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PREFACE 

Whilst the subject of "Environmental Pollution and Conservation" has 

received a great deal of attention from the mass media focusing on toxic effects 

and the ensuing political arguments, the scientific studies have been slowly 

forging ahead. The present study concentrates on one aspect of the problem, that 

of the effect of mining on the group of animals most severely effected in Goa - the 

amphibians. 

Amphibians offer themselves as an excellent tool for the study of such 

basic processes as differentiation, growth and development in the form of 

material which can easily be studied from the egg to the adult. The wide swings 

in the levels of metabolites experienced by Amphibia in response to environment 

or other factors afford the oppurtunity of studying the interaction of the 

environment with biochemical entities such as enzyme sequences and hormone 

action. 

Moreover, Amphibia are uniquely so placed phylogenetically between the 

primitive fishes and the homiothermic vertebrates that they offer unexplored 

opportunities for studies on evolutionary trends. And, because of the wealth of 

reproductive and development mechanisms exhibited by members of their class, 

because of variety of habitat and variability in retention of larval characteristics 

by sexually mature adult forms, the continued study of Amphibia promises to 

yield biological information of a Unique kind. 

The present study results from observations while surveying the 

amphibian populations in Goa in 1995. Previously recorded amphibian species 

were not observed around the mining areas in Goa. Hence the present study was 



undertaken to provide necessary scientific background information for present 

and possible future approaches to the problems facing the animals in and around 

the mining areas. 

Starting with the collection of mining ore rejects and simulation of rainfall, 

the present study then deals with the malformation/deformities induced by 

mining effluents. In order to examine the extent of biological problem, attempts 

have been made to relate water quality and the susceptibility of animals. 

Attention has been focused on the heavy metals present in the mining effluents 

and their interventions in the metabolic activities and that these situations can 

produce the most severe physiological problems. 

The Thesis is divided into eight chapters. The first chapter deals with the 

review of literature and gives an insight into the choosing of the research 

problem while presenting the research parameters identified for the present 

work. The second chapter explains the collection of mining effluents after 

simulation of rainfall and the details of experimental setup and methods 

employed. The third chapter presents the percentage deformities while the 

histopathology of the various organs of tadpoles under study are described in 

fourth chapter. 

The changes occuring in the blood are included in chapter five, whereas 

the biochemical analyses of the organs under study are given in the sixth chapter. 

Discussion of the results in full detail is given in theseventh chapter, while the 

eighth chapter summarises the work done. The last chapter is succeeded by 

Bibliography. 
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INTRODUCTION 



Goa is known for the silvery beaches, the swaying palms, churches, 

temples, fun, frolic and music. However less is known about the other side of 

Goa. Goa contributes nearly half the total exports of Iron ore from India. The 

excavation of ore has led to the ruthless stripping of Goa's majestic mountains. 

The mining industry has scarred Goa's pristine beauty in its quest for ore, 

creating environmental hazards that pose a threat to the land and its inhabitants. 

Even the tourism industry has its share in the environmental deterioration. 

The clouds of deterioration have been hovering on Goa for quite some time. 

Mining is the major industry followed by Tourism. India is a globally 

important producer of iron ore. The number of mines producing minerals 

(excluding those of atomic energy minerals) totalled 3829. Out of which 441 are 

in Rajasthan, 404 in Gujrat, 388 in Andhra Pradesh, 30 in Karnataka, 217 in Orissa 

and 187 in Goa as reported by Valdiya (1987). Goa being a small state, this 

number is too large, posing threat to the environment and this has ruined the 

Goan landscape. 

Nearly 14% i.e 50,000 ha of land in Goa is identified as mining ground, out 

of this 17,708 ha is under active mining (Ganihar, 1990). Mining involves other 

activities associated with it, disturbing a much larger area than the mining site 

itself. The recovery of minerals and construction material requires removal of 

vegetal cover with underlying soil mantle and excavating overlying rock masses 

(overburden) which more commonly exceed the metal sought. The result is 

reshaping of the topography, generation of great volumes of debris (waste) and 
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disruption of surface and ground water circulations, as reported by Valdiya 

(1987). He also stressed that the network of roads constructed for serving mining 

operations further aggravates the problem of land degradation. He further 

opined that as the demand for minerals grows, the area of mining will also 

expand at a faster rate, threatening increasingly large areas of landscape with 

scarification, debris dumps, soil degradation, and a widening circle of 

deforestation and distress to the affected population. 

Lodha (1991) has observed land, water and air pollution to a great extent 

due to mining activity. He attributes the pollution to be due to overburden, wash 

off overburden, discharge of mine water, discharge of tails, etc. He feels that the 

uncertainity of noise pollution is created due to blasting of explosives every now 

and then. He further reports that the mountain region 'echo' accelerates the 

degree of noise alongwith its longevity in the process of retaliation and this 

whole process multiplies the noise pollution, presenting a chaos for the fauna, at 

times causing them to lose their lives. The explosives cause havoc in the region 

and release noxious gases. The trembling due to explosion in the area of impact 

is observed by Lodha (1991) to cause cracks in the houses. He also reports that 

the outwash water of overburden, effluent of beneficiation plant, marching of 

overburden, excess mine water, all cause soil and water pollution to a great 

extent with the consequences of irretrievable nature. 

Swaminathan (1982) has reported well water depletion due to mining 

activity. Landscape and environmental damage due to waste rock disposal was 

observed by Subramanyam (1986). The degradation of flora and fauna, as a result 
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of microclimatic change caused by mining, is reported by Paliwal, (1989). In Goa 

too, ecological damage has been reported by Untawale (1994) due to mining. 

D'Souza and Nayak (1994) observed that mining activity also caused ground 

water depletion. 

Goa experiences heavy south west monsoon showers. Therefore, during 

the rainy season, red, muddy water flows as runoff from the sides of overburden 

dumps. This is also noticed as runoff from low-grade ore dumps which form 

small gullies and run down to surrounding water bodies. The dumping areas 

which harden due to encrustation of lateritic soils, are ripped due to the torrential 

monsoon. This causes three types of erosion - sheet erosion, rill erosion and then 

gully erosion which finally reaches the roads. Such runoff constitutes silt from 

rejected dumps which flow freely into the surrounding water bodies. Shetty et al., 

(1987) have observed high concentration of iron in such water bodies leading to 

impaired growth of plants due to lack of plant nutrients. Veeresh (1989) has 

found poor organic matter in -reject material. Plants growing on mine reject 

dumps were found to have damaged morphological and reproductive characters 

(Nyabuto, 1989; Tome and Gaonkar, 1989; Veeresh, 1989; Coelho, 1990). Root 

length reduction and inhibited germination are reported by Desai (1990). Erosion 

and washoff /runoff from the mining area as well as waste dumps lead to water 

pollution (Chaudhari, 1994). 

Parulekar et al., (1986) studied the effect of mining activity on marine 

molluscs and bottom fauna of the Goan estuaries. They found that massive 

inputs of mining rejects has caused irreversible ecosystem variability. Hiremath 
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and Shetty (1987) found that such runoff was harmful to fishes. Ganihar (1990) 

has reported extinction of most faunal species due to mining. 

The heavy monsoon rains cause erosion of the mining rejects due to 

flooding which run down stream into the surrounding waterbodies, thus 

contaminating and affecting the water quality. Reduced dissolved oxygen 

content of such waters are reported by Parulekar et al., (1986) and Desai (1990). 

Near extinction of the resident fauna are observed by Parulekar et al., (1986). 

Ever increasing entry of mining rejects reduces the healthy and highly productive 

environment into an impoverished biotype (Parulekar et al., 1986). 

REVIEW OF LITERATURE : 

Wolfe and Rice (1972) reported that heavy metals are being introduced 

into the aquatic environment through industrial and urban effluents, soil leaching 

and rainfall. These heavy metals are toxic to aquatic organisms as reported by 

Bryan (1979). 

Mine Drainage : 

Higher mortality in the tadpole stage has also been reported by Kaplan 

and Yoh (1961). Lande and Guttman (1973) found that the tadpole stage was 

more sensitive to such toxic effects than the egg stage. Toxicity of the components 

of acid mine drainage (iron, zinc and copper) to amphibians was studied by 

Porter and Hakanson (1976). They found that the larvae were able to tolerate 20 

mg/L of iron but at 30 mg/L there was complete mortality. 
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Dumont and Schultz (1980) exhibited high mortality and teratogenic 

effects on X. laevis embryos exposed to sour water from a coal mine. The 

teratogenic effects they observed ranged from tail flexure to gross distortions of 

the longitudinal axis, as well as optic, cephalic, visceral and pericardial tissues. 

Loss of balance and reduced pigmentation was also observed. Pytasz et al., (1980) 

observed reduced metabolic rates in R. ridibunda collected near the Katowice iron 

works in Poland. 

Huckabee et al., (1975) have reported that runoff from rocks can be very 

acidic and have elevated metal levels which are highly toxic to amphibians. 

Similar cases are reported by Mathews et al., (1976) and Mathews and Morgan 

(1982). The toxic components of hydrogen ion, 'copper, zinc and iron entering a 

stream led to the disappearence of B. boreas as reported by Porter and Hakanson 

(1976). 5 species of amphibians were analyzed for Cd residues in areas located 

near a Zn mill in Poland and were found to contain high Cd residues (Dmowski 

Sr Karloweski, 1979). Dawson et al., (1985) and Bantle et al., (1990) studied 

teratogenic effects of Zn++ on Xenopus in the metal contaminated sediments, 

acidic mine water samples, and ground water samples from an industrial 

dumpsite. 

Dawson et al., (1988) evaluated metal - contaminated sediment extracts 

associated with acidic - mine drainage using short term aquatic toxicity tests. 

Linder et al., 1991 studied the impact of mining activities on wetland and its biota 

directly through habitat destruction or run off of sediments and contaminants 

generated during mining operations. He reported that copper and cadmium 
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were the most toxic metal species. Linder et al., (1991) have evaluated amphibian 

responses in wetlands affected by mining activities in the Western United States. 

Water Quality : 

Gosner and Black (1957) estimated levels of pH that would allow 50% or 

more of embryos to survive in laboratory bioassays using tap water acidified with 

hydrochloric acid and reported the observed lethal levels for different amphibian 

species. They also reported that R. sylvatica eggs exposed for short periods to pH 

3.5 - 3.7 exhibited increased mortality with the degree of toxicity dependent upon 

the lifestage and the length of exposure. 

A. maculatum and A. jeffersonianum have marked reductions in hatching 

success in laboratory and field. exposures to pH less than 6.0, as investigated by 

Pough (1976) and Pough and Wilson (1977). Pough (1976) observed 

developmental abnormalities at pH 6.0 which included stunted gills, swelling 

near the heart, failure of yolk plug retraction and curved spines. 

Dial (1976) observed that R. pipiens were seriously affected due to 

industrial effluent disposal. Beebee and Griffin (1977) found that B. bufo and R. 

ternporaria exposed to pH 3.75 - 8.0 exhibited dramatic increases in mortality 

between pH 4.25 and 4.75. They also reported two abnormalities preceding some 

instances of mortality in the acidic exposures, an inhibition of growth beyond 
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stage 5 (of Taylor & Kollros, 1946) and a bloating of the body later in 

development. 

Huey and Beitinger (1980) found. that Ambyostoma texanum was extremely 

sensitive to nitrite. They found nearly 100% mortality at a level as low as 2.5 

mg/L nitrite. They further reported that chlorides compete with nitrite in ionic 

uptake on respiratory surfaces, resulting in reduced uptake of nitrite, thus 

eliminating mortality altogether. 

Saber and Dunson (1978) reported that R. catesbeiana eggs and larvae, 

exposed at sites in a stream draining a bog which exhibited a natural pH gradient 

from 3.9 to 6.6, showed a positive relationship between mortality and pH. When 

Saber and Dunson (1978) tested R. catesbeiana embryos and larvae, he found that 

stage 18 to stage 26 (of Gosner, 1960) were extremely sensitive to pH, whereas R. 

catesbeiana and R. clamitans larvae beyond stage 26 were not sensitive. 

According to Schlichter (1981), fertilization of R. pipiens eggs was reduced 

below pH 6.5. He attributed the failure of egg development below pH 4.8 to low 

sperm motility. He further concluded that the optimal pH for normal egg 

development to be above pH 6.0 as fertilization was susceptible to low pH than 

either activation or cleavage. 

Dunson and Connell (1982) observed a marked inhibition of hatching of X. 

laevis eggs at a pH of 3.9 (sulphuric acid) and a pH of 4.3 (bog water). Nielsen et 

al., (1977) reported that in natural breeding ponds A. maculatum hatching was 

completely arrested at a pH of 3.6 caused by acid precipitation. Punzo (1983) is of 

the opinion that the optimal development of Amphibians is dependent upon both 
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pH and temperature. However, Cook (1983) found no significant correlation 

between pond pH and embryonic mortality for two species of salamander 

inhabiting ponds in an area of acidic rainfall. 

pH affects the distribution of many amphibian species (Gosner and Black, 

1957; Cooke and Frazer, 1976; Pough, 1976; Beebee and Griffin,1977; Pough and 

Wilson, 1977; Hagstrom, 1977;1980; Strijbosch, 1979; Beebee, 1983). Most species 

avoid acid waters and only species such as R. sylvatica and R. clamitans are found 

in more acidic habitats (Gosner and Black, 1957; Saber and Dunson, 1978). Other 

species such as A. jeffersonianum are reported to be found only in circumneutral 

habitats (Pough and Wilson, 1977). 

Mushinsky and Brodie, (1975) are of the opinion that amphibians can 

detect soil pH gradients and so can actively select acceptable habitat acidity. 

Although vegetation and other physical/chemical parameters are important in 

amphibian distribution, pH was found by Strijbosch (1979) to be one of the most 

important habitat characteristic. Frogs stressed at the acidic pH were observed to 

have fewer splenic cells (Brodkin and Simon, 1997). They further reported that 

stress in the form of an acidic pH, reduces white blood cell phagocytic efficiency. 

Kaiser (1997) noticed that change in water pH due to ash-laden runoff lead to the 

disappearance of L. fallax maybe due to high pH. 

When examining osmoregulation across R. pipiens skin in vitro at varying 

pH levels, Fromm (1981) found that at low pH the outer skin surface experiences 

a decreased influx of sodium ions into the skin, reducing overall sodium 

transport. Disruptions of ionic balance were speculated by Gosner and Black 
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(1957) and Pough (1976) as a cause of egg mortality. Higher concentrations of 

nitrates, nitrites and pesticides were found in gravel pits in Slovenia (Arcon et al., 

1992 )and as such decaying of amphibian spawn before hatching of the larvae 

was observed by Vogrin (1997). 

Bentley and Schmidt - Nielsen (1971) reported death of R. pipiens adults 

within an hour of placement in sea water due to accumulation of large amounts 

of sodium through the skin and by drinking. The toxicity of three chloride salts 

(potassium chloride, sodium chloride and calcium chloride) were measured by 

Mahajan et al., (1979) using R. breviceps tadpoles in static bioassays. 

EFFECT OF METALS : 

EGGS : 

Birge et al., (1979) reported that treatment of the egg stage with metals 

(mercury, cadmium) produced mortality and teratogenesis in larvae at hatching. 

The same was observed by Kaplan et al., (1967). The effect of nickel sulphate on 

the development of morula, blastula, gastrula, neurula and early larva was 

studied by Berisha and Rozhaja, (1989) and they found that during 

embryogenesis, the toxicity of nickel sulphate salt increases. Herkovits et al., 

(1989) studied the effects of Zn++ exposure on normal Bufo arenarum embryos and 

on anomalous batches with high incidences of spontaneous mortality and 

malformations. Hopfer et al., (1991) exposed 5 h post fertilization eggs to study 

the teratogenicity and found that the second and third day stages were most 

susceptible to malformations. Plowman et al., (1991) observed concentration 
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related pattern of malformations in X. laevis exposed to CoC12 at 5 h post 

fertilization for 96 hours. 

The total suppression of development was noted by Birge et al., (1977) in R. 

pipiens eggs exposed to cadmium at an early cleavage stage. Treatment of R. 

nigromaculata eggs, with cadmium and also mercury prior to the first cleavage, at 

a concentration of 4 mg/L or higher reduced the number of primordial germ cells 

in the later developmental stages (Hah, 1978). Reduction of primordial germ cells 

can lead to smaller gonads and partial or complete sterility as reported by 

Bounoure et al., (1954). 

Studies using R. pipiens embryos at different stages revealed death and 

serious developmental defects induced by trace amounts of methyl mercury and 

the frog gastrulae to be the most sensitive embryonic stage of the three stages 

tested (Dial, 1976). When Birge et al, (1977) examined the survival of G. 

carolinensis eggs treated with mercury, they found that at the lowest 

concentration of mercury (0.146 ppm), 61% of the hatched embryos died within 

four days of hatching and 11% of the hatched embryos exhibited gross congenital 

deformities at hatching. Lead was found to be highly toxic to Gastrophryne 

carolinensis eggs between fertilization and four days post hatching in continuous 

flow bioassays (Birge et al., 1979). Zinc was the next toxic metal. Mercury was 

found to be the most toxic metal to G. carolinensis eggs (Birge et al., 1979). 

Browne and Dumont (1979) found that mortality of X. laevis (at gastrula 

stage) rapidly increases at selenium concentrations of 2.0 mg /L and above and 

that exposures to selenium during the egg stage causes spine curvatures, tail 
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flexures and malformed heads. Birge et al., (1979) reported G. carolinensis eggs' 

acute sensitivity to selenium. Ghate and Mulherkar (1980b) reported 100% 

mortality of Microhyla ornata eggs at the gastrula stage when exposed to mercuric 

chloride at concentrations above 3 mg/L. 

ON TADPOLES/LARVAE : 

Dilling and Healey (1926) reported lead salts' severe inhibitory effect on 

the development of frogs. Miller and Landesman (1978) showed that lead 

treatment to X. laevis embryos results in 100% mortality at 10 mg/L and 82% 

deformities with 18% mortality at 0.001 mg/L. This toxic effect was however 

reduced when 2.0 mg/L or greater of magnesium was added. Magnesium was 

also found to reduce mercury, cadmium and manganese toxicity. Long term 

exposures of Notophthalmus viridescens to 2.0 to 6.75 mg/L of cadmium caused 

mortality and retarded forelimb regeneration, sometimes leading to abnormal 

limb regeneration (Manson and 0' Flaherty, 1978). 

Discolouration of liver 1-1s been reported for Necturus (Dawson, 1933) and 

R. catesbeiana tadpoles (Barrett, 1947) when exposed to lead. Baudo (1976) has 

reported that field collected R. esculenta from the River Toce had higher lead 

levels in tadpole tissues than adult stage. This, he attributed to their feeding 

habits. Miller and Landesman (1978) treated the X. laevis eggs with mercury and 

noticed that the tadpole stage was less resistant exhibiting sluggishness with 

distensions of the body cavity. Ghate and Mulherkar (1980b) showed that 
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tadpoles became sluggish and developed distended body cavity when exposed to 

mercuric chloride. 

Cox et al., (1975) found Ranidae tadpoles to accumulate moderately high 

level (6.41 mg/kg) when exposed to low levels of mercury. Dial, (1976) ; Arhem, 

(1980) and Ghate & Mulherkar, (1980b) noted that mercury has a high affinity for 

sulphydryl groups and are of the opinion that this may affect enzymes and 

proteins associated with membranes, with the most severe effects occurring at 

nerve membranes. Chang et al., (1975) observed complete mortality of R. pipiens 

tadpoles within 48 hours of exposure to low levels of mercury (0.05ppm). Chang 

et al., (1976) has shown that mercury at low concentrations (0.01 - 0.07 mg/L) 

inhibits cell growth, while at higher concentrations (0.1 mg/L) actually promotes 

cell growth and tissue development. 

Concentrations of 39 mg/L of zinc caused complete mortality of B. boreas 

tadpoles within 12 hours, whereas exposure to 0.1 mg/L caused no mortality 

even after 61 days of exposure (Porter and Hakanson, 1976). Tadpoles treated 

with selenium exhibited erratic swimming behaviour and sluggishness as well as 

epithelial blisters, abdominal edema and degeneration of muscle cells (Browne 

and Dumont, 1979; 1980). 

When exposed to nickel sulphate, the hatched larvae exhibited 

microcephalia, micro-opthalmia, facial dysplasia, spina bifida and general 

oedematosis of the trunk (Berisha and Rozhaja, 1989). On exposure to zinc 

sulphate, a standard teratogen, the Xenopus embryos showed malformations like 

abnormal spine, gut and eyes. 

12 



Sunderman et al., (1991) showed a concentration dependent mortality and 

malformations such as gut malrotation, ocular anomalies, bent notochord, 

abnormal dorsal fin, facial dysplasia, cardiac deformities and dermal blisters 

when FETAX assay on Xenous laevis was carried out in the presence of cadmium 

chloride. The other abnormalities they observed were stunted growth and 

hypopigmentation. 

The most frequent malformat ion observed by Hopfer et al., (1991) in Ni++ 

exposed embryos were ocular, skeletal and intestinal deformities; less common 

malformations included facial, cardiac and integumentary deformities. Others 

were stunted growth, dermal hypopigmentation and coelomic effusions or 

haemorrhages. 

When X. laevis was exposed to a potent teratogen like Cobalt chloride by 

Plowman et al., (1991), the malformations like stunted growth, edema, ventral 

distention, and hypopigmentation were observed. Plowman et al., (1994) found 

the malformations of metal - exposed frogs to include retinal depigmentation, 

diastematomyelia, scoliosis, kyphosis, phocomelia, sacro-pelvic and hind - limb 

deformities, and dysplasias of the heart, kidney, ovary and gut. 

Teratogenic effects of Zn++ for Xenopus were observed by Dawson et al., 

(1985). Rao and Madhyastha (1987) found that in tadpoles of Microhyla ornata, 

LC50 values for cupric chloride were 80 panola, during the second week post - 

fertilization, and 85 limol/L during the fifth week. Dawson et al., (1988) and 

Bantle et al., (1989) found cardiac, gut, facial, skeletal and fin anomalies in 

tadpoles exposed to Zn++ . Malformations were also observed by Herkovits et al., 
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(1989) in Bufo arenarum tadpoles exposed to Zn++. Misyura (1996) has shown 

strong anthropogenic impacts of heavy metals resulting in ruination of spawn 

damaging the larvae and the metamorphs in Ukraine. Luo et al., (1993b) found 

that mg- deprivation greatly enhanced and Mg++ supplementation significantly 

reduced the incidence and severity of the teratogenic and embryotoxic effects of 

Ni++, Co++, Zn++ and Cd++. Metal ions of Cu++ and Zn++ were shown to be potent 

teratogens for Xenopus, causing concentration - related increases of eye, gut, 

facial, notochord and cardiac anomalies (Luo et al., 1993). 

ADULTS: 

Kaplan et al., (1967) have reported that the R. pipiens exposed to lead 

exhibit permanent loss of semi-erect posture sloughing off of the integument, 

muscular twitching, salivation, sluggishness and death. Hayashi and Takayama 

(1978) reported that cadmium appears to affect nerve tissue, at least in the heart, 

by suppressing the release of acetylcholine. Cadmium has been shown to cause a 

depression in the rod receptor cells in the retina of R. catesbiana (Fox and Sillman, 

1979). 

Baudo (1976) reported that female R. esculenta collected from the River 

Toce had high levels of lead in their liver (7.56 mg/kg), while the highest levels in 

males were found in the skin (3.66 mg/kg). The liver and heart were found to 

have the highest lead concentrations in frogs (species not reported) in Katowice, 

Poland (Dec et al., 1979). Similarily, after X. laevis has ingested worms containing 

lead for four weeks, adults had the highest lead residues in the liver, kidney and 

bone, with lower levels in the skin and muscle as observed by Ireland (1977). 
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Dmowski and Karolewski (1979) suggested that amphibians are posed to a 

potential hazard due to accumulation, of heavy metals gained through food. 

Barrett (1947) reported discolouration of R. pipiens' livers. Kaplan et al., 

(1967) reported reduction in red and white blood cells in R. pipiens adults exposed 

to lead nitrate. Dustman et al., (1972) found that R. pipiens and R. catesbieana 

retained mercury, due to its feeding habit as they consumed fish containing high 

levels of total mercury. Bryne et al., (1975) measured mercury residues in 

Yugoslavia in a number of amphibian species from sites with varying levels of 

mercury contamination and found its highest retention in liver; the kidney, lung, 

egg and muscle tissue followed in the descending order of accumulation. 

Willis and Valett, (1978) reported that in laboratory exposures, the zinc 

residues accumulated by I. granulosa had a half life of 3 1 /3 years and that the skin, 

muscle, blood and liver had the highest residue levels and together these tissues 

accounted for 70% of the total body burden. Kanno et al., (1978) has also reported 

that zinc can change the sodium and potassium kinetic across epithelial cell 

membranes. Lesions in the rods in eyes have been shown to occur in the perfused 

retina of R. catesbiana when exposed to mercury (Fox and Sillman, 1979). Dec et al, 

(1979) stated that zinc accumulated in the heart of frogs taken from the environs 

of a steel plant in Poland. Arhem (1980) has shown that in myelinated nerve 

fibres, zinc slows the kinetics of the potassium system and alters sodium 

permeability. 

Misyura (1996) has reported increase in glutamic acid content of liver 

proteins, increase in levels of phospholipids, cholesterol and total protein in the 
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liver and skin of amphibians due to impact of heavy metals in Ukraine. He has 

also observed decrease in the glycogen content of liver, but increase in the skin 

glycogen content. 

UNDERSTANDING OF THE PROBLEM : 

Goa has been witnessing extensive mining operations with huge 

stockpilings of the fresh mining spillages as well as mining rejects. These have 

been reported as a source of environmental pollution by Parulekar et al., (1986). 

They have also reported that there is a decline in marine biota due to mixing of 

mining effluents in the marine environment. Blaustein and Wake (1990) have 

reported that the amphibians are on the decline all over the globe. They also 

expressed that their disappearance even from seemingly protected areas is 

perplexing. It is observed that amphibian populations in Goa are on the decline 

(Desai, 1995) . Therefore, it was felt necessary to investigate if mining effluents 

are contributing to the decline of amphibian populations. 

Amphibians are likely to get exposed and affected by mining effluents as 

they have a bimodal life depending on both, land and water, a sensitive skin 

which has to be moist for efficient gas exchange (Daniels, 1991), and have early 

developmental stages to be completed exclusively in water. Hence, the 

developmental stages are likely to be influenced by slightest contamination of 

mining origin. 

16 



Barinaga (1990) recently summarized the mounting evidence that frog 

populations are declining on a world-wide basis, possibly caused by climatic 

changes, acid rain, environmental toxins, and other ecological influences. The 

decline in amphibian population is also reported by Baker (1997) , Brodkin and 

Simon (1997) and Kaiser (1997) due to various anthropogenic activities. 

TEST SPECIES : Rana tigerina - Daudin. 

The test species was chosen mainly because : 

i) There is hardly any report on the toxic actions of mining effluents on Rana 

tigerina. 

ii) Large numbers of spawns of R. tigerina are available throughout the first 

two months of monsoons in the campus and surrounding localities. 

iii) Even the different tadpole stages are also available in plenty throughout 

monsoon if required. 

iv) All the developmental stages of R. tigerina have been identified and keys 

for the identification of developmental stages are available. 

PARAMETERS AND PLAN OF RESEARCH : 

Rana tigerina breed in monsoon and lay large number of eggs in water. 

During monsoon, the effluents from the iron ore reject (Iron Ore containing Fe 

<55) dumps get mixed with streams, rivulets, rivers and ponds. The 

contaminants (of mining origin) in these waterbodies bearing spawns are likely to 
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affect them as the mining effluents (ME) are known to contain heavy metals 

(Bandiwdekar and Desai, 1998). 

Therefore, it was decided to investigate if the ME (0.01% to 30%) are 

affecting the spawn and development when exposed to different time points (6 

to 120 hours). As per Taylor & Kollros (1946), there are XXV developmental 

stages of frog, therefore, it was decided to study the effect of ME on all these 

stages of development. This will throw light on the probable contribution of ME 

in the decline of R. tigerina populations in the mining belts and adjoining areas of 

Goa. 

As there are several reports of pesticides, fertilizers and heavy metals 

induced malformation on tadpoles of various frog species (Cooke, 1981; M6hanty 

- Hejmadi and Dutta, 1981; Berisha and Rozhaja, 1989; Jornvall et al., 1994) , it is 

but natural to investigate if any malformation is induced at any given stage or at 

different tadpole stages. 

During or after malformation, there could be histological changes in the 

region of malformation as well as in other organs or tissues. Skin will be the first 

organ under stress of ME as it is continuously exposed to the water in which ME 

is mixed up. Therefore, it was decided to study if ME at different concentrations 

and different exposure periods have any effect on the histology of the skin. 

Besides, there is hardly any report on either the actions of heavy metals on skin, 

though there are reports on the action of heavy metals on the active ion transport 

between epithelial tissues (Kanno et al., 1978; Arita et al., 1979; Arhem, 1980; 

Takada and Hayashi, 1981a, b). 
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In the external gill stage, the intestine rapidly increases in length and coils 

like a watch spring and the tadpole feeds voraciously on green algae and aquatic 

weeds. Subsequently, in the internal gill stages [from stage VIII of Taylor & 

Kollros (1946) onwards] they change the food habit and become carnivorous and 

they feed on worms and insects. During the process of feeding and respiration, 

the animals are likely to gulp in some water which would enter into the intestine. 

Also, the acquatic weeds and algae, as well as insects and worms from 

contaminated waterbodies are likely to retain the heavy metals and other 

contaminants in their bodies. Thus, these contaminants would find their way into 

the intestine and may affect the intestine. Therefore, it was thought proper to 

investigate histological alterations in the intestine. 

The contaminants absorbed by the intestine would definitely be 

transported to the liver for detoxification and also to the kidney for elimination, 

though some of the contaminants are likely to be eliminated by intestine through 

faeces. Hence, the study of histological changes in the intestine, liver and kidney 

was considered worth investigating. Apparently, there is hardly any report on 

the actions of heavy metals and ME in particular on the histology of these organs. 

After the entry and absorption of contaminants and heavy metals from the 

water and food into the intestine, they would enter the circulation and get 

distributed to various organs. Thus, these contaminants (ME contents) now 

present in the circulation i.e in the blood are likely to influence and affect the 

formed elements such as RBCs, WBCs and platelets. Hence, it was essential to 

study the total WBC count, total RBC count, differential counts and blood 
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platelets to determine if the ME contaminants are interfering in the 

erythropoiesis, leucopoiesis and haemopoiesis. Sometimes, RBC counts show 

alterations depending upon the availability of Hb or synthesis of Hb and vice 

versa. Therefore, it is obligatory to see if there are changes in the number of 

erythrocytes. There is very scanty information available on the actions of heavy 

metals in the tadpole blood and adult blood (Barrett, 1947; Kaplan et al., 1967; 

Patil and Shivraj, 1984). 

The survey of literature revealed that there is hardly any work done on the 

larval (tadpole) protein profile or total protein levels under the influence of heavy 

metals, industrial effluents or ME. Misyura (1996) reported influence of heavy 

metal on the liver. The heavy metals are likely to influence other organs or even 

cause damage as observed in the higher vertebrates (Prasad Rao et al., 1989, 

Bandiwdekar, 1996). Therefore, any damage to the organ or tissue would release 

proteins into the blood. At the same time, any adverse effect of heavy metals on 

the liver is likely to influence the protein systhesis of the liver. As a result, the 

total protein level from the plasma is likely to get altered. Hence, it was felt 

pertinent and necessary to study the changes in the total protein levels of the 

plasma. 

The tadpoles being aquatic in habit and living in comparatively 

hyposmotic environment are likely to allow the intake of water through skin and 

electrolytes which is likely to alter the concentration of electrolytes in the plasma. 

At the same time, under ME stress, the lesions to the skin or the contaminant 

stress is likely to impair the electrolyte balance. Ion absorption from environment 
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through the skin is always associated with ion absorption from renal tubules. 

Any damage to the tissues or the organs like intestine, liver and kidney, would 

lead to the leaching/release of ions into the circulation. Hence, the concentration 

of plasma electrolytes is likely to vary depending upon the degree of damage and 

stress on the absorbing surface like skin, intestinal villi and renal tubules. 

Therefore, it was felt appropriate to record the electrolyte levels in the plasma 

under ME stress . 

The lysosomal enzymes like acid phosphatase and non-specific esterase are 

known to be associated with the degenerative, apoptopic changes occurring in 

the tissues. As ME is likely to induce degenerative changes in the tissues, the acid 

phosphatase and non-specific esterase activities are expected to increase; thereby 

elevating plasma levels of these enzymes. Hence, the study of acid phosphatase 

and non specific esterase levels in plasma was considered essential. Similarly, the 

alkaline phosphatase levels for the plasma are likely to get elevated or depleted in 

the cells or tissues associated with the transport or absorption of electrolytes or 

nutrients. Besides, the constituent alkaline phosphatase, from such tissues is 

likely to enter into the blood circulation when these organs are damaged due to 

mining stress. Therefore, the study of AlP levels from the plasma would also 

throw some light on the necrosis of the tissues and disturbances in the transport 

activities known to be associated with these enzymes. 

The glycogen being an important carbohydrate stored in skin, muscles and 

liver of tadpoles, and used for metabolism, it was felt essential to investigate the 

action of ME on the glycogen levels of these organs. 
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Similarly, the proteins are important constituents required for growth, 

regeneration, metabolic activities and organs like skin, intestine, liver, kidney and 

muscles being metabolically very active in the tadpoles, it was decided to 

investigate the influence of ME on the total protein levels. As the lysosomal 

enzymes like acid phosphatase and non-specific esterase are known to be 

involved in the process of degeneration and are also known to play scavenging 

role in liver necrosis (Dingle and Fell, 1969) , it was decided to investigate the 

action of ME on these enzyme levels in important organs like skin, intestine, liver, 

kidney and muscles. Also, there are reports of high levels of acid phosphatase in 

the diseased tissues of higher vertebrates (Kobayashi et al., 1971). 

Alkaline phosphatase is also an important enzyme found in these organs 

and known to be associated with the absorption and transport of nutrients as well 

as phosphate turnovers, therefore, it was thought appropriate to investigate the 

action of ME on AlP levels from these organs. 

The electrolytes like Nal - , K+, ca++, and Cl-  form an important constituent 

of cells as well as tissues and are involved in several metabolic processes essential 

for the normal functioning of cells and organs. Na ,  and K+ are required by the 

cells for maintenance of resting membrane potentials and are also involved in 

transmission of impulses by the nerve. Na+, K+, and Cl -  are known to maintain 

osmotic pressure and play an important role in water distribution between cells, 

plasma and interstitial fluid (Varley, 1976). Calcium plays an important part in 

blood coagulation and is important for maintaining the normal nerve irritability 

and muscle contraction (Varley, 1976). Therefore, any fluctuation in the 
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concentration of these electrolytes is likely to affect metabolic processes and body 

functioning. So, it is legitimate to study the changes in the concentration of 

electrolytes in the organs like skin, intestine, liver, kidney and muscles of 

different tadpole stages under ME stress. 



MATERIALS 

AND 

METHODS 



COLLECTION OF ORE REJECTS AND SIMULATION OF RAINFALL 

(Morin et al., 1967) 

The mining ore rejects (Fe<55%) were collected from a mining site at 

Ponda (Latitude 15.45 ° N, Longitude 74.01 ° E) especially from different pockets 

spread over a distance of 1 km. The rejects thus obtained were mixed together 

and stored in plastic drums and sealed properly to prevent oxidation of samples. 

The iron ore rejects so collected were utilized within a week of collection. The 

samples (200kg/box) were packed in boxes (3M x 3M x 25cm, n=5) and placed on 

a 3% slope. Then they were exposed to- 10 cm simulated rainfall for a period of 

75 days with a break of 15 days dry spell in between two rainfalls. The surface of 

the rain simulator was 25.5 x 25.5 inches and was made of a tubing (diameter = 

0.25 inch) bearing 307 pores (pore = 0.01 mm diameter). The rainfall was effected 

by the gravitational force. For rainfall simulations, glass double distilled water 

was used. Soon after each simulated rainfall, the drenched boxes were left on 

benches to drain and dry.The runoffs/mining effluents (ME) from the collecting 
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devices were collected but leachates were excluded. The runoffs/mining 

effluents from all the five replicas were mixed and used for the experiments. 

Similarly, the Iron Ore Rejects were collected from two other mining sites 

Bicholim (Latitude 15.72 ° N, Longitude 73.9 ° E) and Bardez (Latitude 15.77 ° N 

Longitude 73.55 ° E) and were used for simulated rainfall as mentioned above. 

The runoffs/ME collected from these two simulations were also used for 

experimental purpose. 

HYDROLOGICAL ANALYSES (Trivedy, 1980) 

I] DISSOLVED OXYGEN : (Winkler's Iodometric method) 

(a) Principle : 

A white precipitate of manganous hydroxide is formed when the 

manganous sulphate reacts with alkali (KOH or NaOH), which, in the presence of 

oxygen, gets oxidized to a brown coloured compound. Manganic ions are 

reduced by iodide ions which get converted to iodine equivalent to the original 

concentration of oxygen in the sample, in the strong acid medium. The iodine is 

then titrated against thiosulphate using starch as an indicator. 

(b) Reagents : 

(i) Sodium thiosulphate 0.025 N. 

(ii) Alkaline potassium iodide solution - 100g of KOH and 50g of KI in 200 ml 

of boiled distilled water. 
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(iii) Manganous sulphate solution - 100g of MnSO4 . 41-120 in 200 ml of boiled 

distilled water and filtered. 

(iv) Starch solution -1 g of starch in 100 ml of warm distilled water and a few 

drops of formaldehyde solution. 

(v) Concentrated sulphuric acid. 

(c) Procedure : 

Avoiding bubbling and trapping of air bubbles, the sample was filled in 

BOD bottle of 100 ml . 1 ml each of MnSO4 and alkaline KI solution was added 

below the surface from the walls and mixed to form a precipitate. The 

precipitate was dissolved by adding 1-2 ml of concentrated I -12SO4. This was 

then transferred to a conical flask for titration by preventing bubbling. Using 

starch as an indicator, the titration was carried out against sodium thiosulphate. 

The burette reading was noted down when the initial dark blue solution, 

changed to a colourless solution at the end point. 

(d) Calculation : 

When whole content has been titrated : 

Dissolved Oxygen, mg/L = (ml x N) of titrant x 8 x 1000 

V1 -V 

Where, V1 = Volume of sample bottle after placing the stopper. 

V = Volume of MnSO4 and KI added. 
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II] CARBON DIOXIDE : 

(a) Principle : 

When the ME sample is titrated against a strong alkali, such as carbonate 

free NaOH to pH 8.3, all the free CO2 is converted to bicarbonates. 

(b) Reagents : 

i) Sodium hydroxide, 0.05 N. 

ii) Phenolphthalein indicator. 

(c) Procedure : 

Free CO2 was considered to be absent if the 100 ml of the sample .turned 

pink on addition of a few drops of phenolphthalein. If the sample remained 

colourless, it was titrated against 0.05 N NaOH till a pink colour appeared. 

(d). Calculation : 

Free CO2, mg/L = (ml x N) of NaOH x 1000 x 44 

ml sample 

III] pH : 

(i) 	Principle : 

pH is the negative login of the hydrogen ion concentration in a solution. 

Electrometric methods with hydrogen ion sensitive electrodes are used for 

accurate measurement of pH. pH was measured using pH Scan 2 (Eutech 

Cybernetics Pte. Ltd. Singapore) having a range of -1.0 to 15.0 pH, resolution of 

0.1 pH, accuracy of +/- 0.1 pH. 
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(ii) Procedure : 

Conditioning of the instrument was carried out by immersing the 

electrode in tap water for 1 hour to activate the electrode. The instrument was 

calibrated to pH 4 and 7 at the temperature of test solution. The tester was 

turned on by immersing the electrode into the buffer about 1 to 2 cm by stirring 

gently. When the displayed value stabilized, it was noted. Automatic 

Temperature Compensation corrects the temperature changes if any. The pH of 

ME samples was determined as mentioned above. 

IV] TOTAL ALKALINITY: 

(a) Principle : 

Salts of carbonates, bicarbonates, phosphates, nitrates, borates, silicates, 

etc. together with the hydroxyl ions in free state impart alkalinity to waters 

which is measured as the capacity of water to neutralize a strong acid. Mostly 

waters are rich in carbonates and bicarbonates. Therefore, the sample was 

titrated with HC1 to pH 8.3 using phenolphthalein as indicator, and then to a pH 

between 4.2 and 5.4, with methyl orange indicator to estimate total alkalinity. In 

the first case, it would be phenolphthalein alkalinity (PA) and in the second, total 

alkalinity (TA). 

(b) Reagents : 

(i) Hydrochloric acid 0.1 N. 

(ii) Methyl orange indicator - 0.05%. 
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(iii) Phenolphthalein indicator - 0.5 g phenolphthalein in 50 ml of 95% ethanol 

and 50 ml distilled water. 0.05 N CO2 free NaOH solution was added 

dropwise, till the solution turned faintly pink. 

(c) Procedure : 

Two drops of phenolphthalein was added to 100 ml of sample. If the 

solution remained colourless, 2-3 drops of methyl orange were added to it and 

titration continued till yellow colour changed to pink. This is TA. If the solution 

turned pink, after addition of phenolphthalein, titration .was carried out by 0.1 N 

HC1 till colour disappeared at the end point. This is PA. 

(d) Calculations : 

PA as CaCO3, mg/L = A x (Normality of HC1) x 1000x 50 

ml of sample 

TA as CaCO3, mg/L = B x (Normality of HC1) x 1000 x 50 

ml of sample 

Where A = ml of HC1 used with only phenolphthalein. 

B = ml of total HC1 used with phenolphthalein and methyl orange. 

PA = Phenolphthalein alkalinity. 

TA = Total alkalinity. 
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V] TOTAL ACIDITY : 

(a) Principle : 

Strong mineral acids, weak acids and hydrolyzing salts of strong acid 

impart acidity to waters. The capacity of water to neutralize a strong base to a 

fixed pH is Acidity. Mostly, free CO2 in the form of carbonic acid causes acidity 

to natural unpolluted fresh waters. 

Methyl orange or phenolphthalein indicator is used to titrate the sample 

with a strong base like NaOH to determine acidity. In the presence of strong 

mineral acids and their salts, it is titrated first to pH 3.7 using methyl orange. 

This is methyl orange acidity and when sample is titrated directly to pH 8.3 

using phenolphthalein, it is total acidity. 

(b) Reagents : 

(i) Sodium hydroxide - 0.05 N 

(ii) Methyl orange indicator - 0.05 % 

(iii) Phenolphthalein indicator. 

(c) Procedure : 

2 - 3 drops of methyl orange was added to 100 ml of filtered effluent 

sample. Methyl orange acidity was considered absent if the solution turned 

yellow. If the solution turned pink, it was titrated against 0.05 N NaOH to get a 

yellow colour at the end point. Few drops of phenolphthalein indicator was 

added to this sample and titrated further with Na OH till contents turned pink. 
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(d) Calculations : 

Methyl orange acidity mg/L as CaCO3 = 	A x N of NaOH x 1000 x 50 

ml sample 

Phenolphthalein acidity mg/L as CaCO3 = 	B x N of NaOH x 1000 x 50 

ml sample 

Total acidity to pH 8.3 mg/L as CaCO3 = (A + B) x N of NaOH x 1000 x 
50 

ml sample 

Where A = Volume of NaOH used with methyl orange titrating the sample to pH 

3.7. 

B = Volume of NaOH used with phenolphthalein in titrating the sample 

from pH 3.7 to pH 8.3. 

VI] SULPHATE : (Turbidimetric method) 

(a) Principle : 

Barium chloride in hydrochloric acid medium forms barium sulphate, 

which is precipitated in the form of sulphate ions, the concentration of which can 

be determined from the light absorbed by barium sulphate and then comparing it 

with standard curve. 
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(b) Reagents : 

(i) Conditioning Reagent - 75 g NaC1, 30 ml concentrated HCl and 100 ml 95% 

ethyl alcohol mixed in 300 ml distilled water. 50 ml glycerol was added to 

this solution and mixed thoroughly. 

(ii) Barium chloride crystals. 

(iii) Standard sulphate solution - 0.1479 g of anhydrous Na2SO 4  was dissolved in 

distilled water to make 1 litre of solution. This solution contained 100 mg/L 

of sulphate. 

(c) Procedure : 

5 ml of conditioning reagent was added to 100 ml of ME sample in 250 ml 

Erlenmeyer flask. This was then stirred, during which a spoonful of BaC12 

crystals were added. The sulphate concentration was calculated, (mg/L) by 

transferring the spectrophotometric readings taken at 420 nm to the standard 

graph prepared by employing the aforementioned procedure. 

VII] CHLORIDE : 

(a) Principle : 

Silver nitrate reacts with chloride to form very slightly soluble white 

precipitate of AgCl. At the end point when all the chlorides get precipitated, free 

silver ions react with chromate to form silver chromate of reddish brown colour. 

(b) Reagents : 

(i) Silver nitrate - 0.02 N 
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3.4 g of dried AgNO3 (A.R.) in 1 litre of distilled water, stored in dark 

bottle. 

(ii) Potassium chromate - 5% . 

(c) Procedure : 

2 ml of K2 Cr 04 solution is added to 50 ml of effluent sample and titrated 

against 0.02 N AgNO3 until a persistent red tinge appears. 

(d) Calculations : 

Chloride, mg/L = (ml x N of AgNO3) x 1000 x 35.5  

ml sample 

VIII] NITRATE : (Brucine method) 

(a) Principle : 

The intensity of yellow colour produced by nitrate and brucine is highly 

dependent upon the heat generated during the reaction. The intensity is 

measured at 410 nm. 

(b) Reagents : 

(i) Brucine - Sulfanilic acid solution. 

1 g brucine sulphate in 0.1 g of sulfanilic acid in about 70 ml of hot 

distilled water. Volume is made up to 100 ml by adding 3 ml concentrated HC1. 

Pink colour develops slowly and does not affect sensitivity. 

32 



(ii) Sulphuric acid solution - 500 ml concentrated H2SO4 in 125 ml distilled 

water. 

(iii) Sodium Chloride solution - 300 g NaC1 in 1 litre. 

(iv) Sodium arsenite solution : 5.0 g NaAsO2 in 1 litre. 

(v) Standard nitrate solution -1 mg/ml . 

(c) Procedure : 

In 50 ml test tube, 10 ml of sample was taken to which 1-2 drops of 

arsenite solution was added to make the sample chlorine free. It was then placed 

in cool water bath. 2 ml of NaCl was added followed by 10 ml H2SO4. Next 0.5 
■ 

ml Brucine reagent was added and mixed thoroughly. This was then placed in 

boiling water bath for 20 minutes. The reading was recorded on 

spectrophotometer at 410 nm after cooling the test tube for 20 minutes. The 

nitrate concentration was found out (mg/ml) by placing the readings on the 

standard graph prepared by following the above mentioned procedure. 

IX] HARDNESS - EDTA method 

(a) Principle : 

Calcium and magnesium ions present in water generally attribute to its 

hardness whereas polyvalent ions of strontium, iron, aluminium, zinc and 

manganese, etc. also contribute to the same. But the concentration of these is 

very low in natural waters. Hence, as calcium carbonates are far higher in 
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quantities, hardness is generally measured as concentration of only calcium and 

magnesium. 

Eriochrome Black T at pH of 10.00 ± 0.1 forms a complex of wine red 

colour with calcium and magnesium. When EDTA is added to this, its stronger 

affinity towards Ca++ and Mg++ break down this complex to form a new blue 

coloured complex. 

(b) Reagents: 

(i) EDTA solution - 0.01 M. 

(ii) 	Buffer solution. 

1) 16.9 g of NH4C1 in 143 ml concentrated NH4OH. 

2) 1.179 g of disodium EDTA and 0.780 g of MgSO4 . 7H20 in 50 ml D.W. 

Solutions (1) & (2) were mixed and diluted to 250 ml with D.W. 

(iii) Eriochrome Black T indicator - 0.40 g Eriochrome Black T mixed and ground 

with 100 g NaC1 (A.R). 

(iv) Sodium sulphide solution - 5.0g of Na2S . 9H20 or 3.7 g of Na2S . 5H20 in 

100 	ml distilled water. Bottle was tightly closed to prevent oxidation. 

(c) Procedure : 
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To 50 ml of ME sample, 1 ml of buffer was added. 1 ml of Na2S solution 

was then added since it contained high amount of heavy metals. Then addition 

of 100 mg of Eriochrome Black T indicator turned the solution to wine red. This 

was titrated against EDTA solution to the endpoint when the wine red colour 

changed to blue. 

(d) Calculations : 

Hardness as mg/L CaCO3 = ml EDTA used  x 100 

ml sample 

XI CONDUCTIVITY : 

(a) Principle : 

The property of a substance to conduct electric current is called Electrical 

Conductance; and in water, this is caused by various ionic species. 

Conductivity meter which measures conductivity has a conductance cell 

containing the rigidly mounted platinum electrodes coated with platinum black 

or carbon, placed parallel at a fixed distance of 1 cm. Electrical conductivity, the 

property of the water sample is measured as conductance between the electrodes 

having a surface area of 1 cm 2. Electrical conductance is also called as specific 

conductance. The unit for specific conductivity measurement isµ Mho. The 

ionization of the solutes depends on the temperature, and generally the results 

are reported at 25°C. 

(b) Procedure : 
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The instrument (Systronics 304 Conductivity meter) is switched on after 

placing the conductance cell into the beaker containing the mining effluents , 

which gave direct reading of conductivity inµ Mho. Cell constant of the 

conductance cell was 1, as was stated by the Manufacturer. Correction factor of 

0.092 and 0.93 was multiplied for 30°C and 29°C respectively. 

(c) Calculation : 

Conductivity in pt Mho = Observed conductance x cell constant x temperature 

factor at 25°C/29°C/30°C. 

XI] HEAVY METAL ANALYSIS : 

Inductive Coupled Plasma Method (Wallace and Barrett, 1981) 

Heavy metal (Zn, Mg , Cr, Sr, Pb, Mn, Fe, Cu, Cd and Ni) analysis was 

carried out on Inductive Coupled Plasma Emission Spectroscopy Machine (Perkin 

Elmer - Plasma 400). 18 mohm per cm, quality reagent Grade 1 water from 

Barnstead Water Purification System was employed for preparation of standards. 

The standards were obtained from Aldrich Single Element Standards for heavy 

metal analysis. Highly purified Argon gas was used as fuel to run the machine. 

The ME was aspirated for various metal analysis. Ten samples of the 

runoff were aspirated and the metal analyses recorded. 

PROCUREMENT AND MAINTENANCE OF TEST SPECIES : 

The spawns were collected from a pond near the Department of Zoology 

bearing breeding pairs of only Rana tigerina and the entry of other frog species 
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into the pond was prevented by fencing with nylon nets. The spawns were 

released into the glass aquaria tanks (50 L capacity, length - 90 cms, breadth - 42 

cms and height - 44 cms) using pond water. The tanks were well aerated and 

maintained at 25° - 27°C. A portion of the spawn was collected in a petridish and 

was observed under inverted microscope to determine if they were fertilized, as 

evidenced by the onset of cleavage. The spawns exhibiting onset of cleavage 

were chosen for the experiment. 

PROCEDURE FOR DETERMINING NOEC, LOEC and LC50: 

(Gupta and Salunkhe, 1985; Linder et al., 1991) 

The spawns were divided into 30 groups. The tanks were filled with ME 

ranging in concentration from 1 ppm to 100% ME for determining the NOEC, 

LOEC and LC50 for the spawns as well as subsequent developmental stages. The 

temperature and pH were maintained at 25° - 27°C and 7.1 ± 0.2 respectively. 

The concentration at which no observable effect in spawns or 

developmental stages with respect to morphology, morphometry, growth was 

observed, could decide no observable effective concentration (NOEC). 

The experimental spawns and developmental stages were kept under 

constant observation to note the onset of any observable effect with respect to 

embryonic development of spawn size, movement, appearance and morphology 

of different developmental stages. The time point and the concentration at which 

the lowest observable effect was produced would decide the lowest observable 

effective concentration (LOEC) at that time point. 
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For LC50 determination, only observation made in the experiment was that 

of death or survival of the animals. The LC50 value was obtained by plotting the 

%age of individuals succumbing to a given concentration of ME as ordinate, 

against the concentration of ME used as abscissa. In this way, an S-shaped curve 

was obtained. The shape of the curve indicated the degree of variation. The LC5o 

was obtained from the curve by drawing a horizontal line from the 50 per cent 

mortality point on the ordinate where it intersects the curve. At the point of 

intersection, vertical line was drawn and this line intersected the abscissa at the 

LC50 point. This concentration was designated as LC5o. These values were 

statistically obtained and represented the best estimation of the concentration 

required to kill/eliminate 50 per cent of the animals. 

Mortality is not the only toxic effect that can be induced by a pollutant. 

Behavioural, morphological and developmental aberrations that occur during 

chronic dosing at levels much lower than the LC50 can also be important measure 

of toxicity (Cooke, 1970; 1973a; 1981; Lyons et al., 1976; Rzehak, 1977; Harri et al., 

1979; Hall and Swineford, 1980). The no observable effective concentration 

(NOEC) was 0.008 % of ME. The LOEC was 0.009 % of ME at 6 hours and the 

LC50 was observed at 120 hours at 30% of ME. Therefore, the spawns were 

exposed to 0.01, 0.1, 1.0, 5.0, 10.0 and 30.0 % ME for the time periods of 6, 12, 24, 

48, 72, 96 and 120 hours. For each and every dose and every time point, separate 

controls were run. 

Rearing density can affect size of tadpoles with high densities producing 

tadpoles half the size of those reared at low densities (Cooke, 1979). Therefore, 
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500 tadpoles/larvae were housed in a 25 litre volume of ME which is equivalent 

to 20 animals per litre of ME. 

EXPERIMENTAL SETUP : 

The animals were fed with powdered fish food ad libitum [HITACHI, fish 

food with added vitamins and minerals containing wheat corn, fish meal, oat 

meal, dried yeast, shrimp, soybean, gluten, solvent extract, cod liver meal, algae, 

lecithin, spirulina, and trace minerals. Guaranteed analysis : Minimum crude 

protein - 32%, minimum crude fat - 3%, maximum crude fibre - 5%, maximum 

moisture - 10%, maximum NaCl -2.5%] . The tadpoles were staged according to 

Taylor and Kollros (1946). The Agarwal and Niazi (1977) stages corresponding 

to Taylor and Kollros stages are also mentioned. 

Six sets of 100 tadpoles each in seperate tanks were exposed to the 

aforementioned concentrations of ME and time periods. Simultaneously the 

control experiments were run wherein the animals were not exposed to ME, but 

to natural pond water. The tadpoles/developmental stages were observed for 

morphological alterations and deformities. The liver, kidney, intestine, muscle 

and skin of the tadpoles/developmental stages were also investigated for 

histological and biochemical alterations. 

MORPHOLOGY : 

After exposure to different concentrations of ME at various time points, 

the tadpoles were examined under stereobinocular microscope fitted with devices 

to measure their length and breadth. When treated with pollutants in laboratory 
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tests, as the anuran embryos (pre-hatching stages) or tadpoles (larval stages) can 

show a variety of sublethal responses such as changes in growth or 

developmental rates or pigmentation or proliferation of morphological 

deformities as described by Cooke, (1981); Berisha and Rozhaja, (1989); Hopfer et 

al., (1991) ; Plowman et al., (1991) Sunderman Jr. et al., (1991); Luo et a/.,(1993 a, 

b); Punzo, (1993); Bernadini et al., (1994); Plowman et al., (1994). 

HISTOPATHOLOGY : 

The morphological and structural changes develop in the tissue/cells at 

different sites. Hence at the end of the exposure periods after ME treatment, the 

tadpoles were taken out of the tanks and dissected open ventrally, so as to expose 

the visceral organs. The liver was observed as minute lobes near the heait. The 

kidneys were located just below the intestinal coil. They were seperated from the 

intestinal coil very gently, so as not to disturb the architecture. -After-severing the-

intestinal coil from the body, it was flushed with distilled water to remove food 

particles. The skin from the dorsal surface of the tiny tadpole was also separated. 

