










RReessppeeccttffuullllyy ddeeddiiccaatteedd ttoo mmyy bbeelloovveedd ppaarreennttss,,

MMyy PPaappaa SShhrrii.. SShhaammrraaoo DDaammooddhhaarr KKhhaarraatt

&&

MMyy MMuummmmyy MMrrss.. RRaaddhhaabbaaii SShhaammrraaoo KKhhaarraatt,,

MMyy JJiijjuu MMrr.. BBhhuujjaanngg BB.. KKhhaannddaarree

&&

DDiiddii DDrr.. JJyyoottii.. BB.. KKhhaannddaarree



ACKNOWLEDGEMENTS

I take this opportunity to record my deep sense of gratitude to my

research guide Dr. K. B. Shejule Reader, Department of Zoology Dr. 

Babasaheb Ambedkar Marathwada University, Aurangabad for suggesting

such an interesting topic and his constant encouragement, valuable suggestion

and guidance throughout the period of my research work.  

Sincerely I thanks to Dr. B. C. Ghoble Principal, Milind College of

Science, Aurangabad and Karuna B. Ghoble for their valuable & timely

suggestion. 

I am immensely thankful to Dr. S. S. Kulkarni, Principal, Nutan

Mahavidyalaya, selu dist, Pabhani, Y. R. Gaikwad for their timely suggestion.  

I take genuine pleasure to express my thanks to my dearest friend

Laxmi Ghoble, Dr. R. R. Bainwad, Dr. Vishal Sarode, Dr. Rajendra Kakde

and Dr. Rajesh Gaikwad for their support during my work. 

It’s my pleasure to thanks Dr. K. B. Shejule, Ex- D.S.W for providing

me financial backup during my research work through “Earn and Learn

Scheme” of Dr. Babasaheb Ambedkar Marathwada University, Aurangabad

My profound thanks to University Grants Commission for providing

me “Rajiv Gandhi National Fellowship” during my research work.  

No words could do justice to express my deepest sense of gratitude and

respects towards my beloved parents and my Jiju (Mr. Bhujang B. Khandare)

and Didi ( Dr. Jyoti. B. Khandare) who have been an inexhaustible source of

inspiration to me and their blessing, love and affection have brought the

cherished expectation true.  

I find no words to express my feelings towards my brother Mr. Sachin

Shamrao Kharat and my sister Sow. Vaishali and her husband Chandrashekhar



Shirsat for their love and affection. I again have no words for my lovable

nephew’s master Loukik, Prashik, Pranav and Rajveer and my niece Tejal for

their love and affection. 

I end by expressing endless thanks to all those whom I am able to

recall here and also those whom I not able to recall and also those whom I

might have left unknowingly. 

      Dr. Pravin Shamrao Kharat



         INDEX

SR. 

NO. 

CHAPTER PAGE

NO. 

1. INTRODUCTION 05 - 20

2. MATERIAL AND METHODS 21 - 26

3. RESULTS 27 - 32

4. DISCUSSION 33 - 42

5. REFERENCES 43 - 58



TOXICITY OF TBTCL TO FRESHWATER PRAWN,
MACROBRACHIUM KISTNENSIS

PHYSIOLOGICAL ASPECTS   

1Pravin Kharat, 2Kirti Niralwad and 3Tanvir Pathan

1&2Nutan Mahavidyalaya, Selu, Dist. Parbhani

3Kalika Devi Arts, Science and Commerce College, Shirur Kasar, Dist. Beed. 

INTRODUCTION

Fresh water ecosystem is under increasing threat due to rapidly

expanding population and the subsequent modernization process resulted in

inconspicuous exploitation of nature leading to the pollution crisis. Rivers are

very vulnerable, since waste in effluents from industries, domestic and farms

open directly into them. During the past few decades, rising trends of

population explosion, development of modern technology, industrialization

and dramatic increase in the production and consumption of large variety of

new synthetic chemicals and there by high amount of pollutants were released

into aquatic environment.  

Pollution enters the food chain through air, water, soil and organism

and derived from industrial effluent, agricultural runoff, mining or mineral

processing, storm water erosion, erosion of natural rocks. Unplanned

development in all fronts leads to the increase in discharge of heavy metal into

the aquatic ecosystem. Urbanization and industrialization causes serious

deterioration of aquatic environment possess a threat to aquatic life, Chua et

al., (1997). Accumulation of industrial effluents in water bodies has become a

major concern, FAO (1986). 



Ecotoxicology is a natural extension from the toxicology, the science

of the effect of pollutants. However, the transitions from the study single

organism to that of ecosystems has brought complexities, which has not yet

appeared fully, appreciate. Its development had been due to, the extensive use

of industrial chemicals, pesticides, antifouling agents and natural resources, 

more extensive utilization of urban agricultural and recreational space and

marine environment and heightened awareness of hazard of chemicals to wild

life, domestic animals and people. 

In the last two decades ecotoxicology evolved mainly from three

different disciplines such as toxicology, applied ecology and environmental

chemistry. Ecotoxicology as an interdisciplinary environmental science deals

with the interactions between environmental chemicals and biota, thereby

focusing on adverse effects at different levels of biological organization. Toxic

effects of anthropogenic compounds in biota and ecosystems are investigated

in close connection to their environmental chemistry and fate in the

environment. The bioavailability of chemicals, which is dependent on

biogeochemical processes, is an important factor often neglected in

ecotoxicological evaluation and hazard assessment. The bioavailable fraction

is the critical parameter for the uptake and ultimately for the concentration at

the target sites in organisms, which is the critical parameter for toxicity. 

Ecotoxicological research on selected pollutants requires an interdisciplinary

effort, considering physicochemical, molecular, toxicological, physiological

and ecological processes. Whereas practical aspects of ecotoxicology are

mainly focused on regulatory issues as registration of chemicals and thus for

testing of chemicals in standardized tests, the focus of Ecotoxicological

research is aimed at an understanding of toxicological phenomenon in a

variety of biota, populations and the ecosystem. Ecotoxicological effects are

dependent on the bioavailable fraction of pollutants. Concentrations at the

target sites induce molecular effects that propagate to a variety of toxic

manifestations in organisms. Thereby, diverse aspects such as mechanisms of



toxic action and ecological processes in contaminated systems are regarded, 

Fent (2003). Ecotoxicological studies may also focus on ecological and

toxicological effects observed in the field of retrospective studies, thereby a

causative correlation between effects and chemical residue analysis is, 

however, often difficult to establish. Ecological investigations such as

biomonitoring studies alone do not have sufficient resolving power to identify

causative agents. Likewise, chemical analysis of pollutants in ecosystems

alone cannot provide evidence for toxicological consequences in biota. Only

an integrated approach considering environmental chemical, toxicological and

ecological concepts may be suitable for understanding ecotoxicological effects

in contaminated ecosystems, Fent (2003). A selection type of biomarker

allows a gross discrimination between certain groups of contaminants, e.g. 

Polyaromatic and dioxin-like pollutants versus heavy metals, as well as

toxicological mechanisms or biological functions affected, e.g. genotoxicity

versus neurotoxicity or reproductive effects. 

