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Shiny K J “Use of aquatic organisms for water treatment” Thesis.  Department 
of Life Science, University of Calicut, 2003 





1.0 INTRODUCTION 

Water is one of the most important commodities which man has exploited 

than any other resource for the sustenance of life. Though evaporation and 

precipitation continuously purify water, pollution of water has emerged as one of 

the most significant environmental problems of recent times. The unique 

properties of water, which make it a universal solvent and a renewable resource, 

also make it a substance with greater tendency to get polluted. Water can be 

regarded as polluted when it changes its quality or composition either naturally or 

as a result of human activities, becoming less suitable for drinking, domestic, 

agricultural, industrial, recreational and any other uses for which it would have 

been otherwise suitable. 

The overall aquatic environment is deteriorating both qualitatively and 

quantitatively owing to rapid urbanisation, industrialisation and growing 

population. Billions of litres of wastewater are generated everyday from various 

sources such as domestic sewage, industrial wastes, agricultural discharges 

containing detergents, toxic metals, thermal pollutants and radioactive materials in 

water. With the current emphasis on environmental health and water pollution 

issues, there is an increasing awareness of the need to dispose off these 

wastewaters safely. In the absence of suitable technology and facilities for 

treatment, they are inevitably discharged into fresh and &e waters. According 

to Trivedy (1998), about 7006.74 million litres of wastewater is generated per day 

in class I cities in India, out of which 59 percentage is collected and gets any kind 

of treatment while in class 11 cities about 1226.32 million litres of wastewater is 



generated per day and only 15.54 percentage of which is collected and 5.44 

percentage gets any kind of treatment. Most of the smaller towns and cities do not 

have any treatment facilities. In Kerala, about 51.5 percent of the population is 

completely without any sanitary provision (Sivadasan and Mohanan, 2000). Due . 

to the lack of proper sewerage and sanitation facilities and very often, the lack of 

sense of social responsibility, large quantities of wastewater of domestic and 

industrial origin are discharged directly into roadside drains, gullies, canals, and 

rivers or into the soil. The effects of these practices are clearly observable - 
surface waters in and nearby such areas are seriously polluted and cause repulsive 

stench. Groundwater sources are contaminated chemically and bacteriologically 

and are not utilisable for domestic purposes. Groundwater pollution is particularly 

serious as eighty percent of the domestic needs are met fiom this source. 

Nature, by virtue of its self-purification capacity can assimilate pollutants 

to a large extent. In using an aquatic system as a receiving water body for 

wastewater dilution, its ability to assimilate the waste materials and restore its 

own quality is relied upon. The capacity of any water body to accomplish this is 

dependent on a number of factors including the volume, strength of the waste, 

hydrography of the receiving body, flow and amount of waste dispersion, climate, 

temperature and efficiency of the reoxygenation process (Schmitz, 1996). 

However the global increase in wastewater produced annually warrants treatment 

measures before discharge. 

Wastewater treatment although has great concern in public health, 

ecological, aesthetic and other points of view has a low priority, particularly in the 

developing countries w h e ~  there are many competing demands on the limited 



mounts of funds available for development. The high cost of construction and 

operation of sewagdeffluent treatment plants is always a deterrent factor. Thus, 

within these limits, wastewater technology must be selected such that it has a 

bearrtag on local conditions such as climate, availability of land, equipment, 

power, skilled personnel and facilities for operation and maintenance of 

installations. Inappropriate transfer of technology from developed to developing 

countries can be avoided if the ability of simpler methods to obtain reliable and 

high quality treatment is recognised. 

1.1 BACKGROUND OF THE STUDY 

Wastewater generated from domestic sources is the principal source of 

water pollution in the country. Increasing production and disposal of wastewater 

have accelerated eutrophication of surface waters and contamination of ground 

water sources. The characteristics of wastewater discharge vary depending on the 

population, land use and per capita water consumption. These wastewaters must 

be treated prior to disposal so that they do not degrade the quality of receiving 

water bodies. Conventional treatment systems include a combination of physical, 

chemical and biological processes to remove solids, organic matter, nutrients, 

heavy metals and pathogens from wastewater. These treatment processes are 

therefore not very attractive or economically justifiable especially in cash- 

strapped third world countries. The total cost of such plants are generally greater 

than those of comparable biological systems primarily due to cost of automatic 

control systems, sludge and chemical handling system and their W t e m c e .  

The addition of chemicals to remove phosphorous and heavy metals as well as 

disinfection of water by chlorination has several af€er effects. The formation of 



carcinogenic trihalomethanes on chlorination poses health risks to man. The 

above factors have revived an interest in the use of eco-friendly alternatives for 

waste treatment. 

Heavy metals are among the most toxic contaminants in the environment 

and are non-biodegradable. The world consumption of metals has shown an 

upward trend during the last century. Although the heavy metal content in urban 

drainage systems generally does not reach the proportions found in industrial 

effluents, the problems caused by their presence, particularly in areas with dense 

population are of public concern. Metal containing effluents have unfavourable 

effects on wastewater treatment such as the inhibition of nitrification and 

interference in biological oxidation, thus lowering the rate of biodegradation. In 

addition, present technologies for metal removal from water, especially in low 

concentrations are highly expensive and cannot be afforded by third world 

countries. 

The emergence of biological systems for wastewater treatment represents 

an alternative, ecologically safe approach for the removal of pollutants. 

Biological treatment systems are living systems, which make use of aquatic flora 

and fauna to either directly consume the waste materials or breaking them down 
w 

and then removing it from solutions. Nature, by its delicately hctioning 

systems;offers the best example of biotreatment. 

In any mtcr body, autotrophs take up nutrients and make themselves 

available for organisms higher in the food chain. The capacity of ecosystems that 

are dominated by aquatic filter feeders and plants to assimilate inputs of nutrients 

and organic matter has resulted in the use of such systems to wastewater 



treatment. Aquatic treatment systems utilise several species of plants, invertebrate 

zooplankton as well as fishes in monoculture and plyculture operations. Aquatic 

macrophytes are capable of very high rates of growth associated with high levels 

of nutrient uptake especially of nitrogen, phosphorous and also metals. This 

process can be enhanced with a regulated harvesting regime and encouraging new 

growth. The concept of using fishes to treat polluted waters is very recent, 

although treated sewage had been used to fertilize fishponds and increase 

production. . 

The application of filter feeding invertebrates and fishes to consume 

organic matter in wastewater results in water quality improvement along with 

production of biomass, which can have alternative versatile uses. 
a 

A review of the work done during the past four decades on the utilisation 

of aquatic weeds for wastewater renovation or pollution abatement reveals that, 

very little work has been done in India. Although there is a vague idea about the 

bioremediation ability of some aquatic flora and fauna, there has been very little 

studies carried out on the potential of individual plant and animal species. 

Screening of metal tolerant macrophytes is highly essential for low cost and 

efficient treatment of toxic wastewaters. The selection of appropriate species for 

treatment process is necessary for effective field application. This study therefore 

has been attempted to evaluate the potential of some aquatic flora and fauna as 

receptors and bioreactors or processors of waste. Investigations were mainly 

focussed on the efficiency of test species to remove the pollutants from water. 

These studies on natural systems to combat water pollution may be of vital 

interest to sanitary engineers and wastewater treatment managers. 



1.2 WASTEWATER CHARACTERISTICS 

Wastewater is the flow of used water fiom a community. The 

characteristics of wastewater discharges vary fiom location to location depending 

upon the population and industrial sector served, land uses and degree of 

separation between storm water and sanitary wastes. Domestic wastewater 

comprises spent water fiom kitchen, lavatory and bathroom as well as any other 

wastes that people may accidentally or intentionally pour down the drain. Daily 

per capita water use, quality of water supply and habits of the people also affect 

wastewater strength. 

Characterisation of wastewater is essential for an effective and economic 

waste management programme. It helps in the choice of treatment methods, 

deciding the extent of treatment, assessing the beneficial uses of wastes and 

utilising the waste purification capacity of natural bodies in a planned and 

c o n ~ l l e d  manner, 

Physically, wastewater is usually characterised by a grey colour, musty 

odour, a solids content of about 0.1 percent and 99 percent water content. With 

the passage of time sewage becomes stale, dark in colour with a pronounced smell 

due to microbial activity. The solids can be suspended as well as dissolved. 

Dissolved solids can be precipitated by chemical and biological process. 

Suspended solids can lead to the development of sludge deposits and anaerobic 

conditions when discharged into the receiving waters. Temperature of sewage is 

useM in indicating the solubility of oxygen, which affects the rate of biological 

activity. Extremely low temperature adversely affects the efficiency of 

sedimentation. Usually sewage has higher temperature than that of the water 



supply. The hydrogen ion concentration of sewage is a valuable parameter in the 

operation of biological units. The pH of fresh domestic sewage is slightly more 

than the water supply to the community. However, onset of septic conditions may 

lower the pH while industrial wastes produce extreme fluctuations. 

Chemically, wastewater is composed of organic and inorganic compounds, 

as well as various gases. Organic components consist of carbohydrates, proteins, 

fats and greases, surfactants, oils, pesticides and phenols. Inorganic components 

consist of heavy metals, nitrogen, phosphorous, sulphur, chlorides, alkalinity and 

toxic compounds. In domestic wastewater, the organic and inorganic portion is 

approximately 50 percent respectively. Gases commonly dissolved in wastewater 

are hydrogen sulphide, methane, ammonia, oxygen, carbon dioxide and nitrogen. 

Biologically, wastewater contains various microorganisms, but the ones of 

concern are those classified as protista including bacteria, fungi, protozoa and 

algae. These are important in terms of wastewater treatment. Wastewater also 

contains many pathogenic organisms that generally originate from humans 

infected with disease or are carriers. 

1.3 HISTORY OF WASTEWATER TREATMENT 

,Man's progress is interlinked with the history of water pollution. With the 

growth of civilisations, large settlements and towns began to appear giving rise to 

the problem of waste disposal. Several ancient cities developed elaborate sewer 

systems. Mohenjodaro and Harappa had drains for collection of wastewater. 

Wastewater disposal on land became a common practice almost throughout the 

world upto the seventeenth century. In the eighteenth century, as cities and towns 

began to grow, their condition womned as garbage and wastes accumulated on 



the streets. Though the development of sewers in early nineteenth century cleared 

the streets, it increased the load on the rivers as wastewaters were directly 

discharged into them. This initiated its conversion (treatment) by natural chemical 

and biological processes into substances that could be cycled in the environment, 

thereby returning the resources to these ecosystems. Pollution problems only 

occurred when wastes that were generated from resources collected over a large 

area were returned into a small area of the environment, so that it was ecologically 

overloaded (Mitchell, et al. 1990). 

' At the beginning of the twentieth century, it was realised that direct 

discharge of wastewater into streams caused health problems and must be treated 

to check pollution. The new engineering developments in handling and treating 

sewage remove organic matter, convert nitrogen, phosphorous and other 

chemicals to soluble forms. The reticulation of large amounts of waste to a single 

treatment work and the use of water as medium for disposal causes the carriage of 

immense quantities of biologically available nutrients into aquatic ecosystems, 

which, as a result often become eutrophicated. 

1.4 CONVENTIONAL WASTEWATER TREATMENT PROCESS 

Conventional wastewater treatment consists of a combination of physical, 

chemical and biological operations to remove solids, organic matter and nutrients 

from wastewater. The general terms used to describe different degrees of 

treatment, in order of increasing treatment levels are preliminary, primary, 

secondary and tertiary or advariced wastewater treatment. Disinfection to remove 

pathogens sometimes follows the last treatment step. 



Preliminary Treatment 

The objective of preliminary treatment is removal of coarse solids and 

bther large materials often found in raw wastewaters, to enhance the operation and 

maintenance of subsequent treatment units. Preliminary treatment typically 

include coarse screening, grit removal and in some case comminution of large 

objects. 

Primary Treatment 

Primary treatment involves removal of settleable organic and inorganic 

solids by sedimentation, and removal of materials that float (scum) by skimming. 

Approximately 25-50 percent of the incoming BOD, 50-70 percent of the total 

suspended solids and 65 percent of the oil and pease are removed during primary 

treatment. Some organic nitrogen, organic phosphorous, and heavy metals 

associated with solids are also removed during primary sedimentation but 

colloidal and dissolved constituents is not affected. 

Primary sedimentation tanks or clarifiers may be round or rectangular 

basins, 3-5 meter deep, with hydraulic retention time between 2-3 hours. Settled 

solids (primary sludge) are normally removed from the bottom of tanks by sludge 

rakes to central well from where it is pumped to sludge processing units in small 

sewage plants. Sludge is processed in a variety of ways including aerobic 

digestion, storage in sludge lagoons, direct application to sludge drying beds and 

land application. 

Secondary Treatment 

Secondary treatment is the further treatment of the effluent from primary 

treatment to remove residual organic and suspended solids. In most cases, it 



follows primary treatment and involves the removal of biodegradable dissolved 

and colloidal organic matters using aerobic biological treatment processes by 

'aerobic microorganisms (principally bacteria). These microorganisms metabolise 

the organic matter in the wastewater, thereby producing more microorganisms and 

inorganic end products (COz, NH, and H20). Several aerobic biological 

processes are used for secondary treatment differing primarily in the manner in 

which oxygen is supplied and rate at which organisms metabolise the organic 

matter. 

High rate biological processes are characterised by relatively small reactor 

volumes and high concentrations of microorganisms compared with low rate 

processes. High-rate processes include activated sludge processes, trickling 

filters or biofilters, oxidation ditches, and rotating biological contractors. 

Microorganisms must be separated from the treated wastewater by sedimentation 

to produce clarified secondary emuent. Secondary clarifiers (sedimentation 

tanks) remove the secondary sludge, which are contained with primary sludge for 

processing. 

Tertiary Trearmenr 

Tertiary or advanced wastewater treatment is employed when specific 

wastewater constituents that cannot be removed by secondary treatment must be 

removed. Individual treatment processes are necessary to remove nitrogen, 

phosphorus, additional suspended solids, refractory organics, heavy metals and 

dissolved solids. 



D t s f n f h n s  

The effluent from the treated wastewater is usually disinfected with 

chlorine before being discharged into receiving waters. The chlorine dosage 

depends upon the strength of the wastewater and other factors, but dosages of 5-1 5 

milligrams per litre are common. Ozone and ultraviolet irradiation can also be 

used for disinfection, but these methods are not in common use. 

1.5 METAL POUWIIQN 

Humans have been introducing metals into their environment since they 

first bined knowledge of its many useful properties. Metals are found throughout 

the earth in rocks, soils and sediments primarily trapped in some stable form. 

Through natural processes such as weathering and erosion, small amounts are 

removed and enter in water. This is essential because many biochemical 

processes require a given amount of many of these metals, usually in trace 

quantities. However, with increase in standard of living and technological 

advances, the uses of metals increased and inevitably metal pollution also 

increased. The main sources of metal pollution in the environment are - industrial 

processing of ores and metals, use of metals and metal components in various 

industries, sewage, leaching of metals from garbage and solid waste dumps 

(Sarah, et al. 1994). 

The metals are classified according to Nair (1984) as: 

1. Very toxic - effects seen at concentration below 1 mg/l- e.g. cations of silver, 

beryllium, copper, mercury, tin, cobalt, nickel and lead. 



2. Moderately toxic - effects appear at concentration between 1 and 100 mg/l. 

e.g. anions of arsenic, manganese, molybdenum, selenium, vanadium .and 

cations of aluminium, barium, cadmium, chromium, iron, manganese and 

zinc. 

3. Scarcely toxic effects rarely appear e.g. strontium, titanium. 

The priority list of pollutants compiled by the Environmental Protection 

Agency of United States contains the eight more widespread heavy metals - 

arsenic, cadmium, chromium, lead, mercury, nickel a d  zinc (Moore and 

Metals are required for normal growth and reproduction of living cells. 

Sodium, potassium, calcium and magnesium are required by cells in macro 

quantities, whereas several other metals are required by cells in trace levels. Role 

of trace metals is well recognised. Some are an integral part of metalloenzymes 

and others take part in electron transfer. Thus, they are closely associated with 

energy and metabolic activities of the cell. However, metals in higher 

concentrations are considered as pollutants due to their toxicological effect. Man 

being at the top of the food chain is at a great risk of suffering from health b d s  

associated with toxic metals due to bioaccumulation. There is a growing concern 

worldwide regarding the metal pollution in aquatic environments and stringent 

measures are being adopted for its mitigation. 

1.6 CONVENTIONAL METAL TREATMENT PROCESS 

Major objectives for removal of metals from aqueous solutions are toxicity 

removal that entails an environmental aspect and recovery of valuable metals, 

which involves a technological aspect. Various methods are available for heavy ' 



metal waste management. The commonly used methods include precipitation, ion 

exchange, adsorption, reverse osmosis, electrodialysis and evaporation. Apart 

from these methods others like foam floatation, liquid membrane techniques, 

solvent extraction and crystallisation can also be used for heavy metal removal. 

Metals can be precipitated either as hydroxides, carbonates or sulphides by 

adding the appropriate chemical to the aqueous metal solutions. Co-precipitation 

as well as adsorption onto flocculating agents, added to aid in settling the 

precipitates, appear to play a siguificagt role in reducing the aqueous 

concentrations of the metal ions. Main limitations of this method are poor 

filterability of gelatinous sludge formed, production of large volumes of solid 

sludge requiring safe disposal and difficulty in achieving the permissible metal 

concentrations in the effluent especially in the presence of metal complexing 

agents in the wastewater. 

Ion exchange methods are employed for recovery of precious metals from 

effluents having very low metal concentrations. The most essential component of 

this process is an ion exchange resin, which can exchange H+ or ~ a +  ions in lieu 

of the metal ions to be removed fiom the effluent. The effluent and resin are 

generally contacted in a packed bed reactor. The transfer of the toxic metal from 

liquid phase to solid phase is achieved within the bed, which gets exhausted in 

time and must be regenerated with acid or brine solution and reused for next cycle 

of metal removal. The major drawback of ion exchange process is its prohibitive 

cost. 

Evaporation is a concentration process whereby water is evaporated from a 

solution, increasing the concentration of solute in the remaining solution. It was 



reported by Stenson (1978) that evaporation was used for separation of chromium 

acid from wastewater. Reverse osmosis is a pressure driven membrane separation 

process using membranes such as cellulose acetate and polyamide. The main 

advantage of reverse osmosis is its low energy requirement. .This is mainly used 

in plating industry for the treatment of rinse waters (Stenson, 1978). 

Electrodialysis is a membrane process where separation is accomplished 

by the selective transport of ions through ion exchange membranes under the 

influence of an electrical potential applied across the membrane. It is a suitable 

technique for recovery of ionised species such as metal salts, cyanides or 

chromate fiom metal finishing wastewaters. 

Adsorption, which involves interaction of heavy metals with the sorbent 

surface, is one of the preferred methods for heavy metal removal. Main 

advantages of the process are sludge free operation, recovery of sorbed metal and 

reuse of sorbent, which makes the process economical. 

1.7 NATURAL WASTEWATER TREATMENT SYSTEMS 

As energy and construction costs have increased, new methods of 

wastewater treatment with potentially lower energy and capital costs have become 

increasingly attractive. Relatively simple wastewater technologies can be 

designed to provide low cost sanitation and environmental protection while 

providing additional benefits fiom the reuse of water. Effluents from 

conventional treatment kilities not only contain some unstable organic matter 

but also nutrients, which represent potential energy. It is therefore illogical to 

utilise external energy sources to dissipate energy stored within the wastewater. 

A natural treatment system makes use of aquatic animals and plants to improve 



the water quality and reclaim nutrients. In addition, persistent toxic 

environmental contaminants such as pesticides, aromatic hydrocarbons and metals 

can be removed from wastewater through biological treatment process. Natural 

wastewater treatment systems include algal mass culture, macrophyte treatment 

systems (including constructed wetlands) and aquaculture. Natural systems may 

be utilised to treat agricultural, domestic and industrial wastewater. Climate, soil 

conditions, space, waste characteristics and other factors relate to its applicability. 

1.7.1 Algal Mass Culture 

Algae are a diverse group of microorganisms that can perform 

photosynthesis. Of these, unicellular algae (e.g. green algae, blue green algae) are 

of interest in wastewater treatment and recycling process. They are tolerant to 

changes in environmental conditions. The biological reactions occurring in algal 

ponds reduce the organic content and nutrients of wastewater by bacterial 

decomposition and convert them into algal biomass. The algae utilise solar 

energy and nutrients (or by-products) fiom bacterial oxidation, perform 

photosynthesis and synthesise new algal biomass. The excess algae and bacteria 

need to be regularly removed fiom the system for efficient performance. 

Algal cells have high protein value and harvesting for animal and human 

consumption could be a financial incentive for wastewater treatment. Almost d l  

the organic wastes such as municipal wastewater, agricultural and human wastes 

can be treated by algal systems. The main attraction of algal mass cultures is 

their great versatility for integration into multi-use systems. 

Sewage and some industrial wastewaters can be used as culture medium 

for algae, without the addition of external nutrients, resulting in wastewater 



treatment. Algae that are commonly used include Spirulina, ChZoreNa, 

Scenedesmus and Micractinm Algae utilise ammonia as the principal source of 

nitrogen to build their proteinaceous cell material. About 80 percent of nitrogen 

in the waste is recovered in the algal cells. Phosphorous is not expected to 

become a limiting factor because of increased use of detergents in home and 

industry. Other nutrients are present in sufficient quantities in wastewater. The 

only constraint in algal technology is harvesting the small sized algae and it can be 

overcome by biological grazing using fish. 

1.7.2 Macrophyte Treatment Systems 

Aquatic plants require varying concentration of nutrients for optimum 

growth and they can accumulate more of nutrients than their need for growth. 

This luxury consumption allows plants to maintain a near optimum growth for a 

period of time after the nutrient becomes limiting. It also results in plants having 

a more significant effect on improving water quality in organically enriched 

waters by removing nutrients (especially nitrogen and phosphorous), heavy 

metals, phenols and refractory organics. Aquatic macrophytes include floating, 

submerged and emergent species, which could be used in monoculture and 

polyculture operations. The nutrient assimilation capacity is directly related to 

growth rate, standing crop and tissue composition (Reddy and De Busk, 1987). 

In such macrophyte systems apart from any physical removal process that might 

occur (especially sedimentation) the aquatic plants serve as living substrates for 

microbial activity, which removes BOD, nitrogen and achieves reduction in 

phosphorous and heavy metal levels (Wood, 1990). The basic function of 

macrophytes is therefore, to assimilate, concentrate and store contaminants on a 



short term basis. Subsequent harvest of plant biomass results in permanent 

removal of stored contaminants from the treatment system (Reddy and De Busk, 

1987). The common macrophytes used in wastewater treatment are given in 

Table 1. 

Floating Macmphytes 

Floating plants are of two types - floating unattached and floating attached 

which are anchored in the soil. The roots of floating plants are good habitat for 

the bacteria responsible for waste stabilisation. The leaves and stems are above 

the water receiving sunlight directly. Floating plants utilise atmospheric oxygen 

and carbon dioxide. Remainder of their sustenance is obtained from nutrients in 

the waters in which they grow. 

Several genera of floating macrophytes have been used for wastewater 

treatment including Eichhornia, Salvinia, Lemna, Pistia and other plants. Floating 

macrophyte ponds can serve in stripping effluents of nutrients and at the same 

time produce easily harvestable biomass. Leaf canopy shades out algae and 

prevents its growth. They are also known to absorb heavy metals and refractory 

organics from effluents. 

Subrnerrged Macrophytes 

Aquatic macrophytes that grow below the water surface are called 

submerged macrophytes. Often they form a dense wall of vegetation from the 

bottom of the water surface. Submerged species can grow only where there is 

sufficient light and may be adversely affected by factors such as turbidity and 

excessive populations of planktonic algae, which decrease the penetration of light 

into water. Submerged species that are able to survive in highly enriched waters 



include Potamgeton, Ceratophyllm, Hydrilla, Elodea, ~ i o p h y l l m  and, 

Najas. In warm waters Hydrilla verticillata dominates all other submerged plant 

species. Submerged plants remove soluble nutrients and provide substratum for 

attachment of algae, diatoms, bacteria and stalked ciliates. Silt and detritus 

accumulate on the stem and leaves of the plant. An important consideration in the 

design of a submerged macrophyte system is shallow water depth (< 2 meters), as 

the euphotic zone should extend to the bottom. 

Emergent Mamphytes 

These are rooted plants that extend above the water surf= and can 

survive in conditions where rapid or extensive fluctuations in water level occur, 

generally in wetlands. In recent years, natural and artificial wetlands as well as 

marshes have been used to treat raw sewage and partially treated effluents. 

Natural wetlands are managed, whereas artificial systems are designed to 

maximise performance by providing the optimum conditions for emergent 

macrophyte growth. 

Wastewater biological oxygen demand and nitrogen are removed by 

bacterial activity. Aerobic treatment takes place in the rhizosphere, and anaerobic 

treatment taking place in the surrounding soil. Suspended solids are aerobically 

cornposted in the above ground layer of vegetation formed from dead leaves and 

stems. Nutrients and heavy metals are removed by plant uptake. 

The emergent macrophytes used for wastewater treatment include Typha, 

Junctcs, Scirpzu, Phragmites and Eleocharis. The growth rate and pollutant 

assimilative capacity of emergent macrophytes such as Phragmites and S c i r p  

are limited by the culture system, wastewater loading rate, plant density, climate 



and management factors. Emergent macrophytes have more supportive tissue 

than floating macrophytes, and therefore greater potential for storing nutrients 

over a longer period Consequently, frequent harvesting is not necessary to 

achieve maximum nutrient removal although harvesting above ground biomass 

once a year would improve overall nutrient removal efficiency. 

Table 1. List of Common Plants Used in Waste Water Treatment 

1.7.3 Aquaculture 

NO I Sdentif~c name I Common name 1 Family 
Floating Plants 

Aquaculture is one of the oldest techniques used for wastewater treatment. 

The natural processes of an aquatic food chain break down organic material. 

Depending on the climatic conditions, systems can contain smaller plant and 

aninal organisms such as microscopic bacteria, m~lankton, phytoplankton and 

1 
2 
3 
4 
5 
6 

Water hyacinth 
Water fern 
Water lettuce 
Duckweed 
Greater duckweed 
Water velvet 

Eichhornia crassipes 
Salvinia molesta 
Pistia stratiotes 
Lemnasp. 
Spirodela sp. 
Azolla sp. 

Pontederiaceae 
Salviniaceae 
Araceae 
Lemnaceae 
Lernnaceae 
Azollaceae 

Submerged Plants 
7 
8 
9 
10 
1 1 
12 

Elodea 
Water thyme 
Coontail 
Pondweed 
Water milfoil 
Water primrose 

Elodea sp. 
Hydrilla verticillata 
Ceratophyllum demersum 
Potamogeton sp. 
Myriophyllum sp. 
L h i g i a  sp. 

Hydrocharitaceae 
Hydrocharitaceae 
Ceratophyllaceae 
Potamogetonaceae 
Halorhagaceae 

Onagraceae 
Emergent Plants 
13 
14 
15 
16 

Scirpus lacustris 
Phragmites communis 
Alternanthera philoxeroides 

Tjp has p . 

Bulrush 
Common reed 
Alligator weed 
Cattail 

C yperaceae 
Poaceae 
Amaranthaceae 
Typhaceae 



larger species including fishes. Systems range from indoor and outdoor 

containerised mesocosms to large wastewater fed aquaculture ponds. 

The principle of all models of aquaculture for treatment of domestic 

sewage has been primarily dilution, oxidation, reduction of BOD, COD and 

suspended solids along with nutrient recovery by employing the biotic 

components in an aquatic ecosystem. Several food chains operate in these 

systems, rendering the influent nutrient deficient and less harmful to the 

environments to which they are discharged. 

There are a large number of fish species that could possibly be employed 

to improve wastewater quality. Herbivorous and omnivorous species are most 

suited for this purpose. Polyculture of several species, each with a particular 

niche is desirable. High fecundity, rapid growth and ability to survive under harsh 

environmental conditions are positive attributes for fishes selected for wastewater 

treatment. The fauna used for wastewater treatment include: 

I .  Protozoa 

Protozoa are microscopic animals, which multiply by simple fission and 

feed upon bacteria and organic detritus. Although protozoa are abundant in 

wastewaters, their contribution to wastewater treatment was considered negligible 

until recently. Protozoa have a significant role due to the continual cropping of 

bacterial population, which dissipates energy from water. Removal of excess 

bacteria and suspended organic debris serves to clarifL water. Some of the genera 

of protozoa that have been isolated from stabilisation ponds include Paramecium, 

Co&oda, Euplotes, Arcella, Oxytricha, Vorticella, Amoeba and Didinium. 



2. Arthropods 

(i) Insects - Midge fly larva 

The larvae of midge fly (blood worm) can survive in waters having low 

dissolved oxygen levels. The larvae feed on the entrapped food particles and 

some species consume benthic organic detritus. They are important in removing 

algae and promoting mixing at the mud-water interface. Bloodworm culture is 

particularly attractive as it is the preferred fish feed. 

(ii) Crustaceans 

Copepods, cladocerans and anostracans contribute to energy dissipation 

through biological recycling by their consumption of algae, protozoa, bacteria and 

other suspended organic matter. Cladocerans include Daphnia, Moina, Chydorus, 

and Bosmina. Copepods are Cyclops, Mesocyclops and Diaptomus. The thoracic 

legs help in filter feeding. Daphnia are able to survive in waters with very low 

levels of dissolved oxygen. Haemoglobin content of the blood increases and 

animals become reddish in colour. 

Brine shrimps are crustaceans (anostracans) whose controlled culture has 

been evaluated as a means of removing algae and other organic suspended matter 

fiom saline wastewaters (McShan et al. 1974). They feed continuously and food 

consists of both organic and inorganic parhcles. Artemia salinu species, which 

has several strains, holds promise for clarification of wastewaters of cities and 

industries situated near the sea. 

3. Molluscs 

Molluscs (clams, mussels, oysters and scallops) live in waters having 

insufficient food to support mass culture of filter feeding crustaceans. Corbicula 



are small clams native to south and south east Asia, where they are harvested and 

used for human and livestock food. Clams are tolerant to highly enriched waters 

if some oxygen is present and smcient water flow occurs to continually disperse 

. toxic .catabolic products. They are capable of rapidly removing algae, 

phosphorous, colloidal material and fecal coliforms from water. Utilisation of 

clams for biologicai clarification of wastewater will be feasible if large stable 

populations are available. 

4. Fishes 

There are a number of fish species that could possibly be employed to 

improve wastewater quality. Feeding habits of fish, niche, tolerance to adverse 

conditions and suitability to local conditions are some of the factors to be 

considered in the choice of fish for wastewater treatment. Herbivorous and 

omnivorous species are most suited and polyculture practices, which combine fish 

with different feeding habits in proportions that effectively utilise the existing 

nutrients in water, yield good results. The fishes that appear to have the greatest 

potential for use in wastewater treatment systems are the Cyprinids (carps- 

minnows), Cichlids (tilapia) and Poecillids (mollies). The common fishes with 

potential for use in wastewater treatment systems are listed in Table 2. 

There are several instances where stocking of fishes in ponds has led to an 

improvement in water quality parameters by reduction in BOD and removal of 

algae (Wrigley et al. 1988). An added advantage is the economic value of fishes. 

The main attractions of such systems are a high fish production potential and low 

maintenance costs. Minor disadvantages of such systems include aversion by the 



public for fish grown in sewage, primarily because of health reasons. However 

sewage fed fisheries of West Bengal is an excellent example of such systems. 

Table 2. List of Common Fishes used in Wastewater Treatment 

Feeding habit 
Phytoplankton 
Phytoplankton, 
zooplankton, suspended 
solids - 
Snails, crustaceam, mussels 
Vegetation, variable 
Phytoplankton, 
zooplankton, 
insect larvae 
Plants, plankton detritus, 
invertebrates 
Crustaceans, algae , insect 
larvae 
Phytoplankton, zooplankton 

Insect larvae, zooplankton, 
algae 

Crustaceans, detritus, insect 
larvae 
Zooplankton and detritus 
Decayed vegetation, 
epiphytes 
Decayed vegetation, benthic 
animals, epiphytic plankton 
Attached algae 

Scientific name 
Hypphthalmichthys molitrix 
Aristichthys nobilis 

Mylopharyngodon piceus 
Ctenopharyngodon idella 
Cyprinus carpio 

Tilapia sp. 

Ictalurus sp. 

Pinephales promelas 

Notemigonas crysoleucas 

Gambusiaaffinis 

Catla catla 
Labeo rohita 

Cirrhinus mrigala 

Poecilia latipinna 

No. 
1 
2 

3 
4 
5 

6 

7 

8 

9 

10 

11 
12 

13 

14 

Common name 
Silver carp 
Bighead carp 

Black carp 

Grasscarp 
Common carp 

Tilapia 

Catfish 

Fathead 
minnows 
Golden shiner 
minnows 
Mosquitofish 

Catla 
Rohu 

Mrigal 

Green sailfin 
mollies 

- - 



1 .8  COMPARISON BETWEEN CONVENTIONAL AND NATURAL 

TREATMENT SYSTEMS 

Conventional wastewater treatment relies on large scale plants. It is the 

preferred form of wastewater treatment in developed countries to a large extent 

because it is a well known technology in which civil engineers throughout the 

world are trained. It also minimises the area required for treatment per capita, 

which is an important consideration in urban areas, where space h at a premium. 

Conventional treatment also shortens the period that the wastewater effluent 

remgns in retention ponds and w can eeat more effluent over a period of time. 

However it has some disadvantages. 

+ High capital and maintenance costs for plants and supporting infrastructure. 

+ Retrofit or replacement of piping is labour and resource intensive 

+ Not easily adaptable to new technologies or to varying scales 

+ No alternative in the event of a disaster 

+ Does not promote water conservation 

+ Intensive use of nutrients and reuse of water is not optimised 

+ Water quality benefits are inconclusive 

Ecological alternatives to wastewater treatment are newer technologies 

often unknown and resisted by the engineering and public works committees. 

Their land requirements are greater than conventional plants and therefore can be 

feasible in sub-urban and rural areas. These systems are effective options in 

developing countries, which would like to keep mechanisation to minimum and 

use innovative methods appropriate to local conditions. Like conventional 

centralised treatment facilities, natural biological treatment systems can help 



reduce the level of biological oxygen demand and disease causing organisms in 

water bodies. 

In spite of land constraints, where feasible, ecological alternatives provide the 

following advantages: 

+ Reclamation of nutrients 

+ May be built on any scale 

+ Flexible and adaptable to a variety of sites 

+ Are more transparent 

+ Provide useable open space for recreation 

+ Low capital and maintenance costs 

+ Little or no chemical use 

+ Decentralised locations 

+ Educational value 

1.9 ADDED USES OF BIOTIC SYSTEMS IN TREATMENT 

APPLICATIONS 

Human needs are indefinite and so is the search for new resources to meet 

these needs. Aquatic plants are categorised as pests and efforts are made to 

eradicate it. Simultaneously, alternative uses of flora and fauna for several 

purposes including wastewater treatment are being worked upon. In the recent 

years, attention has been focussed on the utilisation of flora and fauna after use in 

such treatment systems. This is partly because economic returns from such 

systems will counter the costs of installation and labour. 
I 

The algae from wastewater treatment applications can be fed to fish, 

poultry and livestock owing to its high protein wntent. The fuel characteristics of 



dry algae (average heat content 6 KcalJg) are similar to those of medium grade 

bituminous coal and suitable for use as energy source (Benemann et al. 1980). 

.Significant amount of lipids are present in algal cells, which can be used, for 

industrial purposes such as manufacturing surfactants, grease, textiles, food 

additives, cosmetics and pharmaceuticals. Microalgae may also serve as a source 

of carotenoids (Polprasert, 1996). 

Macrophytes after use in wastewater treatment can be harvested and used 

directly as feed for livestock, fish and poultry. They can also be used to generate 

biogas. It also holds potential for use as organic fertiliser, namely as compost, 

mulch, ash, green manure or biogas sluny (Table 3). Weeds such as Phragmites 

and water hyacinth can be used as a source of fibre and pulp for making paper. 

Dried water hyacinth petioles are woven into baskets and purses (NAS, 1976). 

There are many species of herbivorous fish that feed on aquatic weeds, thus 

converting them into valuable food. The Chinese grass carp, Ctenopharyngodon 

idellus and T~lapia feed voraciously on many aquatic weeds, including submerged 

weeds (Polprasert, 1996). 

The plants used for metal removal from solutions however cannot be used 

as feed, due to the high concentration of metals in their tissues. They can be 

harvested and used for the generation of biogas. Metal extraction of the residual 

sludge can be used to recover valuable metals like silver, gold and cadmium. 

The plants after wastewater treatment can be dried, ground and used as 

biosorbents instead of living systems in areas of high metal concentration, such as 

effluents of metal industries. Such metal removal systems are not subjected to 

metal toxicity limitations and there are no requirements for growth media and 



nutrients. It is also possible to recover the sorbed materials by elution using 

somon-desorption cycles. They are cost-effective when compared to ion 

exchange resins. 

The aquatic fauna such as daphnia, midge larvae, and brine shrimp can be 

used as fish food or as additives in pet food. Clams and fishes can be used for 

human consumption after a period of depuration not less than two weeks in clean 

water to eliminate most of the pathogens. A major problem regarding the 

consumption of fish raised on wastes is its public acceptability. Public education 

to wash, remove the intestines, cook the fish and clams well before consumption, 

will be a safe measure. As far as taste and texture are concerned, observations by 

various workers indicate that fish grown in well treated domestic wastes are equal 

or even superior in taste and odour to non-wastewater cultivated fish (Allen and 

Hepher, 1976). Raising carnivorous fish for human consumption using the 

herbivorous fish from waste fed ponds, as feed is another option, either directly or 

after incorporation in fishmeal. The biological value of protein in fishmeal is 74 - 
89 percent and hence suitable for feeding to pigs and poultry. 



Table 3. Conversion of Vascular Aquatic Plants to Useful Products 

Products 

Methane Gas 

Silver, Gold, Cadmium, 

Mercury, Lead etc. 

Metal Removal 

Methane Gas 

Agricultural Fertilizer 

(Bagged or Bulk) 

- 

Additive for Cattle, 

Swine and Poultry 

Feeds 

Protein Supplement 

Flour or Meal 

Cereal Ingredient 

Yard and Garden Mulch 

(Bagged or ~ u l k )  

Pollution Removal 
Applications 

Removal of Heavy 

Metals from Chemical 

and Industrial 

Wastewaters 

Removal of Nitrates and 

Phosphates from 

Domestic Sewage 

Harvested Plants - Processing Alternatives 

Anaerobic Fermentation - 
1 Metal 

Residual Sludge Extraction - 
Process 

Biosorbent for Industrial Effluents 
- - ,  

Anaerobic Fermentation - 
4 

Residual Sludg+ Dried using Methane _, 
Gas or Solar Energy 

Chopped and Dried Plant 

Material 

Animal Feed 
--+ 

Processing 

- 
Food 

Cornposted 
7 - . - -  
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2.0 REVIEW OF LITERATURE 

It is a universally acknowledged fact that water becomes a critical resource 

as the growing population demands more and various anthropogenic activities 

reduce its quantity and spoil its quality. Water pollution is a growing concern of 

communities globally and emphasis is being given on low cost eco-friendly 

wastewater treatment (Lowe, 1990). Wastewater treatment can be effectively 

carried out through biological processes involving the activity of organisms such 

as bacteria, algae, plants and animals. The environmental technologies are aimed 

at recycling and recovery of nutrients or pollutants in contrast with the early 

approach of treatment technologies (Olguin and Hernandez, 1998) 

The participation of an array of species in the water purification process, 

including higher animals and plants were established at an early date (Weston and 

Turner, 19 17). Natural systems in the developed areas of the world are primarily 

viewed as an economical meam of renovating wastewater, although Torrel(1978) 

proposed that food could be produced in enriched treated wastewaters. Duffer 

and Moyer (1978) reported that aquaculture technology could produce clean water 

cheaper than conventional waste treatment methods. The natural treatment 

methods include algal culture, rnacrophyte treatment systems and aquaculture. 

Evans and Williams (1975) referred to the luxury metabolism of algae like 

Chlorella, Scenedesmtcs and Chlamydomonas that are able to take up nitrogen and 

phosphorous when present in the medium in high concentrations. This 

phenomenon has obvious advantages in terms of sewage purification. The algal 

induced elevation of pH (due to utilisation of carbon dioxide in photosynthesis 

and shift in carbomtabicarbonate equilibrium and hydroxyl ion formation) has 



been used to bring about effective purification of sewage waste in an experimental 

system (Hemens and Mason, 1968; Hemens and Stander, 1969). Algae have been 

considered as key oxygenators and also as a useful source of protein (Kosaric et 

al. 1974). Algae in association with bacteria have been shown to play a vital role 

in the degradation of organic matter in sewage (Abbot, 1950). Studies by Patil, 

(1991) showed significant enhancement in pH and dissolved oxygen, while 

reduction in biochemical oxygen demand, phosphate and ammonia nitrogen were 

observed. The use of microalgal cultures has been proposed for biological 

secohdary or tertiary treatment of wastewater (Goldman, 1979; Shelef and Soeder, 

1980; de la Noue and Ni Eidhin, 1988 and Oswald, 1989). The alga Chara is an 

excellent nutrient absorber, improving water clarity in a eutrophic lake fiom one 

metre to about three metres (Denike and Geiger, 1974). 

Much of the attention focussed on aquatic plants has been directed towards 

their elimination fiom water bodies, sin@ dense stands of vegetation can impede 

navigation and threaten the balance of biota in aquatic systems. Literature 

abounds with papers reporting the detrimental effects of aquatic weeds on aquatic 

ecosystems (Joy, 1978; Bhaskar, 1976; McVea and Boyd, 1975; Gopal and 

Sharma, 198 1; Gupta, 1979; Majid, 1986; Reddy and Sacco, 1981). In the past 

years, there has been considerable emphasis on the use of aquatic plants in 

pollution control. Cornwell et a]. (1977) and Sheffield (1967) were among the 

first scientists to demonstrate the nutrient removal potential of aquatic plants. In 

the early 1960's NASA began actively researching into the use of aquatic plant 

systems for treatment of wastewater. Studies by Boyd (1970) showed that aquatic 

plants possess a tremendous capacity of absorbing or translocating nutrients and 



other substances from water, thus bringing down the pollution load 

(Tchobanoglous et al. 1979). Evolution has allowed different macrophytes to 

occupy various ecological niches, depending upon their ability to occupy water 

logged and oxygen stressed environments (Wood, 1990). Lagoons with floating 

plants such as water hyacinth have been investigated since the seventies (Boyd, 

1970) and are currently used in at largescale for the treatment of municipal 

wastewater. The constructed wetlands hith emergent plants such as reeds and 

bulrush have been studied and applied more recently (Olguin et al. 1998). 

It was shown as early as 1970 that water hyacinth has the capacity to 

remove nitrogen and phosphorous from secondary sewage treatment effluent pond 

(Steward, 1970). Since then a large number of trials all over the world showing 

the tremendous capacity of water hyacinth for the removal of a variety of waste 

constituents such as nutrients, suspended particles, organic matter and heavy 

metals (Cornwell, et al. 1977; Dinges, 1976 a; Wolverton and Mc Donald,1976. 

Boyd (1970) reported that upto 200 kgha nitrogen and 320 kgha of phosphorous 

could be removed by using water hyacinth. The ability of water hyacinth to treat 

industrial wastes was studied by John (1984); Mehrotra and Aowal (1982). 

Trivedy et a1.(1983) and Trivedy and Pattanshetty (2002) worked with dauy 

wastes. Trivedy and Khomane (1985) studied the removal of nutrients from 

distillery waste, textile mill waste and metal work waste by water hyacinth. 

The use of duckweeds (Lemnaceae) and other small aquatic plants in 

wastewater treatments has been tested because of various advantages such as high 

growth rates (Brix and Schierup, 1989; Korner and Vermaat, 1998; Lambers and 

Poorter, 1992), wider geographic range and ability to survive in cold climates. In 



principle, high nutrient removal efficiencies can be achieved due to rapid growth 

rates (Shiomi and Kitoh, 1987). Controlled duckweed culture contributes to water 

quality improvement by the direct plant uptake of organic and mineral matter, 

suppression of algal growth and by creating a habitat suited far the growth of 

zooplankton (Ehrlich, 1966 and Dinges, 1973). Duckweeds such as Lemna gibba 

have been utilised to treat municipal wastewater in Israel and a very high BOD 

removal (97 percent) has been reported (Oron and Porath, 1987). Taking into 

consideration the fact that duckweed may recover a high percentage of nitrogen 

fiom'wastewater and may accumulate a protein content as high as 40 percent, it 

has been utilised to recover nitrogen and phosphorous from anaerobic effluents 

from digested pig waste (Hernandez et al. 1997). Naskar et al. (1986) studied the 

yield of Wolfla arrhiza with different sewage concentrations and its efficacy as a 

carp feed. 