The tissues were then transferred to CAF (Calcium Acetate Formaldehyde) 

fixative containing 20 ml of formaldehyde, 80 ml of distilled water, and 2 gm of 

calcium acetate. The tissues were then washed with distilled water and fixed 

frozen sections (7W were cut using Cryostat (Leica) at -20°C. The sections were 

then stained with Haematoxylin -Eosin. 
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HAEMATOXYLIN AND EOSIN STAINING TECHNIQUE : 

(Talib, 1993) 

Reagents : 

Harris Haematoxylin - 

1. Acid Alcohol : Alcohol 70% - 1000 ml 

Concentrated Hydrochloric acid - 10 ml 

2. Ammonia water : Tap water - 1000 ml 

Ammonium hydroxide (28%) - 2 to 3 ml 

3. Saturated lithium carbonate : Li2CO3 -1 gm 

distilled water - 100 ml 

Eosin solution - 	 

1% stock alcoholic Eosin : Eosin Y -1 gm 

Distilled water - 20 ml 

Dissolve and add alcohol (95%) - 80 ml 

Working solution - 

Eosin stock solution (apart) + 80% alcohol (3 parts) 0.5 ml of glacial acetic acid 

was added just before use to 100 ml of stain and stirred. 

Staining procedure : 

The sections were placed in Harris haematoxylin for 10-15 minutes. They 

were then rinsed in tap water until sections turned 'blue' ( 5 minutes or less ). 

41 



Next, they were dipped in 1% acid alcohol three to ten times. The nuclei were 

distinct and the background was very light or colourless. These were washed 

briefly in tap water, and dipped in ammonia water or lithium carbonate water 

until the sections were again blue. The sections were later washed under 

running tapwater for 10 to 20 minutes and then stained with Eosin for 15 seconds 

to 2 minutes. After this, the sections were dehydrated in alcohol grades until 

excess eosin was removed. The proper staining was confirmed by observing the 

sections under microscope, and then cleared in Xylol and mounted in DPX. 

HAEMATOLOGY : 

Collection and preparation of blood sample. The blood was collected 

directly from the ventricle of the tadpoles. Blood of fifteen animals was pooled 

together in heparinised vials to get a sufficient volume for the haematological 

studies and biochemical analyses. The blood was centrifuged at 1000 rpm for 10 

minutes to collect plasma. The plasma was used for biochemical analysis. 

1) HAEMOGLOBIN : 

Sahli's Acid Hematin method: 

International Committee for standardization in haematology (1980). 

(a) Principle: 

Haemoglobin forms brown coloured acid hematin on addition of 0.1 N 

hydrochloric acid to blood which is diluted and compared with standard brown 

glass reference blocks of a Sahli haemoglobinometer. 
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(b) Requirement : 

i) Sahli haemoglobinometer consisting of : 

a) A standard brown glass mounted on a comparator. 

b) graduated tube. 

c) Fib - pipette (0.02m1) . 

ii) 0.1 N hydrochloric acid. 

iii) Distilled water. 

iv) Pasteur pipettes. 

(c) Method : 

0.1 N HCl was taken into a graduated tube upto 20% mark with the help 

of Pasteur pipette. 20 1.11 blood (without any bubbles) was transferred to the 

graduated tube from the Fib pipette. The pipette was well rinsed and the 

reaction cocktail was allowed to stand for atleast 10 minutes. The distilled water 

was added drop by drop and allowed to mix with the reaction cocktail. This was 

continued till the colour of the blood matched with the glass plate in the 

comparator. 

The reading corresponding to the lower meniscus and graduation mark 

was recorded in g-al. 
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2) TOTAL ERYTHROCYTE COUNT BY HAEMOCYTOMETRY : 

International committee for standardization in haematology (1981) : 

(a) Principle : 

The blood specimen was diluted 1 : 200 with RBC diluting fluid and cells 

are counted under high power (40 x objective ), using a counting chamber. The 

number of cells in diluted blood are calculated and reported as number of cells 

per mm3  of whole blood. 

(b) Requirements : 

i) Microscope 

ii) Improved Neubauer Chamber having an area of 9 Sq. mm and depth of 0.1 

mm. 

iii) RBC pipette having a large bulb, containing a red glass bead having three 

marks 0.5, 1.0 and 101. 

iv) RBC diluting fluid : 

a) Sodium citrate -3.0 g - prevents blood coagulation and provides correct 

osmotic pressure. 

b) Formalin -1.0 ml - preservative, checks bacterial, fungal growth. 

c) Haemolysis is prevented as RBC diluting fluid is isotonic with blood. 
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(c) Procedure: 

Double citrated blood is drawn in RBC pipette soon after mixing it by 

swirling the bulb upto 0.5 mark. Using cotton, excess blood outside the pipette 

was wiped. Diluting fluid was drawn upto 101 mark on the RBC pipette. This 

was mixed by rotating the pipette rapidly, keeping it horizontal. Few drops are 

discarded after five minutes and the pipette was held slightly inclined, while a 

small volume of the fluid was introduced under the coverslip placed on the 

counting chamber. Before placing the counting chamber on the stage of the 

microscope, the cells were allowed to settle for 2 to 3 minutes. The large square 

in the centre with 25 small squares was located using low power (10 x objective). 

The red blood cells in the four corner squares as well as the centre square were 

counted under high power (40 x objective). 

(d) Calculation : 

Total red blood cells/mm3  were calculated using the following formula - 

Total RBC/mm3  = Number of red cells counted x dilution 

Area counted x Depth of fluid 

where 	1) Dilution =1 : 200 (i.e 200) 

2) Area counted = 80/400 = 1/5 sq.mm . 

As the cells were counted in 5 bigger squares, each containing 16 small squares, 

Each small square = 1/400 sq.mm . 

Hence, area of 5 x 16 = 80 such areas = 80/400 =1/5 sq.mm . 

3) Depth of fluid = 1/10 mm. 

45 



4) No. of cells counted = N 

, Total RBCs / mm 3  = N x 200  = N x 200 x 50 = N x 10,000 

1 x 1 

5 	10 

3) TOTAL LEUCOCYTE COUNT BY HAEMOCYTOMETRY : 

(Van Assendeift and England ,1981) 

(a) Principle : 

The glacial acetic acid lyses the red cells, while the gentian violet lightly 

stains the nuclei of the leucocytes. Dilution of the blood specimen in the ratio of 1 

: 20 was carried out in the WBC pipette. The cells are counted using counting 

chamber, under the low power of the microscope. The number of cells in 

undiluted blood are reported per mm 3  ( III) of whole blood. 

(b) Requirements : 

a) Microscope 

b) Improved Neubauer Chamber 

c) WBC pipette - smaller than the RBC pipette having three marks 0.5, 1.0 and 

11, containing a white glass bead. 

d) WBC diluting fluid - prepared as follows- 

i) Glacial acetic acid -2.0 ml 

ii) 1% w/, gentian violet - 1.0 ml 
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iii) 	Distilled water - 97 ml 

(c) Procedure: 

Fresh blood collected in EDTA bulbs was drawn upto 0.5 mark of a WBC 

pipette, wiping the excess blood. Diluting fluid was drawn in upto 11 mark and 

then mixed. After 5 minutes, few drops were discarded and the counting 

chamber was filled and the cells allowed to settle for 2 to 3 minutes. Turning the 

objective to low power (10 x), the 16 small squares comprised in the 'W' marked 

area was focused from the counting chamber. Four 'W' marked corner squares 

were located and cells from these were counted. 

(d) Calculations : 

Total WBC were calculated as - 

Number of white cells/mm3  = No. of white cells counted x Dilution 

of whole blood 	Area counted x Depth of fluid. 

Dilution =20 

Area counted = 4 x 1 sq.mm  = 4 sq.mm  

Depth of fluid = 0.1 mm (constant) 

No. of white cells per mm 3  of whole blood 	= No. of cells counted x 20 

4 x 0.1 

= No. of cells counted x 50 
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4) BLOOD SMEAR STUDY FOR DIFFERENTIAL LEUCOCYTE COUNT 

AND CELL MORPHOLOGY : 

(Macgregor, Scott and Loh, 1940) 

Introduction : 

Percent distribution of various white cells in the peripheral blood is, 

determined after examination of blood smear stained with polychromatic stain 

using oil immersion objective (total magnification 1000 x). The number of each 

type of white cell is then expressed as a %age of the total number of cells. 

(a) Principle : 

Polychromatic staining solutions like Wright, Leishman, Giemsa 

containing methylene blue and eosin are basic and acidic dyes, which induce 

multiple colours when applied to cells. Methanol which acts as a fixative also 

acts as a solvent and does not allow any change in the cells by making them 

adhere to the glass slide. Cytoplasm, the basic component of white cells stained 

by acidic dye are described as eosinophilic or acidophilic. Nucleus with nuclei 

acid form the acidic components which take blue to purple shades by the basic 

dyes and hence are called basophilic. Both the dyes stain the neutral cell 

components. 

(b) Procedure : 

A) Preparation of smear - 

A small drop of blood was placed on the edge of a clean dry slide. The 

spreader placed at 30° to 35° angle was pulled back, until it touched the drop of 
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blood and spread along its edge. With a smooth movement, spreader was 

pushed forward to the end of the slide, forming a blood smear, which was dried 

at room temperature to preserve the quality of the film. 

B) Fixing the smear - 

To prevent cell distortion, blood smear was fixed with methanol for 2 to 3 

minutes before staining. 

C) Staining the film - 

10 to 15 drops of stain were added to cover the smear for exactly one 

minute followed by equal number of drops of buffer solution . It was adequately 

mixed by blowing on the reaction mixture with a pipette. The smear was 

washed after ten minutes under tap water and then the slide was allowed to dry. 

D) Examining the film - 

The stained smear when observed under low power showed three zones 

i) Thick area (head), 

ii) body, and 

iii) thin end of the smear (tail). 

A portion where red cells begin to overlap just before the tail end was 

examined under oil immersion from one field to the next. Types of leucocyte 

seen in each were recorded. 500 leucocytes were counted to have a high degree 

of accuracy. 
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5) DETERMINATION OF PLATELET COUNT : 

(Bain , 1985) 

(a) Principle : 

The blood was diluted to 1 : 200 with platelet diluting fluid and cells were 

counted under high power (40 x objective) from the counting chamber. After 

calculation, the number of cells in undiluted blood are reported as the number of 

platelets per mm3  of whole blood. 

(b) Requirements : 

(1) Microscope 

(2) Improved Neubauer Counting Chamber 

(3) RBC pipette 

(4) Platelet diluting fluid is prepared with 

(i) Procaine hydrochloride - 3.0 g 

(ii) Sodium Chloride -10.0 g 

(iii) Distilled water - 100 ml 

The mixture is filtered through Whatman (No.44) filter paper and stored in 

a clean, dry plastic container. 

(c) Procedure : 

As platelets adhere to glass surface, plastic syringe was used for blood 

collection. EDTA (anticoagulant) was mixed carefully into blood. The blood was 
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drawn upto 0.5 mark of the RBC pipette. After wiping off the excess blood, 

diluting fluid was drawn upto 101 mark (Dilution -1 : 200 times). Contents from 

the bulb were thoroughly mixed for 5 minutes, discarding the first drop, next 

small drop was transferred to one side of the counting chamber. The filled 

counting chamber was placed in a petridish for 15 minutes with moist filter paper 

and kept undisturbed. Apart from permitting the platelets to settle, it also 

prevents evaporation of diluting fluid in the chamber. Then the counting 

chamber was placed on the stage of microscope and the red cell counting area 

was brought under focus of low power. Then, the view was shifted to the corner 

square of the red cell area under high power objective. Diaphragm of the 

microscope was adjusted to reduce light, till the highly refractile particles - the 

platelets became visible. Platelets were counted in all the 25 small squares, each 

having an area of 1 mm 2  and expressed as platelets per mm 3 . 

(d) Calculations : 

Platelets per mm3  = No. of platelets counted x Dilution 

Volume of fluid 

Where, i) Dilution =200 

ii) Volume of fluid = 1 x 0.1 = 0.1 mm3  

iii) Platelets per mm 3  = No. of Platelets  x 200 

0.1 

= No. of Platelets x 2000 
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BIOCHEMICAL ANALYSES : 

PREPARATION OF SAMPLE : 

After sacrificing the animals, the tissues were separated and homogenized 

in a chilled glass mortar, which was previously washed and cleaned thoroughly 

along with pestle, rinsed in distilled water, dried and kept in the freezer for 

nearly five hours prior to homogenation. This ensures no loss of enzyme activity 

due to friction of the pestle and mortar, as the temperature does not exceed 

beyond 12°C at the end of homogenation. The other added advantage in carrying 

out such homogenation is that the tissue instantaneously freezes when it is first 

crushed at the bottom of the mortar. It gradually thaws helping the release of 

enzymes from the tissue. To a perfect uniform homogenated paste was added 

sodium citrate buffer (0.05 M, pH 4.8) for acid phosphatase, phosphate buffer 

(0.66 M, pH 7) for esterases (non-specific) or glycine buffer (0.05 M, pH 10.5) for 

alkaline phosphatase depending on the test to be carried out, to make the tissue 

homogenate to about 1% w / v  or even less. The concentration of homogenate for 

each of the tissue studied was kept constant during the entire work period. 
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1) TOTAL PROTEINS ASSAY : 

MODIFIED - FOLIN - LOWRY METHOD (Plummer, 1988) 

(a) Principle : 

Protein reacts with the Folin-Ciocalteau reagent to give a coloured 

complex. The colour so formed is due to the reaction of the alkaline copper with 

protein and the reduction of phosphomolybdate by tyrosine and tryptophan 

present in the protein. The intensity of colour depends on the amount of these 

aromatic amino acids present and will thus vary for different proteins. 

(b) Materials : 

i) Alkaline sodium carbonate solution - 

20 g/litre Na2CO3 in 0.1 M/litre NaOH. 

ii) Copper sulphate sodium potassium tartrate solution - 

5g/litre CuSO4 . 5H20 in 10g/litre sodium potassium tartrate. Prepared fresh 

by mixing stock solutions. 

iii) "Alkaline solution" - 

Prepared on the day of use by mixing 50 ml of (i) and 1 ml of (ii). 

iv) Folin - Ciocalteau reagent - 

The commercial reagent was diluted with an equal volume of water on the 

day of use. 

v) Standard protein - 
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Albumin solution - 0.2 mg/ml. 

(c) Method : 

To 1 ml of test solution, 5 ml of the "alkaline solution" was added. This 

was then thoroughly mixed and allowed to stand at room temperature for 10 

minutes or longer 0.5 ml of diluted Folin-Ciocalteau reagent was then added 

rapidly with intermediate mixing., After 30 minutes, the extinction was read 

against appropriate blank at 750 nm. 

The protein concentration of unknown was estimated by referring a standard 

curve. 

2) GLYCOGEN ESTIMATION : 

THE ANTHRONE METHOD - (Plummer ,1988) 

(a) Principle : 

The anthrone reaction is a rapid and convenient method for the 

determination of hexoses, aldopentoses and hexuronic acids, either free or 

present in polysaccharides. The blue-green solution shows an absorption 

maximum at 620 nm, although some carbohydrates may give other colours. The 

reaction is not suitable when proteins containing a large amount of tryptophan 

are present, since a red colour is obtained under these conditions. The extinction 

depends on the compound investigated, but is constant for a particular molecule. 

(b) Materials: 

i) Anthrone reagent - 	2g /litre in Concentrated H2SO4 . 
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ii) Glycogen 	 0.1 g/litre. 

(c) Method : 

4 ml of anthrone reagent is added to 1 ml of protein - free carbohydrate 

solution and mixed rapidly. The test tubes are then placed in boiling water bath 

for 10 minutes with a marble on top to prevent loss of water by evaporation. The 

tubes are then cooled and extinction was read at 620 nm against a reagent blank. 

A standard graph was prepared and the glycogen concentration of the 

unknown was found out by consulting the standard curve. 

3) ACID PHOSPHATASE : 

[Orthophosphoric monoester phosphohydrolase E.C. 3.1 3.2] 

(Linhardt and Walter, 1965) 

(a) Reagents : 

i) 0.05 M p - nitrophenol phosphate in sodium citrate buffer (0.05 M, pH 4.8 

stored at 4°C). 

ii) 0.1 N NaOH. 

(b) Enzyme Reaction : 

Three test tubes with 1.0 ml substrate buffer solution and 0.2 ml aliquot of 

well suspended tissue homogenate in each, were used for the assay. The mixture 

was equilibrated for 5 to 10 minutes. A single control test tube contained 1.0 ml 

substrate buffer solution (0.05 M, pH 4.8). 
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The test tubes were shaken to mix the aliquots properly, stoppered with 

cork stoppers and incubated in an incubator adjusted to 37°C for 30 minutes. 

Throughout the entire course of work, the incubation interval was kept constant. 

The reactions were terminated by adding 4 ml of 0.1 N NaOH. After addition of 

NaOH, the tubes were centrifuged at 2000 rpm for 5 minutes and using control as 

a reference, the optical density was read at 400 nm on 305 Systronics 

spectrophotometer. 

(c) Calculations : 

With an assay volume of 5.2 ml, 0.2 ml plasma /tissue extract, and an 

incubation period of 30 minutes, the optical density was converted to micromoles 

of p-nitrophenol from the formula suggested by Linhardt and Walter (1965). A 

unit of acid phosphatase activity corresponds to an optical density of 0.362 at 400 

m vt and is equivalent to 2.76. Factor 2.76 x optical density of assayed mixture 

was the phosphatase activity for 0.2 ml extracts which was then extrapolated to 1 

gm of tissue. 

Formula for tissue sample - 

Optical density x 2.76 x dilution  = Acid phosphatase in p - nitrophenol 

0.2 x wt. in grams 

Formula for plasma - 

Optical density x 2.76 x 100  = p - nitrophenol [1. mol/100 ml 

0.2 
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4) ESTERASE : 

[Non-specific E.C. 3.1.1] 

(Glenner ,1957; 1963) 

(a) Reagents : 

i) 0.001 M p - nitrophenol acetate - • 

63 mg p - nitrophenol acetate in 10 ml ethanol (Stock solution) 0.1 ml of the 

stock solution was diluted to 10 ml to prepare the working substrate. 

ii) Phosphate buffer (pH 7.0, 0.66 M). 

(b) Enzyme Reaction : 

Three test tubes were kept ready for assay. Into each, 5 ml of ice cold 

water, 2 ml of phosphate buffer (0.66 M, pH 7) , 1 ml of tissue 

homogenate/plasma were added, followed by 2 ml working substrate solution. 

The tubes were centrifuged for five minutes at 2000 rpm after shaking vigorously. 

As a reference for control, the readings were noted at zero hours after which the 

tubes underwent vigorous shaking and incubation at 15°C for 20 minutes. The 

readings were taken at 400 nm after centrifuging the tubes. Considering reading 

at zero hours as control, the control and incubated mixtures were measured 

against distilled water as blank. 
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(c) Calculations : 

From the calibrated nitrophenol standard curve, the optical density was 

converted into micromoles of p-nitrophenol. In case of tissue sample, the esterase 

activity was expressed in p-nitrophenol µ mole units/gm and in the case of 

plasma, it was expressed per 100 ml using the formula stated below- 

ji moles p-nitrophenol from graph x dilution  = A moles p-nitrophenol /gm for 
Wt. in gram 	 tissues 

p. moles p-nitrophenol from graph x dilution  = p. moles p-nitrophenol/100 ml for 
ml of sample 	 plasma 

5) ALKALINE PHOSPHATASE : 

[E.C. 3.1.3.1] 

(E. J. King and M. D. Armstrong, 1934) 

(a) Reagents : 

i) 0.05 M glycine buffer( pH /0,5 

ii) 0.02 N NaOH. 

(b) Enzyme Reaction : 

Three test tubes with 1.0 ml substrate buffer solution ( 0.05 M, pH 10.5) 

and 0.1 ml aliquot of tissue sample or plasma was added in each. After 

equilibration for 5 - 10 minutes, the test tubes were shaken gently for mixing the 

aliquots and incubated in a water bath at 37.5°C for 30 minutes. During the 
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entire course of the work, the incubation period was kept constant. To terminate 

the reaction, 10 ml of 0.02 N NaOH was added and the test tubes were 

centrifuged for 5 minutes at 2000 rpm. Control served as a reference, while the 

optical densities were read at 400 nm on 305 Systronics spectrophotometer. 

(c) Calculations : 

From the calibrated nitrophenol standard curve, optical density was 

converted to millimicromoles of p-nitrophenol. The alkaline phosphatase activity 

was expressed in p-nitrophenol m µ moles/gm in case of tissue sample and per 

100 ml in case, of plasma. Using the formula by E. J. King and M. D. Armstrong 

(1934), the p-nitrophenol m p. mole units were calculated. 

m µ moles p-nitrophenol units x 20 will give alkaline phosphatase units i.e 

mole units. 

6) ELECTROLYTE ESTIMATION : 

FLAME PHOTOMETRY - (Baur, 1982; Tietz, 1976) 

Estimation of Sodium and Potassium : 

(a) Principle : 

At a higher temperature, atoms of various elements dissociate from its 

salts to a higher energy state and hence emit specific spectral bands which absorb 

through proper interference filters or spectral barriers in a photodetector and is 

proportional to its concentration. The emitted light of sodium absorbs maximum 

at 589 m IA and potassium at 404.5 and 766.5 m 
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(b) Reagents : 

Ready to use Electrolyte standards (sodium and potassium Batch No.1033 

B) obtained from Biolab Diagnostics were diluted 1 to 100. Therefore, values 

were compared by similarly diluting test sample 1 to 100 with distilled water or 

1mM/L Lithium base. 

Stability of standards - 1 year at 25 to 40°C. 

Samples - 

Tissue homogenate and plasma free of hemolysis. Blood was collected in 

heparinised sterile plastic vials using electrolyte free syringe as advised. 

Equipment - Systronics Flame Photometer with burner unit, compressor unit and 

digital displayer. 

(c) Procedure : 

The sample was diluted 1 to 100 in glass distilled water or 1mM /L 

Lithium base. The machine was switched on and required air pressure was 

adjusted. The gas was released from the cylinder and the burner was lit, 

adjusting the flame to about 5 to 6 cms in size. Electrolyte free glass distilled 

water was fed to the machine and reading adjusted to zero. Standard 120/2 was 

fed and DPM reading adjusted to Na+ 120 and K+ 20. This was Preset reading 

(PSR 120/2). Successively, standards of various dilutions 130/3, 140/4, 150/5 
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and 160/6 were fed and DPM read out, recorded and adjusted. Then, the sample 

was fed which was diluted 1 to 100 in glass distilled water or 1mM/L Lithium 

base and DPM was noted. This was compared with the standard graph given 

with the reagent manual. 

7) ESTIMATION OF CALCIUM : 

OCPC, Endpoint Colorimetry Single Reagent Chemistry method. 

(Kessler,1964; Morin, 1974; Lorentz, 1982) 

Autospan Reagents were used for estimation of calcium. 

(a) Principle : 

At alkaline pH, ca++ binds with orthocresolphthalein complexone (OCPC) 

to form a bluish purple complex. The intensity of the colour so formed is 

proportional to calcium concentration and is measured at 575 nm. Interference 

from magnesium is overcome by the presence of 13 - hydroxyquinoline in 

reagent (i), which binds free magnesium ions. 
• 

(b) Reagents : 

(i) OCPC Reagent - OCPC 

- Hydrochloric acid. 

- 13 - hydroxyquinoline 

(ii) AMP Buffer - AMP buffer, pH 10.4 

(iii) Calcium Standard - 10 mg/dl - Calcium carbonate, hydrochloric acid. 
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(c) Preparation of Working Reagent : 

1) Just prior to use, Reagent (i) & Reagent (ii) were mixed in equal 

volume i.e 1 	part of OCPC Reagent + 1 part AMP Buffer. This 

mixture was labelled as 	working Ca++ reagent. Working Ca++ reagent was 

prepared fresh as and when required. 

2) Reagent (iii) - Calcium standard was ready for use as supplied. 

(d) Reagent Stability : 

All opened reagents were found to be stable at 2 - 8°C until the expiry date., 

(e) Sample or specimen collection : 

i) Plasma sample : 

As described previously. 

ii) Tissue extract : 

The tissues were homogenised in chilled deionized 18 mohm/cm reagent 

quality grade I water. 

(f) Equipment : 

Seac CH - 100 Automated analyzer. 

(g) Programme : 
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The assay parameters were programmed as mentioned below : 

i) Mode 	 - Endpoint 

ii) Wavelength 	 - 578 nm 

iii) Temperature 	 - 37°C 

iv) Optical path length 	- 1 cm 

v) Blank 	 - Reagent blank 

vi) Sample volume 	- 20 IA 1 

vii) Working reagent volume - 1000 pt 1 

viii) Incubation 	 - 5 minutes 

ix) Maximum absorbance limit - 2.0 

x) Linearity 	 - 2.15 mg/dl 

xi) Stability of colour 	- 2 hours 

xii) Units 	 - mg/dl 

(h) Procedure : 

Eight test tubes were kept ready for analysis. In the first test tube only 1.0 

ml of working calcium reagent was added. In the second test tube, 20 pt 1 of 

calcium standard and 1.0 ml of working calcium reagent was added. In test 

tubes 3, 4, 5, 6, 7 and 8, 20 pi of samples - plasma and skin, liver, kidney, 

intestine and muscle tissue extracts were added. All the test tube contents were 

mixed well and incubated at 37° C for 5 minutes. The Autoanalyzer was 
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programmed using the parameters mentioned previously. The Autoanalyzer was 

brought to zero with reagent blank. The standard was aspirated and the reading 

was noted. The test samples were aspirated and readings were noted. 

(i) Calculations : 

Ca++ concentration in mg/dl was calculated by using the following formulae :- 

Plasma Calcium mg/dL = Absorbance Test 	x 10 

Absorbance Standard 

Tissue extract calcium mg/100mg = Absorbance Test 	x 10 x dilution factor 
Wet weight of tissue 	Absorbance Standard 

8) ESTIMATION OF CHLORIDE : 

Thiocyanate, Endpoint colorimetry, single reagent chemistry method. 

(Zall, 1965 ; Shoenfeld, 1956) 

Span diagnostic reagent kit was used for estimation of chloride. 

(a) Principle : 

Chloride ions react with a solution containing ferric, mercuric nitrate and 

thiocyanate ions in equilibrium to form yellow brown ferric thiocyanate. The 

absorbance measured at 505 nm is proportional to the concentration of chloride 

in specimen. 

(b) Reagents : 

(i) Chloride reagent - Mercuric nitrate, nitric acid, ferric nitrate, 

thiocyanate. 
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(ii) Chloride standard - HC1100 mEq/L 

(c) Preparation of working reagents : 

Both Reagent (i) and Reagent (ii) are ready for use as supplied. 

(d) Reagent Stability : 

Reagent (i) is stable at room temperature (15-30°C) until the expiry date. Reagent 

(ii) chloride standard is stable at 2 - 8°C until expiry date. 

(e) Specimen collection : 

As mentioned previously. 

(f) Equipment : 

Seac - CH - 100 Autoanalyzer. 

(g) Programme : 

For analysis of Chloride from the samples the autoanalyzer was programmed 

using the following parameters : 

i) Blank - Reagent blank 

ii) Sample Volume -100µl or 5 µ 1 

iii) Reagent Volume - 1000 g 1 

iv) Concentration of standard - 100 m Eq/L 

v) Incubation - 3 minutes at RT or 37°C 

vil Max absorbance limit - 2.0 
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vii) Linearity - 70 - 140 m Eq/L 

viii)Stability of colour - 30 minutes 

ix) Units - m Eq/L 

If the samples contained more than 140 m Eq/L chloride, 1:2 dilution with 

deionized water was carried out and then the results of diluted sample was 

multiplied by 2. 

(h) Procedure : 

Eight test tubes were kept ready for analysis of chloride. First test tube 

was labelled as blank as it contained only 1.0 ml chloride reagent and no sample. 

Second test tube contained 10 ml of chloride standard and 1.0 ml chloride reagent. 

Test tubes 3, 4 , 5, 6 and 7 contained 1.0 ml of plasma and skin, liver, kidney and 

muscle tissue extracts respectively, with 1.0 ml chloride reagent in each test tube. 

All the test tube contents were mixed well and incubated at 37°C for 5 minutes. 

The Autoanalyzer was programmed using the aforementioned parameters. 

Blanking of autoanalyzer was done with Reagent blank. Standard solution was 

aspirated and the reading was noted. Test samples were aspirated and readings 

were noted. 

(i) Calculations : 

Chlorides from samples were calculated by using the formulae given below : 

Plasma Chloride mEq/L = Absorbance Test  x 100 

Absorbance Standard 
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Tissue extract chloride inEq/100mg = Absorbance Test x 100 x dilution factor 
Wet weight of Tissue Absorbance Standard 

All results are statistically analysed by employing methods given by Sokal 
and Raulf (1987). 

Tables and plates are given separately for separate chapters. 
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DEFORMITIES 



Table No. A 

Heavy Metals From Mining Effluents. 

Sr. 
No. METAL CONCENTRATION 

1. Ba 0.65 	± 0.001 mg/L 

2. Cd 0.710 	± 0.02 mg/L 

3. Co 22.80 	± 0.59 pg/L 

4. Cr 37.0 	± 0.38 pg/L 

5. Cu 14.6 	± 1.00 pg/L 

6. Fe 1.9105 ± 0.0042 mg/L 

7. Mg 0.2140 ± 0.0028 mg/L 

8. Mn 0.857 	± 0.00137 mg/L 

9. Ni 11.90 	± 0.890 pg/L 

10. Pb 5.40 	± 0.500 pg/L 

11. I Sr 11.30 	± 0.710 pg/L 

12. Zn 81.40 	± 1.000 pg/L 



Table No. B 
	

Physicochemical characteristics of Pond Water and Mining Effluents. 

Dissolved 
Oxygen 

mg/L 

Carbon 
Dioxide 

mg/L 

Total 
Acidity 

mg/L 

Total 
Alkalinity 

mg/L 

Conductivity 
pmho 

pH Sulphates 
mg/L 

Chlorides 
mg/L 

Nitrates 
mg/L 

Phosphates 
mg/L 

Hardness 
mg/L 

22.05 0.87 7 7 620 7.2 7.5 6.32 0.77 6.32 351.3 
Pond Water ±0.72 ±.0.02 ± 0.20 ± 0.25 ± 20.0 ± 0.16 ± 0.45 ± 0.36 ± 0.12 ± 0.20 ± 17.10 

20.01 1.13 7.1 6.13 550 7.06 376.4 
0 .01% ME ± 0.86 ± 0.04 ± 0.40 ± 0.46 ± 10.0 ± 0.05 0.0 0.0 0.0 0.0 ± 19.20 

19.86 1.16 7.3 6.47 325 7.1 391.1 
0.1 c/0 M E ± 0.81 ± 0.05 ± 0.45 ± 0.54 ± 10.0 ± 0.00 0.0 0.0 0.0 0.0 ± 23.10 

19.48 2.22 7.5 7.32 200 7.08 30.03 5.12 4.05 429.8 
1% ME ±0.72 ±0.02 ±0.52 ±0.52 ±12.0 ±0.04 ±1.00 ±0.36 0.0 ±0.20 ±20.10 

18.72 2.86 7.8 8.21 120 7.16 52.12 9.24 0.57 7.17 452 
5% ME ± 0.98 ± 0.19 ± 0.61 ± 0.56 ± 7.0 ± 0.05 ± 4.00 ± 0.42 ± 0.12 ± 0.26 ± 22.10 

18.24 4.38 8.2 9.48 78 6.92 73.46 12.36 0.87 9.41 486.2 
10°10 ME ± 1.72 ±0.15 ±0.52 ±0.43 ±6.0 ±0.04 ±5.00 ±0.53 ±0.10 ±0.14 ±24.20 

17.81 5.42 8.6 10.12 51 6.88 92.32 15.42 1.35 13.21 525.4 
30% ME ± 1.43 ± 0.28 ± 0.54 ± 0.23 ± 3.0 ± 0.04 ± 4.00 ± 0.72 ± 0.18 ± 1.26 ± 27.10 



PHYSICO - CHEMICAL CHARACTERISTICS OF MINING EFFLUENTS 

The samples of fresh iron ore rejects were subjected to simulated rainfall 

(10 cm) and the runoff/mining effluents (ME) were collected. The ME was then 

used for detecting heavy metal and to study the physico - chemical characteristics 

of the diluted ME (0.01 % to 30 %). The heavy metals in the mining effluents are 

given in Table A and the physico - chemical characteristics are compiled in Table 

B. 

The mining effluents showed the presence of Iron in highest concentration 

(1.9105 ± 0.042 mg/L), followed by manganese (0.857 ± 0.00137 mg/L), 

cadmium (0.710 ± 0.002 mg/L) and barium (0.650 ± 0.001 mg/L). The 

concentrations of chromium, cobalt, copper, magnesium, nickel, lead, strontium 

and zinc were equivalent to 28.8 ± 0.59, 37.0 ± 0.38, 14.6 ± 1.0, 214.0 ± 2.8, 11.9 ± 

0.89, 5.4 ± 0.5, 11.3 ± 0.71 and 81.4 ± 1.0 pt g/L respectively. 

Water Analysis : 

The Water Analysis results are given in table B. 

The concentrations of dissolved oxygen were equivalent to 22.05 ± 0.72, 

20.01 ± 0.86, 19.86 ± 0.81, 19.48 ± 0.72, 18.72 ± 0.98, 18.24 ± 1.72, 17.81 ± 1.43 mg/L 

in pond water, 0.01% ME, 0.1 % ME, 1.0% ME, 5.0% ME, 10.0% ME and 30.0% ME 

respectively. 

The carbondioxide level in pond water was equivalent to 0.87 ± 0.02 mg/L, 

whereas in 0.01 % ME, 0.1 % ME, 1.0 % ME, 5.0 % ME, 10.0 % ME and 30.0 % ME 
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the CO2 levels were equivalent to 1.13 ± 0.04, 1.16 ± 0.05, 2.22 ± 0.02, 2.86 ± 0.19, 

4.38 ± 0.15 and 5.42 ± 0.28 mg/L respectively. 

The total acidity was found to be equivalent to 7.00 ± 0.20, 7.10 ± 0.40 , 7.30 

± 0.45, 7.50 ± 0.52, 7.80. ± 0.61, 8.20 ± 0.52, 8.60 ± 0.54 mg/L for pond water, 0.01 `)/0 

ME, 0.1 `)/0 ME, 1.0 % ME, 5.0 % ME, 10.0 % ME and 30.0% ME respectively. 

The alkalinity of the pond water, 0.01 % ME, 0.1 `)/0 ME, 1.0 % ME, 5.0 `)/0 

ME, 10.0 % ME and 30.0 % ME was equivalent to 7.00 ± 0.25 , 6.13 ± 0.46 , 6.47 ± 

0.54 , 7.32 ± 0.52 , 8.21 ± 0.56 , 9.48 ± 0.43 and 10.12 ± 0.23 mg/L respectively. 

The pH of the pond water was found to be 7.20 ± 0.16, whereas those of 

0.01 % ME, 0.1 % ME, 1.0 % ME, 5.0 % ME, 10.0% ME and 30.0 `)/0 ME were 

equivalent to 7.06 ± 0.05, 7.10 ± 0.00, 7.08 ± 0.04, 7.16 ± 0.05, 6.92 ± 0.04 and 6.88 ± 

0.04 respectively. 

The sulphate concentrations from pond water, 0.01 % ME, 0.1 `)/0 ME, 1.0 % 

ME, 5.0 % ME, 10.0 % ME and 30.0 % ME were equivalent to 7.50 ± 0.45 , 0.00, 

0.00, 30.03 ± 1.00 , 52.12 ± 4.00 , 73.46 ± 5.00 and 92.32 ± 4.00 mg/L respectively. 

The concentrations of chlorides from pond water was equivalent to 6.32 ± 

0.36 mg/L, whereas the concentrations in 0.01 % ME, 0.1 ` )/0 ME, 1.0 `)/0 ME, 5.0 

ME, 10.0 )̀/0 ME and 30 % ME were equivalent to 0.00, 0.00, 5.12 ± 0.36 , 9.24 ± 

0.42, 12.36 ± 0.53 and 15.42 ± 0.72 mg/L respectively. 

The nitrates from pond water, 0.01 % ME, 0.1 ` )/0 ME, 1.0 % ME, 5.0 % ME, 

10.0 `)/0 ME and 30 % ME were found to be 0.77 ± 0.12 , 0.00, 0.00, 0.00, 0.57 ± 0.12 , 

0.87 ± 0.10 and 1.35 ± 0.18 mg/L respectively. 
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The phosphate concentrations were equivalent to 6.32 ± 0.20 , 0.00, 0.00, 

4.05 ± 0.02 , 7.17 ± 0.26 , 9.41 ± 0.14 and 13.21 ± 1.26 mg/L for pond water, 0.01 % 

ME, 0.1 % ME, 1.0 % ME, 5.0 % ME, 10.0 % ME and 30.0 % ME respectively. 

The conductivity of pond water, 0.01 % ME, 0.1 % ME, 1.0 % ME, 5.0 `)/0 

ME, 10.0 % ME and 30.0 `)/0 ME were equivalent to 620 ± 20.0, 550 ± 10.0, 325 ± 

10.0, 200 ± 12.0, 120 ± 7.0, 78 ± 6.0, 51.0 ± 3.04 mho respectively. 

The hardness of pond water, 0.01 `)/0 ME, 0.1 % ME, 1.0 `)/0 ME, 5.0 % ME, 

10.0 % ME and 30.0 % ME was equivalent to 351.30 ± 17.10, 376.40 ± 19.20, 391.10 

± 23.10, 429.80 ± 20.10, 452.0 ± 22.10, 486.20 ± 24.20 and 525.40 ± 27.1 mg/L 

respectively. 

The adult Rana tigerina pairs maintained in the acquaria tanks (capacity 50 

L) containing ME ranging from 0.01 to 30.0 %, exhibited reduced amplexus and 

even when there were attempts by the male to enter into amplexus, the female 

spawning remained suppressed for 7 - 8 weeks. Hence, spawns were collected 

from the natural ponds bearing Rana tigerina only as they were fenced to avoid 

spawning by other frog species. 

When the spawns were exposed from 6 hours to 120 hours to the mining 

effluents (ME) in concentrations of 0.01, 0.1, 1.0, 5.0, 10.0 and 30.0 %, no 

observable changes such as degeneration or failure of embryonic development 

were seen till stage V. The developmental stages of R. tigerina were identified as 

described by Taylor and Kollros (1946). ME showed a 120 hour LC50 at 30 % 

concentration for all the developmental stages of R. tigerina. The LC50 remained 
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CAPTIONS TO THE FIGURES 

PLATE 1: 

Fig. 1 : Control - Stage V 

Note the normal tail and notochord. 

Fig. 2 : 0.01 % ME 96 h - Stage V 

Note slight flexure of notochord (F) and loss of pigmentation. 

Fig. 3 : 0.01 `)/0 ME 120 h - Stage V 

Note the flexure of notochord (F) and bending/kinking of tail (B). 

Fig. 4 : 0.1 % ME 72 h - Stage V 

Note the flexure of notochord (F). 
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CAPTIONS TO THE FIGURES 

PLATE 2 : 

Fig. 1 : 0.1 % 96 h - Stage V 

The flexure of notochord (F), loosening of gut coil (L) and loss of 

pigmentation. 

Fig. 2 : 1.0 % 48 h - Stage V 

Note the flexure of notochord (F), loosening of gut coil (L) and 

reduced pigmentation. 

Fig. 3 : 1.0 % ME 72 h - Stage V 

Note the flexure of notochord (F), loosening of gut coil (L), reduced 

pigmentation and slight bending/kinking of tail (B). 

Fig. 4 : 1.0 (}/0 ME 120 h - Stage V 

Note the flexure of notochord (F) and reduced pigmentation. 
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CAPTIONS TO THE FIGURES 

PLATE 3 : 

Fig. 1 : 5.0 % 48 h - Stage V 

Note the bending/kinking of tail (B) and stunted growth. 

Fig. 2 : 5.0 `)/0 96 h - Stage V 

Note bending/kinking of tail (B) and stunted growth. 

Fig. 3 : 10.0 % ME 24 h - Stage V 

Note the flexure of notochord (F), bending/kinking of tail (B) and 

stunted growth. 

Fig. 4 : 10.0 % ME 96 h - Stage V 

Note flexure of notochord (F), loosening of gut coil (L), reduced 

pigmentation and thining of posterior region of the tadpole. 
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CAPTIONS TO THE FIGURES 

PLATE 4 : 

Fig. 1 : 30.0 % 12 h - Stage V 

Note the stunted growth, flexure of notochord (F) and loosening of 

gut coil (L). 

Fig. 2 : 30.0 % 96 h - Stage V 

Note flexure of notochord (F) and loosening of gut coil (L) as well 

as loss of pigmentation. 

Fig. 3 : Control - Stage VIII 

Note normal notochord, pigmentation and growth. 

Fig. 4 : 0.01 (Y0 ME 72 h - Stage VIII 

Note loss of pigmentation, flexure of notochord (F) and loosening 

of gut coil (L). 
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CAPTIONS TO THE FIGURES 

PLATE 5 : 

Fig. 1 : 0.1 `)/0 72 h - Stage VIII 

Note flexure of notochord (F), loosening of gut coil (L) and reduced 

pigmentation. 

Fig. 2 : 0.1 `)/0 120 h - Stage VIII 

Note the flexure of notochord (F), bending/kinking of tail (B) and 

reduced pigmentation. 

Fig. 3 : 1.0 `)/0 ME 72 h - Stage VIII 

Note bending/kinking of tail (B) and flexure of notochord (F). 

Fig. 4 : 1.0 % ME 120 h - Stage VIII 

Note flexure of notochord (F) and reduced pigmentation in the 

posterior region. 



.PLATE NO. 5 



CAPTIONS TO THE FIGURES 

PLATE 6 : 

Fig. 1 : 5.0 `)/0 48 h - Stage VIII 

Note flexure of notochord (F), bending of tail (B) and stunted 

growth. 

Fig. 2 : 5.0 % 120 h - Stage VIII 

Note flexure of notochord (F), loosening of gut coil (L), reduced 

pigmentation and stunted growth. 

Fig. 3 : 10.0 `)/0 ME 72 h - Stage VIII 

Note flexure of notochord (F), bending/kinking of tail (B), 

loosening of gut coil (L) and stunted growth. 

Fig. 4 : 30.0 % ME 24 h - Stage VIII 

Note bending/kinking of tail (B), loosening of gut coil (L) and 

reduced pigmentation. 
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CAPTIONS TO THE FIGURES 

PLATE 7 : 

Fig. 1 : Control - Stage XIV 

Note normal growth and well developed pigmentation. 

Fig. 2 : 0.01 (70 72 h - Stage XIV 

- Note the stunted growth, thining of posterior region of tadpole, 

reduced pigmentation and flexure of notochord (F). 

Fig. 3 : 0.1 % ME 24 h - Stage XIV 

Note flexure of notochord (F) and stunted growth. 

Fig. 4 : 0.1 % 120 h - Stage XIV 

Note the stunted growth, 	loosening of gut coil (L), 

bending/kinking of tail (B) and flexure of notochord (F). 



PLATE NO. 7 



CAPTIONS TO THE FIGURES 

PLATE 8 : 

Fig. 1 : 1.0 % 48 h - Stage XIV 

Note flexure of notochord (F), stunted growth and reduced 

pigmentation. 

Fig. 2 : 5.0 % 24 h - Stage XIV 

Note stunted growth, loss of pigmentation and loosening of gut coil 

(L). 

Fig. 3 : 5.0 `)/0 ME 72 h - Stage XIV 

Note stunted growth, loosening of gut coil (L) and slight flexure of 

notochord (F). 

Fig. 4 : 10.0 % ME 48 h - Stage )GV 

Note stunted growth, bending of tail (B) and loosening of gut coil 

(L). 
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CAPTIONS TO THE FIGURES 

PLATE 9 : 

Fig. 1 : 30.0 % 24 h - Stage XIV 

Note flexure of notochord (F), loosening of gut coil (L) and slight 

bending of tail (B) 

Fig. 2 : Control - Stage XVIII 

Note the normal growth, pigmentation and growth of hind limbs. 

Fig. 3 : 0.01 `)/0 48 h - Stage XVIII 

Note stunted growth of the body and hind limbs. 

Fig. 4 : 0.01 % ME 120 h - Stage XVIII 

Note bending/kinking of tail (B), loosening of gut coil (L) and loss 

of pigmentation on the tail and head. 





CAPTIONS TO THE FIGURES 

PLATE 10 : 

Fig. 1 : 0.1 % 72 h - Stage XVIII 

Note stunted growth, failure of development of hind limbs, 

bending/kinking of tail (B), flexure of notochord (F). 

Fig. 2 : 0.1 % 120 h - Stage XVIII 

Note stunted growth, failure of development of hind limbs, 

loosening of gut coil (L) and slight flexure of notochord (F). 

Fig. 3 : 1.0 % 72 h - Stage XVIII 

Note stunted growth and failure of development of hind limbs in 

one of the tadpoles while the other one developed short hind limbs, 

slight flexure of notochord (F) and loosening of gut coil (L). 

Fig. 4 : 5.0 % ME 72 h - Stage VIII 

Note stunted growth and failure of development of hind limbs in 

one of the tadpoles while the other one developed short hind limbs, 

slight flexure of notochord (F) and loosening of gut coil (L). 
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CAPTIONS TO THE FIGURES 

PLATE 11: 

Fig. 1 : 10.0 `)/0 48 h - Stage XVIII 

Note stunted growth, failure of develpment of hind limbs i one of 

the tadpoles, slight flexure of the notochord (F) and bending of tail 

(B) 

Fig. 2 : 30.0 `)/0 24 h - Stage XVIII 

Note the stunted growth, thining of hind region with weak hind 

limbs. 

Fig. 3 : 30.0 % 72 h - Stage XVIII 

Note failure of development of hind limbs in,some, slight flexure of 

notochord (F), bending/kinking of tail (B), hind limbs when 

developed are weak. 

Fig. 4 : Control - Stage XXII 

Note the normal development of forelimbs and hind limbs and the 

normal growth in general. 





CAPTIONS TO THE FIGURES 

PLATE 12 : 

Fig. 1 : 0.01 `)/0 120 h - Stage XXII 

Note stunted growth and bending of tail (B). 

Fig. 2 : 0.1 % 120 h - Stage XXII 

Note stunted growth and bending of tail (B) and weakly developed 

forelimbs. 

Fig. 3 : 10.0 % 96 h - Stage XXII 

Note stunted growth, bending of tail (B) and weakly developed 

forelimbs. 

Fig. 4 : 30.0 % 72 h - Stage XXII 

Note the stunted growth, bending of tail (B) and weakly developed 

forelimbs. 





unchanged for all the developmental stages, indicating the equal vulnerability of 

all the stages for 30 % of ME. 

LOEC (lowest observable effective concentration) was found to be 0.009%, 

as at this concentration all the developmental stages under investigation 

exhibited irritated behaviour expressed in the form of excessive wriggling, but 

without any apparent morphological or histological change. The concentrations 

ranging from 0.001 to 0.008, showed no observable effect (NOE) on the tadpoles. 

These observations led to determine the effective concentrations for the study of 

effect of ME on the tadpole stages. Hence, a concentration range from 0.01 to 30 

% (LC50) was chosen. These concentrations failed to induce any alterations into 

the embryonic development leading to the development of limb bud stages. 

STAGE V [Taylor and Kollros (1946) a--  Stage 33 (Agarwal and Niazi, 1977)] 

ME did not induce any malformation in the stages from Ito IV. The %ages 
• 

of deformities induced by ME in the stage V of tadpoles are given in Table No. 1. 

The observed deformities were : bending or kinking of the tail (B), stunted 

growth (S), loosening of the gut coil (L) and flexure of the notochord (F). The 

control tadpoles (Stage V) did not exhibit any deformity till the end of one twenty 

hours. 

The tadpoles exposed to 0.01 % ME exhibited no deformity till the end of 

forty-eight hours, but at the end of seventy two hours, sixteen % tadpoles showed 

malformations, out of which two % showed L, two % showed B, eight % 

exhibited both F and L, while four % showed all the four types of deformities 

mentioned above. 
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Ito 

PERCENT DEFORMITIES INDUCED BY MINING EFFLUENTS IN THE TADPOLES 

TABLE NO. I Stage V of R. tigerina 

Time : 	 6 Hours 
	

12 Hours 
	

24 Hours 
	

48 Hours 
	

72 Hours 
	

96 Hours 
	

120 Hours 

Concentration 
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At the end of ninety six hours, twenty % showed deformities. Out of 

these, eight % of tadpoles showed all the four types of deformities, seven 

showed F and. L type deformity and five % exhibited only L. At one twenty 

hours, the %age of malformations remained to twenty. Eight % of these showed 

all the four types of malformations, four % showed F, L and S, three `)/0 showed F 

and L while five % showed only L. 

The tadpoles exposed to 0.1 % ME exhibited malformations only at the end 

of forty eight hours. The eight % tadpoles showed deformities. Out of this, two % 

showed S and L, two `)/0 exhibited F and L, two % B and L, while two `)/0 exhibited 

only L. Sixteen % of tadpoles exhibited deformities at the end of seventy-two 

hours, of which six % showed all the four types of deformities, one % showed F, L 

and B, six % exhibited F and L, while three % exhibited only L. 

At the end of ninety six hours, twenty four % of tadpoles showed 

malformations. Out of these, ten % showed S, F and L type deformities, two 

exhibited only F, two % showed F and L, while ten `)/0 showed B and L type 

deformities. By the end of one twenty hours, ten `)/0 of tadpoles exhibited S, L and 

F, ten % exhibited B as well as L, two `)/0 showed F as well as L and two % 

exhibited only F. 

None of the tadpoles exhibited deformity till the end of twenty-four hours, 

when subjected to 1.0 % ME. But at the end of forty-eight hours, eight % 

promoted deformities. Of this, two % showed F as well as L, two % exhibited B 

and L, two % exhibited only S and two % only L. Fourteen % tadpoles showed 

deformities at the end of seventy two hours. Among these, five % tadpoles 
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showed F, S as well as L, five % exhibited F and L, whereas four % showed only B 

type deformity. 

By the end of ninety six hours, twelve % tadpoles exhibited all four types 

of deformities, two % showed F as well as L, while only one % showed B as well 

as L. Thus, in aggregate, fifteen % developed deformities at the above time point. 

Twenty eight % tadpoles developed deformities at the end of one twenty hours. 

Out of these, thirteen % had all the four types of deformities, one % had S, F and 

L, two % had F and L, while twelve `)/0 developed only L. 

When exposed to 5.0 % ME, four % of the tadpoles showed deformities at 

the end of six hours. Only one % exhibited S, two % B and L, while one % 

showed only F. At the end of twelve hours, one % of tadpoles exhibited B as well 

as L, one % F and S, while one % S and L. Thus, in aggregate four `)/0 of the 

tadpoles developed deformities at that time point. By the end of twenty-four 

hours, one % tadpoles showed B and L, one % exhibited only B, one % showed F 

as well as S, one % showed S, L and B. Hence, in aggregate, four % of the 

tadpoles were found to be deformed at that time. Twelve % tadpoles exhibited 

deformities at the end of forty eight hours, of which four % developed S as well 

as F, six % L and B, one % F, B and only one % developed B type deformity. 

At the end of seventy two hours, sixteen % tadpoles exhibited deformities. 

Out of which, six `)/0 exhibited S as well as F, nine `)/0 showed L as well as B, and 

one % showed all the four types of deformities. By the end of ninety six hours, 

twenty eight % of the tadpoles promoted malformations. Out of these, nine % 

had all the four types of deformities, four % had S, L, B and fifteen % developed 
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only L. At the end of one twenty hours, thirty `)/0 of the tadpoles exhibited 

deformities. Ten % of these developed all the four types four % developed S, L, 

B and sixteen % developed B as well as L. 

When subjected to 10.0 % ME, at the end of six hours, only five % of the 

tadpoles developed malformations. Among these, one % had all the four types 

of deformities, three % had L, B and one % only F. At the end of twelve hours, 

eight % promoted deformities. Of these, two % developed L as well as B, two `)/0 

were found to develop S and F deformities, two % exhibited only L and two % 

exhibited only B type deformities. At the end of twenty four hours, two % had S, 

B as well as L, one % F and S, two % only L, two `)/0 only B and one % only F. 

Thus, in aggregate eight `)/0 developed malformations at this time point. Fourteen 

% developed malformations at the end of forty eight hours. Seven % of these 

were found to have developed L, B, six % S, F, and one % L, F and B. 

By the end of seventy two hours, twenty two % of the tadpoles developed 

deformities. Eight % showed B, S, F, twelve % L, while two % exhibited L as well 

as B. Thirty two % of the tadpoles were found to have deformities at the end of 

ninety six hours. Ten % of these showed all the four types, four % exhibited B, S, 

F, one % showed L, B and seventeen % only L. Forty % had deformities at the 

end of one twenty hours. Ten % of these were detected to have all the four types, 

two % were found to show F, L, B, five % were seen to exhibit S, L, B, one `)/0 

exhibited only B, two % showed F as well as L, three % showed F and seventeen 

showed only L. 
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The %age of deformities developed in tadpoles exposed to 30.0 % ME for 

twenty four and forty eight hours were two-fold higher to those observed at six 

and twelve hours. The `)/0 deformities induced in the tadpoles increased 

successively after that. Hence, at the end of six hours, eight % showed 

malformations with two % from among them showing S, two % exhibiting B, one 

% exhibiting L and three % showing both F as well as L. In aggregate, eight % 

tadpoles showed deformities at the end of twelve hours. Of these, two % showed 

S as well as F, two % L, B, one % exhibited S, L, F, while three % showed only L 

type deformity. 

At the end of twenty four hours, sixteen % of tadpoles showed deformities. 

Out of these, five % showed S, F, B, two % showed F, B, eight % exhibited L and 

only one % showed B. Sixteen % tadpoles showed deformities at the end of forty 

eight hours. Among these, two % showed L, S, F, four % showed L, B, five % 

showed S, F, one % exhibited F, B, L, three % showed B, while one % exhibited 

L,F. 

Twenty four % of tadpoles exhibited deformities at the end of seventy two 

hours, of which, nine % showed L as well as B, nine % showed S as well as F, 

three % showed F as well as L, one % showed B, while two % showed B, L. When 

the tadpoles were exposed to ninety six hours, seventeen % showed S, F, 

seventeen % exhibited L, B, while two % exhibited only L. Thus, in aggregate 

thirty six % tadpoles were found to be deformed. Fifty one % of the tadpoles 

were found to have developed deformities at the end of one twenty hours. Out of 
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these, nineteen % had developed B, L, S, ten % F, L, while eleven % only F and 

another eleven `1/0 exhibited only L. 

STAGE VIII : [Taylor and Kollros (1946) = Stag 39 (Agarwal and Niazi, 1977)] 

The morphological changes/deformities observed in tadpoles form Stage 

VI to VIII were identical. Hence, deformities occuring in stage VIII tadpoles are 

described. The %ages of deformities, induced by ME in the stage VIII tadpoles are 

given in Table No.2. The malformations observed were as described previously. 

The tadpoles from the control set did not exhibit any malformations till the end of 

the exposure period (120 hours). 

0.01 % ME exposure did not induce any change till the end of forty eight 

hours. At the end of seventy two hours, ten % of the tadpoles exhibited 

deformities. Out of these, three % showed S, two % exhibited F, three % showed 

L and two % exhibited B. By the end of ninety six hours, sixteen % tadpoles 

exhibited deformities and the deformities in terms of F, S, L and B were four `)/0 

for each type. Twenty `)/0 of the tadpoles were found to exhibit deformities by the 

end of one twenty hours. Out of which four % tadpoles showed only S, six `)/0 

exhibited only F, six % only L and four % only B. 

Under the influence of 0.1 % ME, no deformities were observed till the 

end of twenty four hours. At the end of forty eight hours, four % tadpoles 

showed malformations; out of which two ()/0 showed S, one % promoted B as well 

as F and one % exhibited L as well as B. By the end of seventy two hours, ten `)/0 

of the tadpoles exhibited deformities of which two `)/0 exhibited S, two % showed 

F, two `)/0 showed L and four % B. Eighteen % of the tadpoles were found to have 
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PERCENT DEFORMITIES INDUCED BY MINING EFFLUENTS IN THE TADPOLES 

TABLE NO. 2 Stage VIII of R. tigerina 

Time : 
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developed deformities at the end of ninety six hours. Of these, four % showed S, 

four `)/0 showed F, four % L and six % B. Twenty four % of the tadpoles exhibited 

deformities at the end of one twenty hours. Out of which, eight `)/0 showed B, 

seven % exhibited L as well as S, one % showed S and eight % exhibited F. 