The wide spread use of organotin compounds as stabilizer in

manufacturing Polyvinylchloride, as catalyst in the production of synthetic

organic polymers and as biocidal agent in wood preservation, crop protection

and mainly antifouling system has provided several paints of entry for these

compounds into aquatic and terrestrial environments. The organotin

compounds have been recently found in lacustrine and marine waters, 

sediments and biota, Tas J. W. (1996). In spite of regulation and prevention

act the release of organotin compounds aquatic and terrestrial environments

has decrease recently, but inputs, still occur and previously contaminated sites

continue to act as source, Ristema R (1994) and Stab J. A. et al., (1995). 

TBT effects in prosobranch snails are ranked among the best-

documented examples of the impact of an EDC on aquatic invertebrates, 

Matthiessen and Gibbs (1998). These organotin compounds are mainly used as

biocides in antifouling paints, but also in various other formulations. They



produce a variety of malformations in aquatic animals with molluscs as one of

the most TBT-sensitive groups of invertebrates, Bryan et al., (1989). In the

early 1980s the first impact of TBT on nontarget organisms were observed in

France, Alzieu et al., (1980). France was the first country to draw up

regulations to control TBT emission from antifouling paints and banned the

use of TBT-based antifouling on small boats (length <25 m) in 1982. This

legislation was adopted later by other countries. Although a consequent drop

of aqueous TBT concentrations was expected and reported for some regions, 

TBT pollution of coastal waters was found to have remained on a high level or

even increased further in other areas. Consequently, the International Maritime

Organization (IMO) decided in Autumn 2001 to ban the application of TBT-

based paints on all boats by January 2003 and the presence on ship hulls by

January 2008. Meanwhile, the proposed ban has been inacted to law in many

countries worldwide. The first adverse effects of TBT on molluscs were

observed in Crassostrea gigas at the Bay of Arcachon, one of the centers of

oyster aquaculture in Europe with ball-shaped shell deformations in adults, 

and a dramatically decline of annual spatfall Alzieu et al., (1980). These

effects led to a break-down of local oyster production in the bay with marked

economic consequences. 

In recent years PVC is a much widely used plastic with many

applications including flooring, furniture, windows frames, pipes and short life

packaging. The use of PVC has increased greatly during recent decades and

consumption is predicted to increase still further in the future, Van der, and

Thorpe (1998). PVC is always formulated with a range of additives to enhance

its properties, Ehrig (1992). Additives for PVC have included hazardous

substances such as lead, cadmium, organotins and pthalate plasticisers. The

use of such additives from PVC products has generated concern regarding

environmental contamination and human health, in part, because of potential

leaching of these additives from PVC products. For instance, children’s toys

made from soft PVC have been showed the content of 10-40% by weight of



pthalate plasticisers (Stringer et al., 2000). Organotins are also used as heat

stabilizers in PVC and biocides in industry and in agriculture. Recently it has

been reported that the major use of organotins is for the heat stabilization of

PVC that represents about 2/3rd of global consumption of these compound, 

Sadiki and Williams (1999). Both butyltins and ocyltins have been used. The

latter group of compounds was specifically developed in an attempt to

overcome toxicity problems of generally toxic butyltins, Matthews (1996).  

  As a conscience of its use in paint for marine shipping, TBT has

caused major reproductive problems on some species of shellfish and in some

instances has been related to massive population’s declines, Brayanet al.,

(1987); Gibbs (1993). Studies on laboratory rodents have shown that TBT is

toxic to the immune system, Kerososien and Rice (1998). A study in Germany

raised concern about the presence of comparatively high levels of TBT and

other organotins in PVC flooring , Oeko –Test (2000). Research on organotin

has suggested that they leach from PVC under laboratory simulated landfill

conditions, Mersiowsky et al., (1999) and from PVC water pipes to water, 

Sadiki and Williams (1999).  

Much attention on the release of organotin compounds into the

environment has found in the form of tributyltin (TBT) which has been widely

used as biocide in paints and coating used for their antifouling application. 

However, in 1980`s concern about the apparent toxicity of tributyltin to

nontarget species led to restricted use among many industrialized countries. 

Despite such restriction, tributyltin persists in many areas at the level consider

to be chronically toxic.   

The major objectives of aquatic toxicological studies in laboratory

were to identify the mechanism of toxicity and to predict safe contaminant

concentration in the environment. Acute toxicity bioassay is the first stage of

such problem in the aquatic toxicology, Sprague, (1971). The toxicology of

organotin tributyltin compounds to a particular organism is usually expressed



in term of LC50 (Lethal concentration). This value represent the amount of

poison per unit weight, which kills 50 % of the particular population of the

animal species employed for the tests this in term of represents the median

tolerance limit, Finney (1971). The relationship between the dose of a

compound and its toxicity is control theme in toxicology. The selected test

animal’s aquatic lethality is expressed in term of lethal concentration (LC50)

and the compound is expressed as parts per million (ppm). 

Among the crustaceans the prawns have been used as biomarkers for

assessing the aquatic environmental pollution. Nagabhushanam, et al., (1990)

reported the accumulation of tin oxides in fresh water prawn, Caradina

rajadhari. Indira (1988) worked on effect of TBTO on freshwater prawn, 

Caradina weberi. Acute toxicity tests using mysids, copepoda, cranonid

shrimp, Listmata ambilnesis, Daphnia, Sand crab, Plalamon paulidens, Pond

snail Mussel, European oyster and common oyster at test organism, and

reported by Goodman et al., (1988); Uren (1983); Thain (1983); Linden et al., 

(1979); Meador (1986); Walsh (1986); and Termink and Everts (1987)

respectively. As a result 96 h LC50 was in the range of 1.1317 ng/L in term of

organotin tributyltin chloride and the lowest LC50 value was observed for

mysids (Mysidopsis bahia) . 

Among toxicants found in coastal sea water and fresh water organotin

tributyltin compound, an ubiquitous contaminants of the coastal environment

impacted by navigation activities which is still used in antifouling paints of

large ships, although the need for global ban of its used by maritime industry

has emerged, IMO (2002); Champ (2000). Although the water concentration

of organotin tributyltin compounds should decrease when direct inputs from

ship will cease, the organotin tributyltin compounds issue will still be there for

decades as contaminated sediments in shallow water should be acting as a long

lasting reserviour for organotin tributyltin compounds and its degradation

products, Maguire (2000). Calculation based on field data have demonstrated



that near shore and harbor sediments could be significant source of organotins

to water column, originating from years of organotin tributyltin compounds

accumulation in sediment and its slow degradation in mono and dibutyltins, 

Amorous et al., (2000). The sediment acts, as a reserviour of organotin

compounds to the aquatic environments as long as the gradient between the

concentrations of organotin compounds in the surface sediment pour water and

the water column will be present.  

Organotin tributyltin compounds is highly toxic and wide spread

contaminant in aquatic environment and has caused world wide imposex (a

pseudohermaphrodicic condition), characterized by the development of penis, 

vasadeferens and seminiferous tubules in female) in marine gastropods, Defur

et al., (1999). Organotin compounds responsible for snail suffering from

imposex, due to a serious disturbance of hormone balance. The name imposex

is used about the beginning of change of sex where female snail develops a

seed duct and a penis, they will become pseudohermophrodite. At advanced

stages imposex results in snails become sterile or dying. 

