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1. INTRODUCTION 

Water is a vital resource for the sustenance of life in general and aquatic life in 

particular. This stresses the need for conserving small fraction of water available for 

various human uses. Despite of the fact that freshwater is adequate however, its 

temporal and spatial distribution has been a matter of concern to the mankind. In 

view of this reason year 2003 has been declared as the year of freshwater by United 

Nation and Government ofIndia as such. 

Surface water in the form of lakes, reservoirs and such other water bodies are 

indeed life support systems. These are repository of valuable genetic material in the 

form of various types of aquatic flora and fauna. No life is possible without water. 

Out of total available water on earth, only three per cent is fresh water, and a small 

part of this is accessible for human consumption. This relatively small amount of 

fresh water that is available, is often threatened by pollution and a risk for use. 

The term 'pollution' broadly refers to any change in the natural quality of 

envirorunent brought about by chemical, physical or biological factors. Environment 

pollution is unfavourable alteration of our surroundings due to direct or indirect 

activities of man. V arious by~products of men's action are the pollutants, which 

increase with the rise in popUlation. 

Industrialisation and increase in the human population of large cities results in 

the rivers becoming the drains of waste material. Domestic wastes, sewage and 

industrial effluents are generally allowed to be added to the rivers withoUl any pre

treatment, causing pollution of water. The waste products of some of the industries 

are extremely poisonous to the fish life, and cause depletion of fish population by the 

adverse changes in the physical, chemical, and biological properties of water. In 

addition to the industrial and domestic wastes, a large number of agricultural 

pesticides, insecticides and others have further increased the hazards of pollution of 

water. 

In the present day living system the pollution is the major environmental 

problem associated with urbanization. The present day researches on environmental 

asp·ects are an alarm for human beings disclosing the hazardous effects of several 
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pollutants (insecticides, pesticides, weedicides, industrial effluents and heavy metals 

etc.) and also other chemicals. Pollution menance has gravely effected human race by 

way of pollutants generated from domestic sewage, agricultural pesticides, industrial 

wastes, the radioactive wastes, mining, refining and wastes caused by modern 

technological advances. Water pollution has been defined as contamination of water 

or such alteration of the physical, chemical or biological properties of water or 

discharges of any sewage or trade effluent or any other liquid, gaseous or solid 

substances into w.ater that is likely to create a nuisance by way of physical 

appearance, odour, taste or render such water harmful and injurious to public health 

for the purpose of domestic, conunercial, industrial, agricultural, aquaCUlture, or other 

legitimate uses or to health of animals and aquatic life's environment. 

The environment has manifold infestation due to contaminants especially by 

the chemicals. The direct and indirect induced changes in the one or more 

components of ecosystem which are harmful or undesirable termed as 'pollutants'. 

This created unnatural environment not only for men but also for his basic associates 

such as the fish, which serves as a high protein food for popUlation, both poor and 

rich. The pollutants have entered in the environment through aimless disposal of 

wastes and consequently reaches the organisms either directly or through "food 

chain". The fish for the purpose, is the best experimental organisms to assess the 

quality of damages, which are likely to be transferred to population through its 

consumption as food, and hence needs careful surveillance. 

A large number of chemicals and other complexes are produced by man and 

many of them reaches to the aquatic environment either directly or indirectly. The 

human civilization through ages have known that the water has great capacity to 

dissolve the chemicals and purify itself and perhaps the basis for disposal of sewage 

and discharges. 

Excess of everything is bad. So it is a well known fact that essential nutrients 

are also toxic at high concentration and same may be essential nutrients when 

provided in low quantities. Metal salts ,are useful as therapeutic agents, whereas 

heavy metals are common pollutants to water bodies. The seriousness of heavy 

metal's contamination rests on the fact that they are generally water soluble, non~ 

degradable, vigorous oxidizing agents and are strongly bonded to many biochemical 
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constituents inhibiting their function. Heavy metals are present in all phases of the 

environment - air, water and land. They are transmitted by direct ingestion through 

the food chain to higher organisms and ultimately to human beings. 

The introduction of heavy metals into natural waters has shown to induce 

changes in the internal dynamics of aquatic ecosystem even in lesser concentrations. 

The heavy metal pollutants on entering into fish, effectively bring about changes in 

numerous bio-chemical and cytoenzymological reactions and modify the enzymatic 

system in fish, consequently bringing a variety of changes in metabolic activities 

which could cause even death. 

Heavy metals constitute a heterogeneous group of elements. The periodic 

table and their form of electron configuration denote that a number of elements 

possess partially filled 'd' and '£I shells (Cu, Cd, Hg, Pb, Zn, Mn, Ar, Fe etc). Such 

elements are known as heavy metals. Heavy metals may be categorised into two 

groups on the basis of their role played in animals. The first group consists of 

essential micronutrients like manganese, iron, cobalt, copper and zinc while the 

second group includes those metals which are not listed as micronutrients in the body 

such as mercury, cadmium, arsenic and lead etc. 

Mercury is a silver white liquid metal solidifying at - 38.9°C, for a thin white 

ductile, malleable mass. It boils at 350.9°C, has a specific gravity of 13.6 and a 

vapour pressure of 1.2 x 10.3 mrn of mercury. It has three oxidation states (1) zero 

(elemental mercury), (2) + 1 (mercurous compounds) and (3) +2 mercuric compounds. 

Mercury is widely distributed in the environment and biologically is a non-essential or 

non-beneficial element. Historically it was recognized to possess a high toxic 

potential and was a germicidal or fungicidal for medical and agricultural process. In 

the recent years mercury has been recognized as a toxic contaminant in the 

environment. Toxicity of mercury is related to its chemical forms. Liquid mercury 

appears to have little effect but mercury vapour is readily absorbed producing brain 

damage. Mercury I salts are relatively toxic as compared to mercury II salts, 

because of their low solubility. Mercury present in fish occurs almost entirely as 

methyl mercury. The WHO recommends a maximum daily intake of mercury by 
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humans from all sources of 43 Ilg day" I of which no more than 29 ~g day"J should be 

methyl mercury. In lakes and streams mercury can be collected in the bottom 

deposits where it may retain for long periods of time. 

Mercury is a dangerous pollutant among heavy metals. It is discharged in 

inorganic form from mercury and other metal mines. Man made sources of mercury 

include mining, refining, paper and pulp industry, acetylene, acetaldehyde synthesis, 

vinyl chloride synthesis, caustic soda industries using mercury cell, organo mercuric 

fungicides and seed disinfactants mercury electric appliances industries, phosphate 

rock process etc. 

The study of gold site in the Migori Gold belt, Kenya, revealed that the 

concentrations of heavy metals mainly Hg, Pb and As are above acceptable level. The 

amount of mercury used by miners for gold amalgamation during peak mining periods 

varies from 150-200 kg per month. Mercury ions as a result of these industrial 

processes are generally discharged in the aquatic environment and become a major 

problem because of their toxicity, their persistent and tendency to ·accumulate in a 

aquatic organisms including fish and undergo food-chain amplification. In industrial 

effluents, bottom sediments metabolically convert it to methyl mercury, a highly 

persistent pollutant in the foodchain. 

Mercury can be a part of both organic and inorganic compounds. A mercury 

discharged into lake, bays, rivers or estuaries as elemental mercury, inorganic divalent 

mercury, phenyl mercury or aloxalkyl mercury can be converted into methyl mercury 

compounds by natural processes. Methyl mercury is the most hazardous due to its 

high stability, its lipid solubility and also its possession of ionic properties that lead to 

a high ability to penetrate membranes in living organisms. There are certain 

organisms which are able to convert inorganic and organic forms of mercury into 

highly toxic methyl mercury (CH3 Hg) or dimethyl mercury (CH3 Hg CH3) has made it 

clear that any form of mercury is highly hazardous to the environment. 

The synthesis of methyl mercury by bacteria from inorganic mercury 

compounds present in water or sediment is the source of this molecule in aquatic 

environments. These processes can occur under both aerobic and anaerobic 

conditions but prefers to anaerobic condition. Since mercury is soluble it is readily 



incorporated into organisms particularly in the aquatic environment and ultimately 

finds its way into higher trophic levels in the food-chain. Methyl mercury is 

particularly toxic to animals because it can readily pass the blood brain barrier 

causing injury to the cerebellum and cortex. The clinical symptoms of this damage 

are numbness, weakness in muscles, loss of vision, impairment of cerebral cortex 

resulting in coma and death. 

Because of the non-degradable property of mercury, their toxicity, persistence 

and tendency to accumulate in aquatic organisms is long lasting. Like many 

environmental contaminants mercury undergoes bioaccumulation, where organisms 

can takeup contaminant more rapidly than their body can eliminate them thus the 

amount of mercury in their body accumulates over time. Biomagnification occurs 

when concentration of a material increases between two more trophic levels. It is a 

subset of trophic transfer in which the dietary transfer and accumulation of the 

contaminant is sufficient to increase contaminant concentrations at higher trophic 

levels. Mercury undergoes biotransformation and bioconcentration during its transfer 

through food chain. 

Environmental pollution by heavy metals become widely recognized with the 

'Minamata' disaster in Japan, between 1953 to 1960, when several thousands of 

people suffered mercury poisoning from eating fish caught in Minamata Bay which 

was receiving effluents containing mercury released from a vinyl chloride plant. 

Thereafter, the death of 450 Iraqui villagers in 1972 after eating the grains that was 

dusted with mercury containing pesticides. It lead to continuous approach and 

imposing strict water quality monitoring with respect to mercury contamination. 

There were similar cases reported in Pakistan, 1969; Guatemala, 1963, and Mexico, 

1989. In 1970, the Norwegians found high mercury concentration in the fish from 

lake Saint-Clair. In Sweden, where poisoning of game birds and other wild life 

apparently by mercury treated seeds began to be noticed in 1960. The Swedish 

Medical Board in 1967 banned the sale of fish from about 40 lakes and rivers after it 

was found that fish caught in these waters contained high concentration of methyl 

mercury. This situation of mercury has assumed in such a sinister shape even 

mother's milk and eggs contain mercury. 
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The biochemical basis for the toxicological effects of mercury. both in its 

inorganic and organic forms, as well as a tole ill normal metabolism, i r nny. an: 

probably dependent 1101 only on dose but also on its interaction, inler al in. with thiol. 

sclcnide, phosphate, amino and carboxyl groups of slIch cellular components as ul11ino 

acids, proteins, enzymes, nucleic acids and lipids. 

Extra- and intracellular proteins, nucleic acids, mcmbranes. mitochondria. 

mitotic apparatus etc. contain numerous ligands for mercury. including - SI I groups. 

As a consequence, addition of mercury to these systems has resulted in derangements 

of their function. The multiplicity of variables involved in the in vitro intraction 01' 

mercury and its derivatives with ligands of amino acids. proteins. nucleic acids. and 

phospholipids also pertain to interactions of mercurials with sub-ccllulm ullcl ccllulm 

components. However, the biological effects on cells and their components arc more 

complex since additional variables such as, for example, the capability ofmcrclIrlai to 

cross the cell membrances, distribute in cellular compartments, to bind to ligands 

whose availability may be altered by cellular metabolism elc. must be considered. 

SlIch considerations have direct bearing on the different effects or inorganic and 

organic mercury on the same biological system. Thus, while all mercury compounds 

are cytotoxic to cells in culture, the organic mercurials are morc c1Tcctivc than 

inorganic ones. TIH~S, any biological effects of mercurials mllst be interpreted in 

terms of chemical state of mercury and its distribution, as well as thc metabolism and 

composition of the cells involved. 

Murcurials have significant effects on over-all cellular processes. Thus the 

alkyl mercury compounds decrease glucose transport across membranes decrease 

phosphate transport in the myocardial membrane, Na-K-ATPase ant.! water 

permeability of red-celll11embranes. In Addition, mercurials increase the lag in ATP

driven reduction of NAD by succinate in phosphorylating sllb-mitochondrial pmlicks 

from bcef heart, while dithiothreitol eliminates the lag. In addition. accumulation or 
inorganic mercury in liver-cell iysosomes causes release' of hydrolytic enzymes. a 

response that probably accounts for the resultant cellular toxicity. Mercury 

compounds produce chromosomal abnormalities and. induce genetic and teratogenic 

effects. 
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The mercury based chemicals used in agriculture, industries, forestry, mining 

and rcluted fields ultimately enters the water bodies and havc f~ltal dTcc.:ts Oil fish fry 

and eggs, destroy spawning grounds and feeding areas, restrict migration, impairment 

of growth and reproduction. Mercury pollution also reduce resistance oj' IIsh [0 

diseases and deteriorate quality of fish. This polluted water can affects lisheries by 

killing fish fauna, the food of fishes Or making the fish unlit Cor human consllmptioll. 

Pollutant like mercury remain in flesh of fish for a long time and transfcrrcclln human 

by way of food, causes harmful effects. 

Variation in metabolic function in organism or changes in the' physical Hnd 

chemical properties of the ambient medium that indirectly, afTccts the reskk:nt biO<lta 

in and around the water. Assessment of toxicity in aquatic ecosystem is 

conventionally done through testing procedure using fish as a test organisms. Fish 

have been a popular and useful test organism in aquatic toxicological studies with the 

logic, that if fish life is protected, the rest of the aquaLic food chain is protected as 

well. 