When exposed to 1.0 % ME, the tadpoles did not promote any 

malformation/deformity till the end of twelve hours. Four `)/0 of the tadpoles 

were seen to have developed deformities at the end of twenty four hours. The 

deformities like F, S, L and B were exhibited by one `)/0 tadpoles for each category. 

At the end of forty eight hours, two % showed L as well as S, two `)/0 showed F, 

two % exhibited B. Thus, in aggregate six % tadpoles exhibited deformities at 

that time point. 

At the end of seventy two hours, twelve `Yos of the tadpoles were found to 

have developed deformities. Of these, one % had developed F, L, four `)/0 

promoted B, three % S, two % L and two % F. Twenty % of the tadpoles 

exhibited deformities at the end of ninety six hours. Among these, eight % 

showed B, six % exhibited F, five % exhibited S as well as L and one % showed L. 

By the end of one twenty hours, twenty six % of the tadpoles exhibited 

deformities. Of these, one % showed F as well as S, seven `)/0 exhibited F, eight % 

promoted B, L, eight % showed S and two % exhibited B as well as F. 

When the tadpoles were treated with 5.0 % ME, four % of them developed 

deformities at the end of twelve hours. Of these, one % showed B as well as S, 

two % exhibited L and one % showed only F. At the end of twenty four hours, 

eight % of the tadpoles developed deformities. The distribution of deformities in 

77 



terms of S, L, F, B was two % each. By the end of forty eight hours, ten `)/0 of the 

tadpoles exhibited deformities. Out of these, two % exhibited L as well as F, four 

% showed B, two `)/0 promoted L as well as S, one % showed S as well as F and 

one `)/0 exhibited only F. 

At the end of seventy two hours, fourteen `)/0 of the tadpoles developed 

deformities. Of these, four `)/0 showed B, F as well as S, one % exhibited L, S, five 

% showed L, two `)/0 promoted B, and F was exhibited by two % of the tadpoles. 

Twenty four % of the tadpoles had developed malformations by the end of ninety 

six hours exposure to ME. Out of these, eight % developed L, B, two % F, B, eight 

% developed S, and six % developed F. At the end of one twenty hours, twenty 

seven % of the tadpoles showed deformities. Among these, ten % showed L, F, 

ten % exhibited S, B, two % promoted L, S, three % developed B and two % 

exhibited only F. 

Only two % of the tadpoles exposed to 10.0 % ME exhibited development 

of deformities at the end of six hours. Of these, one % showed F, S and the other 

one `)/0 exhibited L, B deformities. At the end of twelve hours, eight `)/0 of the 

tadpoles exhibited deformities. The distribution of the deformities in terms of S, 

L, F, B was two % each. Ten % of the tadpoles promoted deformities at the end of 

twenty four hours. Among these, two % were seen to have developed B, L, one % 

only L, one % only B, three % only S and the remaining three % only F. By the 

end of forty eight hours, fourteen `)/0 of the tadpoles exhibited malformations. Of 

these, five % were found to exhibit S, L as well as B, one % developed only B, 

seven % only F and one % only L. 
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Twenty % of the tadpoles promoted malformations at the end of seventy 

two hours, of which three % were seen to have L as well as F, three % promoted 

B, eight % exhibited S, six % showed F, L as well as B. By the end of ninety six 

hours, twenty eight % of the tadpoles were found to exhibit malformations. Out 

of these, ten % showed S, F, ten % exhibited L, B, one % showed F five % 

promoted B and two % developed S, F as well as L. Thirty two `)/0 of the tadpoles 

exhibited deformities at the end of One twenty hours, of which eleven % showed 

S, F, sixteen % exhibited B, L, one % promoted S, L and four % had S, B, as well as 

F. 

When exposed to 30.0 % ME, four % of the tadpoles exhibited 

malformations at the end of six hours. Of these, two `)/0 exhibited S i  one % 

promoted L, F and one % showed B, F. By the end of twelve hours, twelve `)/0 of 

the tadpoles developed malformations. Among these, two % showed F, one % 

exhibited F, S, two % developed S, three % promoted B and four % revealed L. 

Fourteen `)/0 of the tadpoles were found to have deformities at the end of twenty 

four hours. One % of these developed L, two % promoted F, five % showed S, 

one % exhibited L, B, three % showed B and two % developed L as well as F type 

deformity. At the end of forty eight hours, twenty % of the tadpoles grew 

deformities. Of these, ten `)/0 showed L, four % exhibited S, B, F, two % promoted 

F, S and four % had S, B type deformities. 

By the end of seventy two hours, twenty four % of the tadpoles were 

found to have deformities. Out of these, twelve % exhibited S, B, ten % showed 

L, F and two % exhibited L. Thirty % of the tadpoles were observed to have 
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deformities at the end of ninety six hours. Among these, seven % showed B, six 

% exhibited S, L, two % showed L, five % exhibited F and ten % exhibited all the 

four types of deformities. At the end of one twenty hours, thirty four `)/0 revealed 

malformations, of which five % promoted F, S, B, two % grew L, S, five % 

promoted F, S, two % showed S, ten % exhibited B, L and another ten % exhibited 

all the four types of deformities. 

STAGE XIV : [Taylor and Kollros (1946) = Stage 46 (Agarwal and Niazi, 1977)] 

The deformities produced by the tadpoles from Stage IX to Stage XIV 

tadpoles were identical. Therefore, the deformities exhibited by Stage XIV 

tadpoles are described. Table No.3 gives the %ages of deformities induced by ME 

in Stage XIV tadpoles. The deformities observed were as mentioned for Stage V. 

The tadpoles from the control set did not exhibit any deformity. 

When exposed to 0.01 % ME, the tadpoles did not exhibit any deformity 

till the end of seventy two hours. Twelve % of the tadpoles produced deformities 

at the end of ninety six hours. Of these, two % expressed S, four % showed L, 

two % F and four % exhibited B as well as L. Twenty % tadpoles exhibited 

deformities at the end of one twenty hours. Among these, three % showed B, 

eight % exhibited L, four % promoted L, S, F and five % produced S as well as B. 

0.1 % ME induced deformities in the tadpoles only at the end of twenty 

four hours. Eight % of them developed deformities at this time point, of which 

three `)/0 showed S, three `)/0 exhibited F, one % showed F as well as L, and one 

promoted L, B. At the end of forty eight hours, eight `)/0 of them promoted 

deformities. Out of these, two % revealed L, S, four % grew F, two % induced B, 
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5 

PERCENT DEFORMITIES INDUCED BY MINING EFFLUENTS IN THE TADPOLES 

TABLE NO. 3 Stage XIV of R. tigerina 
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S, F. By the end of seventy two hours, eight % showed F, four % developed S, 

one % developed L and three % showed L, B. Thus, an aggregate of sixteen % 

tadpoles showed deformities at the end of seventy two hours. 

Sixteen % of the tadpoles exhibited deformities at the end of ninety six 

hours. Of these, six % L, F, four % showed S, F, two % promoted L and four % 

developed B type deformity. Thirty two % of the tadpoles exhibited deformities 

at the end of one twenty hours. AMong these, seven % tadpoles had B, three % 

showed F, ten % promoted S, ten % showed F, L and two % exhibited L, S. 

Under the influence of 1.0 % ME, eight `)/0 of the tadpoles exhibited 

deformities at the end of twelve hours. Of these, three % showed L, two % 

showed F, two `)/0 exhibited only B, and one % showed S as well as F. At the end 

of twenty four hours, two % showed S, F, two % showed F and four % exhibited 

L, B type deformities. Thus, an aggregate of eight % tadpoles exhibited 

deformities at that time point. Eight `)/0 of tadpoles showed deformities by the 

end of forty eight hours. Four `)/0 of these exhibited all the four types of 

deformities, one % exhibited B, S, two % exhibited only F and one % showed only 

S. 

Sixteen % of the tadpoles exhibited deformities at the end of seventy two 

hours. Of these, six % exhibited B, S, One % showed F, eight % exhibited L, F 

and one % showed B. At the end of ninety six hours, twenty % of them 

developed deformities. Out of these, eight % showed L, B, F, one % F, B, S, five % 

showed S, four % exhibited F and two % exhibited L, S. By the end of one twenty 

hours, thirty two % of the tadpoles exhibited deformities. Among these, two % 
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showed S, three % showed B, twelve % exhibited F, ten % exhibited S, L, B and 

five % showed F, L. 

When exposed to 5.0 % ME, twelve % of the tadpoles exhibited deformities 

at the end of twelve hours. Out of which six % developed L, two % produced B, 

three % promoted F and one % showed S. At the end of twenty four hours, 

twelve `)/0 tadpoles were observed to have deformities. Six % of them were seen 

to exhibit L, B, one % L, F, four % S, F and one % only L. By the end of forty 

eight hours, five % exhibited B, F, L, S, four % showed F, L and three % B, S. 

Thus, in aggregate twelve % of the tadpoles developed malformations at that 

time point. Sixteen % of tadpoles were observed to have deformities at the end of 

seventy two hours. Among these, eight % exhibited B, S, F, one % showed B, L, F, 

one % showed F, L, S and six % exhibited only L. 

Twenty % of the tadpoles developed deformities at the end of ninety six 

hours. Of these, ten % exhibited all the four kinds of deformities, five % exhibited 

F, three % showed S and two % showed L type deformity. By the end of one 

twenty hours, thirty six % of the tadpoles developed deformities. Among these, 

twelve % exhibited L, S, ten % promoted F, B, five % induced B, two % showed 

F, L, one % exhibited F, S and six % showed only F. 

On exposure to 10.0 % ME, eight % of the tadpoles developed deformities 

at the end of twelve hours. Of these one % exhibited S, F, one % exhibited F, four 

% showed L and two `)/0 showed only B. Sixteen % of tadpoles exhibited 

deformities at the end of twenty four hours. Out of which five % showed F, S, B, 

one % exhibited B, and ten % exhibited L. By the end of forty eight hours, eight 
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promoted B, S, L, two % developed F, S, one % revealed B, F, four % promoted 

F, L and one % produced F type deformity. Hence, an aggregate of sixteen % 

tadpoles developed deformities at that time point. 

Sixteen % tadpoles exhibited deformities at the end of seventy two hours. 

Of these, nine % exhibited all the types of deformities, four % showed S, L, B and 

three % showed F, L. By the end of ninety six hours, twenty six % tadpoles 

developed deformities. Out of these, nine % exhibited all the four types of 

deformities, nine % exhibited F, L, two % showed only S and six % showed S, B. 

Forty % of the tadpoles exhibited deformities at the end of one twenty hours. 

Among these, ten % exhibited L, S, F, one % showed S, B, fifteen % exhibited L, B, 

ten % showed S, F and four % exhibited only F. 

When treated with 30.0 % ME, at the end of six hours, four % tadpoles 

exhibited deformities of which two % exhibited F, L, one % showed S and one % 

showed B. Eight % of the tadpoles promoted deformities at the end of twelve 

hours of which three % showed F, B, one % exhibited S, two % showed L and two 

% exhibited L, S. By the end of twenty four hours, twenty four % of the tadpoles 

promoted deformities. Of these, six % exhibited S, twelve % exhibited L, five 

showed F, B and one % showed F, S. Twenty four % of the tadpoles exhibited 

deformities at the end of the forty eight hours. Of these, four % exhibited all the 

four types, six % exhibited L, B, eight % showed S, five % F, L and one % showed 

S, L. 

Thirty two % of the tadpoles developed deformities at the end of seventy 

two hours. Among these, ten % developed B, L, eleven % produced F, S, two % 
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induced S, F, B, one % promoted L, S and eight % developed only L. By the end 

of ninety six hours, fourteen % exhibited L, B, F, ten % showed S, ten % S, L, four 

% showed F, one % exhibited F and one % showed only B. Thus, in aggregate 

forty `)/0 tadpoles showed deformities at that time point. Fifty six `)/0 of the 

tadpoles exhibited deformities at the end of one twenty hours. Among these, 

seventeen % exhibited F, B, L, twenty four % S, six % showed L, and nine % 

exhibited L, F. 

STAGE XVIII : [Taylor and Koliros (1946) Stage 48 (Agarwal and Niazi, 1977)] 

The deformities developed by the tadpoles when exposed to ME were 

identical in all respects from stage XV to stage XVIII. Hence, the deformities 

exhibited by Stage XVIII tadpoles are described. The %ages of deformities 

induced by ME in stage XVIII tadpoles are given in Table No. 4. The types of 

deformities observed were as mentioned for Stage V. The tadpoles from the 

control set did not exhibit any deformity. 

When the tadpoles were exposed to 0.01 % ME, eight `Yo of them exhibited 

deformities at the end of seventy two hours. Out of these four % exhibited S, one 

% showed B, L, two % exhibited F, L and one % showed L. Twenty % of the 

tadpoles exhibited deformities at the end of ninety six hours, of which two % 

exhibited all the four types of deformities, one % showed F, B, one % exhibited F, 

six % showed S, ten % exhibited L. At the end of one twenty hours, twenty % of 

the tadpoles exhibited deformities. Of these ten % exhibited S, L, two % exhibited 

S, one % showed L, six % showed B, F and one % showed L, B. 
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PERCENT DEFORMITIES INDUCED BY MINING EFFLUENTS IN THE TADPOLES 

TABLE NO. 4 StageVII/of R. tigerina 

Time : 	 6 Hours 	12 Hours 	24 Hours 	48 Hours 	72 Hours 
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When treated with 0.1 % ME, twelve % of the tadpoles exhibited 

deformities at the end of forty eight hours. Of these, four % exhibited F, four % 

exhibited F, S, two % showed B, L and two % showed only L. By the end of 

seventy two hours, sixteen % showed deformities. Out of these, one % exhibited 

S, two % developed F, five `)/0 showed B, S and eight % developed F, L. At the end 

of ninety six hours, twenty eight % exhibited deformities. Among these, six % 

showed L, S, B, ten % exhibited L, two % showed F, S and ten % exhibited F. 

Twenty eight % of the tadpoles exhibited deformities at the end of one twenty 

hours. Of these, nine % exhibited S, F, B, three % exhibited F, S and sixteen % 

exhibited only L. 

1.0 % ME treated tadpoles did not show any deformity till the end of 

twenty four hours. At the end of forty eight hours, twelve % exhibited 

deformities. Out of these, five % exhibited F, B, three % exhibited S, one % 

exhibited F and three % exhibited L. By the end of seventy two hours, sixteen % 

developed deformities. Of these, six % promoted B, S, L, one % induced B, two % 

promoted L, F and seven `)/0 induced F. Twenty four % of the tadpoles exhibited 

deformities at the end of ninety six hours. Out of which seven % exhibited S, F, B, 

three % showed F, ten % promoted L, two % induced L, B and two % showed S. 

By end of one twenty hours, twenty four % tadpoles were observed to have 

developed deformities. Among these, ten % showed L, S, B, two % B, F, S, one % 

exhibited B and eleven `)/0 produced F, L. 

Under the influence of 5.0 % ME, the tadpoles did not show any deformity 

till the end of twenty four hours. Twelve % tadpoles deformities by the end of 
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forty eight hours. Two % of these exhibited all four types of deformities, four % 

exhibited F, B, four % showed L, one % showed S, and one % S, B. Twenty % of 

tadpoles exhibited deformities at the end of seventy two hours. Of these, two (Y0 

showed B, F, six % showed F, S, eight % exhibited L, B and four `)/0 showed F, L. 

At the end of ninety six hours, twenty eight % tadpoles exhibited deformities. 

Among these eight `)/0 exhibited B, S, L, four % showed B, F one % F, S, one `)/0 

showed F, L, eleven % developed L'and three % grew F type deformity. By the 

end of one twenty hours, twenty eight % of the tadpoles promoted deformities. 

Of these, ten `)/0 exhibited all the four types of deformities , two % promoted S, 

four % produced F, five % developed L, B and seven % promoted L. 

When exposed to 10.0 % ME, the tadpoles did not develop deformities till 

the end of twenty four hours. Twelve `)/0 developed deformities at the end of 

forty eight hours. Of these, four `)/0 exhibited S, B, L, six % showed B, F and two 

% showed F, L. Twenty four % of the tadpoles promoted deformities at the end 

of seventy two hours. Among these, six % developed B, L, S, one % produced L, 

twelve `)/0 promoted F and five % showed L, B. Thirty two % of the tadpoles 

showed deformities at the end of ninety six hours. Out of these, thirteen % 

exhibited B, F, twelve % showed L, S and seven % exhibited L. By the end of one 

twenty hours, twelve % promoted F, S, L, seventeen `)/0 induced B, L, and three % 

promoted F, S. Thus, an aggregate of thirty two % tadpoles showed 

malformations at that time point. 

When exposed to 30.0 % ME, the tadpoles did not develop deformities till 

the end of twenty four hours. By the end of forty eight hours, eighteen % of the 
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PERCENT DEFORMITIES INDUCED BY MINING EFFLUENTS IN THE TADPOLES 

TABLE NO. 5 Stage XXII of R. tgerina 

Time : 
	 6 Hours 	12 !lours 	24 flours 	48 Flours 	72 Flours 
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tadpoles developed deformities. Of these, eight % developed B, four % exhibited 

S, F, four % showed F, B, L and two % developed L. Twenty eight % tadpoles 

exhibited deformities at the end of seventy two hours. Among these, six % 

exhibited F, B, two % showed S, F, B, ten `)/0 promoted L, six % exhibited S and 

four % showed B, F, L. At the end of ninety six hours, twenty eight % tadpoles 

exhibited deformities. Twelve % of these showed all four types of deformities, 

five % exhibited L, two % showed S, four % exhibited F, L and five % exhibited B. 

At the end of one twenty hours, thirty six % of the tadpoles exhibited deformities. 

Of this, sixteen % showed all four types of deformities, one % exhibited F, one % 

promoted F, L, three % showed B, and fifteen % exhibited L. 

STAGE XXII : [Taylor and Kollros (1946) a Stage 51 (Agarwal and Niazi, 1977)] 

The deformities developed by the tadpoles from stage XIX to stage XXV 

were identical in all respects. Hence, the deformities exhibited by stage XXII are 

described. Table No. 5 gives the %ages of deformities induced by ME in stage 

XXII tadpoles. The nature of deformities observed were similar to those 

mentioned for Stage V. The tadpoles from the control set (Stage XXII) did not 

exhibit any deformity. 

0.01 % ME did not exhibit any deformity till the end of forty eight hours. 

Eight % of the tadpoles exhibited deformities at the end of seventy two hours. 

The distribution of malformations in terms of S, L, F, B was two % each. At the 

end of ninety six hours, ten % showed deformities. Of these, four % showed S, 

one % exhibited B, F one % promoted F, two % showed B and two % exhibited L. 
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By the end of one twenty hours, twelve % showed deformities. Among these, 

two `)/0 showed S, two `1/0 exhibited S, F, four `)/0 exhibited B and four % showed L. 

The tadpoles did not exhibit any deformity till the end of twenty four 

hours, when exposed to 0.1 %, 1.0 %, 5.0 %, 10.0 % and 30.0 % ME. They 

developed deformities after forty eight hours. 

When exposed to 0.1 % ME, at the end of forty eight hours, the 

distribution of deformities in terms of S, L, F, B was two % each. Hence, in 

aggregate, eight `)/0 showed deformities. By the end of seventy two hours, twelve 

% exhibited deformities. Of these, two % showed S, B, four `)/0 exhibited F, four % 

exhibited L . and two % showed S. Sixteen % of the tadpoles were observed to 

have deformities. Among these, two % showed L,S, four % exhibited F,S, four 

showed B, and six % exhibited only L. At the end of one twenty hours, twenty `)/0 

of the tadpoles exhibited deformities. Of these, four % showed S, F, four % 

exhibited B, S, two % showed F, B and ten % promoted L. 

Under 1.0 % ME exposure, ten % of the tadpoles exhibited deformities at 

the end of forty eight hours. Out of this, two % exhibited S, two % showed F, 

three % exhibited L and three `)/0 showed B. At the end of seventy two hours, 

twelve % of the tadpoles exhibited deformities. Among them, three % showed S, 

B, one % promoted S, four % developed L, and four % showed F. Eighteen % of 

the tadpoles exhibited deformities at the end of ninety six hours. Out of which 

six % showed S, L, three % exhibited L, five `)/0 showed B, and four % showed F. 

By the end of one twenty hours, twenty two % tadpoles exhibited deformities. Of 
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these, five % exhibited S, F, B, twelve `)/0 showed L, two % exhibited F, B and three 

% exhibited only S. 

5.0 `)/0 ME treatment induced deformities in twelve % of the tadpoles by 

the end of forty eight hours. Of these, two % exhibited B, two `)/0 showed F, four 

% exhibited L, S and four `)/0 showed L. Eighteen % of the tadpoles exhibited 

deformities by the end of seventy two hours. Among them, one `)/0 showed all the 

four types of deformities, four % exhibited F, three `)/0 showed S, seven % 

exhibited L and three % showed B. By the end of ninety six hours, twenty four % 

exhibited deformities. Of these, six % exhibited S, four % showed F as well as B, 

two % exhibited F, while twelve % exhibited L. At the end of one twenty hours, 

twenty eight % exhibited deformities. Out of these, two % showed L, S, five % 

exhibited S, B, one % showed B, twelve % exhibited L and eight % showed F. 

10.0% ME exposure for forty eight hours influenced fourteen % of the 

tadpoles to develop deformities. Out of these two % B, S, three % showed S, three 

% promoted F, while six % produced L. At the end of seventy two hours, twenty 

two % of the tadpoles exhibited deformities of these nine `)/0 exhibited L, three % 

developed F, five % showed B, four % showed S, F, and one % exhibited S. By the 

end of ninety six hours, five % promoted S, B, one % developed S, F, one % 

exhibited S, eight % showed F, while thirteen % developed only L type deformity. 

Thus, an aggregate of twenty eight % exhibited deformities at the end of the said 

time point. Thirty two % of the tadpoles developed deformities at the end of one 

twenty hours. Among these, eight % exhibited S, F, one % showed B, L, F, one % 

developed F, L, seven % promoted B and fifteen % developed L. 
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When exposed to 30.0 % ME, seventeen % of the tadpoles exhibited 

deformities. Of these, one % showed S, L, B, five % exhibited S, F, while eleven % 

exhibited L type deformity. By the end of seventy two hours, six % of the 

tadpoles promoted S, one % showed F, B, one % exhibited L, S, F, six `)/0 

developed F, ten % showed L, one % exhibited F, L and five % developed B type 

deformity. Thus, in aggregate, thirty % of the tadpoles developed deformities at 

that time point. Thirty six % of the tadpoles developed deformities at the end of 

ninety six hours. Among these, twelve % exhibited F, eight % showed S, one % 

promoted B, ten % induced L and five % developed L, B type deformities. By the 

end of one twenty hours, forty two % of the tadpoles exhibited deformities. Out 

of these, eleven % showed L, F, ten % exhibited S, ten % promoted L, two % 

induced S, F, and nine % exhibited B type deformity. 
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HISTOLOGICAL 

ALTERATIONS 



SKIN : 

The skin, which forms the outer most layer of the body, is an important 

organ of the frog. It is responsible for cutaneous respiration, ion transport and 

protection ; especially in tadpole stages, the skin acts as an endocrine organ and is 

metabolically active. It is composed of the epidermis, and the dermis. 

The epidermis - It is five to six cells in thickness. The inner most layer is 

the stratum germinativum or Malpighian layer, which constantly produces new 

cells that are pushed upwards. There is thus a constant movement of new cells 

from the inner to the outer surface, they become more and more flattened until 

they reach the surface and get keratinized to form stratum corneum. 

The epidermis, especially on the dorsal side of the body, contains more or 

less dark brown or black pigments. These pigments lie within special cells, the 

pigment cells or chromatophores. Most of the pigment cells are located in the 

epidermis. 

The dermis - It is divisible into two layers : an outer comparatively loose or 

spongy layer the stratum spongiosum which contains most of the glands in adults 

and these glands are not developed in the tadpoles. The stratum spongiosum is 

made up of muscle fibres and loose fibrous connective tissue. The muscle fibres 

run vertically. The inner dense layer of dermis is called stratum compactum. 

The dermis differs from the epidermis in having muscle fibres, nerve 

endings, a rich vascularisation and lymph vessels. 

Histological Alterations : 
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The sections of the skin of tadpoles exposed to various concentrations of 

ME for different time periods were stained with haematoxylin and eosin. When 

these sections were 'observed under microscope, histological alterations such as 

disruption in the various regions of the skin, necrosis of sensory papillae, and 

lesions in the muscle layers were observed. The tadpoles exhibited ME 

concentration and exposure period dependent histological alterations in the 

epidermal and dermal regions of the skin. 

Histological changes in Stage V : 

The sections of skin of control tadpoles exhibited the presence of intact 

dermis and epidermis and the epidermis showed distinctly, stratum corneum and 

stratum Malpighii. The epidermis of the skin of control tadpoles (S6ge V) 

showed empty spaces formed by the movement of Malpighian cells. 

Chromatophores/pigment cells as well as sensory papillae were also observed in 

the epidermis. 

The dermis showed intact stratum spongiosum bearing vertical muscle 

strands and connective tissue and stratum compactum. (Plate 1 : fig. 1). 

The tadpoles exposed to 0.01 % ME did not exhibit any apparent change in 

the histology of skin upto forty eight hours, but at the end of forty eight hours, 

lesions in muscle layers were observed (Plate 1 : fig.2). At the end of seventy two 

hours, disruption of stratum Malpighii, lesions in muscle layers and occasional 

appearance of chromatophores in muscle layers were observed (Plate 1 : fig.3), 

whereas at the end of ninety six and one twenty hours, disruptions of the stratum 
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CAPTIONS TO THE FIGURES 

PLATE 1: 

Fig. 1 : Control Skin (Stage V) 40 x 10. 

Note the intact dermis (D), epidermis (E), Stratum Corneum (SCr), 

Stratum Malpighii (SM) and sensory papilla (SP). Note empty 

spaces formed by the movement of malpighian cells 

Chromatophores (C) intact stratum spongiosum (Ssp) and intact 

stratum compactum (sc). 

Fig. 2 : Skin - 0.01 % ME 48 h (Stage V) 100 x10. 

Note lesions in the muscle strands (LM). 

Fig. 3 : Skin - 0.01 % ME 72 h (Stage V) 40 x 10. 

Note disruption of stratum Malpighii (DSM), lesions in muscle 

layer (LM), chromatophores in Muscle layer (C). 

Fig. 4 : Skin - 0.01 % ME 96 h (Stage V) 40 x 10. 

Note the necrosis of sensory papilla (NS), disruption of stratum 

Malphigii (DSM) and disruption of stratum compactum (DSC) 



PLATE NO. 1 



Malpighii, stratum compactum and occasional necrosis of sensory papillae were 

observed. (Plate 1 : fig.4) 

0.1 % ME did not induce any apparent change in the histology of the skin 

of tadpoles upto forty eight hours, but at the end of forty eight and seventy two 

hours disruption of stratum compactum and stratum Malpighii were noted. 

Disruption of the stratum corneum was observed at the end of ninety six hours. 

At the end of one twenty hours disruptions of stratum corneum, stratum 

compactum, stratum Malpighii and the migration of Malpighian cells into 

stratum spongiosum were observed. 

1.0 % ME promoted disruptions the stratum corneum at the end of six, 

twelve and twenty four hours. Disruption of the stratum corneum and stratum 

Malpighii were observed at the end of forty eight and seventy two hours, while 

lesions in the stratum compactum were observed at the end of seventy two hours. 

At the end of ninety six and one twenty hours disruption of stratum compactum 

and vacuolisation of sensory papillae were observed while at a few 

regions/places, the stratum compactum was separated from the muscle layer 

(Plate 2 : fig. 1). 

Under the influence of 5.0 % ME, disruption of stratum corneum and 

occasional migration of Malpighian cells into stratum spongiosum were 

observed at the end of six, twelve and twenty four hours. At the end of forty 

eight and seventy two hours, disruption of stratum Malpighii and occasional 

vacuolisation of sensory papillae were observed. Disruption of stratum 

Malpighii, necrosis of sensory papillae, lesions of the muscle fibres of stratum 
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CAPTIONS TO THE FIGURES 

PLATE 2 : 

Fig. 1 : Skin (Stage V) -1 % ME 96 h - 40 x 10. 

Note Vacuolisation of sensory papilla (NS), disruption of stratum 

compactum (DSC). 

Fig. 2 : Skin - 5.0 % ME 96 h (Stage V) 40 x 10. 

Note disruption of Stratum Malpighii (DSM), lesions in the muscle 

layer (LM) and necrosis of sensory papilla (NS). 

Fig. 3 : Skin - 30.0 % ME 120 h (Stage V) 40 x 10. 

Note vacuolisation of sensory papillae (NS), disruption of stratum 

Malpighii (DSM), lesions in muscle layer (LM) and chromatophores 

on Muscle strands (C). 

Fig. 4 : Skin - 30.0 `)/0 ME 120 h (Stage V) 40 x 10. 

Note the necrosis of sensory papilla (NS) and disruption of stratum 

corneum (DSCr) 



PLATE NO. 2 



spongiosum were seen at the end of ninety six and one twenty hours (Plate 2 : 

fig.2). 

The tadpoles exposed to 10.0 % ME showed histopathological changes like 

disruption of stratum corneum, necrosis of sensory papillae, at the end of six and 

twelve hours. At the end of twenty four, forty eight , seventy two and ninety six 

hours disruption of stratum corneum as well as Malpighii and vacuolisation of 

sensory papillae were observed. In addition to these changes at the end of 

seventy two and ninety six hours chromatophores were seen in stratum 

spongiosum. At the end of one twenty hours, vacuolisation of sensory papillae, 

lesions of muscle fibres, disruption of stratum compactum and stratum Malpighii, 

sloughing off of cells into stratum spongiosum were observed. 

30.0 % ME promoted disruption of stratum corneum, stratum Malpighii 

and occasional necrosis of sensory papillae at the end of six, twelve and twenty 

four hours. Disruption of stratum corneum, lesions of the muscle fibres and 

vacuolisation of sensory papillae were seen at the end of forty eight, seventytwo, 

ninety six and one twenty hours. At the end of one twenty hours, disruption of 

stratum Malpighii, sloughing off of the cells from stratum Malpighii to stratum 

spongiosum were seen (Plate 2 : fig. 3, 4). 

Histological alterations in Stage VIII : 

The sections of skin of control tadpoles showed the presence of intact 

dermis and epidermis. Intact stratum corneum, stratum Malpighii, 

chromatophores and sensory papillae were observed in the epidermis while the 
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CAPTIONS TO THE FIGURES 

PLATE 3 : 

Fig. 1 : Control Skin - (Stage VIII) 10 x 10. 

Note the intact stratum compactum (SC), intact stratum Malpighii 

(SM), pigment cells (P), stratum corneum (Scr) and sensory papilla 

(SP). 

Fig. 2 : Skin - 0.1 % ME 120 h (Stage VIII) 40 x10. 

Note disruption of stratum Malpighii (DSM), vacuolisation of 

sensory papilla (V), lesions in the muscle layer (LM) and 

disruption of stratum compactum (DSC). 

Fig. 3 : Skin - 1.0 % ME 48 h (Stage VIII) 10 x 10. 

Note necrosis of sensory papilla (NS), disruption of stratum 

Malpighii (DSM) and lesions of stratum compactum (DSC). 

Fig. 4 : Skin - 10.0 % ME 120 h (Stage VIII) 10 x 10. 

Note the disruption of stratum Malphigii (DSM), lesions of muscle 

layers (LM), empty spaces in the stratum compactum were 

observed. 



PLATE NO. 3 



dermis formed of intact stratum compactum and stratum spongiosum with 

muscle strands, connective tissue was observed (Plate 3 : fig. 1). 

0.01 % ME did not promote any apparent change in the skin upto forty 

eight hours but at the end of forty eight hours disruption in the stratum corneum 

at few places was observed. Disruptions of stratum corneum and stratum 

Malpighii were observed from the end of seventy two to the end of one twenty 

hours. 

Under the influence of 0.1 % ME the tadpole skin did not show any 

apparent change upto forty eight hours, but at the end of forty eight hours, 

stratum corneum exhibited disruptions at a few places. Disruptions of stratum 

corneum and stratum Malpighii were observed at the end of seventy two and 

ninety six hours. Lesions of the muscle were observed at the end of ninetysix 

hours. Disruption of stratum compactum, sloughing off of Malpighian cells into 

stratum spongiosum, lesions of the vertical muscle strands were observed at the 

end of one twenty hours (Plate 3 : fig.2). 

1.0 % ME promoted disruption of the stratum corneum by the end of six, 

twelve and twenty four hours. By the end of forty eight hours, disruption of 

stratum Malpighii, necrosis of sensory papillae and lesions of the stratum 

compactum were observed (Plate 3 : fig.3). At the end of seventy two, ninety six 

and one twenty hours disruption of stratum corneum, stratum Malpighii, 

necrosis of sensory papillae and lesions of the stratum compactum were 

observed. 
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5.0 `)/0 ME induced disruptions of stratum corneum at the end of six hours. 

At the end of twelve and twenty four hours, disruption of stratum corneum and 

necrosis of sensory papillae were observed. 	A progressive increase in the 

necrosis of sensory papillae, disruptions of stratum compactum and stratum 

corneum and lesions of muscle fibres were observed at the end of forty eight, 

seventy two, ninety six and one twenty hours. 

Tadpoles exposed to 10.0 % ME exhibited skin aberrations like disruption 

of stratum corneum, lesions of the muscle fibres and necrosis of sensory papillae 

at the end of six, twelve and twenty four hours. Vacuolisation of sensory papillae 

and lesions of muscle fibres were seen at the end of forty eight hours. At the end 

of seventy two and ninety six hours, in addition to those changes observed at the 

end of forty eight hours, chromatophores displacement into the stratum 

spongiosum was observed. At the end of one twenty hours, empty spaces in the 

stratum compactum were observed in addition to those changes seen at the end 

of forty eight hours (Plate 3 : fig. 4). 

30.0 % ME promoted necrosis of sensory papillae from the end of six to 

twenty four hours. At the end of forty eight and seventy two hours, lesions of the 

muscle fibres, necrosis of sensory papillae and disruption of stratum Malpighii 

were seen while at the end of ninety six and one twenty hours the changes similar 

to those at the end of seventy two hours were noted. At the end of one twenty 

hours occasional displacement of sensory papillae onto the muscle fibres was also 

seen. 
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CAPTIONS TO THE FIGURES 

PLATE 4 :* 

Fig. 1 : Control Skin (Stage XIV) 10 x 10 . 

Note the intact dermis (D), epidermis (E) and sensory papilla (SP). 

Fig. 2 : Skin - 0.01 `)/0 ME 120 h (Stage XIV) 10 x10. 

Note disrupted stratum compactum (DSC), disruption of stratum 

spongiosum (Dsp) and lesions in the muscle layers (LM). 

Fig. 3 : Skin - (Stage XIV) - 1.0 % ME 120 h - 10 x 10. 

Note necrosis of sensory papilla (NS), disruption of stratum 

corneum (DSCr), disruption of stratum compactum (DSC) and 

lesions in muscle layer (LM). 

Fig. 4 : Skin - 5.0 % ME 120 h (Stage XIV) 40 x 10. 

Note the necrosis of sensory papilla (NS), sloughing off of the 

sensory papillae into muscle fibres and disruption of stratum 

Corneum (DSCr). 



.PLATE NO. 4 



Histological alterations in Stage XIV : 

The sections of skin of control tadpoles showed the presence of intact 

stratum corneum, stratum Malpighii, sensory papillae in the epidermis. The 

epidermis also exhibited chromatophores. The section of skin also exhibited 

intact stratum spongiosum and stratum compactum in the dermis (Plate 4 : fig.1). 

0.01 % ME did not promote any apparent change in the structure of skin 

till the end of twelve hours, but at the end of twenty four hours disruption of 

stratum Malpighii was observed. From the end of forty eight hours to the end of 

one twenty hours, disruption of stratum Malpighii and lesions of muscle fibres 

and in a few cases total distortion of muscle fibres were seen (Plate 4 : fig. 2). 

0.1 % ME caused disruption of stratum corneum from the end of six to 

forty eight hours, but at the end of forty eight hours, occasional disruption of 

stratum Malpighii, sloughing off of the cells of Malpighii into stratum 

spongiosum, were also seen. Necrosis of the sensory papillae were observed at 

the end of seventy two hours. Lesions of muscle fibres were noted at the end of 

ninety six hours. Disruption of stratum Malpighii was observed at the end of one 

twenty hours. 

1.0 % ME induced disruption of stratum Malpighii at the end of six and 

twelve hours. At the end of twenty four hours, lesions of muscle fibres were 

observed while lesions of the muscle fibres and disruption of stratum compactum 

were observed at the end of forty eight hours. Lesions, of muscle fibres were seen 
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CAPTIONS TO THE FIGURES 

PLATE 5 : 

Fig. 1 : Skin - 5.0 % ME 120 h (Stage XIV) 40 x 10 . 

Note necrotic sensory papillae (NS), sloughed off sensory papilla 

onto muslce fibres. 

Fig. 2 : Control Skin - (Stage XVIII) 10 x 10. 

Note intact stratum compactum (SC), vertical muscle layers (VM), 

sensory papilla (SP), chormatorphores (C), Stratum Corneum (Scr) 

and Stratum Malpighiii (SM) 

Fig. 3 : Skin - 0.01 % ME 120 h (Stage XVIII) - 10 x 10. 

Note necrosis of sensory papilla (NS), Lesions in the stratum 

spongiosum (DSp), disruption of stratum compactum (DSC). 

Fig. 4 : Skin - 1.0 % ME 120 h (Stage XVIII) 40 x 10. 

Note the lesions in the muscle layers (LM), necrosis of sensory 

papilla (NS), and disruption of stratum Malphighii (DSM). 



PLATE NO. 5 



at the end of seventy two hours. But at the end of ninety six hours, necrosis of 

sensory papillae was also observed. At the end of one twenty hours, disruption 

of stratum corneum, lesions of muscle fibres, necrosis of sensory papillae as well 

as disruption of stratum compactum were observed (Plate 4 : fig. 3). 

5.0 % ME promoted disruption of the stratum Malpighii at the end of six 

hours, while the necrosis of sensory papillae was observed at the end of twelve 

hours. At the end of twenty four and forty eight hours, necrosis of sensory 

papillae and lesions of muscle fibres were observed. But at the end of seventy 

two and ninety six hours loss of integrity of muscle fibres were noted. At the 

end of one twenty hours, sloughing off of sensory papillae on to the muscle fibres 

was noted in addition to the disruptions of stratum corneum, necrosis of sensory 

papillae and lesions of muscle fibres (Plate 4 : fig. 4 ; Plate 5 : fig. 1). 

10.0 % ME caused necrosis of sensory papillae at the end of six hours. At 

the end of twelve and twenty four hours, necrosis of sensory papillae as well as 

lesions of muscles were observed. Disruptions of stratum corneum, stratum 

Malpighii and lesions of muscle fibres were observed at the end of forty eight 

hours, while lesions of the muscle fibres and necrosis of sensory papillae were 

noted at the end of seventy two hours. Necrosis of sensory papillae and 

disruption of stratum Malpighii were observed at the end of ninety six and one 

twenty hours, but at the end of one twenty hours in addition to aforementioned 

changes, lesions of dermal muscle fibres was observed. 

30.0 % ME promoted necrosis of sensory papillae from the end of six to 

forty eight hours. In addition, disruption of stratum Malpighii was noted at the 
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end of twelve and twenty four hours, while lesions of muscle fibres were 

observed at the end of forty eight hours. A progressive increase in the disruption 

of stratum corneum and lesions of muscle fibres were observed from the end of 

seventy two to the end of one twenty hours. 

Histological alterations in Stage XVIII : 

The sections of skin of control tadpoles showed the presence of intact 

dermis and epidermis. Intact stratum corneum, stratum Malpighii, sensory 

papillae, stratum spongiosum and stratum compactum were seen. The sections 

also showed the presence of chromatophores (Plate 5 : fig. 2). 

The section of skin of tadpoles exposed to 0.01 % ME did not reveal any 

apparent histological change up to twenty four hours but at the end of twenty 

four hours, disruption of stratum corneum was noted, while a progressive 

increase in the lesions of the muscle fibres was observed from the end of forty 

eight hours to the end of one twenty hours. At the end of one twenty hours, 

necrosis of sensory papillae and disruptions of stratum spongiosum as well as 

stratum compactum were observed (Plate 5 : fig. 3). 

0.1 % ME caused disruption of stratum Malpighii at the end of six and 

twelve hours. Lesions of muscle fibres were observed at the end of twenty four, 

forty eighty and seventy two hours. Necrosis of sensory papillae was observed at 

the end of forty eight and seventy two hours while displacement of 

chromatophores onto muscle fibres was observed at the end of ninety six and one 

twenty hours. Also lesions of muscle fibres were noted at the end of one twenty 

hours. 
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1.0 % ME promoted necrosis of sensory papillae at the end of six hours. 

Displacements of chromatophores and sensory papillae onto muscle fibres was 

observed at the end of twelve hours and lesions of muscle fibres were seen at the 

end of twenty four and forty eight hours. Disruptions of stratum Malpighii, 

stratum spongiosum were observed at the end of seventy two, ninety six and one 

twenty hours, in addition to necrosis of sensory papillae (Plate 5 : fig. 4). 

The section of skin of tadpoles exposed to 5.0 % ME exhibited disruption 

of stratum corneum and lesions of muscle fibres at the end of six, twelve and 

twenty four hours. Necrotic sensory papillae were seen by the end of twelve and 

twenty four hours. Sloughing off of cells from the stratum Malpighii onto 

muscle fibres was noted at the end of forty eight hours. Necrosis of sensory 

papillae and displacement of chromatophores onto the muscle fibres was 

observed at the end of seventy two hours. Disruptions of stratum corneum, 

stratum Malpighii and stratum compactum were observed from the end of ninety 

six to the end of one twenty hours. Lesions of muscle fibres were also observed 

at the end of one twenty hours. 

10.0 % ME induced disruption of muscle fibres at the end of six, twelve 

and twenty four hours. Sloughing off of cells from the stratum Malpighii onto 

the muscle fibres was observed at the end of twenty four hours. Necrosis of 

sensory papillae and lesions of muscle fibres were observed from the end of forty 

eight hours to the end of one twenty hours. But in addition, disruption of 

stratum compactum was observed at the end of forty eight hours while 

occasional vacuolisation of sensory papillae at the end of seventy two hours; 
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CAPTIONS TO THE FIGURES 

PLATE 6 : 

Fig. 1 : Control Skin - (Stage XXII) - 40 x 10 . 

Note intact vertical muscle strands (VM), stratum compactum (SC), 

stratum corneum (Scr) and stratum Malpighii (SM). 

Fig. 2 : Skin - 0.01 `)/0 96 h (Stage XXII) - 10 x 10. 

Note the lesions in the muscle layer (LM), Necrotic and Sensory 

papillae (NS) 

Fig. 3 : Skin - 0.1 % ME 120 h (Stage XXII) - 10 x 10. 

Note disruptions of stratum corneum (DSCr) and disruption of 

stratum compactum (DSC). 

Fig. 4 : Skin - 1.0 % ME 120 h (Stage XXII) 10 x 10. 

Note the disruption of stratum Malpighii (DM), necrosis of sensory 

papilla (NS), and development of empty space in the muscles. 



PLATE NO. 6 



sloughing off of cells from the stratum Malpighii onto muscle fibres were seen at 

the end of ninety six and one twenty hours. 

30.0 `)/0 ME caused necrosis of sensory papillae at the end of six hours. The 

cells from sensory papillae were sloughed off at the end of twelve hours. 

Necrosis of sensory papillae and displacement of the pigment cells onto muscle 

fibres were observed at the end of twenty four hours. A progressive increase in 

the lesions of muscle fibres and displacement of the chromatophores onto muscle 

fibres were observed from the end of forty eight to one twenty hours. 

Histological alterations in Stage XXII : 

The sections of skin of control tadpoles exhibited the presence of intact 

dermis and epidermis. The intact stratum corneum, stratum Malpighii, sensory 

papillae, stratum spongiosum and stratum compactum were seen. 

Chromatophores were also seen (Plate 6 : fig. 1) 

The sections of skin of tadpoles subjected to 0.01 % ME did not develop 

any apparent histological change till the end of twenty four hours. Lesions of 

muscle fibres were observed at the end of forty eight hours. Necrosis of sensory 

papillae and lesions of the muscle fibres were noted at the end of seventy two 

hours. A progressive increase in the changes, observed at the end of seventy two 

hours, was observed at the end of ninety six and one twenty hours (Plate 6 : fig. 

2). 

0.1 % ME did not promote any apparent histopathological change at the 

end of six hours. Lesions of muscle fibres were observed at the end of twelve and 
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twenty four hours. In addition to those changes observed at the end of twelve 

hours, necrosis of sensory papillae was seen at the end of forty eight and seventy 

two hours. Disruption of stratum Malpighii was observed at the end of seventy 

two, ninety six and one twenty hours. Disruptions of stratum corneum as well as 

stratum compactum were observed at the end of one twenty hours (Plate 6 : fig. 

3). 

1.0 % ME caused displacement of pigment cells into stratum spongiosum 

at the end of six hours. Disruption of stratum Malpighii was noted at the end of 

twelve and twenty four hours. Lesions of muscle fibres was noted at the end of 

twenty four hours. Disruption of stratum Malpighii and lesions of muscle layer 

were seen at the end of seventy two and ninety six hours. At the end of one 

twenty hours, development of empty spaces in muscle fibres and disruption of 

stratum Malpighii were observed (Plate 6 : fig. 4). 

Under the influence of 5.0 % ME disruption of the stratum corneum was 

observed at the end of six hours. Disruption of the stratum Malpighii was 

observed at the end of twelve hours. Disruption of the stratum Malpighii and 

lesions of muscle fibres were observed at the end of twenty four and forty eight 

hours, whereas necrosis of sensory papillae was also noted at the end of forty 

eight hours. Disruptions of stratum corneum and stratum Malpighii were seen at 

the end of seventy two hours but at the end of ninety six and one twenty hours, 

necrosis of sensory papillae and disruptions of stratum corneum as well as 

stratum Malpighii were observed. 
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10.0 % ME promoted lesions of muscle fibres throughout the exposure 

period. At the end of twelve hours, necrotic sensory papillae were seen, while at 

the end of twenty four hours, disruption of stratum Malpighii was observed in 

addition to necrotic sensory papillae. At the end of forty eight and seventy two 

hours, disruptions of the stratum corneum and stratum Malpighii were seen. In 

addition to those changes observed at the end of seventy two hours, lesions of the 

muscle fibres and necrosis of sensory. papillae were noted at the end of ninety six 

and one twenty hours. 

30.0 )̀/0 ME induced lesions of muscle fibres throughout the exposure 

period. At the end of six hours, disruption of stratum corneum was noted while 

at the end of twelve hours, disruptions of stratum corneum as well as stratum 

Malpighii were noted. Necrosis of sensory papillae was observed at the end of 

twenty four hours but in addition to those changes observed at the end of twenty 

four hours, disruption of stratum Malpighii was seen at the end of forty eight 

hours. Necrosis of the sensory papillae and sloughing off of cells of the stratum 

Malpighii were observed at the end of seventy two, ninety six and one twenty 

hours. 

INTESTINE : 

The small intestine is made up of four distinct layers. From outside to 

inside these layers are : visceral peritoneum or serous layer, muscular layer, sub 

mucosa and mucosa. 

The serous layer is the outermost layer. It is composed of visceral 

peritoneum called serosa. The muscular layer is composed of outer longitudinal 
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muscles and inner circular muscles. The sub-mucosa is a thin layer composed of 

loose connective tissue, elastic fibres, blood and lymph vessels, nerve cells and 

nerve fibres. The mucosa is the innermost layer composed of three regions - a 

muscularis mucosa made up of smooth muscles and connective tissue; lamina 

propria made up of connective tissue; and a basement membrane supporting a 

layer of columnar epithelial cells. Some of them are known as goblet cells, which 

secrete mucous. The mucosa is thrown into finger - like folds called villi. The 

villus is a unit for absorption of digested food containing a lymph vessel called 

lacteal and a network of capillaries. In Xenopus laevis the larval intestine has no 

folded structures except in the region of the typhlosole, whereas the adult 

instestine is characterized by folded structures (Yoshizato, 1989), but in R. tigerina 

we get characteristic folded structures. 

Histological Alterations : 

The sections of the intestine of tadpoles exposed to different 

concentrations of ME for various time points were stained with haematoxylin 

and eosin. When observed under the microscope, these sections showed 

histopathological changes such as necrosis of villi, lesions in the muscular layers, 

disruption of lamina propria, muscularis mucosa as well as of peritoneum and 

necrosis of goblet cells. The changes in the intestine were ME concentration and 

exposure period dependent. 
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CAPTIONS TO THE FIGURES 

PLATE 10 : 

Fig. 1 : Control Intestine - (Stage V) - 10 x 10 . 

Note intact villus (V), muscularis mucosa (MM), Submucosa (S), 

circular muscles (C), longitudinal muscles (L) and peritoneum (P). 

Fig. 2 : Intestine - Stage V - 0.1 `)/0 ME 96 h - 10 x 10. 

Note lesions in the circular muscles (LC), Disruption of submucosa 

(DS), muscularis mucosa (LMM) and necrosis of villi (NV). 

Fig. 3 : Instentine - 1.0 % ME 48 h (Stage V) - 40 x 10. 

Note goblet cells (GC), broken villus (BV), lesions in submucosa 

(LS). 

Fig. 4 : Intestine - 1.0 % ME 72 h - 40 x 10. 

Note broken villus (BV) and Total loss of villi (TV), total erosion of 

submucosa (ES). 





Histological changes in Stage V : 

The sections of the intestine of control tadpoles showed the presence of 

intact epithelial cells of the villi, peritoneum, muscular layers, sub mucosa and 

mucosa (Plate 10 : fig. 1). 

The sections of the intestine of tadpoles treated with 0.01 % ME showed 

no apparent histopathological changes upto twenty four hours, but at the end of 

twenty four hours, lesions of the villi were observed. At the end of forty eight 

and seventy two hours, lesions of the lamina propria and circular muscles were 

seen. At the end of ninety six and one twenty hours, disruption of muscularis 

mucosa and patchy necrosis of the circular and longitudinal muscles were 

observed. 

0.1 % ME promoted patchy necrosis and lesions of the villi at the end of 

six, twelve and twenty four hours. Patchy necrosis of the villi and disruption of 

muscularis mucosa were observed at the end of forty eight hours. Disruption of 

sub mucosa, necrosis of villi and patchy necrosis of the circular and longitudinal 

muscle layers were noted at the end of seventy two and ninety six hours (Plate 10 

:- fig. 2). In addition to those changes noted at the end of ninety six hours, 

peritoneal/serosal disruption was observed. 

1.0 % ME induced patchy necrosis of villi at the end of six hours. Necrosis 

of goblet cells was noted at the end of twelve hours. At the end of twenty four 

hours changes similar to those observed at the end of six and twelve hours were 

seen in the intestine. At the end of forty eight hours, disruption of muscularis 

mucosa, and patchy necrosis of the circular muscle were observed (Plate 10 : fig. 
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CAPTIONS TO THE FIGURES 

PLATE 11: 

Fig. 1 : Intestine - 10.0 % ME, 72 h - 10 x 10 - Stage V. 

Note lesions in the circular muscles (LC), broken villi (BV), damage 

to goblet cells (DG), lesions in the submucosa (LS). 

Fig. 2 : Intestine - Stage V - 30.0 % ME 120 h - 100 x 10. 

Note lesions in the Lamina propria (LP). 

Fig. 3 : Control Instestine - Stage VIII - 10 x 10. 

Note intact peritoneum (P), submucosa (S), muscularis mucosa 

(MM), mucosa (M), circular muscles (C) and longitudinal muscles 

(L). 

Fig. 4 : Intestine - Stage VIII - 0.01 `)/0 ME, 12 h - 40 x 10. 

Note disruption of lamina propria (DL), broken villus (BV). 





3). At the end of seventy two, ninety six and one twenty hours, a progressive 

disruption of muscularis mucosa, necrosis of muscle layers and acute necrosis of 

villi were observed at some places, were especially about half of the intestine had 

lost the villi (Plate 10 : fig. 4). 

5.0 % ME promoted patchy necrosis of villi and necrosis of sub mucosa at 

the end of six hours. At the end of twelve hours, sloughing off of cells from 

lamina propria into the coelom was observed. The changes similar to those seen 

at the end of six and twelve hours were observed at the end of twenty four hours. 

In addition to those changes seen at the end of twenty four hours, disruption of 

muscularis mucosa was observed at the end of forty eight hours while at the end 

of seventy two hours, necrosis of villi, disruption of muscularis mucosa and 

lesions of the circular muscles were observed, then at the end of ninety six and 

one twenty hours loss of circular muscles as well as of villi were seen and 

occasionally debris of necrotic villi were observed into the Intestinal lumen. 

When tadpoles were exposed to 10.0 % ME, the sections of intestine 

showed necrosis of villi and muscularis mucosa at the end of six hours, while at 

the end of twelve and twenty four hours disruption of lamina propria was 

observed in addition to those changes seen at the end of six hours. A progressive 

necrosis of the intestine was observed at the end of twenty four hours and 

especially lesions of the circular muscles were observed from the end of forty 

eight to one twenty hours (Plate 11 : fig. 1). 

The tadpoles subjected to 30.0 % ME exhibited intestinal alterations like as 

necrosis of villi, disruption of muscularis mucosa and lamina propria at the end 
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of six and twelve hours. A progressive intestinal necrosis was observed from the 

end of six hours to the end of one twenty hours. 

Histological Alterations in Stage VIII : 

The sections of the intestine of control tadpoles showed the presence of 

intact villi, serosa, muscular layers, sub mucosa and mucosa (Plate 11 : fig. 3). 

0.01 % ME induced patchy necrosis of circular muscles at the end of six 

hours while at the end of twelve hours, necrosis of the villi as well as of the 

lamina propria were noted (Plate 11 : fig. 4). At the end of twenty four hours, 

necrosis of circular muscles was observed but at the end of forty eight hours, 

necrosis of villi, sub mucosa and of lamina propria were noted (Plate 12 : fig. 1). 

At the end seventy two hours, lesions of the circular muscles were noted while at 

the end of ninety six and one twenty hours necrosis of villi, lamina propria and of 

muscularis mucosa were observed. 

0.1 % ME promoted necrosis of the villi at the end of six hours but at the 

end of twelve hours, patchy necrosis of circular muscles as well as of villi were 

seen. Patchy necrosis of circular muscles and of lamina propria were observed at 

the end of twenty four hours while the necrosis of the villi and of lamina propria 

were observed at the end of forty eight hours. At the end of seventy two hours, 

patchy necrosis of circular muscles was observed in addition to those changes 
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CAPTIONS TO THE FIGURES 

PLATE 12 : 

Fig. 1 : Intestine - (Stage VIII) - 0.01 % ME, 48 h - 40 x 10. 

Note Broken villus (V), damage to goblet cells (GC), lesions in sub-

mucosa (LS) and lesions in mucosa (LM). 

Fig. 2 : Intestine - Stage VIII -10.0 % ME 72 h - 10 x 10. 

Note disruption of peritoneum (DP), broken villi (BV) and lesions 

in Submucosa (LS). 

Fig. 3 : Control Instestine - Stage XIV - 10 x 10. 

Note intact villi (V), Muscularis mucosa (MM), mucosa (M), 

submucosa (S), circular muscles (C) and longitudinal muscles (L). 

Fig. 4 : Intestine Stage XIV 10.0 % ME 96 h - 4 x 10. 

Note total shrinkage of intestine due to loss of circular muscles 

(LC), Lamina propria into c (L), Broken villi (BV). 





seen at the end of forty eight hours. From the end of ninety six hours to the end 

of one twenty hours, a progressive necrosis was observed. 