In 1985, the world production of triorganotins with biocidal properties

was in range of 8 to 10,000 tons annually, De Mora (1996). Over recent

decades, the use and production of organotin tributyltin compounds containing

paints has been restricted, resulting in significant reduction in environmental

concentrations, Alziue (1998). Despite these restrictive regulations, coastal

TBT contamination can still reach upto 200 ng TBT/ L, Michel et al., (2001). 

In order to evaluate effects of pollutants, a number of assays have been

developed linking effects at the sub-organismal level with population level

effects, Koolsman and Metz (1984); Nisbet et al., (1989).  

Considerable work has been carried on effect of TBT on aquatic

organism, Alzieu et al., (1980) found 100% mortality in pacific oyster, 

Crassostrea gigas exposed to TBT. Newton et al., (1985) observed

significantly enhanced growth and hatching success in california grunion, 



Leuresthes tenuis after effect of TBTO in the duration of 10 days. 

Reproductive abnormalities have been observed by toxic effect of TBT in the

European flat oyster, Ostrea edulis, Thain (1986). Salazar and Salazar (1995)

observed accumulation of TBT in blue mussel, Mytilus species. Meador et al.,

(1997) reported that TBTCl strongly affect on amphipod, Rhepoxynius

abronius. Shah et al., (2001) studied TBTO induced alteration in

histomorphology of digestive gland in Otra violaea. Tim verslyce (2003)

revealed that the cellular energy allocation in the esturine mysid shrimp

Neomysis integer to different TBT exposure, Richard saint Louis (2004)

reported that the lost of TBT to atmosphere by volatisation and its effect on

biota. Rabbito (2005) have been studied the effect of TBT on Neotropical fish, 

Hoplias malabaricus. Very significant reports are available on the

accumulation of organotin in the shellfish, Food standard agency (2005). 

Environmental pollution, caused by the development of industries, 

technology and informal settlements does, however, threaten many freshwater

ecosystems. Not only does environmental pollution cause a decrease in water

quality, but subsequently affects all living organisms in that system. It is

therefore, necessary not only to identify and manage the pollution sources, but

also to monitor their effects on the health of aquatic ecosystems. Any

pollution, either physical or chemical, cause changes to the quality of the

receiving waters, Noble et al., (1971); Wittmann & Förstner (1977); Sanders

(1997). These changes may include increased dissolved nutrients which may

result in eutrophication, changes in stream temperatures and bottom

characteristics which lead to habitat destruction and alteration of species

diversity, and the addition of toxic substances may affect physiological and

biochemical phenomenon which can have either acute or chronic effects on

aquatic organisms, Sanders (1997). 

A more prospective approach is based on investigations of potential

toxicological effects in laboratory assays that may be used for extrapolation to



the field. Bioassays play an important role in this process, however, more

comprehensive studies on contaminated systems and ecotoxicological

processes are needed in addition. Often, bioassays do not consider the

processes in ecosystems, and neglect environmental factors that influence

toxicity. However, they are valuable tools in the characterization of the toxic

action of chemicals, and in the understanding the associated toxicity. Despite

the usefulness of these tools, it should be noted that the multitude of chemicals

in ecosystems, species diversity, biological and ecological functions and

structures makes extrapolations necessary for estimating possible effects in

ecosystems.  

In ecotoxicological research cellular effect studies including

knowledge of mechanisms of toxic action are as important as studies in

laboratory species, because the primary interaction between chemicals and

biota occurs at the surface of or in cells. Whether chemical-induced alterations

in cell structure and physiology will develop into an adverse toxic effect

depends on many parameters, including adaptive responses. A cellular effect is

often, but not necessarily, deterministic for adverse effects at higher levels of

biological organization. Factors such as compensatory mechanisms and the

presence of indirect effects may influence the relevance of the cellular

toxicological response for overall ecotoxicological effects of a given chemical. 

The relation between cellular toxicological responses to toxicity at higher

biological levels is a key question in ecotoxicology. The hypothesis that

cellular changes may ultimately influence biological parameters important for

populations such as growth, development, health, and reproduction is obvious. 

Hence, cellular toxicology provides an essential concept in understanding

ecotoxicological processes, as it plays a key role in elucidating toxic mode of

action, and diagnoses toxicological effects at higher biological levels, but it is

not the sufficient one only. Its value will be strongly increased, when it can be

integrated more closely with ecological effects.  



Organotin compounds are among the most hazardous pollutants known

so far in aquatic ecosystems, Fent (1996). Tributyltin (TBT) is of particular

importance because of its widespread use as biocide, namely in antifouling

paints on ships and in wood protection. Since the late 1970’s considerable

quantities of TBT were introduced into the aquatic environment and as a

result, widespread pollution of marine and freshwater harbours and adjacent

areas resulted. Organotin pollution in the aquatic environment is of global

concern. Due to the extreme toxicity and the ecotoxicological hazards

associated with TBT in antifouling paints, restrictions on its use have been

implemented in many countries in the mid to end 1980’s. As a consequence, 

TBT concentrations in harbour waters decreased significantly at many

locations in industrialized countries, Chau et al. (1997); Fent and Hunn

(1995), but this is not or less in the case of other locations, Biselli et al. 

(2000); Takahashi et al. (1999), in developing countries, Kannan et al. (1995). 

Still TBT compounds are released into aquatic ecosystem because of heavy

use in antifouling paints on large vessels, or by other industries such as plastic. 

TBT accumulates in aquatic environment for a long period of time and as a

consequence, high levels of TBT have been found in freshwater and coastal

sediments, with concentrations up to several mg/kg. High contamination of

marine harbour waters and sediments with tributyltin occurred long after

regulation of TBT antifouling paints. In addition, alternative pesticides such as

the s-triazine herbicide Irgarol 1051, which is used as a replacement for the

organotins, has also been found in considerable concentrations, Biselli et al., 

(2000). 

Triphenyltin (TPT) has been used as co-toxicant with TBT in some

antifouling paints, Fent and Hunn (1995), although it’s major application lies

in agriculture, where it is used as a fungicide for various crops and enters

aquatic ecosystems via leaching and runoff from the agricultural fields, St¨ab

et al., (1996). In wastewater and sewage sludge, Fent and M¨uller (1991), as

well as in water and sediment, degradation products of tributyltin (TBT), 



dibutyltin (DBT) and monobutyltin (MBT), as well as from Triphenyltin

(TPT), diphenyltin (DPT) and monophenyltin (MPT), respectively, occur in

addition to the parent compound, Fent (1996). 

Organotins are extremely toxic to aquatic biota as demonstrated for a

variety of different organisms in vivo and in vitro, Fent (1996). Many

ecotoxicological studies on organisms of different evolutionary level have

been reported, Alzieu (2000); Fioramonti et al., (1997); Hamasaki et al., 

(1993); Horiguchi et al., (1997) and Mathiessen and Gibbs (1998). However, 

the long-term ecotoxicological effects of organotins on the structure and

function of aquatic ecosystems are still not well understood, particularly with

respect to its mode of action in different physiological and biochemical

systems, Guruge et al., (1996); Jak et al., (1998). 