Mercury has high affinity for sulphur atom and easily attachcs itscl [' to the 

sulphur containing aminoacids of proteins. It also forms bpnd with haemoglobin and 

serum albumin, both of which contain sulphydral groups. Fresh fish l1esll provide~all 

excellent source of protein for human diet. This protein is relatively of high 

digestibility, biological and growth promotion values for human. Fishes nJ'e 

comlilcrcially.important and serve~' as a high protein for the population both poor and 

rich. 

Fishes are the most sensitive group among the endangered aquatic 

fauna in mercury toxication. Studies have also been also clone on acute toxicity as 

well as physiological and biochemical effects on fishes. However, little inrormation 

is available on toxic effects of mercury and its derivatives on offsprings, male and 

female sexes of fish. In view of this an attempt has been made to investigaLe the 

short-term (96 h) toxic effect of mercury in relation to water hardness ancl temperature 

to a freshwater, fish, Poe cilia reticulata (Peters) for collective (mixed population). 

sexwise (male and female) and young. The toxicity tests with mercury have also been 

performed on the fingerlings of selected commercially important Indian major carps. 

ie. Catla cat la, Labeo I'ohita and Cirrhinus mrigcila. 
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Various parameters such as median lethal concentration (LC50), 95% 

confidence limits and presumable harmless concentrations were computed from the 

toxicity test. Correlation coefficient (r) have also applied between different factors. 

The pathological changes at cellular level in relation to short-term toxicity at sub 

lethal concentration of mercury have also been studied in selected tissues of 

fingerlings of Cirrhinus mrigala (Ham.). Changes if any in behaviour and 

morphology of the test fishes with mercury toxicity during the short-term study have 

also been observed. 

The main purpose of short-term bioassay tests with fish is to answer one or 

more of the following questions; 

Is it toxic? 

Toxic in What way? 

Does it vary in toxicity? 

Which fraction is more toxic? 

Is available dilution sufficient to protect fish? 

How effective are treatment methods in reducing toxicity? 

The fish species, Poecilia reticulata (Peters) is selected for the present study 

considering many factors such as-they are easily cultured in the laboratory conditions, 

presence of sexual dimorphism, i.e. males and females are easily identified, and they. 

are prolific ovo-viviparous, i.e. young are born alive and matures rapidly. Whereas 

Catla catla (Ham.), Labeo rohita (Ham.) and Cirrhinus mrigala (Ham.) are Indian 

major carps and have immense commercial importance in India and abroad. 

Objectives: 

(i) To study the short-term toxicity of mercury to a freshwater fish, Poecilia 

reticulata for collective (mixed population) and sexwise (male & female) in 

relation to water hardness and temperature. 

(ii) To find out the toxicity of mercury to juveniles of guppies in relation to water 

hardness and temperature. 

(iii) To study the short-term toxicity for selected fingerlings of commercially 

important Indian major carps. 

(iv) To study the behavioural and pathological changes in Indian major carp. 
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2. REVIEW OF LITERATURE 

The effects Qf mercury and its derivatives on man deserve special 

consideration because these were responsible to cause adverse effect of heavy metals 

released into the environment in large amounts. The first serious incident came to 

light occurred at Minamata Bay in Japan (1953). In this case, comparatively non

toxic inorganic mercury alongwith some methylmercury was released in efilucnt by a 

chemical factory using mercuric sulphate catalysts in acetaldehyde production. The 

effluent entered a river running into Minamata Bay. In the sediments, the inorg[1l1ic 

mercury was converted to methyl mercury. The accumulated mercury in shell {ish 

and fish us'ed to be consumed by the local inhabitant. Consequently by 1975, 116 

people had died and many were left paralysed for life. Oth~rs suffered impairment of 

vision and hearing and other neurological symptoms. Prenatal poisoning of the foetus 

was observed even in the absence of symptoms in the mother. Since the Minal11ata 

Bay incident, another incidence occurred around the Agana River, Niigata, Japan. 

This led to 23 ,deaths. In both these cases, many domestic animals, fish, shellfish and 

seabirds were also affected. 

In any aquatic ecosystem, fishes play an important role in the food chai 11. The 

effects of mercury toxicity on the biology of different fish species have been well 

documented. Hameed (1995) has investigated the maximum accumulation or 
mercury in liver followed by gill, brain, and muscle in the fish Lelhrinlfs nelnt/oslIs 

(Forskal). ~hereas, Mathieson and MeLusky (1995) have studied the accumulation 

of mercury contents in eel pout (Zoarces viviparous), pogge (Agonus caIClphracllIs), 

dab (Limanda limanda), plaice (Pleuronectes platessa) and long rough dab 

(Hippoglossides platessoides). The authors (op. cit.) have reported that mercury 

concentrations were increased with length in pogge, eel pout and dab, whereas, 

mercury concentrations were decreased with length in plaice but showed no 

significant change with length in long rough dab. However, Pinkney el ai. (1997) 

observed that similar size large mouth bass from both Deep Creek luke and lhe Piney 

Creek re.servoir had 1.5-2.0 times more mercury than large mouth bass in ponds in the 

Maryland coastal plain. Further, Govindasamy et ai. (1999) studied the availabiliLy of 
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heavy metals in the aquatic ecosystem and its impact on nora and fauna. Dutt e/ al. 

(2000) investigated the accumulation of mercury ranging 1\0111 0.68 to 4.36 ppm in 

liver, 3.28 to 4.41 ppm in Kidney, 36.78 to 49.22 ppm in gills and 0.47 to 0.86 ppm in 

intestine of PU/1/ius sophore . 

. In a study Gilmour and Riedel (2000) surveyed the mercury concentrations in 
I 

some freshwater fishes in Maryland. These authors Cop. cit.) reported thal mercury 

concentrations in such fishes were exceeded the limit (1.0 Ilg g-!) us recommended by 

U.S. food and Drug Administration (FDA) consumption advisory committee. Simon 

and Boudou (2001) reported that l11el'CUlY organotropism in case or cray lish, AS/lleus 

astuClis was specifically connected to the exposure conditions, especially at thl' 

biological barrier level according to the route of exposure: gill and carapace 1'01' the 

direct route and digestive tract including hepatopancreas for the trophic route with 

mercury contamination. Castro ef al. (2002) noticed that regardless of size, all orthc 

blue gill and yellow perch examined did not exceed the consLimplioll atlvi::;ory () r 0.5 

Ilg gO!. But in contrast large mouth bass greater than 38 cm in tbe Piney Creek 

reservoir and Deep Creek lake had total mercury concentrations greater than 0.5 ~lg g

'. Misra e/ al. (2002) have investigated the mercury concentrations in grass carp fish 

of upper lake were less than 0.6 ~lg g-t dry weight. According to them (op.ci L) the 

range of mercury was found in between 0,14 to 0.31 ~Lg gO! in head portion, 0.034 to 

0.085 fig g-! in abdomen portion, 0.001 to 0.321 ~lg gol in tail portion unci 0.263 to 

0.563 ~g g-I in liver .of grass carp. Wher~as, Michael et ai (2002) studied the l'ish 

tissue quality near coiastal areas of Gulf of Maxico~ They (op.cit.) fOllnd thaL truce 

metal residues including mercury were statistically similar regardless or the collection 

site. 

The metal pollutants on entering into fish, effectively bringing a variety 0[' 

changes in metabolic activities which could cause even death. The effects or mercury 

at cellular level particularly in gills, liver, kidney and other vital organs or the certain 

fish species have al~o been studied. Simon (1953) reported that mercury compounds 

are detrimental to aquatic life including fishes effect.ing their enzyme syslem and 
• I 

architectural structure of their organs. Whereas, Wolf and Quimby (1962) stud ied Lhe 

mctal protective function of GSH in fish by investigating the imporlance 0 f cell ul al' 

OSI-I status for the cytotoxic response of the established fish cell linc, RTCI to six 
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divalent metal cations, ie. Hg, Cu, Cd, Zn, Pb and Ni. However, Jackim e{ (fr. (1970) 

observed a marked reduction in hepatic and alkaline phosphatases in Killifish aftcr 

exposure to copper and mercury. Further, Hinton e/ al. (1973) and Kshirsagar (1975) 

have reported the inhibition in hepatic alkaJjne phosphatase activity by mcrcury 

poisoning in fishes. Hinton ef af (1973) have also noticed decrease in acid and 

alkaline phosphatase activity in liver of channel catfish after methyl mercLiric chloridc 

poisoning. 

MukJlerjee and Bhattacharya (1975) studied the histopathological lesions in 

the hepatbpancreas of C. pUl1ctafus and C. batl'Gchus exposed to Hg, CL Ccl, Vhcl10l 

and factory effluent. Whereas, Kendall (1977) reported that in channel catfish 

(lclalurus puncta/us) a single peritoneal injection of 15 mg/kg of methyl mercury 

chloride cause deposition of mercury in the liver, necrosis of exocrine pancreatic and 

paranchyma cells, and inflammation at the hepatic capsular surface. However, Sastry 

and Gupta (1978) investi,gated the histopathological alteration in liver of chmma 

puncta/us after acute and chronic mercury toxicity. These authors (op.cit.) furl.her 

reported that damage in liver was more severe in acute mercury toxicity. KJ1angarot 

and Somani (1980) Iwve exposed fish Pun/ius sophore to high levels of dissolved 

inorganic mercury or methyl mercury (Me Hg) and suggested that mercury ions 

severely damage the gill and thus interferes the physiology of gas exchange and ion 

regulation. 

Sharma and Davis (1980) stated that there is decrease in protein syn1.11csis 

when fish was exposed to Me Hg. Further, Syversen (1981) has also reported that 

heavy metals in general interfere with protein synthesis. Saxena and Parashar (1983) 

studied the'toxicity of six heavy metals, viz. Hg, Cd, Pb, Cr, Zn ancl Ni to CJwnno 

puncta/us and found that Hg is the most toxic amongst all these metals. VermH and 

Tonk (1983) investigated the effect of a sublethal concentration of mercury on the 

proximate composition of liver muscle and ovary of Notopterus n%pferus. These 

authors (op.cit.) found that protein metabolism was altered in Nolopferlls 110/0prC!l'II.\' 

expos~d to the mercury poisoning. Bhattacharya et aZ. (1984) reported a biphasic , 
response of mercury, where the experiment was conducted for 30 days with a dose or 
110 ppb of mercury on Channa punclatus. The hepatopathy in the C1WI1I1(f jJlIl1c/crrlls 

was noticed on 1st and 30th day of treatment, while on the 2nd and 15th day or 
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treatment, ·there was little degeneration. James et al. (1992) have also reported 

alteration of protein metabolism in a cat fish, lleleropneus/es ./i)ssili.\· exposed to 

mixh.l1'c of mercury and copper. Whereas, Stagg ef al. (1992) have observed a 

significant correlation between gill Na+, K+~ATPasc activity and muscle Tlg 

concentration in flounder (Platicthes flesus) collected at polluted and clean siles in 

estuaries, and suggested that exposure to environl11entally realistic Ilg levels may , 

affect ion regulation in estuarine fish. 

However, Bose et al. (1993) studied time dependeil1 distribution of l2()J JIg] 

mercuric nitrate in the sub cellular fraction of rat and fish. These workers (op.cil.) 

have noticed various physiological and biochemical changes in these animals exposed 

to inorganic mercury. Further, Mustafa (1995) investigated the effects or mercury. 

chromium and nickel on some blood parameters in the carp, Cypril1l1s carpio and 

found that ~he blood hematocrit values were significantly increased anCI" mercury 

exposure but levels of serum pl'oteins were not significantly altered by any or the 

metal exposure, Gupta and Rajbanshi (1995) investigated significant changes in the 

gill architecture of Rasbora daniconius exposed to sub lethal concentration or 0.05 

mg/l of mercUlY as HgCb from 96 h static bioassay. 1.'he surface architecture or gill 

revealed severe changes such as: damage, fusion and clumping in the middle and 

distal parts of the primary lamellae; and swollen, deterioration and modilication of' 

arborizing ridges into more expanded surface area in the secondary lamellae. CiLlpta 

and Rajbanshi (op.cit.) have also discussed these changes in relation to mercury 

toxicity and respiratory physiology responsible for fish death. Prasad e( (/1. (1995) 

also studied the histopathological alteration in the airbreathing organs of a catfish, 

Heteropneustes fossilis exposed to mercuric chloride arid found that the epithelium 0 r 
air breathing organ appeared to be less sensitive to the metal solutions as compared to 

gills. These authors (op. cit.) have also recorded noticeable effects sllch as shrinkage 

of epithelial layer, deposition of mucus in non-vascular areas of the suprabranchial 

cavity and the air spc, and dilated mucus cell opening in the distal portion of the 

all' sac. Rana et al (1995) have noticed that mercury induces lipid per oxidation in 

the liver, kidney, brain and gill of a freshwater fish ChannCl pune/aILis. These workers 

(op. cit) ftlrther observed that the short exposures resulted in increased giutathion 

(GSH), but longer exposure reduced in all the tissues. 
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Ribeiro el al. (1995) evaluated the acute effects of HgCh on epidermis of 

Trichomyceterus brasiliensis (Siluroidei : Trichomycteridae), when cell exposed to 

HgCh, different morphological alterations were observed in tbe epithelium structure, 

such as an increase in the lymphocytes number, hypcrtrophical epithel iui celis at [he 

surface, modified taste buds, obstruition of the goblet cells pore and high cellular 

proliferation. Moreover, the chemical nature of the goblet cells was not modified hy 
, 

the presence of I-IgCb dissolved in water. These authors (op.cil.) also observed that 

all animals died within 24h after the contamination with inorganic mercury at 

concentration of 0,2 to 0.1 mg HgCh/1. Whereas, SharD (1995) has recorded the 

effect of mercury and lead for 24h and 48h on monoamine oxidase (MAO) activity in 

different regions of the brain telencephalon, cerebellum, diencephalon and medulla 

oblongata in Labeo rohita (Ham.), Clarias batrachus (L) and Channa /June/lItlls 

(bloch.). However, Allen (1996) has noticed that different conccntrations ol'mercury 

caused significant increase in hepatic GSH of Oreochrvmis lll/reUS (Stcimlm:ilnl!l') 

exposed to mercury, cadmium and lead. Further, Mustafa (1996) rcported that 

mercury caused highest depletion of glycogen in tissues (upto 96%) or l)pl'iJ7lls 

carpio exposed to mercury, chromium and nickel. 