1.0 % ME produced progressive patchy necrosis of circular muscles as 

well as of villi by the end of six, twelve and twenty four hours. Similar changes 

were seen at the end of forty eight and seventy two hours. Patchy necrosis of 

circular muscles and disruption of muscularis mucosa were observed at the end 

of ninety six hours while at the end of one twenty hours, disruption of lamina 

propria, patchy necrosis of villi as well as of circular muscles were noted. 

The tadpoles exposed to 5.0 % ME exhibited intestinal alterations like 

lesions of peritoneum and circular muscles and acute necrosis of villi at a few 

places by the end of six, twelve and twenty four hours. At the end of forty eight 

hours, at a few places acute necrosis of circular muscles was seen. At the end of 

seventy two hours, necrosis of villi was observed but at the end of ninety six 

hours a loss of lamina propria was seen at a few places. Necrosis of villi and a 

patchy erosion of lamina propria were observed at the end of one twenty hours. 

Under the influence of 10.0 % ME patchy necrosis of villi and disruption of 

lamina propria were noted at the end of six and twelve hours. In addition to 

these changes seen at the end of twelve hours, sloughing off of goblet cells into 

the lumen was noted at the end of twenty four and forty eight hours while at the 

end of seventy two hours, necrosis of villi, lesions of the sub mucosa and of 
• 

circular muscles were noted (Plate 12 : fig. 2). At the end of ninety six hours, 

disruption of lamina propria and lesions of the circular muscles were observed. 
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In addition to those changes observed at the end of ninety six hours, necrosis of 

goblet cells was seen at the end of one twenty hours. 

30.0 % ME promoted loss of villi and of circular muscles at some regions 

by the end of six and twelve hours. A progressive necrosis of villi and disruption 

of lamina propria were noted at the end of twenty four, forty eight, seventy two, 

ninety six and one twenty hours. 

Histological Alterations in Stage XIV 

The sections of the intestine of control tadpoles exhibited the presence of 

intact serosa, villi, muscular layers, sub mucosa and mucosa (Plate 12 : fig. 3). 

The tadpoles subjected to 0.01 % ME exhibited patchy necrosis of villi 

throughout the exposure period. But disruptions of muscularis mucosa was 

noted in addition to necrotic villi from the end of twenty four to seventy two 

hours while some regions showed the loss of lamina propria along with necrotic 

villi at the end of ninety six and one twenty hours. 

0.1 % ME promoted disruption of lamina propria at the end of forty eight 

hours but patchy necrosis of villi was noted along with the disrupted lamina 

propria at the end of twenty four and forty eight hours. At the end of seventy 

two and ninety six hours, patchy necrosis of villi and of circular muscles were 

observed, while at the end of one twenty hours, in addition to those changes seen 

at the end of ninety six hours, disruption of muscularis mucosa was observed. 
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1.0 % ME induced necrosis of villi and of circular muscles at the end of six 

and twelve hours but in addition to those changes seen at the end of twelve 

hours, disruption of muscularis mucosa was also noted by the end of twenty four 

and forty eight hours, while at the end of seventy two hours, patchy necrosis of 

longitudinal muscles along with disrupted muscularis necrosis was seen. Then, 

at the end of ninety six hours and one twenty hours, necrosis of goblet cells was 

observed. 

The tadpoles exposed to 5.0 `)/0 ME exhibited intestinal alterations like as 

necrosis of goblet cells, necrosis of circular muscles, at the end of six, twelve and 

twenty four hours. Patchy necrosis of villi and circular muscles were observed at 

the end of forty eight, seventy two and ninety six hours. Similar changes were 

seen at the end of one twenty hours and in addition, necrosis of longitudinal 

muscles was also observed. 

10.0 % ME promoted patchy necrosis of villi and sub mucosa at the end of 

six, twelve and twenty four hours. The progressive necrosis was seen in the 

intestine from the end of forty eight hours to the end of one twenty hours, 

especially a patchy necrosis of circular muscles was observed at the end of 

seventy two, ninety six and one twenty hours (Plate 12 : fig. 4). 

30.0 % ME produced patchy necrosis of villi and sub mucosa at the end of 

six and twelve hours while in addition to these changes seen at the end of six 

hours, erosion of peritoneum was observed at the end of twenty four and forty 

eight hours. At the end of seventy two hours necrosis of villi as well as of circular 

muscles was observed along with the erosion of peritoneum. At the end of ninety 
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CAPTIONS TO THE FIGURES 

PLATE 13 : 

Fig. 1 : Control Intestine - (Stage XVIII) - 10 x 10 . 

Note intact villi (V), muscularis mucosa (MM), mucosa (M), 

Submucosa (S), circular muscles (C), longitudinal muscles (L) and 

peritoneum (P). 

Fig. 2 : Intestine - Stage XVIII - 30.0 % ME 6 h - 4 x 10. 

Note broken villi (BV), lesions in the circular muscles (LC), lesions 

in submucosa (LS). 

Fig. 3 : Control Intestine Stage XXII - 40 x 10. 

Note intact villus (V), intact muscularis mucosa (MM), intact 

lamina propria (Lp), intact mucosa (M). 

Fig. 4 : Intestine - Stage XXII - 0.01 % ME 96 h - 10 x 10. 

Note lesions in longitudinal muscles (LL), necrotic villi (NV), 

sloughed off necrotic villi (SNV), lesions in submucosa (LS). 
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six and one twenty hours, necrosis of : villi, goblet cells and sub mucosa, were 

observed. 

Histological Alterations in Stage XVIII : 

Intact serosa, villi, muscular layers, sub mucosa and mucosa were 

observed in the sections of the intestine of control tadpoles (Plate 13 : fig. 1). 

0.01 % ME promoted patchy necrosis of villi and disruption of muscularis 

mucosa at the end of six, twelve and twenty four hours while lesions of the sub 

mucosa as well as circular muscles were observed from the end of seventy two to 

one twenty hours. 

0.1 % ME produced disruption of muscularis mucosa and patchy necrosis 

of villi from the end of six to twenty four hours. Necrosis of villi and sub mucosa 

were observed at the end of forty eight hours. Patchy necrosis of villi and circular 

muscles were observed at the end of seventy two hours while necrosis of villi as 

well as of circular muscles were observed along with disruption of muscularis 

mucosa at the end of ninety six hours. Necrosis of villi and disruption of 

muscularis mucosa were observed at the end of one twenty hours. 

When subjected to 1.0 % ME, the tadpoles developed patchy necrosis of 

villi and sub mucosa at the end of six, twelve and twenty four hours. Necrosis of 

villi was noted at the end of forty eight and seventy two hours while the loss of 

sub mucosa at few, regions was seen at the end of ninety six and one twenty 

hours. 
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5.0 % ME induced necrosis of villi, sub mucosa and of circular muscles at 

the end of six and twelve hours. Similar changes were observed at the end of 

twenty four and forty eight hours. At the end of seventy two hours, necrosis of 

villi and at a few regions loss of sub mucosa were noted, while at the end of 

ninety six and one twenty hours in addition to these changes, lesions in the 

circular muscles were also observed. 

Under the influence of 10.0 % ME, the tadpoles exhibited alterations in the 

intestine like necrosis of villi, sub mucosa and of circular muscles from the end of 

six to twenty four hours. A progressive necrosis of circular muscles, sub mucosa 

as well as of villi leading to total loss of villi at a few regions were observed from 

the end of forty eight to the end of one twenty hours. 

30.0 % ME promoted progressive necrosis of villi, sub mucosa and circular 

muscles at the end of six, twelve, twenty four and forty eight hours (Plate 13 : fig. 

2). Acute necrosis of the villi as well as of sub mucosa and disruption of 

muscularis mucosa were observed at the end of seventy two and ninety six hours. 

Sloughing off of villi into the lumen, necrosis of sub mucosa as well as of circular 

muscles were observed at the end of. one twenty hours. 

Histological Alterations in Stage XXII : 

Intact serosal, muscular, sub mucosal and mucosal layers were observed in 

the sections of the intestine of control tadpoles (Plate 13 : fig. 3). 

The tadpoles exposed to 0.01 % ME showed intestinal changes such as 

patchy necrosis of villi at the end of six and twelve hours but at the end of twenty 
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four and forty eight hours, patchy necrosis of villi and disruption of muscularis 

mucosa were observed. From the end of seventy two hours to the end of one 

twenty hours, a progressive necrosis of villi and sub mucosa were observed. 

0.1 % ME promoted patchy necrosis of villi and disruption of muscularis 

mucosa till the end of forty eight hours while at the end of seventy two hours, 

necrosis of villi as well as of sub mucosa were observed. At the end of ninety six 

and one twenty hours, necrosis of villi, sub mucosa and circular muscles were 

evident (Plate 13 : fig. 4). 

1.0 `)/0 ME produced disruption of muscularis mucosa and patchy necrosis 

of villi at the end of six hours, but by the end of twelve, twenty four and forty 

eight hours patchy necrosis of villi and of sub mucosa were observed. Similar 

changes were observed at the end of seventy two hours in addition to the 

disruption of muscularis mucosa. At the end of ninety six and one twenty hours 

progressive necrosis of villi as well as of sub mucosa were observed. 

5.0 % ME induced necrosis of villi, lesions of sub mucosa and 

accumulation of debris in the lumen at the end of six hours. Necrosis of villi, sub 

mucosa and the muscle layers were observed at the end of twelve, twenty four 

and forty eight hours while acute necrosis of villi, lesions of sub mucosa and loss 

of stainability were observed from the end of seventy two to one twenty hours. 

Under the influence of 10.0 % ME necrosis of villi and sub mucosa were 

observed at the end of six and twelve hours while at the end of twenty four and 

forty eight hours, necrosis of goblet cells, circular muscles and sub mucosa were 

observed. At the end of seventy two, ninety six and one twenty hours, a 
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CAPTIONS TO THE FIGURES 

PLATE 7 : 

Fig. 1 : Control Liver - (Stage V) - 40 x 10 . 

Note Kupffer cells (KC), Sinusoids (S), endothelial cells (E) near 

border of sinusoids, polygonal hepatocytes (H) and pigment cells 

(13). 

Fig. 2 : Liver - (Stage V) - 0.01 % ME 120 h - 40 x 10. 

Note vacuolisation of hepatocyte (V), Kupffer cell in sinusoid (SK). 

Fig. 3 : Control Liver (Stage VIII) - 40 x 10. 

Note Kupffer cells (KC) and Endothelial cells (E) at the border of 

sinusoids, polygonal hepatocytes (H) and pigment cells (P). 

Fig. 4 : Liver (Stage VIII) - 40 x 10 - 30.0 % ME, 120 h. 

Note widening of sinusoids (WS), endothelial debris in sinusoids 

(ES) and necrotic hepatocyte (NH) debris in sinusoids (D) and 

necrotic Kupffer cells (NK). 





progressive necrosis of sub mucosa circular as well as longitudinal muscles and 

loss of stainability were observed. Peritoneal disruptions were seen at the end of 

one twenty hours. 

30.0 % ME induced intestinal alterations such as necrosis of villi at the end 	• 

of six hours while necrosis of villi and sub mucosa were noted at the end of 

twelve and twenty four hours. A progressive necrosis of villi, sub mucosa, 

circular and longitudinal muscles were observed from the end of forty eight to 

the end of one twenty hours. Total loss of circular muscle layer and failure of the 

intestine/mucosa to get folded and formation of crypts were the prominent 

features of intestinal alterations. 

LIVER: 

The liver is a compact reddish brown structure/organ and is situated in 

the anterior region of the abdominal cavity. It is divided into two compact lobes, 

the right and the left. The bigger left lobe is divided into two. 

Histologically, the liver is composed of secretory units called lobules. The 

minute lobules anastomose with one another and form a complex network. Each 

lobule is made up of a large number of polygonal hepatic cells. Each hepatic cell 

contains a prominent nucleus, and cytoplasm which contains droplets of fat, 

lumps of glycogen and often black or dark brown pigment granules. The hepatic 

cells are arranged in columns in stage XXII (Plate 9 : Fig 1), but in early stages the 

columns are not distinct (Plate 7 : Fig. 1). The sinusoids appear as light areas in 

between hepatic cords. 
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Histological Alterations : 

The sections of liver of tadpoles exposed to various concentrations of ME 

for different time points were stained with haemotoxylin and eosin. When these 

sections of liver were observed under microscope, histological alterations, such 

as widening of sinusoids, increase in the number of Kupffer cells, lesions of 

endothelial cells, decrease in pigmentation/pigment granules, necrosis of 

hepatocytes and accumulation of debris in the sinusoids, were observed. The 

liver of tadpoles stages under study, exhibited ME concentration and exposure 

period dependent histological changes. 

Histological changes in Stage V : 

The liver of the control tadpoles exhibited the presence of normal 

polygonal hepatocytes, sinsusoids, endothelial cells near the border of the 

sinusoids, a few Kupffer cells in association with endothelial cells and 

aggregation of pigment granules (Plate 7 : fig. 1). 

The tadpoles exposed to 0.01 % ME did not show any apparent change in 

the liver structure till seventy two hours, but at the end of seventy two and ninety 

six hours there was widening of the sinusoids. By the end of one twenty hours, a 

few Kupffer cells were sloughed off into the sinusoids and also a vacuolisation of 

hepatocytes was observed ( Plate 7 : fig. 2). 

0.1 % ME caused widening of sinusoids and decrease in the number of 

Kupffer cells by the end of six, twelve, and twenty four hours. The hepatic cords 

were slightly disrupted at the end of forty eight hours, while at the end of 
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seventy two and ninety six hours sloughed off endothelial cells were seen in the 

sinusoids. But by the end of one twenty hours, there was a marginal increase in 

the number of free endothelial and Kupffer cells in the sinusoids. Also, 

vacuolisation of a few hepatocytes was seen. 

1.0 `)/0 ME promoted slight disruption of the hepatic cords at the end of 

twenty four hours. At the end of forty eight hours, a widening of the sinusoids 

was observed. At a few places, sloughed off endothelial cells appeared in 

sinusoids by the end of seventy two hours. At the end of ninety six and one 

twenty hours an increase in the number of Kupffer cells as well as sloughing off 

of endothelial cells in the sinusoids was noted. Also a vacuolisation of a few 

hepatic cells was seen. 

Under the influence of 5.0 % ME, at the end of six hours, widening of the 

sinusoids was observed, but at the end of twelve hours, free endothelial cells 

were observed in the sinusoids. At the end of twenty four hours, a few sloughed 

off Kupffer cells were seen in the sinusoids. Disruption of the hepatic cords, 

vacuolisation of hepatic cells and increase in the number of Kupffer cells were 

noted at the end of forty eight hours and a progressive hepatic necrosis was 

observed till the end of one twenty hours. 

On exposure to 10.0 % ME, the tadpole liver exhibited widening of 

sinusoids, and decrease in the number of Kupffer cells at the end of six hours. At 

the end of twelve and twenty four hours, free endothelial cells were also 

observed in sinusoids. By the end of forty eight hours, the pycnosis of the nuclei 

of the hepatic cells was observed, while by the end of seventy two hours, 

116 



disruption of hepatic cords, increase in the number of Kupffer cells were 

observed. In addition to these changes, pycnosis of nuclei of hepatic cells and 

decrease in the pigment granules was observed at the end of ninety six hours, 

while decrease in the pigment granules and endothelial cell debris was observed 

in the sinusoids by the end of one twenty hours. 

30.0 % ME, promoted a decrease in number of Kupffer cells at the end of 

six hours, while at the end of twelve hours, a debris of hepatic cells was seen in 

sinusoids. Vacuolisation of hepatic cells, increase in Kupffer cell number and 

accumulation of debris in the sinusoids were observed at the end of twenty four 

and forty eight hours. Hepatic cells showed change in their shape by the end of 

seventy two hours. Pycnotic nuclei were also observed at the end of ninety six 

and one twenty hours. 

Histological changes in Stage VIII : 

The liver section of the control tadpoles exhibited polygonal hepatic cells, 

association of endothelial and Kupffer cells at the border of sinusoids and 

pigment granules (Plate 7 : fig. 3). 

The liver of tadpoles exposed to 0.01 % ME showed increase in the number 

of Kupffer cells at the end of six, twelve and twenty four hours. Widening of 

sinusoids was observed at the end of forty eight and seventy two hours. 

Sloughing off of endothelial cells in the sinusoids was observed at the end of 

ninety six hours, while a few Kupffer cells were sloughed off in the sinusoids at 

the end of one twenty hours. 
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0.1 % ME promoted decrease in the number of Kupffer cells at the end of 

six and twelve hours. At the end of twenty four hours, the number of Kupffer 

cells increased while at the end of forty eight hours, sinusoids became more 

elongated showing the presence of sloughed off endothelial cells. Enlarged 

Kupffer cells were observed at the end of seventy two and ninety six hours but at 

the end of one twenty hours, sloughed off endothelial cells were found in the 

sinusoids. 

1.0 % ME caused widening of sinusoids at the end of six, twelve and 

twenty four hours. The Kupffer cell number decreased at the end of six, twelve, 

twenty four, and forty eight hours. At the end of seventy two hours, Kupffer 

cells increased in number. Vacuolisation of hepatocytes and sloughing. off of 

endothelial cells in sinusoids were noted at the end of ninety six and one twenty 

hours. 

5.0 % ME induced widening of sinusoids and the decrease in the number 

of Kupffer cells at the end of six and twelve hours. The same was observed at the 

end of twenty four and forty eight hours in addition to a vacuolisation of 

hepatocytes. At the end of seventy two and ninety six hours increase in the 

number of Kupffer cells, vacuolisation of hepatocytes and swelling/enlargement 

of a few hepatocytes were observed. By the end of one twenty hours, in addition 

to these changes pycnosis of the nuclei of a few hepatocytes was also seen. 

Under the influence of 10.0 % ME, widening of sinusoids, decrease in the 

number of Kupffer cells were observed at the end of six hours. But at the end of 

twelve hours, sloughing off of Kupffer and endothelial cells was observed in the 
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CAPTIONS TO THE FIGURES 

PLATE 8 : 

Fig. 1 : Control Liver - (Stage XIV) - 40 x 10 . 

Note Kupffer cells (KC), Sinusoids (S), endothelial cells (E) at the 

margin of sinusoids (S), polygonal hepatocytes (H) and pigment 

cells (P). 

Fig. 2 : Liver - (Stage XIV) - 40 x 10 - 10 `)/0 ME 96 h, 

Note widening of sinusoids (WS), endothelial debris in sinosoids 

(ED), Kupffer cells debris in sinusoids (DK), debris in sinusoids (D) 

and empty space (ES). 

Fig. 3 : Control - Liver (Stage XVIII) - 40 x 10. 

Note Polygonal hepatocytes (H), pigment cells (P), Kupffer cells 

(KC) and Endothelial cells (E) at the margin of sinusoids and 

sinusoids (S). 

Fig. 4 : Liver (Stage XVIII) - 10 x 10 - 1.0 % ME, 72 h. 

Note widening of sinusoids (WS), debris in sinusoids (D) and 

endothelial cell debris in sinsusoids (ED), Kupffer and cells in 

sinusoids (SK). 
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sinusoids. By the end of twenty four hours, a few hepatocytes were also 

observed in the sinusoids. At the end of forty eight and seventy two hours, 

increase in the number of Kupffer cells was observed. But by the end of ninety 

six hours, increase in the number of Kupffer cells, pycnosis of nuclei of a few 

hepatocytes were observed. At the end of one twenty hours changes like 

widening of sinusoids, increase in the number of Kupffer cells, pycnosis of the 

nuclei of a few hepatocytes and vacuolisation of hepatocytes were noted. 

The tadpoles treated with 30.0 % ME exhibited enlarged sinusoids at the 

end of six and twelve hours, in addition to an increase in the number of Kupffer 

cells. By the end of the twenty four and forty eight hours, decrease in the number 

of pigment granules, sloughing off of Kupffer and endothelial cells in the 

sinusoids were observed. At the end of seventy two hours, pycnosis of the nuclei 

of a few hepatocytes was observed. In addition to these changes, sloughing off of 

a few hepatocytes in the sinusoid was noted at the end of ninety six hours. By the 

end of one twenty hours, the liver showed disrupted hepatic cords as well as 

increase in number of Kupffer cells (Plate 7 : fig. 4). 

Histological changes in Stage XIV : 

Association of endothelial cells and Kupffer cells at the border of 

sinusoids, polygonal hepatocytes and pigment granules were observed in the 

liver section of control tadpole (Plate 8 : fig 1). 

0.01 % ME promoted enlargement of sinusoids at the end of six hours. By 

the end of twelve and twenty four hours, sloughing off of a few Kupffer cells in 

the sinusoid was observed. At the end of forty eight hours, decrease in the 
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number of Kupffer cells and enlargement of sinusoids were noted. Along with 

these changes, sloughing off of a few endothelial cells in the sinusoid was 

observed at the end of seventy two hours and ninety six hours while at the end of 

one twenty hours, sloughing off of a few Kupffer cells in the sinusoids was 

observed. 

0.1 `)/0 ME promoted increase in the number of Kupffer cells, enlargement 

of sinusoids and occasional sloughing off of endothelial cells in the sinusoids at 

the end of six and twelve hours. By the end of twenty four and forty eight hours, 

increase in the sloughing off of endothelial cells in the sinusoids was observed 

and these changes continued to occur progressively till the end of ninety six 

hours, but by the end of one twenty hours, sloughing off of Kupffer cells, in the 

sinusoids were predominant. 

1.0 % ME treatment caused enlargement of sinusoids and sloughing off of 

Kupffer cells in the sinusoids in an exposure period dependent manner from six 

to twenty four hours. At the end of forty eight and seventy two hours, sloughing 

off of endothelial cells in the sinusoids was observed but at the end of ninety six 

and one twenty hours, pycnosis of the nuclei of hepatocytes were seen. 

5.0 % ME promoted decrease in the number of Kupffer cells and sloughing 

off of endothelial cells in the sinusoids from the end of six to forty eight hours. 

The number of Kupffer cells increased at the end of seventy two hours. The 

sloughing off of endothelial cells in the sinusoids increased at the end of ninety 

six and one twenty hours. Pycnosis of the nuclei of hepatocytes and 

vacuolisation of hepatocytes were also observed at the end of one twenty hours. 
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When tadpoles were subjected to 10.0 % ME, the liver sections exhibited 

enlarged sinusoids and sloughing off of Kupffer cells in the sinusoids till the end 

of twenty four hours. At the end of forty eight hours, sloughing off of a few 

endothelial cells was observed but at the end of seventy two hours a few necrotic 

hepatocytes were also seen. Disruption of hepatic cords, necrosis of hepatocytes, 

decrease in the pigment granules were observed at the end of ninety six hours 

(Plate 8 : fig. 2). In addition to these changes, sloughing off of endothelial cells in 

sinusoids and pycnosis of the nuclei of hepatocytes were distinctly observed at 

the end of one twenty hours. 

The treatment of tadpoles with 30.0 % ME promoted damage to the liver 

in the form of widening of sinusoids, increase in the number of Kupffer cells at 

the end of six, twelve and twenty four hours. A few necrotic hepatocytes were 

observed at the end of twenty four hours and the number of necrotic hepatocytes 

increased by the end of forty eight hours. Sloughing off of endothelial cells in 

sinusoids and pycnosis of the nuclei of hepatocytes were observed at the end of 

seventy two hours while disruption of hepatic cords, decrease of pigment 

granules were observed at the end of ninety six and one twenty hours. 

Histological changes in stage XVIII : 

The control liver sections exhibited an association of Kupffer and 

endothelial cells at/on the sinusoid border, polygonal hepatocytes and pigment 

granules (Plate 8 : fig. 3). 

0.01 % ME treatment did not promote any apparent change in the liver till 

the end of forty eight hours. At the end of seventy two hours, sloughing off of a 
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few endothelial cells in the sinusoids was seen, but at the end of seventy two, 

ninety six and one twenty hours Kupffer cells increased in number. 

0.1 % ME promoted enlargement of sinusoids and increase in the number 

of Kupffer cells at the end of six and twelve hours. At the end of twenty four, 

forty eight, seventy two and ninety six hours a progressive sloughing off of 

Kupffer and endothelial cells into the sinusoids was observed while at the end of 

one twenty hours, disruption of hepatic cords was observed. 

Under the influence of 1.0 )̀/0 ME, widening of sinusoids was noted at the 

end of six and twelve hours, but at the end of twenty four and forty eight hours, 

sloughing off of endothelial cells in the sinusoids was observed. Sloughing off of 

Kupffer cells in sinusoids was noted in an increasing order from the end of 

seventy two to one twenty hours (Plate 8 : fig. 4). 

Tadpoles exposed to 5.0 % ME, showed enlargement of sinusoids at the 

end of six hours, whereas at the end of twelve and twenty four hours, there was 

an increase in the number of Kupffer cells. At the end of forty eight hours, 

sloughing off of the endothelial cells in sinusoids was observed, but at the end of 

seventy two and ninety six hours, sloughing off of Kupffer and endothelial cells 

in sinusoids as well as vacuolisation of hepatocytes were noted. Pycnosis of the 

nuclei of hepatocytes was observed at the end of one twenty hours. 

Tadpoles subjected to 10.0 % of ME exhibited a progressive increase in the 

number of Kupffer cells and sloughing off of endothelial cells into the sinusoids 

from the end of six to the end of forty eight hours. Vacuolisation of hepatocytes 

was observed at the end of seventy two hours along with the changes mentioned 
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CAPTIONS TO THE FIGURES 

PLATE 9 : 

Fig. 1 : Control Liver - (Stage XXII) - 10 x 10 . 

Note Central vein (CV), Portal vein (PV), hepatic artery (HA), bile 

duct (BD), Periventral space (PS), pigment (P), polygonal 

hepatocyte (HP), Kupffer cells (KC), endothelial cells (E) and 

sinusoids (S). 

Fig. 2 : Liver - 0.01 % ME 96 h (Stage XXII)- 10 x 10. 

Note widening of sinusoids (WS), Kupffer cell in sinusoid (SK) and 

endothelial cells in sinusoids (SE). 

Fig. 3 : Liver - 1.0 % ME 120 h (Stage XXII) - 40 x 10. 

Note widening of sinusoids (WS), vacuolisation of hepatocyte (V), 

Kupffer cells in sinusoids (SK), Endothelial cells in sinusoids (SE) 

and endothelial debris in sinusoids (ED). 

Fig. 4 : Liver - 5.0 % ME 72 h (Stage XXII) - 40 x 10. 

Note widening of sinusoids (WS), debris in sinusoids (D) and 

Kupffer cells in sinusoids (SK). 



444 	 • • 411, 

›- 



previously for six to forty eight hours. At the end of ninety six and one twenty 

hours, a few hepatic cells exhibited pycnosis of the nuclei. 

The treatment of tadpoles with 30.0 % ME promoted enlargement of 

sinusoids and increase in the number of Kupffer cells at the end of six and twelve 

hours. Sloughing off of endothelial cells in sinusoid was seen at the end of 

twenty four hours, while necrosis of the hepatocytes was observed at the end of 

forty eight hours. By the end of seventy two hours pycnosis of the nuclei of 

hepatocytes was observed and the acuiety of the damage increased at the end of 

ninety six and one twenty hours causing considerable disruption of the liver 

architecture. 

Histological changes in stage XXII : 

The liver sections of controls exhibited polygonal hepatocytes, endothelial 

and Kupffer cells at the border of sinusoid as well as pigment granules (Plate 9 : 

fig. 1). 

0.01 % ME exposure caused widening of sinusoids till the end of forty 

eight hours and decrease in the number of Kupffer cells. The number of Kupffer 

cells increased by the end of seventy two, ninetysix and one twenty hours and an 

occasional sloughing off of endothelial cells in sinusoids was observed. 

The tadpoles subjected to 0.1 % ME showed widening of sinusoids and 

decrease in the number of Kupffer cells at the end of six, twelve and twenty four 

hours. Occasionally, sloughing off of endothelial cells in sinusoid was observed 

at the end of the twenty four hours. By the end of forty eight hours, there was 

increase in the number of Kupffer cells but subsequently the number decreased at 
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the end of seventy two hours. At the end of ninety six hours, once again an 

increase in the number of Kupffer cells and sloughing off of endothelial cells in 

the sinusoid were noted (Plate 9 : fig. 2), then, by the end of one twenty hours, 

sloughing off of Kupffer and endothelial cells in the sinusoids was observed. 

Under the influence of 1.0 % ME, enlargement of sinusoids and decrease in 

the number of Kupffer cells were observed at the end of six and twelve hours, 

while sloughing off of endothelial cells in the sinusoids was observed at the end 

of twenty four hours, but at the end of forty eight and seventy two hours, 

sloughing off of Kupffer cells in the sinusoids was observed. Then at the end of 

ninety six and one twenty hours, an increase in the sloughing off of Kupffer and 

endothelial cells in the sinusoids was seen (Plate 9 : fig. 3). 

The exposure of tadpoles to 5.0 % ME caused reduction in the number of 

Kupffer cells and enlargement of sinusoids at the end of six, twelve and twenty 

four hours. The number of Kupffer cells increased at the end of forty eight hours, 

while at the end of seventy two hours, sloughing off of Kupffer cell in the 

sinusoid was observed (Plate 9 : fig. 4). Along with the aforementioned changes, 

sloughing off of Kupffer and endothelial cells in the sinusoids were observed at 

the end of ninety six hours. Pycnosis of the nuclei of hepatocytes was observed 

by the end of ninety six and one twenty hours. 

The treatment of tadpoles with 10.0 % ME promoted reduction in the 

number of Kupffer cells as well as enlargement of sinusoids at the end of six and 

twelve hours, but by the end of twenty four hours, sloughing off of a few Kupffer 

cells in the sinusoid as well as necrosis of a few hepatocytes were seen. By the 
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end of forty eight hours, sloughing off of endothelial cells into sinusoids was 

noted, but at the end of seventy two, ninety six and one twenty hours, pycnosis of 

the nuclei of hepatocytes was observed in addition to the changes mentioned 

above for six to forty eight hours. The number of Kupffer cells increased from the 

end of seventy two to one twenty hours. 

When exposed to 30.0 % ME, widening of sinusoids, swelling of 

hepatocytes and increase in the number of Kupffer cells were observed at the end 

of six and twelve hours. By the end of twenty four hours, vacuolisation of 

hepatocytes and accumulation of debris into the sinusoids of a few endothelial as 

well as Kupffer cells were seen. At the end of forty eight, seventy two, ninety six 

and one twenty hours, the disruption of liver structure was observed and 

necrosis of hepatic cells was specifically prominent at the end of one twenty 

hours. 

KIDNEYS : 

In the tadpoles, the kidneys are very small red organs, one on each side of 

the notochord. The early larval stages (Stage I to XII of Taylor and Kollros, 1946) 

have pronephric kidneys, while the later stages (Stage XIII onwards) develop 

mesonephric kidneys, and adults develop opisthonephric kidneys (Idle, 1962). 

Pronephros develops in the anterior - most part of the nephrostome. There 

are only 1 to 13 uriniferous tubules in each, one pair to each segment. Near each 

tubule is a glomerulus; the glomerulus is surrounded by Bowman's capsules. The 

uriniferous tubules of each pronephros open into a common pronephric duct. 
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CAPTIONS TO THE FIGURES 

PLATE 14 : 

Fig. 1 : Control Kidney - (Stage V) - 40 x 10. 

Note intact proximal tubule (PT) and distal tubule (PT), 

interstitium. 

Fig. 2 : Kidney - Stage V - 0.01 % ME 120 h - 40 x 10. 

Note collecting tubules (CT), vacuolisation of collecting tubules (V), 

widening of interstitium (WI). 

Fig. 3 : Kidney - 0.1 % ME, 96 h, 40 x 10 - Stage V. 

Note vacuolisation of proximal tubule (V), necrosis of distal tubule 

(N), necrotic glomerulus (NG), Exudants in Bowmans' space (EB), 

intact glomerulus (G), Bowmans' space (BS), Bowmans' capsule 

(BC), pycrotic nuclei (PN), Aggregation of nuclei (AN). 

Fig. 4 : Kidney - 1.0 `)/0 ME 120 h - 40 x 10, Stage V. 

Note necrotic glomerulus (NG), Debris in interstitium (D), 

widening of interstitium (WI), necrotic proximal tubule (NPT), 

Disrupted luminal border (DLB) of distal tubule (DT). 
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Mesonephros develops from that part of the nephrostome which lies 

behind the pronephros, at first it consists of paired segmental uriniferous tubules, 

each with a peritoneal funnel opening into the coelom, and a glomerulus enclosed 

in a Bowman's capsule. These mesonephric uriniferous tubules join the existing 

pronephric duct on each side. Later, the mesonephric tubules undergo budding to 

form hundreds of tubules so that the segmental arrangement is lost. 

Histological alterations : 

The sections of kidneys of tadpoles exposed to different concentrations of 

ME for various time periods were stained with haematoxylin and eosin. When 

these sections were observed under microscope, they showed histopathological 

changes like necrosis of the uriniferous tubules, necrosis of the glomeruli, 

widening of interstitium /connective tissue, and pcynosis of the nuclei. The 

tadpoles exhibited ME concentration and exposure period dependent histological 

alterations in the kidneys. 

Histological alterations in Stage V : 

The sections of kidneys of control tadpoles exhibited intact proximal and 

distal convoluted tubules, intact Malpighian body (Plate 14 : fig.1) and intact 

collecting tubules. 

The sections of kidneys of tadpoles exposed to 0.01 % ME exhibited 

widening of interstitium, widening of Bowman's space, and accumulation of 

debris in the interstitium at the end of six and twelve hours. At the end of twenty 

four hours, changes similar to those observed at the end of six hours were noted. 

Distortion of proximal as well as collecting tubules and widening of Bowman's 
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space and accumulation of debris in the interstitium were observed at the end of 

forty eight hours. Disruption of the basement membrane of the proximal tubules 

and widening of interstitium were observed at the end of seventy two and ninety 

six hours, while at the end of one twenty hours, widening of interstitium, necrosis 

of glomerulii and vacuolisation of the cells of collecting tubules were observed 

(Plate 14 : fig. 2). 

0.1 % ME induced widening of the interstitium and showed the presence 

of debris in interstitium at the end of six hours. At the end of twelve and twenty 

four hours disruption of basement membrane of the tubules and necrosis of 

glomerulii were observed. At the end of forty eight hours, disruption of 

basement membrane of proximal tubule and necrosis of glomeruli were observed 

while at the end of seventy two hours disruption of basement membranes of the 

tubules and accumulation of debris in the interstitium were observed, but at the 

end of ninety six and one twenty hours, necrosis of glomeruli, pycnosis of nuclei, 

aggregation of nuclei in distal tubule, exudants in Bowman's space, and 

vacuolisation of the cells of proximal tubules were observed (Plate 14 : fig. 3). 

1.0 % ME promoted a progressive widening of interstitium from the end of 

six to the end of one twenty hours. At the end of six hours, necrosis of a few 

glomeruli was seen, but at the end of twelve hours, necrosis of a few glomeruli 

and vacuolisation of the cells of proximal tubules were observed. While at the 

end of twenty four and forty eight hours, widening of Bowman's space was 

noted. At the end of seventy two hours, necrosis of glomeruli, disruption of 

basement membrane of proximal tubules were seen. But at the end of ninety six 
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CAPTIONS TO THE FIGURES 

PLATE 15 : 

Fig. 1 : Kidney (Stage V) - 5.0 % ME 120 h, 40 x 10 . 

Note widening of interstitium (WI), necrotic distal tubule (NDT), 

Disrupted luminal border (DLB), necrotic proximal tubule (NPT), 

Vacuolisation of proximal tubule (V). 

Fig. 2 : Kidney - Stage V - 10.0 % ME 120 h - 10 x 10. 

Note widening of interstitium (WI), vacuolisation of distal tubule 

(VDT) and vacuolisation of proximal tubule (VPT). 

Fig. 3 : Kidney - 30.0 % ME, 48 h (Stage V) - 40 x 10. 

Note widening of Bowmans' space (WBS), necrotic glomeruli (NG), 

widening of interstitium (WI), debris in interstitium (D), necrotic 

distal tubule (NDT). 

Fig. 4 : Kidney - 30.0 % ME 72 h - 40 x 10 - Stage V. 

Note widening of interstitium (WI), debris in interstitium (WI), 

debris in interstitium (D), necrotic proximal tubule (NPT). 
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hours changes were similar to those observed at the end of seventy two hours 

were observed along with pycnosis of a few nuclei of tubule cells. At the end of 

one twenty hours, disruption of lumina' border, accumulation of debris in the 

interstitium and necrosis of glomeruli as well as of proximal tubules, were 

observed (Plate 14 : fig. 4). 

When exposed to 5.0 % ME, the tadpoles exhibited a progressive widening 

of the interstitium of the kidneys. Disruption of basement membrane of distal 

tubule was noted at the end of six hours while disruption of basement membrane 

of distal and proximal tubules and necrosis of a few glomeruli were observed at 

the end of twelve and twenty four hours. Loss of glomerular apparatus, was seen 

at the end of forty eight and seventy two hours. Presence of debris in the 

interstitium was also noted at the end of seventy two hours but at the end of 

ninety six hours, accumulation of debris in the interstitium and vacuolisation of 

the cells of distal and proximal tubules were observed. At the end of one twenty 

hours, necrosis of proximal and distal tubules, disruption of Bowman's capsule, 

and presence of debris in the interstitium were observed. (Plate 15 : fig.1) 

10.0 % ME promoted disruption of basement membranes of proximal 

tubules and necrosis of glomeruli at the end of six and twelve hours. A 

progressive widening of interstitium and necrosis of glomeruli were seen from 

the end of six upto the end of one twenty hours. Disruptions of basement 

membranes of proximal and distal tubules and vacuolisation of the cells of a few 

proximal tubules were noted from the end of twenty four to ninety six hours. At 

the end of seventy two and ninety six hours accumulation of debris in the 
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CAPTIONS TO THE FIGURES 

PLATE 16 : 

Fig. 1 : Control Kidney - Stage VIII - 40 x 10 . 

Note interstitium (I), intact glomerulus (G) and intact proximal 

tubule (PT). 

Fig. 2 : Kidney - Stage VIII - 5.0 % ME 96 h - 40 x 10. 

Note necrotic glomeruli (NG), disrupted Bowmans' capsule (DBC), 

necrotic distal tubule (NDT). 

Fig. 3 : Control Kidney - Stage XIV - 40 x 10. 

Note intact proximal tubule (PT) and distal tubule (DT). 

Fig. 4 : Kidney - Stage XIV - 1.0 `)/0 ME 96 h, 40 x 10. 

Note widening of interstitium (WI), necrotic tubule (NT), widening 

of Bowmans' capsule (WBC), necrotic glomerulus, exudant (E). 
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interstitium was also noted, while at the end of one twenty hours, widening of 

lumen of distal tubule, disruption of basement membrane of proximal tubule and 

accumulation of debris in the interstitium were observed (Plate 15 : fig. 2). 

30.0 `)/0 ME induced a progressive widening of interstitium and necrosis of 

glomeruli from the end of six to the end of one twenty hours. Widening of the 

Bowman's space in a few glomeruli was noted at the end of six and twelve hours. 

Accumulation of debris in the interstitium was noted at the end of twenty four 

hours while at the end of forty eight hours, widening of Bowman's space, 

accumulation of debris in the interstitium, vacuolisation of the cells of proximal 

tubule and total loss of glomerulii were seen (Plate 15 : fig. 3). At the end of 

seventy two, ninety six and one twenty hours accumulation of debris in the 

interstitium, vacuolisation of the cells of proximal tubule, widening of 

interstitium and acute necrosis of both proximal and distal tubules were observed 

(Plate 15 : fig. 4). 

Histological alterations in Stage VIII : 

The sections of kidneys of control tadpoles exhibited the presence of intact 

proximal, distal and collecting tubules and intact Malpighian body (Plate 16 : 

fig.1). 

0.01 % ME promoted a progressive widening of interstitium and necrosis 

of glomeruli from the end of six to the end of one twenty hours. Disruption of 

basement membrane of a few proximal tubules was observed at the end of twelve 

and twenty four hours while at the end of forty eight, seventy two, ninety six and 
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one twenty hours, swelling of proximal tubules necrosis of collecting tubules and 

accumulation of debris in the interstitium were noted. 

0.1 1̀/0 ME induced a progressive necrosis of glomeruli and widening of 

interstitium from the end of six to the end of one twenty hours. Accumulation of 

debris in the interstitium was seen at the end of six hours while disruption of 

basement membrane of a few proximal tubules as well as presence of exudants in 

the interstitium were observed at the end of twelve hours. Disruption of 

basement membrane of a few proximal tubules, necrosis of collecting tubules and 

presence of exudants into the interstitium were observed by the end of twenty 

four, forty eight and seventy two hours. At the end of ninety six and one twenty 

hours, disruption of basement membranes of a few proximal tubules, necrosis of 

distal tubules and accumulation of debris in the interstitium were observed. 

The sections of tadpoles exposed to 1.0 % ME exhibited a successive 

widening of interstitium and accumulation of debris in interstitium from the end 

of six to the end of one twenty hours. Necrosis of a few distal tubules was seen at 

the end of six and twelve hours while swelling of the proximal tubules was noted 

at the end of twenty four hours. Disruption of basement membranes of a few 

proximal tubules and disruption of luminal border of distal tubules were 

observed at the end of forty eight and seventy two hours. Vacuolisation of the 

cells of proximal tubules as well as necrosis of glomeruli were observed at the 

end of ninety six hours while vacuolisation of the cells of proximal as well as 

distal tubules and necrosis of glomeruli were seen at the end of one twenty hours. 
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5.0 % ME induced progressive rise in the number of necrotic glomeruli 

and widening of interstitium from the end of six to the end of one twenty hours. 

Vacuolisation of a few distal tubules and accumulation of debris in the 

interstitium were observed at the end of six and twelve hours but from the end of 

twenty four hours till the end of seventy two hours a progressive necrosis of of 

proximal tubules and accumulation of debris in the interstitium were noted. At 

the end of ninety six and one twenty hours, necrosis of proximal as well as distal 

tubules, disruption of luminal border and presence of exudants in the interstitium 

were observed (Plate 16 : fig. 2). 

10.0 % ME promoted progressive widening of the interstitium, necrosis of 

proximal tubules, necrosis of glomeruli and accumulation of debris in the 

interstitium, from the end of six to the end of one twenty hours. Disruption of 

basement membrane of distal tubules was noted at the end of twenty four and 

forty eight hours but from the end of seventy two to the end of one twenty hours 

progressive necrosis of distal tubules was observed. 

The tadpoles exposed to 30.0 % ME showed histopathological changes in 

the kidneys like as widening of interstitium, necrosis of glomeruli and 

accumulation of debris in the interstitium from the end of six to the end of one 

twenty hours. Vacuolisation of cells of proximal tubules was observed at the end 

of six and twelve hours but disruption of basement membranes of proximal and 

distal tubules was noted at the end of twenty four and forty eight hours. From 

the end of seventy two to the end of one twenty hours, necrosis of proximal and 

distal tubules was observed. 
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Histological changes in Stage XIV : 

Intact proximal and distal tubules and intact Malpighian body were 

observed in the sections of kidneys of control tadpoles (Plate 16 : fig. 3). Also 

intact collecting tubules were observed in the kidney of control tadpoles. 

0.01 `)/0 ME promoted accumulation of debris in interstitium, necrosis of 

glomeruli and widening of interstitium from the end of six hours to the end of 

one twenty hours. Vacuolisation of cells of a few proximal tubules was noted at 

the end of twenty four, forty eight and seventy two hours while at the end of 

ninety six and one twenty hours, vacuolisation of cells of proximal and distal 

tubules were seen. 

0.1 % ME induced a progressive widening of the interstitium and necrosis 

of glomeruli from the end of six to the end of one twenty hours. Disruption of the 

basement membranes of proximal and distal tubules was observed at the end of 

six and twelve hours while widening of Bowman's space, swelling of proximal 

tubules were noted at the end of twenty four, forty eight and seventy two hours. 

Disruption of basement membranes of proximal and distal tubules was noted at 

the end of ninety six and one twenty hours. 

The sections of the kidney of tadpoles exposed to 1.0 % ME showed a 

progressive widening of the interstitium and necrosis of glomeruli from the end 

of six to the end of one twenty hours .Vacuolisation of the cells of the proximal 

and collecting tubules was noted at the end of six and twelve hours but in 

addition to those changes seen at the end of the twelve hours, accumulation of 

debris in the interstitium was observed at the end of twenty four hours. 
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CAPTIONS TO THE FIGURES 

PLATE 17 : 

Fig. 1 : Kidney (Stage XIV) - 5.0 % ME 96 h, 40 x 10 . 

Note necrotic glomeruli (NG), necrotic distal tubule (NDT), 

widening of interstitium (WI), Disruption of Bowmans' capsule 

(DBC), Widening of Bowmans' capsule (WBC), exudants (E). 

Fig. 2 : Control Kidney - Stage XVIII -10 x 10. 

Note intact proximal tubule (PT) and Distal tubule (DT). 

Fig. 3 : Kidney - Stage XVIII - 0.01 % ME, 120 h, 10 x 10. 

Note widening of interstitium (WI), necrotic glomerulus (NG), 

necrotic collecting tubule (NCT), necrotic proximal tubule (NPT). 

Fig. 4 : Kidney - Stage XVIII - 0.1 % ME 96 h - 40 x 10. 

Note necrotic glomerulus (NG), widening of interstitium (WI), 

interstitial debris (ID), necrotic distal tubule (NDT), disrupted 

Bowmans' Capsule (DBC). 
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Vacuolisation of the cells of proximal tubule and accumulation of debris in the 

interstitium were observed at the end of forty eight hours while accumulation of 

debris into the interstitium was seen at the end of seventy two hours. Then at the 

end of ninety six and one twenty hours, widening of Bowman's space and 

presence of exudants into the interstitium were observed (Plate 16 : fig. 4). 

5.0 % ME promoted a progressive widening of the interstitium, necrosis of 

glomeruli and accumulation of exudants into the interstitium from the end of six 

to the end of one twenty hours. Disruption of basement membranes of proximal 

and distal tubules was observed from the end of six till the end of forty eight 

hours while necrosis of proximal and distal tubules was noted at the end of 

seventy two and ninety six hours (Plate 17 : fig. 1). At the end of one twenty 

hours, necrosis of proximal and distal tubules was observed. 

10.0 % ME produced a progressive widening of the interstitium, necrosis 

of glomeruli and accumulation of exudants into the interstitium from the end of 

six hours to the end of one twenty hours. Swelling of proximal tubules was noted 

at the end of six and twelve hours while disruption of basement membranes of 

proximal and distal tubules was seen at the end of twenty four, forty eight and 

seventy two hours. Vacuolisation of the cells of proximal and distal tubules was 

observed at the end of ninety six and one twenty hours. 

30.0 % ME induced a progressive widening of the interstitium, necrosis of 

glomeruli, and accumulation of exudants into the interstitium from the end of six 

upto the end of one twenty hours. Disruption of the basement membranes of 

proximal and distal tubules was noted at the end of six, twelve and twenty four 
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hours while necrosis of the proximal and distal tubules was observed at the end 

of forty eight, seventy two, ninety six and one twenty hours. 

Histological changes in Stage XVIII : 

Intact proximal and distal convoluted tubules and intact malpighian body 

were observed in the sections of kidneys of control tadpoles (Plate 17 : fig. 2). 

Also intact collecting tubules were observed in the kidney sections of the control 

tadpoles. 

The tadpoles subjected to 0.01 % ME exhibited histopathological changes 

in the kidney such as - a progressive widening of the interstitium from the end of 

six till the end of one twenty hours. Widening of Bowman's space was noted at 

the end of six and twelve hours, while at the end of twenty four hours, 

vacuolisation of the cells of proximal tubules and widening of Bowman's space 

were observed. Widening of Bowman's space, vacuolisation of the cells of 

proximal as well as distal tubules and accumulation of debris into the interstitium 

were observed at the end of forty eight and seventy two hours but at the end of 

ninety six and one twenty hours, necrosis of glomeruli, vacuolisation of the cells 

of proximal as well as distal tubules, necrosis of collecting tubules and 

accumulation of debris into the interstitium were observed (Plate 17 : fig. 3). 

0.1 % ME promoted widening of interstitium and accumulation of debris 

into the interstitium at the end of all exposure periods. Widening of Bowman's 

space and disruption of the basement membrane of a few proximal tubules were 

seen at the end of six, twelve and twenty four hours. Necrosis of glomeruli and 
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CAPTIONS TO THE FIGURES 

PLATE 18 : 

Fig. 1 : Control Kidney (Stage XXII) - 40 x 10 . 

Note intact glomerulus, Distal tubule (DT) and proximal tubule 

(PT). 

Fig. 2 : Kidney - Stage XXII - 0.1 % ME 120 h - 100 x 10. 

Note widening of interstitium (WI). 

Fig. 3 : Kidney - Stage XXII - 5.0 % ME, 96 h 40 x 10. 

Note disruption of Bowmans' capsule (DBC), disrupted basement 

membrane (DBM), widening of Bowmans' space (WBS), necrotic 

glomerulus (NG) and widening of Bowmans' Space (WBS), necrotic 

distal tubule (NDT), necrotic proximal tubule (NPT). 

Fig. 4 : Kidney - Stage XXII - 10.0 % ME 96 h - 10 x 10. 

Note widening of interstitium (WI), necrotic glomerulus (NG), 

widening of Bowmans' space (WBS), necrotic distal tubule (NDT), 

necrotic proximal tubule (NPT). 





vacuolisation of the cells of a few proximal tubules were noted at the end of forty 

eight and seventy two hours, but at the end of ninety six and one twenty hours 

necrosis of distal tubules and disruption of luminal border of distal tubules was 

observed (Plate 17 : fig. 4). 

1.0 % ME induced widening of interstitium, necrosis of glomeruli and 

accumulation of debris into the interstitium at the end of every exposure period.. 

Disruption of luminal border was observed at the end of twelve and twenty four 

hours, while vacuolisation of the cells of proximal and distal tubules was 

observed at the end of forty eight and seventy two hours. Necrosis of proximal 

and distal tubules was observed at the end of ninety six and one twenty hours. 

5.0 % ME produced a. progressive widening of the interstitium for all 

exposure periods. Widening of Bowman's space and disruption of basement 

membrane of proximal tubules were seen at the end of six and twelve hours, 

while at the end of twenty four and forty eight hours, disruptions of tubule 

luminal borders and basement membranes of proximal as well as distal tubules 

were observed. At the end of seventy two hours, necrosis of glomeruli as well as 

of proximal tubules and accumulation of debris in the interstitium were noted, 

but at the end of ninety six hours, necrosis of glomeruli as well as of the distal 

and proximal tubules and accumulation of debris into the interstitium were 

observed. Then, at the end of one twenty hours, necrosis of glomeruli, proximal, 

distal as well as of the collecting tubules were seen along with the appearece of 

• 
exudants into the interstitium. , 
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The sections of tadpoles subjected to 10.0 % ME showed a progressive 

widening of the interstitium, necrosis of glomeruli and the accumulation of the 

debris into the interstitium from the end of six to the end of one twenty hours. 

Disruption of basement membranes of proximal and distal tubules were observed 

at the end of six , twelve and twenty four hours while necrosis of proximal 

tubules was noted at the end of forty eight and seventy two hours. Necrosis of 

proximal as well as distal tubules Was seen at the end of ninety six and one 

twenty hours. 

30.0 `)/0 ME promoted a progressive widening of the interstitium, necrosis 

of glomeruli and accumulation of debris in to the interstitium from the end of six 

hours to the end of one twenty hours. Necrosis of proximal and distal tubules 

was seen at the end of six, twelve, twenty four, forty eight and seventy two 

hours. By the end of ninety six and one twenty hours, necrosis of the proximal, 

distal and collecting tubules were seen. 

Histological changes in Stage XXII : 

The sections of the kidney of control tadpoles exhibited intact proximal, 

distal and collecting tubules. The sections also showed intact Malpighian body 

(Plate 18 : fig. 1). 

The sections of the kidney of the tadpoles exposed to 0.01 % ME showed 

widening of interstitium and accumulation of debris at the end of all exposure 

periods. Widening of Bowman's space was observed at the end of six, twelve and 
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twenty four hours. Disruption of luminal border and disruption of basement 

membrane of proximal tubules were noted at the end of forty eight and seventy 

two hours. Necrosis of glomeruli and disruption of basement membranes of 

proximal and distal tubules were observed at the end of ninety six and one 

twenty hours. 

0.1 % ME induced widening of interstitium and accumulation of debris 

into the interstitium from the end of six to one twenty hours. Widening of 

Bowman's space was seen at the end of six, twelve and twenty four hours. 

Disruption of tubules' luminal border and basement membranes of proximal 

tubules were noted at the end of forty eight and seventy two hours while necrosis 

of glomeruli, disruptions of basement membranes of proximal and distal tubules 

were observed at the end of ninety six and one twenty hours (Plate 18 : fig.2). 

1.0 % ME promoted widening of interstitium and accumulation of debris 

into the interstitium from the end of six to the end of one twenty hours. 

Widening of Bowman's space and disruption of basement membranes of 

proximal and distal tubules were observed at the end of six, twelve and twenty 

four hours, while necrosis of a few proximal tubules and widening of Bowman's 

space were seen at the end of forty eight hours. Disruption of tubules' luminal 

border and necrosis of proximal tubules were seen at the end of seventy two 

hours but necrosis of the proximal and distal tubules, disruption of tubules' 

luminal borders were observed at the end of ninety six and one twenty hours. 
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5.0 % ME induced widening of interstitium and accumulation of debris 

into the interstitium from the end of six to the end of one twenty hours. 

Disruption of tubule luminal border was observed at the end of six, twelve and 

twenty four hours while disruption of tubules' luminal border and widening of 

Bowman's space were seen at the end of forty eight hours. Necrosis of the 

proximal and distal tubules was seen along with those changes noted at the end 

of seventy two hours. Widening of Bowman's space, disruption of tubules 

luminal border and necrosis of distal tubules were observed at the end of ninety 

six hours (Plate 18 : fig. 3). Necrosis of glomeruli as well as of proximal and distal 

tubules were observed at the end of one twenty hours. 

The sections of the kidneys of tadpoles exposed to 10.0 % ME showed a 

progressive widening of interstitium and appearance of exudants into the 

interstitium from the end of six to one twenty hours. Disruption of luminal 

border was noted at the end of six, twelve and twenty four hours. Necrosis of 

glomeruli and disruptions of basement membranes of proximal tubules were seen 

at the end of forty eight hours while disruptions of the basement membranes of 

the proximal and distal tubules, necrosis of glomeruli were observed at the end 

of seventy two hours. At the end of ninety six and one twenty hours, necrosis of 

glomeruli, of proximal and distal tubules were seen; especially at the end of one 

twenty hours, pycnotic nuclei of the tubule cells were also seen. (Plate 18 : fig. 4). 

30.0 % ME promoted a progressive widening of the interstitium and 

accumulation of debris into the interstitium from the end of six upto the end of 
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one twenty hours. Disruptions of tubule luminal borders as well as of proximal 

and distal tubules were seen at the end of six, twelve and twenty four hours. A 

progressive necrosis of glomeruli, proximal and distal tubules and pycnosis of 

nuclei of tubule cells were seen from the end of forty eight to the end of one 

twenty hours. Necrosis of the collecting tubules was also observed at the end of 

ninety six and one twenty hours. 
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SECTION A 

HAEMATOLOGY 



A. HAEMOGLOBIN : 

STAGE V : 

The changes in the haemoglobin concentrations from stage I to V did not 

exhibit any significant difference, therefore changes observed in stage V tadpoles 

are described here. The alterations in the haemoglobin (Hb) concentrations under 

the influence of mining effluents (ME) are compiled in Table No. 1 and are 

graphically presented in Graph No. 1. The changes in Hb are expressed as grams 

per decilitre. 

From the table and graph it is evident that the Hb concentrations 

marginally increase as the control tadpoles grow from six hours to one twenty 

hours. The tadpoles exposed to different concentrations of ME exhibited 

marginal to significant increase in the Hb concentrations in comparison to 

control. However ME could neither induce a ME concentration dependent 

increase in Hb levels nor promote any chronic alterations in the Hb 

concentrations. From the Table No. 1 and Graph No. 1 it is also evident that 0.01 

ME could significantly increase Fib level from the end of six hours to the end of 

seventy two hours when compared to the Hb concentrations found in control but 

surprisingly 30.0 % ME could not induce any significant change in Hb 

concentrations of tadpoles from the end of fortyeight hours to the end of one 

twenty hours. 