The uptake of dissolved chemicals may take place all over the body

surfaces of small and/or soft-bodied organisms as well as at sites of high

permeability, such as the gills, Phillips & Rainbow (1994). Uptake can vary

tremendously depending on the environmental conditions or physico-

chemistry of the medium and the specific bioavailable metal species present, 

Rainbow & Dallinger (1993); Van Ginneken et al., (1999). Nagabhushnam et

al., (1990) reported that the uptake of tributyltin oxide in the freshwater prawn

Caridina rajadhari. For free (bioavailable) metal ions to bioaccumulate or to

elicit a biological response, a metal must first interact with and/or traverse a

cell membrane of the organism, Campbell & Tessier (1996). The general

importance of the free metal ion activity in determining metal uptake was

formulated as the free ion activity model (FIAM). The free or chelated metal

ion will bind to a lipophilic cell surface receptor to form a surface complex, 

followed by internalization Nair & Robinson (2000). Uptake of such pollutant

should therefore, display normal Michaelis-Menten kinetics, Van Ginneken et

al., (1999). The uptake, nutrition or toxicity of the bioavailable metal involves

the reaction of the free metal ion concentration (or activity), with the body



surface, rather than the total dissolved or complexed metal concentration

Tessier & Campbell (1990). 

Uptake is based on the membrane transport (i.e. active, passive and

facilitated transport) or the endocytotic processes of phagocytosis or

pinocytosis. Direct uptake involves the transport of ionic or complexed

pollutants to receptor sites, followed by the transfer through the organism’s

cell membranes. The chemical pollutants will then interact with the binding

site and the extent of binding would depend on the ion activity. It is generally

believed that the ionic form (aquo-ion) of most metals is more available to

aquatic organisms, Wang & Evans (1993). Access to binding sites may be

controlled by competition with the other ions, or by physical changes to the

membrane of the organism, Wright (1995). There is no evidence that any

organism can prevent the entry of pollutants by changing membrane

permeability rapidly, although organisms, such as bivalve molluscs, can

temporarily prevent uptake by closing the shell, Bryan (1976).  

Responses to sub-lethal toxicity commonly observed in freshwater

molluscs include: changes in the respiration rates, growth rates, reproductive

capacity, valve closure, enzymatic activity and the production of metal-

binding proteins, Elder & Collins (1991). If an organism cannot tolerate, 

detoxify or excrete a pollutant, it can result in the organism’s death, Depledge

& Fossi (1994). Tolerance may be due to physiological processes

(acclimation) or have a genetic (adaptation). Mechanisms of adaptation to the

presence of pollutants, may establish rapidly in many species due to the

significant phenotypic and genotypic variability among individuals, Caquet &

Lagadic (2000). Detoxification of toxicants is an important survival

mechanism for an organism living in a chronically polluted environment, 

Moore et al., (1986). 

Toxicity may be governed by an organism’s metabolism, which can be

either beneficial (detoxification) or harmful (bioactivation). Biotransformation



and bioactivation are detoxification and metabolic conversion reactions

processes present in all the organisms. Bio activation is the conversion of

pollutants by cellular enzymes to more reactive intermediate or electrophilic

metabolite (e.g. free radicals), which may induce adverse effects on various

cellular constituentsWhen assessing biological responses, correlations between

dose-effects of pollutants may be difficult to establish, because of the

biotransformation of chemicals. Biotransformation involves the mechanism

for the excretion of foreign pollutants/chemicals (xenobiotics), such as various

pollutants that have become bioavailable. It may govern the toxicity of

compounds and will determine the type of activity, the duration of the activity

and the half-life of the chemical compound in organisms, van der Oost et al.,

(2003). This detoxification mechanism entails enzymatic reactions that are

involved in oxidation, reduction and hydrolysis (phase I) and conjugation

(phase II) processes, to render the initial xenobiotic (generally lipophilic) more

polar or water-soluble to be readily excreted from organisms. During phase II

reactions, the xenobiotic or its product produced by the phase I reactions, is

covalently bound to polar cellular constituents, such as glutathione, sulphate

and glucuronic acid, Buhler & Williams (1988); Landrum et al., (1996). 

However, many of the metabolic processes that are involved in the

detoxification of various pollutants are still not well known for the most

invertebrate species, Verrengia Guerrero et al., (2002). 

In aquatic toxicology, prawns have been widely used as a test species

for evaluating the stressors especially the effect on respiratory metabolism. It

has been reported that the response in prawns showed many similarities to that

of the invertebrates, which involves stimulations of oxygen uptake and

transfer. Stress increases the permeability of the surface of the epithelia

including gills to water ions, and thus induce systematic hydro mineral

disturbances. Toxic stressors are part of the stress literature in crustaceans

more than in mammals. This is mainly related to the fact that crustaceans are

exposed to aquatic pollutants via the extensive and delicate respiratory surface



of the gills. The high bioavailability of many chemicals in water is an

additional factor. Together with the variety of highly sensitive, respective

mechanism in the integument, this may explain why so many pollutants evoke

an integrated stress response in crustaceans in addition to their toxic effect at

the cell and tissue level. 

The survival of the living organism is dependent on its breathing

capacity of the cell to change the numerous simple compound into complex

molecules is necessary for proper cellular function. The energy required for

chemical processes and maintenance of the cellular activity must be obtained

from oxidation of high-energy phosphate esters. This entire phenomenon is

dependent on the availability of molecular oxygen to the cell by the process of

respiration. The toxicants find their way into the body of the aquatic animals

by means of gills, general body surface, gastrointestinal mucosa and through

circulation.  

The metabolic response of the organism to environmental changes is

overall indicator of adaptive capacity of organism. All environmental factors

have marked effect on the physiology and aquatic animals, Waldichuk (1974). 

Any chemical pollutants constitute one of the important factors affecting the

rate of oxygen consumption. In accordance with general practice the bio-

energetic pathway or the metabolic rate in poikilothermic animals in ordinarily

measure in term and oxygen consumption which is highly complex process

subjected to be influenced by a number of factors such as body size, sex, 

nutritional status, ambient temperature, salinity, hydrogen ion concentration, 

dissolve oxygen content of the median pollutant, etc. All these factors

individually and collectively influence the metabolism of animal, Harper

(1986). 

Respiratory process is a valuable indicator of energy metabolism, 

Thunberg et al., (1973) on which depends many vital functions for survival of

species, O’ Hara (1971). Respiratory rates of prawns intoxicated with



antifouling agents vary in their degree and direction of effect. Brown and

Newton (1972) suggested that in exceptions circumstances the environment of

the fish habitat makes the aquatic respiration impossible, the fish have

departed from aquatic respiration through gills and have evolved organ

adapted for breathing atmospheric oxygen. The increased demands in the

oxygen uptake from air and decreased aquatic contribution could be suggested

due to the fish trying to avoid the toxic aquatic medium restoring to safe aerial

respiration. It is beyond doubt that respiratory changes are good indicators of

general conditions of an animal and has been correlated to stress from factors

such as temperature, salinity, starvation and pollutants. Respiratory distress is

one of the important manifestations of acute heavy metals toxicity and is

known to produce physiological imbalance. Oxidative stress is a harmful

process characterized by cellular damage that occurs when the equilibrium

between the rate of ROS production and ROS elimination by cellular

antioxidant mechanisms is disrupted, Sies (1991). Various stress responses

have been observed in crustaceans. These include black gill syndrome, molt

retardation, and disoriented behaviour as a consequence of aquatic pollution, 

Sindermann (1996). Oxidative stress may also result when oxygen availability

is low, Storey (1996) and in response to various chemical compounds, Bainy

et al., (1996). 