Jagoe el al .. (1996) investigated that the fish exposed to high conccntrations of 

dissolved mercury (Bg) causes gill pathologies and interferes in ion and 

osmoregulation physiology. Gautam and Parihar (1996) have recorded thc toxic 

effects of lead nitrate (Pb N03) and mercuric nitrate (Hg No)) on the activity of [bv 

.... lipids like phospholipids and neutral lipids in the liver and kidney of JJelel'opnell.l'les 

fossilis and suggested that these two heavy metals interferes the protein and lipid 

metabolism in hepatic and nephric tissues. Ribeiro et al. (1996) further studied lhe 

lethal effects of inorganic mercury on cells and tissues of Trichomycterus hrasiliensis 

(Pisces : Siluroidei). Whereas, Banerjee and Bhattacharya (1997) evaluated the 

histopathological changes induced by chronic nonlethal levels of elsal), merclU"Y and 

ammonia in the liver of Channa punctatus (Bloch). Mccrary and HeagleI' (1997) have 

studied on the use of simultaneous mUltiple species acute toxicity test to mosquito 

fish, Gambusia affinis to compare the relative sensitivities of aquatic organisms to 

mercury. Whereas Mondal et al. (1997) found that inorganic mercury binding to fish 

oocytes plasma membranes, induces steroidogenesis and translatable messenger RNA 

synthesis. Vial'engo e'[ ai. (1997) investigated the in vitro effects of Cu:+, I Ig21
. and 
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Cl-bHg+ on the fish liver microsomal EROD activity. However, Devlin !lnd CI[lry 

(1998) have studied on the in vitro toxicity of methyl mercury to fat head minnow 

cells, considering various parameters such as uptake, cell survival, cell morphology. 

total protein and induction of 70 K Da proteins. Low and Sin (1998) have suggested 

that the fish immunity was impaired by the action of mercury ancl selenium. 

IIowever, in vitro lymphocytes prolifcration tests show that mercury cOllcentration 

lower than 0.045 lUg/I Hg2+ enhance the mitotic rate of kidney lymphocytes by 

approximately 30%. Further Sivaramakrishna and Radhakrishnaiah (1998) reported 

the impact of sublethal concentration of mercury on nitrogen metabolism in a rl'csh 

water fish, Cypl'il1uS carpio. Whereas, Karuppasamy (1999) evaluated the effect or 
phenyl mercuric acetate (PMA) on the physiology, biochemistry and histology or 

selected organs of a freshwater fish, Channa puncta/lis. Dutt e( af. (2000) workel! on 

the accumulation of mercury (Hg) and metabolic disorder as changes in phosphalHses 

(acid phosphatase, alkaline phosphatase and G-6-phosphatase) activity in eli ITercnl 

tissues of a freshwater fish, Puntius sophol'e induced of l/Sth fraction of 9611 LC50 or 
HgCb and CI-!)HgCI after exposure of 5, 10 and 15 days. Mat-lais and Mohamed 

(2000) studied the in vitro inhibition of acetylcholinesterase activity in C. sImi/liS 

brain tissue by mercury; Hg, Cd, Pb, Ni and Zn; and the role of extra cellular calcium, 

Further Karuppasamy (2000) studied the protein and total amino acid content in liver, 

muscle, intestine, kidney, gill and brain of Channa puncta/us, intoxicant with high 

(0.106 ppm) and low (0.040 ppm) concentration of phenyle mercuric acetate (PMA) 

during short (24, 72. and 120h) and long (10, 20 and 30 days) term exposure 

respectively. 

Khadiga et al. (2002) reported that the Oreochromis niloticlis is an endcm ic 

species in the river Nile and represents the main object of fishery in the Nile delta luke 

of which lake Maryut is the smallest and most polJuted. These authors Cop,cit.) fOlll1d 

that the water concentration having ammol).ia, manganese, nickel, cadmium, lead and 

mercury proved hazardous to fish, whereas chromium, copper, iron, zinc, pI I, 

alkalinity, hardness, phosphate, nitrate and nitrite always 'fall within acceptable kvels. 

Physiologic evaluation of 0. niloticus pointed out the improper growth, protein 

inadequacy qnd functional impairment in fish inhabitating thc polluted area. Bogdan 

et a/ (2002) investigated the effect of mercury on the lipid composition of liver and 

muscles in the perch, Percajluvialilis. 



Large scale of mortality of spawn, fly and fingerlings in most or the waler 

bodies has been reported due to discharge of metallic ions including mercury in the: 

form of effluents from mining, paper industry and other electric appliances industries. 

Margaret' el al. (1977) studied the physiological response of juvcnile striped bass 

Marone sClxati/is to low levels of cadmium and mercury. Whereas, Nelson el ((I. 

(1977) reported that survival of juvenile of bay scallops, Argopectil1 i,.,.((dians was 

significantly affected by mercury concentration and by salinity, as wcll as by tile 

interaction between temperature and salinity. Further, Bleau el al. (1996) exposed the 

juvenile of rainbow trout (Oncorhynchus mykiss) to merCU1Y chloride - HgCh (28 and 

112 ~gli Hg2+), and to methyl mercury chloride - CI-~bHgCI (6, 12 and 24 I-Lg/II-lg) for 

4, 72 and 168 h, to determine the effects of sublethal doses of these compounds on the 

hypothahimo - pituit~ry-inter renal and the hypothalamo - pituitary - thyroidaxcs. 

However, Friedmann et til. (1996) reported that the mercury slJPpress~d the plasma 

cortisol in juveniles (sex combined). These studies (op. cit .. ) also suggests that dietary 

methyl mercury might reduce juvenile survival by impairing growth and i 111tnLlne 

function. Buhl (1997) investigated the acute toxicity of four metal pollutants to larval 

and juvenile stages of endangered Colorado squafish (Ptychocheilus lucius), bony tail 

(Gila elegaus) and rozor back sucker (Xyrauchen texanus). According to him (op. 

cit.) the rank order of toxicity (96h LC50) of the metals to all species and life slagcs 

from most toxic to least toxic was: Mercury (57-168 !-lg/l) > cadmium (78 - 168 

f1g11) > hexavalent chromium (32000 - 123000 Ilgll) > lead (> 170000 ~Lg/l). Zhou el , 

al. (1998) reported that when larvae of Fundulus heteroclitus were raised in 11 solution 

of MeHg with or without embryonic pre-exposure, the J-Ig conlent in larvae was 

positively related to exposure concentration and exposure time. 

I 

Experiments conducted during the recent years have shown that bcsidc~ 

insecticides, fungicides and fertqizers, heavy metallic ions including mercury arc also 

adversely affects the reproduction and fertility performance, of certain fisll species. 

Jagoe el ai. (1996) studied the gill Na\ K+ - ATPase activity in different sexes of 

large mouth bass (Mfcropte,.us sa/moides) from three reservoirs with different levels 

of mercury contamination. Reddy et· at. (1997) reported that in vivo mercury 

significantly inhibit the ovarian maturation in the red swamp cray fish, P!'ocambal'lI.\· 

clarkiL These workers (op.cit.) further suggested that the cadmium and mercury may 

exert inhibitory effects on the fish species by directly inhibiting protein synthesis in 
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the ovaries, inhibiting 5-I-Iydroxytryptamine, stimulating aSH release and prevcnling 

the ovaries from responding to this hormone. Zarski el al. (199/\,) invcsli gatee! the 

mercury distribution in the reproductive organs and muscles of breams and carps in 

different contaminated. waters. Walter et al. (1998) revealed that there was no 

statistical significance (p > 0.05) when attempting to correlate mcrcury conccntration 

with fish length OJ' weight for either sex in smelt (Oame1'us l11ordax) netted 11'0111 

Cayuga lake in central New York state. Chauopadhyay (2000) investigated the circeL 

of mercury and methyl parathion on the ovaries of Labeo rohila. He (op. cit.) has 

observed some abnormnlities like fall in State I: Stage II oocyte ratio and necrosis. 

Further, Friedmann et ai. (2002) studied the effects of mercury on gencral ami 

reproductive health of large mouth bass (lvlieroplerlls sal11loides), and l1lca~urcd 

variety of health and reproductive indicators in male individuals collected from three 

bodies of water in new Jersey. Whereas, Sind he et al. (2092) estimated the ovarian 

and hepatic protein, lipid and cholesterol contents in the fish Nolop(cru.l' l7o{opferlls 

exposed to heavy metals including mercury at sub leathal concentrations . 

. The metal's toxicity and their accumulation in the aquatic animals and r1sbcs 

may be enhanced by change in temperature. Vernberg and Vernberg (1972) reported 

that survival time of the adult fiddler crab, Uea pugilator was shortened by the 

addition of sublethal concentrations of mercury at certain salinity - temperature 

combinations. Jones (1973) noticed that low salinity and high temperature increases 

the mortality of the marine isopods, ldofea neglecter and I. emQf'gil1ClfCa, during 

mercury exposure. Whereas, Vernberg et al. (1973) revealed that mcrcu I'y i nCl'ctlscd 

the mortality of U puglIa/or larvae at high and low temperature - salinity extremes. 

Further low salinity and high temperature enhanced mercury's toxicily to larvae of 

crab, Uca ptlgilator. Nelson et at. (1976) studied the toxicity of 4 heavy metals La 

juvenile bay scallops, Argopecfen irradians during short-term exposlll'c. These 

authors (op. cit.) recorded th~ following order of toxicity: Silver> mcrcLll'Y > 

Cadmium> arsenic. Further, Nelson et at. (1977) also reported (haL loxicity or 
mercury at low concentrations was enhanced by high temperature and low salinity in 

juvenile bay scallops, Argopecten irradians. Ayfer and Jacob (1995) reporled thal at 

high temperature, accumulation of mercury was increased in kidney and livel", and 

decreased in gill of Cyprinlls carpio (L). John et al. (1996) investigated the rate 01' 

methylmercury uptake by fish yellow perch, Perea jlavescens in relation to scasonal 
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variation il~ environmental temperature, body Size, diet and prey availnhil ily. 

Mathieson et al. (1996) noticed that liver somatic index (LSI) was significantly higher 

and liver mercury concentration was significantly lower j,n summer than in other 

season in eel pout, Zoal'ces viviparus, Zarski et al. (1997a, b) suggested that the 

season of the year does not significantly affect the ,mercury concentration in the 

tissues and organs of breams (Abramis brama L.). Reed and Bodaly (1998) 

investigated tha1 orange lake was smaller, warmer, and had slower fish growth and 

higher mercury concentration in yearlings of yellow perch (Perea .l7cll'eSCeI1.1') and 

walleye (Stizostedion vitreum) than trout lake. 

It is well known that the toxicity of heavy metals in aquatk llnitmd is 

significantly changed with the change in water hardness. Pickering and Henderson 

(1966) recorded variations in LCSO's in soft and hard water [or the green sLlnJish, 

Lepomis cyanellus. Whereas, Takeda and Shimma (1977) have reported that dietary 

calcium reduced the toxicity of dietary zinc to rainbow trout. Further, Varanas i and 

Gmur (1978) have demonstrated that increased concentrations of calcium ei the!" in 

water or in the food reduces the lead (Pb) uptake from water in Oncorhynchus kislI(ch. 

Carroll et al. (1979) noticed that the calcium ion was the most effective component of 

hard water in protecting fish (Salvelil1us JOl1tinalis) against cadmium. Fl,lrt\)cr 

Calamari e/ al. (1980) found that fish exposed to cadmium responded differently 

depending upon the hardness of water to which they had previously been acclimated. 

