically at 660nm.
REAGENTS:

1. 
Standard RNA – 50mg of RNA was dissolved in 100ml of ice-cold TE buffer (10mM Tris, 1mM EDTA, pH 7.2); diluted 1:10 for working standard.

2. 
Orcinol-acid reagent – Added 2ml of 10% solution (W/V) of ferric chloride (FeCl3.6H2O) to 400ml of Conc.HCl

3. 
6% Alcohol Orcinol reagent – Dissolved 6g Orcinol in 100ml of 95% alcohol, stored refrigerated in a brown bottle until use.

PROCEDURE:

0.5 - 3.0ml aliquots of working standard RNA was pipette out into a clean test tubes. 1.5ml of the isolated RNA was taken for the estimation and the volume in all the test tubes were made up to 3.0ml with disttled water. 6.0ml of acidic Orcinol reagent was added, followed by the addition of 0.4ml of alcoholic Orcinol reagent to each tube and mixed well. Heated the tubes in a boiling water bath for 20 minutes. A standard curve was drawn and the concentration of RNA in the isolated sample was calculated.  
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