In crustaceans gills are one of the vital organs, which comes direct in

contact with water, and indicative of any environment stress in prawn, 

Dhanapakiam et al., (1998). It has been suggested that water born agencies

damage prawns gills presumably, by causing breakdown of the gas exchange

mechanism with consequent tissue hypoxic conditions, Sarojini et al., (1989). 

Prawns easily get its tissue damaged due to water pollutants. As pollutants

gain entry into the body, the first physiological activity that gets affected is

oxygen uptake. Changes in the rate of oxygen consumption serve as a good

indicator of stress, and used in the evaluation of changes in metabolism. Sub-

lethal concentrations of toxicants are found either to depress or elevate rate



functions. Variations on oxygen consumption and on exposure to toxicants

were supposed due to the filtration rate of ciliatory activity. Therefore

filtration rate affected by the effluents changes the level of gill irritation which

in turns affects the oxygen uptake. High concentration of the toxic substances

has been suggested to reduce filtration efficiencies in prawns, Indira (1989). 

Studies on the oxygen consumption form a useful tool in assessment of

toxicant stress on the aquatic organism and give an index of energy

expanditive mechanism for environmental variation, Sultana and Devi (1995). 

Oxygen consumption is a very sensitive physiological process and changes in

the respiratory activity has been used as an indicator of stress animal exposed

to toxicant, R. shivakumar and M. David (2007). According to Fry (1957), the

rate of oxygen consumption is considered as the most acceptable and

meaningful index of the metabolic rate in aquatic animals and it has been

consider as an indication of intensity of metabolism. The intimate contact of

gill with the water born pollutants may use co-alteration in the respiratory

surface area, Singh and Singh (1979), in turn warning the diffusion capacity of

gills. There changes are related to the metabolic rate, which is estimated

indirectly by oxygen consumption. The measurement of oxygen consumption

has been used to determine the effect of toxicant on the animal. Such

measurements were made by Cairns and Scheir (1964) and Waiwood and

Johnson (1974). The decrease in oxygen consumption appears to be protective

measure to insure that coat intake of the toxic substances, Sultana and Devi

(1995). Gills are an important source for uptake, biotransformation and

excretion of toxicants, Thurnberg et al., (1980). In spite their great

physiological importance. Any change or damage in the gills are the toxic

effects of pollutants could reduce oxygen consumption in prawns, B. Indira

(1989). It is well known that gill lamellae play an important role in the

transport of the respiratory gases and perform osmo ion regulatory and

excretory functions, James et al., (1992). 



MATERIALS AND METHODS

The fresh water prawns, Macrobrachium kistnensis were collected

from Kham river near Aurangabad, Maharashtra. The prawns were maintained

in aerated plastic troughs containing tap water. The physiochemical

characteristic of tap water is temperature 26±1°, pH 7 ± 0.2, dissolve oxygen

is 5.6 ± 0.4 ml/lit. They were acclimatized for a week in laboratory conditions. 

The water in the troughs was changed every 24 h. After every three days the

prawns were fed with green algae. The tributyltin chloride was purchased from

Spectrochem Pvt.Ltd.Mumbai. 1-ppm stock solution was prepared in acetone

Laughlin et al., (1983). Matured healthy female prawns were selected for the

experiment. Series of statistic bioassay were conducted under laboratory

condition as described by Finney (1971). For each experiment twenty healthy

female prawns of approximately similar size (2.5 ± 1cm in length) were

exposed to different concentration of tributyltin chloride. The resulting

mortality were noted of each concentration for the duration of 24 h, 48 h, 72 h

and 96 h. Control group was also maintained in acetone with tap water.  

For oxygen consumption matured healthy female prawns were

selected for the experiment. For each experiment 20 animals of approximately

similar size (2.5±1cm in length) were exposed to 0.26 ppm, 0.026 ppm and 0. 

086 ppm (48 h, 1/10th and 1/3rd LC50 0f 48 h) of tributyltin chloride. The

oxygen consumption for lethal exposure were measured after 1 h, 2 h, 4 h, 8 h, 

12 h and 24 h. Estimation of oxygen consumption was carried by Wrinkler’s

method as modified by Strickland and Parsons. Before the start of experiment

animals were kept on blotted paper and weighed precisely as quickly as

possible and then transferred into glass respiratory chambers.  

For all observations, final samples were siphoned out after one hour. 

The rate of oxygen consumption is expressed as ml O2 / h /g /l body weight. 

Simultaneously control group was also maintained in tap water with



experimental animal group. The data obtained were statistically analyzed by

applying‘t’ test Mungikar (1997). Each experiment was repeated thrice and

mean was taken for calculations. 

The technical grade, organotin tributyltin chloride was used in present

study. The major properties of organotin tributyltin chloride are as follows. 

Chemical name Tributyltin chloride  

(TBTCl)

Cas no.  0120213- Spectrochem India

Molecular formula C 12 H 27 ClSn

Molecular weight 325.49 g / moles

Appearance Colourless, transparent liquid, 

peculier irritating odour  

Specific gravity 1.2 (20)

Melting point - 16

Vapour pressure 0.00927 mm Hg (25)

Min. Assay ( G. C) 99 %

Water solubility 0.74786 mg /L (25)



The structural formula of organotin tributyltin chloride is as follows. 

Toxicity preparation: -

The stock solution of organotin tributyltin chloride was prepared by

dissolving a known quantity of solution of these antifouling agents in acetone

and various concentrations were made from this stock solution. 

Bioassay: -

Bioassay are classified according to, 

a) Duration short terms intermediate, and / or long term  

b) Method of adding test solution – static, recirculation, renewal, or flow

through,  



c) Purpose effluent quality, monitoring, relative toxicity, relative sensitivity, 

test or odour, or growth rate etc. APHA (1985). In the present bioassay, short

term, renewal static and relative toxicity was criterion adopted.  

Short term bioassay: -

Range finding tests:-

The known quantity of chemical was added to one litre of test solution

to conduct short term (usually 24 h), small scale range finding to determine

approximate concentration range to be covered in all full scale short term tests. 

Twenty healthy female prawns were exposed to a wide range of

concentrations of pesticides. The pilot experiments were conducted to choose

six test concentrations which, resulted in mortality in the range 10 – 95 %. 

Method of adding test solutions:-

Renewal bioassay test was carried out in the present work. Renewal

tests are often carried out with fish and macro invertebrates. The test solution

was periodically exposed to the test organism after 24-hour interval APHA

(1985). 

Relative toxicity:-

The relative toxicity of the tested organisms is calculated. The most

widely used methods for calculating on LC50 and confidence limits are probit

Finney (1971). In the present investigation, James Busvine’s regression line

relating probits and log dose (1971) was followed;

4) Statistical analysis: -

The lethal concentration values (LC50) were calculated using

computational procedure for critical analysis of the regression line relating

probits and log dose Jame’s Busvine (1971). The data were tested for



homogeneity using chi square test. The data were analyzed by two different

methods, 

Finney`s probit / Log of concentration  

Jame`s Busvine Regression line relating probit and log dose.  

correction for control mortality:-

The control mortality were corrected according to the Abbot`s formula, 

since otherwise an appreciable difference would affect the precision of the

result and a correction is necessary  

                                    Po – Pc
                               P1   =  -----------------   ×   100
                                  100 – Pc

Where,    P1 = Corrected mortality  

             Po = Observed mortality            

Pc = Control mortality

Relative toxicity:-

Relative toxicity was found out and calculated considering 24-hour LC50

values that gives the toxicity value 1. 