Chrost and Pinko (1980) have suggested that fly ash comprising mainly CHiciul11 

sulphate, oxide and carbonate when applied to the soil of forest areas, red Lice::; the Icad 

and zinc concentration when it enters the water. Pascoe e( af. (1986) demonstrated, 

toxicity .tests with rainbow trout and confirmed that cadmium is less toxic in hard 

water (96h LCSO - 2.6 mg Cd/l) than soft water (96h LCSO - t.3 mg Cd/I). 
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3. MA TERIAL AND METHODS 

Bioassay Method: 

The basic routine bioassay method, which is widely applicable, constitute the 

simplest procedure. It is suitable for the detection and evaluation of acute toxicity and 

is not associated with excessive oxygen demand due to substances tllat are relatively 

stable and are not extremely volatile. The routine bjoassay method is so designed that 

surface absorption of oxygen from the atmosphere plus some oxygen fro111 the diluent 

generally provide an adequate amount of dissolved oxygen for the fish during the test 

period (APHA, 1989) .. 

Physico-Chemica~ Characteristics of Water: 

The dechlorinated soft and hard water were used at different temperature for 

the evaluation of mercury toxicity for selected fish species. These water were also 

subjected to analyse their physical and chemical characteristics such as I'lL 

temperature, conductivity, dissolved oxygen, total alkalinity, total hardness, frce 

carbon dioxide, nitrates (N03-N) and phosphates (P04-P). Standard methods were 

followed for the determination of these parameters (APHA, 1989 and AOAC, J 984). 

Toxicant Solution: 

To commence with the assays for mercury toxicity, a common stock solution 

was prepared by dissolving appropriate amount of reagent grade of mercury salt 

(HgS04) in 1.0, litre of de ionised diluent water. The diluent water was acidified by 

addition of 2-5 drops of 50 % hydrochloric acid for complete dissolution of mercury 

salt. The series of different concentrations of mercury (as microgram/litre) 

were prepared by adding the stock solution into the measured diluent water with the 

heJp of a micropipette. The series of concentrations of the mercury was based on the 

progressive bisection of intervals 011 a logarithmic scale(APHA, 1989 : Table 1). 
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Exposure System: 

Glass jars of 1 litre capacity and plastic tubs of 20 litre capacity were llsed I(.)r 

the evaluation of shott-term (96 h) toxicity for Poecilia reticu/afa and IncJiun major 

carps lingcrlings respectively (Photographs land 2). 

Biological Proced ure: 

Living specimens of mature Poecilia relictllata were collected frol11 the local 

sources (Photograph 3). They. were kept in cement cistern for culture and production 

of males, females and their juveniles. Whereas, fingerlings of Indian major carp, i.c. 

Calla catla, Labeo rohita and Cirrhinus mrigala were collected from Jais3manci [ish 

farm of Rajasthan Tribal Development Cooperative Federation Limited (RTADCF). 

Udaipur (Photograph 4) and were reared in glass aquaria. During rearing the 
I 

conventional food, i.e. rice bran and oilcake (l:l) was provided to lhe fishes. Bellm.: 

commencement of experiment, test fishes were first acclimatized for ten days in thc 

laboratory conditions similar to those under which the toxicity tests were performed. 

During the period of acclimatization, the fish.es were also fed with the same 

conventional feed. But during the course of bioassay tests, the fishes were noL 

provided any food to avoid excretory waste products and change in metabolic rale, 

which may influence the toxicity of the test solution. Healthy specimcns were 

selected for the bioassay tests. 

Length and Weight of Test Fish: 

In the present study average Icngth and wcight of tbe fishes were following: 

Test fish Lellgth(cll1) . Weight(gm) Photogl'Hph 
(No.) 

Poecilia reliclI/ata (Peters): 

Males 2.5 0.185 5lh 

Females 3.2 0.297 5lh 

Juveniles 1.5 0.030 Slh 

Mixed popUlation -do- -do-

Indian major carps: 

Calla calla (Ham.) 3.7 0.825 6111 

Labeo rohila (Ham.) 5,4 1.930 ill 

Cil'rhinus mrigala (Ham.) 5.8 2.352 SII1 



Water Sources: 

Diluent water of different hardness used in the bioassay test wctC collected 

from differellt sources during the course of study. The water of low hardness. i.e. 270 

mg/l was collected from the supply of Public IIealth and Enginccl'ing Department 

Udaipur, whereas the waler of high hardness, i.c. 560 mg/I was collectcd froll1 a bore 

well. 

Season of Exposure: 

Short-term (96 h) bioassay for the evaluation of mercury toxicity for POc.'ci/ia 

reficli/afa and fingerlings of Indian l11uj or carps were conducled at d i ITerc Ilt 

temperatures, i.e. 35°C (summer) and 16 °c (winter) in relation to eli f(crcnt water 

hardness. 

Behavioural Study: 

Any change in the behaviour of test fishes, pronounced symptoms of' 

intoxications and distress such as loss of equilibrium in the test fish were also 

recorded during the experimental period. 

Histopathological Study: 
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The treated fingerlings of Cirrhinus mrigala were carefully removed rrom a 

sublethal concentration of 240 )lg/l of mercury and sacrificed immediately. The 

samples' of gills, kidney and eye were excised carefully, washed in running water and 

fixed in 4% neutral formalin. The serial sections of 5-8 microns thickness were ellt 

and stained using eosin and Mayre's haematoxylin. The histopathological changes if 

any in tissues of treated fish were observed carefully. 

Preliminary or Screening Test: 

A preliminary exploratory'i inv~stigation with different concentrations of 

toxicant solution was conducted by maintaining higher concentration of toxicant in 

the beginning and later lower concentration were tt;lsted so as to discover the critical . " 

concentration range for the !ish. The test range for each bioassay shidy was taken 

between the highest. concentration and the lowest concentration at which most, if not 

all, of the test fishes died or survived within a specified period of exposure, i.c. 24,48. 

72 and 96h. 



Full Scale Tests: 

After preliminary examination, elaborate experiments for Poecilia relicu/a/ll 

(male, female, juveniles and mixed popUlation) and fingerlings of Indian major carps 

(catla, rohu and mrigal) were conducted to evaluate the toxicity of mercury which was 

measured by testing various concentrations in the range known by the prclimi nary 

exploratory test. 

The glass jars used for PoecWa reticulata (male. female, juvenile and mixed 

popUlation) were filled with one litre of toxicant solution. Whereas, plastic tubs used 

for fingerlings of catia, rohu and mrigal were filled with fifteen litre of toxicant 

solution. These experimental units were placed in three rows and cacll container was 

labelled with the details of the experiment such as concentration, name of fish, 

replicate number, date and time of the experiment (Photographs 1 and 2). The 

acclimatized fishes were transferred to these containers after about 20 minutes of the 

preparation of test solution. 

Ten test fishes were placed in each experimental container. Proper controls 

were run' simultaneously. The test solutions were renewed after evelY 24 h by fresh 

test solutions. The experiments were continued for a period of 96 h. The number or 
, 

fishes died in each concentration of toxicant solution were observed carefully and 

recorded at the intervals of 24, 48, 72 and 96 h. The dead fishes were removed from 

the test solution after knowing the exact mortality which was observed by theil' 

respiratory and other' body movements, either spontaneous or in reSP?llSC to mild 

mechanical stimulation by prodding the fish or gently pressing the tail with a smooth 

glass rod. The close' observatiops of the reactions of the fishes during first 4 10 24 h 

gave an indication of the nature of toxicant and served as a guide for further 

examination. 

Parameters Applied for Reporting the Data: 

(i) Median .lethal concentration (LC50):' 

The static bioassay tests were conducted to measure median lethal 

concentration (LC50). A concentration of toxicant at which 50 per cent of' the 

test fishes survive for a specified time exposure. The LCSO's were estimated 
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at different concentrations and time intervals (24, 48, 72 and 96 hours) for the 

mercury by probit analysis (Finney, 1971). 

(ii) 95 per cent confidence limits: 

The 95 per cent confidence limits, i,e, lower confidence limits (LCL) 

arid upper confidence limits and their ratios (R= UCL/LCL) for each LCSO 

were also calculated (Finney, 1971). The 95 per cent conJidcncc limils 

signifies the accuracy of the estimate that would be expected [rom replicate or 
the static bioassay carried out at the same time with exactly the same 

conditions. 

(iii) Relative sensitivities of test fishes: 

The relative sensitivities of the test fishes, i.e, PoeciUa reficlI/afll 

(male, female, juvenile and mixed popUlation) and fingerlings 0[' IMe (calln. 

rohu and mrig~J) based on LC50's of mercury have also been csti matcd, 

(iv) Safe or harmless concentrations: 

Presumable safe or harmless concentrations of the mel'clIry in short 

term toxicity test for the test fishes, Le, Poecilia ret;clIlafa (male, lCl1lulL:. 

juvenile and mixed population) and fingerlings of IMC (catla, rohu and 

mrigal) were calculated by using the following formula of Hart e{ al. (1945). 

C =; (48 hours LC50 X O,3)/S2 

24 hour LC50 
= -------------48 hour LC50 

Where S2 

(C is the harmless concentration and S represents sare disehnrgeablc 

concentration) 

(v) . Statistical analyses: 

The LC50 values for all the test fishes were also tested between 

different water hardness and temperature for cocflicicnt or 
correlation(r) at 1% and 5% levels (Sned~or and Cochran, 1980). 

L. 
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Table 1 : Guide to the selection of test concentrations based 011 a logarithmic 

scale. * 
.. _------_"_ 

Test concentrations in mg/l, mg/g, or percent 

Column 1 Colul1m 2 Column 3 Column 4 Column 5 

10.0 

8.7 

7.5 

6.5 

5.6 

4.9 

4.2 

3.7 

3.2 

2.8 

2.4 

2.1 

1.8 

1.55 

1.35 

1.15 

1.0 
. 

Reprodl\C~d from APHA (1989) 



Photograph 1 : Showing the battery of glass jar of 1 litre capacity for 
the short-term (96h) experiment conducted tor 
PoeciJIa retlculata [male, female, juvenile and 
mixed population] 

Photograph 2: Showing the battery of plastiC tubs of 20 litre 
capacity for the short-term(96h) experiment 
conducted tor the finger I ings of IndIan major carp 
[catla, rohu andmrigal). 



Photograph 3: Showing the catch of mature Poecllia · retlculata 
collected from local ponds. 

Photograph 4: Showing the catch of fingerlings of Indian major 
carps (catlo, rohu and mrigal) col lected from the 
nursery pond at Jaisamand fish farm of RTADCF, 
Udaipur. 



Line diagram of ma]e (a) and fema]e (b) of Poecilia reticulata 



Female Male Juvenile 

Photograph 5: Showing the test specimens of female, mole & 
juvenile of Pose/lio reticulato used in the short-term 
static bioassay (96h) for the evaluation of mercury 
toxic ity, 





Photograph 8: Showing the test specimens of the fingerlings of 
mrigal used In short-term static bioassay (96h] for the 
evaluation of mercury toxicity. 



Chapt~r - 4 



4. RESULTS 

Physico-chemical Characteristics of the Water: 

Physio-chemical characteristics of the diluent water of different hardness, i.c. 

270 and 560 mg/l used for the determination of mercury toxicity for Poecilia 

reticulata (male, female, juvenile and collective) and fingerlings ofIndian major carp 

(catIa, rohu and rnrigal) at two temperatures, i.e. 35 and 16 tiC have been summarized 

in table 1. Characteristics of the diluent water revealed that the same are standard one 

as in natural conditions it did not contain any toxic substances. However, few 

changes have been observed in the quality of water at two temperatures were mainly , 
dissolved oxygen, total alkalinity, electrical conductivity and hardness. 

Concentrations of Mercury Used in Bioassay: 

The test range of mercury concentrations selected for the study of slatic 

bioassay was based on the results of the preliminary or screening tests. Variations in 

the ranges of mercury concentration were observed with the change in water hardness 

and temperature. The concentrations of mercury (as ~gll) used for the evaluation of 

short-term (96h) toxicity with different water hardness and temperature for Poecilia 

reticulata and Indian major carps have been presented in table 2. 

Measurement of Acute Toxicity: 

Change in acute toxicity in relation to seasonal variation is mainly due to 

change in water hardness and temperature. Short-term static bioassays for Poe cilia 

reticulata (male, female, juvenile and mixed population) and fingerlings of Indian 

major carp (catia, rohu and mrigal) have been conducted to evaluate the toxicity of 

mercury ions in relation to water hardness and temperature. The per cent mortality of 

the test fishes with different test concentrations of mercury ions for the duration of 24, 

48, 72 and 96 hours have been summarized in Appendix-l (table 1 to 28). 



Median Lethal Concentrations (LC50): 

LCSO is the concentration of toxicant at which 50 per cent or the tcst animals 

are able to survive for a specified period of exposure. '''The LC50 is merely a 

convenient reference point of expressing the acute lethal toxicity of a given poll LltHot 

to the average or typical fish" (Sprague, ] 973). The LG50 values ['or mercury loxit:i ty 

on varying water hardness and temperatures were computed by Probit analysis 
, 

(Finney, 1971). 