Azolla, a cosmopolitan fiee floating fern, owing t~ its nitrogen fix@ 

ability has k n  used for several decades as green manure in rice fields (Peters and 

Meeks, 1989). There is an increasing interest in its utilisation as a decontaminant 

plant in low-cost wastewater treatment systems because of its capability to remove 

nitrogen and phosphorous from the water (Shiomi and Kitoh, 1987; Schaarpenseel 

and Knuth, 1987) and efficient accumulation of heavy metaIs (Sela et al. 1989; 

Zhao and Duncan, 1999). Studies by Forni et al. (2001) advocate utilisation of 

the fern to remove nitrogenous compounds (mainly nitrate) from aquaculture 

wastewater. 

Salvinia, another member of ferns, has not been subject to extensive 

research until recently. SaZvinia molesta has been evaluated for u p m g  



effluent quality at the Maroochydore wastewater treatment facility in Queensland 

Pinges, 1982). Harvey and Fox (1973) revealed that Salvinia rotundifolia was 

rejected as a candidate species for nutrient removal fiom wastewater because it 

produced large amounts of detrital material and was found to have low 

digestibility value. Experiments by Olguin et al. (1998) revealed that 

bioaccumulation factors for cadmium were in the range of 2595-2932 for copper, 

2730-32 1 1 for lead and around 783-784 for chromium. Nitrogen and phosphorous 

removal capacity of Pistia stratiotes (water lettuce) on tropical freshwater ponds 

has been studied by Tripathi et al. (1991). 

Controlled culture of submerged vegetation for the improvement of quality 

of treated wastewater effluent is in an early experimental stage. Study utilising 

submerged aquatic vegetation for improvement of wastewater quality had been 

conducted at the Michigan State University (Bahr, et al. 1974, 1977). Culture 

basins contained Elodea canadensis, CeratophyZIum dernersum, Potamgenton 

foliosm and the epiphytic algae, Cladophora. Bahr et al. (1977) reported that 

after the system had been in operation for two years, the incoming nitrate level of 

15 mg/l was reduced to 0.01 mg/l and phosphorous was reduced fiom 4 mgA to 

about 0.03 mg/l during passage through the four basins. Serafy et al. (1988) and 

Killgore et al. (1989) have mentioned that Hydrilla helps in suppressing summer 

algal blooms and provides protection to small fauna seeking food and shelter from 

predators, by creating structural complexity in the water column. 

Studies on the utilisation of emergent plants grown ig artificial 

environments for treatment of wastewater commenced in the early 1950's at the 

Max Planck Institute in Germany. Seidel et al. (1978) evaluated over 200 species 



and selected two plants, Scripus lacustris (bulrush) and Phragmites communis 

(common reed) for artificial marsh systems. Spangler et al. (1976) performed 

experiments wing bulrush in artificial marsh for wastewater treatment and found 

that BODS reduction in the unit was 92 percent; COD was reduced by 44 percent 

and total phosphorous by 35 percent. In a study by Soto et al. (1999), presence of 

Scripus lacustris was responsible for 30 percent removal of total nitrogen, 20 

percent removal of total phosphorous and a 99 percent pathogen removaI. 

Investigations by Gersberg et al. (1986) showed that nitrogen removal efficiency 

of Scripus validus and Phragmites communis was greater than unvegetated beds. 

Similarly BOD removal was 5.3 and 22.2 mg/l for Scripus and Phragmites 

respectively, which is significantly lower than that for unvegetated beds 

(36.4mg). 

Engineering analyses have shown that in some locations, the cost of 

secondary and advanced domestic wastewater treatment can be reduced by 

utilising aquatic macrophyte based systems rather than conventional treatment 

methods (Reddy and De Busk, 1987). 

The presence of protozoa in biological used water treatment processes had 

been recognised, but only recently the significance of these organisms has begun 

to emerge. There is considerable amount of evidence in literature to show that 

protozoa in pure culture are able to flocculate particulate matter and bacteria. This 

can aid in both clarification of the effluent and the formation of sludge (Curds and 

Hawkes, 1975). Furthermore it is seen that when protozoa are not present in Ml- 

scale plants, the effluent obtained is turbid and of inferior quality (Curds and 

Cockbwn, 1970). The reduction of the numbers of bacteria fiom sewage to 



effluent following aerobic treatment was noted by Curds et al. (1968). The 

domin;eult types of protozoa found in these processes feed mainly on bacteria 

(Sandon, 1932) and the predatory activity could be responsible for bacterial 

removal. Protozoa are known to feed upon pathogenic bacteria, including those 

that cause diseases such as diphtheria, cholera, typhus and streptococcal infections 

as well as fecal bacteria such as E. Coli (Curds, 1975). 

Preliminary lab scale studies conducted at the University of Texas Medical 

Branch at Galveston, Texas (Songer et al. 1974; McShan et al. 1974 and Trieff et 

al. 1976) demonstrated that controlled brine shrimp culture was effective in the 

removal of undesirable bacteria and other suspended matter from domestic 

wastewaters. Pilot scale studies on the controlled culture of Artemia salina for 

clarification of industrial wastewaters have been conducted at the Dow chemical 

Texas Division facility at Freeport, Texas. Reduction in BOD and suspended 

solids was reported. Brine shrimp have been used in laboratory and pilot scale 

experiments in a two-step process where the brine shrimp were expected to clarifL 

the effluent from algal ponds, Removal of BOD and suspended solids averaged 89 

percent in the pilot scale shrimp tanks that were aerated and heated during winter 

months (Milligan et al. 1980). The environmental and management requirements 

for this shrimp culture may not permit cost-effective full-scale systems. The 

organism exhibited no significant accumulation of industrial waste chemicals. 

The fact that aquaculture technology can produce clean water cheaper than 

conventional waste treatment methods was studied by Duffer and Moyer (1978). 

Milligan et al. (1980) experimented on the sequential use of bacteria, algae and 

brine shrimp to treat industrial wastewaters at pilot plant scale. The combination 



of complementary filter feeders to control excessive suspended solids and 

nutrients in stabilization ponds has been tried by Smith (1993) and observed 99 

percent reduction of algal biomass. 

Loedolff (1964) evaluated the role of cladocera in a stabilization pond 

system in South Africa and reported that a significant reduction in turbidity was 

observed at times when cladoceran populations were high. Kryutchkova (1968) 

studied that stabilisation of polluted waters occurs by the conversion of unstable 

organic matter into zooplankton bodies and through the mineralization of organic 

matter. 

Mass Daphnia culture for the treatment of wastewater has been evaluated 

by Ehrlich (1966), Dinges (1972, 1973 and 1974) and Gram (1973). Three 

species, Daphnia pulex, Daphnia rnagna and Daphnia similis are best suited for 

controlled mass culture (Dinges, 1982). Scheithauer and Bick (1964) cultured 

Daphnia magna and Daphnia pula in a duck pond and in laboratory microcosms. 

It was estimated that the filtering rate of Daphnia varied fiom 140-300 ml per mg 

dry weight of Daphnia per day. 

Dinges (1973) noted that some stabilization ponds in Texas having high 

populations of Daphnia were macroscopically clear. A pilot scale pond having a 

capacity of 37.8 m3 was constructed at the wastewater treatment facility at Texas, 

to evaluate the feasibility of establishing and utilising controlled Daphnia culture 

for the removal of algae fiom stabilisation pond effluent (Dinges, 1982). Gram 

(1973) evaluated algal nutrient removal by Daphnia p u k  at the Las Vegas 

wastewater treatment system at calabashes, California. Heimbuch (1978), 



Uhlmann (1971) and Gordon (1977) also performed studies on Daphnia under 

laboratory conditions. 

Gellis and Clarke (1935) working on cladocera found that they needed 

particulate food and could possibly utilise colloidal particles and bacteria. 

Kawasaki et al. (1982) reported the aquacultural approaches to recycling 

of dissolved nutrients in secondarily treated domestic wastewater using 

Scenedesmus, Daphnia and Hypophthalmichthys. Kaur and Dhawan (1992) 

discussed the role of biological wastes in carp culture for recycling wastes, 

reducing pollution and for producing protein at a low cost. 

Donaszy (1974) stated that the efficiency of a fishery established for 

wastewater treatment might only be successll if fish production is a secondary 

objective. Hallock and Ziebell(1970) investigated the feasibility of establishing 

a sport fishery in activated sludge treatment plant effluent that has been passed 

through a sand and gravel filter. Trimberger (1972) reported upon the production 

of fathead minnows in stabilization ponds for use as forage for game fish. 

Coleman et al. (1974) evaluated the potential of fish production in wastewater 

stablization ponds at a treatment facility in Oklahoma City. 

Allen and Dennis (1974) cultured coho salmon (Onchorhynchus kisutch) 

and chinook salmon (Onchorhynchus tshowytscha) fiy and fingerlings in a 

mixture of stabilization pond effluent and seawater at Arcata, California. Dinges 

(1976 c) placed golden shiner minnows, fat head minnows and gold fish in the 

fourth and final cell of an experimental integrated wastewater treatment system at 

the Williamson creek wastewater treatment facility in Austin, Texas. 



Buck (1976) studied the Munich carp ponds where BODs of the inflowing 

wastewater was about 60 mg/l and effluent BODs ranged h m  2-6 mgil. 

Chambers (1978) evaluated the use of fish culture for algae removal in a 142 ha 

stabilisation pond serving the Exxon refinery complex at Texas. Tilapia, golden 

shiner minnows, fathead minnows and mullet were tested for TSS removal. 

Golden shiner minnows affected algal reduction over a period of one month. The 

extremely high reproductive rate of Tilapia, which is considered detrimental in the 

culture of these fishes for food, is an asset in wastewater treatment systems. 

Henderson (1976) described the feeding mechanisms of silver and big 

head carps. The gill rakers of silver carp form a spongy mass that enables them to 

remove particles as small as four microns in diameter from water. Buck et al. 

(1978) and Maddox et al. (1978) have investigated the feasibility of utilizing these 

two carps and other fish species in treating swine wastes. Chinese grass carp has 

been demonstrated to consume a variety of aquatic vegetation (Schuster, 1952; 

Cross, 1969; Blackburn and Sutton, 1971 ; Mitzner, 1978). Bailey (1978) reported 

that this species has high potential for use in integrated wastewater treatment 

systems for the controlled cropping of submersed vegetation and duckweed. 

Colt et al. (1979) suggest that the filter feeding sacramento blackfish is a 

potential species for use in wastewater treatment. Blackfish were grown for a 

brief period in an experimental high rate algal pond to remove nitrate from 

agricultural drainage waters (Brown, 1971). 

Heavy metals enter wastewater from a variety of sources including 

naturally occurring geological weathering of rocks and sediments, anthropogenic 

sources such as nmoff, landfill lactates, domestic wastewater, mining wastes and 



various industrial wastewaters, particularly fiom electroplating, electronic and, 

metal finishing industries (Sarah, et al. 1994). Metal containing effluents have 

unfavourable effects on wastewater treatment such as the inhibition of nitrification 

and interference in biological oxidation (Becker, 1983), lowering the rate of 

biodegradation to complete cessation of the process (Jain et al. 1992). Methods 

such as chemical precipitation and reverse osmosis for removal of metal ions from 

solutions result in incomplete removal, has high reagent or energy requirements 

and generate toxic sludges which are difficult to dewater (Kapoor and 

Viraraghavan, 1998). 

Researchers have been looking for cheaper, more efficient methods to 

remediate metal contaminated waters and reduce the growing public health risk 

(Runnels et al. 1992). Bioremediation has emerged as a technology for 

accum'ulation of metals by use of liviog organisms (Tiemann et al. 2000). 

Biological systems have proven to be quite e@k$ive at removing metal ions fiom 

contaminated solutions in a low cost and environmentally fiiendly manner (Atlas, 

1995). Utilisation of aquatic plants for removal or recovery of metals from 

wastewaters has been studied by several authors (Wolverton et al. 1976, O'Keeffe 

and Hardy, 1984, Murarnoto and Oki, 1983, Panda, 1996). The efficiency of 

metal removal by different plants depends on pattern of uptake by individual plant 

and also their tolerance to each metal (Santra et al. 2001). Plants such as 

Eichhornia crassipes, Hydrocotyle urnbellata, kmna minor, Scirpus lacustris, 

Phragmites karka, Bacopa monnieri and Azolla pinnata are effective in removing 

metals from aquatic systems (Chandra et al. 1997). Studies by Farango and 

Parsons (1985) demonstrated that water hyacinth can remove platinum from a 



trade effluent and the possibility of large-scale use has been discussed. 

Considerable work on metal contaminated waste effluents has been carried out for 

the removal of copper (Sutton et al. 1971), cadmium and nickel (Wolverton, 1975 

a), silver, cobalt, strontium (Wolverton and Mc Donald, 1975 b) mercury and lead 

(Wolverton and Mc Donald, 1975 c), by water hyacinth. Zhao and Duncan (1999) 

studied the batch removal of chromium by Azolla filiculoides. Zayed (1998) 

observed that Lemna minor showed promise for the removal of cadmium, 

selenium and copper from contaminated wastewater since it accumulates high 

concentrations of these elements. Lemna minor has been reported to remove 

chromium and copper in laboratory conditions upto 1 mgA (Abdel Wahaab et al. 

1995). 

The aquatic flora and fauna used for wastewater treatment can be 

harvested for a multitude of uses. The high productivity of aquatic plants makes 

economic and possible environmental gains from their utilisation impressive 

(Gopal and Sharma, 1979). These plants can be used as animal feed (Baldwin, et 

al. 1974), fish food (Sutton, 1974; Opuszynski, 1972), manufacture of paper 

Morton, 1975), compost and soil conditioner, mulch in coconut and cocoa groves 

(Menon, 197 l), biofertiliser (Azolla), biogas (Jogalekar and Sonar, 1986; Abbasi 

and Nipaney, 1983), as a source of protein for animal and human consumption 

(Sharma, 1971; Nayar and M a d h d a n ,  1979) and carotene (Tngole and 

Bhole, 2001). The medicinal value of some aquatic weeds have been also been 

reported. The potential of water hyacinth to cure goitre has been investigated 

(Anonymous, 1974). Its flowers have been used in skin diseases and as an 

antimicrobial agent (Agarwal, 1997). Pistia has been used as a cure for wounds, 



skin diseases, coughs and asthma. Lemm has uses in hormone therapy. 

Rootstocks of Lagenandra are poisonous (Gupta, 1979), yet medicinal uses have 

been reported (Agarwal, 1997). A@riophyllzun is also used in medicines. 

Ceratophyllm is used in scorpion stings and biliousness and its extract is 

antimicrobial (Agarwal, 1997). 

The plants used for metal remediation needs effective disposal. They can 

be dried, ashed or composted. The plant residues may be recycled as a source of 

metal. Plants containing valuable metals like copper and nickel can be burnt and 

the metals recovered from the residue (Wolverton, et al. 1976). Plants that 

concentrate mundane metals such as lead could be dried and buried in protected 

vaults. 

The harvested fauna also has several uses including fish feed, human and 

livestock food. Wastewater grown Daphnia pulex, on a dry weight basis was 

found to contain 65.3 percent protein, 18.6 percent fat and 16 percent ash (Dinges, 

1973). Harvested Daphnia could either be frozen or fed directly to fish. It can 

also be employed as protein additive in pet and livestock foods. Brine shrimp (dry 

or frozen) and midge fly larvae have good potential as they are in demand as 

staple fish food. Clams are harvested and used for human consumption (Sinclair 

and Isom, 1963). Fishes from wastewater aquaculture systems can be used &r a 

depuration period of several weeks for pathogen control. Buras et al. (1987) 

experimentally found the critical concentration of standard plate count bacteria to 

be 5 x104 per ml. Bacterial concentrations higher than this werc found to cause 

their appearance in the meat of fish reared in the ponds. 



In general, natural systems are very effective in removing potentially 

harmfbl chemicals and biological agents, including viruses (Anonymous, 1979). 

Natural treatment systems utilizing wastewater input are considered as being 

valuable for recycling nutrients and organic to produce food, fuel and fertilizer in 

developing nations (Eusebio et al. 1976; Anonymous, 1977, Mc Garry, 1978 and 

U S  National Academy of Sciences, 1979). 

Health implication related to various types of natural treatment systems 

have been addressed by several investigators (Bryan, 1974; Carpenter et al. 1974; 

Kerf'oot and Jacobs, 1974; Kerf'oot and Redmann, 1974; and Stanford and 

Tuburan, 1974). 

Aside fiom technology and economics, resistance to implementation of 

natural wastewater treatment systems may be expected because some of the 

concepts are new (Eichbaum, 1976). Economic considerations of various natural 

treatment systems have been discussed by Henderson and Wert (1976) and 

Tchobanoglous, et al. (1 979). 
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3.0 MATERIAL AND METHODS 

Aquatic macrophytes with potential for wastewater treatment and aquatic 

fauna with filter feeding /omnivorous habits including protomans, crustaceans and 

pisces were selected for treatment studies. Experimental studies were conducted 

in the laboratory to evaluate the pollutant abatement capacity of the selected flora 

and fauna. Experimental and control sets were maintained for a fmed period with 

different stocking rates of test species in selected concentrations of wastewater. 

Three replicates were maintained for each experiment. Physico-chemical and 

bacteriological parameters of the experimental water samples were carried out at 

pre-experimental and post-experimental stage. The relationship between biomass 

of test species and rate of removal of significant water quality parameters were 

studied and statistical interpretations were made. 

3.1 ANALYSIS OF PHYSICO-CHEMICAL AND BACTERIOLOGICAL 

PARAMETERS 

The water samples fiom the experimental and control sets were subjected 

to physico-chemical and bacteriological analysis as per APHA (1995), 

Manivasakam (1996), Trivedy and Goel (1984) and Abbassi (1998). 

Samples for physico-chemical parameters were collected in polythene 

bottles. The bottles were thoroughly cleaned, followed by repeated washing with 

distilled water. The containers were r i d  thrice with the sample before 

collection. For bacteriological examination, glass bottles, previously sterilised at 

120°C under 15 lb pressure for 15 minutes in an autoclave were used. 



The water samples for metal analysis were filtered through Whatman No. 

1 filter paper, collected in acid washed bottled and presemed immediately by 

acidifjlng with concentrated HNo3 to pH < 2. 

The samples were analysed as quickly as possible and if immediate 

analysis was not done, they were stored under refrigeration. Different methods of 

preservation of samples, which vary in terms of physical conditions, nature and 

concentration of chemicals was followed as per Table 4. The instruments and 

analytical methods followed are given in Table 5. 

Table 4. Methods of Preservation of Water Samples 

Maximum 
Storage Time . 
Measured 
immediately 
2 hours 
28 days 
Immediately 
titrated 

6 hours 

, says 

6 months 
As soon as 
possible 

48 hours 
28 days 
28 days 

Preservation Methods 

- 
- 
Refrigeration 
Titration can be delayed, 
after acidification for a 
maximum of 8 hours 
Refrigeration at 4 ' ~  

Add H2so4 to pH < 2 and 
refiigef8te 

AddHN03topH<2 
Refrigeration 

Refrigeration 
Refrigeration 
AddHN@topH<2 

No 

1 

2 
3 
4 

5 

6 

7 
8 

9 
10 
11 
12 - 

Parameters 

Temperature 

pH 
Electrical Conductivity (EC) 
Dissolved Oxygen (DO) 

Biological Oxygen Demand (BOD) 

Chemical Oxygen Demand (COD) 

Hardness 
Nitrate - Nitrogen (NO3 - N) 

Phosphate - Phosphorus (PO4 - P) 
Sulphate (S04) 
Calcium (Ca) 
Magnesium (Mg) 

13 

14 

Metals 
filter immediately, add HNos 
t o p H ~ 2  

Total coliforms, Fecal coliforms Refigeration Maximum 6 
and E. coli hours 



Table 5 Instruments and Analytical Methods followed for Water Analysis 

Unit 
"C 
- 

p mhodcm 

m@ 

m d  

m@ 

m a  

mg~l 

m@ 

m@ 

mg/l 

m d  

MPN1100 
ml 

- 

- 

Instrument and Model 
Mercwy Thermometer 
pH Meter (Systronics 
335) 
Conductivity Meter 
(Elico 180) 

- 

- 

- 
- 

Titration 
W-Visible 
Spectrophotometer 
(Hitachi 220) 
W-Visible 
Spectrophotometer 
(Hitachi 220) 
Digital Nepheloturbidity 
meter (Systronics 132) 

- 
- 

Atomic Absorption 
Spectrophotometer (Elico 
173) 

- 

- 

- 

Methods 
Thermometery 
Electrometry 

Electrometry 

Filtration 

Winkler's Azide 
Modification 
Winkler's Azide 
Modification 
Dichromate reflux 
method (Titrimetry) 
EDTA Titrimetry 
Photometry 

Stannous Chloride 
Method 

Turbidimetry 

EDTA Titrimetry 
EDTA Titrimetry 
(Mg by calculation) 
Atomic Absorption 

Multiple Tube 
Fermentation 
Technique 
Multiple Tube 
Fermentation 
Technique 
Indole Test 

No 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

1 1 

12 
13 

14 

15 

16 

17 

Parameters 
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3.1.1 Physical and Chemical Parameters 

Temperature 

Water temperature is the amount of heat contained in water. One of the 

biologically important temperature effects is the decrease in oxygen solubility 

with increasing temperature. Other important processes, such as biological 

growth rates, rates of chemical and biological reactions and the solubility of 

particulate compounds are also affected by temperature. 

Method . 

Thermometry 

Procedure 

Temperature readings were taken with mercury filled celsius thermometer 

of 0-50 OC with a scale marked for O.l°C. 

PH 

pH is the concentration of hydrogen ions in water and measures the 

intensity of acidity or alkalinity. pH is an important water quality parameter of 

both natural and wastewater since the range suitable for chemical and biological 

reactions as well as life is quite narrow md critical. pH by itself is not a 

contaminant but is important as a characterisation parameter, since it may reveal 

contamination. Wastewater with an adverse concentration of hydrogen ions is 

difficult to treat by biological means and if the concentration is not altered before 

discharge it may alter the pH of receiving waters. High pH values hasten scale 

formation, reduce germicidal potential of chlorine and induce the formation of 

trihalomethanes which are toxic. pH below 6.5 starts corrosion in pipes, thereby 

releasing toxic metals such as zinc, lead, cadmium and copper. 



Method 

Potentiometry using digital pH Meter 

procedure 

pH meter was standardised using standard buffer solution of pH 4 and 9. 

The pH value of the samples was then measured directly by immersing the 

electrode in the sample. 

Electrical Conductivity 

Conductivity is the measure of the capacity of a substance or solution to 

conduct electric current. It is the reciprocal of resistance. Conductivity is a good 

and rapid measure of the total dissolved solids. The presence of salts and 

contamination with wastewater increases the conductivity of water and is 

therefore indicative of pollution. Conductivity is highly dependent on temperature. 

It can be used to evaluate variations in dissolved mineral concentration of raw 

waterlwastewater and consequently in controlling water treatment processes. 

Method 

Conductometry, using digital conductivity meter 

Procedure 

After proper washing of the cell with distilled water, the conductivity cell 

was dipped into the sample and reading was recorded. 

Total Suspended Solids 

Total suspended solids gives a measure of the amount of particulate 

material, both organic and inorganic, present in water. Suspended solids include 

both organic matter, such as various microorganisms, algae, plant material and 



inorganic material including sand, silt and clay particles. Polluted waters are 

commonly turbid and improvement is marked by greater clarity. 

Method 

Filtration 

Principle 

Total suspended solids are the retained material on a standard glass fibre filter 

paper after filtration of a well-mixed sample of water or wastewater. 

Procedure 

100 ml of a well-mixed sample was filtered through a weighed standard 

glass fibre filter paper under vacuum. The residue retained on the filter was dried 

to a constant weight at 103-105' C. The increase in the weight of the filter 

represents the total suspended solids. 

Calculation 

Total suspended solids (mgll) = (A-B) x 1000 

Sample volume (ml) 

Where A= Weight of filter + dried residue 

B = Weight of filter 

Dissolved Oxygen 

Dissolved oxygen is one of the most important parameters in water quality 

assessment as its presence is essential to maintain the higher forms of life and the 

effeets of waste discharge in a water body are largely determined by the oxygen 

balance of the system. Oxygen can be rapidly removed from the waters by 

discharge of the oxygen demanding wastes. The chemical and biochemical 

processes in a water body a .  largely dependent upon the presence of oxygen. 



Low oxygen concentrations are generally associated with heavy contamination by 

organic matter. 

Low oxygen in water can kill fish and other organisms present in water. 

Organisms have specific requirement for oxygen - game fish need at least 5 mg/l 

and coarse fish about 2 mg/l of dissolved oxygen. 

Method 

Winkler method with Azide modification 

Principle . 

When manganous sulphate is added to the sample containing alkaline 

potassium iodide, manganous hydroxide is formed, which is oxidised by the 

dissolved oxygen of the sample to basic manganic oxide. On addition of sulphuric 

acid, the manganic oxide liberates iodine equivalent to that of dissolved oxygen 

origmlly present in the sample. The liberated iodine is titrated with a standard 

solution of sodium thiosulphate using starch as indicator. 

The presence of certain oxidising and reducing materials may effectively 

interfere with the determination of oxygen by converting iodide ions to iodine or 

vice-versa. The azide modification removes the interference of such substances, 

especially nitrite, which is destroyed by sodium azide. 

Reagents 

Mangmous sulphate 

Alkali -iodide azide 

Conc. sulphuric acid 

Starch indicator 

Standard sodium thiosulphate 



Procedure 

Sample was taken in a BOD bottle without bubbling or trapping of air. 2 

ml of mauganous sulphate followed by 2 ml of azide was added well below the 

surface through the walls. The brown precipitate &tained was allowed to settle 

and 2 ml of concentrated sulphuric acid was added and shaken well to dissolve the 

precipitate. The sample was then immediately titrated against sodium thiosulphate 

using starch as indicator. Disappearance of the initial dark blue colou. indicates 

the endpoint. 

(ml x Normality) of Sodium thiosulphate 
DO, mg/l = x 8 x 1000 

Volume of sample m e n  

Biochemical Oxygen Demand 

Biochemical Oxygen Demand refers to the quantity of oxygen required by 

bacteria and other microorganisms in the biochemical degradation and 

transformation of organic matter under aerobic conditions. BOD approximates the 

amount of oxidisable organic matter present in the solution and the BOD value 

can be used as a measure of waste strength. It is highly important to know the 

amount of organic matter present in the waste treatment system in process 

designing and loading calculations a well as the measure of treatment plant 

efficiency and operation. BOD is a test of great value in the analysis of sewage, 

industrial effluents and grossly polluted waters. It is also usefbl in stream 

pollution control management and in evaluating the self-purifcation capacities of 

streams. 

Reagents 

Phosphate buffer 



Magnesium sulphate 

Calcium chloride 

Ferric chloride 

Manganous sulphate 

Alkali -iodide azide 

Conc. sulphuric acid 

Starch indicator 

. standard sodium thiosulphate 

Principle 

The basic principle underlying the BOD determination is the measurement 

of the dissolved oxygen content of the sample before and after five days of 

incubation at 20 O C. 

Procedure 

Samples in duplicate were diluted with dilution water. One set of sample 

dilutions and dilution water was used to find out the initial DO content. The other 

set of sample dilutions and dilution water were kept in the BOD incubator at 

20 OC in the dark for 5 days and BOD content was determined. 

Calculation 
D1-D2 

BOD,mg/l = - 
P 

Dl = DO of diluted sample before incubation 

D2 = DO of diluted sample after incubation 

P = Decimal fiaction of sample used 



Chemical Oxygen Demand 

Chemical Oxygen Demand is a measure of the oxygen equivalent of that 

portion of the organic matter in a sample that is susceptible to oxidation by a 

strong chemical oxidant. COD test is widely employed as a means of measuring 

the pollution strength of domestic and industrial waters, as the result can be 

obtained within three hours, while a BODS takes at least five days. COD 

determinations are of great importance where BOD values cannot be determined 

accurately due to the presence of toxins and other such unfavourable conditions 

for *owth of microorganisms. COD values are taken as basis for calculation of 

the efficiency of the treatment plants and also figure in the standards for 

discharging industrial /domestic effluents in various kinds of waters. 

Method 

Dichromate reflux 

Principle 

A boiling mixture of chromic and sulphuric acid destroys most types of 

organic matter. A sample is refluxed with known amounts of potassium 

dichromate and sulphuric acid. The unreacted dichromate is back titrated with a 

standard solution of ferrous ammonium sulphate. The amount of oxidisable 

organic matter, measured as oxygen equivalent, is proportional to the potassium 

dichromate consumed 

Reagents 

Standard potassium dichromate 

Silver sulphate - sulphuric acid 

Fenous ammonium sulphate (0.1 N) 



Mercuric sulphate 

Fenoin indicator 

Procedure 

20 mi of the sample was taken in a 500 ml refluxing flask. 1 grn mercuric 

sulphate, antibumping granules and 30 ml of sulphuric acid were added. The flask 

was attached to the condensor and refluxed for 2 hours. The excess potassium 

dichromate was titrated with ferrous ammonium sulphate &r cooling using 

fenoin indicator. A blank was also refluxed and titrated in the same manner. 

Calculation 

COD, as mg02/l = (A - B) x N x 1000 x 8 
Volume of sample (ml) 

A= ml ferrous ammonium sulphate used for blank 

B = ml ferrous ammonium sulphate used for sample 

N = normality of fenous ammonium sulphate 

Nitrate - Nitrogen 

Nitrate nitrogen is the most highly oxidised fonn of nitrogen found in 

wastewaters. The most important sources of nitrate are the biological oxidation of 

organic nitrogenous substances which come in sewage and industrial wastes or 

produced indigenously in waters. Runoff fkom agricultural fields is also high in 

nitrate. Nitrate is also the key nutrient after phosphate in accelerating 

eutrophication. Groundwaters have simcant quantities of nitrates due to 

leachmg with the percolating water, contamination by sewage and other wastes 

rich in nitrates. High amount of nitrates are generally indicative of pollution. In 



waste treatment systems, high nitrate values denote the aerobic conditions and 

stability of the wastes. 

Cadmium reduction method 

Principle 

Nitrate is quantitatively reduced to nitrite while passing through a column 

containing amalgamated cadmium filings. The nitrite thus produced is determined 

by diamtising with sulphanilamide and coupling with N (1- naphthyl) ethylene 

diamine to form a highly coloured am dye that is measured calorimetrically. 

Reagents 

Ammonium chloride solution 

Amalgamated cadmiun filings 

sulphanilamide reagent 

N (1- naphthyl ) ethylene diamine 

Hydrochloric acid 

Standard nitrate solution 

Procedure 

90 ml of sample was taken and 2 ml of concentrated ammonium chloride 

was added and passed through the cadmium column. The first 30 ml was 

discarded and remaining 50 ml of the reduced sample was collected. 1 ml of 

sulphanilamide was added followed by lml of N (1- naphthyl) ethylene diamine 

after two minutes. The colour developed was measured at 543 nm using 

spectrophotometer. 



Phosphate-Phosphorus 

Phosphate is a critical nutrient that leads to the process of eutrophication. 

The major sources of phosphate are domestic sewage, agricultural effluents with 

fdlisers and industrial wastewaters. Phosphate is a major element of domestic 

wastewater due to the utilisation of synthetic detergents. Higher concentration of 

phosphorous is therefore indicative of pollution. Phosphorous occurs in natural 

and wastewaters in the form of various phosphates. 

Method 

Stannous chloride method 

Principle 

Ammonium molybdate reacts with phosphate to form molybdophosphoric 

acid, which is reduced to blue coloured complex 'molybdenum blue' by the 

addition of stannous chloride. 

Reagents 

Ammonium molybdate 

Stannous chloride 

Standard phosphate solution 

Procedure 

50 ml of the sample was taken and 2 ml of ammonium molybdate solution 

and 5 drops of stannous chloride were added. The intensity of colour was 

measured using a spectrophotometer at 690 nm wavelength, after ten minutes, but 

before twelve minutes. 



Hardness 

Hardness is the capacity of water for reducing and destroying the lather of 

soap and increasing the boiling point of water. Hardness in water is due to the 

- . natural accumulation of salts from contact with soil and geologic formations or it 

may enter fiom pollution by industrial effluents. Calcium and magnesium are 

principal cations causing hardness. Total hardness indicates the concentration of 

calcium and magnesium ions only because these are present in higher 

concentrations over other cations. 

Method 

EDTA titrimetry 

Principle 

In alkaline condition (pH about lo), EDTA reacts with calcium and 

magnesium ions to form a soluble chelated complex. Calcium and magnesium 

ions develop wine red colour with Eriochrome Black T under alkaline conditions. 

When EDTA is added as a titrant, calcium and magnesium divalent ions get 

complexed resulting in a sharp change from wine red to blue, which indicates end 

point of the titration. 

Reagents 

Standard EDTA solution (0.0 1 M) 

Ammonium chloride ~mmonium hydroxide buffer 

Eriochrome Black T indicator 

Standard Calcium solution 



Procedure 

50 ml of sample was taken and 2 ml of ammonia buffer and a pinch of 

Eriochrome Black T was added and titrated against 0.01 M EDTA until wine red 

colour changed to blue. 

Calculation 

Total Hardness, V x M x Quivalent weight of CaCa 1000 (mg/l)asCaCO~ = 
Volume (ml) of sample taken 

V = Volume of EDTA (ml); M = Molarity of EDTA 

Calcium 

Calcium is an important macronutrient in aquatic environment and is 

needed especially in large quantities by molluscs and vertebrates. The presence of 

calcium in water is mainly due to its passage through or over deposits of 

limestone, dolomite, gypsum and other gypsiferous materials. Disposal of sewage 

and industrial wastes are also important sources of calcium. Concentration of 

calcium is reduced at a higher pH due to its precipitation as CaC03. The 

importance of calcium lies in its disadvantages in household and industrial uses. 

High concentrations are not desirable in washing, and bathing owing to its 

suppression of lather formation with soap. Scale formation in boilers takes place 

by high calcium along with magnesium. 

Method 

EDTA titrimetric method 

Principle 

The pH of the sample is made sufficiently high (12-13) to precipitate 

magnesium as hydroxide and calcium ions that remain are allowed to react with 



EDTA in the presence of murexide indicator. Change from pink to purple colour 

indicates the endpoint of the reaction. 

Procedure 

50 rnl of the sample was taken and 2 ml of sodium hydroxide and 0.1-0.2 g 

of indicator was added and titrated immediately with 0.01 hl EDTA to proper end 

point. 

Calculation 

V x M x Equivalent weight of Cam3 
CaH (rng/l)'as CaC03 = x 1000 

Volume (ml) of sample taken 

Ca =CaHx0.4 

Magnesium 

The principal sources in the natural waters are various kinds of rocks. 

Sewage and industrial wastes are also important contributors of magnesium. 

Magnesium adds to the hardness of waters and with calcium poses the problem of 

scale formation in the boilers. 

Method 

Magnesium by calculation. 

Magnesium may be calculated as the difference between total hardness and 

calcium hardness. 

Calculation 

MgH mg/l = Total hardness - Calcium hardness 

Mg as C a C a  = Magnesium hardness x 0.243 



3.1.2 Analysis of Metails 

Zinc 

Zinc is one of the commonest elements in the earth's crust. It is a very 

- .-, I*. .essential micronutrient, needed for protein synthesis, normal cell differentiation 

and growth in both plants and animals. However it can be toxic in excess. A 

munber of enzymes including alkaline phosphatase, aldolase alcohol 

dehydrogenase, carboxypeptidase and lactic dehydrogenase are zinc dependent. 

Some zinc is released inb the envimtlgje~t by natural processes, but most 

comes fiom anthropogenic activities such as mining, galvanising, paint, pigments, 

printing, fertilisers, brass alloy manufiwturing, pharmaceuticals, insecticides, 

cosmetics, municipal waste etc. This discharge increases its concentration in 

appreciable mounts in the waters (Trivedy and Goel, 1984). 

Manganese 

Manganese occurs as an oxide in minerals (pyrolusite, manganite). 

Manganese is needed in trace amounts by living organisms. It activates many 

enzymatic reactions associated with the metabolism of organic acids, 

carbohydrates, nitrogen and phosphorous. The element is involved in the 

photosynthesis of plants. (Mukhopadhyay and Sharma, 1991). Manganese finds 

applications in ceramic, dry batteries, matches, glasses, steel alloys such as 

fmomanganese and copper maqpese.  Thc acetate, borate, oleate andcarbonate 

salts find use as dryrng compounds in varnishes, oils and mordant in dyeing. 

Iron 

Iron is one of the most abundant elements, and all kinds of waters, 

including groundwater have appreciable quantities of iron. Iron exists in both 



ferrous and ferric forms. In addition to the natural sources of iron, its use in 

fertilisers, textile mills, tanneries, iron and steel industries, corrosion of pipes ru~d 

pumps can &so bcrexgx i@ concentration in distribution systems. Iron is essential 

for the formation of an iron porphyrin complex which issquired for chlorophyll 

synthesis (Basiouny et a1.1977). The rate of photosynthesis is lowered in iron 

deficiency (Mohapatra and Rengarajan ,2000). 

Iron is consided as a nuisance in excessive quantities. Iron in excess of 

0.3 mgll causes staining of clothes and utensils. Higher concentration of iron.is 

also not suitable for processing of food, beverages, ice, dyeing, bleaching and 

other uses. Iron in higher concentrations may also cause vomiting. High 

concentration of iron in waters produces yellow flocculent mass of ferric 

hydroxide that is acidic and makes the water deficient in oxygen, causing fish 

kills. 

Chromium 

Chromium is primarily used in electroplating industry, as a component of 

alloy metal. Chrome tanning, wood ,preservative, explosives, ceramics, dyes, 

paints and paper industry. It is also used as a corrosion inhibitor, in fertilisers, 

rubber goods and petrochemicals. Municipal wastes contain considerabIe amounts 

of chromium (Mohapatra and Rengarajan, 2000). 

Coaper 

Copper is an essential component of many enzymes. It is used with 

dpWe tw rr pesticide, algicide and hgicide, as a fertiliser, in motor vehicle, 

aircrsft plating finishmg and petroleum refining. Other uses are in coolant water 



discharp, corrosion of pipelines, municipal dramage, pulp and paper board mills 

(Mohapatra and Rengarajan, 2000). 

Procedure 

Metals were analysed imqeately or acidified as per Standard Methods 

(APHA, 1995). Metal concentration of the metals was determined using Atomic 

Absorption Spectrophotometer. 

3.1.3 Bacteriological Parameters 

Sample Collection 

The grab samples were collected in presterilized bottles. The pre-sterilized 

sampling bottle was lowered in the water column. The bottle was opened under 

water, filled up to X ' of its capacity and closed under water. The samples were 

preserved immediately at 4 ' ~  is an icebox, transported to the laboratory and 

analyzed within 24 hours. 

Principle 

Multiple tube fermentation technique was used for the enumeration of 

microor&anisms and biochemical tests were used to detect the various groups such 

as coliforms, fecal coliforms and E,coli. 

Reagents 

Buffered dilution water 

Mac Conkey Broth 

Brilliant Green Lactose Bile Broth (BGLB) 

Peptone water 

Kovac's (Indole) Reagent 

Phosphate buffer 



Procedure 

I .  Test for Total Coliforms 

Presumptive Test 

Mac Conkey Broth of. single and double strength were prepared in tubes 

containing inverted Durham's tubes, sterilized in an autoclave at 15 lb pressure for 

15 minutes without any air bubbles. If the water was highly contaminated, the 

sample was serially diluted 1000 times (up to 0.001 ml dilution) using phosphate 

buffer solution. 10 ml and above volume of sample was inoculated in double 

strength and 1 ml and its below was inoculated into single strength medium and 

incubated at 3 7 0 ~  for 48 hours. The colour change and gas formation indicates 

the positive presumptive test. 

Confirmatory Test 

The medium used for confhned test was BGLB Broth. The required broth 

was distributed in tubes containing Durham's tubes and sterilized. One or two 

loop I 1 1  of positive cultures from positive presumptive tube was inoculated into 

the BGLB tubes and incubated at 37 OC for 48 hours. The formation of gas in the 

Durham's tubes of BGLB tube at any time within 48 + 2 hours indicated a 

positive conf i t ion .  

II. Test for Fecal Coli,forms 

This procedure was adopted to differentiate coliforms of fecal origin from 

those of n o n - f d  origin. Fecal coliforms are those coliforms which can ferment 

lactasese a t  44.9~ within 24k 2 hours with the production of acid and gas in 

Brilliant Green Lactose Bile Broth cultures. 



All the presumptive positive tubes of the coliform test were sub-cultured at 

the end of 24 - 48 hours into BGLB Broth and incubated at 44.5% for 24 hours in 

an incubator. Gas formation within 24 hours indicated a positive reaction for fecal 

coliforms. 

IIL Rapid Test for E.coli 

The positive tubes of BGLB Broth (fecal coliforms) were sub-cultured in 

tubes of peptone water. The required peptone water medium was prepared and 

distributed in test tubes and sterilized. The inoculated tubes were incubated at 

44.5 OC for 242 2 hours. After incubation, the test for indole production was 

conducted by adding few drops of Kovac's Reagent. 

A pinkish red coloured ring indicated a positive test, while yellow colour 

indicated a negative reaction. 

Based on the number of positive tubes at each dilution, the most probable 

number (MPN) i.e., colifonn bacteria per 100 ml of the sample were calculated 

referring to the standard probability table. In case of unlikely combinations, the 

following formula was used to calculate MPN/lOOml. 

No. of positive tubes x 100 
MPN/lOOml= 

4 ml sample in negative tubes x ml sample in all tubes 

3.2 SELECTION OF TEST SPECIES 

The aquatic fauna for experimental studies were selected based on the 

following criteria; 

Availability of species 

4 Resistance to handling and tramport 



Ability to survive in wastewaters 

Species which can be cultured on a large scale 

+ Species with filter-f~ornnivorous/ detritivorous habit. 

Aquatic flora were selected based on the following criteria: 

Rapid growth rate 

Hardiness 

Ease of harvest 

Useful products on harvesting 

+ High mineral absorption ability 

Low in water content 

+ Non toxicity to animals 

3.3 COLLECTION OF TEST SPECIES 

1. Aquatic Macrophytes 

Aquatic plants were collected from local ponds and acclimatised in 

laboratory conditions. They were identified as per Gupta (1979). 

2. Invertebrates 

Paramecium and Daphnia were collected from local ponds and cultured in 

laboratory conditions. They were identified as per Davis (1955) and Kotpal 

(1972). 



3. Fishes 

Healthy fish fingerlings of test fishes ranging in size from 3.5-5 cm were 

collected from Ullalam Fish FadDprtment of state fisheries, Kerala. They 

were identified as per Day (1 878). 

3.4 CULTURE OF TEST SPECIES 

1. Paramecium Culture 

Paramecium was cultured by the hay infusion method for ciliates. First 1 

litre of pond water or tap water was boiled and a handful of hay (Size one inch 

length and 8-10 numbers in 100 ml of water) was added to it. This was allowed to 

boil for an additional 10 minutes. The mixture was cooled and allowed to stand 

for 2 days before inoculating it with Paramecium. 

2. Daphnia Culture 

Daphnia were obtained by field collection from the nearby ponds. One of 

the simplest culture media used for rearing Daphnia is the manure-soil medium 

developed by Banta and modified by Anderson (1944), by supplementing it 

periodically with yeast. 

The medium was made by mixing 5 g dried sheep manure, 25 g garden 

soil or sandy mud, and 1 litre pond or tap water. This mixture was allowed to 

stand for 2 days at room temperature and then strained through bolting cloth with 

mesh openings of approximately 0.15 mm. Durrng straining, some of the finer 

soil particles also pass through the cloth. The filtrate was set aside for a week or 

more and the residue discarded. To make the final medium, one part filtrate was 

mixed with 6-8 parts pond or dechlorinated tap water. The original filtrate may be 

kept indefinitely before the fiaal medium is made. 



The final medim could be used for individual or mass culturing. For 

individual rearing, 100 ml medium was dispensed into 125 ml wide mouth glass 

vessels and inoculated with one Daphnia per bottle. A day after inoculation, lml 

of a suspension containing lmg active dry yeast in water was added to each bottle 

on alternate days. This provided the optimum quantity of yeast for maximum 

reproduction. Water was added from time to time to replace that lost by 

evaporation and in removal of young ones. To retard evaporation, the vessels 

were covered with a perforated cover to permit diffusion of air. 