Lethal doses were calculated due to its importance from industrial

point view.    

Lethal dose is expressed as :

Lethal dose = LC50 × time of exposure



6) Safe concentration

Hart et al., (1945) have proposed a formula for calculating safe

concentrations of toxicants for animal. 

     48 h TLM X 0.2
C = ---------------------------    

                S²

Where C = Safe concentration

                24h TLM  
S = ---------------------------    

       48 h TLM

TLM = Median tolerance limit or known as LC50



RESULTS

Freshwater prawn, Macrobrachium kistnensis exposed to lethal

concentrations of TBTCl for 24 h, 48, 72h and 96 h exposures were studied in

terms of their general behavior, rate of survival and mortality. The prawns

exposed to zero toxicants were observed to have normal activities such as

steady balance, normal surfacing phenomenon non aggressive movement or

irregular vertical revolving movements. The activity of prawns, 

Macrobrachium kistnensis exposed to lethal concentrations showed minor

changes in behavior which were intermediate. Continuous and increased

respiratory movement, agitated activity of walking legs and finally autotomy

followed by paralysis. Degree of autotomy varied with the time of exposure. 

Higher concentration induced increased autotomy in prawns with in 12 h , 

where as in chronic concentrations of TBTCl, atomized its legs within 16 to 20

h. the results of the bioassay testes are presented in table 1. 

Percentage survival of freshwater prawn, Macrobrachium kistnensis in

different concentrations of TBTCl were shown in table no 1. The LC50 values

decreased with increased in exposure period.  The percentage mortality

increased progressively for all the concentration of tributyltin chloride i.e

indicated the LC50 values and exposure period showed a direct relationship. 

The comparative LC50 values of TBTCl to freshwater prawn, Macrobrachium

kistnensis at 24 h, 48 h, 72 h and 96 h were shown in table 1, 2, 3 and 4

respectively. The 24 h, 48 h, 72 h and 96 h, LC50 values were found to be

0.33 ppm, 0.26 ppm, 0.17 ppm and 0.09 ppm respectively. The LC50 values, 

regression results, Chi Square, variance and 95% fiducial limits for all

concentrations were shown in table 1. From the observed data it appears that

freshwater prawn, Macrobrachium kistnensis is highly sensitive to TBTCl

toxicity. 



PROBIT REGRESSION LINES SHOWING RELATION BETWEEN

LOG OF CONCENTRATION OF TBTCl PROBIT KILL FOR

GRAPHICAL DERIVATION OF LC 50 FOR MACROBRACHIUM

KISTNENSIS AT VARIOUS EXPOSURE TIME. 

                                                                                              

              



                 

                  

  



Table 1: LC50 values calculated for fresh water matured female prawn  Macrobrachium kistnensis  

               after exposure to TBTCl for a period of 24, 48, 72 and 96 h. 

Exposure

period

Regression

equation

Y=(y - - bx -)+bx

LC50

Value

in ppm. 

Variance
Chi

square

F.L. upto 95% confidence. 

M1 M2. 

24 3.02306+3.2181x 0.33 0.003307 1.1846 2.3790 2.6044

48 5.9414+4.5612x 0.26 0.001744 0.123531 2.3159 2.4797

72 3.8269+0.5333x 0.17 0.06890 2.6288 1.7016 2.7306

96 2.8714+1.1551x 0.09 0.27199 0.2918 1.5109 2.1574



Figure 1: Rate of oxygen consumption of freshwater prawn, Macrobrachium

kistnensis exposed to 0.26 ppm 48 hr LC 50 of tributyltin chloride
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Figure 2: Rate of oxygen consumption of freshwater prawn, Macrobrachium

kistnensis exposed to 0.086667 ppm of tributyltin chloride
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Figure 3: Rate of oxygen consumption of freshwater prawn, Macrobrachium

kistnensis exposed to 0.026 ppm of tributyltin chloride
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DISCUSSION

Tributyltin is a heavy toxic and widespread contaminant in aquatic

environments caused several physiological and biochemical imbalances. The

main inputs of TBT in aquatic environment are from antifouling paints, PVC

industries, paper and pulp industries, as heat stabilizer and biocidal agent in

wood preservation, etc. organotin compounds were first developed as moth-

proofing agents in the 1920s and later used more widely as bactericides and

fungicides, Moore et al., (1991). TBT compounds have introduced since late

1940s, Laughlin and Linden (1985), although use of TBT compound in

antifouling paints dates only from the 1960s and then initially as a booster

biocide in copper based formulations. As results it’s of its effectiveness over

copper, Wade et al., (1988). At the same time as its explosive increase in the

use, the first observation was made of TBT effects on non target organisms. 

While toxicity of fouling organism was intentional, its propensity for wider

impact on the aquatic environment has been grossly underestimated.  An early

focus on acute effects especially mortality, Laughlin and Linden (1987), failed

to identify sub lethal consequences of prolonged exposure in some aquatic

biota. The development of male sexual structure in female (imposex) can be

initiated in some gastropod molluscs by TBT in low ng / l.      

Industrialization is linked to the economic growth and human progress. 

It is emphasized that increased industrialization lead to deterioration of

environmental quality and subsequently to health hazardous of organisms. The

rapid unplanned industrial progresses have added to the problem of pollution. 

Organotins are noted as one of the significant contributor to water pollution. 

The organotin pollution in the environment has risen to alarming proportion

which has caused great concern among the environmental toxicologist as the

organotin residues that are released as non-biodegradable substances. The

recent developments in bioinformation on these substances have brought forth

the scientist to cause remedial action to this problem. Among the various



toxicants organotins are known to be quite severe in their action. Toxicity is

termed as the relative property of chemical pollutants with reference to its

potential to cause harmful effects on any organism. The harmful effects

depend upon the function of concentration of the chemical and its duration of

exposure, Gehring and Rao (1981).  These chemicals when enter into water, 

disturb the normal functioning of cells in flora and fauna which may result in

the alteration in the biochemical and physiological mechanism of aquatic

animals. Pollutants, because of their potential toxicity are known to produce

morphological, behavioural and physiological changes in the vital organs such

as respiratory, reproductive, nervous, osmoregulatory etc in different animals, 

Fingerman (1982). The aquatic animals are particularly susceptible to toxic

substances, since their habitats are strictly confined to the water bodies. They

also have foot pass a large amount of water over their body surface and hence

are exposed more to the toxic compounds which are dissolved in the medium. 