The bioassay study revealed that mercury ions were highly toxiC no! only to 

the Poecilia I'eficu/afa (male, female and juvenile) but also to the fingcrli ngs or Indian 

major carp. The LCSO values for 24, 48, 72 and 96 hours for these test fishes were 

observed in micrograms/litre (tables 3 to 9 ; Fig. 5), 

LC50's for Poecilia reticulata: 

Male: 

The LC50's of mercury for the male of Poecilia reticula/a for different lil11C 

inlervals of 24,48,72 and 96h have been sllmmarized in table 3. The LC5(]'s 

were found to change significantly with change in water hardness lind 

lcmperature. The 24, 48, 72 and 96h LCSO's to male for mercury ions were 

observed as 91.422, 80.442, 71.555 and 69.080 ~lg Hg/l respectively \vith n 

water hardness of 270 mg/l at a temperaturc of 35°C. These valuc~ were 

considerably increased at a low temperature of 16°C with the same water 

hardness of 270 mg/l. Herein the LC50's of males for mercury ions wen: 

recorded as 267.101, 254.623,232.115 and 216.184 ~tg JIg/I for 24, 48,72 and 

96h respectively. 

The LC50's OJ male for mercury iOI1S were further enhanced with an increase 

in water hardness. The 24, 48, 72 and 96h LC50's of male for mercury with a 

water hardness of 560 mg/l were noticed as 106.957, 94.363, 86.643 and 

78.727 ~lg lIg/1 respectively at a lemperature of 35°C (table 3). Whereas, Lhe 

LC50's of male for mercury ions with a water hardness of' 560 Il1g/1 at II 

temperature of 16°C were recorded highest as 'compared to LC50's with n 

water hardness of 560 IUg/l at a temperature of 35°C and watcl' hardness or 



270 mg/l al both the temperatures, i.e. 35 and 16(1C. Herein the U_'50's of' 
f 

male for mercury were recorded as 297.906, 279.011, 257.975 and 23 1.643 ~Lg 

I-Jgll for the time intervals of 24.48, 72 and 96h respectively. 

Female: 

LCSO values of mercury fo), female of Poecilia ret iculata for di n~r~nt lime 

intervals of 24, 48, 72 and 96 h have been summarized in table 4. The LC 50's 

shows that female is less susceptible to mercury ions as compared lo lhal 0 I' 

male. Further, LC50 values were also found to change with the change in 

water hardness and temperature. The 24, 48, 72 and 96h LC50 values for 

mercury ions to female were recorded as 124.184, 118.277, 105.930 and 

86.262 j.lg Hg/l respectively with a water hardness of 270 I11g/1 at a 

temperature of 3SoC. The LC50 values of mercury for female were incrcas\:d 

about two times with the same water hardness of 270 mg/l at a low 

temperature of 16°C. The LC50's for mercury to fcmale werc found 279.335. 

258.705, 240.775 and 218.775 ~g Hg/l for 24, 48, 72 and 96h exposure 

respectively. The LC50's of mercury for female were also increased [IS in case 

of male with the increase in water hardness. The 24,48, 72 and 96h LC50's of 

mercury for female with a water hardness of 560 mg/l and at a tcmpcl'aturc or 
35°C were noticed as 190.494, 172.163, 144.734 and 124.739 pg llg/l 

respectively. 

The LC50's of mercury for female with a water hardness of 560 mg/l at a 

temperature of 16°C were further increased in comparison to LC50's with 

water hardness of 560 mg/l at a temperature of 35uC and with waleI' hardness 

of 270 mg/l at both the temperatures, i.e. 35 and 16(lC. The 24,48,72 and 96 

h values of mercury for female were recorded as 343.547, 304.134, 267.597 
, I 

and 247.278' j.lg Hg/l respectively with water hardness of 560 mg/l at u 

temperature of 16°C. 

Juvenile: . 

In general juveniles of Poecilia reticulata were found sensitive to l11crcl1l'Y 

ion's as compared to that of adults, Le. male and female with both water 

hardness and temperatures. The 24, 48, 72 and 96 h LC50's of mercury {'Ol' 



juvenile of Poecilia reliculata have been presented in table S. The lowesl 

LCSO values for juvenile were recorded as 73.578, 60.261,55.107 and 46. J 81 

~tg Hg/l for the duration of 24, 48, 72 and 96h respectivcly with a walcl' 

hardness of 270 mg/l at a temperature of 35°C. The LCSO values increased 

approximately two times at a temperature of 16°C with tile same waler 

hardness of 270 mg/l. Herein the LC50's for juvenile were observed as 

128.535, 122.280, 113,706 and 93,464 ~tg Hg/l for 24, 48, 72 and 9611 

respectively. The LCSO's of mercury for juvenile were also increased with the 

increase in water hardness, i.e. 560 mg/l at both the temperatures. The 24. 48. 

72 and 96h LC50's for juvenile with a water hardness of 560 I1lg/l at a 

temperature of 35°C were noticed as 80.717, 74.807, 68.878 and 61.200 ~tg 

Hg/l respectively. Whereas the LC50's for juvenile with the same water 

hardness, i.e. 560 mg/\ at a temperature of 16°C were found 143.922. 131.609. 

125.958 and 11~.721 ~lg HglJ for 24, 48, 72 and 96h respectively. 

Mixed Population: 

The LC50 value of mercury for mixed population of Poecilia reticulafa for 

different time intervals of 24, 48, 72 and 96h have been depictcd in tab Ie 6. 

The 24, 48, 72 and 96 h LC50's to mixed population were observed as 91.72 J , 

78.884,69.183 and 59.535 ~lg Hg/I respectively with a water hardness 01'270 

mg/1 at a temperature of 35°C, whereas the LC50's of mercury ions fol' mixed 

population were noticed as 193.802,176.950,167.169 and 146.916 ~Lg 11g/J 

for 24, 48, 72 and 96h respectively with the same watcr hardness at a 

temperature of ] 6°C. The 24, 48. 72 and 96h LC50's [or mixed population 

with a water hardness of 560 mg/l at a tempe~aturc of 3S()C were ('ollild as 

106.844, l03.891, 95.303 and 83.918 ~tg Hg/l respectively. IIowever, these 

values at the same water hardness of 560 mg/l at a temperature of 1611C were 

recorded as 217.611, 200.425, 180.175 and 167.861 f-tg lIg/l for tbe Lil11e 

intcrvals 0[24, 48, 72 and 96 h respectively. 
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LC50's for" the fingerlings of Indian major carp: 

Calla calla: 

The 24, 48. 72 and 96h LeSO's of merc~lry ions for the fingerlings 01' c,llia 

have been summarized in table 7. The l1ngcrlings of catla were round most 

sensitive in comparison to the fingerlings of rohu and I11rigal as revealed frolll 

the lower values of LCSO, Further, variations in LC50 were also l(lUnd with 

the change in water hardness and temperature. The 2( 48, 72 and 96 h LC 50's 

for catla were observed as 59.969, 52.904, 46,921 and 43.922 ~Lg [Ig/I 

respectively with a water hardness of 270 mg/l at a temperature or 35'\'. 

These Leso values were also increased at a low temperature or IGoC with the . 
same water hardness of 270 mg/l. Here the LC50's of mercury ions rot' entia 

fingerlings were observed as 83,288, 69,696, 60.677 and 52.755 ~Lg llg/1 1'01' 

24, 48, 72 and 96 h respectively. 

The LC50's of mercury ions for catla fingerlings were also increased with the 

increase in water hardness. The 24, 48, 72 and 96h LCSO's of catla lillgerl ings 

with a water hardness of 560 mg/l at a temperature of 35 0(' were observed as 

75.578,60.261,57.418 and 47.707 ~lg Hg/l respectively. Whereas ['C50':; or 
mercury ions for catIa fingerlings with a water hardness of 560 mg/I at a 

temperature of 16°C were recorded as 107.816,91.357,77.869 and 72.729 ~lg 

I-Jg/I for 24, 48, 72 and 96h respectively. Interestingly, thc LCSO vulues or 
mercury iOlls for catla fingerlings with' a watcr hardness of 560 111 gil at. l\ 

temperature of 16°C were noticed highest as compared to LCSO values 

recorded with different water hardness and temperatllres. 

Labeo rollila: 

The 24, 48, 72 and 96h LCSO valucs of mercury for fingerlings oj'rohu have 

becn presented in table 8. In comparison to catla, fingerlings oj' rohu were 

found less sensitive as rcvealed from the higher LC50 valucs, The 24. 48, 72 

and 96h LCSO's for mereUlY ions to fingerlings of rohu were found as 2H9.4 70, 

261.493,218.239 und 194.612 ~lg Hg/l respectively with a waleI' hardness or 
270 mg/l at a temperature of 3SoC. The values of LC50 of I11CrcUlY for lhese 

fingerlings were found to increase at a tcmpC[e;\turc of 1611C wilh l\1(! SUI11C 

water hardness of 270 mg/l. These values WC['C 297.822, 283.247, 273,()(lh . 
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and 288.157 ~lg hg/l for 24, 48, 72 and 96h respectively. The <.latu also 

indicate that LC50 values of mercury Cor the [ingcrlil1g~ or rohu wcre l'urlilL'l' 

increased with thc increase in water hardness. The 24,48, 72 and 9611 1.('50's 

1'01' mcrcury to fingerlings of rohu with a water harclllc~s oj' 560 mgtl at ,1 

temperature of ~5°C were noticed as 293.130,267.714,250.347 and 222.0(Jt) 

~g JIg/I respectively. Whereas, LC50's of mercLlry ions 1'01' these !lngerl ings 

with a water hardness of 560 mg/l at a temperature of 16!lC were recorded as 

343.459,318.939,294.371 and 278.347 ~lg Hg/1 for the durations or 24,48, T2 

and 96h respectively. 

Cirrhinus mrigala: 

The LC50 values of mercury for the fingerlings of mrigal huve been prcscntcd 

in table 9. The LC50's for the fingerlings of mrigal for 24, 48, 72 a III I ()() h 

were noticed as 342.164, 306.050,283.530 and 268.141 ~Lg JTg/l respectively . 
with a water hardness or 270 mg/l at a temperature or 35\)('. Noticeable 

changes in LC50 value were also recorded with the variation in waler hardness 

ami temperature.The LC50's for the fingerlings of mriga1 were ohserved as 

.392.569,.358.341,341.174 and 308.456 ~lgHg/l for 24AR.72 al1d %11 

respectively with the same water hardness i.e. 270 mg/l at a tcmpcl'fJLure oj' 

16°C. 

The LC50 valucs of mercury for the fingerlings of mrigal \verc rlll'thcr 

increased with the increase in water hardness. The 24, 48, 72 ami 96h r ,( ':')()'s 

werc observed as 378.826, 347.083, 304.405 and 281.449 ~lg 1 [gil respectivcly 

with a water hardness of 560 mg/l at a temperature of 35°C. Whereas. the 

LC50's or mercury for the fingerlings of mrigal with a waleI' hardness or 5(>() 

mg/l at a temperature of 16°C were recorded as 453.363,383.142,342.601 alld 

312. 909 ~lg Hg/l [or the time intervals of 24, 48, 72 and 96h respectivciy. Tl1e 

LC50 values of mercury showed that the fingerlings of mriga\ were more 

hardy in comparison to fingerlings or catla and rohu. 

Relative Sensitivities of test fishes: 
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The relative sensitivities or the test fishes based on LC5()'s or mcrcllry 11[1\'(: 

also been cstirnated (Appendix 2; Table 1 to 8). 'l'he results show~d rO\\I.)\\iing. \1'I':\1\.\ 

of relative sensi tivity for mercury ions to Poecilia rei iculala : juvl..:ni lc>mak> Icml1 Ie 



(Fig.5) .. The relative sensitivity of mixed population of Poecilia reacu/cr(c/, however. , 
showed sometimes nearly equal to male and juvenile. Whereas, among the 

fingerlings of Indian major carp, following trend of relative sensitivity ror mercury 

was recorded: CatJa>rohu>mrigal (Fig. 5). 

The relative sensitivity of test fishes was also studied in between din~n.:nt 

factors (Appendix 2; Table 5 to 8). All the test fishes were found more sensitive nl 

high temperature and low water hardness as compared to low temperature and high 

water hardness as revealed from 24, 48, 72 and 96 h LC50 values. However. among 

the same water hardness, all test fishes were found more sensitive at high tcmperaturc. 

95 pCI' cent Confidcnce Limits & Theil' Ratios: 

The 95 per cent confidence limits, i.e. lower confidence limit (LCL) amluppcr 

confidence limit (UCL) for LC50 values were also estimated for different periods of 

24, 48, 72 and 96 hours (Tables 10 to 17). From (he upper and lower confidence 

limits, ratio of confidence limits (R = UCLILCL) were also calculated, whkh signify 
I 

the test, i:e. smaller the ratio or smaller the spread between the 95 per cent conllc1encc 

limits, the better the test. 

Poecilia reticlilata: 

The ratios of confidence limits, Le. upper and lower confidence lilllits luI' 

median lethal concentrations of mercury ions for Poecilia reticutala (male, female. 

juvenile and mixed population) were ranged in between ] .309 to 1.608; 1.282 tt) 

1.834; 1.236 to 1.900; and 1.235 to 1.965 for 24, 48,72 and 96h respectively with both 

the water hardness and temperature (Table 10 to13), signify the better pcr[on~lancc 0[' 

the bioassay test. However, insignificant higher ratio of confidence limit! i.e. 12.080. 

may be due to sensitivity variation of juvenile during 24h exposure. Slightly higi1(!r 
, 

ratios of confidence limits, i.e. 2.718 and 2.295 were also indicated sensitivity 

variation to mixed population of Poe cilia reticulata during 72 and 96h respectively 

with a water hardness of270 mg/I at a temperature of3SoC. 