3.5 ACCLIMATION OF TEST SPECIES 

Test species for an experiment were obtained from a common source and 

at one time. Healthy neonates of Daphnia were selected. In the case of fish, 

uniformly sized fingerlings, with the largest individual not more than 50 percent 

longer than the shortest were selected. Care was taken to ensure that the 

organisms were not damaged during collection, transfer and transporting process. 

The characteristics of water such as pH, temperature, dissolved oxygen 

and quantity of water required by the organisms was confirmed. The organisms 

were held in stocking tanks and observed for two days for any sign of distress or 

disease thus allowing them a period of acclimation to laboratory conditions (Plate 

1). Dead and &n~& Wviduals were immediately removed. The organisms 

were fed with pellet f d  during this period. The tanks were covered to prevent 

the organisms fiom jumping out. 

The tanks and nets were cleaned thoroughly and water changed twice a 

week Uneaten food that collected on the bottom was removed within 24 hours. 





While handling, care was taken to prevent mechanical injury to the organisms. 

The test organisms were ensured to be in healthy condition before the experiment. 

Aquatic plants were also acclimated by keeping them for seven days in 

laboratory conditions. Signs of wilting or decay and chlorosis were noted and such .. rr . 

plants were discarded. The presence of pests or disease was also observed. 

3. 6 CHARACTERISTICS OF TEST SPECIES 

3.6.1 Aquatic Fauna 

1. ~aiamecium caudancm Ehrenberg 

Phylum - Protozoa 

Class - Ciliophora 

Subclass - Ciliata 

Order - Holotricha 

Family - Pamneciidae 

Paramecium commonly called slipper animalcule, occurs in freshwater 

ponds and ditches. It is about 0.3 mm in length. The body is covered with cilia in 

longitudinal rows, which acts as a locomotory a p t u s  (Plate 2). Paramecium 

chiefly feed on bacteria, diatoms and other organic particles, which are swept 

down the peristomial groove into the cytostome by ciliary action. 

2. Daphnia mUgM Straus 

Phylum - Arthopoda 

Class - Crustacea 

Subclass - Brachiopoda 



Order - Cladocera 

Family - Daphnidae 

Daphnia (water flea) are filter feeding crustaceans which get their name 

fiom their jerky movements through water. They are hund in ponds and lakes 

throughout the temperate and tropical areas of the world. Their size ranges fiom 

0.2-6 mm. The body is laterally compressed and is almost entirely enclosed in a 

large bivalved carapace (Plate 3). The thoracic setose legs help in filtering 

suspended matter from water to the mouth. Daphnia are an important link in food 

chains in water bodies. 

3. Cyprinus carpio cornmu& Linn. 

Phylum - Chordata 

Class - Pisces 

Subclass - Actinopterygii 

Order - Cypriniformes 

Family - Cyprinidae 

The common carp is the native of temperate regions of Asia and is widely 

distributed all over the world. It is omnivorous, fast growing and a non-predator 

species. It is a hardy fish that can tolerate wide ranges in pH, temperature and 

salinity. The carp has a small mouth for bottom feeding (Plate 4). Food is sucked 

from vegetation or strained and sorted fiom rnouthhls of inedible sediment by the 

fish's gill rakers and muscular soil palate. Grown fish eat decaying organic ma-, 

zoopbkton, insect larvae, worms, molluscs and also submerged plants. 





4. Catla catla Hamilton 

Phylum - Chordata 

Class - Pisces 

Subclass - Actinopterygii 

Order - Cypriniformes 

Family - Cyprinidae 

One of the three Indian major carps, catla is a surface feeder (Plate 5). It 

filters the plankton available in surface waters. Its mouth is upturned and gill 

rakers are specially adapted for filtering specific food organisms fiom water. 

5. hbeo rolrita Hamilton 

Phylum - Chordata 

Class - Pisces 

Subclass - Actinopterygii 

Order - Cypriniformes 

Family - Cyprinidae 

Rohu is one of the major carps. It is a bottom and column feeder. Major 

part of the diet is decaying vegetation, phytoplankton and zooplankton. The lower 

lip of the mouth is fringed. The gill rakers form broad sieve-like structures across 

the gill slits for filtering and retention of food in the buccopharynx (Plate 6). 

6.Cirrhiw &gala Hamilton 

Phylum - Chordata 

Class - Pisces 

Subclass - Actinopterygii 





Order - Cypriniformes 

Family - Cyprinidae 

One of the Indian major carps, mrigal is a bottom feeder. Diet consists 

mainly of semidecayed organic rnatter. It feeds on plant and animal material in 

the bottom. Mouth is rounded to suit its feeding habit (Plate 7). 

7.  TUapia mossamblca Peters 

Phylum - Chordata 

. Class -Pisces 

Subclass - Actinopterygii 

Order - Perciformes 

Family - Cichlidae 

Tilapia are fast growing, hardy, omnivorous fish. It shows parental care. 

Fry feeds on diatoms and other unicellular planktonic and epiphytic algae. Adults 

are omnivorous, voracious feeders, feeding on vegetation, worms, insects and 

detritus (Plate 8). 

8 Lebistes reticulates Peters. 

Phylum- Chordata 

Class -Pisces 

Subclass-Actinopterygii 

Order-Cyprinodontiformes 

Family-Poeciliide 





Guppies are small fishes, attaining a maximum size of 5 cm. They are 

voracious omnivores. The mouth is upturned to feed on the s u r f s  waters. 

Guppies are live bearers (Plate 9). 

2.6.2 Aquatic Flora 

1. Azolla mbra R Br. (Water Velvet) 

Class -Filicopsida 

Order- Salviniales 

. Family -Azollaceae 

Azolla is a floating water fern, triangular in shape, with slender, horizontal 

rhizome. It has two lobes, upper lobe pubescent with unicellular papillate hairs 

and cavities which houses a population of symbiotic cyanobacterium, Anabaena 

azollae. Azolla float on the water surface individually or in mats (Plate 10). Plant 

diameter ranges from 1-2.5 cm for small species such as A. pinnata, to 15 or more 

for A. nilotica. 

2. Salvina molesia Mitchell (Water Fern) 

Class - Filicopsida 

Order- Salviniales 

Family -Salviniaceae 

Salvinia molesta is a he-floating fern with cylindrical, spongy, horizontal 

rhizome covered with brownish hairs and conspicuous nodes and internodes. Each 

node beats two unequal, subopposite, folded, aerial leaves with characteristic egg- 

beater-like hairs on the upper surfwe. Lateral to the small leaf there is a branch 

and a submerged organ with a short cylindrical stalk and a terminal tuft of root- 





like appendages (Plate 11). Dominant fatures of Salvinia are its tremendous 

growth and reproductive rates. Individuals have a size doubling time of 2-4 days 

(Gaudet, 1973; Mitchell, 1979). 

3. Lemna perpusllUa Torrey (Duckweed) 

Class -Monocotyledonae 

Order - Arales 

Family - Lemnaceae 

Lemna are small floating aquatic plants found worldwide, seen growing in 

thick blanket like mats on still nutrient rich fkesh and brackish waters. The plant 

consists of a flat, ovoid frond and a short root. There is no leaf, stem or specialised 

structures (Plate 12). 

They can double their mass in less than two days under ideal conditions of 

nutrient availability and temperature. Duckweeds grow well in raw wastewaters. 

4. Spirodelapo&rrMza (L.) Schleid (Giant Duckweed) 

Class -Monocotyledonae 

Order - Arales 

Family - Lemnaceae 

Spirodela are the largest of duckweeds. Fronds are disc shaped, often 

purplish on the underside with 4-10 long roots each (Plate 13). Turions 

supplement fiond division in the regeneration of the plant. 

5. Wollffla globosa (Roxb.) Haw & Plas. (Water Meal) 

Class -Monocotyledonae 





Order - Arales 

Family - Lemnaceae 

Wolffia are one of the smallest flowering plants of the world. They are 1 to 

1.5 mm, disc shaped, subglobose like sand grains, rootless, floating proliferous, 

beamg flowers on the upper surfiice (Plate 14). The plants form a green carpet on 

the water surface. It is commonly found in still or sluggish waters often mixed 

with other duckweeds but sometimes forms a pure stand. 

6 PIstia stdotes L (Water Lettuce) 

Class - Monocotyledonae 

Order - Arales 

Family - Araceae 

Free floating perennial plant, with the plant body comprising of a shell 

like rosette of tongue shaped wide leaves, clustered on the top of a small tuber 

(Plate 15). Plants extend to form marts by offsets and buds. Buoyancy is provided 

by air chambers in their leaves and other green parts. Leaves are light green, with 

parallel ridges, covered in short hairs leaf margins wavy, top margins scalloped. 

Roots are fathery and numerous, hanging submersed beneath floating leaves. 

7. HyMIla verdcillata (L. f.) Royie (Water Thyme) 

Class - Monoc~t 

Order - Hydrocharitales 

Family - Hydrocharitaceae 

It is the most dominant submerged weed in India, infesting ponds, lakes, 

canals and at some places even rivers. Besides shallow waters, it infests deep 





waters upto 12 metres. It has branching tender stems, linear, lanceolate leaves and 

fine filiform adventitious roots. The shoots ram@ fast forming dense masses 

(Plate 16). It has the ability to photosynthesise under light conditions lower than 

that required by most other submerged plants. 

8. Cera~ophyUum dememum L (Coontail) 

Class - Dicotyledonae 

Order - Ranales 

Family - Ceratophyllaceae 

Ceratophyllum demersm is a perennial, submerged plant. The leaves are 

dichotomously cleft into filifonn minutely toothed lobes, located in whorls at 

nodes ( Plate 17). Propagation occurs by plant Eragments and overwintering by 

terminal turions. It is seen growing in polluted waters also. 

9. Lagenandra taxicaria Dalz 

Class- Monocotyledonae 

Order- Arales 

Family - Araceae 

Lagemndka is commonly seen along the banks of streams, rivers and - - 

P ponds. It is an aquatic herb with thick creeping rootstock and large petioled, 

elliptical-oblong leaves (Plate 18). 







3.7 EXPERIMENTAL DESIGN 

3.7.1 Wastewater for Experiments 

Wastewater fiom Kozhikode corporation was used for the experiments. 

The corporation with a population of 4,19,83 1 has no integrated sewerage system. 

Wastewater is indiscriminately discharged without any treatment into the sea, 

Canoly canal and wetlands1 waterlogged areas. The drains receive domestic 

wastes, hospital and hotel wastes as well as storm runoff. 

Wastewater was collected from the drains of the city fiom four different 

locations at the same time (grab sample) and then mixed to give an integrated 

sample of wastewater. This gives the mean characteristics of the sampled 

wastewater. The integrated sample collected for conducting various experiments 

was then analyzed for various physico chemical and bacteriological parameters as 

per APHA (1995). Table 6 gives the range of values for wastewater samples 

collected during the study. 

Table 6 Range of Values for Wastewater 

No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
12 
13 
14 

Parameter 
Temperature 

PH 
Electrical conductivity 
Total hardness 
Calcium 
Magnesium 
Nitrate nitrogen 
Phosphate phosphorous 
Sulphate 
Total Suspended Solids 
Dissolved Oxygen 
Biochemical Oxygen Demand 
Chemical Oxygen Demand 
Total Coliforms -MPN/100 ml 

Range of values 
29-30 
7- 8 
619-3150 
200-250 
50-70 
15-25 
0.5-2.45 
1.8-2.2 
12-18 
220-300 
0-1.2 
180-300 
370-480 
50 x108 



3.7.2 Experimental Set up 

Aliquots of the integrated wastewater sample were introduced into 

dechlorinated tap water to prepare experimenl wastewater for treatment with 

aquatic flora and fauna. 5, 10, 15 and 20 ml of wastewater per litre of water was 

used to prepare experimental wastewater for the invertebrates, Paramecium and 

Daphnia. 10,20,30,40 and 50 ml of wastewater per litre of water was used for 

fishes. 50, 100, 150, 200 and 250 ml wastewterfl water was used for 

macrophytes. The experiments were carried out in 2.5 litre capacity troughs filled 

with 2 litre of experimental wastewater. Controls were maintained for each 

concentration of experimental wastewater to determine whether the treatment 

effects due to presence of the test species was significant (Plate 19). The 

physicochemical and bacteriological characteristics of experimental and control 

sets were analysed at pre experimental and post experimental stage. 

Aquatic Fauna 

The selected species of aquatic fauna included Paramecium caudatum 

Ehrenberg, Daphnia rnagna Straus among invertebrates. Fishes selected for the 

experiments were C'rinus carpio L, Tilapia mossambica Peters, Catla catla 

Hamilton, Cirrhintrs mrigala Hamilton, Labeo rohita Hamilton, and Lebistis 

reticulates Peters. Two litres of experimental wastewater was taken in glass 

troughs and the test species were introduced into them a&r ascertaining their , 

number/wei&t. Paramecium was enumerated using haemocytometer and 

Daphnia by direct counting. The wet weight of fishes was taken. The test 

organisms were retained in the experimental set up for a period of 7 days. 



Paramecium was introduced at 20 numbedml and Daphnia was introduced at 3 

different numbers - 10,20 and 301100 ml of experimental wastewater. Fishes were 

experimented with two varying biomass 3gA and 4gA in each wastewater 

experimental set. After the treatment period, the organisms were removed and 

water fiom the troughs analysed for various water quality parameters. 

Aquatic Flora 

The aquatic flora selected as test species for experiments in this study 

inclube the two ferns Azolla rubra R.Br. and Salvinia molesta Mitchell; the three 

duckweeds - Lemna perpilla Torrey, Spirodela polyrrhiza (L.) Schleid and 

Wolfla globosa (Roxb.) Hartog and Plas. as well as Pistia stratiotes L., Hydrila 

verticillata &.E) Royle, Ceratophyllum dernersum L. and Lagenandra toxicaria 

Dalz. Experimental water was prepared using 50, 100, 150, 200 and 250 ml 

wastewaterfl of dechlorinated tap water. Physicochemical and bacteriological 

characteristics of the experimental wastewater were analysed at pre and post 

experimental stage. Two litres of experimental wastewater was taken in 2.5 1 

capacity troughs. The plants were blotted and weighed before introducing them 

into the troughs. 2 gm/I of Azolla, L e m  and Spirodela were taken while 5 gm/I 

of Pistia, Salvinia, Ceratophyllum and Hydrilla were used for the experiments. 

The detention period for all the plants was 7 days, after which the plants were 

removed and water analysed for various physicochemical and bacteriological 

parameters. Test procedures for experiments with aquatic flora and fauna are 

summarized in Table 7. 



Table 7 Summary of Test Procedures for Aquatic Fauna and Flora 

Sewage 
Dilutions 

5-20 mYI 

5-20 mV1 

10-50 ml/l 

10-50 mV1 

10-50 my1 

10-50 mYI 

10-50 mYI 

10-50 mV1 

50-250 mV1 

50-250 mV1 

50-250 dl 

50-250 dl 

50-250 dl 

50-250 mYI 

50-250 mV1 

50-250 mV1 

50-250 my1 

Treatment 
Period 

7 

7 

7 

7 

7 

7 

7 

7 

7 

Biomass or 
Number 

20lml 

1020 &30/ml 

3,4 gfl 

3,4 

3,4 g/l 

3,4 fl 
3,4 dl 
3,4 gfl 

2g/l 

5g/l 

2g/l 
2 gfl 

2 gfl 

5gf l  

5 d l  

5gfl 

60 gfl 

No 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 

12 

l3 

14 

15 

16 

17 

Test Organism 

Aquatic Fauna 

Invertebrates 

Paramecium cadiztum Ehrenberg 

Daphnia rnagna Straw 

Vertebrates 

Cirrhinus mrigala Hamilton 

Labeo rohita Hamilton 

Catla catla Hamilton 

Cyprinus carpi0 L. 

Tilapia mossambica Peters 

Lebistes reticulates Peters 

Aquatic Flora 

Azolla rubra R. Br. 

Salvinia molesta Mitchell 

Lernna perpusilla Toney 

Spirodela polyrrhiza ( L. ) Schleid 

Wolfla globosa (Roxb.) Hartog & 
Plas. 

Pistia stratiotes L. 

H'rilla verticillata &. E) Royle 

Ceratophyllum demersum L. 

Lagenandra toxicaria Dalz. 



3.8 STATISTICAL ANALYSIS 

The data generated fkom the experiments were subjected to statistical 

analysis with SPSS sofhvare. The mean and 95 % confidence intervals were 

estimated in respect of various water quality parameters. 

The data were classified in the following hierarchy: (i) dilution, (ii) before 

and after experiments and (iii) with or without test species. Analysis of variance 

(ANOVA) was pexformed in relation to the hierarchy of data (Snedecor and 

Cochran, 1989). Besides main effects, two-way interactions also were included in 

the analysis. However, three way interactions was not included as preliminary 

analysis indicated that it did not lead to meaningful interpretations. 

The functional relations of different water quality parameters were 

assessed by fitting appropriate polynomial regression equations with dilution as 

independent variable. 

3.9 PHYTOREMEDIATION OF METALS 

3.9.1 Experiments with Macrophyte Species 

Studies were conducted to determine the relative ability of a few species of 

macrophytes to remove metals from spiked solutions. Stock solutions for 

different metals were prepared by dissolving required amount of potassium 

dichromate, mmganous sulphate, fenous ammonium sulphate, copper and zinc 

metals. From these stock solutions desired concentrations (0.25-10 mgll) of metal 

solutians were prepared, using dechlorinated tap water af€er ascertaining that the 

metals under study were below detectable limits. 



All the plants were collected, cultured and acclimatised as for experiments 

with wastewater. Healthy plants were selected, washed thoroughly, blotted, 

weighed and placed in individual metal solutions of copper, chromium, 

manganese, zinc and iron. The metal solutions of 0.25-10 mg/l were taken in glass 

containers since adsorption of the metals per unit area on glass container was 

found to be minimum in earlier studies (Ingole and Bhole, 2000). Macrophytes 

such as Pistia, Hydrilla, Ceratophyllum and Salvinia were weighed (wet weight 

after blotting) and introduced at 5 grams per litre while smaller plants such as 

Azolla, Lemna and Spirodela were introduced at 2 grams per litre. The treatment 

period was seven days and analysed for metals using Atomic Absorption 

Spectrophotometer. Table 8 represents the details of metal uptake studies with 

macrophytes. 

Table 8 Metal Removal Studies with Aquatic Macrophytes 

Metal (mgll) 

Copper, manganese, 
iron, chromium, zinc 
Copper, manganese, 
iron, chromium, zinc 
Copper, manganese, 
iron, chromium, zinc 
Manganese, iron, 
chromium, zinc 
Manganese, iron, zinc 

copper, manganese, 
iron, chromium, zinc 
Copper, manganese, 
iron, chromium, zinc 

copper, manganese, 
iron, chromium, zinc 

No 

1 

5 

6 

7 

8 

Weight 
(g) 

2 

5 

2 

2 

2 

5 

5 

5 

Scientific Name 

Azolla nrbra R.Br. 

Salvinia molesta Mitchell 

Le- perpusilla Tomy 

Spirodela poljwhiza Schleid 

Wolfla globosa (Roxb.) 
Hartog and Plas. 
Pistia stratiotes L. 

Hydrilla verticillata (L. E) 
Royle 
Ceratophyllum demersum L. 

Period of 
Treatment 

7 

7 

7 

7 

7 

7 

7 

7 



3.9.2 Experiments with Dried Plants 

The plants used for removal of nutrients and improving water quality of 

wastewater experiments showed prolific growth. The effective utilization of plants 

used in such treatment systems include their use as manure, mulching and 

compost. 

In this study, alternate uses were explored. Column studies were carried 

out with dried samples of Azolla, Hydrilla, Salvinia and Lemna harvested from the 

experimental sets with wastewater to test its adsorption/retention capacity for 

removal of metals. The plant material was dried at 60' C, ground and sieved. A 

column of 2 cm diameter and holding capacity of 60 ml was filled with 0.5 g dried 

plant. The flow rate was adjusted to 5 mYmin. Zinc, manganese and copper 

salution of 20 mgfl was prepared from stock solution. Metal solution in the 

column was maintained at 50 ml level. The eluted samples were collected at 

intervals of 15 minutes and analysed using Atomic Absorption Spectrometer. 



RESULTS AND DISCUSSION
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4.0 RESULTS AND DISCUSSION 

4.1 TREATMENT STUDIES USING AQUATIC FAUNA 

4.1.1 General 

An array of aquatic.animals such as invertebrates, molluscs and fishes are 

increasingly being used in biological wastewater treatment systems. In the present 

study, experiments were conducted using selected invertebrates and vertebrates to 

determine their ability to remediate experimental wastewaters. The invertebrates 

experimented include Paramecium cawiatum Ehrenberg, and Daphnia magna 

Straw. The vertebrates include six fish species - Tilapia mossambica Peters, 

Cyprinus carpi0 L., Catla catla Hamilton, Labeo rohita Hamilton, Cirrhinus 

mrigala Hamilton and Lebistes reticulates Peters 

The role of protozoans in wastewater treatment has been recognised only 

in the recent years, although their presence was known since long. Paramecium is 

a common protozoan, whose filter feeding habit is a major contribution to 

wastewater treatment. 

Daphnia are zooplanktonic cladocerans, which aid in biorecycling by 

wmympti~n of algae, protoma, bacteria and suspded organic matter. 

Stabilisation pond effluent with Daphnia at high population level were found to be 

macroscopically clear and contained few coliform bacteria (Dinges, 1976 b). The 

filtering efficiency of setae of thoracic appendages is mainly responsible for this 

(Plate 20). 

The main fatures of growing fish in nutrient rich waters are high fish 

production potential and low maintenance costs. Improvement of the water quality 

has not been conclusively determined. Some authors suggest that it may help to 



improve the efficiency of water treatment systems (Schroeder, 1975) but 

according to others (Anderson et al. 1978) fish may increase the process of 

eutrophication, leading to a reduction in water quality. 

Tge materials present in wastewater can either be consumed directly by the 

fish, or be utilised by bacteria and protozoans, which in turn form food for fish. 

Direct cons'umption of materials could be possible at the fairly diluted water, 

where concentration of wastes does not interfere with fish life. 

Certain fishes and some fishes at its juvenile stage are adapted to remove 

even small phytoplankton (less than 20 pn). Mucous secretion fiom the gill 

surface and other specialised structures appears to entrap food particles and the 

gill rakers prevent the resultant slime fiom escaping in the outward current 

(Colman and Edwards, 1985). 

The anatomy of gills aid in filtering water effectively, more apparently in 

filter feeding fishes. The gills bear gdl lamellae and gill rakers, of which the latter 

project into the pharyngeal cavity and are arranged in 2-3 rows (Plate 21). In 

carnivorous species, gill rakers are long, hard and teeth like fonning rasping 

organs. The individual filaments of gill rakers are situated very close in filter 

feeders and herbivores like Labeo rohita, Cirrhinm mrigala and Tilapia and can 

remove small sized particles fiom water (Khama, 1993). The filtering efficiency 

increases considerably fiom carnivorous to herbivorous fishes. 
< .  

Experiments were conducted to evaluate the ability of selected aquatic 

flora and fauna for improvement of water quality of polluted waters. The 

relationship between biomdnumber of test species and removal of poll-ts 

was also studied. Experimental sets with various test organisms were maintained 





for a fixed period with different stocking rates in various concentrations of 

wastewater. Analysis of the physicochemical and bacteriological parameters were 

carried out at pre experimental stage and post experimental stage. The parameters 

studied include temperature, pH, electrical conductivity, total suspended  sol^& .. . . 

nitrate nitrogen, sulphate, phosphate phosphorous, dissolved oxygen, biological 

oxygen demand, chemical oxygen demand, hardness, calcium, magnesium, total 

coliforms, fecal coliforms and E. coli. 

4.1.2 Invertebrates 

1. Paramecium caudatum Ehrenberg 

In the experiments conducted using Paramecium as test organism (20 

numbed ml) for a treatment period of seven days, considerable extent of removal 

of pollutants was observed. The physicochemical and bacteriological 

characteristics of test waters are represented in Table 9. Among the parameters 

studied, considerable reduction was observed in BOD, COD, TSS and coliforms. 

BOD removal was maximum (24.07 percent) in the experimental set with 

least wastewater (5 mV1) when compared to its control (3.88 percent). With 

increase in the wastewater concentration (10, 15 and 20 mM), the reduction in 

BOD showed a decreasing trend at 6.45, 8.82 and 6.94 percent. The maximum 

reduction in BOD in control sets was only 3.8 percent. Fig.1 represents the 

percentage reduction in BOD in Paramecium treated experimental sets for seven 

days. 

COD showed reduction of 34, 36.8, 33 and 30.3 percent in 5-20 mV1 

experimental sets. This was comparatively greater than controls for the same 



Table 9 Experimental Sets Treated with Paramecium cwrdantm Ehrenberg 

Period of Treatment -7 days 
Number -2OIml 

E- Experiment 
' C- Control 

Parameters 

Temp 

PH 
EC 

TSS 

DO 
BOD 
COD 
N a - N  

PO4-P 

so4 
TH 

Ca 

Mg 
T.C 
F.C 
E.Coli 

Sml 

Before 

27.30 

6.35 

63.00 

45.00 

6.23 

5.40 

14.21 

0.90 

0.004 

0.43 

8.00 

1.60 

0.98 

2400 

+ ve 
+ ve 

10 ml 

Before 

27.00 

7.65 

68.20 

59.00 

6.15 

6.20 

11.69 

1.50 

0.007 

0.49 

16.00 

4.10 

1.48 

2400 

+ ve 

+n 

Washvatern 

E 
26.20 

5.40 

55.00 

5.00 

6.18 

4.10 

9.38 

0.40 

ND 
0.32 

6.00 

0.70 

0.72 

1100 

-ve 

-ve 

15 ml 

Before 

27.40 

8.20 

71.50 

67.00 

5.92 

6.80 

12.59 

1.90 

0.010 

0.51 

22.00 

5.60 

1.95 

2400 

+ve 

+ ve 

After 
C 

26.50 

6.12 

59.50 

40.00 

6.20 

5.19 

13.50 

0.87 

0.003 

0.39 

8.00 

1.30 

0.86 

2400 

+ ve 

+ ve 

Washvatern 20 ml 

Before 

27.50 

8.91 

73.90 

78.00 

5.67 

7.20 

14.40 

2.30 

0.030 

0.94 

28.00 

9.80 

2.00 

2400 

+ve 

+ ve 

E 
26.50 

6.62 

64.2 

11.80 

6.11 

5.80 

7.39 

1.20 

ND 

0.39 

12.00 

2.40 

1.40 

920 

-ve 

-ve 

After 
C 

26.20 

6.69 

67.80 

52.00 

6.13 

6.20 

10.20 

1.47 

0.005 

0.41 

14.00 

3.20 

1.45 

2400 

+ ve 

+ ve 

Wastewatern 

26.50 

6.45 

65.20 

17.42 

5.85 

6.20 

8.44 

1.60 

0.006 

0.46 

18.00 

3.30 

1.91 

920 

+ve 

-ve 

Washvatern 
After 

C 
26.30 

7.93 

70.50 

61.00 

5.89 

6.80 

11.63 

1.83 

0.009 

0.50 

20.00 

4.00. 

1.92 

2400 

+ve 

+ ve 

26.70 

7.20 

69.40 

27.30 

5.60 

6.70 

10.04 

2.00 

0.016 

0.83 

21.00 

4.90 

1.95 

1100 

+ve 

-ve 

Mer 
C 

26.50 

8.30 

72.60 

71.00 

5.65 

7.12 

13.41 

2.30 

0.026 

0.92 

26.00 

8.50 

1.97 

2400 

+ve 

+ ve 



Fig.1 Percentage Reduction of BOD in Experimental !%ta Treated with 
Para&m cavdrrQm Ehrenberg 20 NosJml 

Wastewater coneentration/l 

Fig. 2 Percentage Reduction of  COD in Experimental Sets Treated with 
Paramtxkrm d a & m  Ebrenberg 20 NosJml 



experiment - 4.9, 12.74, 7.62 and 6.87 percent. Fig. 2 represents the reduction in 

COD. 

Reduction in total suspended solids as high as 88 percent was observed in. 

5 mV1 wastewater experimental sets. This was significant since its control ipd 

only 1 1.1 percent reduction. Higher wastewater concentrations showed 80,74 and 

65 percent reduction in TSS. The controls for 10-20 ml wastewater showed 

maximum of 11.86 percent reduction. Fig.3 represents the reduction in TSS 

obtained using Paramecium. 

The maximum reduction in total coliforms in the experiments was 61.66 

percent in 10 and 15 ml wastewater experimental sets, while 5 and 20 ml sets had 

54.16 percent reduction. The control for these experiments had no reduction in 

total coliforms. Fig.4 represents the reduction in coliforms obtained using 

Paramecium. Faecal coliforms and E.coli were absent in the experimental sets 

treated with Paramecium in 5 and 10 mV1 wastewater. 

Electrical conductivity, pH and dissolved oxygen showed a siight decrease 

in dI tbe concentmtiags sf eyperimegtd wastewaters. The nutrients, nitrate and 

phosphate showed decrease when compared to controls. Fifty five percent 

reduction in nitrate was observed in 5 ml A wastewater experimental sets, while its 

control had only 3.3 percent reduction Higher wastewater concentrations gave 

reductions of 13.3, 15.78 and 1.3 percent when compared to their respective 

controls which had 2,3.68 percent and nil reduction. 

Phosphate was below detectable level in experiments with 5 ml 

wastewaterfl. In higher wastewater experimental sets (15 and 20 ml wastewaterfl), 



Fig. 3 Percentage Redaction of TSS in Experimental Seta Treated with 
Paramslum d t u m  Ehrenbem 20 N o d d  

Wastewater c o l l c ~ ~  

Fig. 4 Percentage Reduction of Colifonns in Experimental Sets Treated with 
Paramecium crurdaftrm Ehrenberg 20 Nos Jml 



40 and 47.3 percent reduction was o b d  compared to 10 and 13.3 percent in 

the controls. 

Sulphate showed very slight reduction of 25.58 percent with 5 ml 

.experimental wastewater. Percentage reduction in sulphate decreased (22.4, 9.8 

and 1 1.7 percent) in higher wastewater concentrations of 10,15 and 20 mVI. 

Hardness of experimental wastewater decreased by 25 percent in 5,10 and 

20 ml wastewater and 18 percent in 15 ml wastewater experimental set. Calcium 

and magnesium also reduced considerably corresponding with decrease in 

hardness. Hardness in control sets showed a maximum reduction of 18.18 percent 

only. 

The role of Paramecium in reduction of various water quality parameters 

such as BOD, COD, TSS and coliforms could be attributed to its feeding habit. 

Paramecium is a heterotrophic filter feeding protozoan. It feeds chiefly on 

bacteria, organic particles and detritus, which are swept down the peristomial 

groove to the cytostome by the action of cilia 

Curds (1975) found that in the case of Paramecium caudatum, two 

mechanisms were responsible for clarification of effluent and sludge formation 

(Hawkes, 1960). The ciliate was able to secrete a soluble polysaccharide (a 

polymer of glucose and arabinose) into the medium, which changed the surfbe 

charge of the suspended colloidal particles present. Secondly, particles ingested 

during cyclosis were glued together by a mucin. The soluble organic compounds 

and colloidal materials present in wastewater are used by the protozoan for its 

nutrition. The reductions in TSS and other parameters could be attributed to this. 



The results of the present study are in agreement with the observations of 

Curds et al. (1968). 

Protozoa are known to feed on bacteria, including pathogenic strains 

causing diphtheria, cholera, typhus and str- infections as well as f d  

bacteria such as E. coli (Curds, 1975). Relatively lower total coliform counts and 

absence of E.coli in the experimental sets treated with 

attributed to this. 

2. Daphnia magna Straus 

Experiments were conducted using Daphnia magna at three varying 

numbers 10,20 and 301100 ml of experimental wastewater for a treatment period 

of seven days. The water quality characteristics at pre and post experimental 

stages are presented in Tables 10 to 12. The results indicate that Daphnia was 

capable of excellent removal of colifom bacteria (98 percent) and suspended 

solids (94 percent). Reduction in BOD and COD were also appreciable. Maximum 

reduction was observed in the above mentioned parameters in the treatments with 

30 numbers of Daphnia/100 ml when compared to 20 and 10 numbed100 ml. 

98.25 percent reduction in total coliforms count was recorded when 30 

Daphnia/100 ml experimental wastewater was introduced in 5 rnVl wastewater 

experimental set. Control for this had only 37.18 percent removal. In 10, 15 and 

20 ml wastewater concentrations, 86.64,43.67 and 66.38 percent reduction in total 

coliforms was observed, which was significantly greater than their respective 

controls 16.66, 15.2 1 and 14.66 percent (Fig. 5). 



Table 10 Experimental Sets Treated with Dtzphniamugnu Straus 

Period of Treatment-7 days 
Number- 10/100ml 

E- Experiment 
C- Control 

Parameters 

Temp 

PH 
EC 

TSS 
DO 

BOD 
COD 

N@-N 

PO4-P 

so4 
TH 
Ca 

Mg 
T.C 
F.C 

E.Coli 

20 ml 

Before 

29.60 

7.42 

107.10 

83.00 

5.25 

6.50 

22.41 

2.80 

0.080 

1.20 

32.00 

12.00 

4.86 

12000 

+ ve 

+ ve 

10 ml 

Before 

29.50 

7.23 

87.60 

63.00 

6.13 

6.14 

23.61 

1.83 

0.02 

0.87 

20.00 

6.50 

2.90 

4300 

+ ve 

+ ve 

5 ml 
' 

Beforo 

29.30 

7.35 

85.30 

54.00 

6.25 

6.07 

30.35 

1.20 

0.007 

0.62 

16.00 

4.20 

2.50 

900 

+ ve 

+ ve 

Wastewatern 15 ml 

Before 

29.60 

7.30 

98.50 

72.00 

5.94 

6.36 

22.71 

2.30 

0.050 

0.91 

28.00 

9.80 

3.94 

2400 

+ ve 

+ ve 

After 

29.40 

7.15 

105.30 

23.24 

5.13 

5.24 

14.80 

2.40 

0.074 

1.08 

30.00 

9.30 

4.81 

7500 

+ve 

+ve 

C 
29.50 

7.02 

106.00 

79.00 

5.21 

5.34 

20.40 

2.77 

0.076 

1.17 

30.00 

11.70 

4.85 

10240 

+ve 

+ve' 

Wastewatern Wastewaterh Wastmatern 
After 

29.30 

7.52 

85.20 

8.19 

6.10 

4.76 

14.17 

1.30 

0.017 

0.67 

18.00 

4.70 

2.40 

2176 

-ve 

-ve 

After 

29.00 

7.42 

82.10 

4.86 

6.21 

4.60 

16.09 

0.60 

0.006 

. 0.45 

12.00 

2.70 

2.27 

409 

-ve 

-ve 

. After 

28.90 

7.05 

%.60 

14.40 

5.89 

4.87 

14.31 

1.80 

0.045 

0.73 

26.00 

7.60 

3.44 

3605 

+ ve 

-ve 

C 
29.40 

7.72 

86.90 

60.00 

6.12 

5.20 

22.60 

1.80 

0.019 

0.85 

20.00 

6.00 

2.70 

3583 

+ ve 

+ ve 

C 
29.10 

7.23 

85.10 

52.00 

6.10 

5.30 

29.40 

1.10 

0.007 

0.60 

16.00 

4.00 

2.40 

565 

+ ve 

+ ve 

C 
29.10 

6.92 

98.00 

69.00 

5.92 

5.24 

20.30 

2.29 

0.043 

0.89 

26.00 

9.50 

3.90 

5426 

+ ve 

+ ve 



Table 11 Experimental Sets Trkated with Dqhnla ,mcrgna Straus 

Period of Treatment -7 days 
Number - 20llOOml 

Ec Experiment 
C- Control 

Parameters 

Temp 

PH 
EC 
TSS 

DO 

BOD . 

COD 
Na-N 
PO4-P 

so, 
TH 

C8 

I% 
T.C 
F.C 

E.Coli 

5 ml 

Before 

29.30 

7.35 

85.30 

54.00 

6.25 

6.28 

20.93 

1.20 

0.007 

0.62 

16.00 

4.20 

2.50 

3900 

+ve 
+ve 

10 ml 

Before 

29.50 

7.25 

87.60 

63.00 

6.13 

6.59 

19.38 

1.83 

0.02 

0.87 

20.00 

6.50 

2.90 

4300 

+ve 
+ve 

~mtma6ern 

29.00 

7.40 

81.50 

4.32 

6.18 

4.23 

10.68 

0.37 

0.006 

0.44 

10.00 

2.40 

2.25 

1500 

-ve 
-ve 

15 ml 

Before 

29.60 

7.30 

98.50 

72.00 

5.94 

6.67 

19.05 

2.30 

0.050 

0.91 

28.00 

9.80 

3.94 

4600 

+ve 
+ ve 

After 
C 

29.10 

7.23 

85.10 

52.00 

6.20 

5.49 

19.87 

1.10 

0.007 

0.60 

16.00 

4.00 

2.40 

2450 

+ve 
+ve 

wmtewstcrn 20 ml 

Before 

29.60 

7.42 

107.10 

83.00 

5.25 

6.90 

13.80 

2.80 

0.080 

1.20 

32.00 

12.00 

4.86 

7500 

+ve 
+ ve 

. 
E 

29.30 

7.53 

83.90 

6.93 

6.09 

4.59 

11.25 

1.20 

0.019 

0.66 

16.00 

4.60 

2.50 

2048 

-ve 
-ve 

After 
C 

29.40 

7.72 

86.90 

60.00 

6.12 

5.58 

19.15 

1.80 

0.019 

0.85 

20.00 

6.00 

2.70 

3583 

+ ve 
+ ve 

Wastewatern 

- 
E 

28.90 

7.06 

95.20 

11.52 

5.76 

4.70 

11.63 

1.72 

0.048 

0.73 

24.00 

7.50 

3.85 

2591 

- ve 
-ve 

~mtcw~tern 
After 

C 
29.10 

6.92 

98.00 

69.00 

5.92 

5.49 

18.72 

2.29 

0.043 

0.89 

26.00 

9.50 

3.90 

3900 

+ ve 
+ ve 

. 
E 

29.40 

7.20 

104.70 

19.09 

508 

5.26 

836 

2.32 

0.078 

1.06 

28.00 

9.20 

4.77 

3764 

+ve 
-ve 

After 
C 

29.50 

7.02 

106.00 

79.00 

5.21 

5.67 

12.60 

2.77 

0.076 

1.17 

30.00 

11.70 

4.85 

'6400 

+ve 
+ v e .  



Table 12 Experimental Sets Treated with Duphnia pgnu Straus 

Period of Treatment -7 days 
Numbcr -3Ol100 ml 

E- Exjmimellt 
C- Control 

Parameten 

Tem~ 

PH 
Ec 
TSS 

DO 

BOD 
COD 
N a - N  

Pod-P 

so4 
TH 
Ca 

Mg 
T.C 
F.C 
E.Coli 

20 nil Wastewatern 

Before 

29.60 

7.42 

107.10 

83.00 

1.20 

5.25 

6.95 

2.80 

0.080 

1.20 

12.00 

, 4.86 

2.80 

7500 

+ve 

+ ve 

10 ml Wastmatern 5 ml wastenatern 15 ml Wastmatern 

Before 

29.50 

7.25 

87.60 

63.00 

6.13 

6.33 

15.07 

1.83 

0.02 

0.87 

20.00 

6.50 

2.90 

2300 

+ ve 

+ve 

Before 

28.30 

7.35 

85.30 

54.00 

6.25 

6.18 

20.60 

1.20 

0.007 

0.62 

16.00 

4.20 

2.50 

1 100 

+ ve 

+ ve 

Atter 

29.40 

7.17 

104.30 

16.60 

1.03 

4.95 

4.11 

2.27 

0.079 

1.03 

8.90 

4.73 

2.27 

2521 

+ve 

-ve 

Before 

29.60 

7.30 

98.50 

72.00 

0.91 

5.94 

6.54 

2.30 

0.05 

0.91 

9.80 

3.94 

2.30 

6400 

+ve 

+ ve 

C 
29.50 

7.02 

106.00 

79.00 

1.17 

5.21 

5.93 

2.77 

0.076 

1.17 

11.7 

4.85 

2.77 

6400 

+ve 

+ ve 

After 

29.40 

7.51 

83.20 

6.30 

6.01 

3.08 

7.58 

1.11 

0.02 

0.65 

14.00 

4.20 

2.52 

353 

-ve 

-ve 

- After 

28.70 

7.41 

81.20 

3.24 

6.17 

2.81 

9.75 

0.33 

0.006 

0.19 

8.00 

2.00 

1.88 

19 

-ve 

-ve 

After 

29.30 

7.06 

95.02 

7.92 

0.71 

5.53 

3.26 

1.69 

0.048 

0.71 

7.10 

3.78 

1.69 

3605 

+ve 

-ve 

C 
29.60 

7.72 

86.90 

60.00 

0.85 

6.12 

5.28 

1.80 

0.019 

0.85 

6.00 

2.70 

1.80 

1916 

+ ve 

+ ve 

C 
28.70 

7.23 

85.10 

52.00 

6.20 

5.40 

19.80 

1.10 

0.007 

0.60 

16.00 

4.00 

2.40 

691 

+ ve 

+ve 

C 
29.50 

6.92 

98.00 

69.00 

0.89 

5.92 

5.54 

2.29 

0.043 

0.89 

9.50 

3.90 

2.29 

5426 

+ve 

+ ve 



30/100ml 

Fig. 5 Percentage Reduction of Coliforms in Experimental Sets Treated with 
Duphnh magna Straw 

Fig. 6 Percentage Reduction of TSS in Experimental Sets Treated with 
Dapknia magma Straw 



Daphnia at 20 numbed100 ml showed 61.63, 43.67 and 49.81 percent 

reduction in total coliforms, in the four wastewater experimental sets. When 

Daphnia at 10 numbed100 ml were introduced in similar experimental 

wastewater, 54.52,49.39,43.67 and 37.54 percent reduction in total coliforms was 

observed. 

Total suspended solids in the experiments with 5 ml wastewater and 

Daphnia at 30 numbed100 ml showed attenuation of 94 percent, while its control 

had only 3.7 percent reduction, implying that this could be due to the presence of 

the organism. In higher wastewater concentrations, 90, 89 and 80 percent 

reduction in TSS was recorded (Fig. 6). Controls had 4.76,4.16 and 4.81 percent 

removal by natural methods. Daphnia at 20 numbed 100 ml could reduce TSS by 

92,89,84 and 77 percent in the four wastewater concentrations experimented. 91, 

87,80 and 72 percent reduction was observed when 10 Daphnia1100 ml were used 

for the experiments. 

Daphnia at 30 numbers/100 ml were capable of reducing BOD of the four 

wastewater experimental sets (5-20 ml wastewaterfl) by 54.53, 51.33, 50.13 and 

40.86 percent, while corresponding controls had reductions of 12.63, 15.38, 17.61 

and 17.89 percent. When 20 numberdl00 ml were used, the BOD reduction was 

32.62, 30.46,29.53 and 23.78 percent in the four experimental sets. 24.26,22.46, 

23.42 and 17.61 percent removal in BOD removal was observed when Daphnia 

were introduced at 10 numbed100 ml. Thus a decreasing trend in BOD removal 

was noticed when the number of organisms per ml decreased. Fig.7 represents the 

percentage removal in BOD. 



Fig. 7 Percentage Reduction of BOD in Experimental Sets Treated with 
Daphnia magna Straus 

301100ml 

Fig. 8 Percentage Reduction of COD in Experimental Sets Treated with 
Daphnia magna Straus 



Removal eficiency of COD by Daphnia was a maximum of 52.7 percent 

when 30 numbers/lOOml were used in experimental set with 5ml wastewaterfl , its 

control showed a removal of only 3.88 percent. Higher wastewater concentration 

showed 50.3, 47.5, and 43.1 percent reduction in COD while the controls had 

5,10, 3.40 and 1.97 percent removal. When 20 numbers 1100rnl of Daphnia were 

experimented, 49,42,39 and 38 percent reduction in COD was observed. Lower 

reduction were noticed when 10 DaphnidlOO ml were used for treatment (47.40, 

37 and 34 percent). Fig. 8 represents the percentage of removal of COD. 

The animal creates a current of water by means of rhythmic movements of 

its appendages, which flows into the chamber formed by the valves of the 

carapace into the barbs of filtering setae of the third and fourth pair of appendages 

(Lavens and Sorgeloos, 1996). The distance between the barbs of setae retains 

food particles as small as 0.5 pm (Loedolff, 1964). The efficiency of the filter 

allows the uptake of algae, bacteria, detritus and colloidal particles, small particles 

of food are collected and concentrated in the food groove and then ingested. 