The tadpoles exposed to 0.01 % ME could induce a significant increase in 

the Hb level from the end of six hours to the end of seventy two hours only. The 

Hb level of the tadpoles exposed to 0.01 % ME for a period of six, twelve, twenty 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.10 

± 0.18 
2.59 

± 0.03 
(23.33) 

2.55 
± 0.08 

(21.42) 

2.12 
±0.19 

2.59 
± 0.04 

(22.16) 
2.54 

± 0.02 
(19.81) 

2.14 
± 0.19 

2.57 
± 0.04 

(20.09) 
2.53 

± 0.03 
(18.22) 

2.17 
± 0.18 

2.54 
± 0.03 

(17.05) 
2.5 

± 0.03 
(15.20) 

2.20 
± 0.04 

2.51 
± 0.03 

(14.09) 
2.47 

± 0.02 
(12.27) 

2.23 
± 0.04 

2.47 
± 0.05 

(10.76) 
2.44 

± 0.04 
(9.41) 

2.27 
± 0.07 

2.44 
± 0.47 
(7.48) 

2.41 
± 0.03 
(6.16) 

0.01% ME 

0.1% ME 

	

2.49 	2.47 	2.47 	2.45 	2.42 	2.40 	2.38 
± 0.05 ± 0.03 ± 0.04 ± 0.03 ± 0.04 ,± 0.02 ± 0.04 

	

(18.5) (16.50) (15.42) (12.90) 	(10.0) 	(7.62) 	(4.84) 

	

2.44 	2.43 	2.41 	2.40 	2.38 	2.37 	2.35 
± 0.06 ± 0.04 ± 0.05 ± 0.03 ± 0.02 ± 0.03 ± 0.04 

	

(16.19) (14.62) (12.61) (10.59) 	(8.18) 	(6.27) 	(3.52) 

1% ME 

5% ME 

2.40 
± 0.03 

(14.28) 

2.39 
± 0.07 

(12.73) 

2.38 
± 0.06 

(11.21) 

2.37 
± 0.03 
(9.21) 

2.35 
± 0.04 
(6.81) 

2.34 
± 0.02 
(4.93) 

2.32 
± 0.03 
(2.20) 

10% ME 

30% ME 2.37 	2.36 
± 0.05 ± 0.04 

(12.85) (11.32) 

2.37 
± 0.02 

(10.74) 

2.34 
± 0.04 
(7.83) 

2.32 
± 0.04 
(5.45) 

2.31 
± 0.04 
(3.58) 

2.29 
± 0.06 
(0.88) 

Table No.1 

The alterations in the haemoglobin concentration 
of tadpoles (stage V) 

under the influence of mining effluents 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

df - 36 (..inA4Aicke) 

cif  - /a9 (AAi-dri•Aiv%,  Aiisritax4,9 



The alterations in the haemoglobin concentration of 
tadpoles (stage V) under the influence of mining 

effluents 

2.6 -

2.5 -

2.4 - 

2.3 -

2.2 -

2.1 

2 	 

 

- Control 

—M-0.01% ME 

A 	0.1% ME 

1 % ME 

5% ME 

—0,-10% ME 

30% ME 
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four, forty eight, seventy two, ninety six and one twenty hours was equivalent to 

2.59 ± 0.03, 2.59 ± 0.04, 2.57 ± 0.04, 2.54 ± 0.03, 2.51 ± 0.03, 2.47 ± 0.05 and 2.44 ± 

0.47 respectively while Hb level of the control tadpoles was equivalent to 2.10 ± 

0.18, 2.12 ± 0.19, 2.14 ± 0.19, 2.17 ± 0.18, 2.20 ± 0.04, 2.23 ± 0.04 and 2.27 ± 0.07 

grams per decilitre a the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

0.1 % ME induced significant increase in lath concentrations for all the 

exposure periods except one twenty hours when compared with the Hb levels 

observed in the control tadpoles for the respective exposure period. The Hb 

levels observed in the tadpoles at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours was equivalent to 2.55 ± 0.08,, 2.54 ± 

0.02, 2.53 ± 0.03, 2.50 ± 0.03, 2.47 ± 0.02, 2.44 ± 0.04 and 2.41 ± 0.03 g/decilitre 

respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited significant increase 

of Hb concentrations from the end of six hours to the end of seventy two hours 

while Hb level increased a little at the end of ninety six and one twenty hours. 

However, the Hb level was lower than that observed under the influence of 0.1 %. 

The tadpoles showed the Hb levels equal to 2.49 ± 0.05, 2.47 ± 0.03, 2.47 ± 0.04, 

2.45 ± 0.03, 2.42 ± 0.04, 2.40 ± 0.02 and 2.38 ± 0.04 at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 `)/0 ME promoted about ten % elevation of 

Hb concentrations over the Fib level of controls from the end of six hours to the 

end of forty eight hours only while for the rest of the period the increase of Hb 
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level was quite marginal. Thus, the Hb level of tadpoles was equivalent to 2.44 ± 

0.06, 2.43 ± 0.06, 2.43 ± 0.04, 2.41 ± 0.05, 2.40 ± 0.03, 2.38 ± 0.02, 2.37 ± 0.03 and 2.35 

± 0.04 g/decilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 10.0 `)/0 ME the tadpoles showed a slightly 

significant increase of the Hb concentration from the end of six hours to the end 

of twenty four hours only if compared with the Hb level observed in the controls 

at the respective time point. However, the Hb level of the tadpoles was lower 

than that observed under the influence of 5.0 % ME. The Hb level observed at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours was equivalent to 2.40 ± 0.03, 2.39 ± 0.07, 2.38 ± 0.06, 2.37 ± 0.03, 2.35 

± 0.04, 2.34 ± 0.02 and 2.32 ± 0.03 g/decilitre respectively. 

30.0 % ME induced about ten % rise in lib level of tadpoles from the end 

of six to twenty four hours when compared to the Hb level found in control. The 

Hb level found in tadpoles exposed to 30.0 % ME was equivalent to 2.37 ± 0.05, 

2.36 ± 0.04, 2.37 ± 0.02, 2.34 ± 0.04, 2.32 ± 0.04, 2.31 ± 0.04 and 2.29 ± 0.06 

g/decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

STAGE VIII : 

The alterations in the Hb from Stage VI to VIII were identical therefore, 

alterations observed in Hb at Stage VIII are given. The changes in the Hb 

concentrations under the influence of mining effluents are tabulated in Table No. 
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Table No. 2 

The alterations in the haemoglobin concentration 
of tadpoles (stage VIII) 

under the influence of mining effluents 

6 His 12 Hrs 24 Hrs 48 His 72 His 96 Hrs 120 His 
Control 2.00 2.05 2.08 2.15 2.17 2.20 2.24 

. ± 0.02 ± 0.01 ± 0.02 ± 0.02 ± 0.01 ± 0.02 ± 0.02 
0.01% ME 2.96 2.95 2.94 2.91 2.85 2.79 2.61 

± 0.02 ± 0.01 ± 0.02 ± 0.02 ± 0.01 ± 0.01 ± 0.01 
(48.00) (43.90)_ (41.34) (35.34) (31.33) (26.81) (16.51) 

0.1% ME 2.84 2.82 2.81 2.78 2.73 2.71 2.55 
± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.02 ± 0.02 
(42.00) (37.56) (35.09) (29.30) (25.80) (23.18) (13.85) 

1% ME 2.79 2.78 2.75 2.69 2.63 2.58 2.51 
± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.02 ± 0.02 ± 0.01 

(39.50) (35.60) (32.21) (25.11) (21.19) (17.27) (12.05) 
5% ME 2.75 2.75 2.72 2.64 2.59 2.52 2.45 

± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.01 
(37.50) (34.14) (30.76) (22.79) (19.35) (14.54) (9.37) 

10% ME 2.7 2.69 2.68 2.57 2.5 2.42 2.31 
± 0.01 ± 0.01 ± 0.01 ± 0.02 ± 0.01 ± 0.02 ± 0.02 

(35.00) (31.21) (28.84) (19.53) (15.20) (10.0) (3.12) 
30% ME 2.65 2.64 2.62 2.53 2.45 2.35 2.27 

± 0.01 ± 0.01 ± 0.01 ± 0.02 ± 0.02 ± 0.03 ± 0.03 
(32.50) (28.78) (25.96) (17.67) (12.90) (6.81) (1.33) 

Note : Unit : gm/dI 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p _5_ 0.01 

0(4 - 36 (..va.uto...eb;,-vN) 

of„f 	Cw-i.W.A.v, 	 tAhkA) 



2 and expressed graphically in Graph No. 2. The alterations in the Fib 

concentrations are expressed as grams per decilitre. The Table No. 2 and Graph 

No. 2 reveals that the control Hb levels ranged between 2.00 ± 0.02 and 2.24 ± 0.02 

grams per decilitre. The Fib concentrations of control tadpoles were equivalent to 

2.0 ± 0.02, 2.05 ± 0.01, 2.08 ± 0.02, 2.15 ± 0.02, 2.17 ± 0.01, 2.20 ± 0.02 and 2.24 ± 0.02 

grams per decilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. The Table No. 2 shows that almost 

all the concentrations of ME (except 10.0 and 30.0 % at the end of ninety six and 

one twenty hours) at all the exposure periods, induced significant elevations in 

Hb levels of tadpoles, when compared to the Fib levels of the respective controls, 

except at ninety six and one twenty hours under the influence of 10 % and 30 ` 1/0 

ME. Also it is observed that the low concentrations of ME promoted increase in 

Hb concentrations, while the high doses induced comparitively less increase in 

Fib levels. 

0.01 `)/0 ME induced significant increase in Fib level at all the exposure 

periods and the Fib levels ranged between 2.61 ± 0.01 and 2.96 ± 0.02 grams per 

decilitre. The Hb levels found at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours were equivalent to 2.96 ± 0.02, 2.95 

± 0.01, 2.94 ± 0.02, 2.91 ± 0.02, 2.85 ± 0.01, 2.79 ± 0.01, and 2.61 ± 0.01 grams per 

decilitre respectively. 

0.1 % ME induced about 42.0 % rise in Fib concentration at the end of six 

hours in comparison with control while at the end of one twenty hours it 

induced about 13.83 % increase in the Fib level in comparison with control 
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indicating a drop of about 28.0 % in Hb level from that observed at the end of six 

hours. Thus, Hb level at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours was equivalent to 2.84 ± 0.01, 2.82 ± 0.01, 

2.81 ± 0.01, 2.78 ± 0.01, 2 .73 ± 0.01, 2.71 ± 0.02 and 2.55 ± 0.02 grams per decilitre 

respectively. 

The tadpoles exposed to 1.0 % ME exhibited significant elevation in Hb 

concentration at all tshe exposure periods when compared with the Hb level of 

controls. However, the increase in Hb levels were lower than those observed 

under the influence of 0.01 and 0.1 % ME. However the increase in Hb level at 

the end of six hours was about 39.5 % more than that observed in the controls. 

The Hb level observed at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours was equivalent to 2.79 ± 0.01, 2.78 ± 0.01, 

2.75 ± 0.01, 2.69 ± 0.01, 2.63 ± 0.02, 2.58 ± 0.02 and 2.51 ± 0.01 grams per decilitre 

respectively. 

Under the influence of 5.0 % ME the tadpoles had the Hb concentration 

elevated by about 37.5 `)/0 over that observed in controls at the end of six hours. 

But the Hb level appeared to drop by about 28.0 % at the end of one twenty hours 

if compared with the Hb level observed at the end of six hours. The Hb level 

observed at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours was equivalent to 2.75 ± 0.01, 2.75 ± 0.01, 2.72 ± 0.01, 

2.64 ± 0.01, 2.59 ± 0.01, 2.52 ± 0.01 and 2.45 ± 0.01 grams per decilitre respectively. 

The exposure of tadpoles to 10.0 % ME caused thirty five % increase in Hb 

concentration at the end of six hours, however, this was less than those observed 

144 



Table No. 3 

The alterations in the haemoglobin concentration 
of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.85 1.87 1.87 1.89 1.90 1.91 1.92 

± 0.02 ±0.01 ±0.05 ±0.05 ±0.03 ±0.05 ±0.05 
0.01% ME 2.95 2.94 2.75 2.61 2.52 2.44 2.35 

± 0.03 ±0.17 ±0.04 ±0.02 ±0.02 ±0.03 ±0.03 
(59.45) (57.21) (47.05) (38.09) (32.63) (27.74) (23.03) 

0.1% ME 2.85 2.72 2.63 2.50 2.37 2.26 2.14 
± 0.03 ±0.05 ±0.05 ±0.03 ±0.04 ±0.04 ±0.03 

(54.05) (45.45) (40.64) (32.27) (24.73) (18.32) (11.45) 
1% ME 2.70 2.60 2.55 2.42 2.28 2.14 2.10 

± 0.03 ±0.10 ±0.04 ±0.05 ±0.04 ±0.04 ±0.05 
(45.94) (39.03) (36.36) (28.04) (20.00) (12.04) (9.37) 

5% ME 2.65 2.55 2.45 2.31 2.18 2.10 2.00 
± 0.09 ±0.03 ±0.04 ±0.03 ±0.03 ±0.02 ±0.05 

(43.24) (36.36) (31.01) (22.22) (14.73) (9.94) (4.16) 
10% ME 2.53 2.41 2.21 2.15 2.06 1.93 1.78 

± 0.02 ±0.02 ±0.04 ±0.04 ±0.03 ±0.03 ±0.04 
(36.75) (28.87) • 	(18.18) (13.75) (8.42) (1.04) (-7.29) 

30% ME 2.43 2.33 2.16 2.13 2.03 1.86 1.65 
± 0.02 ±0.02 ±0.03 ±0.02 ±0.03 ±0.05 ±0.04 

(31.35)1 	(24.59)1 	(15.50) (12.69) (6 . 84)1 	(-2 - 61 )1 (-14 . 06)1 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : % variation over control 

All data significant 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 

-la ct 	 .fir crK/L,  eAke-9 
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under the influence of 0.01 % to 5.0 % ME. But at the end of one twenty hours the 

Hb level dropped by about 31.0 % as compared to the Hb level seen at the end of 

six hours. The Hb level observed at the end of one twenty hours was about 3.0 `)/0 

higher than that found in the controls. Thus, Hb level observed at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

was equivalent to 2.70 ± 0.01, 2.69 ± 0.01, 2.68 ± 0.01, 2.57 ± 0.02, 2.50 ± 0.01, 2.42 ± 

0.02 and 2.31 ± 0.02 grams per decilitre respectively. It is interesting to note that 

even 10 % ME could not induce alterations in Hb level to the magnitude of that 

induced by relatively low concentrations of ME. 

30.0 % ME promoted about 32.5 `)/0 increase in Hb concentration at the end 

of six hours as compared to the Hb level found in the controls while at the end of 

one twenty hours, the Hb level raised by 1.33 % over the control level. This 

indicated that a comparatively higher concentration of ME could not influence 

the Hb level to the extent the low concentrations of ME could influence. The Hb 

level observed at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours was equivalent to 2.65 ± 0.01, 2.64 ± 0.01, 2.62 ± 

0.01, 2.53 ± 0.02, 2.45 ± 0.02, 2.35 ± 0.03 and 2.27 ± 0.03 grams per decilitre 

respectively. 

STAGE XIV : 

The changes of Hb concentrations from Stage IX to XIV did not differ 

significantly therefore alterations of Hb level at Stage XIV are presented here. 

The changes of the haemoglobin (Hb) concentrations under the influence 

of mining effluents (ME) are given in Table No. 3 and are graphically expressed 
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in Graph No. 3. The haemoglobin concentrations are given as grams per decilitre. 

The Hb concentration in the control tadpoles was equivalent to 1.85 ± 0.02, 1.87 ± 

0.01, 1.87 ± 0.05, 1.89 ± 0.05, 1.90 ± 0.03, 1.91 ± 0.05 and 1.92 ± 0.05 grams per 

decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

From the graph and the table it is obvious that all the concentrations of ME 

induced significant alterations of Hb level from the end of six hours to the end of 

forty eight hours while at the end of ninety six hours ME concentrations like 0.01, 

0.1 and 1.0 % could induce alterations in the Hb levels from about 27.74 % to 12.0 

% but ME concentrations like 5.0, 10.0 and 30.0 % promoted changes of Flb 

concentrations in the range of + 9.9 `)/0 to - 2.61 `)/0 in comparison with the Hb 

concentrations of controls. At the end of one twenty hours 30 % ME induced 

about 14 % decrease in Hb levels if compared with the Hb levels found in the 

controls. It is also clear from the graph that ME concentrations could not induce 

any chronic change in Hb levels of the tadpoles. 

Under the influence of 0.01 )̀/0 ME a maximum increase of Hb 

concentration was observed at the end of six hours and the increase was about 

59.45 `)/0 more than the controls. But subsequently the magnitude of increase of 

Hb levels of the tadpoles kept on decreasing from the end of twenty four hours 

to the end of one twenty hours. However, the Hb levels remained above those 

observed in the control. The Hb concentration observed at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours was 
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equivalent to 2.95 ± 0.03, 2.94 ± 0.17, 2.75 ± 0.04, 2.61 ± 0.02, 2.52 ± 0.02, 2.44 ± 0.03 

and 2.35 ± 0.03 grams per decilitre respectively. 

The tadpoles exposed to 0.1 % ME showed a significant increase of the Hb 

levels at all the exposure periods if compared with the Hb levels found in the 

controls. However, the increase of Fib levels was less than that induced by 0.01 

ME. At the end of six hours the Fib level raised by about fifty four % over the 

controls. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours the Hb concentration was equivalent to 2.85 ± 0.03, 2.72 

± 0.05, 2.63 ± 0.05, 2.50 ± 0.03, 2.37 ± 0.04, 2.26 ± 0.04 and 2.14 ± 0.03 grams per 

decilitre respectively. 

1.0 % ME promoted significant increase in the Hb level of the tadpoles but 

the magnitude of increase of Hb level was not equivalent to that induced by 0.01 

and 0.1 % ME. 1.0 % ME induced about 45.94 % elevation of Fib level, over the 

controls, at the end of six hours. Subsequently, the Hb level lowered, though it 

remained above that seen in controls. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the Fib concentration was 

equivalent to 2.70 ± 0.03, 2.60 ± 0.10, 2.55 ± 0.04, 2.42 ± 0.05, 2.28 ± 0.04, 2.14 ± 0.04 

and 2.10 ± 0.05 grams per decilitre respectively. 

The tadpoles exposed to 5.0 % ME exhibited a significant increase in the 

Hb level from the end of six hours to the end of seventy two hours but the 

magnitude of increase was lower than that promoted by ME concentrations less 

than 5.0 % . The increase in Fib concentration at the end of six hours was 

equivalent to 43.24 % while that observed at the end of one twenty hours was 

147 



equivalent to just 4.16 %. Thus, the Hb concentration of the tadpoles was 

equivalent to 2.65 ± 0.09, 2.55 ± 0.03, 2.45 ± 0.04, 2.31 ± 0.03, 2.18 ± 0.03, 2.10 ± 0.02 

and 2.0 ± 0.05 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 10.0 % ME, the tadpoles exhibited significant 

changes in Hb levels from the end of six hours to the end of forty eight hours 

while at the end of seventy two hours the increase in Hb concentrations was 

equivalent to about 8.42 % and at the end of one twenty hours the Hb 

concentration of the tadpoles dropped by 7.29 To. The Hb concentration of the 

tadpoles at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours was equivalent to 2.53 ± 0.02, 2.41 ± 0.02, 2.21 ± 0.04, 2.15 ± 

0.04, 2.06 ± 0.03, 1.93 ± 0.03 and 1.78 ± 0.04 grams per decilitre respectively. 

30.0 % ME induced significant increase in Hb concentrations from the end 

of six hours to the end of fortyeight hours but the magnitude of increase was 

quite below that promoted by ME concentrations less than 30.0 %. At the end of 

one twenty hours the Hb concentrations dropped by about 14.06 %. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the Hb concentration was equivalent to 2.43 ± 0.02, 2.33 ± 0.02, 2.16 ± 0.03, 

2.13 ± 0.02, 2.03 ± 0.03, 1.86 ± 0.05 and 1.65 ± 0.04 grams per decilitre respectively. 

STAGE XVIII : 

The alterations in Hb concentrations from stage XV to XVIII were not 

significantly different. Hence, changes observed at stage XVIII are given here. 
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Table No. 4 

The alterations in the haemoglobin concentration 
of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.92 

±0.23 
2.95 

±0.05 
3.00 

±0.05 
3.05 

± 0.04 
3.10 

± 0.03 
3.15 

± 0.05 
3.25 

± 0.03 
0.01% ME 2.27 

±1.12 
2.57 

±0.05 
2.49 

±0.03 
2.39 

± 0.03 
2.26 

± 0.04 
2.14 

± 0.03 
2.01 

± 0.05 
(-22.26) (-12.88) (- 17.00) (- 21.63) (- 27.09) (- 32.06) (- 38.15) 

0.1% ME 2.59 2.47 2.28 2.13 1.93 1.73 1.62 
±0.02 ±0.04 ±0.05 ± 0.05 ± 0.05 ± 0.04 ±.0.02 

(-11.30) (-16.27) (- 24.00) (- 30.16) (- 37.74) (- 45.07) (- 50.50) 
1% ME 2.37 2.26 2.12 1.93 1.80 1.69 1.57 

±0.05 ±0.04 ± 0.05 ± 0.04 ± 0.03 ± 0.03 ± 0.03 
(-18.83) (-23.38) (- 29.33) (- 36.72) (- 41.93) (- 46.34) (- 51.69) 

5% ME 2.22 2.15 2.05 1.93 1.83 1.72 1.6 
±0.04 ±0.04 ± 0.03 ± 0.04 ± 0.03 ± 0.03 ± 0.03 

(-23.92) (-27.11) (- 31.66) (- 36.72) (- 40.96) (- 45.39) (- 50.76) 
10% ME 2.08 2.02 1.94 1.85 1.74 1.64 1.53 

±0.03 ±0.04 ±0.02 ±0.03 ±0.05 ±0.03 ±0.03 
(-28.76) (-31.52) (- 35.33) ___(- 39.34 - 43.87U- 47.93M- 52.92) 

30% ME 1.97 1.75 1.62 1.53 1.42 1.32 1.23 
±0.04 ±0.04 ± 0.04 ± 0.03 ± 0.03 ± 0.04 ± 0.03 

(-32.53) (-40.67) (- 46.00) (- 49.83) (- 54.19) (- 58.09) (- 62.15) 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

- 36  AAAili-AALtitAtv•^D 

ol - ra 9 C.GAtuA,, 44A-rAt eAsivteci) 



The control tadpoles exhibited lib level ranging from 2.92 ± 0.23 to 3.25 ± 0.03 

g/dL from the end of six hours to the end of one twenty hours. The alterations in 

the Hb concentrations occuring in tadpoles (Stage XVIII) exposed to mining 

effluents (ME) for different exposure periods are compiled in Table No. 4 and are 

graphically presented in Graph No. 4. The Hb concentrations are expressed as 

grams per decilitre. The table and the graph reveal that the Hb concentrations in 

the control tadpoles increased marginally at the end of six to one twenty hours. 

The Table No. 4 and Graph No. 4 clearly show that all the concentrations of ME 

except 1.0 and 5.0 % at the end of forty eight hours induced concentration 

dependent decrease in Hb levels of tadpoles at the end of twelve, twenty four and 

forty eight hours exposure. Also, all the concentrations of ME except 0.01 `)/0 

induced chronic decrease in Hb concentrations of the tadpoles. 0.1 % ME induced 

minimum decrease (11.30 `)/0) of Hb concentration at the end of six hours while the 

maximum reduction (62.15 %) of Hb concentration was promoted by 30 % ME at 

the end of one twenty hours. 

The tadpoles exposed to 0.01 % ME exhibited minimum decrease (12.88 %) 

of Hb concentration at the end of twelve hours while the maximum decrease 

(38.15%) was shown at the end of one twenty hours. The Hb concentrations 

under the influence of 0.01 % ME were equivalent to 2.27 ± 1.12, 2.57 ± 0.05, 2.49 ± 

0.03, 2.39 ± 0.03, 2.26 ± 0.04, 2.14 ± 0.03 and 2.01 ± 0.05 grams per decilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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0.1 % ME promoted minimum decrease (11.30 %) in Fib concentration at 

the end of six hours while it promoted a little over fifty % reduction in Fib 

concentration at the end of one twenty hours. The Fib concentrations steadily 

decreased from the end of six hours to the end of one twenty hours. Thus, at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the Fib concentration of tadpoles was equivalent to 2.59 ± 0.02, 2.47 

± 0.04, 2.28 ± 0.05, 2.13 ± 0.05, 1.93 ± 0.05, 1.73 ± 0.04 and 1.62 ± 0.02 grams per 

decilitre respectively. 

On exposure to 1.0 )̀/0 ME the tadpoles showed 18.83 % decrease in Fib 

concentration at the end of six hours and this trend of reduction of Fib 

concentration continued steadily up to the end of one twenty hours. At the end 

of one twenty hours the Fib concentration of the tadpoles dropped by 51.69 %. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the Fib concentration of the tadpoles was equivalent to 2.37 ± 0.05, 

2.26 ± 0.04, 2.12 ± 0.05, 1.93 ± 0.04, 1.80 ± 0.03, 1.69 ± 0.03 and 1.57 ± 0.03 grams 

per decilitre respectively. 

Under the influence of 5.0 % ME the reduction in Fib level of tadpoles was 

equivalent to 23.97 % at the end of six hours. Further, the lib concentration in the 

tadpoles decreased gradually upto the end of one twenty hours to register the 

reduction of Fib concentration equivalent to about 50.76 %. Thus, at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the lib concentration of tadpoles was equivalent to 2.22 ± 0.04, 2.15 ± 0.04, 
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2.05 ± 0.03, 1.93 ± 0.04, 1.83 ± 0.03, 1.72 ± 0.03 and 1.60 ± 0.03 grams per decilitre 

respectively. 

The tadpoles subjected to 10.0 % ME showed minimum reduction of Fib 

concentration equivalent to about 28.76 % at the end of six hours while at the end 

of one twenty hours the reduction in Hb level was equivalent to about 52.92 %. 

Thus, Fib level of tadpoles kept on decreasing gradually from the end of six hours 

to the end of one twenty hours under the influence of mining effluents. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the Fib concentration of tadpoles was equivalent to 2.08 ± 0.03, 2.02 

± 0.04, 1.94 ± 0.02, 1.85 ± 0.03, 1.74 ± 0.05, 1.64 ± 0.03 and 1.53 ± 0.03 grams per 

decilitre respectively. 30.0 % ME could induce maximum reduction in Hb 

concentration at the end of one twenty hours and no other ME concentration 

could induce such a drop in Hb level. Thus, the drop in Fib concentration was 

equivalent to about 62.15 %. The Fib level kept on decreasing gradually from the 

end of six hours to the end of one twenty hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the Hb 

concentration was equivalent to 1.97 ± 0.04, 1.75 ± 0.04, 1.62 ± 0.04, 1.53 ± 0.03, 

1.42 ± 0.03, 1.32 ± 0.04 and 1.23 ± 0.03 grams per decilitre respectively. 

STAGE XXII 

The changes in Fib levels under the influence of ME for the stages from 

fifteen to twenty one were statistically not significant, moreover the Fib 

concentrations varied by one to six ` )/0 only. Therefore, the changes in Fib level at 

stage XXII are given here as they were quite pronounced. 
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Table No. 5 

The alterations in the haemoglobin concentration 
of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.80 3.82 3.85 3.92 3.97 4.05 4.10 

± 0.31 ± 0.04 ± 0.03 ± 0.04 ± 0.05 ± 0.04 ± 0.09 
0.01% ME 3.24 3.05 2.95 2.89 2.81 2.75 2.63 

± 0.04 ±0.09 ± 0.03 ± 0.03 ± 0.02 ± 0.03 ± 0.03 
(- 14.73) (- 20.15) (- 23.37) (- 26.27) (- 29.21) (- 32.09) (- 35.85) 

0.1% ME 3.14 2.87 2.74 2.64 2.51 2.41 2.30 
± 0.03 ± 0.05 ± 0.04 ± 0.03 ± 0.04 ± 0.04 ± 0.03 

(- 17.36) (- 24.86) (- 28.83) (- 32.65) (- 36.77) (- 40.49) (- 43.90) 
1% ME 3.06 2.88 2.72 2.50 2.40 2.30 2.19 

± 0.02 ± 0.03 ± 0.03 ± 0.05 ± 0.02 ± 0.03 ± 0.04 
j- 19.47) (24.60) (- 29.35) j- 36.2211- 39.54) (-43.20) (- 46.58) 

5% ME 2.94 2.87 2.71 2.46 2.24 2.12 2.04 
± 0.03 ± 0.04 ± 0.04 ± 0.05 ± 0.04 ± 0.03 ± 0.02 

(- 22.63) (- 24.86) (- 29.61) (- 37.24) (- 43.57) (- 47.65) (- 50.24) 
10% ME 2.86 2.82 2.57 2.38 2.20 2.08 1.98 

± 0.04 ± 0.03 ± 0.04 ± 0.04 ± 0.03 ± 0.04 ± 0.03 
(- 24.73) (- 26.17) (- 33.24) (- 39.28) (- 44.58) (- 48.64) (- 51.70) 

30% ME . 2.81 2.74 2.59 2.32 2.11 1.94 1.84 
± 0.02 ± 0.03 ± 0.07 ± 0.05 ± 0.02 ± 0.03 ± 0.03 

(- 26.05) (- 28.27) (- 32.72) (- 40.81) (- 46.85) (- 52.09) (- 55.12) 

Note : Unit : gm/dI 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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The alterations in Hb concentrations under the influence of mining 

effluents (ME) are tabulated in Table No. 5 and are graphically expressed in 

Graph No. 5 along with the Hb variation observed in the control tadpoles at 

various time points. The concentrations are expressed as grams per decilitre. The 

control tadpoles showed Hb concentration equal to 3.8 ± 0.31, 3.82 ± 0.04, 3.85 ± 

0.03, 3.92 ± 0.04, 3.97 ± 0.05, 4.05 ± 0.04 and 4.10 ± 0.09 grams per decilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. From the table and graph it is obvious that ME 

induced concentration dependent reduction in Hb level for all the exposure 

periods except twelve and twenty four hours. Also the reduction in Hb level 

appeared to be dependent on the exposure period upto certain extent. It is also 

seen that 0.01 % ME could induce minimum reduction (14.73 %) in Hb 

concentration while 30.0 % ME could induce maximum reduction (55.12 %) in Hb 

level. 

The exposure of tadpoles to 0.01 % ME induced minimum reduction of 

14.73 % in Hb concentration at the end of six hours while at the end of one twenty 

hours it could induce 35.85 `)/0 reduction. It is also evident that Hb level dropped 

gradually from the end of six hours to the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the Hb concentration of the tadpoles was equivalent to 3.24 ± 0.04, 3.05 ± 

0.09, 2.95 ± 0.03, 2.89 ± 0.03, 2.81 ± 0.02, 2.75 ± 0.03 and 2.63 ± 0.03 grams per 

decilitre respectively. 
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The tadpoles exposed to 0.1 % ME showed about 17.36 % reduction in Hb 

concentration at the end of six hours while 43.90 `)/0 reduction in Hb concentration 

was observed at the end of one twenty hours. The tadpoles showed exposure 

period dependent reduction in Hb levels. Thus, at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the Hb 

concentration of the tadpoles was equivalent to 3.14 ± 0.03, 2.87 ± 0.05, 2.74 ± 0.04, 

2.64 ± 0.03, 2.51 ± 0.04, 2.41 ± 0.04 and 2.30 ± 0.03 grams per decilitre respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a considerable 

reduction in Hb concentrations at all the exposure periods under investigation. 

The reduction in Hb concentration at the end of six hours was equivalent to about 

19.47 % while the reduction in Hb concentration at the end of one twenty hours 

was equivalent to about 46.58 %. The Hb concentration was equivalent to 3.06 ± 

0.02, 2.88 ± 0.03, 2.72 ± 0.03, 2.50 ± 0.05, 2.40 ± 0.02, 2.30 ± 0.03 and 2.19 ± 0.04 

grams per decilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

5.0 % ME promoted about 22.63 % reduction in Hb level of the tadpoles at 

the end of six hours while at the end of one twenty hours the reduction in Hb 

level was equivalent to about 50.24 %. The Hb concentration appeared to drop 

gradually from the end of six hours to the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the reduction of Hb concentration was equivalent to 2.94 ± 0.03, 2.87 ± 0.04, 

2.71 ± 0.04, 2.46 ± 0.05, 2.24 ± 0.04, 2.12 ± 0.03 and 2.04 ± 0.02 grams per decilitre 

respectively. 
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Table No. 6 

The alterations in the erythrocyte count 
of tadpoles (stage V) 

under the influence of mining effluents 

- 6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.60 0.62 0.64 0.67 0.70 0.73 0.77 

± 0.02 ±0..01 ±0.03 ±0.02 ±0.03 ±0.02 ±0.03 
0.01% ME 1.05 1.02 1.00 0.99 0.98 0.95 0.92 

± 0.03 ±0.02 ±0.01 ±0.04 ±0.01 ±0.02 ±0.02 
(75.00) (64.51) (56.25) (47.76) (40.00) (30.13) (19.48) 

0.1% ME 1.02 1.00 0.98 0.97 0.95 0.93 0.90 
± 0.02 ±0.02 ±0.02 ±0.02 ±0.03 ±0.03 ±0.02 

(70.00) (61.29) (53.12) (44.77) (35.71) (27.39) (16.88) 
1% ME 0.98 0.97 0.95 0.94 0.92 0.90 0.87 

± 0.02 ±0.02 ±0.03 ±0.01 ±0.02 ±0.02 ±0.03 
(63.33) (56.45) (48.43) (40.29) (31.42) (23.28) (12.98) 

5% ME 0.94 0.92 0.91 0.90 0.88 0.87 0.85 
± 0.02 ±0.02 ±0.01 ±0.02 ±0.02 ±0.02 ±0.01 

(56.66) (48.38) (42.18) (34.32) (25.71) (19.17) (10.38) 
10% ME 0.90 0.89 0.88 0.87 0.85 0.84 0.82 

±0.01 ±0.01 ±0.01 ±0.014 ±0.01 ±0.02 ±0.02 
(50.0) (43.54) (37.5) (29.85) (21.42) (15.06) (6.49) 

30% ME 0.87 0.86 0.85 0.84 0.82 0.81 0.79 
±0.01 ±0.02 ±0.02 ±0.03 ±0.02 ±0.02 ±0.03 
(45.0) (38.70) (32.81) (25.37) (17.14) (10.95) (2.59) 

Note : Unit : million/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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The exposure of tadpoles to 10.0 % ME induced significant reduction in 

Hb levels at all the exposure periods. The reduction of Hb concentrations ranged 

between 24 .73 % to 51.70 %. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the Hb concentrations of the 

tadpoles were equivalent to 2.86 ± 0.04, 2.82 ± 0.03, 2.57 ± 0.04, 2.38 ± 0.04, 2.20 ± 

0.03, 2.08 ± 0.04 and 1.98 ± 0.03 grams per decilitre respectively. Under the 

influence of 30.0 `)/0 ME the tadpoles exhibited minimum reduction of about 26.05 

in Hb concentration at the end of six hours while at the end of one twenty 

hours the reduction of Hb concentration was equivalent to 55.12 %. It is also clear 

that the tadpoles exhibited exposure period dependent decline in Hb levels form 

the end of six hours to the end of one twenty hours. The Hb concentration was 

equivalent to 2.81 ± 0.02, 2.74 ± 0.03, 2.59 ± 0.07, 2.32 ± 0.5, 2.11 ± 0.02, 1.94 ± 0.03 

and 1.84 ± 0.03 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

B) ERYTHROCYTE COUNT : 

STAGE V - 

The changes in the erythrocyte counts from stage one to stage five did not 

exhibit any significant difference, therefore changes observed in stage five 

tadpoles are described here. The alterations in the erythrocyte counts under the 

influence of mining effluents (ME) are compiled in Table No. 6 and are 

graphically shown in Graph No.6. The alterations in the erythrocyte count are 

expressed as millions/mm3  i.e x 106/mm3. From the table and graph it is clear 

that the erythrocyte count in control tadpoles increased marginally from the end 
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of six hours to the end of one twenty hours but if the erythrocyte count at the end 

of six hours is compared with that observed at one twenty hours it becomes 

evident that the erythrocyte count improved by about 28 % at the end of one 

twenty hours. 

Table No. 6 and Graph No. 6 also reveal that the concentrations of ME like 

0.01 % and 0.1 `)/0 could induce increase in the erythrocyte count at all the 

exposure periods but the higher concentrations failed to increase the erythrocyte 

number to the extent the lower concentrations of ME could do. However, the 

erythrocyte number remained above that observed in the controls inspite of the 

exhibition of decreasing trend, under the influence of higher concentrations of 

ME. The erythrocyte count also appear to decrease as the exposure period 

increases if the erythrocyte count observed at the end of six hours is taken as a 

baseline. 

The tadpoles exposed to 0.01 % ME exhibited maximum increase of about 

75 % in the erythrocyte number at the end of six hours while a minimum increase 

of about 19.0 % was observed at the end of one twenty hours. It is also evident 

that the magnitude of increase in the total erythrocyte number keeps on declining 

as the exposure period advances. Thus, at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the erythrocyte count 

was equivalent to 1.05 ± 0.03, 1.02 ± 0.02, 1.0 ± 0.01, 0.99 ± 0.04, 0.98 ± 0.01, 0.95 ± 

0.02 and 0.92 ± 0.02 millions/mm 3  respectively. 

Under the influence of 0.1 `)/0 ME the tadpoles showed an increase of about 

70.0 `)/0 in the total erythrocyte count at the end of six hours while at the end of 
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one twenty hours the total erythrocyte count showed a marginal increase of about 

sixteen `)/0 in comparison with the erythrocyte count found in the control animals. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the erythrocyte number was equivalent to 1.02 ± 0.02, 1.0 ± 0.02, 

0.98 ± 0.02, 0.97 ± 0.02, 0.95 ± 0.03, 0.93 ± 0.03 and 0.90 ± 0.02 millions /mm3 

 respectively. 

1.0 % ME promoted about sixty three % increase in erythrocyte number at 

the end of six hours but at the end of one twenty hours it could induce just twelve 

% elevation in erythrocyte count indicating that longer exposure of tadpoles to 

1.0 % ME had less stimulatory effect for elevating erythrocyte production. From 

the graph it is also clear that erythrocyte number gradually declined from six 

hours to the end of one twenty hours. Thus at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the erythrocyte count 

was equivalent to 0.98 ± 0.02, 0.97 ± 0.02, 0.95 ± 0.03, 0.94 ± 0.01, 0.92 ± 0.02, 0.90 ± 

0.02 and 0.87 ± 0.03 millions/mm 3 . 

The tadpoles subjected to 5.0 % ME showed about 56.66 % increase in 

erythrocyte number at the end of six hours and gradually the erythrocyte count 

declined to about 10.38 % at the end of one twenty hours with reference to the 

erythrocyte count observed at the end of six hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

erythrocyte count of the tadpoles was equivalent to 0.94 ± 0.02, 0.92 ± 0.02, 0.91 ± 

0.01, 0.90 ± 0.02, 0.88 ± 0.02, 0.87 ± 0.02, 0.85 ± 0.01 millions/mm 3  respectively. 
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Under the influence of 10.0 `)/0 ME the tadpoles exhibited about fifty .% 

increase in erythrocyte number at the end of six hours but subsequently the 

tadpoles exhibited decline in the erythrocyte number in comparison to what was 

observed at the end of six hours. By the end of one twenty hours the tadpoles 

registered just about 6.49 `)/0 elevation in erythrocyte count. Thus the erythrocyte 

count was equivalent to 0.90 ± 0.01, 0.89 ± 0.01, 0.88 ± 0.01, 0.87 ± 0.014, 0.85 ± 

0.01, 0.84 ± 0.02 and 0.82 ± 0.02 millions/mm 3  at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 30.0 `)/0 ME showed about forty five `)/0 elevation in 

erythrocyte count at the end of six hours and the erythrocyte count appeared to 

decline subsequently though as compared to the control, it remained above 

normal. By the end of one twenty hours the tadpoles showed just about 2.59 % 

rise in erythrocyte number over that see in the control tadpoles. Thus at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the erythrocyte count was equivalent to 0.87 ± 0.01, 0.86 ± 0.02, 0.85 ± 0.02, 

0.84 ± 0.03, 0.82 ± 0.02, 0.81 ± 0.02 and 0.79 ± 0.03 millions/mm 3  respectively. 

STAGE VIII : 

The changes in the total erythrocyte count of tadpoles of stages VI to VIII 

under the influence of ME were almost identical. Therefore, the changes in 

erythrocyte count observed for stage VIII are reported here. The changes in the 

total erythrocyte number of the tadpoles (Stage VIII) under the influence of 

mining effluents (ME) are compiled in Table No. 7 and are graphically 
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Table No. 7 

The alterations in the erythrocyte count 
of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.85 1.86 1.87 1.9 1.91 1.93 1.95 

±0..02 ±0.01 ±0.01 ±0.02 ±0.03 ±0.03 ±0.01 
0.01% ME 2.56 2.55 2.54 2.47 2.4 2.37 2.27 

±0.02 ±0.02 ±0.03 ±0.02 ±0.02 ±0.02 ±0.02 
(38.37) (37.09) (35.82) (30.0) (25.65) (22.79) (16.41) 

0.1% ME 2.48 2.46 2.46 2.41 2.37 2.29 2.23 
±0.02 ±0.02 ±0.02 ±0.01 ±0.01 ±0.01 ±0.01 

(34.05) (32.25) (31.55) (26.84) (24.08) (18.65) (14.35).  
1% ME 2.39 2.38 2.36 2.3 2.29 2.23 2.18 

±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 
(29.18) (27.95) (26.20) (21.85) (19.89) (15.54) (11.79) 

5% ME 2.35 2.34 2.33 2.27 2.23 2.18 2.12 
±0.02 ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.02 

(27.02) (25.80) (24.59) (19.47) (16.75) (12.95) (8.71) 
10% ME 2.29 2.27 2.27 2.22 2.14 2.09 2.06 

±0.01 ±0.01 ±0.01 ±0.01 ±0.02 ±0.01 ±0.02 
(23.78) (22.04) (21.39) (16.84) (12.04) (8.29) (5.64) 

30% ME 2.22 2.21 2.22 2.17 2.09 2.04 1.99 
±0.02 ±0.02 ±0.01 ±0.02 ±0.01 ±0.01 ±0.02 
(20.0) (18.81)1 	(18.71) (14.21) (9.42)1 (5.69)1 (2.05)1 

Note : Unit : million/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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represented in Graph No. 7. The alterations in the total erythrocyte number 

(count) are expressed as millions/mm 3  i.e. x 106 /mm3 . 

From the Table No. 7 and Graph No. 7 it is seen that the control tadpoles 

exhibited marginal increase in the erythrocyte count from the end of six hours to 

the end of one twenty hours. The tadpoles exposed to ME exhibited elevations in 

erythrocyte counts at the end of six hours under the influence of all the 

concentrations of ME, especially the low concentrations of ME induced more 

elevation in erythrocyte count than that induced by high concentrations of ME. 

It is also evident from the graph that all the ME concentrations induced 

elevations in the erythrocyte count as compared to the erythrocyte count 

observed in the control tadpoles. However, every concentration of ME promoted 

an increase in erythrocyte number promoted at the end of six hours but 

subsequently every concentration showed a decline in its effectiveness up to the 

end of one twenty hours. In general it appears that the degree of rise in 

erythrocyte number was higher for low concentrations of ME and lower for high 

concentrations of ME. The maximum elevation (38.37 %) in erythrocyte number 

was induced by 0.01 % ME at the end of six hours while the minimum increase 

(2.05 %) in erythrocyte number was induced by 30.0 % ME at the end of one 

twenty hours. The control tadpoles showed the erythrocyte count equivalent to 

1.85 ± 0.02, 1.86 ± 0.01, 1.87 ± 0.01, 1.90 ± 0.02, 1.91 ± 0.03, 1.93 ± 0.03 and 1.95 ± 

0.01 millions/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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The tadpoles exposed to 0.01 % ME exhibited about 38.37 % increase in the 

total number of erythrocytes at the end of six hours and subsequently the 

erythrocyte count decreased gradually upto the end of one twenty hours but 

though the erythrocyte count declined a little it neither came close to the normal 

level nor went below the normal level observed in the control tadpoles. By the 

end of one twenty hours the erythrocyte count was about 16.41 `)/0 more than that 

observed in the control tadpoles. Thus, at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the erythrocyte count 

was equivalent to 2.56 ± 0.02, 2.55 ± 0.02, 2.54 ± 0.03, 2.47 ± 0.02, 2.40 ± 0.02, 2.37 ± 

0.02 and 2.27 ± 0.02 millions/mm 3  respectively. 

On exposure to 0.1 % ME the tadpoles showed 34.05 `)/0 rise in the total 

number of erythrocytes at the end of six hours but gradually the total number of 

erythrocytes decreased without coming down either to the level observed in the 

control tadpoles or to the level below that found in the control. By the end of one 

twenty hours the elevation in erythrocyte count was equivalent to 14.35 %. Thus, 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the erythrocyte count was equivalent to 2.48 ± 0.02, 2.46 ± 0.02, 2.46 

± 0.02, 2.41 ± 0.01, 2.37 ± 0.01, 2.29 ± 0.01 and 2.23 ± 0.01 millions/mm 3 

 respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited about 29.18 % 

increase in the erythrocyte count at the end of six hours and subsequently from 

the end of twelve hours to the end of one twenty hours the erythrocyte count 

appeared to decline from what it was at the end of six hours, indicating that 
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longer exposure to ME did not favour fair elevations in the erythrocyte 

counts/numbers. At the end of one twenty hours the erythrocyte count increased 

by just 11.79 %. By the end of six, twelve, twenty four, forty eight, seventy-two, 

ninety six and one twenty hours the erythrocyte number was equivalent to 2.39 ± 

0.01, 2.38 ± 0.01, 2.36 ± 0.01, 2.30 ± 0.01, 2.29 ± 0.01, 2.23 ± 0.01 and 2.18 ± 0.01 

millions/mm3  respectively. 

5.0 % ME induced about 27.02 `)/0 increase in the erythrocyte count at the 

end of six hours while at the end of one twenty hours it could induce just 8.71 `)/0 

increase. The %age of rise in erythrocyte number declined from the end of twelve 

hours to the end of one twenty hours. Thus, at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the erythrocyte 

count was equivalent to 2.35 ± 0.02, 2.34 ± 0.01, 2.33 ± 0.01, 2.27 ± 0.01, 2.23 ± 0.01, 

2.18 ± 0.01 and 2.12 ± 0.02 millions/mm 3  respectively. 

The tadpoles subjected to 10.0 % ME showed 23.78 % increase in the 

erythrocyte count at the end of six hours while at the end of one twenty hours the 

increase in erythrocyte count was just 5.64 %. The %age of increase in erythrocyte 

number appeared to decline from the end of twelve hours onwards. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the erythrocyte count was equivalent to 2.29 ± 0.01, 2.27 ± 0.01, 2.27 ± 0.01, 

2.22 ± 0.01, 2.14 ± 0.02, 2.09 ± 0.01 and 2.06 ± 0.02 millions/mm 3  respectively. 

On exposure to 30.0 % ME the tadpoles exhibited twenty `)/0 increase in the 

erythrocyte number at the end of six hours while at the end of seventy two, 

ninety six and one twenty hours the %age of increase of erythrocyte count was 
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Table No. 8 

The alterations in the erythrocyte count 
of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.38 1.4 1.43 1.48 1.53 1.59 1.63 

±0.04 ±0.05 ±0.04 ±0.04 ±0.05 ±0.05 ±0.04 
0.01% ME 2.8 2.78 2.62 2.4 2.32 2.27 2.24 

±0.04 ±0.05 ±0.05 ±0.04 ±0.05 ±0.04 ±0.05 
(102.89) (98.0) (83.21) (62.0) (51.63) (42.0) (37.42) 

0.1% ME 2.7 2.52 2.48 2.3 2.2 2.1 2.03 
±0.05 ±0.04 ±0.08 ±0.05 ±0.06 ±0.05 ±0.07 

(95.65) (80.0) (73.42) (55.0) (43.71) (32.0) (24.53) 
1% ME 2.55 2.45 2.4 2.25 2.15 2.06 1.98 

±0.05 ±0.09 ±0.05 ±0.07 ±0.05 ±0.06 ±0.05 
(89.78) (75.0) (67.83) (52.0) (40.52) (29.0) (21.47) 

5% ME 2.52 2.3 2.2 2.19 2.08 2 1.82 
±0.08 ±0.05 ±0.05 ±0.04 ±0.05 ±0.06 ±0.06 

(82.60) (64.0) (53.84) (48.0) (35.94) (25.0) (11.65) 
10% ME 2.45 2.31 2.12 2.05 1.97 1.78 1.53 

±0.05 ±0.04 ±0.06 ±0.04 ±0.06 ±0.05 ±0.05 
(77.53) (65.0) (48.25) (38.0) (28.75) (11.0) (-6.13) 

30% ME  2.30 2.25 2.06 2.03 1.95 1.55 1.45 
±0.06 ±0.05 ±0.04 ±0.04 ±0.05 ±0.04 ±0.03 

(66.66) (60.0) (44.05) (37.0) (27.45) (-2.0) (-11.04) 

Note : Unit : million/mm 3 

 ± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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equivalent to 9.42, 5.69 and 2.05 % respectively. Thus, by the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

erythrocyte count was equivalent to 2.22 ± 0.02, 2.21 ± 0.02, 2.22 ± 0.01, 2.17 ± 0.02, 

2.09 ± 0.01, 2.04 ± 0.01 and 1.99 ± 0.02 millions/mm 3  respectively. 

STAGE - XIV : 

As the changes in the erythrocyte count of tadpoles of stages IX to XIV did 

not differ significantly, the changes in the erythrocyte count of stage XIV are 

given below. The changes in the erythrocyte count of tadpoles (Stage XIV ) 

under the influence of mining effluents are tabulated in Table No. 8 and are 

graphically represented in Graph No. 8. The changes in the erythrocyte count are 

expressed as millions/mm 3  i.e X106  mm-3 . 

From the table and graph it is evident that the erythrocyte count of control 

increased marginally up to the end of forty eight hours and then increased 

significantly from the end of seventy two hours. The erythrocyte count of the 

control was equivalent to 1.38 ± 0.04, 1.40 ± 0.05, 1.43 ± 0.04, 1.48 ± 0.04, 1.53 ± 

0.05, 1.59 ± 0.05 and 1.63 ± 0.04 millions/mm 3  at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. It is 

also clear from the table and graph that the low concentrations (0.01 to 1.0 %) of 

ME induced very high elevations in erythrocyte count at the end of six hours and 

the higher doses could not induce that much elevation in the erythrocyte count. 

Interestingly 10.0 and 30.0 % concentrations of ME though induced increase in the 

erythrocyte count upto the end of seventy two hours they reduced the 

erythrocyte count below the control level at the end of one twenty hours. The 
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maximum increase (over 100%) in the erythrocyte count was induced by 0.01 % 

ME at the end of six hours while the maximum reduction (11.04 %) was induced 

by 30.0 % ME at the end of one twenty hours. 

Under the influence of 0.01 % ME the tadpoles showed over hundred % 

increase in the erythrocyte count at the end of six hours while at the end of one 

twenty hours the tadpoles exhibited about 37.42 % increase in the erythrocyte 

count. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the erythrocyte count was equivalent to 2.80 ± 0.04, 2.78 ± 

0.05, 2.62 ± 0.05, 2.40 ± 0.04, 2.32 ± 0.05, 2.27 ± 0.04 and 2.24 ± 0.05 millions/mm 3 

 respectively. 

The tadpoles subjected to 0.1 % ME exhibited about 95.65 % increase in the 

erythrocyte count at the end of six hours and gradually the magnitude of 

elevation of erythrocyte count decreased to reach to a level of 24.53 % (increase) 

at the end of one twenty hours. Thus, at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the erythrocyte count was 

equivalent to 2.70 ± 0.05, 2.52 ± 0.04, 2.48 ± 0.08, 2.30 ± 0.05, 2.20 ± 0.06, 2.10 ± 0.05 

and 2.03 ± 0.07 millions/mm 3  respectively. 

When exposed to 1.0 % ME the tadpoles showed about 84.28 % % increase 

in the erythrocyte count at the end of six hours while at the end of one twenty 

hours the elevation in the erythrocyte count was equivalent to about 21.47 %. By 

the end of twenty four hours the tadpoles showed 67.83 % hike in the erythrocyte 

count. Thus at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the erythrocyte count was equivalent to 2.55 ± 
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0.05, 2.45 ± 0.09, 2.40 ± 0.05, 2.25 ± 0.07, 2.15 ± 0.05, 2.06 ± 0.06 and 1.98 ± 0.05 

millions/mm3  respectively. 

Under the influence of 5.0 % ME the tadpoles showed an increase (82.60 %) 

in erythrocyte count at the end of six hours which reduced to just 11.65 `)/0 at the 

end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the erythrocyte count of the 

tadpoles was equivalent to 2.52 ± 0.08, 2.30 ± 0.05, 2.20 ± 0.05, 2.19 ± 0.04, 2.08 ± 

0.05, 2.00 ± 0.06 and 1.82 ± 0.06 millions/mm 3  respectively. 

On exposure to 10.0 % ME the increase in the erythrocyte count was 

equivalent to about 77.53 % and interestingly by the end of one twenty hours the 

erythrocyte count declined below the level found in controls to an extent of 6.13 

%. Thus, the erythrocyte count was equivalent to 2.45 ± 0.05, 2.31 ± 0.04, 2.12 ± 

0.06, 2.05 ± 0.04, 1.97 ± 0.06, 1.78 ± 0.05 and 1.53 ± 0.05 millions/mm3  at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

30.0 % mining effluents promoted about 66.66 `)/0 increase in the 

erythrocyte count of tadpoles at the end of six hours but it induced maximum 

reduction (11.04 %) in the erythrocyte count at the end of one twenty hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the erythrocyte count was equivalent of 2.30 ± 0.06, 2.25 ± 0.05, 2.06 

± 0.04, 2.03 ± 0.04, 1.95 ± 0.05, 1.55 ± 0.04 and 1.45 ± 0.03 millions/mm 3 

 respectively. 
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STAGE XVIII : 

The alterations in the erythrocyte count under the influence of mining 

effluents did not differ significantly for the stages XV to XVIII therefore changes 

in the erythrocyte count for the stage XVIII are given below. 

The changes in the erythrocyte counts of Stage XVIII under the influence of 

mining effluents are compiled in Table No. 9 and are expressed graphically in 

Graph No. 9. From the table and the graph it is obvious that the control tadpoles 

had varying erythrocyte counts for different time points, especially the 

erythrocyte count appear to increase marginally from the end of six hours to the 

end of one twenty hours. The erythrocyte counts are expressed as millions/mm 3 

 i.e. x 106  mm3. But it is also noted that the erythrocyte count of control tadpoles 

at the end of one twenty hours was significantly higher than that observed from 

the end of six hours to the end of forty eight hours. It is also seen from the table 

and graph that the tadpoles exhibited mining effluent (ME) concentration 

dependent reduction in erythrocyte count at all the exposure periods except at 

the end of six hours. The graph reveals that the minimum reduction in 

erythrocyte count was induced by 0.1 % ME at the end of six hours while the 

maximum reduction (80 %) was promoted by 30.0 % ME at the end of one twenty 

hours. 