The toxic effect of an organism is indicated in the term of mortality, 

because it is customary to represent lethality to a chemical with respect to the

survival rate at various concentration and time. In aquatic organism the

pollutant-induced mortality is usually expressed in lethal concentration. The

quantitative study of pollutants in aquatic organism offers an interesting

challenge to the researchers. Organotin are well known environmental

pollutants, they persists, circulate and eventually accumulate through food

chain and thus cause a serious threat to non target organisms, Akhter and

Mohan (1995).  Tolerance is the ability of the organism to show less response

to a specific dose of a toxicant than it showed on prior occasion from the same

dose. It is observed that the organism had become partially refractory or had

developed immunity to the effect of the toxicant by virtue of previous

exposure. Enhanced tolerance observed in the organism may results as a

failure in translocation of the metal ion, such as absorption or distribution, or

enhanced termination, that is enhanced excretion or metabolic alteration of the

metal in the organism. Such condition would lead to an effective lowering of



the metal dose as its site of action in the biological system, thereby resulting in

a lesser effect from a specific dose. Absorption from aqueous medium by

organism involve passive diffusion of the pollutant probably as a soluble

complex, down gradient originated by absorption of surface, and chelated by

constituents of the surface cells, body fluids and internal organs. Tolerance of

pollutants to any organism is determined by the permeability of various ions. 

Depression in assimilation rate of the toxicants as copper and reduction in

toxicity could also happen due to the passive diffusion of the toxic ions along

the concentration gradient involving the binding of free copper ion to some

carriers were hindered or blocked. The degrees of involvement of different

mechanism to explain the observed change in accumulation is the matter of

speculation. 

The mortality of exposed prawn, Macrobrachium kistnensis to

antifouling compound tributyltin chloride for the test period is noted and the

data was subjected to statistical analysis. Probit analysis is a commonly used

parametric technique for handling toxicity data, significant deviation from the

log probit model can occur, when the data are not normally distributed. 

Buikema, et al., (1982) has reviewed statistical and experimental approaches

used in the acute toxicity testing for aquatic organisms including a discussion

on departure of experimental data from log / probit model. Mary et al., (1987)

analyzed three methods i.e. probit, regression line, trimmed spearman and

karber, and found these three methods of toxicity evaluation, do not differ

much. In the present toxicity evaluation the critical analyses was carried out

by the computational procedure of the regression line relating to probits and

log / dose, James Busvine (1971).  

In the present study, the prawns treated with tributyltin chloride, the

acute toxicity level was expressed in terms of LC50 values. The acute value for

24 h for organotin tributyltin chloride was found to be 0.33 ppm,for 48 h

found to be 0.26 ppm, for 72 h found to be 0.17 ppm (table 1) and the chronic



value for 96 h for organotin tributyltin chloride was found to be 0.09 ppm

(table 1). The result shows that the LC50 values decreased with increase in

exposure period and vice-versa and also the 95 % confidence limits. Mary

(1984) has reported that the LC50 values depend on the concentrations of

pesticides and also with the time of exposure. The 96 hours LC50 value was

the low, however the mortality scored was high. The determination of the LC50

value is of immense importance since it provides fundamental data for the

design of more complex disposal model. The values obtained are highly useful

in the evaluation of safe level or tolerance level of a pollutant. It is thus

significant as a tolerance limit determined here might be useful in conducting

chronic studies, since the shrimps are more sensitive to various types of

toxicant than fish or molluscs, Couch (1984), and thus may be used as

indicator for assaying the water quality.  

Floach et al., (1964) calculated LC100 for various species of freshwater

invertebrates using tributyltin acetate. The lethal concentration of TBT to

Daphnia magna over 24 and 72 h. were 0.12 mg / lit and 0.06 mg / lit, 

respectively. The LC100 was 0.15 mg / lit for 72 h exposure Daphnia and 0.15

mg / lit for 96 h exposure of Cypridopsis. The LC0 was 0.075 mg / lit., for

both species. However it was found that Daphnia is considerably more

sensitive to TBT. Robert et al., (1987) maintained adult oysters ( Craffostrea

virginica) in TBT solutions containing 0.05, 0.1, 0.5 and 1 µgm / lit for upto

eight weeks. He observed that 20% and 30% mortality occurred between

second and fourth week of exposure. Laughlin et al., (1983) reported LC50

value of Zoeae of Rhithropanopeus harrisii to TBTO during the twelve days

of zoeael development to the 55 nmol / lit. Development of self-polishing

antifouling paint containing a chemical TBTO is one of the technological

achievement, Karande and Ganti (1999).  Laughlin et al., (1985) exposed

shore crabs,  Hemigrapsus nudes, 2 to 3 days after hatching, to TBTO for upto

14 days under static conditions at the highest concentration (500 and 1000 µ g



/ lit.), all the Zoeae were died within two days. Survival time increased as the

concentration of TBTO decreased from, 100 and 25 µ g / lit. Most larvae died

within 8 days even at 25 µ g / lit. The estimated values of LC50 for 100, 75, 50

and 25 µ g / lit, were 3.4, 4.8, 5.8 and 6.2 days respectively. Meador (1986)

reported the effect of TBTCl on the photobehavior of water fleas.  

In contrast to toxicity levels based on the TBT water concentrations

which range over several orders of magnitude for various species. Recent

studies on tissue concentrations in Puget Sound organisms indicate that a

much narrower range of tissue concentration as associated with adverse effect

to these organisms. Different species have widely varying uptake, metabolic

and elimination rates for TBT, in part explaining the widely varying sediment

and water concentration that yield similar tissue concentration and associated

effects. 

This finding provides an opportunity to develop tissue TBT

concentrations that are directly co-related with observed effects in a wide

range of ecologically revalent species. Meador et al., (1993, 1996) have

reported acute toxicity (LD50) for Rhepoxynius abronius, Eohaustorius

washingtonianus and Armandia brevis at concentrations ranging from 34 – 89

mg TBT / kg body weight (dry weight). Tissue concentrations within or above

this range would represent a severe adverse effect and sediments associated

with these levels would exceed the level at which cleanup would be required, 

and would also be inappropriate for open water disposal. 

However, PSDDA and SMS require consideration of both acute and

chronic effects. Chronic effect levels for species of concern in Puget Sound

can be found in the literature, Salazar and Salazar (1992, 1995); Widdows and

Page (1993); Waldock et al., (1992) these values typically fall within a range

two to twelve mg TBT / kg body weight (dry weight), with a median value of

about 4.  Davidson et al., (1986) calculated the 96 h LC50 to be 0.42 g / lit



and NOEL, after exposing the mysid shrimp, Acanthomysis sculpta to a

leachate of TBT. When Walsh (1986) exposed to mole crab, Emerita talpoida

to concentration of 10 g TBTO / lit of sea water, no effect on crab survival

was observed after 7 days of exposure.  

In the present study the safe concentration for freshwater prawn, 

Macrobrachium kistnensis to TBTCl was 0.0322 ppm. The death of freshwater

prawn, Macrobrachium kistnensis might be due to toxic stress of TBTCl

which cause severe physiological and biochemical alteration at cellular as well

as organismic level of tested prawn. It might be due to the impact of TBTCl on

gill which ruptured the gill lamellae resulting decline in respiratory rate, an

inhibition of the electron-transport system (ETS) or an effect on mitochondrial

integrity.  