Daphnia can regulate their feeding rate and this is in proportion to the 

concentration of food available (Rigler, 1961 a). When excess food is available, 

the collection and ingestion of food is regulated and excess food is rejected £iom 

the food groove in the form of a bolus. The rate of rejection increases with 

increasing concentration of food (McMahon and Rigler, 1963). In wastewater 

treatment systems, this may be a very important process in removing suspended 

organic and inorganic matter, since excess food is rejected as boluses, which 

settles, contributing to rapid flocculation. W6en the food concentration falls 

below a certain threshold, even detritus and benthic food can be an important food 



source. In this case the water current produced by the animals swimming on the 

bottom whirls up the material, which is eventually ingested (Lavens .and 

Sorgeloos, 1996). 

The filtering rate of Daphnia is estimated to vary from about 140-130 Vmg 

dry weight of Daphnia per day (Richman, 1958). Lampert and Taylor (1985) 

observed that Daphnia species can handle 5-30 ml per day, which implies that if 

present in reasonably high numbers may process substantial proportions of their 

habitat everyday. 

pH in the experimental sets treated with Daphnia showed a slight increase 

with respect to controls. Electrical conductivity reduced slightly and this could be 

attributed to the reduction in suspended solids. Phosphate showed very negligible 

reduction in all the experimental wastewaters. The cladocerans remove 

phosphorous principally by feeding on phytoplankton and bacteria, some of it is 

returned in excretions (Rigler,l961 b). While there is evidence that Daphnia 

reabsorb a portion of their soluble phosphate excretions through epizootic 

bacteria, Daphnia excrete phosphate to the media four times faster than the uptake 

rate (Rigler, 1961b). The phosphate excretion rate is highly variable and 

dependent upon body size, temperature and food level (Peter and Rigler, 1973). 

Nitrate in the experimental sets showed a maximum decrease of 72 

percent. A maximum of 30 percent reduction in sulphate was observed in 30 

numbed100 ml Daphnia treated wastewater sets. In other concentrations, a 

minimum of 10 percent reduction was recorded. 

Hardness removal was a maximum of 50 percent in the treatment with 30 

Daphnia in 5myl wastewater concentration. Other concentrations showed 30,21.4 



and 25 percent reduction in hardness. Control for this experimental set had 

maximum of 7.14 percent reduction. Samples treated with 20 Daphnia had 37.5, 

20, 20 and 12.5 percent reduction in hardness. In samples treated with 10 

DaphniaIlOOml, 25, 10,7.14 and 6.25 percent reduction in hardness was recorded. 

Decrease in calcium concentration upto 52.3 percent was recorded in 

experimental set with least wastewater and maximum organisms per ml (5 ml 

wastewater and 30 DaphniaIlOOml), while its control had only 4.76 percent 

reduction. Higher concentrations of wastewater gave 33.84, 27.55 and 25.83 

percent removal when compared to controls, which had negligible reduction of 

7.69 percent. When 20 DaphniaA00 ml was used in the four wastewater dilutions, 

reductions of 42.85, 29.23, 23.46 and 23.3 percent was obtained. Daphnia make 

use of calcium in the formation of their chitinous carapace and this could be the 

reason for the decrease in calcium concentration in the experimental sets. 

Magnesium showed a maximum reduction of 24.8 percent in the 

experimental sets treated with 30 Daphnza/ 100 ml(5 ml wastewater/l), while its 

control set had only 4 percent reduction in magnesium. Other dilutions recorded 

13.1,5.9 and 2.67 percent reductions. 

4.1.3 Vertebrates 

1. T iMia  mossambica Peters 

Experiments were conducted using Tilapia at two varying biomass 3 and 4 

gA. They were introduced in experimental sets with 10, 20, 30, 40 and 50 ml 

wastewater1 litre for a detention period of seven days. The physico-chemical and 



bacteriological characteristics of the water quality parameters studied are 

presented in Table 1 3 and 1 4. 

Among the parameters, appreciable removal was recorded in TSS and 

coliforms followed by BOD and COD when compared to controls. Higher 

reductions were observed when 4gA of Tilapia were used for the experiments. 

Removal efficiencies in TSS up to 91.3 percent were recorded in 

experimental sets (10 ml wastewater A) with Tilapia at 4gA (Fig. 9). 90.2 percent 

reduction was obtained in the same wastewater concentration when 3gA of fish 

was used, while control had only 1.77 percent reduction in TSS. The reduction in 

TSS in this study was higher than that obtained by da Silva et al. (2000). 

In higher wastewater concentrations, '89.5, 85.87, 83.5 and 75.2 percent 

reduction in TSS was recorded with 3gA and slightly better removal was obtained 

with 4g/l fish for these experiments. 90.6, 87.5, 84.2 and 77.3 percent reduction 

for 20, 30, 40, and 50 ml in water1 litre was obtained. Control for both biomass 

had only 2.51,4.74, 3.57 and 3.38 percent reduction. Studies on selective grazing 

of fish juveniles on microparticles using maize starch by Matena and Simek 

(1997) revealed that Tilapia was able to consume grains > 4pm while silver carp 

consumed grains > 8 -10 pm. The reduction in TSS may presumably be attributed 

to this reason. 

Coliform counts were substantially reduced during the treatment period in 

10 ml wastewater1 litre experimental set. 82.08 percent reduction in 4g/l and 

80.83 percent reduction in 3gA Tilapia treated experimental set was obtained, 

which is considerably greater than the reduction in control set (12.5 percent). 



Table 13 Experimental Sets Treated with Tilapia mossambica Peters 

Period of Treatment -7 days 
Weight - 3 gh 

E- Fx.puiment 
C- Control 

Paramete1~1 

T e m ~  

PH 
EC 

TSS 

DO 
BOD 
COD 

N4-N 
PO'-P 

s o 4  

TH 
Ca 

w! 
T.C 
F.C 
E.Coli . 

10 ml 
' 

Before 

30.20 

7.36 

112.30 

118.30 

6.00 

12.60 

26.25 

0.96 

0.08 

0.80 

48.00 

11.20 

4.86 

24x10' 

+ ve 

+ve 

20 ml 

Before 

30.10 

7.43 

119.60 

123.40 

5.23 

14.30 

34.05 

1.23 

0.10 

2.20 

52.00 

6.40 

8.70 

39 xlo4 

+ ve 

+ve 

30 ml 

Befm 

30.50 

7.46 

133.20 

139.20 

5.00 

18.70 

40.65 

1.64 

0.12 

3.60 

68.00 

17.60 

5.83 

46 xlo4 

+ve 

+ve 

Wastewatern 40ml 

Before 

30.40 

7.53 

147.50 

145.60 

4.86 

21.90 

54.75 

2.06 

0.15 

4.80 

80.00 

20.80 

6.80 

75 xlo4 

+ve 

+ve 

E 
29.60 

7.39 

118.40 

11.59 

6.70 

5.52 

11.73 

1.21 

0.10 

0.10 

52.00 

6.40 

8.70 

46xld  

-ve 

-ve 

Washvatern Washvatdl  50 ml 

Bofm 

29.80 

7.61 

159.40 

162.30 

4.52 

25.80 

66.15 

2.52 

0.18 

5.20 

100.00 

27.20 

8.74 

90x10' 

+ve 

+ve 

After 
C 
30.00 

7.40 

109.10 

116.20 

6.20 

10.30 

24.70 

0.98 

0.07 

0.90 

56.00 

13.06 

5.66 

21 xlo4 

+ ve 

+ve 

29.80 

7.50 

126.70 

12.96 

5.81 

6.71 

16.48 

1.59 

0.13 

2.60 

60.00 

17.60 

3.88 

10x10' 

-ve 

-ve 

- Afier 

31.80 

7.53 

137.50 

19.90 

5.72 

10.27 

20.60 

2.08 

0.15 

3.90 

76.00 

19.66 

6.51 

14 xlo4 

+ve 

+ve 

Washvatern 
After 

C 
30.50 

7.40 

121.60 

120.30 

5.42 

13.40 

32.60 

1.36 

0.11 

2.20 

66.00 

8.12 

11.00 

23 xlo4 

+ ve 

+ve 

C 
29.90 

7.42 

144.50 

132.60 

5.13 

17.60 

38.40 

1.73 

0.14 

3.70 

74.00 

19.30 

5.62 

43 xlo4 

+ ve 

+ve 

. 
E 

29.40 

7.62 

156.30 

24.02 

5.02 

13.27 

34.93 

2.64 

0.18 

5.00 

%.00 

27.20 

7,77 

28 xlo4 

+ve 

-ve 

Wastewaterh 
ARer 

C 
30.20 

7.47 

150.20 

140.40 

4.92 

19.30 

51.90 

2.12 

0.16 

4.90 

88.00 

25.60 

5.83 

64x10' 

+ve 

+ve 

29.60 

7.69 

165.20 

40.25 

4.80 

16.20 

46.23 

3.18 

0.21 

5.60 

108.00 

43.20 

9.72 

46x10' 

+ve 

+ve 

After 
C 
30.20 

7.57 

161.20 

156.80 

4.73 

22.20 

63.10 

2.73 

0.19 

5.30 

104.00 

28.20 

9.06 

75 xlo4 

+ v ~  

+ve 



Table 14 Experimental Sets Treated with lllapia mossambica Peters 

Period of Treatment -7 days 
weight-4gll 

E- Experiment 
C- Control 

Parameters 

T - P  
PH 
EC 
TSS 

M) 

BOD 

COD 
NO,- N 

PO4 -P 

so4 
TH 
Ca 

Mg 
T.C 

F.C 

E.Coli 

10 ml 

Before 

30.20 

7.36 

112.30 

118.30 

6.00 

12.60 

26.25 

0.96 

0.08 

0.80 

48.00 

11.20 

4.86 

24x10' 

+ ve 

+ve 

20 ml 

Before 

30.10 

7.43 

119.60 

123.40 

5.23 

14.30 

34.05 

1.23 

0.10 

2.20 

52.00 

6.40 

8.70 

39 xlo4 

+ve 

+ve 

Wasfewaterh 

30.30 

7.40 

119.30 

10.29 

6.50 

5.15 

11.23 

1.30 

0.11 

0.12 

52.00 

6.40 

8.70 

43 x l d  

-ve 

-ve 

Afta 
C 

30.10 

7.35 

109.10 

116.20 

6.20 

10.30 

24.70 

0.98 

0.07 

0.90 

54.00 

12.60 

5.46 

21 xlo4 

+ve 

+ve 

Wasttwaterfl 30 ml 

Before 

30.50 

7.46 

133.20 

139.20 

5.00 

18.70 

40.65 

1.64 

0.12 

3.60 

68.00 

17.60 

5.83 

46 xlo4 

+ ve 

+ve 

50 ml 

Before 

29.80 

7.61 

159.40 

162.30 

4.52 

25.80 

66.15 

2.52 

0.18 

5.20 

100.00 

27.20 

8.74 

90x10' 

+ve 

+ve 

. 

30.00 

7.45 

128.30 

11.60 

5.73 

6.41 

16.27 

1.72 

0.14 

2.70 

60.00 

17.60 

3.88 

97 xlo3 

-ve 

-ve 

4 W  

Before 

30.40 

7.53 

147.50 

145.60 

4.86 

21.90 

54.75 

2.06 

0.15 

4.80 

80.00 

20.80 

6.80 

75 x10' 

+ ve 

+ve 

After 
C 
30.10 

7.41 

121.60 

120.30 

5.42 

13.40 

32.60 

1.36 

0.12 

2.20 

64.00 

19.20 

3.89 

23 xlo4 

+ ve 

+ve 

Wasfewatern w~lsfewakrn ~asbcwotcrh 

- 

30.40 

7.48 

139.60 

17.40 

5.52 

9.67 

19.75 

2.16 

0.17 

4.00 

76.00 

19.66 

6.51 

13x10' 

+ve 

-ve 

E 
29.70 

7.71 

167.30 

36.84 

4.75 

15.32 

44.51 

3.46 

0.23 

5.90 

108.00 

43.20 

9.72 

39x10' 

+ve 

+ve 

30.40 

7.59 

158.20 

23.00 

4.93 

12.68 

32.19 

2.93 

0.18 

5.20 

%.00 

27.20 

7.77 

24 xlo4 

+ve 

-ve 

A* 
C 
30.40 

7.42 

144.50 

132.60 

5.13 

17.60 

38.40 

1.73 

0.14 

3.70 

72.00 

18.63 

6.17 

43 xlo4 

+ ve 

+ve 

Afteu 
C .  

29.80 

7.57 

161.20 

156.80 

4.73 

22.20 

63.10 

2.73 

0.19 

5.30 

102.00 

33.60 

4.37 

75 xlo4 

+ve 

+ve 

After 
C 
30.60 

7.47 

150.20 

140.40 

4.92 

19.30 

51.90 

2.12 

0.16 

4.90 

88.00 

25.60 

5.83 

64x10' 

+ve 
+ve 



Wastewater concentration 

Fig. 9 Percentage Reduction of TSS in Experimental Sets Treated with 
~pia'mossy~mbica Peters 
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Fig. 10 Percentage Reduction of Coliforms in Experimental Sets Treated with 
l&ph mosswmbica Petera 



In the experiments with concentrations (20-SW) there was a progressive 

decrease in removal of coliforms. This may be due to the greater coliform counts 

in higher wastewater concentrations. When 3gA Tilapia was introduced, 73,69.56, 

62.6 and 48.8 percent reduction in coliforms was observed in 20-50 ml wastewater 

experimental sets (Fig. 10). Relatively higher reductions were obtained with 4g/l 

Tilapia, 75,71,68 and 56.66 percent while control had only 10.25,6.52,14.6, and 

16.66 percent removal. Previous studies by Matena and Simek (1997) using 

fluorescently labelled bacteria to quantifL the ingestion of bactexia by juvenile 

fish, revealed that Tilapia could ingest bacteria of size 3.92 * 1.55 x 1.53 0.34 

Tilapia was efficient in reducing the BOD of experimental wastewaters. 

Removal upto 59.1 percent for 4gA and 56.2 percent for 3gA was obtained with 10 

ml/l wastewater experimental sets (Fig. 1 1). Control for this set had a maximum 

of only 18.25 percent reduction. In 20-50 ml wastewaterfitre experimental sets 

55.2, 48.3,42.1 and 40.6 percent reduction in BOD was recorded with 4gA while 

slightly lower reduction 53.1,45.1, 39.4 and 37.2 percent was obtained with 3gA 

Tilapia. In the control, 6.29,5.88, 1 1.87 and 13.95 percent reduction in BOD was 

obtained. Miravite - Casalmir (1980) reported BOD removal ranging from 23-63 

percent in cane sugar processing wastewater with Tilapia culture. 

Concentration of COD showed a maximum of 57 percent removal with 

4gA Tilapia treated wastewater (10ml wastewater A) and 55.3 percent reduction 

with 3gA Tilapia. Control for this set had only 5.90 percent reduction In higher 

wastewater concentrations (20-50 mV1) 51.6,49.3,36.2 and 30.1 percent reduction 

was noticed with 3gA and 52.2, 51.4, 41.2 and 32.7 percent reduction with 4gA 



Fig. 11 Percentage Reduction of BOD in Experimental Sets Treated with 
llhpia mossambica Peters 

Fig. 12 Percentage Reduction of COD in Experimental SeCs Treated with 
Tilapia mossambica Peters 



Tilapia (Fig. 12). The results were appreciably greater than the controls 4.25,5.53, 

5.20 and 4.61 percent. 

Among other physicochemical parameters studied temperatme and pH did 

not show considerable variation. There was a small increase in electrical 

conductivity, which may be due to the faecal matter from fish. Dissolved oxygen 

showed a slight increase when compared to controls in both the biomass 

experimented. 

Nitrate nitrogen and phosphate in the experimental media increased 

slightly following detention of Tilapia for seven days. Phosphate increase could be 

due to the wastes dissolved in water. Fish excrete ammonia and lesser amount of 

urea in to the water as wastes. Ammonia is converted to nitrates and then nitrates 

bacterial activity. The l~vels of nitrate therefore increased in the experimental sets 

when compared to control. 

2. cyprims carpi0 L. 

Cyprinus was treated at two varying biomass 3gA and 4gA. The observed 

variations in the physicochemical and bacteriological param- in experimental 

sets are presented in Table 15 and 16. The wastewater treatment capacity of 

Cyprinus was evidenced by pronounced decrease in BOD, COD, TSS and 

coliforms. Better removal was obtained with higher biomass of fish in 

experimental waters. 

When 4g/l C ' i m c s  was introdwed for -tion period of seven days, 

BOD reduction was upto a maximum of 61.48 percent in 10 ml W w a t e r  

experimental sets and 59.37 percent when 3g$l was used This is greater than 



Table 15 Experimental Sets Treated with Qprlnus qwpio L. 

Period of Treatment - 7 days 
Weight -3 EJL 

50 ml 

Befm 

29.80 

7.61 

115.60 

136.00 

1.90 

8.39 

17.48 

0.78 

0.09 

1.32 

68.00 

15.30 

3.80 

7500 

+ve 

+vc 

Parametem 

T s m ~  
PH - 
EC 
TSS 

DO 
BOD 
O D  
NG-N 
PO4 -P 

s o 4  

TH 
a 
Mg 
T.C 

F.C 
E.Coli 

40ml 

Before 

30.40 

7.53 

104.50 

127.00 

3.20 

7.25 

14.50 

0.50 

0.07 

1.28 

60.00 

16.00 

3.50 

6400 

+ve 

+ve 

30 ml 

Before 

30.50 

7.46 

103.20 

115.00 

4.20 

6.89 

14.35 

0.46 

0.05 

1.20 

56.00 

16.00 

3.80 

4600 

+ve 
+ve 

WastmiterR 
. A.fter 

29.70 

7.63 

120.30 

55.49 

2.10 

5.10 

12.36 

0.86 

0.12 

1.40 

74.00 

16.65 

4.13 

2800 

+re 
,+re 

W&cwaterfi 10 ml 

30.20 

7.36 

90.40 

75.00 

4.30 

6.35 

15.80 

0.26 

0.02 

0.42 

40.00 

9.60 

3.80 

3900 

+ve 

+ve 

C 
29.80 

7.60 

118.20 

134.30 

2.00 

6.90 

17.20 

0.80 

0.08 

1.36 

72.00 

16.20 

5.83 

4300 

+ve 

+ve 

After 

30.10 

7.57 

107.60 

43.56 

3.10 

4.20 

9.92 

0.65 

0.09 

1.38 

64.00 

19.20 

3.80 

2100 

+ve 
-ve 

Wastewatern 20 ml 

Before 

30.10 

7.43 

93.60 

90.00 

4.40 

6.46 

13.18 

0.38 

0.03 

0.84 

52.00 

12.80 

3.90 

4300 

+ve 

+ve 

C 
30.20 

7.51 

103.20 

125.10 

2.70 

5.80 

14.00 

0.54 

0.06 

1.28 

62.00 

14.10 

4.20 

3900 

+ve 

+ve 

ARa 

30.20 

7.48 

106.20 

34.27 

4.61 

3.58 

8.66 

0.59 

0.06 

1.32 

62.00 

13.20 

3.13 

1500 

+ve 

-ve 

C 
30.40 

7.42 

104.10 

114.00 

3.80 

5.20 

13.70 

0.49 

0.06 

1.24 

60.00 

17.60 

3.80 

2400 

+ve 
+ve 

Wastmaterh Wastewadern 
After 

E 
29.90 

7.40 

94.50 

11.25 

4.80 

2.58 

7.87 

0.33 

0.03 

0.52 

48.00 

9.40 

4.20 

1100 

-ve 

-ve 

- After 

30.00 

7.47 

94.80 

17.82 

4.90 

3.26 

6.82 

0.49 

0.04 

O.% 

56.00 

12.00 

3.80 

1500 

-ve 

-ve 

C 
30.10 

7.41 

91.20 

69.00 

4.60 

3.80 

14.30 

0.28 

0.19 

0.48 

48.00 

9.60 

4.20 

2100 

+ve 
+ve 

C 
30.10 

7.39 

93.80 

85.60 

3.70 

4.60 

12.50 

0.40 

0.02 

0.90 

54.00 

13.20 

3.90 

2100 

+ve 
+ve 



Table 16 Experimental Sets Treated with CypR'lu~s cagio Lo 

E- Experimglt 
C- Control 

Panmckrs 

 tam^ 
PH 
EC 
TSS 
DO 
BOD 
COD 

m - N  
PO, -P 

so4 
TH 
Ca 

M! 
T.C 
F. C 
E.Co1.i 

20 nil 

Before 

30.10 

7.43 

93.60 

90.00 

4.40 

6.81 

14.18 

0.38 

0.03 

0.84 

52.00 

12.80 

3.90 

6400 

+ve 
+ve 

10 ml 

Before 

30.20 

7.36 

90.40 

75.00 

4.30 

6.62 

11.03 

0.26 

0.02 

0.42 

40.00 

9.60 

3.80 

4300 

+ve 

+M 

30 ml 

Befolx 

30.50 

7.46 

103.20 

115.00 

4.20 

7.20 

15.00 

0.46 

0.05 

1.20 

56.00 

16.00 

3.80 

7500 

+ve 

+ve 

~1~smvabrh WtutewaterR 

30.20 

7.57 

97.30 

17.55 

4.00 

2.75 

7.28 

0.52 

0.04 

1.00 

58.00 

14.30 

4.30 

2300 

-ve 
-ve 

After 

30.00 

7.46 

96-20 

12.75 

4.20 

2.25 

5.50 

0.39 

0.03 

0.54 

44.00 

10.60 

4.20 

1100 

-ve 
-w 

40ml 

Before 

30.40 

7.53 

104.50 

127.00 

3.20 

7.83 

22.37 

0.50 

0.07 

1.28 

64.00 

19.20 

3.80 

9300 

+ve 

+ve 

After 
C 

29.70 

7.41 

94.20 

83.60 

4.50 

4.30 

13.20 

0.40 

0.02 

0.90 

54.00 

13.20 

3.90 

4300 

+vc 

+vc 

C 
30.10 

7.35 

90.20 

70.00 

4.70 

4.10 

10.60 

0.28 

0.19 

0.48 

48.00 

9.60 

4.20 

2300 

+ve 
+ve 

w~stmrrtefn SO ml 

Befm 

29.80 

7.61 

115.60 

136.00 

1.90 

8.43 

20.07 

0.78 

0.09 

1.32 

68.00 

15.30 

3.80 

12000 

+ve 
+ve 

ARa 

30.20 

7.62 

109.40 

26.91 

4.00 

3.20 

8.73 

0.54 

0.07 

1.38 

60.00 

17.10 

4.00 

2800 

-ve 
-ve 

C 
29.60 

7.42 

102.30 

107.00 

4.20 

4.51 

13.80 

0.49 

0.06 

1.24 

60.00 

17.60 

3.80 

4600 

+ve 

+ve 

~astewakrh Wastewater/l 

- 
30.10 

7.64 

112.40 

36.45 

3.30 

3.72 

14.21 

0.57 

0.09 

1.40 

68.00 

20.40 

4.00 

3900 

-ve 
-ve 

ARg 

29.80 

7.81 

121.40 

44.74 

1.70 

4.38 

13.57 

0.93 

0.12 

1.42 

76.00 

17.10 

4.24 

7500 

+vc 

-VC 

After 
C 
30.60 

7.47 

109.30 

123.00 

3.40 

4.96 

21.50 

0.54 

0.06 

1.28 

62.00 

14.10 

4.20 

6400 

+ve 

+ve 

C 
29.70 

7.57 

117.50 

131.00 

2.00 

5.15 

19.82 

0.80 

0.08 

1.36 

72.00 

16.20 

5.83 

9300 

+ve 

+ve 



control sets maintained for experiments with biomass 4g/l and 3g/l. Higher waste 

water concentrations showed deem in percentage reduction in BOD 59.61, 

55.55,52.49 and 48 percent in 20,30,40 and 50 ml wastewater experimental sets 

with 4 g/l C'rinus (Fig. 13). Comparatively lower reduction was seen with 3 g/l 

Cyprinus, 49.53,48.04,42.06 and 39.21 percent. However controls had only upto 

a maximum of 38 percent reduction for these experimental sets. 

Maximum COD reduction of 50.2 and 51.6 percent were obtai@ in 

experiments with 10 ml wastewater with biomass 3 g/l and 4 g/l Cyprinus. 

Control for this set had only 9.49 percent reduction in COD. I .  20 ml wastewater 

experimental set, 48.3 and 48.7 percent reduction was observed with 3 and 4 gA 

fish respectively. Higher wastewater concentrations upto 50 mVI showed 39.7, 

31.6 and 29,3 percent reduction with 3 g/l fish and 41.8, 36.5 and 32.4 percent 

with 4 g/l Cyprinus. Fig. 14 represents the removal of COD by C'rinus. 

Total suspended solids reduction of 85 and 83 percent was obtained with 3 

g/l and 4 g/l Cyprinus respectively while control had only a maximum of 8 percent 

removal, in 10 ml wastewater experimental set (Fig. 15). In 20-50 ml wastewater 

experimental sets, 80.2 ,70.2 ,65.7 and 59.2 percent reduction was obtained with 

3 g/l and 80.5,76.6,71.3 and 67.1 percent reduction was recorded with 4 g/l. 

Coliforms in the experiments with 10 ml wastewater and 3 g/l Cyprinus 

showed removal of 71.7 and 74.41 percent with 4g/l fish. With greater wastewater 

concentrations and consequent i n c m  in coliforms, a progressive decrease in 

their removal was obtained Coliform removal in the experimental set with 3 g/l 

was 65.1 1,67.39, 67.18 and 62.66 percent in 20-50 ml wastewater concentration 

(Fig. 16). With 4g/l, 64.06,62.66,58.06 and 37.5 percent reduction was fecorded. 



Wastewater coeeeatrrtion 

Fig. 13 Percentage Reduction of BOD in Experimental Sets Treated with 
cyprhus c q b  L 

Fig. 14 Percentage Reduction of COD in Ekperimental SeQ Treated with 
cszprill~~carpio L 





k ~ n f i ~ l b  that of ~ a t e =  and Shek 

cl-~e Ote in bacteria and suspended 

than Tilopia. 

during the course of the 

ed slightly in experimeentd sets. 

a negligiie ind$esse in 3 g/l treated e-tal 

due to m t e r  oxygen 

requirement of the idbased bioanass of fbh. 

The nutrients, bosphate ad nimba nitrogen showed an increase h m  pre 

experimental stage with both biomass of fish used. This may be due to the faecal 

and metabolic wastes of the fish. There was a inc- in hardness in Cyprinars 

treated experimental sets. Increase in dciuxn md magnesium was also observed. 

3. Lebistes reticulates Peters 

Lebistes was used in the experiments with two varying biomass 3 and 4 

grams per litre for a treatment period of seven days. The physicochemical and 

backriologid characteristics of the experimentpl wastewater are presented in 

Tables 17 and 18. 

Lebistes treated experimental sets showed reduction in BOD upto 38.5 

percent with a biomass of at 4 gll and 32.7 percent with 3 gA for the lowest 

wastewater concentration (10 d), while its control recorded 23.4 percent 

reduction. In higher wastewater ooncentmtiom, the prcentage reduction 

decreased gradually. 3 1.7,26.4,24.7 and 19.3 percent reduction was obtained for 

20-50 ml waskwternim using Lebistes at 3 g/l. 



Period of Treatment -7 days 
Weight -3 gA 

Table 17 Experimental Sets Treated with Lebistes reticulates Peters 

Par8meCrS 

Tesn~ 
PH 
EC 
TSS 
DO 
BOD 
COD 
N@ -N 
PO4-P 

so4 
TH 
Ca 

Ml3 
.T.C 
F.C 
E . M  

10 ml 

Before 

30.20 

7.36 

90.40 

75.00 

4.30 

6.35 

15.80 

0.26 

0.02 

0.42 

40.00 

9.60 

3.80 

3900 

-ve 
eve 

20 ml 

Before 

30.10 

7.43 

93.60 

90.00 

3.80 

6.46 

13.18 

0.38 

0.03 

0.84 

52.00 

12.80 

3.90 

4300 

-ve 
-ve 

Wwtiewaterfl 

E 

29.40 

7.40 

91.20 

45.60 

4.90 
4.27 

10.73 

0.40 

0.03 

0.72 

46.00 

9.60 

3.80 

2633 

. +re 
WC; 

30 ml 

Before 

30.50 

7.46 

103.20 

115.00 

3.20 

6.89 

14.31 

0.46 

0.05 

1.20 

56.00 

16.00 

3.80 

4600 

-ve 
-ve 

A f k  

C 
30.10 

7.39 

90.90 

69.00 

4.40 

4.86 

14.90 

0.28 

0.19 

0.48 

48.00 

9.60 

4.20 

3500 

-ve 
-ve 

Wastewatern 

After . 
E 

29.80 

7.46 

95.00 

57.24 

4.20 

4.41 

9.40 

0.52 

0.04 

0.10 

60.00 

14.40 

5.80 

3027 

+ve 
+ve 

40ml 

Before 

30.40 

7.53 

128.20 

127.00 

2.50 

7.25 

15.42 

0.50 

0.07 

1.28 

60.00 

16.00 

3.50 

6400 

-ve 
-ve 

C 
30.60 

7.41 

93.40 

82.00 

3.90 

4.85 

13.14 

0.40 

0.04 

0.90 

54.00 

13.20 

3.90 

3900 

-ve 
-ve 

WastewaterR SO ml 

Before 

29.80 

7.61 

115.60 

136.00 

: 1 . 9 0  

8.39 

17.48 

0.78 

0.09 

1.32 

68.00 

15.30 

3.80 

7500 

-ve 
-ve 

E 
30.10 

7.51 

110.70 

75.33 

3.60 

4.97 

11.30 

0.61 

0.06 

1.32 

64.00 

19.20 

3.80 

3900 

+ve 
+ve 

w a s m t c r n  

After 
C 
30.40 

7.40 

104.20 

108.00 

3.00 

5.29 

14.39 

0.49 

0.06 

1.24 

60.00 

17.60 

3.80 

2400 

-ve 
-ve 

Wastewaterh 

After - 
E 
30.70 

7.60 

132.40 

88.14 

2.90 

5.46 

12.37 

0.69 

0.09 

1.36 

64.00 

19.20 

3.80 

5261 

+ve 
+ve 

After 
E 

29.70 

7.68 

120.40 

95.61 

2.30 

6.77 

14.79 

0.92 

0.12 

1.40 

76.00 

22.40 

5.83 

6570 

-ve 
-VC 

- 
C 

29.70 

7.42 

128.00 

121.00 

2.70 

5.62 

15.38 

0.54 

0.06 

1.28 

62.00 

14.10 

4.20 

5600 

-ve 
-ve 

C 
29.40 

7.52 

116.10 

130.00 

2.00 

6.92 

17.36 

0.80 

0.08 

1.36 

72.00 

20.10 

5.83 

6400 

+ve 

+ve 



Table 18 Experimental Sets Treated with Lebistes r a a t e s  Peters 

Period of Tnabment - 7 days 
Weight - 4 g/L 

E- Expaimmt 
C- Control 

Paramem 

T e m ~  
PH 
EC 
TSS 
DO 

BOD 
COD 

N@-N 
~ 0 . p  

so4 
TH 

Ca 

w3 
T.C 
F.C 
E.Coli 

30 m~ 

Before 

30.50 

7.46 

103.20 

115.00 

4.20 

6.89 

14.35 

0.46 

0.05 

1.20 

56.00 

16.00 

3.80 

4600 

+ve 

+ve 

10 mi 

Before 

30.20 

7.36 

90.40 

75.00 

4.30 

6.35 

15.80 

0.26 

0.02 

0.42 

40.00 

9.60 

3.80 

3900 

+ve 
+vs 

20 m~ 

30.10 

7.43 

93.60 

90.00 

4.40 

6.46 

13.18 

0.38 

0.03 

0.84 

52.00 

12.80 

3.90 

4300 

+ve 

+ve 

40ml 

Before 

30.40 

7.53 

128.20 

127.00 

3.20 

7.25 

15.42 

0.50 

0.07 

1.28 

60.00 

16.00 

3.50 

6400 

+ve 

+re 

Wmtewater/I SO nil -- 
29.80 

7.61 

115.60 

136.00 

1.90 

8.39 

17.48 

0.78 

0.09 

1.32 

68.00 

18.20 

4.80 

7500 

+ve 

+ve 

- After 

30.40 

7.51 

110.90 

73.37 

4.30 

4.97 

10.71 

0.67 

0.08 

1.36 

59.00 

18.20 

4.80 

3096 

+ve 

+ve 

wl~t-ccrn 

C 
30.10 

7.39 

103.60 

108.00 

3.50 

5.29 

14.13 

0.49 

0.06 

1.24 

60.00 

17.60 

3.80 

3900 

+ve 

+ve 

30.10 

7.42 

93.20 

48.53 

4.60 

3.91 

10.73 

0.42 

0.04 

0.76 

48.00 

14.40 

2.91 

2012 

-ve 

-ve 

Wastewatern wmtew~~ccrn wmm~tcrn 
After 

C 
30.00 

7.38 

91.50 

69.00 

4.50 

4.86 

14.92 

0.28 

0.19 

0.48 

42.00 

10.60 

4.20 

3500 

+ve 

+ve 

E 
30.30 

7.48 

97.40 

56.52 

4.30 

4.22 

8.90 

0.55 

0.05 

0.14 

56.00 

13.60 

4.30 

2611 

+ve 
-ve 

- After 

30.70 

7.60 

136.50 

84.46 

3.10 

5.42 

12.17 

0.73 

0.10 

1.40 

66.00 

14.,lO 

4.80 

4551 

+ve 

+ve 

E 
After 

29.50 

7.69 

124.10 

94.79 

1.82 

6.56 

14.06 

0.96 

0.13 

1.44 

74.00 

19.30 

5.62 

6285 

+ve 

ctve 

After 
C 

29.80 

7.40 

94.10 

82.00 

3.80 

4.85 

13.02 

0.40 

0.04 

0.90 

54.00 

13.20 

3.90 

3900 

+ve 

+ve 

C 
30.30 

7.43 

130.60 

121.00 

2.80 

5.62 

14.92 

0.54 

0.06 

1.28 

62.00 

15.30 

3.80 

5600 

+ve 

We 

C 
29.80 

7.53 

116.30 

130.00 

2.10 

6.92 

17.03 

0.80 

0.08 

1.36 

72.00 

20.10 

5.83 

6400 

+ve 
+ve 



Similarly when 4 g/l fish was used, the percentage reduction was found to 

decrease with increase in wastewater concentration. 34.6, 27.9, 25.2 and 21.8 

percent reduction was obtained for these experimental sets. Fig. 17 represents the 

percentage reduction in BQQ rasing &e,bL$tes. 

COD removal followed a trend similar to BOD, with the percentage 

reduction decreasing with increase in wastewater concentration. Slightly higher 

removal was obtained when 4gA Lebistes was used for treatment. Maximum 

reduction hi COD was 36.4 percent for 4g/l and 32.1 percent for 3g/l fish in 10 ml 

wastewater experimental sets. The CQD reductions were fiom 28.7, 21.3, 19.8 

and 15.4 percent for 3g/l and 32.5,25.4,21.1 and 19.6 percent for 4gA Lebistes in 

20-50 ml wastewater experimental sets. Control for both the biomass tested had 

maximum reduction of only 5.69 percent. Fig. 18 represents the percentage 

reduction in COD. 

Lebistes was capable of reducing the total suspended solids upto 39 

percent in 3 g/l wastewater experimental sets. The reduction in TSS obtained 

when 3 g/l Lebistes was used is 39.2,36.4,34.5,30.6 and 29.7 percent. 35.3,37.2, 

36.2,33.5 and 30.3 percent reduction was recorded for the same experiments with 

higher biomass of fish, 4 g/l. Control values were 8, 8.8, 6.08, 4.72 and 4.41 

percent thereby confirming the TSS removal due to the presence of Lebistes. Fig. 

19 represents the reduction in TSS using Lebistes. 

Among the parameters studied, Lebistes recorded a maximum reduction in 

colifonns, 48.4 percent with 4gll and 32.48 percent with 3 gll biomass of fish. The 

percentage reduction using 3g/l fish are 32.48,29.6,21.1, 17.79 and 12.4 percent 

for 10-50 ml wastewater1 litre. With 4gA fish, 48.4,39.27, 32.69, 28.88 and 16.2 







percent reduction was recorded Controls for these experiments had maximum 

removal 14.66 percent. Fig. 20 represents the reduction in coliforms using 

Lebistes. 

When .. i the physicochemical parameters studied were analysed, temperature , ,,. LS 

and pH showed negligible miation for the treatment period. Dissolved oxygen 

and conductivity values increased slightly, with respect to controls for both the - 
biomass experimented. 

There was a small increase in nitrate nitrogen and phosphate 

concentrations in the experiments with Lebistes, when compared to controls and 

this could be due to excretions by the fish. Hardness, calcium and magnesium 

increased in the Lebistes treated experiments. 

4. Catla catla Hamilton 

Catla is widely used in polyculture practices and is in demand as an edible 

fish. Catla has been used in several wastewater fed ponds, with success. In the 

present study, its potential to 'improve water quality of polluted waters was 

examined. Catla at 3gA and 4g.l were used to treat 10-50 ml wastewater 

experimental sets for seven days. Results indicate that Catla is capable of 

reducing BOD, COD, TSS and ooliforms to considerably lower levels. The 

physicochemical and bacteriological characteristics of the parameters studied are 

presented in Tables 19 and 20. 

Experiments conducted with Catla achieved 48.5 percent reduction in 

BOD for 4 g/l fish and 41.2 percent reduction for 3gA fish, in lowest wastewater 

concentration (20mM). In higher wastewater concentrations, a decline in the 



Table 19 Experimental Sets Treated with Catla catla Hamilton 

Period of Treatmat -7 
Weight- 3 gA 

Parunetenr 
10 ml 

More 

20 ml 

Before 

29.60 

7.84 

112.00 

105.00 

5.40 

13.40 

27.91 

0.86 

0.08 

1.62 

68.00 

19.30 

6.12 

46xld 

+ve 

+ve 

w ~ m b r n  
After 

C 

30 ml 

Befim 

29.70 

7.88 

146.80 

120.00 

5.00 

15.60 

33.19 

1.17 

0.12 

2.40 

92.00 

lb.40 

3.49 

93 x l d  

+ve 

+ve 

Wastenatern 

T e m ~  1 29.50 29.30 

7.97 

114.20 

53.97 

5.52 

8.78 

17.01 

1.02 

0.09 

1.84 

84.00 

24.00 

5.83 

15x l d  

+ve 
+ve 

29.20 

8.00 

109.30 

46.61 

6.40 

6.59 

13.20 

0.69 

0.08 

0.12 

60.00 

12.80 

3.88 

l l x ld  

+vc 
-vc 

PH 
EC 
TSS 
DO 

BOD 

COD 

40ml 

Before 

30.00 

7.89 

161.50 

138.00 

4.60 

19.30 

39.38 

1.49 

0.14 

2.82 

104.00 

35.20 

6.40 

11 x104 

+ve 
+ve 

After 
C 
29.40 

7.90 

112.60 

104.20 

5.50 

11.30 

27.32 

0.93 

0.07 

1.68 

72.00 

19.90 

6.29 

43 x l d  

+ve 
+ve 

29.00 

7.92 

106.20 

91.20 

5.82 

8.40 

21.90 

0.63 

0.06 

0.10 

52.00 

12.80 

4.80 

41xld 

+ve 
+ve 

WastewaterA 

7.86 

105.50 

92.10 

5.80 

11.20 

22.40 

SO ml 

Before 

29.80 

7.92 

194.80 

147.80 

4.20 

20.40 

40.80 

1.82 

0.16 

3.06 

120.00 

20.80 

3.88 

15 x104 

+re 

+ve 

29.80 

8.01 

152.60 

64.56 

5.50 

10.91 

23.07 

1.40 

0.14 

3.20 

100.00 

34.40 

3.40 

43 x l d  

+ve 
+ve 

After 
C 
30.00 

7.91 

147.10 

118.30 

5.13 

13.30 

33.00 

1.20 

0.10 

2.80 

92.00 

14.40 

3.49 

75 x l d  

+ve 

+ve 

Wastewatern 

NQ-N 

PO4 -P 

wlst-tern 

. 

31.20 

8.04 

167.20 

78.10 

5.02 

14.40 

28.32 

1.78 

0.16 

3.64 

112.00 

28.80 

9.72 

57x10' 

+ve 

+ve 

0.58 

0.07 

A h  

29.90 

8.12 

203.10 

88.30 

4.43 

15.18 

31.26 

2.03 

0.19 

3.82 

148.00 

43.20 

7.77 

75 x103 

+ve 
+ve 

AAer 
C 
29.60 

7.96 

161.70 

136.00 

4.56 

16.84 

38.40 

1.52 

0.11 

3.00 

100.00 

34.40 

3.40 

93 x l d  

+ve 
+ve 

C 
29.90 

7.% 

195.00 

146.20 

4.18 

18.30 

40.12 

1.97 

0.12 

3.24 

122.00 

24.00 

13.60 

11 x104 

+ve 
+ve 

so4 0.80 

TH 

Ca 

MS 
T.C 

'F.C 
E.C& 

56.00 

16.00 

3.88 

43xld 

+ve 

+ve 



Table 20 Experimental Sets Treated with C& catla Hamilton 

Period of Treatment- 7 days 
weight-4gA 

E- 
C- Control 

SO ml 

Before 

29.80 

7.92 

194.80 

147.80 

4.20 

20.40 

40.80 

1.82 

0.16 

3.06 

120.00 

20.80 

3.88 

15 x104 

+re 

+ve 

40ml 

Before 

30.00 

7.89 

161.50 

138.00 

4.60 

19.30 

39.38 

1.49 

0.14 

2.82 

104.00 

30.20 

6.40 

11 x104 

+ve 

+ve 

Paramden 

Tcm~ 

pH 
EC 

TSS 
DO 

BOD 

COD 

Na-N 

PO4-P 

so4 
TH 

Ca 

w! 
. T.C 

F.C 
E.Coli 

30 ml 

Befon 

29.70 

7.88 

146.80 

120.00 

5.50 

15.60 

33.19 

1.17 

0.12 

2.40 

92.00 

14.40 

3.49 

93 xlo3 

+ve 

+ve 

wastmatern 20 ml 

Before 

29.60 

7.84 

112.00 

105.00 

5.40 

13.40 

27.91 

0.86 

0.08 

1.62 

68.00 

19.30 

6.12 

46x103 

+ve 

+ve 

After 

29.30 

8.23 

206.70 

84.10 

4.49 

14.18 

30.56 

2.24 

0.19 

4.00 

128.00 

22.10 

4.80 

82xld 

+ve 

Wastcwatern 10 ml 

Wore 

29.50 

7.86 

105.50 

92.10 

5.80 

11.20 

22.40 

0.58 

0.07 

0.80 

52.00 

12.80 

4.80 

43 x103 

+ve 
+ve 

C 
29.00 

7.96 

195.00 

146.20 

4.20 

17.35 

40.12 

1.97 

0.12 

3.24 

112.00 

28.80 

5.83 

11x10' 

+ve 

+ve 

- After 

30.20 

8.19 

167.40 

70.10 

4.98 

13.28 

27.93 

1.82 

0.17 

3.96 

108.00 

30.20 

6.40 

53xld 

+ve 

+ve 

wastcw.tern 

C 
29.60 

7.96 

161.70 

136.00 

4.13 

17.56 

38.40 

1.52 

0.11 

3.00 

112.00 

28.8 

5.83 

93xld 

+ve 

+ve 

After 

30.00 

8.10 

155.30 

60.60 

5.49 

9.90 

22.34 

1.44 

0.15 

3.84 

98.00 

15.30 

3.40 

3h<ld 

+ve 

-ve 

Wastewaterfl 

C 
29.40 

8.01 

152.60 

118.30 

5.20 

12.62 

33.00 

1.20 

0.10 

2.80 

102.00 

25.00 

9.40 

75xld 

+ve 

+ve 

After 

29.80 

7.96 

117.30 

51.14 

5.86 

8.09 

17.01 

1.06 

0.09 

1.72 

64.00 

19.20 

3.80 

14xld 

+ve 
-ve 

Wastmrrterfl 

C 
29.50 

7.90 

112.60 

104.20 

5.50 

11.60 

27.32 

0.93 

0.07 

1.68 

74.00 

19.00 

6.00 

43xld 

+ve 

+ve 

After 

29.60 

8.20 

111.20 

45.78 

6.20 

5.77 

12.93 

0.72 

0.08 

0.16 

54.00 

15.00 

3.88 

9 x l d  

+ve 
-ve 

C 
29.30 

7.92 

106.20 

91.20 

5.82 

8.40 

21.90 

0.63 

0.06 

0.10 

60.00 

12.80 

3.88 

41xld 

+ve 

+ve 



percentage reduction was obsewed, for both the biomass of fish experimented. 