Under the influence of 0.01 `)/0 the tadpoles exhibited minimum reduction 

(11.5 (1/0) in erythrocyte count at the end of twelve hours while the maximum 

reduction (46.22 %) in the erythrocyte count was observed at the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 
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Table No. 9 

The alterations in the erythrocyte count 
of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control I 	1.97 2.00 2.03 2.08 2.14 2.19 2.25 

±0.04 ±0.04 ±0.05 ±0.03 ±0.03 ±0.04 ±0.05 
0.01% ME 1.41 1.77 1.63 1.53 1.46 1.32 1.21 

±0.03 ±0.04 ±0.04 ±0.03 ±0.05 ±0.06 ±0.04 
(-28.42) (-11.5) (-19.70) (-26.44) (-31.77) (-39.72) (-46.22) 

0.1% ME 1.79 1.67 1.48 1.36 1.25 1.05 0.91 
±0.07 ±0.05 ±0.05 ±0.06 ±0.06 ±0..05 ±0.05 

1 	(-9.13)1 	(-16.5)1 (-27.09) (-34.61)1 (-41.58) (-52.05) (-59.55) 
1% M E 1.56 	1.46 	1.42 1.31 	1.25 1.01 0.85 

±0.05 	±.0.07 	±0.05 ±0.05 	±0.04 ±0.45 ±0.04 
(-20.81) (-27.0) (-12.88) (-37.1) (-41.58) (-53.88) (-62.22) 

5% ME 1.41 1.31 1.23 1.20 1.10 0.91 0.73 
±0.08 ±0.04 ±0.04 ±0.05 ±0.05 ±0.05 ±0.05 

(-28.42) (-34.5) (-39.40) (-42.30) (-48.59) (-58.44) (-67.55) 
10% ME 1.20 1.15 1.1 1.09 0.97 0.8 0.67 

±0.04 ±0.05 ±0.03 ±0.06 ±0.05 ±0.05 ±0.05 
(-39.08) (-42.5) (-45,81) (-47.59) (-54.67) (-63.47) (-70.22) 

30% ME 1.10 0.95 0.85 0.72 0.65 0.55 0.45 
±0.04 ±0.04 ±0.05 ±0.05 ±0.05 ±0.04 ±0.06 

(-44.16) 1 	(-52.5) 1 (-58.12) (-65.38) (-69.62) (-74.88) (-80.0)1 

Note : Unit : million/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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ninety six and one twenty hours the erythrocyte count of the tadpoles was 

equivalent to 1.41 ± 0.03, 1.77 ± 0.04, 1.63 ± 0.04, 1.53 ± 0.03, 1.46 ± 0.05, 1.32 ± 0.06 

and 1.21 ± 0.04 millions/mm3  respectively. 

The tadpoles subjected to 0.1 % ME showed minimum reduction (9.13 %) 

of erythrocyte count at the end of six hours while the maximum reduction 

(59.55%) of erythrocyte count was observed at the end of one twenty hours 

indicating successive increase in the degree of reduction of erythrocyte numbers 

(count) from the end of six hours to the end of one twenty hours. The erythrocyte 

count was equivalent to 1.79 ± 0.07, 1.67 ± 0.05, 1.48 ± 0.05, 1.36 ± 0.06, 1.25 ± 0.06, 

1.05 ± 0.05 and 0.91 ± 0.05 millions /mm3  at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 1.0 % ME exhibited minimum reduction of 12.88 

% of the erythrocyte count at the end of twenty four hours, thereafter the 

reduction of the erythrocyte count increased steadily up to the end of one twenty 

hours. By the end of one twenty hours the reduction of erythrocyte count was 

equivalent to 62.22 % %. The erythrocyte count was equivalent to 1.56 ± 0.05, 1.46 

± 0.07, 1.42 ± 0.05, 1.31 ± 0.05, 1.25 ± 0.04, 1.01 ± 0.45 and 0.85 ± 0.04 millions mm 3 

 at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles showed minimum reducton of 

erythrocyte count (28.42 %) at the end of six hours while the erythrocyte count 

reduced maximally to 67.55 `)/0 `)/0 at the end of one twenty hours. Thus, 

erythrocyte count appeared to decline successively from the end of six hours to 
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the end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the erythrocyte count was 

equivalent to 1.41 ± 0.08, 1.31 ± 0.04, 1.23 ± 0.04, 1.20 ± 0.05, 1.10 ± 0.05, 0.91 ± 0.05 

and 0.73 ± 0.05 millions mm3  respectively. 

10.0 % ME induced successive reduction of the erythrocyte count of 

tadpoles from the end of six hours to the end of one twenty hours. The 

erythrocyte count reduced minimally to 39.08 ()/0 % at the end of six hours while it 

reduced maximally to 70.22 % at the end of one twenty hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

erythrocyte count was equivalent to 1.20 ± 0.04, 1.15 ± 0.05, 1.10 ± 0.03, 1.09 ± 0.06, 

0.97 ± 0.05, 0.80 ± 0.05 and 0.67 ± 0.05 millions/mm 3  respectively. 

The tadpoles exposed to 30.0 % ME showed 44.16 % decrease in the 

erythrocyte count at the end of six hours and subsequently the erythrocyte count 

kept on declining up to the end of one twenty hours. At the end of one twenty 

hours the erythrocyte count declined by eighty `)/0. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

erythrocyte• count was equivalent to 1.10 ± 0.04, 0.95 ± 0.04, 0.85 ± 0.05, 0.72 ± 0.05, 

0.65 ± 0.05, 0.55 ± 0.04 and 0.45 ± 0.06 millions /mm 3  respectively. 

STAGE XXII : 

The alterations in the erythrocyte count under the influence of mining 

effluents (ME) did not differ significantly for the stages XIX to XXII. Therefore, 

changes in the erythrocyte count under the influence of ME for the stage XXII are 

given below. 
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Table No. 10 

The alterations in the erythrocyte count 
of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.07 2.1 2.12 2.25 2.3 2.35 2.45 

±0.04 ±0.04 ±0.05 ±0.03 ±0.03 ±0.04 ±0.05 
0.01% ME 1.79 1.74 1.72 1.65 1.6 1.53 1.45 

±0.02 ±0.02 ±0.02 ±0.03 ±0.02 ±0.02 ±0.03 
(-13.52) (-17.14) (-18.86) (-26.66) (-30.43) (-34.89) (-40.81) 

0.1% ME 1.69 1.6 1.56 1.5 1.45 1.39 1.3 
±0.03 ±0.02 ±0.02 ±0.02 ±0.02 ±0.02 ±0.03 

i (-18.35) (-23.80)4 (-26.41) (-33.33) (-36.95) (-40.85) (-46.93) 
1% ME 1.65 1.6 1.52 1.4 1.3 1.2 1.12 

±0.01 ±0.01 ±0.01 ±0.03 ±0.02 ±0.03 ±0.03 
(-20.28) (-23.80) (-28.30) (-37.77) (-43.47) (-48.93) (-50.28) 

5% ME 1.42 1.34 1.27 1.2 1.15 1.1 1.02 
±0.01 ±0.03 ±0.02 ±0.02 ±0.02 ±0.02 ±0.02 

(-31.48) (-36.19) (-40.09) (-46.66) (-50.0) (-53.19) (-58.36) 
10% ME 1.35 1.3 1.15 1.09 1.01 0.97 0.86 

±0.03 ±0.01 ±0.02 ±0.02 ±0.02 ±0.01 ±0.03 
(-34.78) (-38.09) (-45.75) (-51.55) (-56.08) (-58.72) (-64.89) 

30% ME 1.32 1.25 1.2 1.03 0.99 0.82 0.75 
±0.02 ±0.02 ±0.02 ±0.02 ±0.02 ±0.02 ±0.02 

(-36.23)-40.47) (-43.39)1-54.22) (-56.95) (-65.10) (-69.38) 

Note : Unit : million/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 

df 3  6 
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The changes in the erythrocyte count under the influence of ME in the 

tadpoles of Stage XXII are compiled in Table No.10 and are graphically presented 

in Graph No. 10. The changes of erythrocyte count are expressed as 

millions /mm3 . 

From the table and the graph it is revealed that the erythrocyte count of 

control tadpoles increased marginally form the end of six hours to the end of 

twenty four hours but thereafter the erythrocyte count increased considerably, 

specifically at the end of one twenty hours. Also, it is clear from the table and 

graph that the erythrocyte count of tadpoles declined in a ME concentration 

dependent manner for allthe exposure periods under investigation, especially the 

%age of reduction of erythrocyte count increased with the increase in ME 

concentration. Besides this, it is also observed that all the concentrations of ME 

promoted chronic alterations of the erythrocyte count. 

The tadpoles exposed to 0.01 % ME showed about 13.52 % decline in the 

erythrocyte count at the end of six hours and the erythrocyte count continued to 

decline up to the end of one twenty hours. At the end of one twenty hours the 

erythrocyte count reduced by 40.81 %. Thus, at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the erythrocyte 

count of tadpoles was equivalent to 1.79 ± 0.02, 1.74 ± 0.02, 1.72 ± 0.02, 1.65 ± 0.03, 

1.60 ± 0.02, 1.53 ± 0.02 and 1.45 ± 0.03 millions/mm 3  respectively. 

Under the influence of 0.1 % ME the erythrocyte count of tapoles 

decreased to about 18.35 % and continued to decrease further upto the end of one 

twenty hours and the reduction in erythrocyte count at the end of one twenty 
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hours was equivalent to 46.93 %. 	The erythrocyte count of tadpoles was 

equivalent to 1.69 ± 0.03, 1.60 ± 0.02, 1.56 ± 0.02, 1.50 ± 0.02, 1.45 ± 0.02, 1.39 ± 0.02 

and 1.30 ± 0.03 millions /mm 3  at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles exhibited minimum reduction of 

20.25 `)/0 of erythrocyte count at the end of six hours and subsequently the 

erythrocyte count i.e. the erythrocyte number continued to decrease significantly 

up to the end of one twenty hours. At the end of one twenty hours the 

erythrocyte count declined by 54.28 `)/0. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the erythrocyte count 

was equivalent to 1.65 ± 0.01, 1.60 ± 0.01, 1.52 ± 0.02, 1.40 ± 0.03, 1.40 ± 0.03, 

1.30 ± 0.02, 1.20 ± 0.03 and 1.12 ± 0.03 millions/mm 3  respectively. 

The exposure of tadpoles to 5.0 % ME promoted a very significant 

reduction in erythrocyte counts at all exposure periods. The minimum reduction 

(31.40 %) in erythrocyte count was observed at the end of six hours while the 

erythrocyte number reduced maximally to 58.36 `)/0 in comparison with the 

erythrocyte count observed in the controls. Thus, at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

erythrocyte count was equivalent to 1.42 ± 0.01, 1.34 ± 0.03, 1.27 ± 0.02, 1.20 ± 0.02, 

1.15 ± 0.02, 1.10 ± 0.02 and 1.02 ± 0.02 millions/mm 3  respectively. 

The tadpoles exposed to 10.0 % ME showed minimum of 34.88 % 

reduction in erythrocyte count at the end of six hours and the erythrocyte count 

continued to reduce gradually up to the end of one twenty hours. The maximum 
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of 64.89 `)/0 decrease in erythrocyte count was observed at the end of one twenty 

hours. The erythrocyte count was equivalent to 1.35 ± 0.03, 1.30 ± 0.01, 1.15 ± 

0.02, 1.09 ± 0.02, 1.01 ± 0.02, 0.97 ± 0.01 and 0.86 ± 0.03 millions/mm 3  at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Exposure of tadpoles to 30.0 % ME promoted quite a significant decrease 

in erythrocyte count at all the exposure periods. The minimum of 36.23 % 

decrease in erythrocyte count was observed at the end of six hours while the 

maximum of 68.38 % decline in erythrocyte number observed at the end of one 

twenty hours. Also, the exposure period dependent reduction in erythrocyte 

number was observed. Thus, at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the erythrocyte count was 

equivalent to 1.32 ± 0.02, 1.25 ± 0.02, 1.20 ± 0.02, 1.03 ± 0.02, 0.99 ± 0.02, 0.82 ± 0.02 

and 0.75 ± 0.02 millions/mm3  respectively. 

C) LEUCOCYTE COUNT : 

STAGE V : 

Changes in the leucocyte count under the influence of mining effluents for 

tadpole stages I to V were identical, therefore the alterations in the leucocyte 

count for only stage V are given below. The changes in the leucocyte count under 

the influence of mining effluents are tabulated in Table No. 11 and are graphically 

presented in Graph No. 11. The leucocyte numbers are expressed as number of 

cells per cubic millimeter. 
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Table No. 11 

The alterations in the leucocyte count 
of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2744 2896 2910 3074 3150 3212 3294 

±45.05 ±37.01 ±24.49 ±18.16 ±45.27 ±29.64 ±11.40 
0.01% ME 2952 3074 3124 3260 3294 3328 3354 

±80.43 ±12.33 ±11.40 ±7.07 ±29.64 ±13.03 ±28.80 
(7.58) (6.14) (7.35) (6.05) (4.57) (3.61) (1.82) 

0.1% ME 2896 2888 2968 3178 3372 3467 3568 
±18.16 ±28.63 ±80.74 ±32.71 ±37.68 ±41.93 ±46.04 
(5.53) (-0.27) (1.99) (3.38) (7.04) (7.93) (8.38) 

1% ME 2898 2910 2946 3212 3312 3478 3594 
±37.01 ±24.49 ±108.30 ±48.16 ±67.60 ±42.07 ±37.81 
(5.61) (0.48) (1.23) (4.48) (5.14) (8.28) (9.10) 

5% ME 3024 3152 3150 3230 3386 3508 3654 
±82.64 ±44.38 ±45.27 ±29.15 ±23.02 ±22.80 ±38.47 

(-99.88) (8.83) (8.24) (5.07) (7.49) (9.21) (11.001 
10% ME 3184 3204 3208 3390 3390 3574 3690 

±26.07 ±24.08 ±33.46 ±35.35 ±31.62 ±49.29 ±31.62 
(16.03) (10.63) (10.24) (10.27) (7.61) (11.27) (12.02) 

30% ME 3220 3240 3294 3388 3414 3644 3710 
±26.45 ±44.72 ±28.80 ±25.88 ±50.29 ±30.49 ±25.49 
(17.34) (11.87) (13.19) (10.21) (8.38) (13.44) (12.62) 

Note : Unit : cells/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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It is revealed by the table and graph that the leucocyte numbers of the 

control tadpoles varied insignificantly from the end of six hours to the end of one 

twenty hours. The number of leucocytes found in the control tadpoles were 

equivalent to 2744 ± 45.05, 3074 ± 12.33, 3124 ± 11.40, 3260 ± 7.07, 3294 ± 29.64, 

3328 ± 13.03 and 3354 ± 28.80 cell/mm 3  at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. The table 

and graph reveal that 5.0, 10.0 and 30.0 % ME induced concentration dependent 

elevation in the leucocyte number at the end of six, twelve, twenty four and 

ninety six hours exposure and the elevation in leucocyte count was marginal. 

Besides this it is also seen that no concentration of ME could induce chronic 

alterations in the leucocyte numbers. 

The tadpoles exposed to 0.01 `)/0 ME showed a minimum of two % increase 

in the leucocyte number after one twenty hours exposure while a maximum of 

seven % elevation in leucocyte count was observed at the end of six and twenty 

four hours exposure. These elevations in the leucocyte count are calculated with 

reference to the leucocyte count of control tadpoles. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

leucocyte count of tadpoles was equivalent to 2952 ± 80.43, 3074 ± 12.33, 3124 ± 

11.40, 3260 ± 7.07, 3294 ± 29.64, 3328 ± 13.03 and 3354 ± 28.80 cells per cubic 

millimeter respectively. 

Under the influence of 0.1 % ME the leucocyte count of the tadpoles 

decreased by about 0.2 % at the end of twelve hours while it elevated by eight % 

at the end of one twenty hours. The leucocyte count of tadpoles was equivalent 
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to 2896 ± 18.16, 2888 ± 28.63, 2968 ± 80.74, 3178 ± 32.71, 3372 ± 37.68, 3467 ± 41.93 

and 3568 ± 46.04 cells per cubic millimeter at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 `1/0 ME promoted a negligible increase 

(0.48%) in leucocyte count at the end of twelve hours while at the end of one 

twenty hours the leucocyte count increased by nine %. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

leucocyte count of tadpoles was equivalent to 2898 ± 37.01, 2910 ± 24.49, 2946 ± 

108.30, 3212 ± 48.16, 3312 ± 67.60, 3478 ± 42.07 and 3594 ± 37.81 cells per cubic 

millimeter respectively. 

The tadpoles subjected to 5.0 `)/0 ME exhibited a minimum of 5.0 `)/0 increase 

in leucocyte count at the end forty eight hours while a maximum of 10.0 % 

elevation in the erythrocyte count was shown at the end of six and one twenty 

hours. This concentration of ME could not induce any chronic change in 

leucocyte count. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the leucocyte count of tadpoles was equivalent 

to 3024 ± 82.64, 3152 ± 44.38, 3150 ± 45.27, 3230 ± 29.15, 3386 ± 23.02, 3508 ± 22.80 

and 3654 ± 38.47 cells per cubic millimeter respectively. 

When exposed to 10.0 `)/0 ME the tadpoles showed a minimum of 7.0 % 

increase in leucocyte count at the end of seventy two hours while they exhibited a 

maximum increase of 16.0 % in the leucocyte count at the end of six hours. The 

leucocyte count of the tadpoles fluctuated from the end of six hours to the end of 

one twenty hours. The leucocyte count was equivalent to 3184 ± 26.07, 3204 ± 
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24.08, 3208 ± 33.46, 3390 ± 35.35, 3390 ± 31.62, 3574 ± 49.29 and 3690 ± 31.62 cells 

per cubic millimeter. 

Under the influence of 30.0 % ME a minimum of 3.0 % increase in the 

leucocyte count was shown by the tadpoles at the end of seventy two hours while 

the tadpoles exhibited a 17 % increase in the leucocyte count at the end of six 

hours. The leucocyte count fluctuated from the end of six hours to the end of one 

twenty hours. The leucocyte count was equivalent to 3220 ± 26.45, 3240 ± 44.72, 

3294 ± 28.80, 3388 ± 25.88, 3414 ± 50.29, 3644 ± 30.49 and 3710 ± 25.49 cells per 

cubic millimeter at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE VIII : 

The alterations in the leucocyte count under the influence of mining 

effluents of tadpole stage VI to stage VIII were identical. Therefore, the changes 

in the leucocyte count of tadpoles of stage VIII are given here. The changes in the 

leucocyte count under the influence of mining effluents are compiled in Table No. 

12 and are graphically presented in Graph No. 12. The leucocyte numbers are 

expressed as cells per cubic millimeter. 

From the table and graph it is evident that the control tadpoles had a 

progressive increase in the leucocyte count from the end of six hours to the end of 

one twenty hours. The leucocyte count of the control tadpoles was equivalent to 

2984 ± 60.55, 3024 ± 18.16, 3082 ± 18.16, 3152 ± 44.38, 3212 ± 32.71, 3240 ± 48.16 and 

3312 ± 22.80 cells per cubic millimeter at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. It is also 
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Table No. 12 

The alterations in the leucocyte count 
of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2984 3024 3082 3152 3212 3240 3312 

± 60.55 ± 18.16 ± 18.16 ± 44.38 ± 32.71 ± 48.16 ± 22.80 
0.01% 3082 3118 3130 3210 3254 3300 3318 
ME ± 13.03 ± 19.23 ± 15.81 ± 22.36 ± 16.73 ± 15.81 ± 14.83 

(3.28) (3.10) (1.55) (1.84) (1.30) (1.85) (0.18) 
0.1% 3140 3142 3150 3240 3278 3320 3370 
ME ± 15.81 ± 16.43 ± 15.81 ± 15.81 ± 19.23 ± 15.81 ± 15.81 

(5.22) (3.90) (2.20) (2.79) (2.05) (2.46) (1.75) 
1% ME 3186 3186 3196 3270 3320 3370 3416 

± 11.40 ± 11.40 ± 11.40 ± 15.81 ± 15.81 ± 15.81 ± 11.40 
(6.76) (5.35) (3.69) (3.74) (3.36) (4.01) (3.14) 

5% ME 3218 3222 3222 3320 3370 3400 3434 
± 8.36 ± 13.03 ± 19.23 ± 15.80 ± 15.81 ± 15.81 ± 15.16 
(7.84) (6.54) (4.54) (5.32) (4.91) (4.93) (3.68) 

10% ME 3236 3244 3234 3340 3394 3434 3514 
± 11.40 ± 15.16 ±16.73 ± 15.81 ± 11.40 ± 11.40 ± 11.40 

(8.44) (7.27) (4.94) (5.96) (5.66) (5.98) (6.09) 
30% ME 3284 3308 3334 3378 3430 3470 3530 

± 11.40 ± 19.23 ±11.40 ±25.88 ± 15.81 ± 15.81 ± 15.81 
(10.05) (9.39) (8.17) (7.17) (6.78) (7.09) (6.58) 

Note : Unit : cells/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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evident from the table and graph that the tadpoles exposed to mining effluents 

exhibited ME concentration dependent changes in the leucocyte count for all the 

exposure periods under study and there were no chronic alterations in the 

leucocyte count. 

The tadpoles subjected 0.01 % ME showed a minimum of 0.18 

increase in the leucocyte count at the end of one twenty hours and this increase 

was exceedingly negligible. Similarly an insignificant increase in leucocyte count 

was exhibited by the tadpoles for rest of the exposure periods. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

leucocyte count of the tadpoles was equivalent to 3082 ± 13.03, 3118 ± 19.23, 3130 

± 15.81, 3210 ± 22.36, 3254 ± 16.73, 3300 ± 15.81 and 3318 ± 14.83 cells per cubic 

millimeter respectively. 

Under the influence of 0.1 % ME the tadpoles did not exhibit any 

significant change in the leucocyte count at all the exposure periods under study. 

However a minimum of one `)/0 rise in leucocyte count was observed at the end of 

one twenty hours while an elevation of five % in the leucocyte count was noticed 

at the end of six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the leucocyte count was equivalent to 3140 

± 15.81, 3142 ± 16.43, 3150 ± 15.81, 3240 ± 15.81, 3278 ± 19.23, 3320 ± 15.81 and 3370 

± 15.81 cells per cubic millimeter respectively. 

The exposure of tadpoles to 1.0 % ME resulted in insignificant changes in 

the leucocyte count at all the exposure periods. However, leucocyte count was 

elevated by 3.0 % and 6.0 % at the end of one twenty hours and six hours 
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respectively. The leucocyte count of the tadpoles was equivalent to 3186 ± 11.40, 

3186 ± 11.40, 3196 ± 11.40, 3270 ± 15.81, 3320 ± 15.81, 3370 ± 15.81 and 3416 ± 11.40 

cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles did not show any significant change 

in the leucocyte count at all the exposure periods. A minimum of 3.0 % increase 

of the leucocyte count was observed at the end of one twenty hours while about 

7.0 `)/0 elevation in leucocyte count was noticed at the end of six hours. By the end 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the leucocyte count of the tadpoles was equivalent to 3218 ± 8.36, 3222 ± 

13.03, 3222 ± 19.23, 3320 ± 15.80, 3370 ± 15.81, 3400 ± 15.81 and 3434 ± 15.16 

cells/mm3  respectively. 

Also 10.0 % ME failed to promote any drastic/sharp change in the 

leucocyte count of the tadpoles at any of the exposure periods. About 6.0 To 

increase in the leucocyte count was induced at the end of one twenty hours while 

about eight % increase in leucocyte count was promoted at the end of six hours 

only. The leucocyte count of the tadpoles was equivalent to 3236 ± 11.40, 3244 ± 

15.16, 3234 ± 16.73, 3340 ± 15.81, 3394 ± 11.40, 3434 ± 11.40 and 3514 ± 11.40 

cells/mm3at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

The tadpoles exposed to 30.0 % ME showed a minimum of six % increase 

in the leucocyte count at the end of seventy two and one twenty hours while a ten 

% increase in the leucocyte count was noticed at the end of six hours. For rest of 
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the exposure period the elevation of leucocyte count fluctuated between six and 

ten %. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the leucocyte count of the tadpoles was equivalent to 3284 

± 11.40, 3308 ± 19.23, 3334 ± 11.40, 3378 ± 25.88, 3430 ± 15.81, 3470 ± 15.81 and 3530 

± 15.81 cells /mm 3  respectively. 

STAGE XIV : 

The changes in the leucocyte count for the tadpole stages IX to XIV were 

almost similar, therefore the alterations in the leucocyte count for the stage XIV 

are presented here. The changes in the leucocyte count at the stage XIV are 

tabulated in Table No.13 and are graphically expressed in Graph No. 13. The 

alterations in the leucocyte count are expressed as cells per cubic millimeter. It is 

seen from the graph and the table that the leucocyte count of the control tadpoles 

increased gradually from the end of six hours to the end of one twenty hours. 

The leucocyte count of the control tadpoles was equivalent to 3198 ± 71.55, 3210 ± 

22.36, 3240 ± 15.81, 3320 ± 15.81, 3370 ± 51.28, 3426 ± 30.49 and 3520 ± 31.60 

cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. It is also evident from the table and graph 

that the mining effluents did not induce concentration dependent changes in the 

leucocyte count at any of the exposure periods under study and the changes in 

the leucocyte counts ranged between a rise of 1.0 % to a rise of maximum 33.0 %. 

On exposure to 0.01 % ME the tadpoles exhibited a reduction of 8.0 % in 

leucocyte count at the end of forty eight hours while an increase of 9.0 % in 

leucocyte count was observed at the end of one twenty hours. But at the end of 
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Table No. 13 

The alterations in the leucocyte count 
of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
(Control 3198 

± 71.55 
3210 

± 22.36 
3240 

± 15.81 
3320 

± 15.81 
3370 

± 51.28 
3426 

± 30.49 
3520 

± 31.62 
0.01% 
ME 

3198 
± 19.23 

3210 
± 44.72 

3220 
± 40.62 
(- 0.61) 

3292 
± 31.93 
(- 0.84) 

3440 
± 50.00 

(2.01) 
3408 

3704 
± 32.09 

(8.11) 
3716 

3840 
± 114.89 

(9.09) 
3736 0.1% 3298 3290 3342 3386 

ME ± 23.87 ± 31.62 ± 44.38 ± 23.06 ± 27.74 ± 36.46 ± 41.59 
(3.12) (2.49) (3.14) (1.98) (1.12) (8.46) (6.13) 

1ch) ME 3304 3304 3290 3392 3426 3762 3790 
± 30.49 ± 27.01 ± 44.72 ± 30.33 ± 30.49 ± 35.63 ± 29.15, 

(3.31) (2.92) (1.54) (2.16) (1.66) (9.80) (7.67) 
5% ME 3352 3374 3390 4302 4404 4508 4514 

±41.47 ±51.28 ±63.24 ±49.69 ±27.01 ±44.94 ±40.37 
(4.81) (5.10) (4.62) (29.57) (30.68) (31.58) (28.23) 

10% ME 3376 3390 3392 4412 4438 4572 4580 
±41.59 ±44.72 ±31.93 ±38.47 ±46.58 ±33.46 ±45.82 

(5.56) (5.6) (4.69) (32.89) (31.69) (33.45) (30.11) 
30% ME 3424 

±32.09 
3400 

±22.36 
3412 

±35.52 • 
4414 

±38.47 
4468 

±49.19 
4558 

±37.01 
4580 

±38.72 
(7.06) (5.91) (5.30) (32.95) (32.58) (33.04) (30.11) 

Note : Unit : cells/mm 3  

± : S.D. 

Figures in parantheses : °A) variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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The alterations in the leucocyte count of tadpoles 
(stage XIV) under the influence of mining effluents 
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six and twelve hours the tadpoles did not show any change in the leucocyte count 

under the influence of 0.01 % ME. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the leucocyte count of the 

tadpoles was equivalent to 3198 ± 19.23, 3210 ± 44.72, 3220 ± 40.62, 3292 ± 31.93, 

3440 ± 50.0, 3704 ± 32.09 and 3840 ± 114.89 cells/mm3  respectively. 

The tadpoles subjected to 0.1 % ME exhibited no significant change in the 

leucocyte count at any exposure period. Infact, the increases in the leucocyte 

count were marginal. A maximum of eight % increase was observed in the 

leucocyte count at the end of ninety six hours. The leucocyte count of the 

tadpoles was equivalent to 3298 ± 23.87, 3290 ± 31.62, 3342 ± 44.38, 3386 ± 23.06, 

3408 ± 27.74, 3716 ± 36.46 and 3736 ± 41.59 cells/mm 3  at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 1.0 % ME produced insignificant increase in 

the leucocyte count and a maximum of nine % increase in leucocyte count was 

observed at the end of ninety six hours. At the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the leucocyte count was 

equivalent to 3304 ± 30.49, 3304 ± 27.01, 3290 ± 44.72, 3392 ± 30.33, 3426 ± 30.49, 

3762 ± 35.63 and 3790 ± 29.15 cells/mm 3  respectively. 

Under the influence of 5.0 ` )/0 ME significant increases in the leucocyte 

count of tadpoles were observed from the end of forty eight hours to the end of 

one twenty hours. A minimum of 4.0 % increase in the leucocyte count was 

observed at the end of six hours while a 31.0 % increase was observed at the end 
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of ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the leucocyte count of the tadpoles was 

equivalent to 3352 ± 41.47, 3374 ± 51.28, 3390 ± 63.24, 4302 ± 49.69, 4404 ± 2701, 

4508 ± 44.94 and 4514 ± 40.37 cells/mm3  respectively. 

When exposed to 10.0 % ME the significant increases in leucocyte counts 

were observed from the end of forty eight hours to the end of one twenty hours. 

A minimum of 4.0 % increase in the leucocyte count was observed at the end of 

twenty four hours while a 33.0 % increase was observed at the end of ninety six 

hours. The leucocyte count of the tadpoles was equivalent to 3376 ± 41.59, 3390 ± 

44.72, 3392 ± 31.93, 4412 ± 38.47, 4438 ± 46.58, 4572 ± 33.46 and 4580 ± 45.82 

cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

The exposure of tadpoles to 30.0 % ME promoted significant elevations in 

leucocyte counts from the end of forty eight hours to the end of one twenty hours. 

A minimum of 6.0 % increase in leucocyte count was observed at the end of 

twelve and twenty four hours while a maximum increase of 33.0 % was noticed 

at the end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the leucocyte count was equivalent 

to 3424 ± 32.09, 3400 ± 22.36, 3412 ± 35.52, 4414 ± 38.47, 4468 ± 49.19, 4558 ± 37.01 

and 4580 ± 38.72 cells/mm3  respectively. 

STAGE XVIII : 

The alterations in the leucocyte counts of the tadpoles of the stage XV to 

stage XVII were identical to those observed in the control tadpoles while those in 
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Table No. 14 

The alterations in the leucocyte counts 
of tadpoles (stage XVIII) 

under the influence of mining effluents 

• 6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3334 3388 3422 3478 3512 3520 3654 

± 15.16 ± 19.23 ±32.71 ±40.27 ±31.93 ±31.62 ±28.80 
0.01% ME 3750 3746 3740 3780 3804 3812 3836 

±40.62 ±27.01 ±46.90 ±43.01 ±24.08 ±43.24 ±39.74 
(12.47) (10.565) (9.29) (8.68) (8.31) (8.29) (4.98) 

0.1% ME 3748 3766 3776 3784 3874 3858 3894 
±23.87 ±43.93 ±51.76 ±42.19 ±36.46 ±48.16 ±46.15 
(12.41) (11.50) (10,34) (8.79) (10.30) (9.60) (6.56) 

1`)/0 ME 3788 3794 3806 3810 3830 3876 3942 
±19.23 ±28.80 ±27.01 ±31.62 ±43.01 ±47.74 ±46.04 
(13.61) (11.98) (11.22) (9.54) (9.05) (10.11) (7.88) 

5% ME 3798 3800 3776 3860 3874 3886 3956 
± 42.07 ± 33.91 ± 53.66 ± 43.58 ± 71.27 ± 48.27 ± 88.20 
(13.91) (12.16) (10.34) (10.98) (10.30) (10.39) (8.26) 

10% ME 3816 3822 3818 3870 4128 4122 4212 
±24.08 ±32.71 ±41.47 ±50.99 ±37.01 ±44.38 ±49.19 
(14.45) (12.80) (11.57) (11.27) (17:53) (17.10) (15.27) 

30% ME 3862 3860 3878 3906 4100 4154 4212 
±25.88 ±43.01 ±41.47 ±26.07 ±41.23 ±42.77 ±49.19 
(15.83) (13.93) (13.32) (12.30)1 	(16.74) _±18.01) (15.27) 

Note : Unit : cells/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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stage XVIII were significantly different, hence the changes in leucocyte count for 

stage XVIII are described here. The changes in the leucocyte count of tadpole 

stage XVIII are compiled in Table No. 14 and are graphically presented in Graph 

No. 14. The leucocyte counts are expressed as cells/mm 3. From the table and 

graph it is seen that the leucocyte count of control tadpoles increased gradually 

from the end of six hours to the end of one twenty hours especially the leucocyte 

counts at the end of ninety six and one twenty hours were significantly elevated 

in comparison to the count observed at the end of six hours. The leucocyte count 

of the controls was equivalent to 3334 ± 15.16, 3388 ± 19.23, 3422 ± 32.71, 3478 ± 

40.27, 3512 ± 31.93, 3520 ± 31.62 and 3654 ± 28.80 cells/mm 3  at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. It is also evident from the table and graph that the mining effluents 

could not induce concentration dependent changes and chronic alterations in the 

leucocyte counts of the tadpoles. However, a minimum of 5.0 % increase in 

leucocyte count was induced at the end of one twenty hours under the influence 

of 0.01 % ME while a maximum of 18.0% elevation in leucocyte count was 

promoted by 30.0 % ME at the end of ninety six hours. 

The tadpoles exposed to 0.01 % ME showed a minimum of 5.0 `)/0 increase 

in leucocyte count at the end of one twenty hours while a maximum of 12.0 % 

increase was exhibited at the end of six hours. The leucocyte count tended to 

decline gradually and marginally from the end of six hours to the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the leucocyte count was equivalent to 3750 ± 
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40.62, 3746 ± 27.01, 3740 ± 46.90, 3780 ± 43.01, 3804 ± 24.08, 3812 ± 43.24 and 3836 ± 

39.74 cells/mm3  respectively. 

On exposure to 0.1 % ME a minimum of 6.0 % elevation in the leucocyte 

count was shown by the tadpoles at the end of one twenty hours while a 

maximum of 12.0 % increase was shown at the end of six hours. The leucocyte 

count declined gradually but marginally from the end of six hours to the end of 

one twenty hours. However, the leucocyte count did not decline below control 

level at any time. The leucocyte count of the tadpoles was equivalent to 3748 ± 

23.87, 3766 ± 43.94, 3776 ± 51.76, 3784 ± 42.19, 3874 ± 36.46, 3858 ± 48.16 and 3894 ± 

46.15 cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited 13.0 `)/0 increase in 

leucocyte count at the end of six hours and subsequently the leucocyte count 

declined gradually but it did not fall below the control level instead it remained 

elevated. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours the leucocyte count was equivalent to 3788 ± 19.23, 3794 

± 28.80, 3806 ± 27.01, 3810 ± 31.62, 3830 ± 43.01, 3876 ± 47.74 and 3942 ± 46.04 

cells/mm3  respectively. 

On exposure of tadpoles to 5.0 % ME the leucocyte count elevated by 

about 14.0 % at the end of six hours and thereafter declined gradually up to the 

end of one twenty hours but remained above the control level by about 8.0 % at 

the end of one twenty hours. The leucocyte count was equivalent to 3798 ± 42.07, 

3800 ± 33.91, 3776 ± 53.66, 3860 ± 43.58, 3874 ± 71.27, 3886 ± 48.27 and 3956 ± 88.20 
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at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The exposure of tadpoles to 10.0 % ME promoted about 14.0 % elevation in 

the leucocyte count at the end of six hours but increased further to a level of 17.0 

% at the end of seventy two and ninety six hours. Then subsequently the 

leucocyte count declined marginally. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the leucocyte count was 

equivalent to 3816 ± 24.08, 3822 ± 32.71, 3818 ± 41.47, 3870 ± 50.99, 4128 ± 37.01, 

4122 ± 44.38 and 4212 ± 49.19 cells/mm 3  respectively. 

When subjected to 30.0 % ME the tadpoles exhibited a maximum increase 

of 18.0 % in leucocyte count at the end of ninety six hours while a minimum of 

12.0 % increase was shown at the end of forty eight hours. At all the exposure 

periods the changes in the leucocyte count were significantly higher than the 

control. The leucocyte count of the tadpoles was equivalent to 3862 ± 25.88, 3860 

± 43.01, 3878 ± 41.47, 3906 ± 26.07, 4100 ± 41.23, 4154 ± 42.77 and 4212 ± 49.19 

cells /mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

STAGE XXII : 

The alterations induced by mining effluents in the leucocyte counts of 

tadpoles of Stages XIX to XXII were almost similar i.e. they did not differ 

significantly. Therefore, the alterations in the leucocyte counts of tadpole Stage 

XXII are reported here. 
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Table No. 15 

The alterations in the leucocyte count 
of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3724 3780 3804 3912 3942 4056 4110 

± 23.87 ± 44.72 ± 35.77 ± 33.46 ± 81.67 ± 20.26 ± 25.49 
0.01% ME 4316 4318 4336 4350 4362 4382 4412 

± 11.40 ± 13.03 ±20.73 ± 15.81 ±13.03 ±8.36 ± 19.23 
(15.89) (14.23) (13.98) (11.19) (10.65) (8.03) (7.34) 

0.1% ME 4316 4332 4340 4366 4366 4384 4434 
±18.16 ±8.36 ±15.81 ±11.40 ±11.40 ±11.40 ±15.16 
(15.89) (14.60) (14.09) (11.60) (10.75) (8.08) (7.81) 

1% ME 4346 4356 4364 4390 4392 4404 4426 
± 11.40 ± 11.40 ± 11.40 ± 15.81 ± 13.03 ± 11.40 ±20.73 
(16.70) (15.23) (14.72) (12.21) (11.41) (8.57) (7.68) 

5% ME 4334 4350 4366 4390 4408 4392 4458 
± 15.16 ± 15.81 ± 11.40 ± 7.07 ± 8.36 ± 52.63 ± 8.36 
(16.38) (15.07) (14.77) (12.21) (11.82) (8.28) (8.46) 

10% ME 4352 4372 4374 4382 4396 4416 4434 
± 8.36 ± 13.03 ± 11.40 ± 8.36 ± 15.16 ± 11.40 ± 20.73 

(16.86) (15.66) (14.98) (12.01) (11.51) (8.87) (7.88) 
30% ME 4370 4388 4384 4410 4426 4432 4444 

± 15.81 ± 16.43 ± 11.40 ± 15.80 ± 11.40 ±13.03 ± 11.40 
(17.34) (16.08) (15.24) (12.73) (12.27) (9.27) (8.12) 

Note : Unit : cells/mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The changes in the leucocyte count of the Stage XXII tadpoles under the 

influence of mining effluents (ME) are given in Table No. 15 and are presented 

graphically in Graph No. 15. The leucocyte counts are expressed as cells per 

cubic millimeter. From the table and graph it is obvious that leucocyte counts of 

the control tadpoles increased gradually from the end of six hours to the end of 

one twenty hours, especially the increase in leucocyte counts from the end of 

seventy two hours to the end of one twenty hours were relatively significant. The 

leucocyte counts of the control tadpoles were equivalent to 3724 ± 23.87, 3780 ± 

44.72, 3804 ± 35.77, 3912 ± 33.46, 3942 ± 81.67, 4056 ± 20.26 and 4110 ± 25.49 

cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. It is also clear from the table and graph 

that the mining 'effluents (ME) could not induce concentration dependent 

alterations/increases in leucocyte count of tadpoles at any exposure period but 

all the concentrations induced a little increase in leucocyte counts. The leucocyte 

counts were elevated from fifteen to seventeen `)/0 at the end of six hours under 

the various concentrations of ME but subsequently the leucocyte counts declined 

gradually and marginally. However, the leucocyte counts remained above the 

levels found in the control tadpoles. 

Under the influence of 0.01 % ME the minimum of 7.0 % elevation in 

leucocyte count of the tadpoles was seen at the end of one twenty hours while a 

maximum of a 15.0 % increase in leucocyte count was observed at the end of six 

hours. The elevation in the leucocyte count of the tadpoles was equivalent to 

4316 ± 11.40, 4318 ± 13.03, 4336 ± 20.73, 4350 ± 15.81, 4362 ± 13.03, 4382 ± 8.36 and 
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4412 ± 19.23 at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

The tadpoles subjected to 0.1 % ME exhibited a fifteen % increase in the 

leucocyte count at the end of six hours and subsequently it went on declining 

marginally up to the end of one twenty hours but though the leucocyte count 

declined it remained above the control level. The leucocyte count of the tadpoles 

was equivalent to 4316 ± 18.16, 4332 ± 8.36, 4340 ± 15.81, 4366 ± 11.40, 4366 ± 

11.40, 4384 ± 11.40 and 4334 ± 15.16 cells/mm 3  at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted 16.0 % increase in the 

leucocyte count at the end of six hours and thereafter it declined gradually up to 

the end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the leucocyte count of the tadpoles 

was equivalent to 4346 ± 11.40, 4356 ± 11.40, 4364 ± 11.40, 4390 ± 15.81, 4392 ± 

13.03, 4404 ± 11.40 and 4426 ± 20.73 cells/mm 3  respectively. 

On exposure to 5.0 % ME the tadpoles exhibited a maximum of 16.0 % 

increase in the leucocyte count at the end of six hours while a minimum of 8.0 % 

increase was shown at the end of one twenty hours. The changes in the leucocyte 

count of the tadpoles were significant from the end of six hours to the end of 

seventy two hours. The leucocyte count of the tadpoles was equivalent to 4334 ± 

15.16, 4350 ± 15.81, 4366 ± 11.40, 4390 ± 7.07, 4408 ± 8.36, 4392 ± 52.63 and 4458 ± 

8.36 cells /mm3  at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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When exposed to 10.0 % ME the tadpoles showed a significant 

change/increase in leucocyte count from the end of six hours to the end of 

seventy two hours. A maximum of 16.0% increase was shown at the end of six 

hours. The leucocyte count of the tadpoles was equivalent to 4352 ± 8.36, 4372 ± 

13.03, 4374 ± 11.40, 4382 ± 8.36, 4396 ± 15.16, 4416 ± 11.40 and 4434 ± 20.73 

cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

Under the influence of 30.0 % ME the tadpoles showed a significant 

increase in leucocyte count from the end of six hours to the end of seventy two 

hours. A maximum of seventeen `)/0 increase in leucocyte count was observed at 

the end of six hours and thereafter the leucocyte count declined gradually but 

marginally. The leucocyte count of the tadpoles was equivalent to the 4370 ± 

15.81, 4388 ± 16.43, 4384 ± 11.40, 4410 ± 15.80, 4426 ± 11.40, 4432 ± 13.03 and 4444 ± 

11.40 cells/mm3  at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

D) 	Differential Count : 

The study of differential count of all stages of tadpoles revealed that 

during metamorphosis the tadpoles had only lymphocytes and neutrophils in 

their blood and the other cell types (leucocytes) like eosinophils, basophils and 

monocytes were absent indicating the lack of their development. When the 

tadpoles of different stages were subjected to mining effluents, the alterations in 

the lymphocyte and neutrophil counts were found and at no stage the occurrence 

of eosinophils, basophils and monocytes was noticed inspite of rigorous 
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Table No. 16 

The alterations in the lymphocyte count 
of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 34.00 34.00 34.00 34.00 33.00 33.00 33.00 

± 0.89 ±0.83 ±1.00 ±1.14 ±1.29 ±1.34 ±1.58 
0.01% ME 36.00 35.00 36.00 39.00 41.00 43.00 44.00 

±1.00 ±0.83 ±1.00 ±1.29 ±1.22 ±1.14 ±2.48 
(5.88) (2.94) (5.88) (14.70) (24.24) (30.30) (33.33) 

0.1% ME . 	40.00 38.00 37.00 41.00 42.00 44.00 46.00 
±1.22 ±1.67 ±1.14 ±0.83 ±0.83 ±1.48 ±0.83 

(17.64) (11.76) (8.82) (20.58) (27.27) (33.33) (39.39) 
1% ME 41.00 40.00 39.00 43.00 45.00 49.00 49.00 

±1.51 ±1.14 ±1.14 ±1.58 ±2.00 ±2.38 ±2.07 
(20.58) (17.64) (14.70) (26.47) (36.36) (48.48) (48.48) 

5% ME 43.00 42.00 43.00 46.00 50.00 52.00 54.00 
±0.83 ±1.30 ±1.34 ±2.23 ±3.16 ±1.58 ±2.23 

(26.47) (23.52) (26.47) (35.29) (51.51) (57.57) (63.63) 
10% ME 47.00 46.00 45.00 48.00 53.00 55.00 57.00 

±1.92 ±2.07 ±3.04 ±2.38 ±2.40 ±2.88 ±2.88 
(38.23) (35.29) (32.35) (41.17) (60.60) (66.66) (72.72) 

30% ME 49.00 48.00 49.00 50.00 54.00 56.00 60.00 
±2.28 ±2.88 ±3.13 ±1.58 ±2.88 ±2.58 ±2.75 

(44.11) (41.17) (44.11) (47.08) (63.63) (69.69) (81.81) 

Note Unit : % 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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examinations of blood samples. Therefore, observations on the alterations of 

differential counts are reported separately as alterations in lymphocyte count and 

neutrophil count for different stages. The alterations in differential counts are 

expressed as alterations in the %ages of lymphocytes and leucocytes. 

Lymphocyte Counts  : 

STAGE V : 

The alterations in the lymphocyte count, under the influence of mining 

effluents of tadpoles of stage I to V were almost similar and the differences were 

grossly insignificant. Therefore, changes in the lymphocyte count of Stage V 

tadpoles are described herewith. The changes in the lymphocyte counts under 

the influence of mining effluents are compiled in Table No. 16 and are graphically 

expressed in Graph No. 16. The lymphocyte counts are expressed as percentages 

of cells observed. 

It is clear from the table and graph that the control tadpoles had 

lymphocytes in the range of 33.0 to 34.0 %. From the end of six hours to the end 

of forty eight hours the lymphocyte percentage was thirty four while for the 

remaining periods it remained at 33.0 %. The table and graph reveal that the 

tadpoles exhibited ME concentration dependent elevations in the lymphocyte 

counts at all the exposure periods while all the ME concentrations promoted 

concentration dependent chronic changes in lymphocyte counts from the end of 

forty eight hours to the end of one twenty hours. 
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The tadpoles subjected to 0.01 ` )/0 ME showed a minimum of 2.0 `)/0 increase 

in the lymphocyte count at the end of twelve hours while a maximum of 33.0 % 

increase was found at the end of one twenty hours. The lymphocyte count 

gradually elevated from the end of forty eight hours to the end of one twenty 

hours. The lymphocyte count was equivalent to 36.0 ± 1.0, 35.0 ± 0.83, 36.0 ± 1.0, 

39.0 ± 1.29, 41.0 ± 1.22, 43.0 ± 1.14 and 44.0 ± 2.48 `)/0 at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 0.1 % ME a minimum of 8.82 % increase in lymphocyte 

count was exhibited by the tadpoles at the end of twenty four hours while a 

maximum of 39.0 % increase in lymphocyte count was shown at the end of one 

twenty hours. The lymphocyte count was equivalent to 40.0 ± 1.22, 38.0 ± 1.67, 

37.0 ± 1.14, 41.0 ± 0.83, 42.0 ± 0.83, 44.0 ± 1.48 and 46.0 ± 0.83 `)/0 at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME the tadpoles showed a minimum of 14.0 

increase in the lymphocyte count at the end of twenty four hours while a 

maximum of 48.0 % increase in lymphocyte count was exhibited at the end of 

ninety six and one twenty hours. From the end of forty eight hours lymphocyte 

count increased gradually. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the lymphocyte count was 

equivalent to 41.0 ± 1.15, 40.0 ± 1.14, 39.0 ± 1.14, 43.0 ± 1.58, 45.0 ± 2.0, 49.0 ± 2.38, 

and 49.0 ± 2.07 % respectively. 
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When exposed to 5.0 % ME the tadpoles exhibited about 23.0 % increase in 

lymphocyte count at the end of twelve hours while a maximum of 63.0 % increase 

was shown at the end of one twenty hours. The lymphocyte count showed 

chronic alterations from the end of twelve hours to the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours, the lymphocyte count was equivalent to 43.0 ± 0.83, 42.0 ± 1.30, 

43.0 ± 1.34, 46.00 ± 2.23, 50.0 ± 3.16, 52.0 ± 1.58 and 54.0 ± 2.23 percent 

respectively. 

The exposure of tadpoles to 10.0 % ME induced a minimum of 32.0 % 

increase in lymphocyte count at the end of twenty four hours and a maximum of 

72 % increase was promoted at the end of one twenty hours. The highly 

significant chronic alterations in the lymphocyte counts were seen from the end 

of twenty four hours to the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the 

lymphocyte count was equivalent to 47.0 ± 1.92, 46.0 ± 2.07, 45.0 ± 3.04, 48.0 ± 

2.38, 53.0 ± 2.4, 55.0 ± 2.88 and 57.0 ± 2.88 percent respectively. 

Under the influence of 30.0 % ME the tadpoles showed a remarkable 

increase in the lymphocyte count at all the exposure period, especially about 81.0 

increase was observed at the end of one twenty hours. Thus, the lymphocyte 

count was equivalent to 49.0 ± 2.28, 48.0 ± 2.88, 49.0 ± 3.13, 50.0 ± 1.58, 54.0 ± 2.88, 

56.0 ± 2.58 and 60.0 ± 2.75 percent at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

186 



Table No. 17 

Alterations in the lymphocyte counts 
of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 32.00 33.00 32.00 33.00 33.00 32.00 32.00 

±0.89 ±0.54 ±1.14 ±1.30 ±1.14 ±1.30 ±1.58 
0.01% ME 34.00 35.00 34.00 36.00 40.00 41 43.00 

±0.54 ±0.83 ±1.30 ±0.70 ±1.0 ±1.30 ±0.83 
(6.25) (6.06) (6.25) (9.09) (21.21) (28.12) (34.37) 

0.1% ME 37.00 40.00 38.00 40.00 43.00 45.00 45.00 
±1.30 ±1.30 ±1.14 ±0.83 ±1.0 ±1.34 ±1.58 

(15.62) (21.21) (18.75) (21.21) (30.33) (40.62) (40.62) 
1% ME 39.00 41.00 40.00 43.00 44.00 47.00 50.00 

±1.14 ±1.30 ±1.14 ±1.58 ±1.14 ±0.83 ±1.14 
(21.87) (24.24) (25.0) (30.30) (33.33) (46.87) (50.0) 

5% ME 40.00 42.00 41.00 45.00 46.00 48.00 50.00 
±1.14 ±1.14 ±1.30 ±0.83 ±1.14 ±1.58 ±1.14 
(25.0) (27.27) (28.12) (36.36) (39.39) (50.0) (56.25) 

10% ME 43.00 44.00 45.00 47.00 49.00 51.00 53.00 
±1.58 ±1.81 ±1.30 ±1.58 ±1.16 ±1.58 ±1.30 

(34.37) (33.33) (40.62) (42.42) (48.48) (59.37) (65.62) 
30% ME 45.00 44.00 43.00 45.00 50.00 52.00 55.00 

±1.58 ±1.58 ±2.07 ±1.14 ±1.58 ±0.83 ±1.14 
(40.62) (33.33) (34.37) (36.36) (51.51) (62.50) (71.87) 

Note : Unit : % 

± : S.D. 

Figures in parentheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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STAGE VIII : 

The alterations of the lymphocyte count of tadpoles of stages VI to VIII 

were almost similar, therefore, changes in the lymphocyte count at stage VIII are 

reported here. The changes in the lymphocyte count are tabulated in Table No.17 

and are expressed graphically in Graph No.17. The changes in lymphocyte count 

are expressed as percentages of total cells observed. It is evident from the table 

and graph that the control tadpoles had a lymphocyte count in the range 32.0 % 

to 33.0 % . It is also clear that the mining effluents promoted a concentration 

dependent increase in the lymphocyte counts at almost all the exposure periods 

except twenty four hours where the lymphocyte count increased in accordance 

with the increase in ME concentrations for 0.01 % to 10.0 % ME only. 1.0 to 30.0 

% concentrations of ME promoted steady increase in lymphocyte count as the 

exposure period increased from twelve hours to one twenty hours. 

On exposure to 0.01 % ME the tadpoles exhibited a minimum of 6.25 % 

increase in lymphocyte count at the end of six and twenty four hours while a 

maximum of 34.0 % increase was shown at the end of one twenty hours. The 

lymphocyte count increased gradually from the end of twenty four hours to the 

end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the lymphocyte count was 

equivalent to 34.0 ± 0.54, 35.0 ± 0.83, 34.0 ± 1.3, 36.0 ± 0.70, 40.0 ± 1.0, 41.0 ± 1.30 

and 43.0 ± 0.83 % respectively. 

The exposure of tadpoles to 0.1 % ME promoted a minimum of 15.0 % 

increase in lymphocyte count at the end of ninety six and one twenty hours. The 
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lymphocyte count was equivalent to 37.0 ± 1.30, 40.0 ± 1.30, 38.0 ± 1.14, 40.0 ± 

0.83, 43.0 ± 1.0, 45.0 ± 1.34 and 45.0 ± 1.58 % at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a gradual increase 

in the lymphocyte count from the end of six hours to the end of one twenty hours 

and all these increases in lymphocyte counts were quite significant. A minimum 

of 21.0 % increase in lymphocyte count was observed at the end of six hours 

while a maximum of 56.0 % elevation was noticed at the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours,the lymphocyte count was equivalent to 39.0 ± 1.14, 41.0 ± 1.30, 40.0 

± 1.14, 43.0 ± 1.58, 44.0 ± 1.14, 47.0 ± 0.83 and 50.0 ± 1.14 `)/0 respectively. 

The tadpoles subjected to 5.0 % ME exhibited an exposure period 

dependent elevation in the lymphocyte count from the end of six hours to the end 

of one twenty hours. It is also interesting to note that the lymphocyte counts 

increased by 25.0 `)/0 to 56.0 % from the end of six hours to the end of one twenty 

hours. The lymphocyte count was equivalent to 40.0 ± 1.14, 42.0 ± 1.14, 41.0 ± 

1.30, 45.0 ± 0.83, 46.0 ± 1.14, 48.0 ± 1.58 and 50.0 ± 1.14 % at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When subjected to 10.0 % ME the tadpoles showed significant elevations in 

the lymphocyte counts at all the exposure periods. The elevations in lymphocyte 

counts ranged between 33.0 % to 65.0 %. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the lymphocyte count 
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Table No. 18 

The alterations in the lymphocyte counts 
of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 30.00 30.00 32.00 31.00 33.00 33.00 34.00 

±1.22 -i1.14 ±1.58 ±1.92 ±1.40 ±1.48 ±1.92 
0.01% ME 40.00 	41.00 42.00 49.00 46.00 44.00 48.00 

±1.58 	±1.14 ±1.30 ±2.30 ±1.58 ±2.40 ±2.88 
(33.33) 	(36.66) (31.25) (58.06) (39.39) (33.33) (41.17) 

0.1% ME. 47.00 	50.00 50.00 53.00 52.00 53.00 54.00 
±1.58 	±1.14 ±0.83 ±0.83 ±1.48 ±2.38 ±2.58 

(56.66) 	(66.66) (56.25) (70.96) (51.57) (60.60) (58.82) 
1% ME 53.00 	52.00 54.00 56.00 58.00 60.00 61.00 

±1.58 	±1.58 ±1.58 ±2.88 ±1.58 ±2.16 ±1.58 
(76.66) 	(73.33) (68.75) (80.64) (75.75) (81.81) (79.41) 

5% ME 55.00 	54.00 53.00 57.00 60.00 62.00 64.00 
±1.92 	±2.12 ±1.14 ±1.92 ±2.91 ±1.92 ±2.70 

(83.33) 	(80.0) (65.62) (83.87) (81.81) (87.87) (88.23) 
10% ME 56.00 	55.00 56.00 58.00 61.00 63.00 65.00 

±1.92 	±2.30 ±1.14 ±2.54 ±1.92 ±2.40 ±2.07 
(86.66) 	(83.33) (75.0) (87.09) (84.84) (90.90) (91.17) 

30% ME 57.00 	58.00 59.00 60.00 63.00 64.00 66.00 
±2.07 	±1.58 ±1.48 ±2.30 ±1.14 ±2.28 ±2.60 

(90.00) 	(93.33) (84.37) (93.54) (90.90) (93.93) (94.111 

Note Unit : % 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance ': 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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was equivalent to 43.0 ± 1.58, 44.0 ± 1.81, 45.0 ± 1.30, 47.0 ± 1.58, 49.0 ± 1.16, 51.0 ± 

1.58 and 53.0 ± 1.30 % respectively. 