Similarly, higher ratios of confidence limits, Le. 2,031 and 2.193 rOl' ICl11ak 

and juvenile during 48 and 96h respectively were also recorded with a waler hardness 

of 560 mg/l'at a temperature of35°C. 
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Indian major carp: 

The ratios of confidence limits, i.e. upper and lower confidence limits rOJ" 

median lethal concentrations of mercury for the fingerlings of Indian major carp 

(catJa, rohu and mrigai) were ranged in between 1.244 to 1.607; 1.241 to 1.646; 1.200 

to 1.643; and 1.238 to 1.605 for 24, 48, 72 and 96 h respectively with both the water 

hardness and temperature (Table 14 to 17) also signify the betterness of the bioassay 

test. However, higher ratios of confidence limits, i.e. 2.221 and 2.229 were indicated 

sensitivity variation of the fingerlings of calla and mrigal to mercury ions during 2411 

of exposure with a water hardness 0[270 mgll at a temperature of 3SoC. 

The higher ratios of confidence limits, i.e. 3.469 and 2.264 were also indicated 

sensitivity variation of the fingerlings of catla during 24 and 96h re~pectivcJy to 

mercury with the same water hardness, i.e. 270 mg/l at a temperature of l6°C. 

Further, insignificant ratio of confidence limit, i.e. 12.08 WIth a water hardness of 560 

mg/l at a temperature of 35°C was also observed for the fingerlings of catla. Slightly 

higher ratios of confidence limits, ie. 2.483 and 2.872 were also observed during 48 

and 72h respectively with a water hardness of 560 mg/l at a temperature of 16°C. 

Safe Concentrations: 

The' presumable safe or harmless concentrations of mercury ions [or lhe lest 

fishes were also determined at both the water hardness and temperature (Table 18). 

The safe concentrations of mercury for Pace ilia re/.icu/ala were ranged in betwc.eLl 

18.692 to 73.423 IlgHg/1 for male; 32.257 to 71.56 ~lgHgil for female; 12.133 to 

33.228 for juvenile and 17.516 to 51.042 f.lgHg/1 for mixed population. Whereas, sale 

concentrations. of mercury for the fingerlings of Indian major carps were ranged in 

between 12.133 to 19.689 Ilg1-1gl1 for catla; 64.039 to 82.555 ~lgHg/l [or rohu~ unci 

73.510 to 89.585 IlgHgil for mrigal. 

Coefficient of correlation (r): 

The LC50 values for all the test fishes, i.e. Paecilia ret;culata (male, female, 

juvenile and mixed population) and fingerlings of Indian major carp (catla, rohll and 

mrigal) were also tested between different water hardness and temperature [or 

coefficient of correlation (r) at 1% and 5% levels. (See Appendix -3 ; Table-l). 

Significant positive correlations indicate uniform behaviour of different fishes in 

different water hardness and temperature. 
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Behavioural changes: 

Behavioural and morphological changes of the test fishes, i,e, Poeci/;a 

reficulata (male, female and juvenile) and Indian major carp (caUa, rohu and llll'igai) 

wcre also recordcd in response to different conccntrations ofmcrcury, waleI' hardness 
, 

and temperatures. These studies were helpful in finding out the nature and effect or 
mercury ions on the test specimens directly or indirectly. Remarkable challgl!s III 

• I 

behaviour of the test fishes have been summarized in table 19 & 20. 

Histopathological changes resulting from bioassay of mercury ions: 

Gill, kidney and eye of the fingerlings of Cirrilinlls IIltiga/a exposed to <1 

sublethal concentration of 240 ~lg/l of mercury for a period or 9Gh wilh a \valer 

hardness o~ 270 mg/I at a temperature of 3SoC were also studied for histopathological 

changes (Figs 1-4). 

The sublethal concentration of 240 ~lgll of mercui·y brought about marked 

changes in the gill structure of the fingerlings of mrigaJ (Figs 1 & 2). The gill 

filaments showed severe pathological changes in the di'stal region as compared lo that 

of middle region. The secondary lamellae as a whole, including the Oanges of the , 

pillar cells have been fused togather forming large spherical structure in the distal 

region of the gill filaments. The fusion was of the highest order and no distinction 

could be made among pillar cells, epithelial cells, blood cells and mucolls cells in 

such region (Fig. 2). The blood cells were also found accumulate in these spherical 

structure. No apparent pathological changes were noticed in the proximal region of' 

lhe gill filaments. 

Kidney of the fingerlings of mrigal exposed to a sublethal concentration or 
240 ~Lg/I of mercury revealed various histopathological changcs (Fig.3), The most 

remarkable histopathological change observed was the expansions of the renal ttl bulc 

to sllch an exlent that it covers the area of the lumen. Further, the cells lining the 

lumen also ruptured causing tubular necrosis. In lumen of the renal tubules cellular 

debds was also noticed. At places the glomeruli found engol'sed with blood. The 

haemopoitic tissue of the renal interstitium was also considerably reduced and 

degenerated, 

The cye or the fingerlings of mrigal subjected to a sublethal concentration 01' 

240 ~lg/I of mcrcury ions also revealed lesions in the periorbital tissue (FigA), The 
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choroids tissue showed considerable exudation by inl1ammatory cellular infiltration 0 r 
tbe periorbital tissue. Whereas remarkable degeneration was seen ill oclicJl1ntotis 

tissue or adjacent sclera of the periorbital tissue (Fig.4). 



Table-1 : Physi«;o - chemical characteristics of the different diluent Wllter used ill 
short-term toxicity tests for mercury 

~--~-- .. -- .. 

Average vnlucs 
Characteristics 

Summer Wint CI' 

Water temperature (DC) .. 35 35 16 16 

Dissolv~d oxygen (l11g/1) 5.0 5.0 7 6,5 

pH 8.5 8.6 8.0 8.2 

Free carbondioxide (mg/l) Nil Nil Nil Nil 

Total alkalinity (mg/I) 700 810 560 715 

Total Hardness (mg/l) 270 560 270 560 

Electric conductivity (Il mhos/em) 830 820 835 830 

Nitrates N03-N (mgtl) l.61 1.69 1.57 1.61 

Phosphates P04~P (111g/l) 0.04 0.05 0.03· 0,05 

35 



Table - 2 : Concentrations of mercury ( as ).lg/l) used in the 96h static bioassays 
with water hardness of 270 and 560 mg!1 and at temperatures 35 and 
16°C for Poecilia I'eticilfata and fingerlings of Inuian ma,jor cm"p, 

------------_ ,-
Temperature 35°C 16°C 

- '-.,--

Water hardness 270 mgtl 560 mg/I 270 mgtl 560 Illg(~ __ 
Hg (J.tg/l) Hg (J.tg/l) Hg (~tg/I) _1-1 g__(l~gJ!)_ 

Poecili(l reticulata: 
Male 100 115 280 320 

87 100 240 280 
75 87 210 240 
65 75 180 210 
56 65 155 110 

, 00 00 00 00 
-,-----~.-

Female 135 210 280 370 
115 180 240 320 
100 155 210 280 
87 135 180 240 
75 115 155 210 
00 00 00 00 

-.~ ... ----.~-~-~. 

Juvenile 7S 87 135 155 
65 75 II S 135 
56 6S 100 115 
49 56 87 100 
42 49 75 87 , 
00 00 00 DO 

---~.--.-----.~ 

Mix~d population 100 1 15 210 240 
87 100 1.80 210 
75 87 155 180 
65 75 135 155 
56 65 115 135 
00 00 00 00 

Indian Major Cal'p: 
. Calla , 65 75 87 115 

56 65 7S 100 
49 56 65 87 
42 49 56 75 
37 42 49 65 
00 00 00 00 

~ .-----,~--.-.-

Rohu 320 320 320 370 
280 280 280 320 
240 240 240 280 
210 210 210 240 
180 180 180 210 
00 00 00 00 -- - ,~"--.-- .-~--. 

.. -__ . 

Mrigal 370 420 420 490 
320 370 370 420 
280 320 320 370 
240 280 280 320 
210 240 240 280 
00 00 00 00 ------. ---_.-- - -_-" --.... 
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Fig. 1: Photomicrograph of the section of gill filament of Cirrhlnus mrlgala 
fingerlings treated with a sublethal concentration of 240,ugl1 of mercury for 
96h. [X-70). PGL-Primary gill lamellae showing degeneration In the middle 
and distal region. 

Fig. 2: Photomicrograph of the section of d istal region of the gill filament of Clrrhinus 
mrigala fingerlings treated with a sublethal concentration of 240 J.lg/l of 
mercury for 96h. (X-700) SS- Spherical structure showing complete 
degeneration and fusion of pillar cells, epltheBal cells. mucous producing 
gland cells and blood cells In the secondary gill lamellae (SGL), Arrows 
Indicate blood cells accumulated inside the spherical structure 



Fig. 3: Photomicrograph of the section of kidney of Clrrh/nus mrlgala fingerlings 
treated with a sublethal concentration of 240 /J.gll of mercury for 96h (X-
700) RT- Renal tubule expanded, Arrows- indicate necrosis In epithelial lining 
the lumen, GL- Degeneration in the glomerulus, IT- Degeneration In institium 
tissue. 

Fig. 4: Photomicrograph of the section of periorbital region of the eye of Clrrh/nus 
mrlgala fingerl ings treated with a sublethal concentration of 240 j.1gll of 
mercury for 96h.IX-700) EC- Exudated choroid region, Arrows - Degenerated 
oedematous tissue or adjacent sclera. 
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5. DISCUSSION 

In the present study short-term (96h) toxicity of mercury ions in relation to 

different water hardness and temperature has been evaluated for Poe cilia reticulata 

(Peters) and fingerlings of Indian major carp, i.e. catla, rohu and mrigal. Results of 

the toxicity test were expressed as median lethal concentration (LC50), 95 per cent 

confidence limits and their ratios, relative sensitivity between different biological and 

physical factors, and presumable safe concentration. Besides these behavioural and 

histopathological studies have also been made in the test fishes in response to mercury 

ions. The median lethal concentration is widely used for measuring the acute toxicity 

as they are more reproducible in comparison to other values (Pickering and 

Henderson, 1966). From the results following observations have been made: 

1. The magnitude of mer,cury toxicity was found high to Poecilia reticulata 

(male, female, juvenile and mixed population) and fingerlings of Indian major 

carp (catla, rohu and mrigal) as revealed frornLC50 values. 

2. However, significant difference in LC50 values for mercury ions was 

observed in test fishes. 

3. Further, LCSO values for each test fish were changed with the change in water 

hardness and temperature. 

4. The order of sensitivity for Poe cilia reticulata to mercury ions was reeored as 

juvenile> male> female. 

5. Whereas, order of sensitivity for the fingerlings of indian major carp to 

mercury ions was observed as: catla> rohu > mrigal. 

6. Significa.nt variations in presumable safe or harmless concentrations for 

mercury ions were also noticed for Poecilia reticulata (male, female, juvenile 

and mixed popula.tion) and fmgerlings of Indian major carp (catla., rohu and 

mrigal). 

7. Test specimens were a.lso showed abnorma.l beha.viour and histopa.thological 

lesions in selected tissues in response to mercury ions. 

The results of LC50 values in the present study are based on the nominal 

concentrations of mercury ions showed that it is relatively more toxic in wa.ter of low 
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hardness at higher temperature as compared to that of water of high hardness at both 

the temperature. 

The 96h LC50 of mercury with water hardness of 560 I11g/1 at a temperature or 
16°C for Poeciiia reficu/ata, i.e. male, female juvenile and mixed population has hccn 

recorded maximum, i.e. 231.643, 247.278,113.721 and 167.861 ~lg JIg/l respectively. 

However for the fingerlings of indian major carp, i.e. eatla, rohu and I11rigal, it was 

72.729, 278.347 and 312.909 ~lg J-Ig/I respectively. These 96h LC50 values or 
mercury for sueh fishes were considerably higher than those reported for Rosh()/'(/ 

danicol1hls (LC50-0.08 mg Hg/I; Gupta and Rajbanshi, 1995), NOlemigolllls 

c,ysoleuces and Gambusia affinis (LC50 - 16.75 and 52.62 ~lg I-Igli respectively: 

Mccrary and Heagler, 1997). However 96h LC50 values of mercury with \vatcr 

hardness of 270 mg/l at a temperature of 35°C for Poecilia reticula{{f, i.e. male. 

female, juvenile and mixed population have been found minimum. i.c. 69.080. 