34.5, 30.1,25.4 and 25.6 perwt reduction @I BOD for 3 g/l and 39.7,36.5,3 1.2 

and 30.5 percent reduction in BOD for '4 was recorded in the present study. 

Only a maximum of 25 percent reduction was observed in control for the same 

treatment time. The results suggest the role of Catla in attaining the decreased 

BOD levels. Fig. 21 represents the reduction in BOD. 

Reduction of COD was a maximum of 42.3 percent for 4 g/l and 40.7 

percent for 3 g/l biomass in 10 mV1 wastewater experiments. 36.2,30.5,27.6 and 

23.4 percent reduction for 3 g/l and 39.1,32.7,29.1 and 25.1 percent reduction for 

4 g/l was observed in the present study in 20-50 ml experimental wastewaters. 

Control for these experiments achieved only a maximum of 2.23 percent 

reduction. Fig. 22 represents the reduction in COD. 

Maximum reductions in total suspended solids of 50.3 percent was 

obtained using 4 g/l and 49.4 percent for 3 g/l Catla in the experiments, whereas 

control had maximum of 1.44 percent reduction among the various wastewater 

concentrations studied. With 3 gA fish, 49.4, 48.6, 46.2, 43.4 and 40.3 percent 

reduction was achieved, while with 4 g/l fish, 50.3, 51.3, 49.5, 49.2 and 43.1 

percent reduction was obtained. Fig. 23 represents the percentage reduction in 

TSS in experiments using Catla. 

Coliform bacteria showed a drastic decline of 79.06 percent and 74.41 

with 3gA and 4 gfl respectively in Catla treated experimental wastewaters. The 

reductions obtained with 3 g/l catla are 74.41,67.39,53.76,48.18 and 50 percent 

for 10-50 ml wastewater/ litre respectively. When 4 g/l Catla was used, slightly 

better reductions of 79.06,69.5,58.06,51.54 and 45.33 percent was recorded for 







the same treatment conditions. Control had a maximum of only 26.6 percent 

reduction in various wastewater concentrations. Results indicate tbat higher 

biomass of fish result in better removal of coliforms. Fig.24 represents the 

percentage reduction in-colihms obtained with Catla as test species. 

Comparison of other physicochemical parameters revealed no significant 

decline in nitrates, phosphates, electrical conductivity, hardness, calcium and 

magnesium. Dissolved oxygen and pH showed a negligible increase in 

experimental sets with fish. Fish excreta contribute to the nitrate and phosphate 

content of experimental waters. 

5. Labeo rohita Hamilton 

Labeo was introduced into the experimental sets with 10-50 ml 

wastewater11 with two biomass, 3g/l and 4 g/l for a detention period of seven days. 

It was noticed that the concentrations of BOD, COD, coliforms and suspended 

solids in the experiments with Labeo were lowered from that of the pre 

experimental stage. Higher reductions were obtained when 4 g/l Labeo was used 

for the experiments. Tables 21 md 22 present the changes in the physicochemical 

and bacteriological chamteristics of experimental wastewaters for the treatment 

period. 

TSS reduction by Labeo was 48.6. 44.6, 42.5, 38.0 and 32.9 percent for 

1050 ml wastewater concentrationdlitre with 4 g/l fish. With 3 gfl fish, 47.2, 

43.1, 40.6, 39.5 and 32.3 percent reduction was observed Maximum TSS 

removal, 48.6 percent was observed with least waste- dilution and higher 

biomass of fish, 4 g/l. The TSS removal values are significant since in the 

. I". 



Table 21 Experimental Sdl Treated with h k o  rohii Hamilton 

Paiod of Treatment- 7 days 
Weight-3 gh 

E Expimen. 
C- Control 

After 
E C 
27.50 27.50 

6.72 6.44 

105.20 91.60 

52.56 95.20 

6.52 5.90 

7.19 10.30 

15.37 24.32 

1.26 1.06 

0.09 0.06 

1.60 1.42 

52.00 48.00 

12.60 11.63 

5.46 4.86 

21 xld 43 xld 
+re +ve 

T=P 
PH 

E C  

TSS 
DO 
BOD 
COD 
NQ- N 
Po,- P 

s o 4  

TH 
Ca 

Mg 
T.C 
F.C 

27.60 

6.95 

91.50 

109.20 

5.40 

14.20 

33.02 

1.23 

0.08 

1.60 

60.00 

17.60 

3.88 

46 xld 



Table 22 Experimental Seb Treated with Lobao mh& Hamilton 

Period of Treabmaat - 7 days 
weight- 4 g/l 

Parameten 

 tan^ 
PH 
EC 
TSS 
DO 
BOD 
COD 

Na-N 
PO4-P 

so4 
TH 
Ca 

M8 
T.C 
F.C 
E.CoE 

10 ml 

&fm. 

27.30 

6.43 

84.00 

99.54 

5.93 

11.60 

26.97 

1.02 

0.07 

1.20 

46.00 

11.40 

4.86 

43xld 

+ve 
+ve 

20 ml 

&fore 

27.60 

6.95 

91.50 

109.20 

5.40 

14.20 

33.02 

1.23 

0.08 

1.60 

60.00 

17.60 

3.88 

46xld  

+ve 

+ve 

Wastewaterfi 

E 
27.40 

6.80 

106.60 

51.17 

6.20 

7.05 

13.94 

1.29 

0.10 

1.82 

52.00 

12.60 

5.46 

20xld  

-ve 

-ve 

30 

Before 

26.90 

7.08 

105.50 

117.30 

4.86 

18.30 

43.57 

1.39 

0.12 

2.40 

72.00 

19.90 

6.29 

75 x t d  

+ve 
+ve 

A* 
C 

27.50 

6.44 

91.6 

95.20 

5.90 

10.30 

24.32 

1.06 

0.06 

1.42 

48.00 

11.63 

4.86 

43 x l d  

+ve 
+ve 

Wastcwatern 

E 
28.00 

7.25 

117.30 

60.50 

5.80 

9.18 

19.41 

1.60 

0.11 

2.04 

54.00 

15.84 

3.88 

24xld  

+ve 

-ve 

40ml 

Before 

29.20 

7.13 

110.10 

123.40 

4.32 

20.20 

44.80 

1.52 

0.14 

3.20 

84.00 

24.00 

5.83 

11 x104 

+ve 

+ve 

ARa 
C 

26.00 

7.00 

97.30 

101.60 

5.40 

11.60 

30.60 

1.27 

0.07 

1.70 

58.00 

17.00 

3.74 

43 x i d  

+ve 

+ve 

w~t-terfl 50 ml 

Btfm 

28.40 

7.21 

121.10 

139.60 

3.98 

24.60 

57.20 

1.69 

0.16 

5.20 

102.00 

25.00 

9.40 

15 x104 

+ve 
+ve 

- After 

27.30 

7.23 

130.40 

67.44 

5.00 

12.88 

28.15 

1.77 

0.14 

3.48 

58.00 

17.00 

3.74 

43 x i d  

+ve 
+ve 

Waabewatern 

- 
C 
26.50 

7.10 

110.80 

113.20 

4.91 

15.40 

41.50 

1.42 

0.10 

2.62 

72.00 

19.90 

6.29 

64x14 

+ve 
+ve 

w m 6 m n ~ r n  

30.10 

7.32 

137.40 

76.51 

4.50 

15.11 

31.54 

1.95 

0.19 

3.64 

76.00 

19.60 

6.51 

64x ld  

+ve 

+ve 

Aftca 

29.60 

7.56 

149.70 

93.67 

4.26 

19.04 

43.30 

2.13 

0.22 

6.80 

86.00 

22.00 

9.40 

93 x l d  

.+ve 

+va 

After 
C 
29.00 

7.14 

115.60 

119.80 

4.41 

19.30 

43.40 

1.53 

0.11 

3.28 

82.00 

22.66 

7.16 

93 x l d  

+ve 

+ve 

C 
28.00 

7.27 

125.30 

132.60 

3.95 

21.60 

55.80 

1.72 

0.12 

5.80 

98.00 

15.30 

3.40 

14x10' 

+ve 
+ve 





Fig. 27 Percentage Redmdkm of BOD In E q a k e m b l  Sets Treated with 
Inbaore#kEl.lriltor 



6. Cirrhinus mrlgala Hamilton 

Experiments conducted using Mrigal as test organism at 3 and 4 g/l with 

10-50 ml wastewaterfl concentrations, revealed its ability to improve the water 

quality. Substantial reductions in TSS and colifoms were observed. &jD and 

COD were also reduced to a considerable extent. The changes in physicochemical 

and bacteriological parameters are presented in Tables 23 and 24. 

Removal efficiencies f ~ r  BOD upto 40 percent for 3 g;/l and 43 percent for 

4 gll in the lowest wastewater concentration was obtained. The BOD removal 

declined gradually with increasing wastewater concentrations. 38.2,3 1.6,28.5 and 

25.4 percent reduction with 3 g/l Mrigai and 41, 38.7, 32.6 and 29 percent 

reduction with 4 g/l Mrigal was observed (Fig.29). Control for these experimental 

sets hi@ only 18.25 percent reduction. COD reduction of 47.1,45.2,39.4,32.6 and 

25.4 percent was obtained using 3 gfl Mrigal in 10-50 ml wastewatkr experimental 

sets. Slightly higher removal efficiency was observed with 4 g/l fish in similar 

experimental sets. 49.7,47.3,41.5,38.5 and 29.5 percent reduction was obtained 

for these experiments (Fig.30). Control had a maximum of 10.66 percent 

reduction only. 

TSS values drastically declined by 64.6 percent and 69.9 percent in 3 and 

4 g/l Mrigal with 10 ml wastewaterflitre. Higher wastewater concentrations 

showed 63.8,60.3, 59.4 and 52.6 reduction with 4 gfl, while 61.2, 55.4, 52.3 and 

48.7 percent reduction was recorded with 3 g/l Mrigal (Fig.3 1). 

Colifonn &unts decreased by 64.06 percent with 4 g/l and 62.5 percent 

with 3 gfl Mrigal in experimental sets with 10-50 ml wasbwaterll. When 4gll of 

fish was used, the reduction in coliforms was 64.06, 62.66, 53.76, 41.81 and 



Table 23 Experimental Sets Treated with Cirrhinus mrigala Hamilton 
E- 
c- Control 

I 

1' 

Paramettn 

T e m ~  

PH 
EC 
TSS 
DO 
BOD 
COD 
Na-N 
Pa-P 

SO4 
TH 
Ca 

wl 
T.C 
F.C 
E.Coli 

10 ml 

Before 

30.20 
7.53 

110.30 

106.50 

5.51 

12.60 

26.25 

0.96 

0.07 

0.80 

52.00 

12.80 

4.80 

64xld 

+w 
+ve 

20 d 

30.60 

7.57 

118.40 

110.30 

5.26 

14.50 

34.52 

1.23 

0.08 

2.20 

60.00 

12.80 

3.88 

75xld 

+ve 

+ve 

30 ml 

Befon 

31.50 

8.06 

152.30 

127.60 

5.02 

17.40 

38.66 

1.64 

0.12 

3.60 

92.00 

14.40 

3.49 

93 x l d  

+ve 

+ve 

W8stwater/l W8stemterR 
- 

30.40 

7.60 

119.70 

37.70 

5.68 

7.56 

13.89 

1.03 

0.09 

0.10 

64.00 

19.20 

3.80 

24xld 

+ve 

-ve 

E 
30.50 

7.63 

125.60 

42.80 

5.29 

8.97 

18.92 

1.39 

0.10 

2.70 

68.00 

19.30 

6.12 

39xld 

+ve 

+vc 

40ml 

31.90 

8.25 

165.40 

145.30 

4.32 

20.30 

45.11 

2.06 

0.14 

4.80 

112.00 

28.80 

5.83 

11 x10' 

+ve 

+ve 

After 
C 
30.10 

7.54 

113.60 

105.40 

5.62 

10.30 

23.45 

0.98 

0.06 

0.90 

60.00 

12.80 

3.88 

54xld 

+ve 

+ve 

After 
C 
30.60 
7.58 

120.40 

109.40 

5.27 

13.20 

32.61 

1.36 

0.07 

2.20 

72.00 

19.90 

6.29 

64xld  

+ve 

+ve 

Wmmatern 50 ml 

.&fore 

32.40 
8.32 

200.30 

157.40 

4.23 

24.20 

56.28 

2.52 

0.16 

5.20 

126.00 

21.83 

4.06 

15 x10' 

+ve 

+ve 

After 

31.60 

8.27 

159.40 

56.90 

5.41 

11.91 

23.43 

1.97 

0.15 

4.00 

100.00 

20.30 

4.91 

58.xld 

+ve 

+ve 

C 
32.00 

8.10 

154.70 

126.30 

5.12 

15.30 

36.42 

1.73 

0.10 

3.70 

104.00 

30.20 

6.40 

75xld  

+ve 

+ve 

wmtenatern Wastewaterll . 

E 
32.40 

8.39 

173.40 

69.31 

4.82 

14.52 

30.41 

2.36 

0.18 

5.10 
120.00 

29.80 

3.88 

75 x l d  

+ve 

+ve 

Aftea 
E 

32.60 

8.46 

209.30 

80.75 

4.56 

18.06 

41.99 

2.84 

0.20 

5.70 

134.00 

23.21 

4.31 

12x10' 

+ve 
.+ve 

After 
C 

32.00 

8.27 

169.20 

140.20 

4 .50-  

18.40 

42.36 

2.12 

0.11 

4.90 
128.00 

22.18 

4.13 

93 x l d  

+ve 

+ve 

C I  
32.30, 

8.32 

205.20' 

155.60 

4.21 

22.30 

53.41 

2.73 

0.12 

5.30 
148.00 

25.63 

4.76 

14x10' 

+ve 

+ve 



Table 24 Experimental Sets Treated with Cidinus mrigda Hamilton 

Period of Treatment-7 days 
Weight - 4 g/l 

rterA 
ta 

C 
32.00 

8.10 

154.70 

126.30 

5.12 

15-30 

36.42 

1.73 

0.10 

3.70 

104.00 

30.20 

6.40 

75 XI@ 

+ve 

30 ml 

Bofm 

31.50 

8.06 

152.30 

127.60 

5.02 

17.40 

38.66 

1.64 

0.12 

3.60 

92.00 

14.40 

3.49 

93 x l d  

+ve 
+ve 

- 

Wmtn 

- A 

31.70 

8.35 

162.30 

50.66 

5.32 

10.67 

22.62 

2.03 

0.16 

4.10 

112.00 

28.80 

6.40 

43 x l d  

+ve 

-ve 

20 ml 

Bcfm . 

30.60 

7.57 

118.40 

110.30 

5.26 

14.50 

34.52 

1.23 

0.08 

2.20 

60.00 

12.80 

3.88 

75 x l d  

+ve 

+ve 

hrame- 

 tan^ 
PH 
Ec 

TSS 
nO 
BOD 
COD 

N03-N 
PO, -P 
SO1 
TH 
Ca 

m 
T.C 
F.C 

E.Coli 

Befm 

31.90 

8.25 

165.40 

145.30 

4.32 

20.30 

45.11 

2.06 ' 

0.14 

4.80 

112.00 

28.80 

6.40 

11x10' 

+ve 

10 ml 

Befm - 

30.20 

7.53 

110.30 

106.50 

5.51 

12.60 

26.25 

0.96 

0.07 

0.80 

52.00 

12.80 

4.80 

64x1d 

+ve 

+w 

SQ ml 
- 

32.40 

8.32 

200.30 

157.40 

4.23 

24.20 

56.28 

2.52 

0.16 

5.20 

126.00 

20.48 

3.88 

15 x10' 

+ve 

w a ~ m t t r n  
Aftex 

30.50 

7.70 

128.40 

43.06 

5.28 

8.56 

18.20 

1.43 

0.12 

2.90 

76.00 

19.66 

6.51 

28 x l d  

+ve 
-ve 

40mlWmtewabdl Wastmatern 

C 
30.60 

7.58 

120.40 

109.40 

5.27 

13.20 

32.61 

1.36 

0.07 

2.20 

72.00 

19.90 

6.29 

64xld  

+ve 
+vc 

32.20 

8.46 

175.60 

59.00 

4.71 

13.69 

27.75 

2.43 

0.18 

5.20 

136.00 

30.40 

6.75 

64x10~ 

+ve 

A h  

30.50 

7.68 

122.30 

32.06 

5.70 

7.19 

13.21 

1.15 

0.09 

0.12 

64.00 

19.20 

3.89 

23xld 

+ve 

-w 

Wastewatern 
After 

C 
32.00 

8.27 

169.20 

140.20 

4.50 

18.40 

42.36 

2.12 

0.11 

4.90 

128.00 

20.80 

3.88 

93 x l d  

+ve 

C 
30.10 

7.54 

113.60 

105.40 

5.62 

10.30 

23.45 

0.98 

0.06 

0.90 

60.00 

12.80 

3.88 

54xlo) 

+ve 
+ve 

E 
32.50 

8.50 

212.30 

74.61 

4.43 

17.19 

39.68 

2.92 

0.22 

5.80 

152.00 

24.70 

4.60 

11 x10' 

+ve 

ARQ. 
C 

32.30 

8.32 

205.20 

155.60 

4.21 

22.30 

53.41 

2.73 

0.12 

5.30 

148.00 

24.00 

4.46 

14x10' 

+ve 



Fig. 29 Percentage Reduction of BOD in Experhnsatd Sca;r Tmted with 
Cirrhif8u8111&& Hamilton 

Fig. 30 Pe- Redacttan of COD in E q d m d d  Sdr Treated with 
CiiTMnvrnrSgrrh- 





26.66 percent for the various experimental wastewaters during the treatment 

period, while 62.5,48,36.7,3 1.81 and 20 percent reduction was observed with 3 

g/l fish. The maximum removal in control was 19.35 percent (Fig.32). 

Electrical .conductivity and pH showed slightly elevated values for both the 

biomass in all experiments. Variations in temperature was negligible. The 

presence of fish increased nitrate and phosphate concentrations in the 

experimental wastewater. Hardness, calcium and magnesium also showed slight 

increase, with respect to control. 

In this study the potential of two invertebrates - Paramecium caudatum 

and Daphnia Llulgna as well as six fishes, Tilapia mossambica, Cyprinus carpio, 

Catla catla, Labeo rohita, Cirrhinus mrigala and Lebistes reticulates for the 

treatment of experimental wastewaters was determined under laboratory 

conditions for a treatment period of seven days. It was observed that invertebrates 

were more efficient in the removal of coliform bacteria than fishes. 

Among the invertebrates, Daphnia magna was found to be more efficient 

than Paramecium caudatum in the reduction in coliform count (maximum of 

98.25 percent compared to 61.66 percent in Paramecium); BOD (54.53 compared 

to 24.07.percent in Paramecium); COD (52.7 percent compared to 36 percent in 

Paramecium) and TSS (94 percent c o m e  to 88 percent in Paramecium). 

BOD reductions were maximum in Tilapia (59.1 percent) followed by 

Cprinw (61.48 percent), Catla (48.5 percent), Mrigal (43 percent), Rohu (39.2 

percent) and Lebistes.(38.5 percent). 

Suspended solids removal was most efficient in Tilapia (91.3 percent) and 

Cyprinus (83 pemnt). Among other fishes suspended solids reduction was 69.9 



percent in Mrigal, 50.3 percent in Catla, 48.3 percent in Rohu and 39.2 percent in 
- 

Lebistes. 

COD reduction was highest in Tilapia (57.2 percent), followed by 

C ' i n u s  ,, , - (51.6 percent), Cirrhinus (49.7 percent), Labeo (48.3 percent), . L -..,. Catla , 

(42.3 percent) and Lebistes (36.4 percent). 

Ability to reduce coliform counts fkom the experimental wastewater was 

observed in the order of Tilqia (82.08 percent), Catla (79.06 percent), Cyprinw 

(74.41 percent), Cirrhinus (64.06 percent), Lobeo (53.48 percent) and Lebistes 

(48.4 percent). 

Among the fishes studied, ability to improve water quality in decreasing 

order was Tilapia, Cyprinus, Catla, Cirrhinw,' Labeo and Lebistes. When the two 

biomass 3g.4 and 4g/l were considered, 4 g.1 fish gave better results. Tilapia was 

more efficient in the removal of TSS, coliforms, BOD and COD values, when 

compared to other fshes. 



4.2 TREATlWENT STUDIES WITH AQUATIC FLORA 



4 2 T R E A m  USING AQUATIC FLORA 

42.1 Genera1 

&ate nutrients, including nitrates and 

phosphates from sewage effluemts has been recognized in the recent years. The 

utilization of aquatic plants for wastewater treatment is in various stages of 

experimentation. Their potential to absorb, translocate and metabolise or 

accumulate various chemicals is being put into use in commercial wastewater 

treatment. The major components of such biological systems are the aquatic 

mcio~hytes, selected on the basis of their potential to scavenge and accumulate 

nutrients and pollutants. Voluminous work has been done on water hyacinth, 

Eichhomia crassips (Mart.) S o h .  Hence the present study has been devoted to 

the exploration of the potential of lesser known aquatic flora for wastewater 

treatment. The efficiency of different macrophytes needs to be studied with 

respect to the local climatic conditions, before they can be incorporated into 

aquatic treatment systems. 

In the present study, experiments were conducted using selected locally 

available aquatic flora (several of them designated as  weed^) to study their 

potential to remediate wastewaters. The flora experimented include the floating 

plants Azolla rubra R.Br., Salvinia molesta Mitchell, Pistia stratiotes L., Lemna 

perpusilla Toney, Wolf/ globosa Roxb. and Spirodela polyrrhiza L. Scbleid; 

submerged plants Hydrilla veiriciNata (L.f) Royle and Ceratop&IIum dernersm 

L. as well as Lagenandra toxicaria Dalz., an emagent plant. 

Aquatic plants have been used in wastewater treatment for the removal of 

nutrients, chemicals and metals. The mechanisms for contaminant removal in 



these systems may be complex involving physiological characteristics of the 

plants, biological and physicochemical reactions in the aquatic environment. 

Although the storage of absorbed nutrients is short term, many aquatic plants have 

high nutrient uptake rates. Floathg quatic plants also hgve the capability to 

assimilate large quantities of trace elements, some of which are essential for plant 

growth, thereby improving the water quality (Reddy and De Busk, 1987). In 

submerged plants absorption is also facilitated by the permeability of the 

unthickened. cellulose walls and often absence of cuticle. Even when it does occur 

offers little resistance to diffusing substances (Sculthorpe, 1967) 

Macrophytes aid in wastewater treatment by facilitating physical 

sedmentation a d  kter ia l  metabolic activity. The roots and stems provide 

surface for bacterial growth and are media for filtration and adsorption of solids. 

The stem and leaves prevent growth of suspended algae, reduce the effect of wind 

on water and transfer oxygen from leaves to root tips (Stowell et al. 1980). Plants 

remove nutrients such as nitrates and phosphate by directly assimilating them into 

their tissue and on harvest remove them permanently Etom the water body. 

Orgmc carbon, typically measured as BODs is utilized by bacteria as an 

energy source and for cell synthesis. These bacteria inhabit microenvironments in 

the plant root zone and may also be dispersed throughout the water column. 

Presence of aquatic plants thus helps in reducing the BODS. An anatomical 

adaptation of aquatic plants is the development of aerenchyma cell structure 

which facilitates the exchange of oxygen fiom aerial tissue into the root zone 

(Moorhead and Reddy, 1988 and Armstrong, 1964). This oxygen if not consumed 



during root respiration can enter the water column and be utilized by the aerobic 

bacteria for oxidation of organic carbon ( Reddy and De Busk,l987). 

Suspended and colloidal solids are removed as a result of collisions 

(inertial and Brownian) with an adsorption to plant parts such as stem and roots 

(Stowell et al. 1980). Particulates are filtered mechanically as water passes 

through the roots. Ultimate removal of suspended solids will be by bacterial 

metabolism, i.e., aerobic decay of solids entangled in the surfacks of vegetation 

(Polprasert, 1996) 

Nitrogen is removed from wastewater by a number of mechanisms 

including uptake by plants and subsequent harvesting of them, volatalisation of 

ammonia, adsorption as well as bacterial nitrification and denitrification (Reed et 

al. 1988). Plant uptake will not represent permanent removal, unless the plants 

are routinely harvested. Aquatic plants provide surfaces for the attachment, in 

order to maintain significant populations of the slowly reproducing nitrifjlng 

bacteria in an aquatic system. Under conditions where dissolved organic carbon is 

not limiting, the factor most limiting nitrogen removal is the supply of oxygen 

which is necessary to sustain nitrification. In this regard, the ability of an aquatic 

plant to translocate oxygen fiom the shoot to root, and thereby establish an 

oxidized rhizosphere, is an important factor (Wood, 1990). 

Phosphorous removal mechanisms in aquatic systems are plant uptake, 

chemical adsorption olnd precipitation reactions (Polprasert, 1996). Aquatic plants 

supplied with sewage effluents tend to show increased growth and usually have 

increased tissue phosphorous concentration (Wood, 1990). Richardson (1 985) 

suggests that -9 35-75 percent of the plant phosphorous is rapidly released 



on plant senescence. Thus ve-tion only serves as a short-term sink for 

phosphorous unless the biomass is harvested as in the case of nitrogen. 

The major pathway for removal of sulphates is plant uptake. The presence 

of sulphates or sulphites in wastewater can lead to odour problems if anaerobic 

conditions develop. Sulphate is quite rapidly taken up by roots, translocated to leaf 

chloroplast where it is reduced and thus incorporated into organic compounds or 

accumulated in the vacuoles. 

Plant uptake of calcium and magnesium reduces its concentration, as well 

as the total hardness of water in aquatic systems. 

Aquatic systems offer a unique combination of physical, chemical and 

biological factors that contribute to inactivation and removal of both pathogenic 

viruses and bacteria. In addition to filtration through the root substrate and 

attached biofilm, physical removal factors include sedimentation, aggregation and 

inactivation by UV radiation. Chemical factors include oxidation, exposure to 

biocides which may be excreted by plants (Polprasert, 1996) and adsorption to 

organic matter (Wood, 1990). Ingestion by nematodes or ciliates, attack by lytic 

bacteria are other causes (Gersberg et al. 1987). Aquatic macrophytes such as 

water hyacinth, Pistia, Lagenand+a and Ceratophyllum have antimicrobial 

properties (Agarwal, 1997) and this could aid in reducing bacterial counts. 

4.2.2 Floating plants 

1. SaMnia molmta Mitchell 

Salvinia is one of the most tenacious aquatic weed causing ecological and 

economic losses in Kerala. Its infestation is widespread and the biomass doubling 

time is 4-10 days under favourable growing conditions, making it an ideal 



candidate for wastewater treatment. The studies using Salvinia for a detention 

period of seven days revealed its potential for improving water quality of 

experimental wastewater by bringing about noticeable decrease in BOD, COD, 

TSS, coliforms, nitrate and phosphate. The physicochemical and bacteriological 

characteristics of the experimental sets are presented in Table 25. 

BOD decreased in the Salvinia treated experimental wastewaters upto a 

maximum of 67.8 percent for the seven day period. It was observed that the BOD 

removal was 53.4, 59.2, 62.5 and 67.8 percent respectively for 50, 100, 150 and 

200 ml wastewater experimental set and then decreased to 56.8 % in the highest 

wastewater concentration, 250 mV1. the reduction in BOD with the test plant 

Salvinia was comparatrvely greater than the control (without Salvinia) for all 

wastewater concentrations, with a removal of 7.25 percent for the control set. 

Fig.33 represents the percentage reduction in BOD with Salvinia. 

COD reductions upto 26.4 percent was recorded in the study. 12.1, 17.7, 

20.8, 24.5 and 26.4 percent reduction was observed in 50-250 ml experimental 

wastewaters, while in the control, a maximurn of 5.07 percent was obtained. 

Fig.34 represents the percentage reduction in COD. 

TQM suspended solids were l ~ w a  tban that of control in Salvinia treated 

experimental wastewater. There was a steady increase in TSS removal in the five 

wastewater concentrations experimented (19.3,2 1.7,27.2,38.8 and 42.5 percent) 

with maximum reduction in 250 ml wastewaterflitre (Fig.35). Control had a 

maximum reduction of 7.24 percent for the seven day detention period. The 

submerged leaves, which are modified to form root like structures, are very 

extensive and help in the settling of suspended solids. 



Period of Treatment -7 days 
Weight - 5 g/l 

Table 25 Experimental Sets Treated with SaMnta moles& Mitchell 

Parameters 

T e m ~  

PH 
EC 

TSS 
DO 

BOD 
COD 

N a - N  

PO, P 

so4 
TH 
Ca 

M8 
T.C 
F.C 

E.Coli 

50 ml 

Befole 

27.40 

7.25 

126.30 

30.30 

2.81 

13.10 

33.50 

1.06 

0.80 

2.00 

56.00 

13.06 

5.66 

15 X ~ O '  

+ ve 

+ ve 

100 ml 

27.80 

7.38 

163.20 

45.60 

1.20 

19.30 

55.14 

2.41 

2.20 

3.40 

72.00 

22.40 

3.88 

24 x10' 

+ve 

+ve 

250 ml 

Bsfore 

28.10 

7.73 

359 

98.30 

0 

40.30 

118.50 

8.12 

7.20 

9.60 

120.00 

38.20 

12.80 

19x106 

+ve 

+ve 

150 ml 

Before 

28.00 

7.45 

235.60 

57.40 

0 

24.60 

79.35 

4.87 

4.80 

5.80 

%.00 

27.20 

7.76 

64 x10' 

+ ve 

+ ve 

Wurtcnatern 200 ml 

Before 

28.20 

7.62 

309.10 

76.45 

0 

32.20 

100.60 

6.37 

5.90 

6.20 

104.00 

23.60 

10.20 

93 x10' 

+ ve 

+ ve 

. 

27.20 

8.20 

105.40 

29.17 

4.00 

6.10 

29.45 

0.58 

0.51 

1.01 

48.00 

9.60 

4.20 

23x10' 

-ve 
-ve 

Wurtewaterfl 
Aftg 

C 
27.60 

7.28 

126.10 

29.70 

2.92 

12.60 

31.80 

1.01 

0.65 

1.90 

52.00 

12.80 

3.90 

14x10' 

+ve 

+ve 

w.stcnatern 

E 
27.50 

8.25 

142.30 

35.70 

3.20 

7.87 

45.38 

1.21 

1.91 

1.61 

52.00 

12.80 

3.90 

57x10' 

-ve 

-ve 

Wastewattr/I 
After 

27.80 

8.40 

345.40 

56.52 

0.53 

17.40 

87.22 

3.06 

3.64 

5.03 

108.00 

22.40 

3.88 

8 0 ~ 1 d  

+ve 

+ve 

After 
C 

27.80 

7.38 

160.80 

42.30 

3.40 

17.90 

52.60 

2.32 

2.00 

3.50 

74.00 

22.40 

3.88 

23x10' 

+ ve 

+ ve 

After 

27.80 

8.90 

217.20 

41.79 

1.98 

9.22 

62.84 

2.32 

2.53 

2.31 

84.00 

22.80 

6.40 

23x10' 

-ve 
-VC 

~ o s t c w a b r ~  

C 
28.10 

7.72 

360.30 

97.10 

0.10 

39.60 

115.70 

8.00 

6.90 

9.50 

112.00 

28.80 

6.40 

18x106 

+ve 

+ve 

C 
28.10 

7.45 

236.10 

56.00 

0.24 

23.80 

75.80 

4.80 

4.47 

5.60 

92.00 

14.40 

3.49 

59x10' 

+ ve 

+ ve 

After 

27.50 

8.30 

295.30 

46.79 

1.68 

10.37 

75.95 

2.78 

2.81 

3.02 

96.00 

27.20 

7,77 

36x10' 

+ve 

+ve 

. 
C 

28.30 

7.63 

308.40 

75.40 

0.16 

30.20 

98.30 

5.93 

4.90 

6.30 

100.00 

20.30 

4.91 

91x10' 

+ve 

+ve 





In the studies using Salvinia, coliforms removal was most pronounced at 

84.6 percent in 50 ml wastewater1 litre. Higher wastewater concentrations showed 

76.2, 63.6, 61.2 and 57.8 percent reduction for 100-250 ml wastewaterhitre. 

Control for these experiments had a maximum reduction of 7.8 percent only. 

Faecal coliforms and E. coli were absent in the experimental sets with Salvinia in 

50, 100 and 150 rnl wastewater. Fig.36 represents the percentage reduction in total 

coliforms. 

Nitxyte nitrogen was reduced by a maximum of 62.3 percent using 

Salvinia. The percentage reductions for various experimental wastewaters are 

45.3,49.8,52.3 56.4 and 62.3 percent for 50-250 ml wastewater1 litre. Control for 

these experiments had reduction upto 6.9 percent only. Fig.37 represents the 

reduction in nitrate nitrogen using Salvinia 

Phosphate attenuation upto 52.3 percent in the experimental sets. There 

was an increase in phosphate removal, 36.2,40.3,47.3 and 52.3 percent in 50-200 

ml wastewaterhitre. However, phosphate removal by Salvinia decreased to 49.4 

percent in 250 ml wastewater experiment set. Fig.38 represents the reduction in 

phosphates. 

Sulphate showed a decrease over control probably due to plant uptake. A 

maximum reduction of 60.2 percent was observed in 150 ml wastewater 

concentration. Other experimental sets had 49.5,52.6,5 1.2 and 47 percent for 50- 

250 ml wastewaternitre. 

Hardness, calcium and magnesium showed a decrease when compared to 

control, due to plant uptake. There was no variation in temperature, while pH 

showed slightly elevated values due to the presence of Salvinia. Dissolved oxygen 



FJg. 35 Percentage Reduetion of TSS in E x ~ e n t a l  Stta Treated with 
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Fig. 36 Percentage Redaction of Cditorma in Experimental SeQ Treated with 
2TdvMu m&s& Mitchell 
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showed a marginal increase in the experimental sets. This could be attributed to 

the difhsion of oxygen from the roots into water, in addition to the diffusion at 

the air water i n t e b .  

2. AmUa d r a  RBr. 

Azolla, which is already in use as a biofertiliser, holds potential for 

bioremoval of nutrients, BOD, total suspended solids and coliforms to a good 

extent. Studies conducted for treatment period of seven days brought about an 

imprdvcment in the quality of experimental wastewaters. Table 26 presents the 

variations in physicochemical and bacteriological parameters for the treatment 

period. 

BOD decreased in Azolla treated experimental wastewaters to a maximum 

of 64 percent. It was noticed that maximum removal occurred in experimental sets 

with 150 ml wastewaterfl experimental set. In higher concentrations above 150 

mVI a decreasing trend in BOD removal was observed. The reductions in BOD for 

50-250 ml w8stewterfl experimental sets are 55,59,64,62 and 58.3 percent. The 

reduction in BOD due to presence of Azolla was greater than control, which had a 

maximum of 8.94 percent reduction, among various experimental sets. Fig.39 

represents the reduction in BOD using Azolla. 

COD reduction of 4.3, 5.4, 7.6, 8.2 and 9.8 percent was obtained for 50- 

250 ml wastewaterfl experimental sets, while control had 2.85,4.6,6.68,4.17 and 

2.6 percent reduction. Fig.40 represents the reduction in COD using Azolla. 

Total suspended solids reduced by 36.3 percent in experiments with 

Asofla. 22.1,25.2,29.8,32.4 and 36.3 percent reduction for 50-250 ml wastewater 



Table 26 Experimental Sets Treated with Azolla ncbta R Br. 

P d  of Treatment -7 days 
Weight- 2 gA 

E- Experiment 
C- Control 

Parameter!i 

T c m ~  
pH 
EC 

TSS 
DO 

BOD 
COD 
Na-N 
PO4 -P 

s o 4  

TH 
Ca 

Ma 
T.C 
F.C 
E.C& 

SO ml 

27.40 

7.25 

126.30 

30.30 

2.81 

13.10 

33.50 

1.06 

0.80 

2.00 

56.00 

13.06 

5.66 

15 x l ~ '  

+ve 

+ve 

100 ml 

Befare 

27.80 

7.38 

163.20 

45.60 

1.20 

19.30 

55.14 

2.41 

2.20 

3.40 

72.00 

22.40 

3.88 

24x10' 

+ve 

+ve 

watemterh 

E 
27.00 

7.27 

104.40 

23.60 

4.30 

5.89 

32.54 

0.74 

0.58 

1.05 

48.00 

9.60 

4.20 

77x10~ 

-ve 

-ve 

150 ml 

Before 

28.00 

7.45 

235.60 

57.40 

0 

24.60 

79.35 

4.87 

4.80 

5.80 

96.00 

27.20 

7.76 

64x10' 

+ ve 

+ve 

After 
C 
27.60 

7.28 

126.10 

29.00 

2.92 

12.00 

30.20 

1.00 

0.73 

1.90 

52.00 

12.80 

3.90 

14x10' 

+ve 

+ve 

wutcwrte~n 

27.90 

8.00 

144.20 

34.11 

3.85 

7.91 

52.16 

1.54 

2.1 1 

1.68 

52.00 

12.80 

3.90 

13 xloS 

-ve 

-ve 

200 ml 

Before 

28.20 

7.62 

309.10 

76.45 

0 

32.20 

100.60 

6.37 

5.90 

6.20 

104.00 

23.60 

10.20 

93 x10' 

+ ve 

+ve 

After 
C 
27.80 

7.38 

160.80 

42.30 

3.40 

18.00 

52.60 

2.35 

2.13 

3.50 

72.00 

22.40 

3.88 

23 xlo5 

+ ve 

+ve 

Wmtmtull 250 ml 

Before 

28.10 

7.73 

359.00 

98.30 

0 

40.30 

118.50 

8.12 

7.20 

9.60 

120.00 

38.20 

12.80 

19xl$ 

+ ve 

+ve 

. 

27.90 

7.49 

219.50 

40.29 

1.81 

8.86 

73.32 

3.05 

2.95 

2.71 

80.00 

20.80 

6.80 

39x10' 

+ ve 

+ve 

After 
C 
28.10 

7.45 

236.10 

56.20 

0.24 

22.40 

74.00 

4.82 

4.60 

5.60 

92.00 

14.40 

3.49 

63 xlo' 

+ ve 

+ve 

WmtewateFh Wmtmatern 

28.10 

7.85 

300.50 

51.68 

1.53 

12.24 

92.35 

3.82 

3.46 

3.40 

96.00 

27,20 

7.77 

62x10' 

+ ve 

+ve 

* After 

28.00 

7.89 

347.10 

62.62 

1.20 

16.80 

106.90 

4.85 

3.72 

5.51 

108.00 

22.40 

3.88 

13 x106 

+ ve 

+ve 

A h  
C 

28.30 

7.63 

308.40 

75.30 

0.16 

30.60 

96.40 

6.00 

5.78 

6.30 

100.00 

20.30 

4.91 

91 xlo' 

+ve 

+ve 

C - 
28.10 

7.72 

360.30 

97.00 

0.10 

38.40 

115.40 

7.90 

6.80 

9.50 

112.00 

28.80 

6.40 

18xlOd 

+ve 

+ ve 





concentration was recorded. Control sets had a maximum of 7.23 percent 

reduction. Fig.41 represents the reduction in TSS using Azolla. 

Coliform count declined by 48.6, 45.8, 39.1,33.3 and 31.6 percent in the 

experimentcll sets witb 50-250 ml wastewterA. Ahximum reduction was recorded 

in least wastewater concentration, 48.6 percent, while maximum reduction for 

control was 7.14 percent. Fig.42 represents the reduction in colifonns using 

Azolla. Fecal coliforms and E.coli were absent in the experimental sets with 

Azolla upto I00 ml wastewater per liter. E.coli was absent in all the experimental 

wastewaters with Azolla with the exception of 250mVL wastewater concentration. 

Nitrate nitrogen removal for the various experimental sets was 30.18,36.1, 

37.3, 40 and 40.2 percent. Control had a maximum removal of 5.8 percent. 

Phosphate removal was 27.5, 34, 38.5, 41.3, and 48.6 percent. Control had 

maximum reduction of 8.75 percent. Fig 43 and 44 represent the reduction in 

nitrate nitrogen and phosphate using Azolla. 

There was a decrease in electrical conductivity, calcium, magnesium and 

hardness in the experiments using Azolla. Temperature and pH did not show much 

variation. Dissolved oxygen levels increased in the experimental sets, when 

compared to controls. 

Pistia is a beautiful aquatic rnacrophyte that propagates by offsets and 

buds, covering the surface of water bodies rapidly. Pistia is seen in various 

localities of Kerala in the form of dense mats. Pistia revealed excellent potential 

for removal of nutrients, reducing BOD, COD and suspended solids as well as 

colifom in the seven day treatment study. pH showed an increase while 







electrical conductivity decreased in all the wastewater experimental sets, when 

compared to the respective control. Dissolved oxygen improved &om the initial 

concentration, which could be due to transport of oxygen to the plant roots and 

, ..,. =, aduction in BOD. The physicochemical and bacteriological chamteristics.of the 

experimental waters is presented in Table 27. 

Pistia was capable of reducing the BOD of experimental wastewater upto 

a maximum of 75 percent, while control had only 7.25 percent reduction. The 

reduction in BOD was 62, 64, 72, 75 and 70 percent for 50-250 ml wastewater 

concentrations. The extensive root system of Pistia helps in adsorption of 

colloidal and soluble matter contributing to BOD and COD. The metabolic 

activity of microorganisms and physicochemical interactions within the root zone 

also reduce BOD to a great extent. Fig.45 represents the percentage reduction in 

BOD in experiments with Pistia. 

COD reduction was in the range of 28-42 percent for various wastewater 

concentrations experimented. 28.8,3 1.7,36.6,39.2 and 42 percent reductions were 

obtained for 50-250 ml wastewaterflitre. Fig.46 represents the percentage 

reduction in COD. 

Substantial reduction in total suspended solids was observed in Pistia 

treated experimental sets. An increasing trend in the TSS removal with increasing 

wastewater concentrations was observed (29.5, 45.4, 49.1 and 57.6), reaching a 

maximum of 66.4 percent in 250 ml wastewaterflitre (Fig.47). Control had a 

maximum of 2.1 percent reduction. The removal was probably due to the effect of 

the root network, which helps in adsorption of suspended solids. 



Table 27 Experimental Sets Treated with M a  stratoites L. 

Period of Treatment -7 days 
weight -5 gA 

Pawamcters 

T e m ~  
PH 
EC 
TSS 
DO 

BOD 

COD 

Na-N 

PO, -P 
SO4 

TH 
Ca 

w5 
T.C 
F.C 

E.Co!i 

50 ml 

B e f ~  

27.40 

7.25 

126.30 

30.30 

2.80 

13.10 

33.50 

1.06 

0.80 

2.00 

56.00 

13.06 

5.66 

15 xlo5 

+ve 

+ve 

wa-b~n 100 ml 

Before 

27.80 

7.38 

163.20 

45.60 

1.20 

19.30 

55.14 

2.41 

2.20 

3.40 

72.00 

22.40 

3.88 

24 xlo5 

+ve 
+ve 

250 UII 

Before 

28.00 

7.73 

,,359.00 

198.30 
t 

0 

40.30 

118.50 

8.12 

7.20 

9.60 

120.00 

38.20 

12.80 

19x10~ 

+re 

+ve 

E 
27.20 

8.13 

106.81 

21.36 

4.60 

4.98 

23.85 

0.42 

0.48 

0.95 

40.00 

9.60 

3.80 

11 x l d  

-ve 

-ve 

After 
C 

27.60 

7.28 

126.10 

29.70 

2.90 

12.60 

30.20 

1.00 

0.72 

1.90 

52.00 

12.80 

3.90 

14 xlo5 

+ve 
+ve 

150 an1 

Before 

28.00 

7.45 

235.60 

57.40 

0 

24.60 

79.35 

4.87 

4.80 

5.80 

96.00 

27.20 

7.77 

64 xlo3 

+ve 

+ve 

wll~bcwsbern watc7vatern 200 ml 

Before 

28.20 

7.62 

309.10 

76.45 

0 

32.20 

100.60 

6.37 

5.90 

6.20 

104.00 

23.60 

10.20 

93 x10' 

+ve 
+ve 

After 

27.70 

8.35 

340.40 

33.04 

0.84 

12.09 

68.73 

2.23 

3.48 

5.51 

104.00 

22.40 

4.91 

20x10' 

+re 

+ve 

- 

28.50 

8.17 

145.70 

24.90 

3.30 

6.95 

37.66 

0.84 

1.26 

1.21 

54.00 

13.20 

3.90 

7 x l d  

-ve 

-ve 

C 
28.10 

7.72 

360.30 

97.81 

0.10 

39.60 

114.80 

7.90 

6.80 

9.50 

112.00 

28.80 

6.40 

18 xlo6 

+ve 

+re 

A f k  
C 
27.80 

7.38 

163.60 

44.60 

1.05 

17.90 

53.40 

2.35 

2.10 

3.50 

68.00 

15.30 

3.80 

23 x10' 

+ve 
+ve 

wmtcrwtern 
After 

27.30 

8.20 

214.80 

29.21 

2.00 

6.89 

50.31 

1.47 

2.48 

2.19 

76.00 

22.40 

3.88 

43 xlo5 

+ve 

+ve 

wa~tsn~tern 

C 
28.10 

7.45 

236.10 

56.90 

0 

23.80 

74.60 

4.82 

3.92 

5.60 

96.00 

27.20 

7.76 

59 xlo3 

+ve 
-ve 

E 
27.60 

8.29 

292.40 

32.41 

1.96 

8.05 

6.16 

1.45 

2.63 

2.80 

92.00 

14.+ 

3.49 

75 xlo' 

+ve 
+ve 

After 
C 
28.30 

7.63 

308.40 

75.91 

0.10 

30.20 

95.30 

6.00 

4.80 

6.30 

100.00 

20.30 

4.91 

91 x10' 

+ve 
-ve 





Coliform removal was excellent in Pistia treated experimental 

Wewaters, with a maximum of 99.7 percent reduction in 100 ml wastewater 

flitre. Reduction in the range of 99 percent was consistently obtained in all 

experimental sets upto 200 ml wastewater Aitre. A reduction in the rate of removal 

of coliforms was noted in experiments with higher wastewater concentrations. 