Respiration is the mostly used tool for understanding the physiological

action of the pollutants. The respiration rate of organism is an indicative for

the physiological state and changes in the respiration rates may be an

indicative for environmental stress. Biological responses of organisms to

pesticides in the aquatic environment are usually understood through

determining their rate of survival and changes in the levels of various

physiological phenomena. Newell (1973) stated that toxicants act as

physiological stressors upon the organism. It is well known fact that the rate of

oxygen consumption is used as an important tool for understanding the

physiological state of metabolic activity of an organism. In this study, oxygen

consumption of Macrobrachium kistnensis in normal and after exposure to

TBTCl media has been quantified. On exposure to tributyltin chloride the

respiratory metabolism of prawn, Macrobrachium kistnensis has been found to

be directly altered. The obtained data clearly showed that there was an

increase in the rate of oxygen consumption of prawn, Macrobrachium

kistnensis after exposing for 1 h and 2 h in both (0.086667 ppm and 0.026

ppm) 1/3rd and 1/10th sublethal concentrations of 48 h LC50 respectively of



tributyltin chloride. The rate of oxygen consumption decreased significantly

(p<0.05) after exposing for 4 h to 24 h as compared to control groups. It was

also observed that at acute exposure, the prawns showed sudden decrease in

oxygen consumption followed by an initial increase and then steady decrease

as shown in fig. 1, fig. 2 and fig. 3. There was a continuous increase in the rate

of oxygen consumption upto 4 hr when the prawns were exposed to all the

concentrations of lethal and sublethal TBTCl medium. As the period of

exposure increased this uptake gradually but constantly decreased severe fall

after 12 h and then continued for 24 h of exposure.  These results clearly

indicates that the used organotin tributyltin chloride must be acting on the

organized respiratory mechanism i.e. damaging epithelial cell layer of gills

ultimately altering the elements involved in the respiration mechanism of the

respiratory organ. The TBTCl must be acting on the enzyme sites of cells

slowly in the lower concentration initially. Where it might be acting as a

stressor in higher concentrations and after prolonged exposure, interfering the

physiological activities. This is speculated because there was an obvious

decrease in rate of oxygen uptake after 4 h to 24 h exposure to all the

concentration of TBTCl as compared to the first 4 h of exposure to all the

concentration of TBTCl. From these observation it can be inferred that the

organotin compound disrupting enzyme-mediated process and / or disrupting

cellular structures. The initial elevation in the rate of oxygen consumption

showed a compensatory phase to enhance the physiological activity but the

continuous decrease may be due to the failure of respiratory metabolism. The

mechanism of toxic action of organotin compounds appears to be through

disruption of oxidative phosphorylation, by a) secondary responses caused by

discharge of a hydroxyl chloride gradient across mitochondrial membrane, b)

interaction with the basic energy conservation system involve in the synthesis

of ATP, and c) an interaction with mitochondrial membrane to cause swelling

and disruption, Selwyn (1976); Aldridge (1976). Thus the decreased rate of

oxygen consumption of Macrobrachium kistnensis may be expected because



of toxic action of TBTCl as reported, Selwyn (1976); Aldridge (1976) in some

mammals. The present investigations were supported by many authors.  

Tributyltin compounds are known to cause a variety of effects on the

mitochondrial membranes, which correlated with the increase in oxygen

consumption, Wulf and Byington (1975). Laughlin and Linden (1985) stated

that the tributyltin compounds are the active in very low concentration and

they are slow acting poison. Sarojini et al., (1989) observed oxygen

consumption rate by Caridina weberi showed alteration like increase and

decrease oxygen uptake when exposed to different concentration of copper

sulphate and TBTO. They reported that after 10 days exposure to TBTO the

animals could not survive to collect further oxygen consumption data. Though

the antifouling organometallic compounds at the cellular level decrease the

metabolism of accumulated toxicant may demand increased oxygen, which is

reflected in the upward shift of the oxygen uptake in the prawn. The inhibition

of the oxygen uptake in the prawns might be due to the penetration of the

toxicant molecules and its action alters the metabolic cycle at cellular level. 

Liu and Thomson (1986) stated that n-butyltin is biologically active due to

their ability to stimulate or inhibit the dehydrogenase activity and oxygen

consumption. Stimulation or inhibition of the dehydrogenase activity by

toxicant is harmful to a living organism as this produces deleterious effects on

the organism by interfering with its energy metabolism.  

Exposure of prawn Macrobrachium kistnensis to tributyltin chloride

resulted in morphological changes in the gills, are reflected in plasma had a

significant effect on the respiration, excretion and osmoregulatory functions of

the gills. There changes can be regarded as primary changes, which will

inevitably lead to secondary physiologically changes as well as responses that

could affect various organ systems. Similar results were described by Ghate

and Mulhekar (1978); Baticodes et al., (1991). The enhancement of oxygen

uptake during the initial phase may be due to the excitement and excessive



muscular activity caused by pollutants stress. Cremer (1957) also claims that

TBTO affect the oxidative metabolism. TBT compounds are known to causes

variety of effect in mitochondria which correlates with and include increases

in oxygen consumption, Wulf and Byngton (1975); Aldridge (1976).   

According to Piver (1973) dialkyltin and trialkyltin compounds are

known to be capable of effecting the respiration. Umadevi (1996) studied

changes in oxygen consumption of marine fouling dressinid bivalve, 

Mytilopsis sallei exposed to mercury. Cremor (1957) also claims that TBTO

affects the oxidative metabolism.  Sonawane and Lomte (2000) studied the

effect of heavy metals copper sulphate and mercuric chloride on oxygen

consumption of the fresh water bivalve Lamelliden marginalis. Chinni et al., 

(2000) reported on changes in oxygen consumption, ammonia excretion and

metal accumulation in post larva of Penaeus indicus exposed to lead. 

Manikumar (1986) also observed changes in oxygen consumption in marine

prawn, Penaeus merguiensis exposed to pesticides. Hiltibran (1966)

considered that the decreasing oxygen consumption rate due to herbicide

brought the process of breaking the link between oxidative phosphorylative

processes. This decrease can be also caused by free oxidation in the organism. 

M. Kale (2002) observed increased in oxygen consumption rate to first 6 h and

decline gradually and steadily after 12 h and continued till they attain

normalcy. She observed that stressful effect of cadmium chloride started

decline after 6 h of freshwater crab Barytelphusa cunicularis. Vosloo et al.,

(2002) documented that, in attempt to move away from pollution, the animal’s

oxygen consumption rate increases from pre-exposure values to support this

additional activity. Shivakumar and David (2007) observed depletion in

oxygen consumption in freshwater fish, Catla catla exposed to endosulfan and

concluded that the decreased rate of oxygen consumption due to disrupt

metabolic activities after endosulfan toxicity. 



In the present probe the finding related to respiratory mechanism was

initial elevation and subsequent decrease in the rate of oxygen uptake. 

Therefore from the above results it was suggested that the increase in rate of

oxygen consumption in different contaminated media might be the reflection

of an augmented physiological activity like osmosis at the cellular level in

eliminating and / or counteracting the tributyltin chloride stress perhaps when

exposed to the different sublethal concentration. It is also found that prawns

have little ability to regulate their metabolic rate when faced with adverse

environment and as the concentration increases the response is intensified. In

conclusion, the response of an organism to the toxic environment is quite

evident from the variation in respiratory metabolism and that can also affect

several parameters such as the growth rates in prawns or exhausts the

biochemical reserver. 

From the above discussion and all the available literature, we can

conclude that the TBTCl is very toxic to the freshwater prawn, 

Macrobrachium kistnensis. Therefore the release of organotin compounds in

aquatic environment especially in freshwater ecosystem might be controlled.  
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