86.262, 46.181 and 59.535 ~gHg/1 respectively. For fingerlings of Indian major carp. 

i.e. catla, rohu and mrigal, these minimum LC50 values were: 43.922, 194.612 and 

268.141 ~lg Hg/l respectively. Similar trend of 96h LC50 values of' copper j()[O 

iieleropnellstes Jossilis has been recorded by Gupta and Rajbanshi (1995). Gupta and 

Rajbanshi (op. cit.) have also observed maximum LC50's (l0.49 mg Cull) in l11ay 

(lemp. 31.3 ± 1.5°C), and minimum LC50 (9.44 mg Cull) in November (temperature 

22 ± 1°C). It is interesting to note that 96h Le50 values of mercury with both the 

water hardness were lower as compared to that of cadmium ions in hard waleI' : 

fathead minnow (0.56 - 1.01 mg Cdil ; Pickering and Henderson, 1965); Fundull/s 

heferocli(l(s (Voyer,' 1975; Dorfh1an, 1977), fleteropneustes fossUis and ('hCl/mll 

puncta/tis (14.60 - 20.60 nig/l and 6.81 - 7.40 mg/l; Gupta and RajbanshL 199\ )and 

rainbow lrout (96h LeSO - 2.6 mgll; Pascoe e( al., 1986). ' 

Buill (1997) studied the toxic effects of four metals, viz. mercury, cadmium. 

hexavalent chromium and lead to larvae and juvenile stages of endangered colarac1o 

squafish (Plychocheilus eucius), bony tail (Gila elegans) and razor hack Slicker 

(Xyrouchen texollus). I-Ie (op. cit.) found that larvae of each species were as sensi live 

or more sensitive than juvenile to cadmium, hexavalent chromium and mercury ions. 

Further Sukllovaskaya et al. (2001) observed that male ?f perch arc more sensitive 

than female to elevated mercury concentratIons during chronic exposure. Weir and 
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Walter (1976) found that immature (Physa gyrina) were three times more sensitive 

than mature one to cadmium, Results of the presenl study also showed similar trend 

of relative sensitivity for mercury ions to Poecilia reliculclla : jllvcnik > malt.: :

female, Whereas, among the fungerlings of Indian major carp, follo'vving trend or 
relative sensitivity for mercury ions was recorded : catIa > rohu > mrigaL Buhl 

(1997) also compared the results for juvenile of colarado squa fish, bony tai I and rat,or 

back sucker with toxicity values reported for other freshwater fishes and round tlwt 

their sensitivily to hexavalent chromium and mercury is similar to that of other 

cyprinids. Organism physiology may play an important role in organism sensitivities 

to mercury ions, According to Pickering and Fowler (1986), Fowler (1087), Olsson 

and Haux (1986), metal - binding protiens (e.g. metallothiollcins) act Us sinks llr 

sequester metals such as zinc, copper, cadmium an.d mercury in organism liss\.Ics. 

Further, LUoma (1983) suggested that the quantity of metal transferred into biological 

tissues is inl1uenced by both the physiological stale of the organism and by biological 

factors involved in metal metabolism. 

In tile present study alteratioqs ill the behaviour of the test fishes such as 

abnormal behaviour, change in colour of the skin and mortality have been lIsed [IS 

parameters to assess the toxicity of mercury ions. In higher concentrations or 
mercury, male of Poecilia reticula/a moved laterally side by side in the container ut 

the time oX loss of equilibrium. Whereas female was rubbing th~ir body with 

container. However, juvenile showed rolling movement at the timc of loss of 

equilibrium. At the time of death, male showcd no change in body shupe, whereas the 

body of female and juvenile become arc shaped at the time of death. Gunstroll1 (1973 

cited in : Weis and Weis, 1977) reported loss of eq~lilibrium in coho salmon with 

abnormal behaviour including curling up of the test specimen exposed to lend. 

Whereas, Weis and Weis (1977a) reported a condition in which fry remained in the 

curled up embryonic position in lead treated fundulus heteroclitus. 

Eaton (1974) and Benoit (1976) have observed following chunges in 

behaviour; uncontrolled swimming movement, convulsions, loss of equilibrium and 

apparent coma in cadmium-exposed blue gills, Similar results were observed by 

Cearley (1971) in the bass and blue gills exposed to cadmium amI silver. whereas 

Gupta and Rajbanshi (1991) reported that HelerojJneus/es fbssilis exposed to 



cadmium ions were laid down laterally on the bottom at the time or loss lll' 

equilibrium and death; 

In prescnt study behaviour of the fingcrlings of Indian major carp was alst) 
, 

altered when they were introduced to higher concentrations of mercury. Calla shmvecl 

loss of equilibrium and lies laterally with fast opercular n~ovel11cnl. Further. colour or 
the skin also changed to yellowish in the belly region at the time of death. Whereas 

rohu lies laterally and moved side by side, but mrigal stood in slanting position ,,,,iill 

decrease is opercular movement. Mrigal also showed swellings in the abdominal 

region, at the time of death. Gupta and Rajbanshi (1991) have also observed slanling 

position, decrease in opercular movement and loss of equilibrium in f1efC1'oj7I1L'IISfL'S 

fossilis treated with copper ions. Further, Gupta and Rajba'llshi (op. cit.) reported thal 

when Heteropneustes fossilis exposed to cadmium ions, colour of skin was changed 

from reddish to white in the belly region, and at the time of loss of equilibrium laid 

dow~ on the bottom in the shape of ' , 'with less opercular movement. MacLeod and . 
Pessah (1973) noticed visible signs of mercury poisoning in rainbow trout SCi/nlO 

gairJllel'i such as loss of equilibrium, frequent surfacing and sinking and periodic 

bursts of erratic swimming. 

Weis and Weis (1977a) studied the behaviour in lead treated killinsh. These 

authors (op. cit.) observed that killifish, treated with lead exhibited lordosis, twitch 

and respond to tactile stimulation, but when relaxed return to curled tip position. 

Whereas, Wiawood and Beamish (1978) not~ced that copper aJTccted higbly thc 

swimming performance of rainbow trout, Salmo gai/'dneri on exposure of fivc days. 

Cearley (1971) attributed that changes in behaviour may be due to inhibition or 
acetylcholinesterase resulting in paralysis and depression of the respiratory centre 

owing to which the fish collapsed. The present results agreed with the sLlggeslions of 

cearley (1971) for signifiqnt changes il1 the behaviour and death of test I1shcs 

exposed to mercury ions during 96 hours static bioassay, 

'In the present investigation presumable safe 01' harmless and dischargeable 

concentrations have also been determined for mercury ions [or thctl' safe use in lhl.! 

walers for the test fishes as well as for other aquatic organisms also. The sufe 

concentl'alions or mercury [or Poe cilia reticula/a were ranged in belween 18.692 to 
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73.423 ~lg/l for male; 32.257 to 71.56 )..lg/l for female; 12.133 to 33.228 pg/l Ii))' 

jllvenile an.d 17.516 to 51.042 ~Lg/l for mixed popUlation. Whereas. sale 

concentrations of mercury for the fingerlings of Indian major carp were ranged in 

between 12.133 to 19.689 ~lg/l for catla; 64.039 to 82.555 ~tg/l for rollu and 73.510 (0 

89.585 ~lg/l for mrigal at both the water hardness and temperature. 

The values of presumable safe and dischargeable concentration obtained are 

interesting and ,significant since they are not constant with the succeeding experiments 

for both the temperature and water hardness. Davies el aI. (1979), Mckim el 01. 

(1979) and Gupta ef al. (1994) also reported similar pattern of safe concentration 1'01' 

different metallic ions separately and in combination [or different fish species. The 

24h and 48 hours LC50 values in the present study varied greatly for the calculation 

of presumable safe concentration or harmless concentration. Probably some or the 

variation may be due the chemical reaction between mercury salt and diluent water 

and this in turn affect the sensitivity of the test fishes. The bioassays which were 

conducted with a diluent water of 270 mg/l hardness as CaC03 at a temperature of . 

3SoC revealed that mercury ions were highly toxic fbr the test fishes. The present 

results agreed with Carroll el al. (1979) who suggested that calcium ions was most 

effective component of hard water in protecting fish brook trout against cadmium. 

Andrews (cited in : Pickering and Gast, 1972) held the view that cadmium was morc 

acutely toxic at a higher pH. Voyer (1975) emphasized that resistance of lllull1ichog. 

Fundulus hefel'oclitus in acute cadmium poisoning was not influenced by rcullclion 

in dissolved oxygen of about 4 mg/l and a salinity of 10 to 32%. Lloyd (1962) was or 
the opinion that tile resistance of rainbow trout, Salll10 gairdneri to copper. lead and 

zinc Was inversely related to ambient oxygen level. Amend el Cli. (1969) observed the 

increased rate of death in rainbow lrout which was subjected to ethyl mercliry 

phosphate to a lower dissolved oxygen concentrations. Hasselrot (1968), Amend el al. 

(1969) and MacLeod and Pessah (1973) suggested that fishes arc less lolcl'ant lo 

mercury in the water at wanner temperatures, 

In a number of studies it has been suggested that no effect concentration 

become constant thrOl.lghout the year for several successive generations or brook [rout 

exposed to ccrpper, lead and mercury (McKim and Benoit, 1974; Benoit e( ([/., 1976 : 
I 

Holcombe et ai"~ 1976; McKim el al., 1976). Mount and Stephun (1969) have 
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suggested (bat the application factor for a known toxicant, experimentally dc:lcnnined 

[or one species of fish in a water, can be a}Jplied to other waters and species, i.e. the 

maximum safe concentration of a given toxicant could be estimated by determining 

thc 96h LC50 value for the species in concerned watcr and multiplying the above by 

the prcviously determined application factor for that toxic[lnl. In the present study 

safe concentrations of the mercury have been calculated by following j('lI'Il1L1lu 

propounded by Bali, Doudoroff and Greenbank (1945) for the calculation or sare 

concentration of chemicals, but the formula is used mainly for acute 1110rtali ty test: 

C= (48h LC50 x OJ)/S,l where Sl = 24h LC501 48h LC50 (C is the harmless 

concentration and S represents safe dischargeable concentration). 

Histopathological lesions were also studied in the gills, kidney ancl eyes ol'the 

fingerlings of Cirrhinus mrigala to evaluate the toxicity of a sublethal concentration 

of 240 ~lgll of mercury. The mercury ions induced severe histopathological changes 

in gills such as degeneration in the middle and distal region in the primary lamellae. 

In the distal region spherical structure was formed due to degeneration ancl rusion in 

pillar cells, epithelial cells and mucus producing gland cells alongwith large number 

of blood cells of the secondary gill lamdlae. Khangarot and Somani (1980) have also 

exposed fish Pun/illS sophore to high levels of dissolved inorganic JIg or methyl 

mercury (MeHg) and suggested that mercury ions severly damaged the gill. Gupta 

and Rajbanshi (1995) have also studied the sllrface architecture of the gill ofRos/Joro 

danicol1ius treated with a sub lethal concentration of mercury (0.05 1~1g/l). These 

authors (op. cit.) also observed significant changes such as damage, fusion and 

clumping in the middle and distal parts of the gill lamellae resulting into considerable 

decrease in the over all surface area. Further, these anthors (op. cit.) also reported 

swollen and disarrayed position in the secondaIY lamellae; and extensive mLlCLlS. 

blood cells and cellular worn-off were seen accumulated on the gill filament and in 

the spaces between secondary lamellae. Whereas Ribeiro e( al. (1996) reported an 

increased .proliferation in the interlamellar region lead to a thickening or the 

secondary lamellae of the gills of rrichomycterus brasiliensis exposed to mercury 

Ions. 

It is suggested tbat severe damage in gill of fish exposing to high levels or 
dissolved inorganic mercury or methyl mercury (Me l-lg), inLcrl'cl'cci \vilh 
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physiological processes involving the gills, including gas exchange and ions 

regulation (Renfro e( al., 1974; Borquegneau, 1977; Lock el al., 1981; Stinson and 

Mallat, 1989; Gupta and Rajbanshi, 1995). Skidmore (1970), Eisler (1971), Burlon 

et al. (1972), Bilinski and Jonas (1973), have also described the clclctcrioLlS cITccl of 

heavy metals and suggested that the death of fish in acute poisoning W~lS due to 

disruptiorl of respiratory process caused by the damage of gill epilheliulTl. I:urlhcr. 

Skidmore (1970) suggested that the respiratory handicap imposed by lini ng () I' the 

epithelium (as swellings) must out - weigh any protective effect against pollutant 

uptake in the later stage of acute poisoning. However Skidmore and Tovcll (1972) in 

o an electron microrseopic study of the effect of zinc on trout gills, found thal although 

the glll reaction was primarily an inflammatory response, the chloride cells becHl11e 

detached early in a characteristic and prominent manner and the pillar celts becume 

vacuolated. 

Burton et al. (1972) demonstrated that tissue hypoxia precedes death when 

o. maximum gill ventilation is no longer efficient to supply the oxygen needs of trout 

because of gill deterioration due to which the gas exchange system is altered. 

Gardner and Yevich (1970), Skidmore and Tovell (1972), Bilinski and Jonas (1973), 

Gardner and LaRoche (1973) and Gupta and Rajbashi (1981,1982,1988 a & b Hm! 

1995) have the same opinion that the depression in respiratory activity is a common 

feature in acute metallic poisoning caused due to alterations il1 the cellular 

components or the gills of the fishes. The conclusion were drawn on the basis or lhe 

present findings and the information available from the study of other workers (np. 

ciL). 0 The toxic substances affecting the gill mainly based on certain principles; [ o. 

f 

the spaces between the gill filament become filled with precipitate, so that the water 

flowing through branchial chambers unable to reach the cells of the gill filaments. r J

the spaces between the gill filaments completely block due to which circulation or the 

blood in the capillaries was affected, III- the affected blood circulation, in turn, led to 

heart block or heart action dropping to about half of the normal rate. 