Control had a maximum of only 7.81 percent reduction. Fig.48 represents the 

percentage reduction in coliforms. Fecal colifom and E. coli were absent in 

Pistia treated experimental sets in 50 and 100 ml wastewater concentrations. E. 

coli was absent in all experimental wastewaters except highest concentration of 

wastewater (250 &). 

Removal efficiency for nitrate nitrogen was in the range of 60-77 percent, 

while control had only a maximum of 5.7 percent reduction. The percentage 

reductions for various wastewater concentrations studied are 60.2,65.3,69.8 77.2 

and 72.5 percent for 50-250 ml wastewaterflitre. Fig.49 represents the reductions 

in nitrate nitrogen. 

Phosphate uptake was obsemed to increase with increasing wastewater 

concentrations, recording maximum at 200 ml wastewaternitre (55.4 percent). 

With increase in wastewater concentration, there was a decrease in the phosphate 

removal. Fig.50 represents the percentage reduction in phosphate in Pistia treated 

experiments. 

There was a reduction in sulphate upto a maximum of 64 percent in 

experimental sets with 100 ml wastewater. The percentage reduction in sulphate 

was 52.6, 64.3, 62.3, 54.8 and 42.6 percent for 50-250 ml wastewater /litre. 

Hardness, calcium and magnesium also showed dwrease with respect to control 







for all the experiments and this could be due to the plant uptake of calcium and 

magnesium. 

4. Lemna perpusifla Torrey 

Lemna is the most commonly seen duckweed forming dense mats in 

stagnant water bodies. Lemna holds good potential for use in wastewater treatment 

systems due to its rapid doubling time and uptake of nutrients. In the present 

study, results revealed that L e m  was efficient in removing nutrients and 

reducing BOD of experimental wastewaters. The physicochemical and 

bacteriological characteristics of the experimental waters is presented in Table 28. 

Maximum reduction of BOD in the experimental sets with Lemna was 

82.6 percent in various wastewater concentrations. 56.3,67.8,72.7,79.4 and 82.6 

percent reduction in BOD was obtained for 50-250 ml wastewater Aitre 

experimental sets. Fig.51 represents the percentage reduction in BOD. Lemna 

gibba has been utilized to treat municipal wastewater in Israel and a BOD removal 

97 percent has been reported (Oron and Porath, 1987). 

COD removal upto 46 percent was obtained in the treatment study. There 
b 

was a gradual increase in the percentage removal of COD with increasing 

wastewater concentrations upto 200 mY1 (Fig.52). The reductions obtained are 

34.5, 39.2, 42.6, 46 and 40 percent for 50-250 ml wastewater concentrations. 

Significant COD removal using duckweed has been reported in studies by Korner 

et al. b (1998). 

The effect of Lemna on the removal of suspended solids was apjmrent by 

the reductions obtained in the study. 62.1, -55.4, 50.3, 42.6 and 42 percent 



Table 28 Experimental Sets Treated with L e m  perpusilla Torrey 

Period of Treatment-7 days 
Weight-2 g4 

E- Experiment 
C- Control 

250 ml 

Before 

27.70 

8.00 

197.20 

84.60 

0 

42.30 

88.12 

4.56 

2.40 

7.20 

76.00 

19.20 

6.80 

64 x10' 

+ve 

+ve 

200 ml 

Before 

27.80 

7.93 

150.60 

73.40 

0 

31.60 

79.00 

3.92 

2.10 

5.90 

60.00 

14.40 

5.83 

43 x10' 

+ve 

+ ve 

Parameters 

T e m ~  
PH 
EC 
TSS 

DO 

BOD 
COD 

Na-N 

P o d - P  

so4 
TH 

Ca 

MI3 
T.C 
F.C 

E.Coli 

150 ml 

Before 

27.90 

7.82 

129.50 

52.30 

1.12 

21.90 

50.93 

2.74 

1.84 

4.80 

48.00 

12.80 

3.88 

39 x10' 

+ ve 

+ ve 

W ~ m t e r n  100 ml 

Before 

27.80 

7.77 

107.30 

40.20 

2.40 

16.40 

39.04 

1.32 

1.06 

2.52 

36.00 

9.60 

2.91 

28 x10' 

+ ve 

+ ve 

After 

27.10 

8.30 

182.60 

49.10 

1.20 

7.36 

52.87 

0.85 

0.74 

3.58 

68.00 

15.30 

3.80 

30x10' 

+ve 

+ve 

Wastewaterfl 50 ml 

Bcfore 

27.60 

7.60 

98.10 

29.60 

3.60 

10.30 

25.75 

O.% 

0.37 

0.80 

28.00 

6.40 

2.91 

20 x10' 

+ ve 

+ ve 

C 
27.60 

8.00 

193.40 

83.90 

0 

41.60 

86.48 

4.41 

2.23 

7.08 

72.00 

22.40 

3.88 

63x10' 

+ve 

+ve 

After 
E 

27.60 

8.02 

143.50 

42.13 

1.60 

6.51 

42.66 

0.81 

0.90 

2.58 

52.00 

12.80 

3.80 

16x10' 

+ve 

- ve 

Wastewaterfi 

C 
27.70 

7.01 

148.70 

72.70 

0.20 

31.01 

77.38 

3.78 

1.97 

5.83 

56.00 

13.06 

3.88 

41x10' 

+ve 

+ ve 

After 

27.50 

7.91 

124.60 

26.00 

2.80 

5.98 

29.23 

0.71 

0.91 

1.79 

40.00 

8.00 

4.86 

12x10' 

+ ve 

- ve 

wastcwatern 
- 

C 
27.80 

7.50 

127.80 

51.70 

1.25 

21.30 

49.29 

2.57 

1.79 

4.76 

46.00 

9.60 

3.80 

38x10' 

+ ve 

+ ve 

After 

27.20 

7.77 

105.30 

17.93 

4.30 

5.28 

23.74 

0.41 

0.61 

1.05 

24.00 

6.40 

2.91 

42x10' 

- ve 

- ve 

Wllstewatern 

C 
27.70 

7.53 

103.40 

39.50 

2.52 

15.80 

37.18 

1.17 

1.02 

2.50 

32.00 

8.00 

3.88 

26x10' 

+ ve 

+ ve 

After 

27.80 

7.75 

94.60 

11.22 

5.20 

4.50 

16.87 

0.33 

0.23 

0.42 

20.00 

6.20 

2.80 

11x10' 

- ve 

-ve 

C 
27.60 

7.40 

97.40 

29.10 

3.73 

9.68 

24.10 

0.81 

0.36 

0.79 

28.00 

6.40 

2.92 

1hrl0' 

+ ve 

+ ve 





reduction was recorded for 50-250 ml wastewater concentrations (Fig.53). In 

addition to sedimentation, a minor fraction is absorbed by the roots of duckweed, 

where organic particles undergo aerobic biodegradation and the plants assimilate 

part of the degraded products. 

93 percent removal of coliforms was observed in the experiments using 

Lemna in 50 ml wastewater concentration. Reduction in the removal was noted 

for concentrations above 50 mV1. Control had a maximum of 7.14 reduction in the 

experiments conducted. Fig.54 represents the percentage reduction in coliforms. 

Lemnu marginally concentrate pathogens on their surfbces. As such, pathogens 

will, inevitably be harvested along with duckweed on their removal fiom the 

system (Skillicom et al. 1993). Fecal coliforms were absent in Lemnu treated 

experimental sets upto 100 ml wastewaterfiitre. E.coli was absent in all 

experimental sets with Lemnu except the highest wastewater concentration. 

Nitrate nitrogen uptake was observed to increase with a maximum at 250 

ml/l. The various percentage reductions obtained for 50-250 ml experimental 

wastewater are 65.6, 69, 74.1, 79.3 and 81.3 percent respectively. Control for 

these sets had only 15.62 percent reduction. Fig.55 represents the percentage 

reduction in nitrate nitrogen using Lemnu. 

Reduction of phosphate upto 69 percent in L e m  treated experimental 

wastewaters was observed. 38,42,50.3,57 and 69 percent reduction of phosphate 

was observed for 50-250 ml wastewater experimental sets, while control for these 

experimental sets had maximum of 7.08 percent reduction only. Fig.56 

represents the percentage reduction of phosphate using L e m .  Earlier studies by 



% Reduction in TSS 

Fig. 53 Percentage Reduction of TSS in Experimental Sets Treated with 
Lemna ~ w S m a  Torrey 

Fig. 54 Percentage Reduction of Coliforms in Experimental Set8 Treated with 
Lemna perpusi.klu Tor rey 





Komer and Vermaat (1998) attributed approximately three fourth of the total 

nitrogen and phosphorous loss to the duckweed mat. 

During the experiments, temperature and pH did not show much variation. 

Electrical conductivity decreased to a small extent compared to controls. 

Dissolved oxygen levels increased in the experimental sets, probably due to the 

diffbsion of oxygen fiom the root zone (Moorhead and Reddy, 1988). 

Sulphate also showed reduction of 62.7 percent while in control only 1.25 

percent reduction was obtained. Total hardness, calcium and magnesium showed a 

decrease when compared to control due to plant uptake. 

5. Spirodela polyrrhiza Schleid 

Spirodela is the largest of duckweeds and it has the fastest doubling rate 

among duckweeds. Experiments conducted using Spirodela for wastewater 

treatment revealed its ability to reduce nitrates, phosphates, coliforms and BOD to 

a considerable extent. Table 29 presents the variations in physicochemical and 

bacteriological parameters for the seven day study. 

Spirodela was capable of reducing BOD of experimental wastewaters by a 

maximum of 46.1 percent (in 200 mM wastewater). The percentage reduction 

obtained for other wastewater concentrations are 35.7,33.4,39.6 and 42.3 percent 

for 50, 100, 150 and 250 ml wastewaterflitre respectively. The maximum 

reduction in control was '6.02 in the lowest concentration of experimental 

wastewater. Fig.57 represents the reduction in BOD. 

COD removal upto 25 percent was recorded in the studies conducted using 

Spirodela. Control had maximum of 6.41 percent reduction. The reduction in 



Table 29 Experimental Sets Treated with Spirodela polyrrhiza (L.) Schleid 

Period of Treatment -7 days 
Weight-2 g/l 

E- Expinlent 
C- Control 

250 ml 

Befm 

27.70 

8.00 

197.20 

84.60 

0 

42.30 

88.12 

4.56 

2.40 

7.20 

76.00 

19.20 

6.80 

64 x l d  

+ve 

+ ve 

200 ml 

Before 

27.80 

7.93 

150.60 

73.40 

0 

31.60 

79.00 

3.92 

2.10 

5.90 

60.00 

14.40 

5.83 

43 x10' 

+ve 

+ ve 

Parametem 

Temp 

PH 
EC 
TSS 

DO 
BOD 
COD 

Na-N 

PO4-P 

so4 
TH 

Ca 

Mg 
T.C 
F.C 
E.Coli 

150 ml 

Before 

27.90 

7.82 

129.50 

52.30 

1.12 

21.90 

50.93 

2.74 

1.84 

4.80 

48.00 

12.80 

3.88 

39x10' 

+ ve 
+ve 

W~lrtnvatern 100 ml 

Before 

27.80 

7.77 

107.30 

40.20 

2.40 

16.40 

39.04 

1.32 

1.06 

2.52 

36.00 

9.60 

2.91 

28 x10' 

+ve 

+VC 

After 

27.70 

8.40 

187.60 

57.02 

1.32 

24.41 

69.97 

1.26 

0.79 

5.21 

70.00 

17.68 

6.26 

29x10' 

+ve 

+'ve 

wmbmrterh 50 ml 

Before 

27.60 

7.62 

98.10 

29.60 

3.60 

10.30 

25.75 

0.96 

0.37 

0.80 

28.00 

6.40 

2.91 

20 x10' 

+ ve 

+n 

C 
27.60 

7.80 

193.40 

83.90 

0.10 

41.60 

86.48 

4.41 

2.23 

7.08 

72.00 

22.40 

3.88 

63 x l d  

+ve 

+ ve 

After 
E 

27.50 

8.30 

143.20 

51.10 

1.75 

17.03 

63.83 

1.16 

1.04 

3.52 

56.00 

13.06 

3.88 

14 x10' 

+ve 

+ve 

Wl~tcwaterA 

C 
27.70 

7.40 

148.70 

72.70 

0.20 

31.01 

77.38 

3.78 

1.97 

5.83 

56.00 

13.06 

3.88 

41 xlo5 

+ve 

+ ve 

. After 

27.60 

7.99 

128.40 

37.55 

3.00 

13.23 

41.61 

0.95 

0.95 

2.64 

44.00 

11.80 

3.80 

11 xl0' 

+ ve 
+ n  

Wasmatern 

C 
27.80 

7.50 

127.80 

51.70 

1.25 

21.30 

49.29 

2.57 

1.79 

4.76 

46.00 

9.60 

3.80 

38x10' 

+ ve 

+ve 

After 
E 
27.50 

7.89 

104.60 

29.55 

4.75 

10.92 

29.00 

0.48 

0.60 

1.46 

24.00 

6.40 

2.91 

66 xlo4 

+ve 

- ve 

Wastewatern 

C 
27.70 

7.53 

103.40 

39.50 

2.52 

15.80 

37.38 

1.17 

1.02 

2.50 

32.00 

8.00 

3.88 

26 x10' 

+ve 

+ve 

27.50 

7.83 

95.20 

23.56 

5.61 

6.62 

20.29 

0.39 

0.23 

0.49 

24.00 

6.40 

2.91 

24 xlo4 

-ve 

-ve 

After 
C 

27.60 

7.40 

97.40 

29.10 

3.73 

9.68 

24.10 

0.81 

0.36 

0.79 

28.00 

6.40 

2.92 

19x10' 

+ ve 

+ve 



COD obtained for the wastewater concentrations are 21.2, 25.7, 18.3, 19.2 and 

20.6 percent for 50-250 ml wastewater concentrations. Fig.58 represents the 

reduction in COD. 

Total suspended solids were reduced by a maximum of 32.6 percent in the 

various wastewater concentrations experimented. 20.4, 26.5, 28.2, 30.4 and 32.6 

percent reduction was obsewed in 50-250 rnl wastewater concentrations. Fig.59 

represents the reduction in TSS. 

Colifonns removal was pronounced in studies with Spirodela. Upto 88 

percent reduction was obtained in the lowest wastewater concentration. 76.4,71.8, 

67.4 and 54.7 percent reduction in coliforms count was recorded for other 

wastewater concentrations (100-250 ml wastewaterll). There was a gr&uaJ 

decrease in the removal of colifonns with higher wastewater concentrations. 

Control for these experiments had only 7.14 percent reduction. Fig.60 represents 

the reduction in coliforms. 

Nitrate nitrogen reduced by a maximum of 72.4 percent in the treatment 

studies with Spirodela. 59.4, 63.2, 65.4, 70.3 and 72.4 percent reduction was 

obtained with 50-250 ml wastewater concentrations and could be attributed to 

plant uptake. Control for these experiments had only 15.62 percent reduction. 

Fig.6 1 represents the reduction in nitrate nitrogen. 

Phosphate uptake of Spirodela increased with increasing concentrations of 

wastewater. 37.4,42.6,48.2,50.3 and 67 percent reduction was obtained with 50- 

250 ml wastewater experimental sets. The control had 7.08 decrease in phosphate 

for the seven day detention period. Fig.62 represents the reduction in phosphate in 

experiments with Spirodela. 
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Sulphate also showed a decrease in the experimental w~stewaters upto 45 

percent. Temperature and pH showed negligible variation at the end of treatment 

period. Values of electrical conductivity declined with respect to control. 

Dissolved oxygen values showed slightly elevated levels, probably due to the . 

presence of Spirodela. Hardness, calcium and magnesium decreased in the 

experimental sets when compared to control. 

6. Wollffla globosa (Roxb.) Eartog & Plas. 

Wolffa is commonly seen growing along with other duckweeds. It has not 

been given importance as other duckweeds owing to its small size. Wolffa has 

good potential for use in wastewater treatment. In the present study, Wolfla could 

reduce coliforms and nitrate nitrogen to a good extent. Considerable removal for 

BOD, COD, TSS and phosphates were also recorded Table 30 presents the 

variations in physicochemical and bacteriological parameters of the experimental 

water treated with Wolffa. 

BOD was reduced by 6.31, 6.6, 7.1, 10.2 and 8.7 percent for 50-250 ml 

wastewater concentrations. Maximum removal obtained for experimental sets was 

10.2 percent while control had 6.02 percent reduction for these wastewater 

concentrations. Fig. 63 represents the reduction in BOD. 

COD decreased in the experimental wastewaters upto a maximum of 12.8 

percent in the lowest wastewater concentration, 50mY1. 10.2, 9.8, 4.6 and 5.2 

percent reduction in experimental wastewaters was obtained for higher 

concentrations. Control had a maximum reduction of 9.8 percent in the various 

experimental sets. Fig. 64 represents the reduction in COD. 



Table 30 Experimental Sets Treated with WolJlla globosa (Roxb.) Hartog & Plaa 

Parameters 

 tan^ 
PH 
EC 

TSS 
DO 
BOD 
COD 
Na-N 
PO4-P 

so4 

TH 
Ca 

w3 
T.C 

' F.C 

E.Coli 

SO ml 

27.60 

7.60 

98.10 

29.60 

3.60 

10.30 

25.75 

0.96 
0.37 

0.80 

28.00 

6.40 

2.91 

20xld 

+ve 

+ve 

100 mi 

Bcfm 

27.80 

7.77 

107.30 

40.20 

2.40 

16.40 

39.04 

1.32 

1.06 

2.52 

36.00 

9.60 

2.91 

28 x l ~ '  

+ ve 

+ ve 

w~tmrte~n 

E 
27.30 

7.72 

95.30 

27.50 

4.90 

9.65 

22.45 

0.57 

0.30 

0.77 

26.00 

5.80 

2.64 

l l x l d  

+ve 

-ve 

150 ml 

Before 

27.90 

7.82 

129.50 

52.30 

1.12 

21.90 

50.93 

2.74 

1.84 

4.80 

48.00 

12.80 

3.88 

39 x10' 

+ ve 

+ve 

A* 
C 

27.60 

7.40 

97.40 

29.10 

3.73 

9.68 

24.10 

0.81 

0.36 

0.79 

28.00 

6.40 

2.92 

19x10' 

+ve 

+ ve 

ws~tmrtt~n 

- After 

27.60 

7.80 

102.80 

34.90 

3.80 

15.32 

35.06 

1 .80 

0.85 

2.23 

34.00 

9.20 

2.80 

16x10' 

+ ve 

+ve 

200 ml 

Before 

27.80 

7.93 

150.60 

73.40 

0 

31.60 

79.00 

3.92 

2.10 

5.90 

60.00 

14.40 

5.83 

43 xlo' 

+ ve 

+ ve 

. 
C 

27-70 

7.53 

103.40 

39.50 

2.52 

15.80 

37.38 

1.17 

1.02 

2.50 

32.00 

8.00 

3.88 

23x10' 

+ ve 

+ve 

wademtern 250 mi 

Bofore 

27.70 

8.00 

197.20 

84.60 

0 

42.30 

88.12 

4.56 

2.40 

7.20 

76.00 

19.20 

6.80 

64x10' 

+ve 

+ve 

A&r 

27.90 

7.87 

125.40 

43.10 

2.50 

20.34 

50.839 

1.16 

1.39 

3.62 

46.00 

9.60 

3.80 

23x10' 

+ ve 

+ve 

. 
C 

27.80 

7.50 

127.80 

51.70 

1.25 

21.30 

49.29 

2.57 

1.79 

4.76 

46.00 

9.60 

3.80 

38x10' 

+ ve 

+ve 

wastewattrn 
After 

27.50 

8.00 

142.20 

59.16 

1.20 

28.38 

75.37 

1.68 

1.51 

3.82 

54.00 

12.% 

5.24 

29x10' 

+ve 

+ve 

wafemwn 

C 
27.70 

7.40 

148.70 

72.70 

0.20 

31.01 

77.38 

3.78 

1.97 

5.83 

56.00 

13.06 

3.88 

41xld 

+ve 

+ve 

- After 

27.40 

8.20 

188.80 

67.43 

0.89 

38.62 

83.54 

2.25 

1.77 

5.21 

74.00 

18.60 

6.64 

48xld 

+ve 

+ve 

C .  
27.60 

7.80 

193.40 

83.90 

0.10 

41.60 

86.48 

4.41 

2.23 

7.08 

72.00 

22.40 

3.88 

63xld 

+ve 

+ve 





Total suspended solids reduced upto 20.3 percent in experiments with 

WolfJia. 7.1, 13.2, 17.6, 19.4 and 20.3 percent reduction for 50-250 ml waste%ter 

concentration was recorded. Control sets had 1.69, 1.74, 1.14, 0.95 and 0.82 

percent reduction. Fig. 65 rqxesents the reduction in TSS using Wolfla. 

In the experiments with Wolfla, removal efficiency for coliforms was 

maximum in 100 ml wastewaternitre. 45, 45.8, 39.1, 33.3 and 31.6 percent 

reduction was recorded with 50, 150, 200 and 250 ml wastewaternitre 

concentrations. In control sets removal reported was 7.14 percent. Fig.66 

represents the reduction in coliforms. Fecal coliforms were not removed in Wolfla 

treated experimental wastewaters. 

Among the parameters studied, Wolfla was able to reduce the nitrate 

nitrogen content of experimental wastewaters upto 57.7 percent. The percentage 

reductions in various concentrations are 40.6, 54.2, 57.7, 57.2 and 50.7 percent 

respectively. An increasing trend in the reduction of nitrate nitrogen was found 

upto the concentration of increase till 200 ml wastewaterfl. in M e r  higher 

concentrations the removal rate was observed to be low. Fig. 67 represents the 

reduction in nitrate nitrogen. 

Phosphate reduction by Wolfla in the experimental wastewaters was 18.6, 

19.4, 24.3, 28.03 and 26.09 percent w h e w  control had a maximum of 7.08 

percent for 50-250 ml wastewater concentrations. Fig. 68 represents the reduction 

in phosphates using Wolfla. 

As in the case of other plants, pH and temperature did not show 

considerable variations, while electrical conductivity, calcium, magnesium, 
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hardness and sulphates showed slight decrease with respect to controls. Dissolved 

oxygen increased with respect to controls and pre experimental stage. 

4.2.3 Submerged Plants 

1. Hydrilla verticillata (LA) Royle 

Hydrilla is a ubiquitous submerged weed seen in ponds and canals, 

forming dense mats underwater. So far it has been considered-as a weed and 

methods to eradicate are under research. In this study, the pollutant mitigation 

potential of this weed has been attempted. Results indicate substantial reduction in 

nutrients, colifonns, total suspended solids and BOD. Table 31 presents the 

variations in physicochemical and bacteriological parameters for the seven day 

study. 

In experiments with Hydrilla, 42.3, 49.7, 51.3, 53.6 and 51.4 percent 

reduction in BOD was obtained for 50-250 ml wastewater concentrations. 

Maximum reduction with Hydrilla was 53.6 percent, while control had only 1 1.68 

percent reduction. Fig.69 represents the reduction in BOD using Hydrilla. 

Similar to the reduction pattern in wastewater BOD, COD reductions of 

18.6, 22.9, 28.3, 3 1.4 and 35 percent was recorded the various experimental 

wastewaters, while control had 5.54 percent reduction. Fig.70 represents the 

reduction in COD using Hydtilla. 

Reduction in total suspended solids upto 63.41percent was recorded in 

experiments with Hydrilla. The reductions obtained for 50-250 ml wastewater 

concentrations were 45.3,52.1,59.6,61.2 and 63.4 percent respectively. Controls 



Period of Treatment 7 days 
weight s g/l 

Table 31 Experimental Seb Treated with Hyddla verticUlata (L. f.) Royle 

&Experiment 
C- Control 

Parameters 

T e m ~  
PH 
EC 
TSS 
DO 

BOD 
COD 

Na-N 

PO4-P 

So, 
TH 

Ca 

MI! 
T.C 

. F.C 

E.Coli 

50 ml 

Befm 

29.80 

7.43 

142.10 

38.40 

2.50 

15.40 

32.08 

1.85 

0.64 

3.32 

76.00 

22.40 

4.86 

15 x10' 

+ ve 
+ve 

100 ml 

Before 

30.50 

7.95 

168.50 

42.50 

2.20 

20.40 

44.35 

2.63 

1.03 

7.04 

96.00 

27.20 

6.40 

23 x10' 

+ve 

+ve 

Wmtewatern 

. 

29.70 

7.72 

138.60 

21.00 

4.52 

8.88 

26.11 

0.96 

0.43 

1.81 

68.00 

19.30 

6.12 

70x10' 

+ve 

-ve 

150 ml 

Before 

30.20 

8.08 

200.80 

56.40 

0 

26.30 

59.77 

5.42 

1.88 

8.80 

112.00 

28.80 

7.76 

46 x10' 

+ve 

+ve 

A h  
C 

29.40 

7.44 

141.30 

36.20 

2.76 

13.60 

30.30 

1.86 

0.61 

3.30 

72.00 

18.60 

6.17 

14x10' 

+ve 

+ve 

wll~tcn~brn 

30.10 

8.09 

165.00 

20.35 

4.65 

10.26 

34.19 

1.30 

0.63 

3.42 

84.00 

24.00 

5.83 

11x10' 

+ve 

+ve 

200 

Before 

30.10 

8.16 

232.70 

77.80 

0 

32.30 

78.80 

7.64 

2.34 

10.52 

116.00 

28.80 

7.80 

75 x10' 

+ve 

+ve 

After 
C 

30.40 

8.00 

167.40 

40.10 

2.50 

19.20 

42.50 

2.64 

0.98 

7.00 

92.00 

26.80 

6.10 

21x10' 

+ve 

+ve 

Wastewatern 250 ml 

Bsfore 

30.40 

8.25 

256.30 

89.20 

0 

45.60 

108.60 

8.34 

2.62 

13.28 

128.00 

32.80 

11.08 

93 x l d  

+ve 

+ve 

29.40 

8.15 

197.20 

22.80 

2.50 

12.80 

42.85 

2.48 

0.99 

5.13 

100.00 

25.80 

6.92 

29x10' 

+ve 

+ve 

After 
C 
30.10 

8.12 

198.80 

53.50 

1.30 

24.80 

58.10 

5.37 

1.82 

8.50 

108.00 

24.20 

9.72 

45xld 

+ve 

+ve 

ml WllstcrvabMn 

29.80 

8.23 

229.30 

30.19 

2.20 

14.99 

54.06 

2.66 

1.10 

6.43 

108.00 

24.20 

9.72 

51x10' 

+ve 

+ve 

wasmatern 
After 

C 
30.60 

8.17 

232.00 

72.60 

1.10 

30.80 

77.30 

7.60 

2.10 

10.60 

112.00 

28.80 

9.70 

73x10' 

+ve 

+ve 

30.70 

8.47 

252.80 

32.65 

1.95 

22.16 

97.09 

3.30 

1.47 

8.96 

116.00 

28.80 

7.80 

64xld 

+ve 

t v e  

A f b  
C 
29.70 

8.32 

255.90 

87.30 

0.76 

44.00 

106.50 

8.28 

2.58 

13.30 

120.00 

38.20 

12.80 

92x10' 

+ve 

+ve 



Fig. 69 Percentage Reduction of BOD in Experimental Sets Treated with 
HydrUla v & m  Gf.) Royle 

Fig. 70 Percentage Reduction of COD in Experbental Sets Treated with 
Hydr& v- (L.f.) Royle 



had maximum reduction of 6.68 percent for these experimental sets. Fig.71 

represents the reduction in TSS using Hydrilla. 

It was noticed that the coliforms counts declined sharply in lowest 

wastewater concentration (50 mY1) and was 53.3 percent. With increasing 

wastewater concentrations (100-250 ml/l), 52.17, 37, 32 and 31.2 percent 

reduction was recorded. Control for these experimental sets had 8.7 percent 

removal in coliforms. Fig.72 represents the reduction in coliforms using Hydrilla. 

Hydriilla was not very efficient in removal of fecal coliforms. E.coli was absent 

only in the lowest wastewater concentration (50 mM). 

Reductions in nitrate nitrogen concentration in all the wastewater 

experimental sets with Hydrilla was better than the control set. Maximum of 65.2 

percent reduction in nitrate nitrogen was observed in the studies. 48.3, 50.6,54.3, 

65.2 and 60.4 percent reduction was obtained for 50-250 ml wastewaterflitre. 

Fig.73 represents the reduction in nitrate nitrogen using Hydrilla. 

Phosphate removal followed a trend similar to nitrate nitrogen removal 

with reduction of 32.8, 40, 47.3, 52.9 and 43.9 percent in the various 

concentrations experimented (Fig.74). Controls for these experiments had 

maximum reduction of 4.8 percent only. 

There was no appreciable change in temperature and pH, while a small 

decrease in electrical conductivity, sulphate, hardness, calcium and magnesium 

were observed in experiments with Hydrilla. Dissolved oxygen levels increased 

considerably with respect to controls. 







2. CeratophyUum &memum L 

CeratophyZZum is a submerged aquatic plant that can survive in p l l u t d  

waters. In this study, Ceratophyllum was able to bring down the concentrations of 

- - =  - w  * '  :'. + bliforms, nutrients (nitrate nittogen and phosphate), suspencleddikad BOD. 

Table 32 presents the variations in physicochemical and bacteriological 

parameters for the seven day experimental period. 

BOD reductions upto 80.7 percent was recorded in the study in highest 

wastewater concentration. 63.6, 68.5, 72.2, 78.6 and 80.7 percent reduction in 

BOD was obtained for 50-250 ml wastewater concentration The greatest removal 

for control however was only 1 1.68 percent. Fig.75 represents the reduction in 

BOD using Ceratophyllum. Studies in Tamil Nadu have indicated that 

CeratophyZlum demersum could remove 95 percent of BOD5 fiom raw sewage 

(Pescod, 1992). 

As for BOD, COD removal increased with increase in wastewater 

concentrations. 25.6, 27.1, 3 1.9,36.8 and 38 percent reduction was recorded with 

50-250 ml wastewater/l. Highest removal with Ceratophyllum was 38 percent, 

while control had only 5.54 percent reduction. Fig.76 represents the reduction in 

COD using CeratophyZIum. 

Total suspended solids reduced upto 57.4 percent in experiments with 

Ceratophyllum. 47.2,49.8, 52.6, 56.42 and 57.4 percent reduction for 50-250 ml 

-water concentration was recorded Control sets had a maximum 6.68 percent 

reduction in these experimental sets. Fig77 represents the reduction in total 

suspended solids using CeratophyZZum. 



Table 32 Experimental Sets Treated with CemtophyUunl dememm L 

Period of T-ent -7 days 
Weight-5 gll 

E- FLxpaiment 
c- Control 

Panunetem 

 tan^ 
PH 
EC 
TSS 
DO 

BOD 
COD 
Na-N 

Pa-P 

s o 4  

TH 

Ca 

Mg 
T.C 
F.C 

E.Coli 

250 ml 

Before! 

30.40 

8.25 

256.30 

89.20 

0 

45.60 

108.60 

8.34 

2.62 

13.28 

128.00 

32.80 

11.08 

93 x10' 

+ve 

+ve 

50 ml 

Before 

29.80 

7.43 

142.10 

38.40 

2.50 

15.40 

32.08 

1.85 

0.64 

3.32 

76.00 

22.40 

4.86 

15 x l ~ '  

+ve 

+ve 

100 ml 

Bofore 

30.50 

7.95 

168.50 

42.50 

2.20 

20.40 

44.35 

2.63 

1.03 

7.04 

96.00 

27.20 

6.40 

23 x l ~ '  

+ve 

+ve 

wrnten~bern Waatmatern 
- After 

30.70 

8.47 

253.40 

38.0 

1.80 

8.80 

67.33 

1.98 

0.83 

6.63 

116.00 

28.80 

7.80 

56x10' 

+ve 

.+ve 

29.70 

7.72 

137.60 

20.27 

4.60 

5.60 

23.87 

0.74 

0.37 

1.91 

64.00 

19.20 

3.89 

50x10' 

-ve 

-ve 

150 ml 

Ekfole 

30.20 

8.08 

200.80 

56.40 

0 

26.30 

59.77 

5.42 

1.88 

8.80 

112.00 

28.80 

7.76 

46x10' 

+ve 

+ve 

C 
29.70 

8.32 

255.90 

87.30 

0.76 

44.00 

106.50 

8.28 

2.58 

13.30 

120.00 

38.20 

12.80 

92x10' 

+ve 

+ve 

After 
C 
29.40 

7.44 

141.30 

36.20 

2.76 

13.60 

30.30 

1.86 

0.61 

3.30 

72.00 

18.60 

6.17 

14x10' 

+ve 

+ve 

Wastewarern 200 ml 

Befm 

30.10 

8.16 

232.70 

77.80 

0 

32.30 

78.80 

7.64 

2.34 

10.52 

116.00 

28.80 

7.80 

75 x10' 

+ ve 
+ ve 

After 

30.10 

8.09 

165.30 

21.33 

4.50 

6.43 

32.33 

0.86 

0.53 

3.53 

88.00 

25.60 

5.83 

l l x l ~ '  

-ve 

-ve 

. 
C 
30.40 

8.00 

167.40 

40.10 

2.50 

19.20 

42.50 

2.64 

0.98 

7.00 

92.00 

26.80 

6.10 

21x10' 

+ve 

+ve 

wps~atern  
After 

29.40 

8.15 

197.10 

35.31 

2.30 

7.31 

40.70 

1.61 

0.90 

4.13 

102.00 

23.60 

4.37 

23x10' 

+ ve 
+ ve 

wmtervcltet.n 

C 
30.10 

8.12 

198.80 

53.50 

1.30 

24.80 

58.10 

5.40 

1.82 

8.50 

108.00 

24.20 

9.72 

45x10' 

+ve 

+ ve 

. After 

29.80 

8.23 

229.00 

33.90 

2.00 

6.91 

49.80 

1.83 

0.90 

3.77 

104.00 

23.60 

10.20 

43x10' 

+ ve 
+ve 

C 
30.60 

8.17 

232.00 

72.60 

1.10 

30.80 

77.30 

7.60 

2.10 

10.60 

112.00 

28.80 

9.70 

73xld 

+ ve 
+ve 







Decfease in coliforms counts of 66.7 percent was achieved in experiments 

with Ceratophyllm. 66.7,52.5,50,42.6 and 39.8 percent reduction was obtained 

for 50-250 ml wastewater concentrations. There was a decline in coliforms 

removal with increasing wastewater concentiations. Fig.78 represents the 

reduction in total coliforms using Ceratophyllm. Fecal c o l i f ~ w  were 8bsent in 

50 and 100 ml wastewater experimental sets. E.coli removal w q  recorded in the . 

same experimental sets. 

. CeratophyIIm was capable of uptake of the nutrients, nitrate and 

phosphate to a considerable extent in the experiments. Nitrate nitrogem removal 

upto 76.3 percent was noticed in 250 ml wastewaterfl experimental set. Lower 

wastewater concentrations (50-200 mYI) had 60.2, 67.4, 70.3 and 76 percent 

reduction of nitrate nitrogen. Fig.79 represents the reduction in nitrate nitrogen 

using Ceratophyllm. 

The efficiency of phosphate uptake by CeratophyIIum was 42.3, 48.5, 

52.2,61.4 and 68.3 percent for 50-250 ml wastewater experimental sets. Control 

had only 4.8 percent reduction in phosphate. Fig.80 represents the reduction in 

phosphate using Ceratophyllm. 

Temperature and pH showed negligible variation for the treatment period. 

Electrical conductivity, hardness, calcium and magnesium showed lower values 

compared to controls after detention period of seven days. Dissolved oxygen 

values increased in the experimental wastewaters at the end of treatment period. 
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4.2.4 Emergent Plants 

This is an emergent plant seen in wetlands and occasionally in domestic 

wells. The-potential of this plant for wastewater treatment was therefore examined : , L...: L ,  . - *  

with respect to removal of nutrients, BOD and coliforms. Results indicated that 

the plant was excellent in removal of coliforms, nitrate, phosphate and BOD 

(Table 33). 

Treatment studies using Lagenandra showed a maximum reduction of 

BOD, 78.5 percent in highest wastewater concentration (250 mVI). The reductions 

in BOD for other wastewater concentrations were 54.8, 62.1, 67.7 and 70.1 

respectively for 50-200 ml experimental wastewaters (Fig. 8 1). This was 

significant as control (without Lagenandra) had only 15.27 percent reduction in 

BOD. 

Similarly, in the case of COD, reduction upto 44 percent was obtained. 

30.1,36.5,39.3,41.9 and 44 percent reductions in COD was recorded with 50-250 

rnl wastewater, while control for these sets had a maximum reduction of 19.53 

percent. Fig.82 represents the reductions in COD using Lagenandra. 

Total suspended solids concentration in the experimental sets atkr seven 

days reduced considerably. 3 1.2,42.3, 56.6,63.8 and 65.1 percent reduction was 

recorded with 50-250 ml wastewater concentrations respectively. The control had 

a maximum of 6.74 percent reduction. Fig.83 represents the reductions in TSS 

using Lagemndka. 

Removal efficiencies for coliforms were excellent in studies using 

Lagenundra. 94.4 percent reduction was observed in the lowest wastewater 



Perid of T e - 7  days 
Weight-300gA 

Table 33 Experimental Sets Treated with Lagenandm taxlcarla Dalz. 

E EXpuimc11t 
C- Control 

- 

Parameten 

 tan^ 
PH 
EC 

TSS 
DO 

BOD 
COD 
Na-N 

PO4-P 

s o 4  

TH 
Ca 

T.C 
F.C 

E.Coli 

SO ml 

B o E m E  
27.60 

7.12 

145.40 

35.60 

2.30 

16.90 

33.80 

1.85 

0.64 

3.82 

96.00 

27.20 

7.80 

15 x l d  

+ ve 
+W 

B 

100 ml 

Before 

27.30 

7.23 

164.80 

43.50 

1.90 

21.60 

45.70 

2.63 

1.03 

7.32 

112.00 

28.80 

9.72 

23 x10' 

+ve 

+ve 

250 ml 

28.60 

8.30 

259.81) 

88.40 

0 

46.10 

109.30 

8.34 

2.62 

13.80 

16.00 

46.00 

12.80 

93 x10' 

+ve 

+M 
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concentration. Higher concentrations recorded gradually decreasing removal 

efficiencies - 88.3, 80.6, 82.7 Idqd 75.3 percent for 100-250 ml/l. Control without 

Lagemndra had maximum reduction of 6.67 percent only. Fig.84 represents the 

.& .  IT* i.rsduction in coliforms using Lagenandra. Fecal colifom .were absent in 

wastewater experimental sets with 50, 100 and 150 ml wastewatern. E.coli was 

completely removed in all experimental sets except the highest wastewater 

concentration. 

Nitrates were reduced by a maximum of 84.5 percent in studies using 

Lagenandra. The percentage reduction obtained for nitrate nitrogen are 65.4,68, 

71.6,78.14 and 84.5 percent for 50-250 mM wastewater respectively. LugeMndra 

was found to substantially reduce nitrate nitrogen from experimental wastewaters 

since control for these experiments resulted in 11.4 percent reduction only. Fig. 85 

represents the reductions in nitrate nitrogen using Lagenandra. 

Phosphate uptake upto 70.2 percent was recorded with Lugenandra treated 

experimental wastewaters. The reductions obtained for various concentrations of 

wastewater are 40.6,48.3,59.6, 63.5 and 70.2 percent in 50-250 ml experimental 

wastewaters respectively. Fig. 86 represents the reductions in phosphate using 

Lagenandra. 

There was a negligible variation in temperature, while pH showed slightly 

elevated values. Electrical conductivity d e e d  to some extent when comped 

to control in all the concentrations of experimental wastewatefs. l-hhess, 

calcium and magnesium showed a decline probably due to plmt uptake. Dissolved 

oxygen showed an increase fiom the pre experimental values and when corn@ 

to control. 
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In this study the role of nine aquatic flora in improving the quality of 

experimental wastewaters was evaluated under laboratory conditions. All the 

plants had natural ability to uptake nutrients, reduce BOD, COD, TSS and 

. coliform count. However, s o m m p h y t e s  showed excellent perfbmmce with 

respect to selected parameters. The removal efficiency increased with increasing 

nutrient concentration in the wastewater. This is in conformity with observations 

of Tripathy et al. (199 1). 

Total Suspended Solids removal was greatest in Pistia (66.4%), followed 

by Lagenandra (65. I%), Hydrilla (63.4 %), temna (62%), Ceratophyllum (57.4 

%), Salvinia (42.5 %), Azolla (36.3%), Spirodela (32.6%) and Wolfla (20.3%). 

BOD reductions were in Lernna (82.6 %), followed by 

Ceratophyllum (80.7 %), Lagenandra (78.5%), Pistia (75%), Salvinia (67.8%), 

Azolla (64%), Hydrilla (53.6%), Spirodela (46.1%) and Wolfla (10.2%). 

COD reductions by macrophytes was in the order of 46% in Lernna, 46% 

in Lagenandra, 42% in Pistia, 38% in Ceratophyllm, 35% in H ' l l a ,  26.4% in 

Salvinia, 10.6% in Spirodela, 9.8 % in Azolla and 5.2 % in Wolfla. 

Nitrate removal was best in Lagenandra (84.5%) followed by Lemna (81.3 

percent) Pistia (77.2%), Ceratophyllum (76.3%), Spirodela (72.4%), Hydtila 

(65.2%), Salvinia (62.3%), Wolfla (57.7%) and Azolla (40.2%). 

Phosphate removal potential of experimented macrophytes are 

Lagenandra (70.2%), Lemna (69%), Ceratophyllum (68.3%), Spirodela (67%), 

Pistia (55.4%), Salvinia (52.9%), H+illa (52.3%), Azolla (48.6%) and Wolfla 

(28.03%). In earlier studies by Tripathy et al. (1991) wing four macrophytes, 

nitrogen and phosphorous removal efficiency was in decreasing order-Pistia, 



Lemna and Salvinia. However in this study, Lemna was found to be more 

efficient. Removal of phosphate is limited to the plants need and usually does not 

exceed 50-70 percent of the phosphorous contained in the wastewater (Richardson 

, ., --,.#,and Daigger,1984). The present study is in conformity with the above $inding. 

Sulphate removal efficiencies of the macrophytes experimented are 

Lagenandra (72.5%), Pistia (64.3%), Ceratophylltun (64.2%), Lemna (62.7%), 

Wvinia (60.2%), Azolla (53.2 %), Hydriilla (51.4%), Spirodela (45%) and Wolfla 

(35.2 %). . 

Excellent coliforms reduction was obtained in experiments with Pistia 

(99.7 5), Lagenandra (94.4%) and Lemna (93%). Percentage reductions for other 

plants are Spirodela (88%), Salvinia (84.6%), Ceratophyllum (66.7%), Hydrilla 

(53.3%), Azolla (48.6 %) and Wolfla (45.8 %). 