The tadpoles exposed to 30.0 `)/0 ME exhibited very significant elevations in 

the lymphocyte counts at all the exposure periods. A minimum of 33.0 % 

increase was observed at the end of twelve hours while a maximum of 71.0 % 

elevations was noticed at the end of one twenty hours. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

lymphocyte count was equivalent to 45.0 ± 1.58, 44.0 ± 1.58, 43.0 ± 2.07, 45.0 ± 

1.14, 50.0 ± 1.58, 52.0 ± 0.83 and 55.0 ± 1.14 % respectively. 

STAGE XIV : 

The changes in the lymphocyte counts, under the influence of mining 

effluents, of tadpoles of stages IX to XIV were almost similar. Therefore, changes 

in lymphocyte count observed at a higher developmental stage like XIV are 

reported here. The changes in lymphocyte counts are expressed as percentages of 

total number of cells observed. 

The alterations in lymphocyte counts at Stage XIV are compiled in Table 

No. 18 and are presented graphically in Graph No. 18. It is seen from the table 

and graph that the control tadpoles had a lymphocyte count in the range of 30.0 

% to 34.0 %. The lymphocyte count of the control tadpoles was equivalent to 30.0 

± 1.22, 30.0 ± 1.14, 32.0 ± 1.58, 31.0 ± 1.92, 33.0 ± 1.40, 33.0 ± 1.48 and 34.0 ± 1.92 % 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. It is evident from the table and graph as well that the 

tadpoles exhibited ME concentration dependent elevations in the lymphocyte 
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count and all these elevations are very significant. It is also clear from both the 

table and graph that the lymphocyte counts fluctuated from the end of six hours 

to the end of one twenty hours under the influence of all the concentrations of 

ME. 

The tadpoles subjected to 0.01 % ME showed a significant elevation in the 

lymphocyte count at all the exposure periods but the increase in lymphocyte 

count fluctuated between 31.0 % to 58.0 %. At the end of forty eight hours, 

maximum of fifty eight % elevation in lymphocyte count was observed. The 

lymphocyte count was equivalent to 40.0 ± 1.58, 41.0 ± 1.14, 42.0 ± 1.30, 49.0 ± 

2.30, 46.0 ± 1.58, 44.0 ± 2.40 and 48.0 ± 2.88 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles exhibited very significant elevations 

in the lymphocyte count at all the exposure period. A minimum of 56.0 % 

increase in lymphocyte count was observed at the end of six and twenty four 

hours while a maximum of 70.0 % increase was noticed at the end of forty eight 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the lymphocyte count - equivalent to 47.0 ± 1.58, 50.0 ± 

1.14, 50.0 ± 0.83, 53.0 ± 0.83, 52.0 ± 1.48, 53.0 ± 2.38\ A4.0 ± 2.58 % respectively. 

Under the influence of 1.0 % ME the tadpoles showed pronounced 

encrements in the lymphocyte counts at all the exposure periods. The elevations 

in the lymphocyte counts ranged between 68.0 % and 81.0 %. The lymphocyte 

count was equivalent to 53.0 ± 1.58, 52.0 ± 1.58, 54.0 ± 1.58, 56.0 ± 2.88, 58.0 ± 1.58, 
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60.0 ± 2.16 and 61.0 ± 1.58 `)/0 at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted excessive increments in 

the lymphocyte count at all the exposure periods. The elevations in the 

lymphocyte count ranged between sixty five % and eighty eight %. The 

lymphocyte count was equivalent to 55.0 ± 1.92, 54.0 ± 2.12, 53.0 ± 1.14, 57.0 ± 

1.92, 60.0 ± 2.91, 62.0 ± 1.92 and 64.0 ± 2.70 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 10.0 `)/0 ME promoted profuse increase in the 

lymphocyte count at all the exposure periods and the elevations in the 

lymphocyte count varied between seventy five % to ninety one ` 3/0. The 

lymphocyte count of tadpoles was equivalent to 56.0 ± 1.92, 55.0 ± 2.30, 56.0 ± 

1.14, 58.0 ± 2.54, 61.0 ± 1.92, 63.0 ± 2.40 and 65.0 ± 2.07 % at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When the tadpoles were exposed to 30.0 % ME they showed exuberant 

elevations in the lymphocyte count at all the exposure periods the elevations in 

the lymphocyte count were highest (94 %) at the end of one twenty hours. The 

elevations in lymphocyte counts ranged between 84.0 ` )/0 and 94.0 %. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the lymphocyte count was equivalent to 57.0 ± 2.07, 58.0 ± 1.58, 59.0 ± 1.48, 

60.0 ± 2.30, 63.0 ± 1.14, 64.0 ± 2.28 and 66.0 ± 2.60 % respectively. 
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Table No. 19 

The alterations in the lymphocyte counts 
of the tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 32.00 

±1.51 
32.00 
±1.00 

32.00 
±1.36 

33.00 
±1.14 

33.00 
±1.58 

32.00 
±1.51 

33.00 
±1.92 

0.01% ME 45.00 47.00 48.00 50.00 46.00 43.00 40.00 
±2.40 ±2.40 ±2.88 ±2.73 ±1.92 ±2.58 ±2.58 

(40.62) (46.87) (50.0) (51.51) (39.39) (34.37) (21.21) 
0.1% ME -  49.00 48.00 50.00 53.00 55.00 57.00 53.00 

±2.38 ±2.30 ±2.73 ±2.07 ±2.23 ±2.86 ±3.03 
(53.12) (50.0) (56.25) (60.62) (66.66) (78.12) (60.60) 

1% ME 51.00 50.00 50.00 52.00 54.00 56.00 58.00 
±2.54 ±1.94 ±2.07 ±1.58 ±2.38 ±2.07 ±2.23 

(59.37) (56.25) (56.25) (57.57) (63.63) (75.0) (75.75) 
5% ME 55.00 57.00 56.00 59.00 60.00 62.00 61.00 

±3.16 ±2.23 ±2.23 ±2.07 ±2.07 ±2.40 ±2.30 
(71.87) (78.12) (56.0) (78.78) (81.81) (93.75) (84.84) 

10% ME 53.00 54.00 53.00 55.00 57.00 60.00 63.00 
±2.07 ±2.16 ±2.40 ±2.07 ±2.54 ±1.92 ±2.07 

(65.62) (68.75) (65.62) (66.66) (72.72) (87.5) (90.90) 
30% ME 64.00 55.00 56.00 57.00 58.00 59.00 62.00 

±5.12 ±2.07 ±1.92 ±1.92 ±2.86 ±3.56 ±2.30 
(100.0) (71.87) (75.0) (72.72) (75.75) (84.37) (87.87) 

Note : Unit : % 

± : S.D. 

Figures in parantheses : °A) variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.01 
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STAGE XVIII : 

The changes in lymphocyte counts under the influcence of mining 

effluents of tadpole of stages XV to XVIII were almost identical and did not differ 

significantly from one to other. Therefore, the alterations in the lymphocyte 

counts for Stage XVIII are described here. The lymphocyte counts are expressed 

as % of total number of cells observed. 

The changes in the lymphocyte counts of tadpoles (Stage XVIII) exposed to 

mining effluents are tabulated in Table No. 1.9 and presented graphically in 

Graph No. 19. From the table it is clear that the lymphocyte count of the control 

tadpoles varied from 32.0 and 33.0 %. The lymphocyte count of the control 

tadpoles was equivalent to 32.0 ± 1.51, 32.0 ± 1.0, 32.0 ± 1.36, 33.0 ± 1.58, 32.0 ± 

1.51 and 33.0 ± 1.92 % at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that ME concentrations from 

0.01 to 5.0 % induced concentration dependent elevations in the lymphocyte 

counts at the end of six, twelve and one twenty hours only. But mining effluents 

could induce quite significant elevations in the lymphocyte counts at all the 

exposure periods as well as for all the concentrations. A minimum of 20.0 % 

increase in lymphocyte count was promoted by 0.01 % ME at the end of one 

twenty hours while a maximum of 100 % elevation was induced by 30.0 % ME at 

the end of six hours. 

On exposure to 0.01 % ME the tadpoles exhibited a minimum of 20.0 % 

increase in lymphocyte count at the end of one twenty hours while a maximum of 
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51.0 % elevation was shown at the end of forty eight hours. The elevation of 

lymphocyte count varied between 21.0 `)/0 and 51.0 %. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

lymphocyte count was equivalent to 45.0 ± 2.40, 47.0 ± 2.40, 48.0 ± 2.88, 50.0 ± 

2.73, 46.0 ± 1.92, 43.0 ± 2.58 and 40.0 ± 2.58 % respectively. 

Under the influence of 0.1 `)/0 ME the tadpoles showed a significant increase 

in the lymphocyte count at all the exposure periods especially the lymphocyte 

count increased successively from the end of twelve hours to the end of ninety 

six hours. A minimum of 50.0 % increase was observed at the end of twelve 

hours and a maximum of 78.0 % increase was found at the end of ninety six 

hours. Thus, at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the lymphocyte count of the tadpoles was 

equivalent to 49.0 ± 2.38, 48.0 ± 2.30, 50.0 ± 2.73, 53.0 ± 2.07, 55.0 ± 2.23, 57.0 ± 2.86 

and 53.0 ± 3.03 % respectively. 

When exposed to 1.0 % ME the tadpoles showed very significant 

elevations in the lymphocyte counts at all the exposure periods. A minimum of 

56.0 % elevations in lymphocyte count was observed at the end of twelve and 

twenty four hours while a maximum of 75.0 % increase was noted at the end of 

ninety six an one twenty hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the lymphocyte count was 

equivalent to 51.0 ± 2.54, 50.0 ± 1.94, 50.0 ± 2.07, 52.0 ± 1.58, 54.0 ± 2.38, 56.0 ± 2.07 

and 58.0 ± 2.23 `)/0 respectively. 
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The exposure of tadpoles to 5.0 % ME promoted exuberant increase in the 

lymphocyte count at all the exposure periods. The lymphocyte count kept on 

elevating gradually from the end of forty eight hours to the end of ninety six 

hours to drop a little at the end of one twenty hours. A maximum of 93.0 % 

increase in the lymphocyte count was observed at the end of ninety six hours. 

The lymphocyte count was equivalent to 55.0 ± 3.16, 57.0 ± 2.23, 56.0 ± 2.23, 59.0 ± 

2.07, 60.0 ± 2.07, 62.0 ± 2.40 and 61.0 ± 3.20 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 10.0 % ME exhibited profuse elevations in 

lymphocyte count at different exposure periods. The elevation in the lymphocyte 

count was about 65.0 % at the end of twenty four hours and thereafter it , 

increased gradually to 90.0 % at the end of one twenty hours. The lymphocyte 

count was equivalent to 53.0 ± 2.07, 54.0 ± 2.16, 53.0 ± 2.4, 55.0 ± 2.07, 57.0 ± 2.54, 

60.0 ± 1.92 and 63.0 ± 2.07 % at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 `)/0 ME the tadpoles exhibited tremendous rise 

in lymphocyte count at all the exposure periods especially a 100 % rise in 

lymphocyte count was seen at the end of six hours but thereafter the lymphocyte 

count fluctuated. However, the elevation in lymphocyte count was maintained 

above 70.0 %. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the lymphocyte count was equivalent to 64.0 ± 

5.12, 55.0 ± 2.07, 56.0 ± 1.92, 57.0 ± 1.92, 58.0 ± 2.86, 59.0 ± 3.56 and 62.0 ± 3.20 % 

respectively. 
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STAGE XXII : 

The changes in lymphocyte count under the influence of mining effluents 

of the tadpoles of stages XIX to XXII were identical, therefore the alterations in 

lymphocyte count observed for Stage XXII are presented here. 

The changes in lymphocyte count, under the influence of mining effluents 

(ME) at Stage XXII are compiled in Table No. 20 and are expressed graphically in 

Graph No. 20. The lymphocyte counts are expressed as `)/0 of total cells observed. 

It is evident from the table and graph that the control tadpoles had lymphocyte 

count equivalent to about 28.0 % from the end of six hours to the end of seventy 

two hours and thereafter it elevated to about 29.0 %. Thus, the lymphocyte count 

of the control tadpoles was equivalent to 28.0 ± 2.38, 28.0 ± 1.14, 28.0 ± 1.14, 28.0 ± 

0.83, 28.0 ± 0.83, 29.0 ± 2.38 and 29.0 ± 2.91 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. The 

Table No. 20 and Graph No. 20 also reveal that mining effluents could not induce 

concentration dependent and exposure period dependent changes in the 

lymphocyte counts of tadpoles. The lymphocyte count reduced by about 3.57 % 

at the end of twenty four hours under the influence of 0.01 % ME while it 

elevated hundred % at the end of seventy two hours under the influence of 30.0 % 

ME. 

When subjected to 0.01 % ME, the tadpoles exhibited a reduction of 

lymphocyte count by 3.57 % at the end of twenty four hours while it increased by 

48.0 % at the end of ninety six hours. The lymphocyte count was equivalent to 

32.0 ± 3.49, 30.0 ± 1.67, 27.0 ± 2.07, 30.0 ± 2.40, 30.0 ± 3.03, 43.0 ± 2.30 and 34.0 ± 
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Table No. 20 

The alterations of the lymphocyte counts 
of the tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 28.00 28.00 28.00 28.00 28.00 29.00 29.00 

±2.38 ±1.14 ±1.14 ±0.83 ±0.83 ±2.38 ±2.91 
0.01% ME 32.00 30.00 27.00 30.00 30.00 43.00 34.00 

±3.49 ±1.67 ±2.07 ±2.40 ±3.03 ±2.30 ±4.81 
(14.28) (7.14) (-3.57) (7.14) (7.14) (65.51) (17.24) 

0.1% ME 42.00 38.00 34.00 41.00 32.00 38.00 40.00 
±1.30 ±1.14 ±1.58 ±1.87 ±1.58 ±2.38 ±3.11 
(50.0) (35.71) (21.42) (46.42) (14.28) (31.03) (37.93) 

1% ME 39.00 37.00 40.00 39.00 37.00 40.00 43.00 
±1.58 ±2.70 ±2.07 ±3.53 ±2.40 ±2.88 ±2.40 

(39.28) (32.14) (42.85) (39.28) (32.14) (37.93) (48.27) 
5% ME 36.00 34.00 36.00 38.00 37.00 39.00 38.00 

±1.92 ±2.07 ±2.58 ±2.12 ±2.48 ±2.40 ±1.78 
(28.57) (21.42) (28.57) (35.71) (32.14) (34.48) (31.03) 

10% ME 43.00 44.00 45.00 47.00 50.00 55.00 56.00 
±4.66 ±4.77 ±3.70 ±3.56 ±2.54 ±3.36 ±2.40 

(53.57) (57.14) (60.71) (67.85) (78.57) (89.65) (93.10) 
30% ME 50.00 51.00 52.00 53.00 56.00 55.00 57.00 

±1.92 ±2.30 ±2.40 ±3.16 ±1.92 ±2.88 ±1.92 
(78.57) (82.14) (85.70) (89.28) (100.0) (89.65) (96.55) 

Note : Unit : % 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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4.81 % at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME produced significant increase in 

lymphocyte count and the increase in lymphocyte count ranged between 14.0 % 

to 50.0 %. A maximum of 50.0 % increase in lymphocyte count was observed at 

the end of six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the lymphocyte count was equivalent to 

42.0 ± 1.30, 38.0 ± 1.14, 34.0 ± 1.58, 41.0 ± 1.87, 32.0 ± 1.58, 38.0 ± 2.38 and 40.0 ± 

3.11 % respectively. 

The tadpoles subjected to 1.0 `)/0 ME showed significant and fluctuating 

elevations in the lymphocyte counts. A maximum of 48.0 % increase in 

lymphocyte count was observed at the end of one twenty hours while a minimum , 

of 32.0 % increase was noticed at the end of twelve and seventy two hours. The 

lymphocyte count was equivalent to 39.0 ± 1.58, 37.0 ± 2.70, 40.0 ± 2.07, 39.0 ± 

3.53, 37.0 ± 2.40, 40.0 ± 2.88 and 43.0 ± 2.40 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 % ME the lymphocyte count elevated 

significantly. A minimum of 21.0 % increase in lymphocyte count was observed 

at the end of twelve hours while a maximum of 35.0 % increase was noticed at the 

end of forty eight hours. The lymphocyte count of the tadpoles was equivalent to 

36.0 ± 1.92, 34.0 ± 2.07, 36.0 ± 2.58, 38.0 ± 2.12, 37.0 ± 2.48, 39.0 ± 2.40 and 38.0 ± 

1.78 % at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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The exposure of tadpoles to 10.0 % ME produced profound elevations in 

the lymphocyte count for all the exposure periods. It is apparent that 10.0 % ME 

induced chronic alterations in the lymphocyte count. A minimum of 53.0 % 

elevation in lymphocyte count was introduced at the end of six hours while a 

maximum of 93.0 % increase was promoted at the end of one twenty hours. The 

lymphocyte count was equivalent to 43.0 ± 4.66, 44.0 ± 4.77. 45.0 ± 3.70, 47.0 ± 

3.56, 50.0 ± 2.54, 55.0 ± 3.36 and 56.0 ± 2.40 `)/0 at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 30.0 % ME showed exuberant elevations in the 

lymphocyte count at all the exposure periods. A minimum of 78.0 % increase in 

lymphocyte count was observed at the end of six hours and subsequently the 

lymphocyte count went on increasing to reach a 100 % elevation at the end of 

seventy two hours. Thereafter, the lymphocyte count dropped at the end of 

ninety six hours to elevate once again at the end of one twenty hours. The 

lymphocyte count was equivalent to 50.0 ± 1.92, 51.0 ± 2.30, 52.0 ± 2.40, 53.0 ± 

3.16, 56.0 ± 1.92, 55.0 ± 2.88 and 57.0 ± 1.92 % at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

E) NEUTROPHILS : 

The changes in the neutrophil count, under the influence of mining 

effluents, of tadpoles of stages I To V were almost identical. Therefore, changes 

in the neutrophil counts observed in Stage V under the influence of mining 

effluents are reported here. The neutrophil counts are expressed as % of cells 

observed. 
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Table No. 21 

The alterations in the neutrophil count 
of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 66.00 66.00 66.00 66.0 67.00 67.00 67.00 

±2.50 ±1.14 ± 2.16 ± 2.07 ± 2.23 ± 2.38 ±2.88 
0.01% ME 64.00 65.00 64.00 61.00 59.00 57.00 56.00 

±1.92 ±1.58 ± 2.58 ± 1.64 ± 1.14 ± 3.53 #1.94 
(-3.03) (-1.51) (- 3.03) (- 7.57) (- 11.94) (- 14.92) (- 16.41) 

0.1% ME 60.00 62.00 63.00 59.00 58.00 56.00 54.00 
±1.78 ±2.38 ± 1.92 ± 2.07 ± 2.86 ± 2.73 ±2.88 

(-9.09) (-6.06) (- 4.54) (- 10.60) (- 13.43) (- 16.41) (- 19.40) 
1% ME 59.00 60.00 61.00 57.00 55.00 51.00 47.00 

±1.58 ±2.86 ± 1.94 ± 2.07 ± 2.38 ± 3.64 t2.91 
(-10.60) (-9.09) (- 7.57) (- 13.63) (- 17.91) (- 23.88) (- 29.85) 

5% ME 57.00 58.00 57.00 54.00 50.00 48.00 46.00 
±2.73 ± 1.58 ± 2.70 ± 2.40 ± 2.07 ± 2.23 ±1.92 

(-13.63) (- 12.12) (- 13.63) (- 18.18) (- 25.37) (- 28.35) (- 31.34) 
10% ME 53.00 54.00 55.00 52.00 47.00 45.00 43.00 

±2.38 ± 2.70 ± 2.07 ± 2.23 ± 2.23 ±4.20 ±3.16 
(-19.69) (- 18.18) (- 16.66) (- 21.21) (- 29.85) (- 32.83) (- 35.82) 

30% ME 51.00 52.00 51.00 50.00 46.00 44.00 40.00 
±2.16 ± 2.00 ± 3.56 ± 1.51 ± 2.96 ±2.73 ±1.58 

(-22.72) (- 21.21) (- 22.72) (- 24.24) (- 31.34) (- 34.32) (- 40.24) 

Note : Unit : % 

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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STAGE V : 

The alterations in the neutrophil counts under the influence of mining 

effluents (ME) are compiled in Table No. 21 and are presented graphically in 

Graph No. 21. It is evident from the table and graph that the control tadpoles had 

neutrophil count equivalent to 66.0 % from the end of six hours to the end of forty 

eight hours and thereafter it raised marginally to reach 67.0 % from the end of 

seventy two hours to the end of one twenty hours. It could also be noted from 

the table and graph that the mining effluents induced concentration dependent 

reduction in the neutrophil counts of the tadpoles at all the exposure periods. 

While it induced exposure period dependent decreases in neutrophil counts from 

the end of twenty four hours to the end of one twenty hours. A minimum of 1.0 

% reduction was induced by 0.01 % ME at the end of twelve hours while a 

maximum of 40.0 % reduction was promoted by 30.0 % ME at the end of one 

twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited a minimum of 1.0 % 

reduction in neutrophil count at the end of twelve hours while a maximum of 

16.0 % reduction was introduced at the end of one twenty hours. The neutrophil 

count was equivalent to 64.0 ± 1.92, 65.0 ± 1.58, 64.0 ± 2.58, 61.0 ± 1.64•59.0 ± 1.14, 

57.0 ± 3.33 and 56.0 ± 1.94 % at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME produced a minimum of 4.0 % 

decline in neutrophil count at the end of twenty four hours while about 19.0 

decrease was promoted at the end of one twenty hours. It appears that the 
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neutrophil count declined successively from the end of twenty four hours to the 

end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the neutrophil count was 

equivalent to 60.0 ± 1.78, 62.0 ± 2.38, 63.0 ± 1.92, 59.0 ± 2.07, 58.0 ± 2.86, 56.0 ± 2.73 

and 54.0 ± 2.88 % respectively. 

Under the influence of 1.0 % ME the neutrophil count declined gradually 

from the end of twenty four hours onwards. A minimum of 7.0 % reduction of 

neutrophil count was observed at the end of twenty four hours while a maximum 

of 29.0 % decrease could be seen at the end of one twenty hours. The neutrophil 

count was equivalent to 59.0 ± 1.58, 60.0 ± 2.86, 61.0 ± 1.94, 57.0 ± 2.07, 55.0 ± 2.38, 

51.0 ± 3.64 and 47.0 ± 2.91 % at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited a minimum of 12.0 % 

reduction of neutrophil count at the end of twelve hours and thereafter the 

neutrophil count continued to reduce successively to reach a maximum reduction 

of 31.0 % at the end of one twenty hours. The neutrophil count was equivalent to 

57.02 ± 2.73, 58.0 ± 1.58, 57.0 ± 2.70, 54.0 ± 2.40, 50.0 ± 2.07, 48.0 ± 2.23 and 46.0 ± 

1.92 `)/0 at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

When exposed to 10.0 `)/0 ME the neutrophil count of the tadpoles reduced 

by a minimum of 16.0 % at the end of twenty fours hours and subsequently it 

continued to reduce up to the end of one twenty hours. By the end of one twenty 

hours a reduction in neutrophil count was equal to 35.0 %. At the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

neutrophil count was equivalent to 53.0 ± 2.38, 54.0 ± 2.70, 55.0 ± 2.07, 52.0 ± 2.23, 

47.0 ± 2.23, 45.0 ± 4.20 and 43.0 ± 3.16 % respectively. 

After exposure to 30.0 % ME the tadpoles showed quite significant 

reductions in the neutrophil counts. A minimum of 21.0 % reduction of 

neutrophil count was noticed at the end of twelve hours while a maximum of 

40.0 % decrease was observed at the end of one twenty hours. The neutrophil 

count was equivalent to 51.0 ± 2.16, 52.0 ± 2.0, 51.0 ± 1.51, 46.0 ± 2.96, 44.0 ± 2.73 

and 40.0 ± 1.58 at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE VIII : 

The changes in the neutrophil counts under the influence of mining 

effluents of tadpoles of stages VI to VIII were similar. Therefore, the alterations 

in the neutrophil counts under the influence of mining effluents (ME) for Stage 

VIII are reported here as it is a higher developmental stage as compared to Stages 

VI and VII. The alterations in the neutrophil counts are tabulated in Table No. 22 

and are expressed graphically in Graph No. 22. It is evident from the table and 

graph that the neutrophil counts of the control tadpole ranged between 67 and 68 

%. The neutrophil count of the control tadpoles was 68.0 ± 2.45, 67.0 ± 1.14, 68.0 ± 

1.30, 67.0 ± 1.58, 67.0 ± 1.67, 68.0 ± 1.30 and 68.0 ± 1.58 % at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Table No. 22 

The alterations in the neutrophil count 
of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs - 	72 Hrs 96 Hrs 120 Hrs 
Control 68.00 

±2.45 
67.00 
±1.14 

68.00 
±1.30 

67.00 
±1.58 

67.00 
±1.67 

68.00 
±1.30 

68.00 
±1.58 

0.01% ME 66.00 
±1.14 

65.00 
±0.83 

66.00 
±0.83 

64.00 
±- 4.47 

60.00 
±1.92 

59.00 
±1.30 

57.00 
±1.67 

(- 2.94) (- 2.98) (- 2.94) (1.14) '(- 10.44) (- 13.23) (- 16.17) 
0.1% ME 63.00 60.00 62.00 60.00 57.00 55.00 55.00 

±1.30 ±1.58 ±1.14 ±1.58 ±2.09 ±1.58 ±1.30 
(- 7.35) (- 10.44) (- 8.82) (- 10.44) (- 14.92) (- 19.11) (- 11.11) 

1% ME 61.00 	59.00 60.00 57.00 56.00 53.00 50.00 
±1.58 	±1.67 ±1.58 ±- 14.92 ±1.14 ±1.14 ±0.83 

(- 10.29) (- 11.94) (- 11.76) (1.14) (- 16.41) (- 22.05) (- 26.47) 
5% ME 60.00 	58.00 59.00 55.00 54.00 52.00 50.00 

±1.30 	±1.30 ±0.83 ±- 17.91 ±1.58 ±1.58 ±0.83 
(- 11.76) (- 13.43) (- 13.23) (1.87) (- 19.40) (- 23.52) (- 26.47) 

10% ME 57.00 	56.00 55.00 53.00 51.00 49.00 47.00 
±1.30 	±0.83 ±1.14 ±1.58 ±1.58 ±1.14 ±1.58 

(- 16.17) (- 16.41) (- 19.11) (- 20.89) (- 23.88) (- 27.94) (- 30.88) 
30% ME 55.00 	56.00 57.00 55.00 50.00 48.00 45.00 

±2.07 	±0.83 ±1.14 ±- 17.91 ±1.30 ±0.83 ±0.83 
(- 19.111 (- 16.41) (- 16.17) (1.30) (- 25.37) (- 39.41) (- 33.82) 

Note : Unit : % 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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, From the table and graph it is also obvious that the mining effluents 

induced moreover a concentration dependent reductions in the neutrophil counts 

barring a few exceptions. It is also clear that ME induced successive declines in 

the neutrophil counts from the end of twenty four hours onwards. A minimum 

of 2.0 `)/0 decline of neutrophil count was induced by 0.01 % ME at the end of six, 

twelve and twenty four hours while a maximum of 33.0 % reduction was 

promoted by 30.0 % ME at the end of one twenty hours. It is also noted that the 

alterations of neutrophil counts promoted by 1.0 `)/0 to 30.0 % ME were significant 

at all the exposure periods. 

The tadpoles treated with 0.01 `)/0 ME showed a minimum of 2 % reduction 

in the neutrophil count at the end of six, twelve and twenty four hours while at 

the end of one twenty hours a maximum of sixteen % decrease in neutrophil 

count was observed. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the neutrophil count was equivalent to 66.0 

± 1.14, 65.0 ± 0.83, 66.0 ± 0.83, 64.0 ± 1.14, 60.0 ± 1.92, 59.0 ± 1.30 and 57.0 ± 1.67 % 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted a minimum of 7.0 % 

reduction in the neutrophil count at the end of six hours and a maximum of 19.0 

% reduction was induced at the end of ninety six and one twenty hours. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the neutrophil count was equivalent to 63.0 ± 1.30, 60.0 ± 1.58, 62.0 ± 

1.14, 60.0 ± 1.58, 57.0 ± 2.09, 55.0 ± 1.58 and 55.0 ± 1.30 % respectively. 
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Under the influence of 1.0 `)/0 ME significant reductions in the neutrophil 

counts were observed at all the exposure periods. A minimum of 10.0 % decrease 

was noted at the end of six hours while a maximum of 26.0 % decline in 

neutrophil count was seen at the end of one twenty hours. The neutrophil count 

was equivalent to 61.0 ± 1.58, 59.0 ± 1.67, 60.0 ± 1.58, 57.0 ± 1.14, 56.0 ± 1.14, 53.0 ± 

1.14 and 50.0 ± 0.83 `)/0 at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME tadpoles demonstrated a significant decline in 

neutrophil counts from the end of six hours to the end of one twenty hours. The 

neutrophil count decreased by 11.0 % at the end of six hours and continued to 

decline progressively up to the end of one twenty hours to reach a decline of 26.0 

%. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours the neutrophil count was equivalent to 60.0 ± 1.30, 58.0 ± 1.30, 

59.0 ± 0.83, 55.0 ± 1.87, 54.0 ± 1.58, 52.0 ± 1.58 and 50.0 ± 0.83 % respectively. 

After the exposure of tadpoles to 10.0 % ME significant reductions in 

neutrophil counts were observed from the end of six hours to the end of one 

twenty hours and reductions in neutrophil counts ranged between sixteen % to 

thirty %. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours the neutrophil count was equivalent to 57.0 ± 1.30, 56.0 

± 0.83, 55.0 ± 1.14, 53.0 ± 1.58, 51.0 ± 1.58, 49.0 ± 1.14 and 47.0 ± 1.58 % 

respectively. 

When exposed to 30.0 % ME the tadpoles exhibited quite significant 

declines in neutrophil counts from the end of six hours to the end of one twenty 
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hours. A minimum of 19.0 % reduction in neutrophil counts was seen at the end 

of six hours and the decline of neutrophil counts progressed continuously to 

reach a maximum of 33.0 % at the end of one twenty hours. The neutrophil count 

was equivalent to 55.0 ± 2.07, 56.0 ± 0.83, 57.0 ± 1.14, 55.0 ± 1.30, 50.0 ± 1.30, 48.0 ± 

0.83 and 45.0 ± 0.83 % at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The alterations in neutrophil counts, under the influence of mining 

effluents (ME), for tadpole stages IX to XIV were almost identical and they did 

not differ significantly. Therefore, changes in neutrophil counts observed at 

Stage XIV are given here as a representative of Stages IX to XIV. The alterations 

in the neutrophil counts of Stage XIV are compiled in Table No. 23 and are 

presented graphically in Graph No. 23. It is evident from the graph and table that 

the neutrophil count of the control tadpoles ranged between 66.0 and 70.0 %. The 

neutrophil count of the control tadpoles was equivalent to 70.0 ± 2.38, 70.0 ± 1.14, 

68.0 ± 1.51, 69.0 ± 1.48, 67.0 ± 0.83, 67.0 ± 1.34 and 66.0 ± 1.51 % at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. Also, it is seen from the table and graph that all the concentrations 

of mining effluents (ME) induced significant reductions in the neutrophil counts 

at all the exposure periods. Mining effluents could induce concentration 

dependent reductions in neutrophil counts at all the exposure periods except at 

the end of twenty four hours under the influence of 5.0 % ME. It is also clear 

from the table and graph that ME could not promote exposure period dependent 
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Table No. 23 

The alterations in the neutrophil count 
of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 70.00 

±2.38 
70.00 

± 1.14 
68.00 
±1.51 

69.00 
±13.48 

67.00 
±0.83 

67.00 
±1.34 

66.00 
±1.51 

0.01% ME 60.00 
±1.64 

59.00 
±1.14 

58.00 
±2.07 

51.00 
±1.14 

54.00 
±1.58 

56.00 
±1.14 

52.00 
±1.34 

(- 14.28) (-15.71) (-14.7) (-26.08) (-19.4) (-16.41) (-21.21) 
0.1% ME. 53.00 50.00 50.00 47.00 48.00 47.00 46.00 

± 1.90 ±1.58 ±1.58 ±0.83 ±1.14 ±1.92 ±1.67 
(- 24.28) (-28.57) (-26.47) (-31.88) (-28.35) (-29.85) (-30.3) 

1% ME 47.00 48.00 46.00 44.00 42.00 40.00 39.00 
± 1.14 ±1.14 ±2.88 ±1.92 ±1.48 ±1.58 ±2.07 

(- 32.85) (-31.42) (-32.35) (-36.23) (-37.31) (-40.29) (-40.9) 
5% ME 45.00 46.00 47.00 43.00 40.00 38.00 36.00 

± 1.92 ±1.58 ±1.58 ±2.07 ±2.07 ±1.58 ±1.58 
(- 35.71) (-34.28) (-30.88) (-37.69) (-40.29) (-43.28) (-45.45) 

10% ME 44.00 45.00 44.00 42.00 39.00 37.00 35.00 
± 1.48 ±1.48 ±1.58 ±2.07 ±1.00 ±1.20 ±1.92 

(- 37.14) (-35.71) (-35.29) (-39.13) (-41.79) (-44.77) (-46.96) 
30°/0 ME 43.00 42.00 41.00 40.00 37.00 36.00 34.00 

± 2.40 ±1.48 ±2.07 ±1.58 ±1.14 ±1.14 ±0.83 
(- 38.57) (-40.0) (-39.7) (-42.02) (-44.77) (-46.26) (-48.48) 

Note : Unit : 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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decrements in neutrophil counts. A minimum of 14.0 % decrease in neutrophil 

count was observed at the end of six and twelve hours under the influence of 0.01 

ME while a maximum of 48.0 % reduction of neutrophil counts was promoted 

at the end of one twenty hours under the influence of 30.0 % ME. 

The tadpoles subjected to 0.01 % ME showed significant reductions in the 

neutrophil counts at all the exposure periods. A minimum of 14.0 % decrement 

of neutrophil count was found at the end of six and twenty four hours while a 

maximum of 26.0 % decrease was noted at the end of forty eight hours. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the neutrophil count was equivalent to 60.0 ± 1.64, 59.0 ± 1.14, 58.0 ± 

2.07, 51.0 ± 1.14, 54.0 ± 1.58, 56.0 ± 1.14 and 52.0 ± 1.34 % respectively. 

On exposure to 0.1 % ME significant decrements were observed in the 

neutrophil counts of the tadpoles at all the exposure periods. The reductions in 

neutrophil counts ranged between 24.0 to 31.0 %. The neutrophil count was 

equivalent to 53.0 ± 1.92, 50.0 ± 1.58, 50.0 ± 1.58, 47.0 ± 0.83, 48.0 ± 1.14, 47.0 ± 1.92 

and 46.0 ± 1.67 % at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure to 1.0 % ME produced quite significant reductions of the 

neutrophil counts of the tadpoles at all the exposure periods. The reductions of 

the neutrophil counts ranged between 31.0 % to 40.0 %. The neutrophil count 

was equivalent to 47.0 ± 1.14, 48.0 ± 1.14, 46.0 ± 2.88, 44.0 ± 1.92, 42.0 ± 1.48, 40.0 ± 

1.58 and 39.0 ± 2.07 % at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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When exposed to 5.0 % ME very significant decrements of the neutrophil 

counts of tadpoles were observed at all the exposure periods. A minimum of 30.0 

% reduction of the neutrophil count was observed at the end of twenty four hours 

while a maximum of 45.0 % decrease of neutrophil counts was noted at the end of 

one twenty hours . The neutrophil count of the tadpoles was equivalent to 45.0 

1.92, 46.0 ± 1.58, 47.0 ± 1.58, 43.0 ± 2.07, 40.0 ± 2.07, 38.0 ± 1.58 and 36.0 ± 1.58 % at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The exposure of tadpoles to 10.0 % ME promoted significant reductions in 

the neutrophil counts at all the exposure periods. The reductions of the 

neutrophil counts ranged between 35.0 % and 46.0 % . A minimum of 35.0 % 

decrement of the neutrophil counts was induced at the end of twelve and twenty 

four hours while a maximum decrease was introduced at the end of one twenty 

hours. The neutrophil count was equivalent to 44.0 ± 1.48, 45.0 ± 1.48, 44.0 ± 1.58, 

42.0 ± 2.07, 39.0 ± 1.0, 37.0 ± 1.20 and 35.0 ± 1.92 % at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 30.0 % ME the tadpoles exhibited pronounced 

decrements in the neutrophil counts at all the exposure periods. The decrements 

in the neutrophil counts ranged between 38.0 % and 48.0 %. The neutrophil 

counts were equivalent to 43.00 ± 2.40, 42.0 ± 1.48, 41.0 ± 2.07, 40.0 ± 1.58, 37.0 ± 

1.14, 36.0 ± 1.14 and 34.0 ± 0.83 % at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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STAGE - XVIII : 

The alterations in the neutrophil counts under the influence of mining 

effluents for tadpole stages XV to XVIII were almost similar. Therefore, the 

changes in neutrophil count obtained for Stage XVIII are reported here as 

representative of Stages from XV to XVIII. The changes in the neutrophil count 

are expressed as % cells observed. The changes in the neutrophil count at Stage 

XVIII under the influence of mining effluents are compiled in Table No. 24 and 

are graphically expressed in Graph No. 24. It is clear from the table and graph 

that the neutrophil counts of the control tadpoles ranged between 67.0 and 68.0 

%. The neutrophil counts of the control tadpoles were equivalent to 68.0 ± 1.48, 

68.0 ± 1.14, 68.0 ± 1.14, 67.0 ± 1.92, 67.0 ± 2.23, 68.0 ± 3.16 and 67.0 ± 2.23 % at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. It is also evident from the table and graph that all the 

concentrations of mining effluents promoted significant decrements in the 

neutrophil counts at all the exposure periods. It is also clear that ME 

concentrations like 0.01 % to 5.0 % induced concentration dependent reductions 

in neutrophil counts from the end of six hours to the end of twenty four hours 

only, while at the end of one twenty hours ME concentrations ranging from 0.01 

% to 10.0 % promoted concentration dependent decrements in neutrophil counts. 

Only 30.0 % ME could induce nearly exposure period dependent reductions in 

neutrophil counts. 

The exposure of tadpoles to 0.01 % ME induced significant reductions in 

the neutrophil counts, however the reductions in the neutrophil counts were not 
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Table No. 24 

The alterations in the neutrophil count 
of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 68 

±1.48 
68 

±1.14 
68 

±1.14 
67 

±1.92 
67 

±2.23 
68 

±3.16 
67 

±2.23 
0.01% ME 55 53 52 50 54 57 60 

±2.54 ±3.84 ±2.23 ±2.23 ±1.92 ±2.28 ±3.19 
(-19.19) (-22.05) (-23.52) (-25.37) (-19.4) (-16.17) (-10.44) 

0.1% ME 51 52 50 47 45 43 47 
±2.88 ±3.57 ±2.77 ±2.23 ±3.16 ±2.23 ±2.38 

(-25.0) (-23.52) (-26.47) (-29.85) (-32.83) (-36.76) (-29.85) 
1% ME 49 50 50 48 46 44 42 

±3.34 ±3.5 ±2.40 ±2.26 ±5.76 ±4.12 ±5.50 
(-27.94) (-26.47) (-26.47) (-28.35) (-31.34) (-35.29) (-37.31) 

5% ME 45 43 44 41 40 38 39 
±1.92 ±3.16 ±1.58 ±5.40 ±3.19 ±3.03 ±3.97 

(-33.82) (-36.76) (-35.29) (-38.8) (-40.29) (-44.11) (-41.79) 
10% ME 47 46 47 45 43 40 37 

±1.58 ±2.96 ±3.03 ±3.34 ±3.64 ±3.89 ±5.47 
(-30.88) (-32.35) (-30.88) (-32.83) (-35.82) (-41.17) (-44.77) 

30% ME 46 45 44 43 42 41 38 
±1.14 ±3.57 ±3.39 ±3.16 ±4.38 ±4.14 ±3.19 

(-32.35) (-33.82) (-35.29) (-35.82) (-37.31) (-39.7) (-43.281 

Note : Unit : 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 

off 3 G 
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exposure period dependent. A minimum of 10.0 % decrease in neutrophil count 

was observed at the end of one twenty hours while a maximum of 25.0 `)/0 

reduction was noted at the end of forty eight hours. Thus, neutrophil count was 

equivalent to 55.0 ± 2.54, 53.0 ± 3.84, 52.0 ± 2.23, 50.0 ± 2.23, 54.0 ± 1.92, 57.0 ± 2.28 

and 60.0 ± 3.19 % at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

When exposed to 0.1 % ME the tadpoles showed significant decrements in 

the neutrophil counts but the decrements were not exposure period dependent. 

A minimum of 23.0 % decrease in neutrophil count was observed at the end of 

twelve hours while a maximum of 36.0 % reduction of neutrophil count was 

noted at the end of ninety six hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the neutrophil count was 

equivalent to 51.0 ± 2.28, 52.0 ± 3.57, 50.0 ± 2.77, 47.0 ± 2.23, 45.0 ± 3.16, 43.0 ± 2.23 

and 47.0 ± 2.38 `)/0 respectively. 

The treatment of tadpoles with 1.0 % ME promoted significant decreases in 

the neutrophil counts and the decrements did not show a perfect exposure period 

dependency. A minimum of 26.0 % decrement in neutrophil count was observed 

at the end of twelve and twenty four hours while a maximum of 37.0 % decrease 

in neutrophil counts was seen at the end of one twenty hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

neutrophil counts were equivalent .to 49.0 ± 3.34, 50.0 ± 3.50, 50.0 ± 2.40, 48.0 ± 

2.26, 46.0 ± 5.76, 44.0 ± 4.12 and 42.0 ± 5.50 % respectively. 
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Under the influence of 5.0 % ME the tadpoles showed very significant 

reductions in the neutrophil counts at all the exposure periods. The reductions in 

the neutrophil counts were not exposure period dependent. A minimum of 33.0 

% reduction in neutrophil count was observed at the end of six hours while a 

maximum of about 44.0 % reduction of neutrophil count was seen at the end of 

ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the neutrophil count was equivalent to 45.0 ± 

1.92, 43.0 ± 3.16, 44.0 ± 1.58, 41.0 5.40, 40.0 ± 3.19, 38.0 ± 3.03 and 39.0 ± 3.97 % 

respectively. 

The tadpoles subjected to 10.0 % ME showed significant reductions in the 

neutrophil counts at all the exposure periods. A minimum of 30.0 % reduction in 

neutrophil count was noticed at the end of six and twenty four hours while a 

maximum of 44.0 % decrement of neutrophil count was obtained at the end of 

one twenty hours. The neutrophil count was equivalent to 47.0 ± 1.58, 46.0 ± 2.96, 

47.0 ± 3.03, 45.0 ± 3.34, 43.0 ± 3.64, 40.0 ± 3.89 and 37.0 ± 5.47 % at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles exposed to 30.0 % ME exhibited significant decreases in 

neutrophil counts and the reductions in neutrophil counts ranged between 32.0 % 

and 43.0 %. A somewhat exposure period dependent decrements in neutrophil 

counts were noticed from the end of six hours to the end of one twenty hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

208 



twenty hours the neutrophil count was equivalent to 46.0 ± 1.14, 45.0 ± 3.57, 44.0 ± 

3.39, 43.0 ± 3.16, 42.0 ± 4.38, 41.0 ± 4.14 and 38.0 ± 3.19 % respectively. 

STAGE XXII : 

The changes in the neutrophil counts under the influence of mining 

effluents for tadpole stages XIX to XXII were almost identical and wherever 

minor differences were noticed they remained statistically insignificant. 

Therefore, changes in the neutrophil counts under e influence of mining 

effluents for Stage XXII are described here as 

metamorphic stage but also could be treated as a re -

XXII. The neutrophil counts are expressed as % cells 

The alterations in the neutrophil counts of tad 

.is rink only ai advanced 

resentative of Stages XIX to 

lbserved. 

oles (Stage XXII) under the 

influence of mining effluents are compiled in Table No. 25 and are presented in 

Graph No. 25. It is seen fro the table and graph that th e  

... 
control tadpoles ranged between , 

utrophil count of the 

The neutrophil count of the 

control tadpoles was equivalent to 72.0 ± 3. 
-4, 72.0 ± 0.83, 710 ± 1.14, 72.0 ± 1.30, 

72.0 ± 1.58, 71.0 ± 1.51 and 71.0 ± 1.58 `)/0 at th end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty,_ hours respectively. It is also 

evident from the table and graph that the mining&flue n ts not induce 

concentration dependent reductions in the neutrophil count at all the exposure 

periods except seventy two hours as somewhat ME concentration dependent 

decrement in neutrophil count is seen. It is also noticed that 10.0 % ME could 

induce exposure period dependent decrements in neutrophil counts from the end 

of six hours to the end of one twenty hours. A minimum of 2.0 % decrement in 
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Table No. 25 

The alterations in the neutrophil count 
of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 7200 

±3.71 
72.00 
±0.83 

72.00 
±1.14 

72.00 
±1.30 

72.00 
±1.58 

71.00 
±1.51 

71.00 
±1.58 

0.01% ME 68.00 70.00 73.00 70.00 70.00 57.00 66.00 
±3.64 ±0.7 ±0.83 ±0.89 ±1.30 ±2.07 ±1.14 

(-5.55) (-2.77) (1.38) (-2.77) (-2.77) (-19.71) (-7.04) 
0.1% ME 58.00 62.00 66.00 59.00 68.00 62.00 60.00 

±0.83 ±1.0 ±1.14 ±1.30 ±1.14 ±1.14 ±1.58 
(-19.44) (-13.88) (-8.33) (-18.05) (-5.55) (-12.67) (-15.49) 

1% ME 61.00 63.00 60.00 61.00 63.00 60.00 57.00 
±1.14 ±0.7 ±1.14 ±1.30 ±0.83 ±1.14 ±1.58 

(-15.27) (-12.5) (-16.66) (-15.27) (-12.5) (-15.49) (-19.71) 
5% ME 64.00 66.00 64.00 62.00 63.00 61.00 62.00 

±1.51 ±0.83 ±1.58 ±1.30 ±1.14 ±1.58 ±1.51 
(-11.11) (-8.33) (-11.11) (-13.88) (-12.5) (-14.08) (-12.67) 

10% ME 57.00 56.00 55.00 53.00 50.00 45.00 44.00 
±1.14 ±1.14 ±1.58 ±1.58 ±1.14 ±1.14 ±1.92 

(-20.83) (-22.22) (-23.61) (-26.38) (-30.55) (-36.61) (-38.02) 
30% ME 50.00 49.00 48.00 47.00 44.00 45.00 43.00 

±0.83 ±1.58 ±1.58 ±1.22 ±1.14 ±1.14 ±1.51 
(-30.55) (-31.94) (-33.33) (-34.72) (-38.88) (-36.61) (-39.43) 

Note : Unit : °A) 

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 

- 36  
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The alterations in the neutrophil count of tadpoles 
(stage XXII) under the influence of mining effluents 
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,O by 0.01 % ME at the end of twelve, forty eight and neutrophil count was induce 
.,, 	

N. 
 maximum of 39.0 % reduction in neutrophil count was --.... seventy two hours whi 44  

the end of one tWen 119VIS: pr omoted by 30.0 °A) ME a 

The tadpoles exposed t 0.01 % ME exhibited a minimum of 2.0 % 

le end of twelve, forty eight and seventy two reduction in neutrophil counts at t 

suction  was shown at the end of ninity six hours while a maximum of 19.0 % rea, 

hours indicating that lone significant change w nducea ay this conc 	ration at 

this exposure period. The neutrophil count was equivalent to 68.0 ± 3.64, 70.0 ± 

0.70, 73.0 ± 0.83, 70.0 ± 0.89, 70.0 ± 1.30, 57.0 ± 2.07 and 66.0 ± 1.14 % at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

On exposure to 0.1 % ME the tadpoles showed a minimum of 8.0 % 

decrement in neutrophil count at the end of twenty four hours while a maximum 

of 19.0 % decrement was exhibited at the end of six hours. The neutrophil count 

was equivalent to 58.0 ± 0.83, 62.0 ± 1.0, 66.0 ± 1.14, 59.0 ± 1.30, 68.0 ± 1.14, 62.0 ± 

1.14 and 60.0 ± 1.58 % at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited significant 

reductions in the neutrophil counts at all the exposure periods and the reduction 

in neutrophil counts ranged between 12.0 to 19.0 % only. The neutrophil count 

was equivalent to 61.0 ± 1.14, 63.0 ±' 0.70, 60.0 ± 1.14, 61.0 ± 1.30, 63.0 ± 0.83, 60.0 ± 

1.14 and 57.0 ± 1.58 % at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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When exposed to 5.0 % ME the tadpoles exhibited reduction in neutrophil 

counts at all the exposure periods and the reductions in the neutrophil counts 

ranged between 8.0 % to 14.0 %. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the neutrophil counts were 

equivalent to 64.0 ± 1.51, 66.0 ± 0.83, 64.0 ± 1.58, 62.0 ± 1.30, 63.0 ± 1.14, 61.0 ± 1.58 

and 62.0 ± 1.51 % respectively. 

The treatment of 10.0 % ME produced very significant decrements in the 

neutrophil counts at all the exposure periods. The decrements of the neutrophil 

counts ranged between 20.0 to 38.0 %. It is also seen that the neutrophil counts 

reduced in an exposure period dependent manner. The neutrophil count was 

equivalent to 57.0 ± 1.14, 56.0 ± 1.14, 55.0 ± 1.58, 53.0 ± 1.58, 50.0 ± 1.14, 45.0 ± 1.14 

and 44.0 ± 1.92 `)/0 at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure of tadpoles to 30.0 % ME promoted very significant 

reductions in the neutrophil counts. The neutrophil counts continued to reduce 

gradually as the exposure period increased. The reductions of the neutrophil 

counts ranged between 30.0 % and 39.0 %. The neutrophil count was equivalent 

to 50.0 ± 0.83, 49.0 ± 1.58, 48.0 ± 1.58, 47.0 ± 1.22, 44.0 ± 1.14, 45.0 ± 1.14 and 43.0 ± 

1.51 % at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

F) PLATELET COUNT : 
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Table No. 26 

The alteration in the platelet count 
of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 24600 24800 25000 25600 26000 27600 28800 

±2880 ±2880 ±2880 ±2880 ±3162 ±2408 ±2701 
0.01% ME 28600 27800 21600 24200 26000 32000 28200 

±2701 ±3346 ±1140 ±2387 ±1581 ±1581 ±1788 
(16.26) (12.09) (-13.6) (-5.46) (-2.25) (15.94) (-2.08) 

0.1% ME 26600 24200 24000 23200 28800 33600 29000 
±3049 ±3271 ±3162 ±2863 ±2588 ±2701 ±3162 
(8.13) (-2.41) (-4.0) (-9.37) (8.27) (21.73) (0.69) 

1°/0 ME 28800 28400 24800 28800 28600 34200 29600 
±1643 ±2408 ±3346 ±2863 ±2701 ±3114 ±2408 

(17.07) (14.51) (-0.8) (12.50) (7.51) (23.91) (2.77) 
5% ME 31600 30000 28400 31000 31400 40400 33800 

±1140 ±2236 ±2701 ±2738 ±3646 ±3577 ±2280 
(28.45) (20.96) (13.60) (21.09) (18.04) (46.37) (17.36) 

10% ME 36600 32000 30000 31800 32000 39800 33600 
±2302 ±2738 ±3872 ±2387 ±5244 ±2588 ±3847 

(48.78) (29.03) (20.0) (24.21) (20.30) (44.20) (16.66) 
30% ME 25000 25400 19400 25400 28600 34200 28600 

±3674 ±2701 ±3361 ±3271 ±3049 ±2774 ±2880 
(1.62) (2.41) (-22.40) (0.78) (7.51) (23.91) (-0.69) 

Note : Unit : /mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

ell 3 (..i.v..tAxhAtivv) 
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STAGE V : 

Changes in the platelet count under the influence of mining effluents for 

tadpole stages I to V were identical, therefore the alterations in the platelet count 

for only stage V are mentioned here. The changes in the platelet count are given 

in Table No. 26 and are graphically presented in Graph No. 26. The platelet 

counts are expressed as cells per cubic millimeter. 

From the table and graph it is evident that the platelet count of the control 

tadpoles increased steadily from 24600 cells per cubic millimeter at the end of six 

hours to 28800 cells per cubic millimeter at the end of one twenty hours. The 

platelet count found in the control tadpoles was equivalent to 24600 ± 2880, 24800 

± 2880, 25000 ± 2880, 25600 ± 2880, 26600 ± 3162, 27600 ± 2408 and 28800 ± 2701 

cells per cubic millimeter at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. From the table and 

graph it is apparent that 0.01, 1.0, 5.0 and 10.0 % ME induced concentration 

dependent increase in the platelet counts at the end of six and twelve hours with 

respect to controls. 1.0, 5.0 and 10.0 % ME induced concentration dependent rise 

in platelet count at the end of forty eight and seventy two hours. A maximum 

drop of 0.69 `)/0 in the platelet count was observed at the end of one twenty hours 

and a minimum rise of 1.0 % in the platelet count was observed at the end of six 

hours, under the influence of 30.0 `)/0 ME. Besides, it was also observed that no 

concentration of ME could induce chronic alterations in the platelet counts. 

The tadpoles exposed to 0.01 % ME showed a maximum decrease (13.0 %) 

in the platelet count at the end of twenty four hours and a maximum increase 
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(16.0 %) at the end of six and ninety six hours. Thus at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the 

platelet counts were equivalent to 28600 ± 2701, 27800 ± 3346, 21600 ± 1140, 24200 

± 2387, 26000 ± 1581, 32000 ± 1581 and 28200 ± 1788 cells per cubic millimeter 

respectively. 

Under the influence of 0.1 % ME, the platelet counts of the tadpoles 

fluctuated. A maximum decrease of 9.3% was observed at the end of forty eight 

hours and a maximum increase of about 21.0 % was seen at the end of ninety six 

hours. The platelet count of tadpoles was equivalent to 26600 ± 3049, 24200 ± 

3271, 24000 ± 3162, 23200 ± 2863, 28800 ± 2588, 33600 ± 2701 and 29000 ± 3162 cells 

per cubic millimeter at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted a decrease of 0.8 `)/0 in the 

platelet count at the end of twenty four hours, while at the end of ninety six hours 

the platelet count increased maximally by 23.0 %. Thus; at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the platelet 

count of tadpoles was equivalent to 28800 ± 1643, 28400 ± 2408, 24800 ± 3346, 

28800 ± 2863, 28600 ± 2701, 34200 ± 3114 and 29600 ± 2408 cells per cubic 

millimeter respectively. 

The tadpoles subjected to 5.0 % ME exhibited a minimum of 13.0 % 

increase in platelet count at the end of twenty four hours and a maximum of 46.0 

% elevation in the platelet count was shown at the end of ninety six hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 
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twenty hours the platelet count of tadpole was equivalent to 31600 ± 1140, 30000 

± 2236, 28400 ± 2701, 31000 ± 2738, 31400 ± 3646, 40400 ± 3577 and 33800 ± 2280 

cells per cubic millimeter respectively. 