The pathological changes noticed in the kidney of 1111'igaJ ringcrl ings by a 

sublethal concentration of mercury include degeneration in the glomc1'ul us ami 

instilium tissue, necrosis in epithelium lining the lumen and expansion in renal 

tubules which possibly caused the impairment of kidney function. Sastry and 
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Agrawal (1977) have also noticed desquammation of the tubular cells, enlargcmcnt 

and pycnosis of nuclei, shrinkage of glomerular network, 1:'Upttll"C or the glomerular 

wall and haemorrhages in the interstitial haematopoietic tissue in (he kidney of' 

C;,.,.hil1l1S mrigola treated with mercuric chloride. Whereas Ribeiro e/ (/1. (1996) have 

reported that the kidney of Trichomycterus brasiliensis treated with mcrcury were 

disorganised and tubule cells decrease in 1lt1J'\lbcr and change in size. 

Gupta and Rajbanshi (1979 & 1986) have observed pathological symptoms in 

kidney of Heleropl1eusles fossilis and Channa pUl1cfaflis exposed to dilTcrcnt 

concentrations of copper include modifications in renal tubules by expansion and 

necrosis in the outer and inner epithelial lining and accumulation of cellular debris. 

Further; Gupta and Rajbanshi (1982 & 1988b) have also' revealed notable pathological 

i changes in the ~idney of Hetel'opneustes fossilis and Channa ]J!.InctatLIs for cadmiu111 

ions include accumulation of cellular debris in bowman's capsule unci expansion o!' 

feRal tubules towards inner and outer sides. Presumably, the observed palllOlogicul 

alterations in the kidney of mrigal fingerlings may be due to the internal exhaustion 

that brought about a change in the metabolic activity as a result of interaction betwecn 

metallic ions and renal tissue through blood, resulting in disorder of thc divalclll ions 

as also suggested by Rasquin and Rasenblool11 (1954). Trump and BulgeI' (1967), 

Kendell (1977), and Trump et al. (1975) in their supcrb stud ies haw describcd bOlh 

light microscopical and ultrastructural changes in the tubules associated with mercury 

poisoning in the 'southern flounder. Such studies have shown the main dTccts oj' 

levels of mercury as binding S-H groups to the protein of cell membrancs, thus 

inhibiting enzymc system. 

In the present investigation eye of the mrigal fingerlings cxposed to ,1 

sublethal concentration of 240 ~tg/l of mercury ions also revealed histopathological 

lesions in the periorbital region include exudation by inf]anunatory cellular infillrali(lI1 

in ahoroids tissue and remarkable degeneration in oedematous tissuc or adjaCel1l 

sclera. Weis and Weis (l977b) studied the developmcnt of killifish in the mdhyl 

mercury - exposed groups revealed a spectrum of optic and cephalic abnormalities, 

the appearance of which correlated with dose level and length of lime exposure. 

These authors (op. ciL, 1977a) further reported that in even more severe cases the 

entire aXIs is reduced in size and the embryo can consist of only a cyclopic hcud. 
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anophthalmic head, or, 111 some cases no axis at all. Ribeiro e( af. (1996) have 

recorded that optic nerve of rr;chomycterus bmsiliensis in mcrcllI'Y conccntrnti(lns 

show disorganised disposition ofaxons and mainly disruption Hnti dissociation or 
myelin sheath, leading to decrease in motility and coordination. The patholug,ical 

lesion in the periorbital region of the eye may in turn produce abnol'lnalitlcs in the 

optic nerve and cephalic region o[ the brain le~ding to decrcasc in rnutility and 

coordination in the fingerlings of 1111'igal. 

The results of the present investigation suggest that further study is nceded to 

determine chronic and/or long~term extensive effects of mercury [or survival. growth 

and reproduction. in the context of various physiological and biochemical indices ror 

the fishes. The investigation is also needed to assess the impact of stresses caused due 

to mercury ions on fish diversity in the aquatic ecosystem. The stud ics on 

biomonitoring are also required at different trophic levels [or those aqultlic ecosysLCt11 

which are particularly affected due to mercury pollution. 
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6. SUMMARY 

In the present study an attcmpt has been made to investigate the short-term 

(96h) toxic cffects of. mercury in relation to water hardncss and tcmperatun: to n 

freshwater fish, Poecilia reticulata for collective (mixed population), sex wise (male 

and female) and young fish (juvenile), considering variolls parameters suel, as I,CSO. 

95% confidence limit and their ratios, relative sensitivities and presumable sa((: or 

harmless conccntralions, The toxicity tesLs with mercury have also been pCI'I()rmcd 

for selected fingerlings of commercially impoliant fish species of Indiall mqjol' emp. 

I.e, Cat/a cal/a, Labeo rohila and Cirrhinus mrigala, The behavioural, and 

histopathological changes in the test organislUs in response ,to l11ercliry ions have also 

been studied, 

The st~tie bioassay study revealed that the mercury ions were highly loxic not 

only to the Pucci/ia reliclI/alCl (male, female, juvenile and mixed population) but ulso 

to the fingerlings of Indian major carp (catla, rohll and mrigaI). The LC 50's () r 

mercury [or these test fish, for the time intervals of 24, 48, 72 and 96 hours wen: 

round to change significantly with the change in water hardncss and temperature, Tlle 

highest 96 h LC50 values Qf 111ercury for the male, female and juvenile or /)oe(:I{io 

ret;culata were noticed as : 231.643, 247,278 and 113,721 f.lg/l respectively with 

waLer hardness of 560 mglI at a temperature of 16°C. Whereas the lowest 96b LC50 

values of mercury for these fishes were recorded as :69.080, 86,262 and 46, 181 ~lg/l 

respectively with water hardness 0[270 mg/l at a temperature 0[35°C, Ilowcvcr, the 

highest 96h LCSO values of mercury for tbe [1l1gedings of Indian major carp. i,e, 

catla, 1"ohu and mrigal were noticed as : 72,729, 278.347 and 312,<)09 ~lg(l 
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respectively with water hardness of 560 mg/l at a temperature of 16°C. Whereas the 

lowest 96h LC50 values of mercury for these test fishes were recorded as : 43.n2. 

194.612 and 268.141 ~lg/l respectively with water hardl1css of 270 mg/l at a 

temperature of 35°C. On the basis of LC50 values it is concluded that all the lest 

fishes were found 1110st resistant with waler hardness of 560 lllg/J at a temperature 0" 

16°C as compared to that of water hardness of 560 mgli at a temperature of 3S(lC and 

water hardness of 270 mg!l at both the temperatures, Le. 35 and 16"C. 

Relative sensitivities based on LC50's of mercury for test fishes have also been 

estimated. The results showed following trend of relative sensitivity of mercury ions 

for Poecilia reticulata : Juvenile> male> female. The relative sensitiviLy or mixed 

population, however, showed approximately equal to male and juvenile. Whereas in 

case of fingerlings of Indian major carp, following trend [or relative sensitivity or 

mercury ions was recorded : eatla > rohu > mriga,l. 

The 95 per cent confidence limits, i.e. lower confidence limit (LeL) [lod upper 

confidence limit (UCL) and their ratios for LC50 values were also estimaled. The 

smaller ratio or smaller spread between 95 per cent confidence limits recorded 1'01' 

differcnt periods 0[24, 48,72 and 96h in static bioassay indicates the bcttcrness ol'thc 

tests. 

In the present investigations presumable safe or harmless concentrations 0 r 

mercury ions were also determined. The safe concentrations of mercury ions for 

Poecilia reticulata were ranged in between :18.692 to 73.423 ~lg/l for male; 32.257 10 

71.560 ~lg/l for female; 12.133 to 33.228 for juveniles and 17.516 to 5.1.042 ~lg/ll()r 

mixed population with water hardness-of 270 and 560 Il~g/l at (he temperature or 35 

and 16°C. Whereas safe concentrations of mercury for the fingerlings oflndian major 
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63 
carp were ranged in between: 12.133 to 19.189 ~lg/l for catla; 64.039 to R2.555 ~lg/I 

for wllu ; and 73.510 to 89.585 Ilg/1 for mrigal for both the watcr hardncss and 

temperatures. 

Changes in the behaviour of test fishes in response to di ITercnt lcst 

concentrations of mercury were also observed. In higher concentrations or mercury. 

male of Poecilia l'eticulata showed loss of equilibrium and move laterally side by silk 

in the container. Whereas female was rubbing their body with the glass jnr. 

However, juvenile showed rolling movement at the time of loss of equilibrium. Al 

the time of death, male showed no change in body shape whereas the body or female 

and juvenile become arc shaped at the time of death. In higher concentratiolls of 

mercury, catla showed loss of equilibrium and stood laterally with Cast opercular 

movement. At the time of death, colour of the skin changed Lo yellowish in 1he belly 

region. Whereas robu stood laterally and moved side by side, but mrigal stood in 

slanting position with decrease in opercular movement. Mrigal also showed swelling. 

in the abdominal region at the time of death. 

Histopathological changes in the selected tissues such as gills, kidney and eye 

of the fingerlings of Cirrhinus mrigala exposed to a sublethal concenLration or 240 

~Lg/l of mercury were also studied. The primary gill lamellae showed degeneration in 

the middle and distal region. In the distal region of the gill lila:mcnl, sphericr..d 

structure showing complete degeneration and fusion of pillar cells, epithelial cclI. 

mucous producing gland cells and blood cells in the' secondary gill lamellae. 

Degeneration in the glomerulus and institium tissue was also observed. FUl'lhc]', 

necrosis in epithelium lining the lumen and expansion in renal tubules were also seen 

in th~ merct\l:y treated fingerlings. Whereas periorbital region of th~~~\ 
1vr ~cc. "0, ~~l 
~ .').g.1:.~'2j i 

. , It ~Jo;J 
._ • .<!l I I '1('\ "".'/ 



showed exudation in choroids layer and degeneration in oedematolls tissue or adjacent 

sclera. 

The physico-chemical characteristics of the experimental watcl's or diITl!I'c-nl 

water hardness were also analysed and discussed in relation to toxicity of l11cn:ury al 

two different temperatures. 
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ABSTRACT 

In the present study short-term (96h) toxicity of mercury in relation to \valcr 

hardness and temperature to Poecilia reticulclta (male, female, juvenile and mixed 

population) and selected Indian major carp, i.e. catIa, rolm and mrigaJ has becn 

evaluated using static bioassay. Median lethal concentrations (LC50's) ol~ mercury for 

these test fishes for the time intervals of 24, 48, 72 and 96 hours with water hardness 

of 560 mg/l, at a temperature of 16°C have been recorded h'tghcsl as compared to that 

of water hardness of 560 mg/J, at a temperature of 35°C and water hardness or 270 

mg/I at both the temperature, i.e. 35 and 16°C. Among the Poec.:ilia reliai/ora. 

following trend of sensitivities have been recorded for the mercury ions: juvenile> 

male> female. Whereas, among the fingerlings of Indian major carp, following, trend 

of sensitivity to mercury ions have been observed: catla> rohu > mrigal. 

The presumable safe concentrations of mercury for Poecilia reticulafa ranged 

in between: 18.692 to 73.423 ~lg/J for male; 32.257 to 71.56 ~gfl for feL11alc~ 12.133 to 

33.228 for juvenile and 17.516 to 51.042 ~lg/I for mixed population. Whereas, 

presumable safe concentrations for fingerlings of Indian Inajor carp ranged ill 

between: 12.133 to 19.689 ~lgfl for eatla; 64.039 to 82.5551-lgfl for rohu and 73.510 lo 
I, 

89.585 Ilgfl for mrigal with both the water hardness of 270 and 560 mg/l and at both 

the temperatures of 35 and 16°C. The test ftshes in mercury sol lilian have also 

showed pronounced symptoms of stress in their behaviour. Histopathological changc~ 

in the selected tissues such as gills, kidney and eyes of fingerlings of Ci"l'hinlls 

mrigala have also revealed the toxic nature of mercury ions. 

* Ph.D. Scholar, Department of Limnology and Fisheries, Rajasthan College 01' 
Agriculture, Udaipur 
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*** 

l1PpeN<VIX-3 



Table-I: Coefficient of correlation (r) of LC50 values for the test fishes between 
different water hardness and temperature 

Water 
]la.rdness 270 

Factors mg/l; 
temperature 
3SoC 

Water hardness -
270 mg/l; 
temperature 35 
°c 

Water hardness 0.99 *'" 
560 mg/I; 
temperature 35 
°C 

Water hardness 0.82 * 
270 rug/l; 
temperature 16 
°C , 

Water hardnt;ss 0.82 * 
560 rngll ; 
temperature 16 
°C 

* 
** 

Significant at 5% level 

Significant at 1 % level 

Water Water Water 
hardness 560 hard ness 270 hardness 560 
mg/I; mg/l; mg/! ; 
temperature temperature temperature 
35°C 16 °c 16°C 

0.99 ** 0.82 * 0.82 * 

~ 0.85 '" 0.86 '" 

0.85 :I< - 0.99 ** 

0.86 * 0.99 ** -