Filtration through the root substrate and attached biofilm, sedimentation, 

aggregation, oxidation, exposure to biocides secreted by plants (Polprasert, 1996), 

adsorption to organic matter (Wood, 1990), ingestion by ciliates (Gersberg et al. 

1987) are causes for coliform removal. Aquatic macrophytes such as Water 

Hyacinth, Pistia, Lagenandra and Ceratophyllum have antimicrobial properties 

(Agarwal, 1997). 

Increase in dissolved oxygen levels was greatest in CeratophylIm treated 

experimental wastewater, followed by HMilla, Lagenandra and Pistia. 

Comparison of the aquatic macrophytes indicates that L a g e n d a ,  Pistia, 

Ceratophyllum and Lemna have good potential for wastewater treatment, followed 

by Spirodela, Salvinia, Hydrilla, Azolla and Wolfjia. 



4.3 STATISTICAL ANALYSIS 



4.3 STATISTICAL ANALYSIS 

The mean and 95% confidence intervals were estimated in respect of selected 

water quality parameters and are presented in Figures 87 to 103. The data generated - 

fiom the experiments were analysed for all parameters for significance between 

dilutions, stages of experiments and presence or absence of test species using 

Analysis of Variance. The results of selected parameters are presented in Tables 34 to 

50. The functional relation of different water quality parameters were assessed by 

fitting appropriate polynomial regression equations with dilution as independent 

variable. Tables 51 and 52 represent the regression equations derived for the test 

species used in the study. 

Aquatic fauna 

19aransecium caudatum Ehrenberg 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 87. 

All the parameters studied showed significant differences @<0.01) between 

dilution as well as prelpost experimental stages (Table 34). Conductivity, hardness, 

magnesium, calcium, pH, TSS, BOD, COD, NQ, S04, P04, and MPN showed 

sigdcant difference (p<0.05) between presence1 absence of test species. Two way 

interactions between dilution and prelpost experimental stages was- significant 

(p<0.05) for pH, temperature, conductivity, magnesium, calcium, TSS, BOD, S04, 

and MPN. Interactions between dilution and presencelabsence of Paramecium was 
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Table 34 Anova for Experiments with Paramecium 
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significant @<0.05) for temperature, COD, pH, TSS, calcium and MPN. 

Conductivity, COD, PO4, hardness, TSS, BOD, NOj, S04, calcium and MPN showed 

, + significant interactions between presencelabsence of Puram~cium .and prelpost 

experimental stage. 

First degree polynomial equation fitted well for BOD and TSS while for COD, 

second degree equation was found to fit best. 

2. Daphniu magma Straus 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 88. 

Significant differences (pc0.01) were observed between dilutions for all the 

parameters analyzed (Table 35). In the case of pre/post experimental stage significant 

difference (pC0.05) was seen for all the parameters except temperature and 

phosphate. The significant differences for presence/ absence of Daphnia was 

(pc0.05) for all parameters except phosphate. 

The two way interactions between dilution and prelpost experimental stage 

was significant (p4.05) for temperature, pH, DO, COD, BOD, TSS, calcium, 

magnesium, SO4 and log MPN. All the parameters except Pa showed significant 

difference w0.05) for the interaction between prdpost experimental stage and 

presence/absence of Daphnia. _. .r -\  



Table 35 Anova for Experiments with Daphnia 



First degree polynomial equation was fitted for BOD, TSS and MPN. Second 

degree equation Wed well for COD. 

3. TUapicr mssambica Peters 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 89. 

All the parameters except temperature showed sigdicant difference (pc0.01) 

betw- dilutions (Table 36). Conductivity, TSS, DO, BOD, COD, NG, P04, SOa 

hardness, calcium, magnesium and log MPN showed significant difference ( ~ ~ 0 . 0 5 )  

between prelpost experimental stage. Signrficant differences were observed between 

presence and absence of fish for pH, conductivity, TSS, DO, BOD, COD, NO3, P04, 

magnesium and log MPN. 

Two way interactions between dilution and pre/post experimental stages was 

significant (peO.05) for conductivity, DO, BOD, COD, NO3, S04, hardness, calcium, 

magnesium and log MPN. Interactions between dilution and presence and absence of 

fish was significant (pc0.05) for conductivity, DO, BOD, COD, NO3, S04, hardness, 

calcium, magnesium and log MPN. Significant differences were observed (pC0.05) 

between presence and absence of fish and prelpost experimental stage for pH, 

conductivity, TSS, DO, BOD, COD, N03, P 0 4 ,  magnesium and log MPN. 

First-degree polynomial equation fitted welkfor the parameters BOD, COD, 

TSS and log MPN. 
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Table 36 Anova for Exp0fIrnents with Tilapia 
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4. Cyprinus carpio L. 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 90. 

All the parameters showed s@cant Merences (p<O.Ol) between dilutions, 

while for prelpost experimental stage, pH, COD, BOD, TSS, S04, hardness, calcium, 

magnesium and log MPN showed pC0.05. Presencefabsence offish was si@cant at 

p<O.M for pH, DO, COD, BOD, TSS, N03, S04, calcium and log MPN (Table 37). 

In the two-way interactions between dilution and prelpost experimental stage, 

sigruficant difference (pC0.05) was observed for DO, COD, BOD, TSS, PO4, 

magnesium and log MPN. The interaction between dilution and presence or absence 

of Cyprinus was signrficant (fl.05) for COD, BOD, TSS, PO4, NO3, pH, calcium, 

magnesium and log MPN. The parameters DO, COD, BOD, TSS, pH, N03, SOa 

calcium and log MPN showed signtfcant differences @<0.05) for the interactions 

between prelpost experimental stages and presence/ absence of Cyprinus. 

COD, log MPN and TSS fitted the firstdegree polynomial equation while for 

BOD the second-degree polynomial fitted well. 

5. LebW reticulates Peters 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 9 1. 

Si&cagt differences (p<O.Ol) was observed between dilutions for all the 

parameters in the experiments conducted using Lebistes (Table 38). Temperature, 
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Table 38 Anova for Experiments with Lebistes 
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DO, COD, BOD, TSS, hardness, calcium, PO4, NO3 and MPN showed differences 

(pc0.05) between prelpost experimental stages. Temperature, DO, COD, pH, TSS, 

BOD, NO3 and MPN showed significant differences (pc0.05) between 

presencelabsence of Lebistes. 

The two way interactions between dilution and prel post experimental stages 

was significant for DO, COD, Pa, magnesium, TSS, BOD, NO3, So4 and calcium. 

AlI Pbameters except hardness, calcium and nitrate showed significance at p<O.O5 

for the interactions between dilution and presencelabsence of Lebistes. Temperature, 

DO, COD, pH, TSS, BOD, NO3, calcium and MPN showed sigdicant interactions 

@<0.05) between prelpost experimental stage and presencelabsence of Lebistes. 

BOD, MPN and TSS fitted first degree polynomial equation while for COD, 

second degree polynomial equation was found to fit best. 

6. Catla catla Hamilton 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 92. 

Significant difference QS0.01) was observed between dilutions, pre and post- 

experimental stage as well as with and without test species, for all parameters except 

dissolved oxygen and phosphate (Table 39). 

The two way interactions between dilution and prel post experimental stage 

was sigdcant for all parameters @<0.01) except temperature, pH, DO, Po4 and so4. 



Table 39 Anova for Experrments with Catla 

2-way Interactions 



The interaction between prelpost exjmhental stage and presence or absence of test 

species was significant in all cases except Pa and total hardness. 

7. Labeo rohlta Hamilton 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 93. 

Significant difference (p<0.01) between dilution as well as presencelabsence 

of Labeo was observed in experiments conducted (Table 40). All parameters except 

temperature and PO4 showed significant diflerence @<0.05) between prelpost 

experimental stage. 

Interactions between dilution and prelpost experimental stage was sigtllficant 

@<0.05) for temperature, pH, BOD, COD, S04, hardness, calcium, magnesium and 

log MPN. Temperature, pH, BOD, COD, NO3, S04, hardness, calcium, magnesium 

and log MPN showed significant difference (p<0.05) between dilution and 

presencelabsence of Labeo. Interactions between presence/absence of Labeo and 

prdpost experimental stage was significant (p<0.05) for all parameters studied. 

Regression equation fitted h t  degree polynomial for BOD, COD, log MPN 

and TSS. 

8. Cltrhinus mdgala Hamilton 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 94. 
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Table 40 Anova for Experiments with Labeo 

dil - Dilution wwof- With RBMNithWt Rsh 

F 

17.9009 
80.0202 

4782.015428.6312*0.01 

0.9152 
0.94785 
28.6312 

Mean Square 

2989.8307 
13365.0390 

152.8580 
158.3100 

4782.0154 
167.0209 
736.9828 

P 

4.01 
~0.01 

N.05 
a0.05 
cO.01 

df 

4 
1 
1 

4 
4 
1 

44 
59 

F 

3616.72 
2504.83 
427.027 

12.6471 
9.97942 
427.027 

Sum of Squares 

11959.3227 
13365.0390 
4782.0154 

611.4319 
633.2402 

4782.0154 
7348.9187 

43481.9833 

'tSS 
Main ~ffects 

2-Way Interactions 

Residual 
Total 

P 

CO.01 
cO.01 
4.01 

CO.01 
9.01 
4.01 

df 

4 
1 
1 

4 
4 
1 

44 
59 

Sum of Squares 

1151.0210 
199.2904 
33.9754 

4.0249 
3.1760 

33.9754 
3.5008 

1428.9637 

'BOD 
Lain Effects 

2-Way Interactions 

Residual 
Total 

dil 
beaf 
wwof 

dil'beaf 
dirwwof 
bea-f 

Mean Square 

287.75524 
199.29038 
33.97538 

1 .OM4 
0.79399 

33.97538 
0.07956 

24.21 972 

dH 
beaf 
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dirbeaf 
dirwwof 
beaflmrvof 



Table 41 Anova for Experiments with Cirrhinus 

2-Way Interactions 

Total 

2-Way Interactions 

dil - Dilution beaf- BeforelAfter wwof- With fisMNithout fish 

P 

<0.01 
~0 .01  
~0 .05  

rO.05 
>0.05 
~0.05 

b 

27.5072 
50.1429 
5.15804 

1.20322 
0.87231 
5.15804 

-000 
Main Effects 

2-Way Interactions 

Residual 
Total 

Sum of Squares 

745.763 
339.864 
34.961 

32.621 
23.650 
34.961 

298.228 
I 1510.047 

dil 
beaf 
m f  

dimeaf 
dirvmOf 
beaRMHof 

df 

4 
1 
I 

4 
4 
1 

44 
59 

Mean Square 

106.4408 
339.8640 
34.9607 

8.1553 
5.9124 

34.9607 
6.7779 

25.5940 



Signrficant difference (p<0.01) was observed between dilutions for all the 

parameters. pH, electrical conductivity, COD, BOD, TSS, NO3, P 0 4 ,  SO4 , hardness 

calcium, magnesium and log MPN showed p<0.05 betw6en pre and post experimental 

stage (Table 41). BOD, COD, TSS, pH, P 0 4 ,  S04, N03, hardness calcium, 

magnesium and MPN showed significant differences @<0.05) for presence or 

absence of test species. 

. DO, COD, TSS, hardness, pH, NO3, S04, calcium, magnesiwand MPN 

showed significant interactions (p<0.05) between dilutions and prelpost experimental 

stages. COD, TSS, NO3, S04, sdsiwn, magnesium and log MPN showed significant 

interactions (p<O.OS) between dilution and presence or absence of fish. The 

interaction between pre/post experimental stage and presence or absence of fish was 

significant (p<0.05) for COD, TSS, BOD, NO3, S04, calcium, magnesium, hardness, 

pH and log MPN. 

The first-degree polynomial regression equation was fitted for COD, TSS and 

log MPN. Second-degree polynomial equation fitted well for BOD. 

Aquatic flora 

1. Azolla rubra R Br. 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 95. 

Significant difference @<0.01) was obtained between dilutions for all the 

parameters studied (Table 42). AII parameters except temperature showed sigdicant 
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difference w0.05) between pre/post experimental stage. DO, COD, TSS, BOD, 

N03, P 0 4 ,  so4, hardness, pH, and log MPN showed significant differences (pC0.05) 

between presence or absence of Azolla. 

Two way interactions between dilution and prelpost experimental stage was 

significant w0.05) for DO, COD, TSS, BOD, NO3, PO4, S04, calcium, magnesium 

and log MPN. Interactions between dilution and presence or absence of Azolla was 

sigdicant (p<O.O5) for DO, COD, TSS, BOD, NO3, PO4, S04, hardness, calcium, 

magnesium and log MPN. In the interactions between presence or absence of Azolla 

and prelpost experimental stage, sigtlificant difference ( ~ 4 . 0 5 )  was observed for DO, 

COD, TSS, BOD, NO3, PO4, S04, hardness and log MPN. 

The regression equations for BOD, COD, TSS, log MPN, NO3, and PO4 

fitted the first degree polynomial. 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 96. 

Significant difference wO.01) was observed between dilutions as well as for 

prelpost experimental stage for all parameters studied using Salvinia (Table 43). 

Temperature, pH, conductivity, TSS, DO, BOD, COD, NO3, hardness, calcium and 

log MPN showed signrficant difference (~4.05) between presencelabsence of test 

species. 
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pH, TSS, DO, BOD, COD, NO3, hardness, calcium, magnesium and log MPN 

showed signiscant interactions (pc0.05) between dilution and prelpost experimental 

stage. Two way interactions between dilution and presence/absence of test species 

showed signifcance at p<0.05 for TSS, DO, BOD, COD, NOS, hardness, calcium, 

and log MPN. All the parameters except P o 4  and magnesium showed signiEicant 

interactions @<0.05) between presencelabsence of test species and prelpost 

experimental stage. 

BOD, TSS, log MPN, NOs and PO4 fitted first degree polynomial equation 

while COD fitted second degree polynomial equation. 

3. Lemna perpusifla Torrey 

Mean values and 95 % contidence interval of water quality parameters are 

presented in Fig. 97. 

Significant difference between dilutions were observed for all parameters 

@<0.01) except temperature in the studies with Lemna (Table 44). There were 

sigdicant differences between prelpost experimental stages for all parameters except 

pH. All parameters except temperature and magnesium revealed si@cant 

differences (pc0.05) between presencelabsence of Lemna. 

Two way interactions between dilution and pre/post experimental stages was 

significant for conductivity, COD, P 0 4 ,  calcium, magnesium, TSS, BOD, NG,  SO4 

and log MPN. Conductivity, COD, P04, calcium, magnesium, TSS, BOD, NO3, So4 

and log MPN showed s imcan t  interactions (pc0.05) between dilution and 
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presencdabsence of Lemna. Conductivity, DO, COD, PO4, hardness, pH, calcium, 

TSS, BOD, NO3, So4 and log MPN had sigruficant interaction between pre/post 

experimental stage and presencelabsence of Lemna. 

BOD fitted second degree polynomial equation while for COD, TSS, log 

MPN, NO3 and PO4 first degree polynomial equation was found to M best. 

4. Spirodela polyrrhiza (L.) Schleid 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 98. 

Significant difference was observed between dilutions for all parameters 

except temperature @<0.01). Except pH all parameters showed significant differences 

@<0.05) between prelpost experimental stage (Table 45). All parameters except 

temperature showed sigdicant difference bC0.05) between presencelabsence of 

Spirodela. 

Two way interactions between dilution and prelpost experimental stage was 

sigdicatlt w0.05) for temperature, pH, BOD, COD, S04, hardness, calcium, 

magnesium and log MPN. Temperature, pH, BOD, COD, N03, Sod, hardness, 

calcium, magnesium and log MPN showed significant Merence (jS0.05) between 

dilution and presencelabsence of Spirodela. Interaction between presencelabsence of 

Spirodeh and prelpost exprimental stage was signdieant for all parameters studied. 

First degree polynomial equation was found to fit well for BOD, COD, log 

MPN, Nos, PO4 and TSS. 
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5. W o r n  ghbosa (Roxb.) Hartog & Plas. 

Mean values and 95 % confidence interval of water @ty parameters are 

presented in Fig. 99. 

All parameters except temperature showed signiticant difference @<0.01) 

between dilutions in experiments conducted using WolfSM (Table 46). Conductivity, 

DO, COD, hardness, magnesium, calcium, TSS, BOD, NO3, SO4 and log MPN 

showed significant difference (pc0.05) between prelpost experimental stage. 

Conductivity, DO, COD, magnesium, pH, TSS, BOD, Nos, S04, calcium and log 

MPN showed significant difference between presence/absence of Wolfu. 

Two way interactions between prelpost experimental stages was sigmficant 

for conductivity, COD, P 0 4 ,  magnesium, TSS, BOD, NO3, S04, calcium and log 

MPN. Interactions between dilution and presendabsence of Wolfl? was s imcan t  

for conductivity, COD, P 0 4 ,  magnesium, TSS, BOD, N03, SO4, calcium and log 

MPN. conductivity, DO, COD, pH, TSS, BOD, NO3, Sod, calcium and log MPN 

showed sigdicant difference ( ~ 4 . 0 5 )  between presence/absence of Wolflu and 

prelpost experimental stages. 

Regression equations for COD, log MPN, N03, P04, TSS fitted first degree 

polynomial equation while second degree polynomial equation fits well for BOD. 

6. R d a  stradiotcs L. 

Mean values and 95 % confidence intend of water @ty parameters are 

presented in Fig. 100. 
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All the parameters except temperature showed signiticant difference wO.05) 

between dilutions (Table 47). Similar result was obtained for prelpost experimental 

stage. Significant difference was obtained between presence/ absence of test species 

for all parameters except temperature. 

DO, COD, P 0 4 ,  pH, TSS, BOD, NO3, S04, calcium, magnesium and log MPN 

showed significant interactions (pc0.05) between dilutions and prdpost experimental 

stages. DO, COD, m, TSS, BOD, pH, N03, Sod, calcium, magnesium and log 

MPN showed significant interactions (pc0.05) between dilution and presence1 

absence of Pistia. The two way interactions between prelpost experimental stage and 

presence/absence of Pistia were significant (p<O.O5) for all parameters studied except 

temperature. 

7. HydtUla vertkiuata (L. f.) Royle 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 10 1. 

All parameters showed signiticant difference (p<0.0 1) between dilutions 

(Table 48). AU parameters except magnesium showed sigdicant difference (peO.05) 

between pre/post experimental stage. Significant differences were observed between 

presence or absence of Hydrilla except for the parameters temperature and pH. 

Two way interactions between dilution and prelpost experimental stage was 

sigdcant (p~0.05) for conductivity, TSS, COD, P04, magnesium, DO, BOD, NO3, 

S04, calcium and log MPN. Interactions between dilution and presence or absence of 
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Hydrllla was significant (pc0.05) for all the parameters except hardness and pH. 

Conductivity, TSS, COD, P 0 4 ,  hardness, maguesium, DO, BOD, Na, S04, calcium 

and log MPN showed sigdcant differences (p<O.OS) between presence or absence of 

Hydrilla and prelpost experimental stage. 

The regression equation for BOD, TSS, NO3, Pa and LMPN fitted first 

degree polynomial well while for COD second degree polynomial equation was 

found fit. 

8. Cetatophyhm demersum L. 

Mean values and 95 % confidence intend of water quality parameters are 

presented in Fig. 102. 

All parameters showed sigdicant difference (pc0.01) between dilutions. All 

parameters except magnesium showed significant differences @<0.05) between 

prelpost experimental stage (Table 49). Significant differences were observed 

between presence1 absence of Ceratophyllum except for the parameters, temperature 

and pH. 

Two way interactions between dilution and prelpost experimental stages was 

sigtuficant for conductivity, TSS, COD, Pa, Interactions between dilution and 

presencelabsence of Ceratophyllum was significant (pC0.05) for all parameters except 

hardness and pH. Conductivity, TSS, COD, P 0 4 ,  hardness, DO, BOD, N03, Sod, 

calcium, magnesium and log MPN showed sigdicant diffmences between prelpost 

experimental stages and presence1 absence of Ceratophyllum. 
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The regression eqmbons for BOD, log MPN, TSS, NQ and PO4 fitted .first 

degree polynomial, while the second degree polynomial equation fitted well for COD. 

9. Lugenandra toxicaria Dslz 

Mean values and 95 % confidence interval of water quality parameters are 

presented in Fig. 103. 

Dilutions showed sigmficant differences (p<O.Ol) for all parameters; prelpost 

experimental stage had signdicant differences (pcO.05) for all parameters except 

conductivity (Table 50). Presence/absence of Lagenandra showed significant 

difference for all parameters except conductivity, magnesium and calcium. 

The two way interactions between prelpost experimental stage was significant 

(pc0.05) for all parameters except hardness. The interactions between dilution and 

presence1 absence of Lagenandra was significant for all parameters except hardness 

and pH. All parameters except calcium and magnesium showed signrficant 

interactions for prelpost experimental stage and presence1 absence of Lagenandra. 

The first degree polynomial equation fitted well for the parameters BOD, 

COD, TSS, LMPN, NO3 and P04. 
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Table 51 Regression Equations for Selected Parameters - Aquatic Fauna 

Test Species 
Paramecium 

Daphnia 

Cyprinus 

Catla 

Rohu 

M'id 

Tilapia 

Lebistes 

Regression Equation 
y = 4.5441+ 0.133 x 
y = 14.9876 + 0.0410~ - 0.8583x2 
y = 2052.5 
y = 24.6875 + 1.942 x 
y = 4.615 + 0.0646 x ' 

y = 22.489 -1.212 x + 0.0367x2 
y = 3.5262 + 0.5221 x - 0.0132 
y = 34.8141+ 1.4568~ 

y = 4.744 - 0.00485~ + 0.00082 x2 
y = 9.5037 + 0.1479 x 
y = 7.64325 + 0.0310 x 
y = 44.779+ 1.405~ 

r-26.8964 + 4.0910 x 
y= -31.617 + 2.0577 x 
r-186.553 +19.506 x 
y= -50.096 + 0.7581 x 
y = 6.71 + 0.3082 x 
y = 15.24 + 0.7357 x 
y = 10.0140 + 0.0348 x 
y = 74.1976 + 0.9561 x 
y = 8.3765 +0.212718 x + 0.000602 x2 
y = 15.058+ 0.6836 x 
y = 10.4505 + 0.0260 x 
y = 71.5868 + 1.2645 x 
y = 6.6466 + 0.3140 x 
y =10.449 + 0.94895 x 
y = 11.9182 + 0.03187 x 
y = 73.7148 + 1.0549 x 
y = 5.5615 - 0.0312 x + 0.00140 
y = 16.2725- 0.2887 x + 0.0059 x2 
y = 2018.82 + 91.465 x 
y = 52.749 + 1.501 1 x 

Parameter 
BOD 
COD 
MPN 
TSS 
BOD 
COD 
LMPN 
TSS 

BOD 
COD 
LMPN 
TSS 

BOD 
COD 
LMPN 
TSS 
BOD 
COD 
LMPN 
TSS 
BOD 
COD 
LMPN 
TSS 
BOD 
COD 
LMPN 
TSS 
BOD 
COD 
MPN 
TSS 

r2 
0.948 
0.997 
0 
0.994 

0.961 
0.85 
0.982 
0.969 

0.996 
0.867 
0.967 
0.980 

0.970 
0.978 
0.855 
0.996 

0.990 
0.964 
0.969 
0.917 

0.990 
0.9709 
0.978 
0.98 

0.991 
0.972 
0.718 
0.886 

0.984 
0.902 
0.914 
0.975 



Table 52 Regression Equations for Selected Parameters - Aquatic Flora 

r2 - 
0.987 

0.997 

0.984 

0.988 

0.991 

0.975 

0.983 

0.964 

0.984 

0.987 

0.991 

0.981 

0.998 

0.975 

0.971 

0.983 

0.970 

0.919 

0.977 

0.973 

0.971 

0.984 

0.970 

0.917 

Regressioln Equation 
y = 4.6370 + 0.1130 x 

y = 12.4502 + 0.4170 x 
y - 13.3476 + 0.0132 x 
y =  11.5367+0.2991 x 

y - - 0.7154 + 0.0320 x 

y = -0.49637 + 0.0281 x 

y=4.746+0.113 x 

y = 47.465 - 0.3809 x + 0.0034 x2 

y = 13.035 + 0.014 x 

y = 13.7809 + 0.283 x 

y = - 0.63 1 + 0.0289 x 

y = - 0.5607 + 0.027 x 

y = 6.3575 + 0.0367 x + 0.00028 x2 

y = 6.4555 + 0.2923 x 

y = 13.523 + 0.0079 x 

y = 9.437 + 0.2647 x 

y = - 0.2045 + 0.0154 x 

y = 0.0995 + 0.0081~ 

y = 0.897+ 0.139 x 

y=6.176 + 0.3139~ 

y = 13.689 + 0.007 x 

y = 12.918 + 0.25% 

y = - 0.2215 + 0.0159 x 

y = 0.101 + 0.008 x 

Test Species 
h l l a  

Salvinia 

Lemna 

Spirodela 

Parameter 
BOD 

COD 

LMPN 

TSS 

No3 

P o 4  

BOD 

COD 

LMPN 

TSS 

No3 

m4 

BOD 

COD 

LMPN 

TSS 

No3 

P o 4  

BOD 

COD 

LMPN 

TSS 

No3 

P o 4  



0.998 . 

0.975 

0.980 

0.974 

0.978 

0.964 

0.987 

0.966 

0.970 

0.990 

0.991 

0.987 

0.949 

0.948 

0.971 

0.956 

0.963 

0.979 

0.861 

0.997 

0.975 

0.969 

0.959 

0.936 

0.970 

0.961 

0.973 

0.979 

0.956 

0.964 

WoEa 

Pistia 

Hydrilla 

Ceratophyllum 

Lagenandm 

BOD 
COD 
LMPN 
TSS 

No3 
P o 4  

BOD 
COD 
LMPN 
TSS 

No3 

P o 4  

BOD 
COD 
LMPN 
TSS 

NO3 
P o 4  

BOD 
COD 
LMPN 
TSS 

No3 
P o 4  

BOD 
COD 
LMPN 
TSS 

No3 
P o 4  

y = 7.21 l+ 0.0426 x + 0.00037 x2 

y = 6.1817+ 0.328 x 

y = 14.073 + 0.0059 x 

y - 12.980 + 0.2668 x 

y = 0.0039 + 0.0154 x 

y = - 0.2932 + 0.0126 x 

y = 4.88 + 0.108 x 

y = 15.29 +0.327 x + 0.00007 x2 

y = 1 1.856 + 0.0172 x 

y = 13.229 + 0.2650 x 

y = - 0.6313 + 0.02892 x 

y = - 0.6290 + 0.0276 x 

y=5.4514+0.1241 x 

y = 6.5092 + 0.3620 x 

y = 13.5228 + 0.0103 x 

y = 18.1455+ 0.2208 x 

y = - 0.0942 + 0.0299~ 

y = - 0.1252 + 0.0090 x 

y = -14.2838 + 0.3515 x 

y = 25.5315+ 0.0465 x + 0.00095 x2 

y = 13.4615 + 0.0104 x 

y = 18.1 197+ 0.2282~ 

y = - 0.0657+ 0.0286~ 

y = 0.4052+ 0.0072 x 

y =7.2137 + 0.1 107 x 

y = 9.1 17+ 0.3257 x 

y = 12.9995 + 0.01 14 x 

y = 18.857+ 0.2191~ 

y = - 0.1064+ 0.0284 x 

y = 0.17325+ 0.0083 x 





4.4 PHYTOREMEDIATION OF METALS 

Aquatic macrophytes possess the ability for uptake of metals, greater than 

their metabolic needs. They have fairly high potential for pollutant transformation 

or to act as sinks. The efficiency of metal removal by different plants depends 

upon the amount of biomass, nature of metal to be removed, pattern of uptake and 

tolerance to each metal (Hutchinson and Czyrska, 1975). 

Plants like all living organisms have evolved mechanisms that control and 

respond to the uptake and accumulation of both essential and non-essential metals. 

Exposure of plants to high levels of metals results in reduction and inhl'bition of 

plant growth caused by the denaturation of proteins such as enzymes. It is 

considered that the plant cells have the physiological mechanism to excess metals. 

These include cellular exclusion of metals, adsorption of the ions in cell wall, 

synthesis of heavy metal insensitive enzymes, chelation of the metal ions by 

chelators (Cobbett, 2000). Organic acids such as citrate and malate (Delhaize and 

Ryan, 1995) and some amino acids, particularly histidine, also have roles in the 

chelation of metal ions both within the cells and in the xylem sap (Kramer, et al. 

1996 and Rauser, 1999). Peptide ligands include metallothioneins, small gene 

coded cysteine rich polypeptides and phytochelatins, which are produced in plants 

by enzymes that are expressed in response to heavy metals (Rauser, 1999; 

Steffens, 1990). 

Macrophyte based wastewater treatment using tolerant plants is considered 

to be ecofiiendly in the long run. Selection of o w  plant species depends on 

the ease of growth, harvest and disposal considemtions. 



In this study, locally available macrophytes were screened for their ability 

to remove metals fiom solutions. The plants selected include Lemna perpil la 

Torrey, Azolla rubra R.Br, Salvinia molesta Mitchell, Spirodela polyrhiza (L.) 

Schleid, Wolf2~ globosa (Roxb. Hsrtog and Plas.), Pistia stratiotes L., Hydrilla 

verticillata (L.f) Royle and CeratophyZZm demersum L. Lab scale studies for 

uptake of selected metals, copper, chromium, iron, zinc and manganese using 

spiked solutions were conducted for seven days. 

Manganese 

Manganese uptake studies were conducted using AzolZa, Lemna, Pistia, 

Salvinia, Hycirilla, Ceratophyllum, Wolfla and Spirodela. Most of the plants 

studied possessed the ability to remove upto 99 percent xnangmese &om solutions 

of 2-10 mgll for the seven day treatment period. The plant uptake was maximum 

in low concentrations and decreased with higher metal concentrations (Table 53). 

AzoZZa showed maximum uptake of 99 percent in 2 mg/l manganese. 

Higher concentrations of metal (4-10 mg/l) had 76.5, 54.16, 69.25 and 68.6 

percent reduction in manganese. Lemna had maximum removal in 2 mg/l 

manganese (94 percent). Other concentrations showed 91.75,63.66,66.75 and 56 

percent reduction In studies with Pistia, 99 percent reduction was obtained for 2 

and 4 mgA manganese and plant uptake r e d d  in 6-10 mg/l solutions by 48.3, 

30.62 and 41 percent. Salvinia had 99 percent removal in 2 mg/l maqpese 

solution and 71.25, 72.83, 78.12 and 77 percent reduction in 4-10 mgll 4 

concentrations. Manganese removal by H9rilla was excellent d consistently in 

the range of 99 percent upto 8 mg/l and 97.8 percent in 10 mg/l xrmnganese. In 

CeratophylZm also p r o m d  decrease was obtained, 99 percent in 2 and 4 



mgA, 94.5, 94.25 and 80.7 percent in 6-10 mg/l manganese. The maximum 

uptake of Wolfla was 73.5 percent in 2 mg/l, while in other metal concentrations 

(4-10 mg/l) the uptake recorded was 43, 29.16, 20 and 28.5 percent. Spirudela 

could remove upto 82.5 percent of manganese in 2 mg/l while 64,70.6,65 and 38 . , 

percent reduction was obtained in higher metal concentrations. Fig. 104 represents 

results obtained using the aquatic plants for the manganese removal. 

Zinc 

Phytoremediation of zinc by the aquatic macrophytes Azolla, Lemna, 

Pistia, Salvinia, Hydrilla, WolfJ,Ceratophyllum and Spirodela fiom 2- 10 ppm 

metal solutions was studied for a detention period of seven days. Remarkable 

uptake of zinc was noticed in Ceratophylum, Lemna and Salvinia. As in the case 

of manganese, plant metal uptake decreased with increase in concentration of the 

metal solutions (Table 54). 

Among the plants experimented, maximum removal was obtained for 

Ceratophyllum, 99 percent (in 2 r@l zinc solution). Higher concentrations 4-10 

mg/l had 80, 86, 87.12 and 8 1.5 percent removal of zinc. The duckweed Wolfla 

was capable of uptake upto 92.5 percent (in 2 mg/l zinc solution) and 82.2, 73.6, 

59.37 and 50.5 percent reduction in 4-10 mgA zinc. Lemna showed higher 

percentage metal removaI at low concentrations, 90.5 percent at 2 mgll and lowest 

percentage removal was 57 percent at 10 mgll. Spirodela had upto 99 percent 

removal in 2 and 4 mgll zinc solution In higher concentrations, 80, 79.37 and 

69.5 percent reduction was observed in the studies with Spirodela 

Azolla had a removal of 66 percent fiom 10 mg/l zinc and other 

concentrations (2-8 rng/l) had 55.5, 48.25, 57 and 63.75 percent uptake. Pirtia 



Table 53 Manganese Removal by Aquatic Macrophytes 

Table 54 Zinc Removal by Aquatic Macrophytes 

Initial 
Conc 

2 

4 

6 

8 

- Azolla 
Final Yo 
Conc Removal 

ND 99.99 

0.94 76.50 

2.75 54.16 

2.46 69.25 

val 

Wolffia 

10 L 3.14 

Wolffia 

2 

4 

6 

8 

10 

Final 
Conc 

0.53 

2.28 

4.25 

6.40 

7.15 68.60 

Salvinia 

Lemna 
Final 
Conc 

0.15 

0.71 

1.58 

3.25 

4.95 - 

% 
Removal 

73.50 

43.00 

29.16 

20.00 

28.50 

Final 
Conc 

ND 
ND 

3.10 

5.55 

Final 
Conc 

ND 
1.15 

1.63 

1.75 

2.30 

Final 
Conc 

0.19 
1.02 

1.59 

3.02 

4.30 

YO 
Removal 

92.50 

82.20 

73.60 

59.37 

50.50 

Pis ria Spirodela 

0.89 

2.07 

2.58 

2.9 

. 3.4 

Lemna 
% 

Removal 

99.99 

99.99 

48.30 

30.62 

5.90 

% 
Removal 

99.99 

71.25 

72.83 

78.12 

77.00 

YO 
Removal 

90.50 

74.50 

73.50 

62.25 

57.00 

Final 
Conc 

1.06 

1.22 

1.94 

4.60 

7.15 

Final 
Conc 

ND 
ND 
1.20 

1.65 

3.05 

P i i n  
Final 

--- Conc 
0.12 

0.33 

2.18 

2.66 

4.40 

Spirodela 

41.00 

YO 
Removal 

47.00 

69.50 

67.66 

42.50 

28.50 

Hydrilla 
% 

Removal 

99.90 

99.90 

80.00 

79.37 

69.50 

55.5 

48.25 

57.00 

63.75 

66.00 

Final 
Conc 

ND 
ND 

ND 
ND 
0.22 

Yo 
Removal 

94.00 

91.75 

63.66 

66.75 

56.00 

Final 
Conc 

0.35 

1.44 

1.76 

2.80 

6.20 

Ceratophyllum 

Final 
Conc 
ND 
ND 

1.01 

1.45 

2.45 

CeratopbyUum 

% 
Removal 

99.99 

99.99 

99.99 

99.99 

97.80 

% 
Removal 

82.50 

64.00 

70.60 

65.00 

38.00 

F i  
Conc 

ND 
ND 

0.33 

0.46 

1.93 

% 
-- Removal 

99.90 

99.90 

83.17 

81.87 

75.50 

Final 
Conc 

ND 
0.80 

0.84 

0.21 

1.08 

1.31 

5.65 

5.50 

% 
Removal 

99.99 

99.99 

94.50 

94.25 

80.70 

YO 
Removal 
P 

99.90 
80.00 

86.00 

89.50 

73.00 

78.16 

29.37 

45.00 

1 . 0 3  87.12 

1 . 8 5 ,  81.50 
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Fig. 104 Manganese Removal by Aquatic M~cropbytes 

Fig.lOS Zinc Removal by Aquatic lb¶acrophytm 



showed maximum removal, 69.5 percent at 4 mg/l zinc and it decreased to 28.5 

percent in 10 mg/l zinc. In Salvinia uptake was 89.5, 73, 78.16, 45 and 29.4 

percent in 2-10 mg/l zinc. Hydrilla had removal of 99 percent in 2 and 4 gll zinc. 

Higher concentrations showed 83.17,8 1.87 and 75.5 percent removal of zinc (Fig. 

105). 
7 

Copper 
.._/ . 

-4I' 
> c < *  

Lab scale studies were conducted using the aquatic ~lants Hydrilla, 

Ceratophyllum, Pistia, Lemna, Azolla and Salvinia It was observed that in this 

range', defoliation occurred within two days in Hydrilla and Ceratophyllum. 

Therefore 0.25-2 mg/l copper solution was used for these two plants. Other plants 

were maintained in 2- 10 mgA copper. 

Considerable removal of copper was recorded with the plants under study 

(Table 55). Azolla, Pistia and Salvinia were capable of reducing the copper levels 

in the metal solutions of 2-10 m@. Azolla recorded uptake of 94, 95.5, 96.16, 

96.12 and 95.8 percent from 2-10 mgll copper. Lemna had 91.5, 91.5, 87.83, 

89.87 and 93.9 percent uptake h;om initiai c o k  concentratio&. Pistia showed 

90.5, 96.5, 97.5,97.75 and 97.5 percent reduction for these concentrations, while 

Salvinia had 96.5,97.25,98.33,98.25 and 99 percent reduction. 

When Hydrilla and Ceratophylum were introduced in lower copper 

concentrations (0.25-2 m@), they revealed good copper uptake. Hydrilla showed 

96.5, 97.5, 96.83, 98 and 98 percent reduction for these concentrations. It was 

observed that Ceratophylum had the ability to remove 96,95.25,%, 89.75 and 96 

percent copper fiom the spiked solutions had 96.5, 97.25, 98.33, 98.5 and 99 



Table 55 Copper Removal by Aquatic Macrophytes 

Initial Final 
h b  salvinia Lcmna Pislia 

% Final % Find % Final Yo 
, Conc Removal Conc Removal Conc Removal Conc Removal 

2 0.12 94.00 0.07 96.50 0.17 91.50 0.19 90.50 
4 0.18 95.50 0.1 1 97.25 0.34 91.50 0.14 96.50 

6 0.23 96.16 0.1 98.33 0.73 87.83 0.15 97.50 

8 0.31 96.12 0.12 98.50 0.81 89.87 0.18 97.75 

10 0.42 95.80 0.1 99.00 0.61 93.90 0.25 97.50 

Hydrilla Ceratophyllum Initial Conc Final cone % Removal Final Conc %Removal , 

0.25 0.07 96.50 0.08 96.00 
0.5 
1 .O 
1.5 
2.0 

* 

0.10 
0.19 
0.16 
0.20 

97.50 
96.83 
98.00 
98.00 

0.19 
0.24 
0.82 
0.28 

95.25 
96.00 
89.75 

. 86.00 
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Studies on chromium uptake was conducted using Azolla, Lernna, Pistia, 

Salvinia, Hydrilla and Ceratophyllum in 2-10 mg~l metal solutions for a seven day - , -3-- - - . . + .I\." 
s .- 

I . , >  - .* \ '  
k- -xL. 3 .. 

period. The results revealed that the'ferns, Salvinia and AzoBa &ere capable of 

high removal of chromium (99.5 percent). Table 56 and Fig.107 represents the 
> " . . \  

resulk obtained in experiments with chromium. " _  4 - 

Azolla had chromium uptake rates of 99.5,72.5,66.6,50 and 47 percent in 

2-10 mdl metal solutions. In Salvinia, 99.5, 97.5, 88.33, 70.62 and 44 percent 
Y -, .3 .-, .- I" * w 

' -:- f 

..*&I? . &&.. 
reduction of chromium was observed on the seventh day. ' ~ i i i i i  had removal of 

81,40,6.67 and 5 percent in 2 -8 mg/l chromium. The plant did not survive in 10 

mg/l concentration for seven days. Lemna had 59, 53, 5.8, 5.75 and 5.5 percent 

. . - L  % t . 
removal in 2 -10 mgll chromium. . I* . , - , . , 

. I ,  . . - 
-1, . 

Observations with  drill= revialed 28, 18.75, 14.2; 14 md 12.5 percent 

uptake of chromium from 2-10 mgll metal solutioik.' ' In the case of 

Ceratophyllum, 10.5 percent reduction was noted in 2 mfl chromium. In other 

concentrations, the leaf detached from the stem, and settled to the bottom within 4 

days. 

Iron 

Iron, although essential for plants in micro levels .ire found to be toxic at 

increasing concentrations. Experiments were conducted using the aquatic plants 

Azolla, Salvinia, Lemna, Pistia, Hydrilla, Wolfia, Sp i rd l a  and Ceratophyllum 



Table 56 Chromium Removal by Aquatic Macrophytes 

Inm 
Conc 

2 
4 
6 
8 
10 

Initial 
Conc 

0.25 
0.5 
1 .O 
1.5 
2.0 

h l l a  
Final 
Conc 
0.01 
1.1 
2.0 
4.0 
5.3 

Azdlr 

% 
Removal 

99.5 
72.5 
66.6 
50.0 
47.0 

sahida 

Final 
Conc 
0.04 
0.06 
0.03 
0.10 
0.14 

Final 
Conc 
0.01 
0.10 
0.70 
2.35 
5.60 

Remwal 
84 
88 
97 
93 
93 

!3ahMa 

% 
Removal 

99.50 
97.50 
88.33 
70.62 
44.00 

Lemna 

Final 
Cmc 
0.02 
0.04 
0.02 
0.00 
0.10 

Final 
Conc 
0.82 
1.85 
5.65 
7.54 
9.45 

YO 
Removal 

92 
92 
98 
99 
95 

Lemna 

% 
Removal 

59.00 
53.75 
5.80 
5.75 
5.50 

Piatia 

Final 
Conc 
0.04 
0.05 
0.03 
0.00 
0.02 

Final 
Conc 
0.38 
2.40 
5.60 
7.60 
9.40 

% 
Removal 

84 
90 
97 
99 
99 

Wolffirr 

% 
Removal 

81.00 
40.00 
6.67 
5.00 
6.00 

HydriRa 

Final 
Conc 
0.20 
0.37 . 

- 
- 
- 

Pistir 

Final 
Conc 
1.44 
3.25 
5.15 
6.88 
8.75 

Ceratophyllum 

% 
Removal 

20 
26 
- 
- 
- 

Final 
Conc 
0.03 
0.03 
0.03 
0.02 
0.05 

% 
Removal 

28.00 
18.75 
14.20 
14.00 
12.50 

Final 
Conc 
1.79 
- 
- 
- 
- 

% 
Removal 

88.0 
94.0 
97.0 
98.7 
97.5 

% 
Removal 

10.5 
- 
- 
- 
- 



Lemna 



for seven days. Initial studies with 2- 10 mg/l iron solution revealed its toxicity to 

Spirodela, Hydrilla and Ceratophyllum. Therefore the concentration of iron 
" . L  

solution was reduced to 0.25-2 m g .    ow ever it & obiemed that in SpirodeZa, 

leaching of pigments occurred within an hour after introduction into the iron 

solution. Hydrilla and Ceratophyllm survived only for 2 days. Wolfla survived 

upto 0.5 mgil iron and perished in higher concentrations. 

Azolla was capable of removal upto 97 percent (in 1 mg/l iron solution). 

The percentage uptake of iron from solution was 84,88,97,93 and 93 percent for 

0.25 to 2 rngil iron. The uptake decreased in 1.5 and 2 mgil. Table 57 and Fig. 108 

represents the iron removal using selected aquatic plants. 

Lemna had metal uptake of 84, 90, 97, 99 and 99 percent for 0.25 to 2 

mgil iron. Pistia had 88,94,97,98.7 and 97.5 percent uptake. Salvinia recorded 

increasing uptake upto 1.5 mg/l (92, 92, 98 and 99 percent) and then a decrease 

(95 percent)'was noted in 2 mgll iron solution. Wolfla had removal of 20 and 26 

percent in 0.25 and 0.5 mg/l iron solution. The plant did not survive beyond 1 

mgil iron for the treatment period. 
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4.5 COLUMN STUDIES WITH DRIED PLANTS 
' I 

..,..--r.,,.,y.,-.:Y, - . 
Aquatic plants have several uses such as feed for poultry, fish and 

livestock, compost, mulching, biogas generation. An attempt has been done to 

utilise these plants afkr dyng for remediation/ biosorption of metals fiom spiked 

metal solutions. An advantage of using dead biomass is the easier and non- 

destructive recovery of adsorbed metals, which is of economic significance in the 

recovery of valuable metals fiom wastewaters. 

Colqmn studies were conducted to evaluate the biosorption of zinc, copper 

and manganese using dried aquatic flora including Salvinia, Lemna, Pistia and 

Azolla. All the four plants are ubiquitous, easily available and classified as weeds. 

20 mgA of individual metal solutions were passed through the column for 2 hours 

and the eluted samples were collected at 15 minute intervals and analysed for 

metal removal. 

In the studies conducted, it was observed that in the initial stages 

adsorption of metal was very fast. In the first 30 minutes, more than 90 percent 

removal was observed in manganese, copper and zinc. Upto 80 percent removal 

was noticed in 60 minutes. Then the removal efficiency decreased with time. 

Manganese 

In the column studies with Lemna, maximum removal occurred within 30 

minutes (99.9 percent) and then decreased to 81.3 percent in 60 minutes. The 

removal capacity decreased to 45.75 percent in 120 minutes. When Azolla was 

used as biosorbent, 99 percent reduction was obtained in the first 30 minutes and 

it decreased to 87 percent in 60 minutes. After 120 minutes, the percentage 

removal of manganese was 29 percent. 



Salvinia showed 90 percent reduction in the first 30 minutes and decreased 

to 54 percent in 60 minutes. After 120 minutes, 38 percent reduction was 

observed. Hydrilla had removal efficiency of 99 percent in the first 15 minutes, 

98 percent at 30 minutes, 90 percent at 60 minutes and 13.35 percent at 120 

minutes. Table 58 and Fig.109 represents the results obtained for manganese 

removal. 

Zinc 

In the studies conducted for removal of zinc, 99 percent reduction was 

obtained within 15 minutes for all the dried plants used. Hydrila showed 

excellent removal of zinc upto 105 minutes (99.9 percent) and at 120 minutes 95.5 

percent removal was obtained. Azolla had 99.9 removal of zinc upto 30 minutes, 

94 percent at 60 minutes and then a decreasing trend was observed with 78 

percent removal at 120 minutes. 

Salvinia showed uptake upto 99 percent within 30 minutes and 50 percent 

at 60 minutes. 23.2 percent removal was obtained at 90 minutes after which there 

was no sorption of zinc. Lemna had removal upto 89 percent in 30 minutes and 

then its efficiency reduced to 12.5 percent in 60 minutes. After 90 minutes, there 

was no sorption of zinc. Table 59 and Fig. 110 represents the results obtained for 

zinc removal. 

Copper 

In the biosorption studies for removal of copper using dried plants, 

considerable removal was obtained for all the plants. Azolla showed very high 

sorption capacity for copper consistently in Ole range of 99 percent for a time 

period of 120 minutes. Hydrilla also had good removal ability, with 99.77 percent 



Table 58 Manganese Removal by Dried Plant Biosorbents 

Table 59 Zinc Removal by Dried Plant Biosorbents 

Time 
(in nab) 

15 
30 
45 
60 
75 
90 

105 
120 

Initial 
Concentration 

; 20 
20 
20 
20 
20 
20 
20 
20 

Time 
(in-) 

15 
30 
45 
60 
75 
90 

105 
120 

Initial 
Concentration 

20 
20 
20 
20 
20 
20 
20 
20 

Lemna 
Final 
Cone 

ND 
0.15 
1.42 
3.74 
4.22 
4.86 
6.50 

10.85 

YO 
Reduction 

99.90 
99.20 
92.90 
8 1.30 
78.90 
75.70 
67.50 
45.75 

h n n a  

HydrurP Azolla 

Finrrl 
Cone 

0.65 
2.20 

15.25 
17.50 
19.24 
20.00 
20.00 

20 

Final 
Cone. 

0.12 
0.30 
1.57 
1.93 
4.32 
7.50 
9.00 

13.35 

SahMa 
Final 
Conc 

ND 
0.15 
0.95 
2.54 
8.43 

1 1.20 
12.60 
14.20 

% 
Reduction 

96.75 
89.00 
23.75 
12.50 
3.80 

0 
0 
0 

h u a  

YO 
Reduction 

99.40 
98.50 
92.15 
90.35 
78.40 
62.50 
55.00 
33.25 

Final 
Conc. 

0.18 
1.98 
5.75 
9.15 
9.55 
9.75 

12.05 
12.35 

YO 
Reduction 

99.9 
99.2 

95.25 
87.30 
57.85 
44.00 

37.00 
29.00 

Final 
Conc 

ND 
ND 

0.65 
1.20 
1.80 
2.55 
2.65 
4.25 

?4 
Reduction 

99.10 
90.10 
71.25 
54.25 
52.25 
5 1.25 
39.75 
38.25 

sdvhia 
% 

Reduction 
99.00 
99.00 
%.75 
94.00 
91.00 
87.25 
86.75 
78.75 

HydriUr 
F i  
Conc. 

ND 
ND 

7.75 
10.00 
12.75 
15.36 
20.00 

20 

Find 
Conc 

ND 
ND 
ND 
ND 
ND 

ND 
0.9 

Reduction 
99.00 
99.00 
61.25 
50.00 
36.25 
23.20 

0 
0 

% 
RedractiOn, 

99.0 
99.0 
99.0 
99.0 
99.0 

. 99.0 
99.0 
95.5 



la- I 



removal after 15 minutes. The removal efficiency increased with time and reached 

a maximum of 99.96 percent after 105 minutes. After 120 minutes, the percentage 

removal of copper was 94.73 percent. 

Salvinia had removal efficiency in the range of 99 percent upto 75 

minutes. Then the sorption of copper deemed slightly to 97 percent at 90 

minutes. After 120 minutes, 83 percent removal was obtained. Lemna had copper 

removal capacity of 99 percent upto 45 minutes after which the efficiency was 

98.96, 96.06 and 94.86 percent for 75, 90 and 105 minutes respectively. 83.85 

percent reduction was observed after 120 minutes. Table 60 and Fig. 11 1 

represents the results obtained for copper removal. 

There are many functional groups available for metal binding in plant cell 

walls including carboxyl, hydroxyl, phosphoryt and sufhydril groups (Schneegurt 

et al. 2001). According to Wase et al. (1997) metal binding to the biomass is in 

essence an ion exchange mechanism, which involves electrostatic interaction 

between the negatively charged groups in the cell walls and metallic cations. 

Metal adsorption may be characterised as a passive process because the plant 

tissues are inactivated. 



Table 60 Copper Removal by Dried Plant BimrbenQ 

Time 
(in m h )  

15 
30 
45 
60 
75 
90 

Initid 
Concentration 

20 
20 
20 
20 
20 
20 

105 20 3.186 
120 20 3.230 

84.07 
83.85 

LcmDa 
Final 
Cone, 

0.058 
0.058 
0.043 
0.207 
0.787 
1.028 

0.148 
0.014 

% 
Reduction 

99.71 
99.7 1 
99.78 
98.96 
%.06 
94.86 

99.26 
99.93 

Azdla 
Find 
Conc. 

0.020 
0.035 
0.020 
0.045 
0.01 1 
0.01 1 

0.890 
3.379 

% 
Reduction 

99.9 
99.82 
99.90 
99.77 
99.94 
99.94 

0.007 
1.054 

95.55 
83.10 

Sahinir 

99.96 
94.73 

Hydrill. 
Final 
Cone. 

0.005 
0.005 
0.004 
0.057 
0.074 
0.428 

Final 
Cone, 

0.045 
0.023 
0.0 15 
0.007 
0.01 1 
0.007 

% 
Reduction 

99.97 
99.97 
99.98 
99.7 1 
99.63 
97.86 

./. 
Reduction 

99.77 
99.88 
99.92 
99.96 
99.94 
99.% 



5.0  SUMMARY AND CONCLUSIONS 





SUMMARY AND CONCLUSIONS

Shiny K J “Use of aquatic organisms for water treatment” Thesis.  Department 
of Life Science, University of Calicut, 2003 



5.0  SUMMARY AND CONCLUSIONS 



5.0 SUMMARY AND CONCLUsIONs 

Water pollution cmbd by large scale disposal of wa&m&r into various 

re so^ is considered u one of the most serious problems hoed by.- 

today. Explosive growth in human population, reckless use of natural r e ~ ~ m ,  

rapid indwtrialisation and w b m i s a t i o n ~ W W W  in generation of huge amount 

of wastewater. Wastes range fhm sewage containing organic apd mineral matter 

to highly toxic kind containing pesticides, heavy metals and othq&bstances. Safe 

collection, treatment and disposal of wastewater needs establishment cost, skilled 

manpower for regular maintenance, cxpenditure on power and other materials. In 

the absence of suitable technology and fhcitities for treatment they are iaevitably 

discharged into m s t  water body. The effect is depletion of oxygen in the 

ecosystem, consequent death of biota and degradation in water quality for 

domestic, agricultural, industrial and ncreational use. The ultimate victim is man 

who suffers in many ways - epidemics of water borne diseases, accumulation of 

heavy metals in the body, loss of fishery resoutces and aesthetic quality of water 

being few of them. 

Wastewater treatment basically involves the reduction of BOD, removal of 

nutrients which cause eutrophication and elimination of pathogens. Conventional 

wastewater treatment methods use chemicals to achieve these ends, with 

hazardous after e&ts on the ecosystem. Nature has the capability to ametioratt 

pollutants which it d v a  upto a amin Qdmt Taking aa BWP this, ecological 

mms for wvastmmtcr aamrsm an be oplsQ apst l ly  by dcvcl* 

countries. N a t d  tmtmeat systems fbr up@& quality of wubwakz uSilise 



several species of plants, inv&ratt zooQtsnirton a d  fish in monoculture and 

The bioremediation capacity of naaulal tmqstem is known, but there is 

no knowledge about the capability of individual animal and plant species to 

, ?, - a. -* 

improve the quality of w&tW%M:' h this study, experiments were conducted to 

evaluate this ability of several I d l y  available laquatic flora and fiiuna. 

The aquatic fiwna for experimental studies were selected .M on certain 

criteria such as availability of species, resigtanee to handling and transport, ability 

to sujvive in wastewaters, species which cain be cultured on a large scale, species 

with filter-f&@mnivorous/ detritivotous habit. The selected species of 

aquatic fauna included Paramecim ca- Ebberg ,  Daphnia magna Straw 

among invertebrates. Fishes s d W  for the experiments were Cyprinus carpio L., 

Tilapia mossambica Peters, Catla mtla Hamilton, Cirrhinw migala Hamilton, 

Labeo rohita Hamilton, and Lebisris mti&es Peters 

Aquatic flora were select& b d  osn rapid growth rate, hardiness, ease of 

harvest, useM products on hasvesting, high mineral absorption ability, low water 

content, non toxicity to animds. The aquatic flora selected ws test species for 

experiments in this study include the fenrs Awlla rubra RBr. and Salvinia 

molesta Mitchell; the due- - L e m  p e ~ i l l a  T o w ,  S p i d l a  pol'rhiza 

(L.) Schleid and Wolfla g l o b  (Roxb.) Hatog and Plrrs. as well as Pistia 

stratiotes L., HyalLlla verticillata &E) Roylt, Cerafqdyllum hersran L. and 

Lagenandra toxicaria Dalz. 



Aliquots of the wastewatcf sample were introduced into d e c h l u  tap 

water to prepare exprimentd for treatment with aquatic flora and 

fitma. 5, 10, 15 and 20 rnl of waskw&m per litte of water was uscd b prepaue 
, ,, . . c - a ; ~ - ' =  - ."- 

expimental wastewater for the in&-, Paramecium and Duphnia. 10,20, 

30,40 and 50 ml of wastewater per litre of wcrter was used for fishes. 50, 100, 

150, 200 and 250 ml wsstewatwfl water was used for &rophytes. The 

experiments were carried out with 2 litre of experimental wastewater. 

Paramecium was introduced at 20 nurnWml and Daphnia was introduced at 3 

differett numbers -10,20 and 30J100 ml of eqaimental wastewater. Fishes were 

experimented with two varying biornass 3gA and 4fl in each wastewater 

experimental set. 2 @I of Azoffa Lemna and Spitodefa were taken while 5 g d  

of Pistia, Salvinia, Ceratoptyflum and HMilla were used for the experiments. 

Controls were maintained for each concentration of experimental wastewater to 

- determine whether the treatment effects due to presence of the test species was 

significant. The physicochemical and bacteriological characteristics of 

experimental and control sets were d y s e d  at prc experimental and post 

experimental stage. 

Locally available macmphytcs were smmd for their ability to temove 

selected metals, copper, chromium, iron, zinc and mqarmc k m  solutions. The 

aquatic flora used in this study include Awih rubra RBr., W i n i a  molesta 

MitchclI, Leima peqwilh Tomy, &h&la p d p h i r a  (L.) Schleid, Wdm 

globosa (Roxb.) Hmtog and P l u ,  PWia stmtiotes L., Hjdkilh verticillata (Let) 

Roylt and Ceratopylum &- L. W t h y  plaatJ w m  selected, washed 



thoroughly, blotted, weighed and placed in individual mctd solutions (0.25-10 

men) of copper, chromium, -, zinc and iron for a period of seven drys. 

The plants after use in nutrient moval b n  vmtewatcr have several 

alternate uses such as manure, cdmpost, mulching ansi biqps. In this study the 
. . _._ ' 

plants after harvest from wastewater treatment was dried and column studies were 

carried out using Hyiirilla, Azolla, Sahtinia and lem, to test its ability to remove 

metals fhm solutions. Zinc, m a t l w  and copper (20 mgll) 6 passed through 

the column at a flow rate of 5 mYmin and eluted samples collsctad at intervals of 

15 &nutes wae analysed for metal removal by tbc biosorbent. 

In this study the potential of two invcrtebmtes-Pammecium caudarum and 

Daphnia magna as well as six fishes, Tilqia mossambica, Cyprzfius cmpio, Carla 

catla, Labeo rohita, Cirrhinus mrigala and Lebistes reticulates for the treatment 

of experimental wastewaters was determined under laboratory conditions for a 

treatment period of seven days. It was observed that invertebrates were more 

efficient in the removal of coliform -ria than fishes. 

Among the invertebrates, Daphnia magna was found to be more efficient 

than Paramecium caudztum in the reduction in colifonn count (maximum of 

98.25 percent compared to 61.66 percent in Puramecium); BOD (54.53 c o m m  

to 24.07 percent in Paramecium); COD (52.7 penxnt cornparod to 36 percent in 

Paramecium) and TSS (94 percent compared to 88 percent in Paranrecim). 

Daphnia are filter &dews, filtering setac of the tbitd and fowth pair of 

rctains food particles as small as 0 . 5 ~ .  The efficiency of the filter 

allows the uptake of algae, bacteria, M t u s  itus awtlloidd @cles, small pa11ic1es 

of food crre collected and com- in the fbod groave and then ingmd 



Daphnia fbad intensively on the microbes and otbcr s u s p d d  coiloidal 

puticles. However, they can regulate their fwdiae mte by rqjedhg the excess 

food fmm the food groove in the form of a bo~us, which d e s  contributidg to 

rapid flocculation. In wastewater treatment systems, this may be a very important 
1 <, --- 

process in removing suspended organic and inorganic matter and processing the 

wastes into settleable forms. Daphnia species can handle 5-30 rnl per day, which 

implies that if presemt in reasod1y high numbers may pr6cess substantial 

proportions of their habitat everyday. 

The role of Paramecium in reduction of various water quality pameters 

such as BOD, COD, TSS and colifonns could be attributed to its feeding habit. 

Paramecium is a heterotrophic filter-feeding protozoan. It faeds chiefly on 

bacteria, organic particles and detritus, which are swept down the peristomial 

groove to the cytostome by the action of cilia. Pammecium cauhtum secretes a 

soluble polysaccharide (a polymer of glucose and arabinose) into the medium, 

which changes the surface charge of the suspended colloidal particles present. 

Particles ingested during cyclosis are glued together by a mucin. The soluble 

organic compounds and colloidal materials present in wastewater are used by the 

protozmn for its nutrition. The reductions in TSS and other pameters could be 

attributed to this. Protoma are known to fead on bacteria, including pathogeni~ 

strains causing diphtheria, cholera, typhus and streptococcal iafections as well as 

fbecal backria such as E. d i .  , 

Among fishes, BOD reductions were maximum in Tifupiu (59.1 percent) 

followed by Cypinus (61.48 pemmt), Catla (48.5 percent), Mrigal(43 percent), 

Rohu (39.2 percent) and Lebistes (38.5 peroent). Suspended solids removal was 



most efficient in Tilqia (91.3 percent), and Cwinus (83 percent). Among other 

fishes suspended solids reduction was 69.9 percent in Mrigd, 50.3 percent in 

Catla, 48.3 percent in Rohu and 39.2 percent in Lebistes. 

COD reduction was highest in Tilqia (57.2 . i percent), . . followed by 

Cyprinm (51.6 pe-t), Mri@ (49.7 percent), Rohu (48.3 percent), Catla (42.3 

percent) and Lebistes (36.4 percent). 

Ability to reduce coliform counts from the experimental wastewater was 

obsewed in the order of Tilapia (82.08 percent), Catla (79.06 percent), Cyprinus 

(74.41 percent), Mrigal(64.06 percent), Rohu (53.48 percent) and Lebistes (48.4 

percent). 

Among the fishes studied, ability to improve water quality in decreasing 

order was Tilapia, Cyprinta, Catla, Mrigal, Rohu and Lebistes. When the two 

biomass 3g/l and 4g/l were considered, 4 gfl fish gave better results. Tilapia was 

more efficient in the removal of TSS, colifonns, BOD aMi COD values, when 

compared to other fishes. 

Certain fishes and some fishes at its juvenile stage are adapted to remove 

even small phytoplankton (less than 20 pn). MUCOUS secretion fiom the gill 

surfhe and other specialid structures appears to entrap f k d  particles and the 

gill rakers prevent the resultant slime fiom csaqing in the outward current. Direct 

consumption of materials could be possible at the Wly diluted water, where 

concentration ofwastes d ~ a r  not ~ e r t  witd i~ llif. 

The amtomy of gills aid in filtering watm efkctively, more apparently in 

filter f* fishes. The gills bear gill lamttlae d gill rakers, of which the latter 

project into the pharyngieat cavity and are arranged in 2-3 rows. The individual 



filaments of gill rakers are situated very close in filter fcsdtrs and Wivores like 

Labeo rohita, Cirrhinus mrigala and Tilqpia and can remove small sized particles 

fiom water. The filtering efficiency inemass considerably fiom carnivorous to 

herbivorous fishes and this could result in improved water quality. 

The mechanisms for contaminant removat"iii a@atic macropkyte systems 

may be complex involving physiological cham%eristics of the plants, biological 

and physicochemical reactions in the quatic environment. F l d O g  aquatic plants 

also have the capability to assimilate large quantities of elements, some of which 

are ekential for plant growth, thneby improving the water quality. In submerged 

plants absorption is also fitcilitated by the permeability of the mthickened 

cellulose walls and often absence of cuticle. 

Macrophytes aid in wwtewter treatment by mllitating physical 

sedimentation and bacterial metabolic activity. The roots and stems provide 

surface for bacterial growth and are media for filtration and adsorption of solids. 

The stem and leaves prevent growth of suspended algae, reduce the effect of wind 

on water and transfer oxygen fiom leaves to root tips. Plants remove nutrients 

such as nitrates and phosphate by directly assimilating them into their tissue and 

on b e s t  remove them pennsnently from the water body. 

Organic carbon, typically rnwd as BODS is utilized by bacteria 

inhabiting microenvironments in the plant root zone and the water column as an 

energy source and for cell synthesis. Presena of aquatic plants thus helps in 

reducing the BODS. An amtomicat uhptation of aquatic plants is tbc 

development of acrenchyma -11 stnx%m, which bilitates the embange of 



oxygen 69m aerial tissue inro the root rolls and be utilizsd by the aerobic hackda 

for oxidation of organic carboa 

Suspended and colloidal solids are rcmovcd as a result of collisions 

(inertial and Brownian) with an adsoption to plant piarts such as stem and toots. 
. . 

Particulates are filtered mechanically as water passes through the toots. Nitrogen 

is removed by plant uptake and subsequent hamst, volatalisation of ammonia, 

adsorption, bacterial nitrification and &nitrification. 

Phosphorous removal mechanisms in aquatic systems are plant uptake, 

chemical adsorption and precipitation reactions. Aquatic plants supplied with 

sewage effluents tend to show increased growth and usually have i n d  tissue 

phosphorous concentration. The mjor pathway for removal of sulphates is plant 

uptake. Sdphate is quite rapidly talcen up by roots, translocated to leaf chloroplast 

where it is reduced and thus incorporated into organic compounds or accumulated 

in the vacuoles. Plant uptake of calcium and magnesium reduces its concentration, 

as well as the total hardness of water in aquatic systems. 

Filtration through the root substrate and attached biofiim, sedimentation, 

aggregation, oxidation, exposure to biocides secreted by plants, adsorption to 

organic matter, ingestion by ciliates are causes for coliform removal. Aquatic 

macrophytes such as Water hyacinth, Pistta, AugeMndlro and Ceratophylum bave 

antimicrobial pmpcrties. 

Comparison of nine aquatic fionr in improving the quality ofexperimemtal 

wastewaters i n d i d  that all the plants had natural ability to uptake nutrients; 

reduce BOD, COD, TSS and 00- cosmt. However, some macrophyks 



showed excellent P e p f o ~  with respect to selected paramcttn. The removal 

efficiency i n c h  with increasing nutrient concentdon in the wt&w&er. 

TOW Suspended Wids removal was gabd in Pistia (66.4%), followed 

by Lagenandra (65.1%), NydLilla (63.4 %), Lemrca (62%), CeMtoplrylItmr (57.4 

%), Wvinia (42.5 %), Azolla (36.3%), &@irodeIa (32.6%) and Wolfs (20.3%). 

BOD reductions were maximum in Lerptrpa (82.6 %). Significant levels of 

BOD removal were noticed in Ceretop&IJm (80.7 %), Lugina& (78.5%), 

Pistia (75%), Salvinia (67.8%)), Azolla (64%)), HMilla (53.6%), Spirodela 

(46.1%) and Wolfla (10.2%). 

COD raductions by macrophytes was in the order of 46% in Lemna, 46% 

Salvinia, 10.6% in Spirodela, 9.8 % in Azolla and 5.2 % in Wolfla. 

Nitrate removal was best in hgemndka (84.5%) where as reductions 

recorded for other plants are-Lema (81.3 96) Pistia (77.2%), Ceratophylium 

(76.3%), Spirodela (72.4%), Hydrilla (65.2%), Salvinia (62.3%), Wolfla (57.7%) 

and Azolla (40.2%). 

Phosphate removal potential of experhenkd macrophytes are 

L a g d a  (70.2%), Lemna (6904 CemtoplrVIItun (68.3%), Spimdela (67%), 

Pistia (55.4%), Salvinia (52.9%), Hpdt.illa (52.3%)* Azdla (48.6%) and Wd'a 

(28.03%). Sailphate removal efficiencies of thc macrophytcs experimented were 

- M a  (72.5%)* Pirtia (;64.3%), CetatqhylIum (64.2%), Lemna (62;746), 

Wvinia (60.2%), M i a  (53.2 %), HMiIZa ((51.4%), @ i W a  (45%) and Wol& 



Excellent coliforms reduction was obtained in expedments with Pistia 

(99.7 5), Lagenantira (94.4%) and LemM (93%). Perccntege reductions for other 

plants are SpirOdba (88%). Solvnia (81.6%), CetatopLyllum (66.7%), HfliIIa 

(53.3%), AzolIa (48.6 %) and Wol* (45.8 %). 

Increase in dissolved oxygen levels was greatest in Ceratophym treated 

experimental wastewater, followed by Hjdrilla, Lugemndba and Pistia. 

Comparison of the aquatic macrophytes indicates that Lagenandra, Pistia, 

Ceratop@ZIum and Lemna have good potential for wastewater treatment, followed 

by Sfiirodela, Sahtinia, Hjdrilla, AzoIIa and Wolfla. 

The data generated fiam the experiments were analysed for all parameten 

for significance between dilutions, stages of observation and presence or absence 

of test species using Analysis of Variance. Significant differems ((p< 0.05) were 

obtained for most parameters between dilutions, stages of observation and also 

between experiments and controls (widtout test species). Two-way interactions 

were also studied and significant diffmces determined. The firnctional relation 

for selected water quality parameten such as BOD, COD, TSS, colifms, nitrate 

and phosphate were assessad by fitting appropriate polynomial regression 

equations with dilution as independent miable. A relationship between 

wastewater concentration and rate of removal of pollutants for a given biomass of 

test species worked out contributes to the standardisation of biotreatment and 

.. serves the field applications of vmkwatw treatment using aquatic organisms. 

h the studies for phytoremadation of metals, it was observed that the 

efficiencyofmctal uptake byAzoUawascopprr>mang;anese>chrwnium>zinc 

)l'fOfL Lerrm~ removed copper > mqmae >dnc >chromium >iron, while 



&virodeIa showed uptake in the orQ zinc -. In W d '  uptake of 

metals was zinc >mangnncse >h Pistia showed uptake of copper > ~M@IM%C 

xhromium >zirtc > iron. In Hy~+illa and Cemto~ lum.  removal 'wss 

->zinc >chn,mium>copper>iron. 

Results of column studies fm biosoption of metals using HMiIla, Azolla, 

Salvinia armd L e m ,  revealed that the method holds good potda l  for metal 

-oval h m  solutioos. Removrl was vay rapid in the initial &. Above 90 

percent reduction in metal concentration was recorded f i n  30 minutes. The 

n m c h  efficiency decreased with time Zinc removal by dried plants was in the 

order H+ilIa > Azolla > Salw'nia > L e m .  Manganese removal was L e m ~  

>Wvinia > Hydrilla > Azolla and for copper it was Azolla > HMilla >Lentnu 

The studies conducted using aquatic flora and fauna indicate their 

excellent potential for use in wastewater treatment. An aquatic organisms based 

wastewater treatment system is very promising and an ecologically s o d  

approach towards reducing pollution levels h m  wastewater. The employment of 

various aquatic organisms in an integrated system may improve the treatment 

The ability of macmphytes as well as dried p b  to remove metals &om 

solutions can be utilized effectively to ameliorate metal pollutio~~ Living plants 

plants can be used in column applications tbr high metal ~ o n s  as in 

industrial applications. 



These systems are low cost, low energy alternatives or supplements to 

conventional tnstmmt system. Such wasbmbr trtatment systems are 

inexjmsive to build and maintah .Ed if the @ent of the loation 

delivery of wastewater, bas v h t d y  no cacr;gy costs other than huvesting the 

aquatic flora and fauna. This can be s&hnt&d with the alternate uses of 

harvested flora and fitma, such as biqps, compost, mulching and animal faad. 

Areas with easy, availability of Id and plcaty of s d e  can think in 

terms of developing an *ate tmatmmt systems with components h n  

com;fierciailY available technology but miring heavily on the I d l y  available 

aquatic biota to achieve pollution control and at tlw same time recycle wastewater. 

Sustainable technologies fbr wastewafer treatment within the economic 

capabilities of developing d e s  mxls rescrarch, and wastewater treatment 

using natural systems is a significant step towards this direction. 
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IMPROVEMENT OF WATER QUIUIIT"Y 

USING CYPRINID FISHES 
K J. Shiny, E. Nizmala, T. IC. Jnla ja and N. Rrrnani 
Centre for Water Resources Development and Management 

KOZHIKODE - 673 571 

. %i.e 6mic aim o f u ~ ~ t e a ~ t c r  trmtmmt ic M n d i  tr5c LiocciemieaCo~m 
rlimnnd Coa&rg, removc nutrirncr a d  Cciaai~tc pathgem h m f u C  to fi~itig 
organism, which alter t/iL ~~)IbgiwC sidi&ty of tliC ~ai'~)r*iyj water bo&a. 
W4utauoter treatment i n m l w  tlir &lion ofnutricno &e nitmpn andpliosph- 
lar to p m n t  cutrop&cation. Trodtiomfwrter systmi~ w & m b k  to 
'&eve h e  e d J  with WOW @atr mr G & g  6eiq.s. A p ~ t i c  t m t t n e ~ t  y- 
I ternJ u s i y  pmtozuanr, crurtauMs a d  fidi convert nutrietsts aruioganic n a t u  in 
:wastewater to usefu(6wmassI with ad& advctn~ge of i m p d u a t e r  quality. 
%. 

i 
aie main 06jective o f thzpnsmt  study & to inmt$qatc b h e p d i f i t y  o j i n p m  

ing tfk quality of s e m p  wn tmdnn td  water by the 0mnt~zia0musfifkr~aedi~f.h~ - 
Cypniiuur cayio (wrnmon carp/. fd~ratonj scab smdies uxn curried out and mm- 

'pared for various phyiw- &mica C a d  6 i o b ~ i a f  parameters fur w t c r  quafity irn- 
p m v e m t  with wntrolr. 

; ~ g s u l i  s h  mnrted nd~ctio-n in 6 io idkmi taCu~m h a n d a n d w h ~ o n n  6octe- 
. ?he treotntent mponscs may 6e ottri6utrd to the up tatc of oganic matter and 





DEVELOPMENT QF-&IOLOGICAC MODEIS FOR 
WATER PURIFICATION USING AQUATIC FAUNA 

I Shiny, EJ., Ninda, E, Jalaja, T.K and R e d  EN. 

ESD, Centre for Water lkourccs Devleopment a6d Management, 
KszhiIrodo673 571, Kcralz 

1 Development of low technology approaches to the recycling of wastewaters is the 
need of the present day taking into account the global increase in inevitable wastewater 
produced annually. The existing treatment methods require expensive, complicated 
Mi i t in  and involve several after eff'ccta of chemical treatment It is therefore useful to 
develop alternative eco l~og i~sound  methods of water treatment Bioremediation which 
takes cue from the food chains in the ecosystem can be used to remwe pollutants from 
the aquatic envi~anment Animals and plants can be made use of to remove organic 
matter from wastewaters. Efforts by many workers in the use of aquatic inverteb~iites and 
fuhes for water treatment has proven to be successful to a large extent Stabilization of 
polluted waters occurs by the conversion of unstable orgnaic matter. The subject of utilizing 
fish to cleanse wastewaters is relatively new, since the objective of most fish culturists is to 
produce food. Previous studies are qualitative, emphasizing on the water quality 
parameters. A study has not been conducted on the relation between the biomass or 
number of organisms and the late of pollutant removal. In the present study, an effort 
has been made to find a relationship between the biomass of test species and reduction in 
water pollutants and to predict removal rates from wastewaters. Two aq& filter feeders 
were chosen, considering the physiological structures which aid in the removal of 
suspended matter from water. A crustacean, Daphnia magm (Family Daphinidae) and a 
fish Crprinus catgio (Family Wrinidae) were chosen. Treatment studies were conducted 
varying the biomass/numba of organisms in each set. Results show about 98% reduction 
in coliform bacteria and 48% reduction in BOD by Daphnia magna. Regression models 
were drawn based on the results. These models could be used to predict the pollution 
reduction ability of a given waskwater using particular biomass of the oxgansims. 
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Biological Water 'Ikeatment 
using Aquatic Organisms 

The growing global awareness on the impacts of water 
pollution has led to&reaterpublic concem andpropdveenhcement 
of environmental legdations. The existing water treatment methods, 
mainly involves chemical methods where health problems are a 
matter of concern. The emageme ofbiological systems for wastewmts 
treatment has received growing attention since they reprerent an 
alternative cost-$rective and environmentaUy sound approach for 
the removal of pollutants. 

Nature has evolved a number of systems to compensate for 
pollution generated as a result of nonnd events. The functioning 
systems in the environment offer a variety of ways in which 
contaminants can be altered and transported. The best way ot6ghtmg 
pollution is by bio-mediation using aquatic organisms. The 
capacity of ecosystems that we dominated by aquatic fk-feedem 
and plants to assimilate inputs of nutrients and organic matter have 
resulted in the use of wch systems to different types of waste 
water. The usc of sewage in increasing productivity'of fbh culturi ' 
is well known but using fishes for wastewater treatment is a recent 
conccpt. (Rajan and Paul, 1996) 

In any water body, the zooplankton form an important 
group, consuming the detritus, algae, bacteria etc. md make 
themselves available to be eaten by higher organismt in the food 
chain, including fshes. Using filter feeding invertebrates as well 
as fishes to consume the organic matter in wastewater can result 
in decreased BOD (Biochemical oxygen dcmand) vdues and bacterial 
popi-I. . dtions. 
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an& id diIIcre~t filtotfr?lrdetr U# 

dkj @b swcplq, &&ria, diatoms etc. 
p v e ,  The*o~lr)nltrurc~ olD#4k 
to mpmvp watcr quality arc fivc plSn of 

thwack kqp &h ue well ondowed wW, very fine hrlr-like 
p m m n s .  a p p d -  p i t  bphni& to A h n  ~ p d a l  
mPtrerkl born* p'atratoo, d@ks ~(c.3 and cmemVIkr 
it u they qmve torrud tko m a t h  region. It h u  bettl loud 
by Cdl* md Clarke (1935) I* m q p ~  *b 
food and bateria to rwrk ma&*. W b f f  (196.1) evabrQd 
t h e r d t o t ~ i n a ~ ~ p a n d s y ~ ~ ~  
Africa and r e p o d  that a sigpifkORL reducUon ia M v  ww 
o b m d  atttmeJ w b  cAr&mmm popu- W ~ F R  h*. In 

\ 

(4 AvriUibty of the rpcrcier. 
(b) Species with filter fding/0mnivorouddebitiv0t0~1) food 

habib. 
(c) Remistance to handling and tronsportrtion. 
(d) Specits which cao be easily cultured. 

The tesl organisms which were sdccted arc! Pmurprcdm cau&lum 
(Rotma), DepAnia qpajDaphimhhe), &ha ruch as ibbm di@ 

(Cyprindae), Cirrhinu mrigcrk (Cyprinidae), Channa mruulius 
(Ophiocephrlidae) and Cypinur wrpia (Gyprindre). 

The organisms ~Iectcd were cultured as per the produrn 
cited in APEIA (1995). Anaauciun waa cul~lred in the hay inhsion 
melhod. D&nk was cultured in the manure4 medium developed 
by Banta. Fish'fingerlinp were c o l ~  h m  the h.lchay of Konln 
SW Fisheries, Kozhikade and reared in aquariums. 

Wastewater colleded From the open sewen of Kozhikode 
city, Kmh, was analyaed for water quJlty porometers. The 
physicachemicd and biological parameters studied including pH, 
c k l r l u l  conductivity, total hardness, E.lciurn, magnesium, nitrate 
nitrogen, phosphate phorpkorous, rulphate, totll organic &n, + 

disedvcd oxygen, b i o c h c m ~  oxygen dunand, cetJ colifonnr, Cecal 
coilforms and &kirkdie Cdi 

Expelinrants Gm mad& using dtflarert tat a-. 1 
I 

Sewage was dilated to vuiour eon-* @,lo, lS and 20 
mV1). The toat. organltm wsta Mmlued @ mybg numben/ 

d 1 0 , ( ; 2 0 o n d 3 1 ) n ~ ? n ~ p a r W ~ + I r ~ & h c s m n e  
takcnacmdin$aotheirbibRhear3~;MdJ~pIltr(t. Each 

r L  1 ur-ex-ernu hmd lo*, E x W t a r r o f W f a  
and J3mwwci*1rrwert?U h r f d a y r ,  wkQcthtr#boffbber. 
were treated for 15 days. The samples w e n  d g # d  bebe Md I 

I 1 
rfief trePtnnmt fm w # m s  water rlyalrty purmdon as per the 
mcdlodr dkhl in APHA, (14NM]. 

?'hererulodtheexpiarimcntranl~&xliale,eonaaar~e 
rcdudion in water quality puunacas, S @ W t  d u c t b n  in 
biochemical oxygen demand md cohfom were b e d .  Tho tert 
organum used, period of treatment, biomaaatnumber, pcrce- 
reduction in biodiical oxygen demand and eolIlorms ore shown 
in ettte I. 



'Mle 1 

a fircentage redoutlo11 in Blochemid 
Oxygen Demand md Colifoms 

Tent Biomutl Period %Reduction %Hcciurtion 
Organism No. drys In BOD In Cnl~furms 

Pwmccbum Wml 7 24.07 61.53 

Dapknia 30/ldOml 7 51.53 98.25 

M* Wl IS 37.03 51.27 

Chrnna 4s" IS 0.81 98.20 
Rohu %" IS 24.48 92.90 

Crprinw +#I IS 70.00 91.00 
C 

Among the experimented invertebrates the trcabncnt set w d ~  
30 numbm per 100 ml of W i a  showed maximum percentage 
removal in biachemical oxygen demuld and cdiformc (55.43 and 
982%) neylbctively. Parumtcium at the ntc of 20 numbcn pcr 
ml rlro rhowe conr iddle  reduction in biochemical oxygen 
demand and coUFwmr D4.07 and 61.53% rwpec~veb). 

AmongIkba -showed m~~imurnpercnrtngcrcdurtiDn 
in BOD and cdifonnt (70 md 91PbJ retpccthely). C(rontm at the 
rate of4 gmJl showed perantage reduction in biochemical oxygen 
demand and caliConn, (3281 and 98.2%) respectively. The treatment 
set with M u  (4 gmJ1) gave a reduction in BOD of 24.48 per - 
cmland parcentage reduction in colifmr of 92.9%. In ex~rimcntal 
rab with 4 gmJ1 of M w  37.03 per cent reduction in BOI) and 
54.27 per cent reduction in colif's was observed. 

Ptrcentage reduction in biochemical oxygen demand and 
coWomu wing test orpiarns is shown in Figurc 1 - 

The rc)ults obtained wcre statistically interpreted esmg 
ANOVA (Analysis of Variance). The inlmprctationn show that each 
d the treatment were significantly diKcrcnt with rcapcct to biomass 
4 nte of removal of pollutantt. Maximum biomass is to he 
introduced into the expcrimcntal tctn fnr optimum rcmclval of 
pothrtrnb from water. Considering biomm/numbcr pet. ml as a 
limiting hctor bilogurl models were drvtlopd hrnd on thr atmvc! 
findings. The b i o e l  model cvolvccl using thc rct~~lts from 

Riolqptol Wahr Tnotment wing AcqYoris Organhm 91 

PERCENTAGE RE DUCTION IN 800 AND COLIFORMS 

I I I 
o 40 a ro too 

cxperimem;ri set of D#hm i s  given in F i p e  2. ~ I I  eqrutionr 
wcrc oblai'ned for BOD and co&m reduction. Tbe regreabn 
equation for percentage reduetion in c o b  for a given number 
of organisms is 

y - 2.285% + 27.708 
nrc regcssion equation for pcrcenbge reduction in bkhemkJ 
oxygen dcmand for a given number of ogmhu is 

y = 1.510~ + 6.706 
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Development of Biological 
Models for Water Purification 

I Using Aquatic Fauna 

Q Shiny K J, Nirmala E, Jalaja T K 6 
Rmtani K N 

hi- sny,hlchlckth. Thc fitte-Ww bvembabns f4sha 
~ ' ~ i & t i h r n a l a a r ~ r r w a W ~ ~ b b ~ ~  
d water qphlbty and produdon of w 
mqvtqrnktonk it3sWn the 
&Id&? 40 tow-qury. 'Fhay, 
k g i w \ d w s d w i t h w a t y f i n a h a f r - ~ ~ h t 4 p ~ ~ Y n d  
amamtri~kc a w M  m W  a\sd.i ru @pe* k#cslnfr, pmWm 
a r t d d & r i t u & A s i g n $ m t ~ u c t i o n b ~ ~ ~ ~  
Clndmran piopulatian was hi& in a srabiumitiion pdnd system in 1 South A M n  (Ineldoff, 1964). Shdim n~wreveala! htstab'SbtIan 

i 





parametem 2?W, electrical conductivity, total h~rdness, cakium, 
magnesium, &trat~itrogm, phosphatcphospharous, sulphate, 
dissohrd qp, bidwmical oxygen demnnd and kcteriotogicA1 
parameten s& as total coliforms, fecal coliforms and EscltericItia 
cdi. 

Statbtical Analysis 
The mean values of the ten experimental sets were considered 

for statbticn1 analysis and to dwelop regression equation using 
SPSSdWare for the percentage reduction in BOD and coliforms. 

Results and Discussion 
Iirp+rinwnts with Daphnia 

In the tMatmmC sets using Daphttia, maximum reduction in 
BOD and collfom was observed in sewrg dilution at 0.5% with 
test organisms 30 per 100 ml after seven days. Ihc raaximvm 
reduction in BOD was .54.53%, wWe b\ mtmI it was 12.63%. 'Tht 
maximum redudon in coliforms was 98.25%, while in controb it 
was31.1894~ at 05%diution. Table 2 shows the percentage duction 
in BOD and colifom. 

Table 2: Permtag@ tsduction In BOD and MPN In OIphnk 
(poriod ot treatment 7 d8ys) 

PII.. Nwnkrl Am 1  Y 1.J-W 2% 
n w t m t O O m l E  C E C f C E C 

10 84.1 12.0 22.46 15.98 23.42 17.61 10.37 17.89 

800 #) 32- 12.0 30.46 15.38 29.53 17.61 28.78 17.a 

S #%3 4e.M 51.33 13.38 50.13 17.61 40.6b 17.119 

10 MS2 37.18 49.38 16.M 43.67 15.21 37.54 14.60 

MQN 20 61.a 37.18 $2.36 16.68 43.67 15.21 49.81 14.66 
;ea a.zs 37.18 e4.u $ 6 . ~  a.67 1s.21 @.a 1 4 . ~  

E ~ ~ , G C o n t r a l -  

Expriimmts with Cyptinus 
The experimentid sets wit11 Cyyrirrtts at Igll s h e d  mluthnum 

reduction in BUD and coliforms. The maximum reduction in BOD 
was seen at 1% dilution of sewage (61.48%), while in control it was 
only 379b. The maximum duction of coliforms was at 1% dilution 

* . .'? -b 
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(74.41%) with biomass 4g/L while in control it was 463% Table 3 
shows the percentage reduction in BOD and colifom at different 
dilutions of sewas inaculum. 

Table 8: Percentage reduction in BOD and MPN in CyprInus 
(Percod of tmatment 7 ckyr) 

Pam. BlomMs 1% 2% 3% 4% 5% - .- 
meters E C E C E C E C C  

80D 301 59.37 40.1 49.53 28.79 48.91 24.e 42.06 20 3921 17.75 

m t c w l b o ; b ~ w m * t i s ~ a M l y z r d ~ S S P S  
software todweiop regression equations formaximumreducth in 
6 W  and colifomu for a given bia~ass/number of using 
data from t h e t x m e n b l  set rJlowingmaximum reduction in the 
parametem. 

T h . n y m ~ l m f o r ~ n i o n i n a D O D f o r a ~ c s ~ ~  
ol Unphttia is: 

y' 1.510~ +a706 
where, y is the reduction in BOD nwl x & the number of 

organisms. 
The regressionM1eqwtion for reduction in cojiforms far a @va 

pmber of D*t& L: 

y = 2.2852 x + 27.708 
where, y is the reduction in coliforms and x is the number of 

organisms. 
The regression equation for reduction in BOD lo. a ~ i v a  

biomass of fish is: 

~'53.04 + 2.11~ 
where, y is the percentage reduction in BOD and x is the biomass 

of fish. 



T h  regms$a\ equation for reduction in coliforms for a given 
biomass of fish k 
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where, y is the reduction in coliforms and x is the biomass of 
fish, 

Laboratory scale studies using aquatic organisms with 
omnivorous and herbivorous filter-feeding mechanisms were 
employed to improve the quality of wastewater. The Cladoceran 
fmh water hi, Dapl~r~m nucgtm and the Cyprinid fish, Cyprittrrs 
cmpio were cultured in different dilutions of the sewage inorulum. 
Ccmsiderabk reduction in the BOD and colifom was observed. 
Zk#utL wusmoreefckicnt in improving in thebackriobgmlquuIity 
d water than Cyprintrt. Control sets withwt organisms wen 
maintained along with each e x ~ t a l  set in order to determine 
wtwthcrhmvnlof  poUuturtrwnrdueb#ttlingdwwapor 
by the Mw~a of test otgmhm. I)uriHesrta\ duc to wihg d 
sewage WBS ~ccn  in the controI sets. Higher purification in the 
experimental sets w h n n n p a d  tocontrol could be attributed to 
tht influence of the fib feedas The aspect of emploving fish te 
c l a m  the wmtewuter is rebtirrdy new, since theobjcdve of mnsr 
~eulturaristaproducefood. 

Davcbpmmt dlowcoot technology to the recycle wastewater 
is the Nad of the present day. Ths existing treatment methods are 

1 ' 

ya : by the conversion of unstable organic matter into zooplankton 
'L*. * - 

' biomass Md mineraIImtim of organic matter. Re~nsrion models 
Quk -.. 

were d r a m  based on the results could be used to predict the 
pollution reduction ability of a given wastewater using a specific 
bionuroftheRltarfceda 
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