When exposed to 10.0 % ME, the tadpoles showed a minimum of 16.0 % 

increase in a platelet count at the end of one twenty hours, while they exhibited a 

maximum of 48.0 % increase in platelet count at the end of six hours. The platelet 

count of the tadpoles dropped by about 8.0 % from the end of six hours to the end 

of one twenty hours. The platelet count was equivalent to 36600 ± 2302, 32000 ± 

2738, 30000 ± 3872, 31800 ± 2387, 32000 ± 5244, 39800 ± 2588 and 33600 ± 3847 cells 

per cubic millimeter at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 % ME 0.69 `)/0 drop in the platelet count was 

shown by the tadpoles at the end of one twenty hours while the tadpoles 

exhibited a 24.0 % rise in the platelet count at the end of ninety six hours. The 

platelet count was equivalent to 25000 ± 3674, 25400 ± 2701, 19400 ± 3361, 25800 ± 

3271, 28600 ± 3049, 34200 ± 2774 and 28600 ± 2880 cells per cubic millimeter at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE VIII : 

The alterations in the platelet count under the influence of mining effluents 

for tadpole stages VI to VIII were almost identical. Therefore, the changes in the 

platelet count under the influence of mining effluents for Stage VIII are described 

here. The changes in platelet counts for Stage VIII are compiled in Table No. 27 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 36800 

±2408 
36900 
±1000 

37000 
±1303 

38100 
±1140 

38800 
±18.6 

42000 
±1140 

49000 
±1303 

35200 
±1303 
(-4.34) 
37200 
±836 

(1.08) 

42000 
±1581 

(14.13) 

37200 
±1303 
(0.81) 
38400 
±1140 
(4.06) 

44200 
±1303 

(19.78) 

38000 
±1000 

(2.7) 
40400 
±1140 
(9.18) 

46000 
±1581 

(24.32) 
48400 
±1140 

(30.81) 
52000 

±707 
(40.54)1 

39200 
±1303 
(2.88) 
42800 
±1303 

(12.33) 

50600 
±1140 

(32.80) 
54600 
±1816 

(43.30) 
58000 
±1581 

(52.23) 

40200 
±1303 
(3.60) 
44600 
±1140 

(14.94) 
49000 
±1581 

(26.28) 
53400 
±1140 

(37.62) 
58000 
±1581 

(49.48) 
64000 
±1581 

(64.94) 

42200 
±1303 
(0.47) 
48000 
±1581 

(14.28) 
51800 
±1923 

(23.33) 
57000 
±1581 

(35.71) 
63000 
±1581 
(50.0) 
67800 
±1303 

(61.42) 

36600 
±1140 

(-25.30) 
50000 
±1581 
(2.04) 
55000 
±1581 

(12.24) 
60000 
±1581 

(22.44) 
68000 
±1581 

(38.77)  
72000 
±1581 

(46.93)1 

0.01% ME 

0.1% ME 

1% ME 

30% ME 

5% ME 

10% ME 46200 46800 
±1303 ±836 

(25.54) (26.82) 
48600 49800 
±1140 ±836 

(32.06) (34.95) 

38800 41200 42600 42600 
±836 ±836 ±1140 ±1140 

(5.43) (11.65) (15.13) (11.81) 

Table No. 27 

The alterations in the platelet count 
of tadpoles (stage VIII) 

under the influence of mining effluents 

Note : Unit : /mm3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 

9 - 3C. CA/vtA,C.Rdth,vv) 

- fact 64,u:ar„A,v, 	v4,,cv9 



The alterations in the platelet count of tadpoles 
(stage VIII) under the influence of mining effluents 
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and are graphically presented in Graph No. 27. The platelet counts are expressed 

as cells per millimeter. 

It is revealed by the table and graph that the control tadpoles exhibited a 

progressive increase in the platelet count from the end of six hours to the end of 

one twenty hours. The platelet count of the control tadpoles was equivalent to 

36800 ± 2408, 36900 ± 1000, 37000 ± 1303, 38100 ± 1140, 38800 ± 1816, 42000 ± 1140 

and 49000 ± 1303 cells per cubic millimeter at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The table and graph also reveal that the tadpoles exposed to ME exhibited 

ME concentration dependent changes in the platelet count for all the exposure 

periods under study except at the end of forty eight hours under the influence of 

1.0 % ME and there were no chronic alterations in the platelet count. A minimum 

of 4 % reduction in the platelet count was observed at the end of six hours and a 

minimum of 0.47 `)/0 elevation in the platelet count was observed at the end of 

ninety six hours under the influence of 0.01 % ME. A maximum of 65.0 % 

elevation in platelet count was observed at the end of seventy two hours under 

the influence of 30.0 % ME. 

The tadpoles subjected to 0.01 % ME showed a minimum of 0.47 % 

increase in the platelet count at the end of ninety six hours and a maximum of 3.0 

increase in platelet count was exhibited by the tadpoles at the end of seventy 

two hours. Also a maximum of 25.0 `)/0 reduction was seen at the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the platelet count of tadpoles was equivalent to 
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35200 ± 1303, 37200 ± 1303, 38000 ± 1000, 39200 ± 1303, 40200 ± 1303, 42200 ± 1303 

and 36600 ± 1140 cells per cubic millimeter respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited significant rise in 

platelet count at the end of forty eight, seventy two and ninety six hours whereas 

for rest of the exposure periods, there was an insignificant increase. However a 

minimum of 1.0 % increase in the platelet count was observed at the end of six 

hours and a maximum of 15.0 % increase was seen at the end of seventy two 

hours. At the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the platelet count was equivalent to 37200 ± 836, 38400 ± 

1140, 40400 ± 1140, 42800 ± 1303, 44600 ± 1140, 48000 ± 1581 and 50000 ± 1.58 cells 

per cubic millimeter respectively. 

The exposure of tadpoles to 1.0 % ME resulted in a fluctuation in the 

platelet count from the end of six hours to the end of one twenty hours. A 

minimum of 5.0 % rise in the platelet count at the end of six hours and a 

maximum increase of 26.0 % in the platelet count at the 'end of seventy two hours 

were noted. The platelet count of the tadpoles was equivalent to 38800 ± 836, 

41200 ± 836, 42600 ± 1140, 49000 ± 1581, 51800 ± 1923 and 55000 ± 1581 cells per 

cubic milli meter at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

On exposure to 5:0 % ME the tadpoles exhibited a significant change in the 

platelet count at all the exposure periods. A minimum of 14.0 % increase in the 

platelet count was observed at the end of six hours while about 37.0 ` )/0 elevation 

in the platelet count was noticed at the end of seventy two hours. By the end of 

216 



six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the platelet counts were equivalent to 42000 ± 1581, 44200 ± 1303, 46000 ± 

1581, 50600 ± 1140, 53400 ± 1140, 57000 ± 1581 and 60000 ± 1581 cells per cubic 

millimeter respectively. 

10.0 `)/0 ME promoted sharp increase in the platelet counts at all exposure 

periods. About 25.0 % increase in platelet count was induced at the end of six 

hours while about 50.0 % hike in the platelet count was produced at the end of 

ninety six hours. The platelet count of the tadpoles was equivalent to 46200 ± 

1303, 46800 ± 836, 48400 ± 1140, 54600 ± 1816, 58000 ± 1581, 63000 ± 1581 and 

68000 ± 1581 cells per cubic millimeter at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 30.0 % ME also promoted steep rise in the platelet 

count for all time points. A minimum of 32.0 % rise in the platelet count was seen 

at the end of six hours and a maximum of 65.0 % increase in the platelet count at 

the end of seventy two hours was noticed. Tadpoles exhibited exposure period 

dependent increase in platelet count from the end of seventy two hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the platelet count was equivalent to 48600 ± 1140, 49800 ± 836, 

52000 ± 707, 58000 ± 1581, 64000 ± 1581, 67800 ± 1303 and 72000 ± 1581 cells per 

cubic millimeter respectively. 
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STAGE XIV : 

The changes in the platelet count for tadpole stages IX to XIV under the 

influence of ME were almost similar, therefore the alterations in the platelet 

count for Stage XIV are presented here. The changes in the platelet count in Stage 

XIV tadpoles are tabulated in Table No. 28 and are graphically expressed in 

Graph No. 28. The alterations in the platelet count are expressed as cells per 

cubic millimeter. It is seen from the graph and the table that the platelet count of 

the control tadpoles increased gradually from the end of six hours to the end of 

one twenty hours. The platelet count of the control tadpoles was equivalent to 

49400 ± 2408, 49800 ± 3209, 50200 ± 2387, 50600 ± 2408, 51600 ± 2966, 52400 ± 2408 

and 53800 ± 4393 cells per cubic millimeter at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that the ME did not induce 

concentration dependent changes in the platelet count at any of the exposure 

periods under study and the platelet counts dropped below control at all 

exposure periods under the influence of 1.0 to 30.0 % ME platelet count dropped 

minimally by 0.4 % at the end of twelve hours under the influence of 0.01 % ME 

while a maximum of twenty seven % reduction in platelet count promoted by 

10.0 `)/0 ME. 

On exposure to 0.01 % ME the tadpoles exhibited 0.4 % reduction in 

platelet count at the end of twelve hours and an increase of 6 % was seen only at 

the end of six hours. Maximum reduction of 12 % in the platelet count was seen 

at the end of one twenty hours. By the end of six, twelve, twenty four, forty 
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Table No. 28 

The alterations in the platelet count 
of tadpoles 

(stage XIV) under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 49400 49800 50200 50600 51600 52400 53800 

±2408 ±3209 ±2387 ±2408 ±2966 ±2408 ±4393 
0.01% ME 52800 49600 44800 48200 54600 49800 47200 

±2683 ±2966 ±4494 ±3033 ±3911 ±3962 ±2588 
(6.88) (-0.40) (-10.75) (-4.74) (5.81) (-4.96) (-12.26) 

0.1% ME 49200 51600 50600 54000 50200 53800 48400 
±3193 ±4669 ±2607 ±2236 ±4147 ±4147 ±2302 
(-0.40) (3.61) (0.79) (6.71) (-2.71) (2.67) (-10.03) 

1% ME 40000 42600 41800 47000 46600 45200 40800 
±2236 ±3209 ±4147 ±4847 ±4393 ±4147 ±2489 

(-19.02) (-14.45) (-16.73) (-7.11) (-9.68) (-13.74) (-24.16) 
5% ME 38600 40400 42800 42200 54400 46200 42600 

±6188 ±3209 ±3346 ±3114 ±2607 ±4381 ±3209 
(-21.86) (18.87) (-14.74) (-16.60) (5.42) (-11.83) (-20.81) 

10% ME 38200 40600 42000 42400 45200 41400 39400 
±2588 ±3847 ±4582 ±3209 ±3114 ±2073 ±2880 

(-22.67) (-18.47) (-16.33) (-16.20) (-12.40) (-20.99) (-26.76) 
30% ME 43000 43000 42800 48200 40400 46200 42800 

±2738 ±2738 ±3346 ±2387 ±1999 ±3033 ±1923 
(-12.95) (-13.65) (-14.74) (-4.74) (-21.70) (-11.83) (-20.44) 

Note : Unit : 1rrim 3  

± : S.D. 

Figures in parantheses : °A) variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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eight, seventy two, ninety six and one twenty hours, the platelet count was 

equivalent to 52800 ± 2683, 49600 ± 2966, 44800 ± 4494, 48200 ± 3033, 54600 ± 3911, 

49800 ± 3962 and 47200 ± 2588 cells per cubic millimeter respectively. 

The tadpoles subjected to 0.1 `)/0 ME exhibited no sharp changes in the 

platelet count at any exposure period. Infact, the changes were marginal. A 

minimum of 0.4 % drop and a maximum of 10.0 % drop in platelet counts were 

observed at the end of six and one twenty hours respectively, while a minimum 

of 0.8 `)/0 rise and a maximum of 6 % rise in platelet count were observed at the 

end of twenty four and forty eight hours respectively. The platelet count of the 

tadpoles was equivalent to 49200 ± 3193, 51600 ± 4669, 50600 ± 2607, 54000 ± 2236, 

50200 ± 4147, 53800 ± 4147 and 48400 ± 2302 cells per cubic millimeter at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The exposure of tadpoles to 1.0 % ME produced a maximum of 24.0 % 

decrease in platelet count at the end of one twenty hours and a minimum of 7.0 % 

decrease at the end of forty eight hours. At the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the platelet count was 

equivalent to 40000 ± 2236, 42600 ± 3209, 41800 ± 4147, 47000 ± 4847, 46600 ± 4393, 

45200 ± 4147 and 40800 ± 2489 cells per cubic millimeter respectively. 

Under the influence of 5.0 % ME significant decreases in the platelet count 

were observed at the end of all the exposure periods except seventy two hours. A 

minimum of 5.0 % reduction in platelet count was noted at the end of seventy 

two hours and a maximum of 21.0 % drop in platelet count was observed at the 
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end of six hours. Thus, at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the platelet counts were equivalent to 38600 

± 6188, 40400 ± 3209, 42800 ± 3346, 42200 ± 3114, 54400 ± 2607, 46200 ± 4383 and 

42600 ± 3209 cells per cubic millimeter respectively. 

When exposed to 10.0 % ME, the significant decreases in the platelet 

counts were observed from the end of six hours to the end of one twenty hours. 

A minimum decrease in platelet count was observed at the end of seventy two 

hours while a maximum of 27.0 % decreases in the platelet count was observed at 

the end of six hours. The platelet count was equivalent to 38200 ± 2588, 40600 ± 

3847, 42000 ± 4582, 42400 ± 3209, 45200 ± 3114, 41400 ± 2073 and 39400 ± 2880 cells 

per cubic millimeter at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 30.0 `)/0 ME promoted significant reductions in 

platelet count at all exposure periods except forty eight hours. A minimum of 4.0 

% decrease in platelet count was seen at the end of forty eight hours and a 

maximum of 21.0 % decrement was observed at the end of seventy two hours. 

The platelet count of the tadpoles was equivalent to 43000 ± 2738, 43000 ± 2738, 

42800 ± 3346, 48200 ± 2387, 40400 ± 1999, 46200 ± 3033 and 42800 ± 1923 cells per 

cubic millimeter at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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STAGE XVIII : 

The alterations in the platelet counts of the tadpoles from stages XV to 

XVII under the influence of ME were almost identical to those observed in the 

control tadpoles while those in stage XVIII were significantly different, hence the 

changes in the platelet count for stage XVIII under the influence of ME are 

described here. The changes in the platelet count of tadpoles of Stage XVIII are 

compiled in Table No. 29 and are graphically presented in Graph No. 29. The 

platelet count are expressed as cells per cubic millimeter. From the table and 

graph it is seen that the platelet count of control tadpoles increased gradually 

from the end of six hours to the end of one twenty hours. The platelet count of 

the controls was equivalent to 75000 ± 3741, 75200 ± 836, 77400 ± 1140, 78000 ± 

2236, 78800 ± 1581, 80000 ± 3033 and 81200 ± 1000 cells per cubic millimeter at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is also evident from the table and graph that the ME could induce 

concentration dependent increases in platelet counts at the end of forty eight, 

seventy two and ninety six hours for 5.0, 10.0 and 30.0 % ME. 1.0 % drop in the 

platelet count was observed at the end of one twenty hours under the influence of 

0.01 and 0.1 `)/0 ME. Minimum of 1.0 % increase in platelet count was observed at 

the end of six hours under the influence of 0.01 % ME as well as at the end of 

ninety six hours under the influence of 0.1 `)/0 ME. A maximum of 12.0 % increase 

was observed at the end of one twenty hours under the influence of 5.0 % ME. 



Table No. 29 

The alterations in the platelet count 
of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 75000 75200 77400 78000 78800 80000 81200 

±3741 ±836 ±1140 ±2236 ±1581 ±3033 ±1000 
0.01% ME 78400 79000 79200 81000 80400 81600 80200 

±1140 ±1000 ±1483 ±3162 ±2408 ±1673 ±1923 
(4.53) (5.05) (2.32) (3.84) (2.03) (2.00) (-1.23) 

0.1% ME 78800 80000 80000 81200 81200 81000 79800 
±1095 ±1000 ±2236 ±1483 ±1923 ±2549 ±1923 
(5.06) (6.38) (3.35) (4.10) (3.04) (1.25) (-1.72) 

1% ME 78600 79600 80200 81400 83800 86600 89000 
±2073 ±2408 ±3033 ±3361 ±3162 ±3361 ±3162 
(4.80) (5.85) J3.61) (4.35) (5.32) (8.25) (9.60) 

5% ME 83500 82200 80000 81600 83800 87000 91400 
±5254 ±4887 ±3162 ±2073 ±1923 ±3535 ±2073 

(11.33) (9.30) (3.35) (4.61) (6.34) (8.75) (12.56) 
10% ME 80000 80600 82600 85400 86600 89200 89600 

±1581 ±2073 ±1140 ±2607 ±2073 ±3033 ±5266 
(6.66) (7.18) (6.71) (9.48) (9.89) (11.50) (10.34) 

30% ME 82600 82800 84200 84400 87000 90000 93600 
±2073 ±1483 ±1923 ±2408 ±1581 ±2236 ±2408 

(10.13) (10.10) (8.78) (8.20) (10.40) (12.50) (15.37) 

Note : Unit : /mm 3  

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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Under the influence of 0.01 `)/0 ME the tadpoles promoted marginal changes 

in the platelet count. A minimum of 1.0 % increase was observed at the end of six 

hours and a maximum of 5.0 % increase was seen at the end of twelve hours. The 

platelet count was equivalent to 78400 ± 1140, 79000 ± 1000, 79200 ± 1483, 81000 ± 

3162, 80400 ± 2408, 81600 ± 1673 and 80200 ± 1923 cells per cubic millimeter at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles subjected to 0.1 % ME showed non-significant changes in the 

platelet count and there was no chronic alteration in the platelet count. A 1.0 % 

increase was observed at the end of ninety six hours and a maximum of 6.0 

increase was observed at the end of twelve hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the 

platelet count was equivalent to 78800 ± 1095, 80000 ± 1000, 80000 ± 2236, 81200 ± 

1483, 81200 ± 1923, 81000 ± 2549 and 79800 ± 1923 cells per cubic millimeter 

respectively. 

The exposure of tadpoles to 1.0 % ME resulted in a minimum of 3.0 % rise 

in platelet count at the end of twenty four as well as seventy two hours and a 

maximum of 9.0 % increase in the platelet count was induced at the end of one 

twenty hours. The platelet count was equivalent to 78600 ± 2073, 79600 ± 2408, 

80200 ± 3033, 81400 ± 3361, 83000 ± 3162, 86600 ± 3361 and 89000 ± 3162 cells per 

cubic illimeter at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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On exposure to 5.0 % ME the tadpoles exhibited a significant increase in 

platelet counts at the end of six and one twenty hours only. At the end of twenty 

four hours, a minimum of 3.0 % rise in platelet count was seen while at the end of 

one twenty hours, 12.0 % increase in platelet count was observed. The platelet 

count was equivalent to 83500 ± 5254, 82200 ± 4887, 80000 ± 3162, 81600 ± 2073, 

83800 ± 1923, 87000 ± 3535 and 91400 ± 2073 cells per cubic millimeter at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

10.0 % ME promoted a minimum of 6.0 `)/0 increase in platelet counts at the 

end of six as well as twenty four hours and a maximum increase of 11.0 % at the 

end of ninety six hours. The platelet counts were equivalent to 80000 ± 1581, 

80600 ± 2073, 82600 ± 1140, 85400 ± 2607, 86600 ± 2073, 89200 ± 3033 and 89600 ± 

5266 cells per cubic millimeter at the end of at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 30.0 % ME also promoted increase in the platelet 

counts. A minimum of 8.0 % increase was observed at the end of twenty four and 

forty eight hours while a maximum of 16.0 % rise was noted at the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the platelet counts were equivalent to 82600 ± 

2073, 82800 ± 1483, 84200 ± 1923, 84400 ± 2408, 87000 ± 1581, 90000 ± 2236 and 

93600 ± 2408 cells per cubic millimeter respectively. 
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STAGE XXII : 

The alterations in the platelet counts of the tadpoles from stage XIX to 

stage XXII under the influence of ME were identical. Hence, the changes in the 

platelet count for stage XXII are described here. The changes in the platelet 

count of tadpole Stage XXII are given in Table No. 30 and are graphically 

expressed in Graph No. 30. The platelet count are expressed as cells per cubic 

millimeter. From the table and graph it is obvious that the platelet count of 

control tadpoles increased steadily from the end of six hours to the end of one 

twenty hours. The platelet count of the controls was equivalent to 82200 ± 1923, 

82600 ± 2073, 83000 ± 1923, 83800 ± 1581, 84200 ± 1923, 85000 ± 1483 and 86600 ± 

1581 cells per cubic millimeter at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

From the table and graph it can also be noted that all the concentrations of 

ME promoted ME concentration dependent increases in the platelet counts at all 

exposure periods. A minimum of 2.0 `)/0 increase in the platelet count was seen at 

the end of six hours under the influence of 0.01 % ME while a maximum of 74.0 % 

increase in the platelet count was observed at the end of one twenty hours under 

the influence of 30.0 % ME. Besides all the concentrations of ME promoted 

chronic alterations in the platelet counts. 

• The tadpoles exposed to 0.01 % ME showed a minimum of 2.0 % increase 

in platelet count at the end of six hours and a maximum of 40.0 % rise at the end 

of one twenty hours. The platelet counts were equivalent to 84400 ± 3049, 86400 ± 
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2408, 94600 ± 2880, 97600 ± 2073, 104200 ± 2774, 113600 ± 2607 and 121400 ± 3049 

cells per cubic millimeter at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the platelet counts of the tadpoles 

increased from 4.0 % at the end of six hours to 45.0 `)/0 at the end of one twenty 

hours. Thus, the platelet counts of the tadpoles were equivalent to 85800 ± 1303, 

88600 ± 1140, 96600 ± 2073, 100800 ± 3193, 109000 ± 3162, 118400 ± 2408 and 

126200 ± 4147 cells per cubic millimeter at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted chronic changes in 

platelet counts from the end of six to one twenty hours. A minimum of 10.0 % 

increase in platelet count was noticed at the end of six hours while a maximum of 

52.0 % rise in the platelet count was observed at the end of one twenty hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the platelet count were equivalent to 91000 ± 2000, 96000 ± 2236, 

103200 ± 2863, 108600 ± 2701, 117200 ± 3346, 124000 ± 2236 and 131800 ± 4147 cells 

per cubic millimeter respectively. 

The tadpoles subjected to 5.0 % ME exhibited a minimum of 17.0 `)/0 

increase in platelet count at the end of six hours and a maximum of 60.0 % 

elevation in .the platelet count by the end of one twenty hours. The platelet count 

was equivalent to 96400 ± 3577, 99800 ± 2167, 105800 ± 2280, 115000 ± 3162, 

120000 ± 2236, 131000 ± 4847 and 138800 ± 2280 cells per cubic millimeter at the 
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Table No. 30 

The alterations in the platelet count 
of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 82200 

±1923 
82600 
±2073 

83000 
±1923 

83800 
±1581 

84200 
±1923 

85000 
±1483 

86600 
±1581 

0.01% ME 
• 

84400 
±3049 
(2.67) 

86400 
±2408 
(4.60) 

94600 
±2880 

(13.97) 

97600 
±2073 

(16.46) 

104200 
±2774 

(23.75) 

113600 
±2607 

(33.64) 

121400 
±3049 

(40.18) 
0.1% ME 85800 88600 96600 100800 109000 118400 126200 

±1303 ±1140 ±2073 ±3193 ±3162 ±2408 ±4147 
(4.37) (7.26) (16.38) (20.28) (29.45) (39.29) (45.72) 

1% ME 91000 96000 103200 108600 117200 124000 131800 
±2000 ±2236 ±2863 ±2701 ±3346 ±2236 ±4147 

(10.70) (16.22) (24.33) (29.59) (39.19) (45.88) (52.19) 
5% ME 96400 99800 105800 115000 120000 131000 138800 

±3577 ±2167 ±2280 ±3162 ±2236 ±4847 ±2280 
(17.27) (20.82) (27.46) (27.23) (42.51) (54.11) (60.27) 

10% ME 103200 109600 113200 119800 128800 138400 146200 
±2863 ±2190 ±2863 ±2863 ±2280 ±2607 ±3633 

(25.54) (32.68) (36.38) (42.95) (52.96) (62.82) (68.82) 
30% ME 113800 118200 121400 127400 133000 143000 151000 

±3420 ±4147 ±3049 ±2073 ±3391 ±3162 ±3162 
(38.44) (43.09) (46.26) (52.02) (57.95) (68.23) (71.36) 

Note : Unit : /mm 3  

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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/ Rot (ko:WAAA-1, 44,1\0Ant- emco,c) 



end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When exposed to 10.0 `)/0 ME the tadpoles showed a minimum of 25.0 % 

rise in platelet counts by the end of six hours and a maximum of 68.0 % increase 

at the end of one twenty hours. By the end of six, twelve, twenty four, forty 

eight, sevent two, ninety six and one twenty hours, the platelet count was 

equivalent to 103200 ± 2863, 109600 ± 2190, 113200 ± 2863, 119800 ± 2863, 128800 ± 

2280, 138400 ± 2607 and 146200 ± 3633 cells per cubic millimeter respectively. 

Under the influence of 30.0 % ME a minimum of 38.0 % increase was 

observed in the platelet count at the end of six hours while a maximum of 74.0 % 

elevation in the platelet count was observed at the end of one twenty hours. The 

platelet .count was equivalent to 113800 ± 3420, 118200 ± 4147, 121400 ± 3049, 

127400 ± 2073, 133000 ± 3391, 143000 ± 3162 and 151000 ± 3162 cells per cubic 

millimeter at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 
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SECTION B 

PLASMA 



a) TOTAL PROTEINS 

Changes in the total protein concentrations of plasma under the influence 

of mining effluents for tadpole stages I to V were almost identical. Therefore 

changes in the total protein concentrations of plasma for stage V are reported 

here. Total protein concentrations/levels are expressed as grams per decilitre 

(g/dL) of plasma. 

STAGE V : 

Changes in the total protein concentrations of plasma of tadpoles exposed 

to mining effluents are given in Table No. 31 and Graph No. 31. It is clear from 

the table that total protein levels of control tadpoles progressively increased from 

the end of six hours to the end of one twenty hours and total protein levels 

ranged between 1.06 g/dL and 1.81 g/dL. The total protein levels of control 

tadpoles were equivalent to 1.06 ± 0.46, 1.09 ± 0.41, 1.12 ± 0.32, 1.20 ± 0.45, 1.36 ± 

0.36, 1.52 ± 0.43 and 1.81 ± 0.68 g/dL at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is evident from the table and graph that all the concentrations of ME 

promoted concentration dependent elevations in the total protein levels of 

tadpoles at all the exposure periods except twenty four hours. However, at the 

end of twenty four hours the ME concentrations ranging from 0.01 % to 10.0 % 

induced concentration dependent rises in total protein levels. It is also clear that 
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Table No. 31 

The alterations in the total protein 
concentrations of plasma of tadpoles 

(stage V) under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control . 1.06 1.09 1.12 1.20 1.36 1.52 1.81 

± 0.46 ±0.41 ±0.32 ±0.45 ±0.36 ±0.43 ±0.68 
0.01% ME 3.03 3.23 3.76 3.81 4.18 4.26 4.41 

± 0.43 ±0.36 ±0.72 ±0.81 ±0.86 ±0.84 ±0.87 
(2.85) (2.96) (3.35) (3.17) (3.07) (2.80) (2.43) 

0.1% ME 3.16 3.31 3.84 4.06 4.31 4.46 4.71 
± 0.47 ±0.32 ±0.41 ±0.32 ±0.43 ±0.81 ±0.81 
(2.98) (3.03) (3.42) (3.38) (3.16) (2.93) (2.60) 

1% ME 3.48 3.72 3.87 4.26 4.39 4.57 4.92 
±0.63 ±0.68 ±0.73 ±0.47 ±0.36 ±0.82 ±0.83 
(3.28) (3.41) (3.45) (3.55) (3.22) (3.00) (2.71) 

5% ME 3.70 3.95 4.03 4.36 4.49 4.67 5.01 
±0.45 ±0.48 ±0.69 ±0.76 ±0.76 ±0.81 ±0.76 
(3.49) (3.62) (3.59) (3.63) (3.30) (3.07) (2.76) 

10% ME 4.10 4.36 4.48 4.61 4.83 5.18 5.31 
±0.32 ±0.32 ±0.81 ±0.81 ±0.84 ±0.76 ±0.81 
(3.86) (4.00) (4.48) (3.84) (3.55) (3.40) (2.93) 

30% ME 4.28 4.46 4.58 4.74 4.96 5.25 5.40 
±0.81 ±0.31 ±0.76 ±0.82 ±0.75 ±0.81 ±0.76 
(4.03) (4.09) (3.08) (3.95) (3.64) (3.45) (2.98) 

Note : Unit : gm/dI 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

Concentration and exposure period interaction significant at p 5. 0.01 

- 3 C AA,tiA,aurity-) 
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no ME concentration could induce exposure period dependent increments in the 

total protein levels. 

The tadpoles exposed to 0.01 `)/0 ME exhibited a minimum of 2.85 fold 

(85%) increase in total protein levels of plasma at the end of six hours if compared 

with control, while a maximum of 3.35 fold (235 %) increment of total protein 

concentrations of plasma were observed at the end of twenty four hours. The 

total protein levels of the plasma were equivalent to 3.03 ± 0.43, 3.23 ± 0.36, 3.76 ± 

0.72, 3.81 ± 0.81, 4.18 ± 0.86, 4.26 ± 0.84 and 4.41 ± 0.87 grams per decilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed gradual elevations in the 

total protein concentrations of the plasma from the end of six hours to the end of 

twenty four hours but thereafter the total protein concentrations of the plasma 

declined steadily up to the end of one twenty hours. A minimum of 2.60 fold 

increase in total protein level was noticed at the end of one twenty hours while a 

maximum of 3.42 fold increament in total protein concentrations of plasma was 

observed at the end of twenty four hours. Thus, at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the total protein 

levels of the plasma were equivalent to 3.16 ± 0.47, 3.31 ± 0.32, 3.84 ± 0.41, 4.06 ± 

0.32, 4.31 ± 0.43, 4.46 ± 0.81 and 4.71 ± 0.81 grams per decilitre respectively. 

Under the influence of 1.0 % ME the total protein concentrations of plasma 

of tadpoles elevated sharply by 3.28 folds at the end of six hours and continued to 

increase further upto the end of forty eight hours. By the end of forty eight hours 
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the plasma concentrations of the total protein concentrations increased 3.55 folds 

of the control value. 	Subsequently the concentrations of total protein 

concentrations from the plasma declined gradually. 	The total protein 

concentrations of the plasma were equivalent to 3.48 ± 0.63, 3.72 ± 0.68, 3.87 ± 

0.73, 4.26 ± 0.47, 4.39 ± 0.36, 4.57 ± 0.82 and 4.92 ± 0.83 grams per decilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited fluctuations in the total 

protein levels of the plasma. A minimum of 2.76 fold increase in the total protein 

concentrations was observed at the end of one twenty hours and a maximum of 

3.63 fold elevation in the concentration of total proteins was found at the end of 

forty eight hours. The concentrations of the total proteins in the plasma were 

equivalent to 3.70 ± 0.45, 3.95 ± 0.48, 4.03 ± 0.69, 4.36 ± 0.76, 4.49 ± 0.76, 4.67 ± 0.81 

and 5.01 ± 0.76 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 10.0 % ME the total protein concentrations in the plasma 

of tadpoles increased by 3.86 folds at the end of six hours and continued to 

increase upto the end of twenty four hours but subsequently the total protein 

level declined gradually. However, the total protein levels remained quite above 

the level found in the control animals. A minimum of 2.93 fold increase in the 

total protein concentration was observed at the end of one twenty hours while a 

maximum of 4.48 fold elevation was noticed at the end of twenty four hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 
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twenty hours the plasma total protein levels were equivalent to 4.10 ± 0.32, 4.36 ± 

0.32, 4.48 ± 0.81, 4.61 ± 0.81, 4.83 ± 0.84, 5.18 ± 0.76 and 5.31 ± 0.81 grams per 

decilitre respectively. 

The tadpoles subjected to 30.0 % ME exhibited sharp increases in the total 

protein levels of the plasma. A minimum of 2.98 fold increment in total protein 

concentrations were induced at the end of one twenty hours while a maximum of 

4.09 fold elevation in total protein concentrations of plasma was promoted by the 

end of twelve hours and subsequently the total protein levels declined. However, 

the protein levels of plasma remained above the total protein levels of plasma 

found in control animals. The total protein concentrations of the plasma were 

equivalent to 4.28 ± 0.81, 4.46 ± 0.31, 4.58 ± 0.76, 4.74 ± 0.82, 4.96 ± 0.75, 5.25 ± 0.81 

and 5.40 ± 0.76 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

STAGE VIII : 

The changes in the total protein concentrations/levels of the plasma of 

tadpoles of stages VI to VIII exposed to mining effluents did not differ 

significantly. Therefore, the changes in the total protein concentrations of the 

plasma of tadpole stage VIII under the influence of mining effluents (ME) are 

described here. The total protein concentrations are expressed as grams per 

decilitre. The alterations in the total protein concentrations of the plasma of 

tadpoles (Stage VIII) are compiled in Table No. 32 and are presented graphically 

in Graph No. 32. It is clear from the table and graph that the total protein levels 

of the plasma of control tadpoles increased gradually from the end of six hours to 
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Table No. 32 

The alterations in the total protein concentrations 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 1.12 1.18 1.24 1.30 1.36 1.58 1.76 

±0.15 ±0.21 ±0.15 ±0.20 ±0.21 ±0.15 ±0.27 
0.01% ME 2.35 2.46 2.61 2.75 2.91 3.07 3.12 

±0.21 ±0.25 ±0.21 ±0.20 ±0.15 ±0.27 ±0.17 
(2.01) (2.08) (2.10) (2.11) (2.13) (1.94) (1.77) 

0.1% ME 2.51 2.63 2.73 2.93 3.11 3.25 3.38 
±0.15 ±0.20 ±0.15 ±0.18 ±0.17 ±0.32 ±0.20 
(2.24) (2.22) (2.20) (2.25) (2.28) (2.05) (1.92) 

1% ME 2.65 2.81 2.97 3.20 3.43 3.61 3.81 
±0.30 ±0.50 ±0.40 ±0.45 ±0.27 ±0.30 ±0.20 
(2.36) (2.38) (2.39) (2.46) (2.52) (2.28) (2.16) 

5% ME 2.75 2.93 3.14 3.37 3.58 3.71 3.97 
±0.27 ±0.27 ±0.20 ±0.37 ±0.27 ±0.20 ±0.30 
(2.45) (2.48) (2.53) (2.59) (2.63) (2.34) (2.25) 

10% ME 2.98 3.20 3.43 3.61 3.85 4.08 4.20 
±0.30 ±0.20 ±0.30 ±0.37 ±0.27 ±0.30 ±0.27 
(2.66) (2.71) (2.76) (2.77) (2.83) (2.58) (2.38) 

30% ME 3.15 3.26 3.51 3.78 3.99 4.21 4.49 
±0.20 ±0.20 ±0.30 ±0.20 ±0.20 ±0.25 ±0.30 
(2.81) (2.76) (2.83) (2.90) (2.93) (2.66) (2.55) 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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the end of one twenty hours. The total protein concentrations of the plasma of 

control tadpole stage VIII were equivalent to 1.12 ± 0.15, 1.18 ± 0.21, 1.24 ± 0.15, 

1.30 ± 0.20, 1.36 ± 0.21, 1.58 ± 0.15 and 1.76 ± 0.27 grams per decilitre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. It is also evident from the table and graph that all the 

concentrations of ME induced concentration dependent elevations in the total 

protein levels of the plasma at all the exposure periods but all the concentrations 

of ME failed to produce chronic progressive elevations in the total protein 

concentrations of the plasma. A minimum of 1.77 fold increase of the total 

protein levels of the plasma was observed at the end of one twenty hours under 

the influence of 0.01 % ME while a maximum of 2.93 fold elevation of the plasma 

total protein levels was noticed at the end of seventy two hours under the 

influence of 30.0 % ME. 

The tadpoles subjected to 0.01 % ME showed considerable elevations of the 

plasma total protein levels at the end of six hours and the total protein levels 

continued to increase progressively up to the end of seventy two hours. But 

subsequently the total protein levels declined slightly. A minimum of 1.77 fold 

increase of the total protein levels was noticed at the end of one twenty hours 

while a maximum of 2.13 fold increment of the total protein levels was observed 

at the end of seventy two hours. Thus, the total protein levels of the plasma were 

equivalent to 2.35 ± 0.21, 2.46 ± 0.25, 2.61 ± 0.21, 2.75 ± 0.20, 2.91 ± 0.15, 3.07 ± 0.27 

and 3.12 ± 0.17 crams  per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

231 



When exposed to 0.1 % ME the total protein levels of the plasma of 

tadpoles increased sharply. A minimum of 1.92 fold increment of the plasma 

total protein levels was found at the end of one twenty hours while a maximum 

of 2.28 fold elevation of the plasma total protein level was observed at the end of 

seventy two hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the total protein levels of the plasma were 

equivalent to 2.51 ± 0.15, 2.63 ± 0.20, 2.73 ± 0.15, 2.93 ± 0.18, 3.11 ± 0.17, 3.25 ± 0.32 

and 3.38 ± 0.20 grams per decilitre respectively. 

Under the influence of 1.0 % ME the plasma total protein concentrations 

elevated sharply at the end of six hours and continued to elevate gradually upto 

the end of seventy two hours. A minimum of 2.16 fold increase in the plasma 

total protein concentration was observed at the end of one twenty hours while a 

maximum of 2.52 fold elevation in the plasma total protein level was noticed at 

the end of seventy two hours. By the end of of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the total protein plasma 

concentrations were equivalent to 2.65 ± 0.30, 2.81 ± 0.50, 2.97 ± 0.40, 3.20 ± 0.45, 

3.43 ± 0.27, 3.61 ± 0.30 and 3.81 ± 0.20 grams per decilitre respectively. 

On exposure to 5.0 % ME the total protein levels of the plasma of tadpoles 

elevated by 2.45 folds at the end of six hours and continued to elevate further up 

to the end of seventy two hours but subsequently the total protein levels of the 

plasma declined slightly. The total protein level of the plasma was equivalent to 

2.75 ± 0.27, 2.93 ± 0.27, 3.14 ± 0.20, 3.37 ± 0.37, 3.58 ± 0.27, 3.71 ± 0.20 and 3.97 ± 
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0.30 grams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 10.0 % ME showed progressive increase of the 

total protein concentrations of the plasma from the end of six hours to the end of 

seventy two hours only. A minimum of 2.38 fold increase in the plasma total 

protein concentration was seen at the end of seventy two hours. The plasma total 

protein concentrations of the tadpoles were equivalent to 2.98 ± 0.30, 3.20 ± 0.20, 

3.43 ± 0.30, 3.61 ± 0.37, 3.85 ± 0.27, 4.08 ± 0.30 and 4.20 ± 0.27 grams per decilitre at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When exposed to 30.0 % ME the total protein concentrations of the plasma 

of tadpoles elevated sharply. A minimum of 2.55 fold increase was noticed at the 

end of one twenty hours while a maximum of 2.93 fold increase of the plasma 

total protein concentrations was observed at the end of seventy two hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the plasma total proteins concentrations were equivalent to 3.15 ± 

0.20, 3.26 ± 0.20, 3.51 ± 0.30, 3.78 ± 0.20, 3.99 ± 0.20, 4.21 ± 0.25 and 4.49 ± 0.30 

grams per decilitre respectively. 

STAGE XIV : 

Changes in the total protein concentrations of plasma of tadpoles under 

the influence of ME for Stages IX to XIV did not differ significantly. Therefore, 

changes in the total protein concentrations of plasma for stage XIV are reported 
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Table No. 33 

The alterations in the total protein concentrations 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 1.31 1.38 1.45 1.52 1.65 1.85 2.01 

±0.081 ± 0.26 ± 0.12 ± 0.36 ± 0.12 ± 0.28 ± 0.56 
0.01% ME 2.08 2.18 2.36 2.76 3.12 3.46 3.73 

±0.07 ±0.12 ±0.81 ±0.25 ±0.28 ±0.31 ±0.36 
(1.58) (1.58) (1.62) (1.81) (1.89) (1.87) (1.85) 

0.1% ME 2.17 2.3 2.52 2.81 3.24 3.56 3.82 
± 0.81 ± 0.26 ± 0.31 ± 0.36 ± 0.48 ± 0.41 ± 0.56 
(1.65) (1.66) (1.73) (1.84) (1.96) (1.92) (1.90) 

1% ME 3.05 3.12 3.46 3.63 3.76 3.85 3.97 
± 0.76 ± 0.43 ± 0.83 ± 0.61 ± 0.81 ± 0.31 ± 0.52 
(2.32) (2.26) (2.38) (2.38) (2.27) (2.08) (1.97) 

5% ME 3.21 3.48 3.76 3.81 4.06 4.21 4.48 
± 0.56 ± 0.72 ± 0.81 ± 0.84 ± 0.76 ± 0.73 ± 0.46 
(2.45) (2.52) (2.59) (2.50) (2.46) (2.27) (2.22) 

10% ME 3.56 3.63 3.84 4.08 4.19 4.31 4.56 
± 0.81 ± 0.81 ± 0.76 ± 0.76 ± 0.56 ± 0.46 ± 0.36 
(3.56) (2.63) (2.64) (2.68) (2.53) (2.32) (2.26) 

30% ME 3.91 4.04 4.12 4.31 4.56 4.67 4.81 
± 0.76 ± 0.51 ± 0.76 ± 0.82 ± 0.76 ± 0.56 ± 0.51 
(2.98) (2.92) (2.84) (2.83) (2.76) (2.52) (2.391 

Note : Unit : gm/di 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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here. Total protein concentrations are expressed as grams per decilitre (g/dL) of 

plasma. 

Changes in the total protein concentrations of plasma of tadpoles exposed 

to ME are given in Table No. 33 and graphically expressed in Graph No. 33. It is 

clear from the table that total proteins levels of control tadpoles progressively 

increased from the end of six hours to the end of one twenty hours and the total 

protein concentrations ranged from 1.31 g/dL to 2.01 g/dL. The total protein 

levels of control tadpoles were equivalent to 1.31 ± 0.081, 1.38 ± 0.26, 1.45 ± 0.12, 

1.52 ± 0.36, 1.65 ± 0.12, 1.85 ± 0.28 and 2.01 ± 0.56 g/dL at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is evident from the table and graph that all the concentrations of ME 

promoted concentration dependent elevations in the total protein levels of 

tadpoles at all the exposure periods, but all the concentrations of ME did not 

produce chronic elevations in the total protein concentrations of the plasma. It is 

also clear that 0.01 % and 0.1 `)/0 ME could induce exposure period dependent 

increase from the end of six to the end of seventy two hours. 

The tadpoles exposed to 0.01 `)/0 ME exhibited a minimum of 1.58 fold 

(58%) increase in total protein level of plasma at the end of six and twelve hours if 

compared with control, while a maximum of 1.89 fold (89%) increment of total 

protein concentrations of plasma were observed at the end of seventy two hours. 

The total protein levels of the plasma were equivalent to 2.08 ± 007, 2.18 ± 0.12, 

2.36 ± 0.81, 2.76 ± 0.25, 3.12 ± 0.28, 3.46 ± 0.31 and 3.73 ± 0.36 grams per decilitre at 
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the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 `)/0 ME, the tadpoles showed gradual elevations of 

plasma protein concentrations from the end of six hours to the end of seventy two 

hours. A minimum of 1.65 fold increase in total protein level was noted at the 

end of six hours while a maximum of 1.96 fold increase in total protein 

concentrations of plasma was observed at the end of seventy two hours. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the protein levels of plasma of tadpoles were equivalent to 2.17 ± 

0.81, 2.30 ± 0.26, 2.52 ± 0.31, 2.81 ± 0.36, 3.24 ± 0.48, 3.56 ± 0.41 and 3.82 ± 0.56 

grams per decilitre respectively. 

Under the influence of 1.0 % ME, the total protein concentrations of 

plasma of tadpoles increased by 2.32 folds at the end of six hours, then fluctuated 

a little to decrease from the end of seventy two hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the protein 

levels of plasma of tadpoles were equivalent to 2.32 ± 0.76, 2.26 ± 0.43, 3.46 ± 0.83, 

3.63 ± 0.61, 3.76 ± 0.81, 3.85 ± 0.31 and 3.97 ± 0.52 grams per decilitre respectively. 

When subjected to 5.0 % ME the tadpoles exhibited a slight increase in the 

total protein levels of the plasma from the end of six hours to the end of twenty 

four hours. A minimum of 2.22 fold increase in the total protein concentrations 

was observed at the end of one twenty hours and a maximum of 2.59 fold 

increase in the total proteins concentrations was observed at the end of twenty . 

four hours. The concentrations of the total proteins in the plasma were 
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equivalent to 3.21 ± 0.56, 3.48 ± 0.72, 3.76 ± 0.81, 3.81 ± 0.84, 4.06 ± 0.76, 4.21 ± 0.73 

and 4.48 ± 0.46 grams per decilitre respectively. 

On exposure to 10.0 % ME the total protein concentrations in the plasma of 

tadpoles increased by 2.71 folds at the end of six hours and then decreased 

gradually upto the end one twenty hours. However, the total protein levels 

remained almost unchanged at the end of twelve and twenty four hours. A 

minimum of 2.26 fold elevation in the total protein concentrations of the plasma 

of tadpoles was observed at the end of one twenty hours and a maximum of 2.71 

fold increase in the total protein concentrations of the plasma of tadpoles was 

noticed at the end of six hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the total proteins level of the 

plasma of tadpoles were equivalent to 3.56 ± 0.81, 3.63 ± 0.81, 3.84 ± 0.76, 4.08 ± 

0.76, 4.19 ± 0.56, 4.31 ± 0.46 and 4.56 ± 0.36 grams per decilitre respectively. 

Tadpoles subjected to 30.0 % ME exhibited a maximum of 2.98 fold 

increment in total protein concentration at the end of six hours, while a minimum 

of 2.39 fold elevation in total protein concentrations of plasma was promoted by 

the end of one twenty hours. However, the protein levels of plasma remained 

above that observed in plasma of the control animals. The total protein 

concentrations of the plasma were equivalent to 3.91 ± 0.76, 4.04 ± 0.51, 4.12 ± 

0.76, 4.31 ± 0.82, 4.56 ± 0.76, 4.67 ± 0.56 and 4.81 ± 0.51 grams per decilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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STAGE XVIII : 

Changes in the total protein concentrations of the plasma of tadpole stages 

XV to XVIII exposed to mining effluents (ME) were similar. Therefore, the 

changes in the total protein concentrations of the plasma of tadpole stage XVIII 

under the influence of ME are described here. The total protein concentrations are 

expressed as grams per decilitres. The alterations in the total protein 

concentrations of the plasma of tadpoles (Stage XVIII) are compiled in Table No. 

34 and are presented graphically in Graph No. 34. It is seen from the table and 

graph that the total protein levels of the plasma of control tadpoles increased 

gradually from the end of six hours to the end of one twenty hours. The total 

protein concentrations of the plasma of tadpoles were equivalent to 1.56 ± 0.12, 

1.59 ± 0.14, 1.62 ± 0.24, 1.68 ± 0.36, 1.76 ± 0.24, 1.95 ± 0.31 and 2.15 ± 0.46 grams per 

decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations in the total protein levels of plasma 

from the end of six hours to the end of forty eight hours, and the total protein 

levels gradually decreased from the end of seventy two to one twenty hours. A 

minimum of 1.97 fold increase in the total protein levels of the plasma was 

observed at the end of six hours under the influence of 0.01 % ME while a 

maximum of 3.03 fold elevation in the plasma total protein levels was noticed at 

the end of twenty four and forty eight hours under the influence of 30.0 % ME. 
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Table No.34 

The alterations in the total protein concentrations 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 1.56 1.59 1.62 1.68 1.76 1.95 2.15 

±0.12 ±0.14 ±0.24 ±0.36 ±0.24 ±0.31 ±0.46 
0.01% ME 3.08 3.21 3.45 3.78 4.12 4.46 4.83 

±0.14 ±0.24 ±0.36 ±0.34 ±0.31 ±0.46 ±0.53 
(1.97) (2.01) (2.12) (2.25) (2.34) (2.28) (2.24) 

0.1% ME 3.36 3.56 3.63 3.92 4.26 4.63 4.99 
± 0.28 ± 0.26 ± 0.31 ± 0.46 ± 0.32 ± 0.61 ± 0.62 
(2.15) (2.23) (2.24) (2.33) (2.42) (2.37) (2.32) 

1% ME 3.75 3.81 3.97 4.12 4.41 4.73 5.10 
± 0.31 ± 0.31 ± 0.32 ± 0.31 ± 0.36 ± 0.31 ± 0.31 
(2.40) (2.39) (2.45) (2.45) (2.50) (2.42) (2.37) 

5% ME 4.09 4.21 4.48 4.68 4.85 5.03 5.18 
± 0.41 ± 0.36 ± 0.31 ± 0.46 ± 0.31 ± 0.31 ± 0.36 
(2.62) (2.64) (2.76) (2.78) (2.75) (2.57) (2.40) 

10% ME 4.28 4.46 4.63 4.81 4.96 5.07 5.22 
± 0.61 ± 0.31 ± 0.81 ± 0.36 ± 0.36 ± 0.31 ± 0.41 
(2.74) (2.80) (2.85) (2.86) (2.81) (2.60) (2.42) 

30% ME 4.45 4.73 4.91 5.10 5.32 5.56 5.73 
± 0.76 ± 0.28 ± 0.31 ± 0.35 ± 0.43 ± 0.32 ± 0.36 
(2.85) (2.97) (3.03) (3.03) (3.02) (2.85) (2.60) 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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The tadpoles subjected to 0.01 % ME showed considerable elevations of the 

plasma total protein levels at the end of six hours and then continued to increase 

progressively upto the end of seventy two hours. But subsequently the total 

protein levels declined slightly. A minimum of 1.97 fold increase in the total 

protein levels was noticed at the end ( :" six hours, while a maximum of 2.34 fold 

increment was observed at the end of seventy two hours. Thus, the total protein 

levels of the plasma were equivalent to 3.08 ± 0.14, 3.21 ± 0.24, 3.45 ± 0.36, 3.78 ± 

0.34, 4.12 ± 0.31, 4.46 ± 0.46 and 4.83 ± 0.53 grams per decilitre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 0.1 % ME the total protein levels of the plasma of 

tadpoles increased sharply. A minimum of 2.15 fold increment of the plasma 

total protein levels was found at the end of six hours while a maximum of 2.42 

fold elevation of the plasma total protein level was observed at the end of seventy 

two hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the total protein levels of the plasma were equivalent 

to 3.36 ± 0.28, 3.56 ± 0.26, 3.63 ± 0.31, 3.92 ± 0.46, 4.26 ± 0.32, 4.63 ± 0.61 and 4.99 ± 

0.62 grams per decilitre respectively. 

Under the influence of 1.0 % ME the plasma total protein concentrations 

elevated sharply at the end of six hours and then dropped a little at the end of 

twelve hours and again increased till the end of seventy two hours. Subsequently 

after ninety six hours, the total protein concentrations of the plasma declined. A 

maximum of 2.50 fold increase of the plasma total protein concentration was 
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observed at the end of seventy two hours while a maximum of 2.37 fold increase 

was observed at the end of one twenty hours. By the end of six,twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the plasma total 

protein levels were equivalent to 3.75 ± 0.31, 3.81 ± 0.31, 3.97 ± 0.32, 4.12 ± 0.31, 

4.41 ± 0.36, 4.73 ± 0.31 and 5.10 ± 0.31 grams per decilitre respectively. 

On exposure to 5.0 % ME, the total protein levels of the plasma of tadpoles 

elevated by 2.62 folds at the end of six hours and continued to elevate further up 

to the end of forty eight hours, but subsequently the total protein levels of the 

plasma declined gradually. The total protein level of the plasma was equivalent 

to 4.09 ± 0.41, 4.21 ± 0.36, 4.48 ± 0.31, 4.68 ± 0.46, 4.85 ± 0.31, 5.03 ± 0.31 and 5.18 ± 

0.36 grams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 10.0 `)/0 ME showed progressive increase in the 

total protein concentrations of the plasma from the end of six hours to the end of 

forty eight hours only. A minimum of 2.42 fold increase of the plasma total 

protein concentration was observed at the end of one twenty hours, while a 

maximum of 2.86 fold increase in the total protein concentration of the plasma 

was seen at the end of forty eight hours. The plasma total protein concentrations 

of the tadpoles were equivalent to 4.28 ± 0.61, 4.46 ± 0.31, 4.63 ± 0.81, 4.81 ± 0.36, 

4.96 ± 0.36, 5.07 ± 0.31 and 5.22 ± 0.41 grams per decilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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When exposed to 30.0 `)/0 ME, the total protein concentrations of the plasma 

of tadpoles elevated sharply. A minimum of 2.60 fold increase was noticed at the 

end of one twenty hours while a maximum of 3.03 fold increase was observed at 

the end of twenty four and forty eight hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the plasma total 

protein levels were equivalent to 4.45 ± 0.76, 4.73 ± 0.28, 4.91 ± 0.31, 5.10 ± 0.35, 

5.32 ± 0.43, 5.56 ± 0.32 and 5.73 ± 0.36 grams per decilitre respectively. 

STAGE XXII : 

The alterations in the total protein concentrations of the plasma of tadpoles 

belonging to stages XIX to XXII were almost identical hence the changes of the 

total protein concentrations of the plasma of tadpole stage XXII exposed to 

mining effluents are given here. The alterations in the total protein 

concentrations of the plasma of tadpoles exposed to ME are expressed in grams 

per decilitre and are given in Table No. 35 and Graph No. 35. It is obvious from 

the table that total protein levels of control tadpoles progressively increased from 

the end of six hours to the end of one twenty hours, and the total protein levels 

ranged from 1.83 g/dL to 2.36 g/dL. The total protein levels of control tadpoles 

were equivalent to 1.83 ± 0.81, 1.86 ± 0.12, 1.92 ± 0.31, 1.97 ± 0.42, 2.05 ± 0.20, 2.18 

± 0.32 and 2.36 ± 0.36 grams per decilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table that all the concentrations of ME promoted 

concentration dependent elevations in the total protein levels of tadpoles till the 

end of ninety six hours. 0.01 `)/0, 0.1 `)/0 and 1.0 % ME promoted chronic increase 
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Table No. 35 

The alterations in the total protein concentrations 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 1.83 1.86 1.92 1.97 2.05 2.18 2.36 

±0.81 ±0.12 ±0.31 ±0.42 ±0.20 ±0.32 ±0.36 
0.01% 3.12 3.26 3.52 3.79 4.17 4.50 4.81 

± 0.12 ± 0.15 ± 0.17 ± 0.28 ± 0.20 ± 0.15 ± 0.17 
(1.70) (1.75) (1.80) (1.92) (2.03) (2.06) (2.03) 

0.10% 3.28 3.48 3.65 3.87 4.20 4.75 4.98 
± 0.32 ± 0.21 ± 0.21 ± 0.26 ± 0.25 ± 0.32 ± 0.32 
(2.06) (1.87) (1.90) (1.96) (2.04) (2.17) V.11) 

1.00% 3.77 3.86 4.10 4.26 4.48 4.81 5.12 
± 0.51 ± 0.31 ± 0.32 ± 0.31 ± 0.36 ± 0.37 ± 0.32 
(2.25) (2.07) (2.13) (2.16) (2.18) (2.20) (2.16) 

5.00% 4.12 4.27 4.52 4.75 4.96 5.12 5.25 
± 0.51 ± 0.36 ± 0.32 ± 0.36 ± 0.32 ± 0.32 ± 0.36 
(2.25) (2.29) (2.43) (2.41) (2.41) (2.34) (3.22) 

10.00% 4.31 4.52 4.68 4.96 5.12 5.20 5.36 
± 0.42 ± 0.31 ± 0.32 ± 0.31 ± 0.32 ± 0.36 ± 0.32 
(2.35) (2.43) (2.43) (2.51) (2.49) (2.38) (2.27) 

30.00% 4.51 4.81 5.12 5.28 5.46 5.63 5.84 
± 0.36 ± 0.28 ± 0.25 ± 0.25 ± 0.28 ± 0.27 ± 0.31 
(2.46) (2.58) (2.66) (2.68) (2.66) (2.58) (2.47) 

Note : Unit : gm/dl 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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upto the end of ninety six hours. 0.01 % ME at the end of six hours induced a 

minimum elevation whereas 5.0 % ME induced a maximum increment in the total 

protein concentrations of the plasma of tadpoles at the end of one twenty hours. 

The tadpoles exposed to 0.01 `)/0 ME exhibited a minimum of 1.70 fold 

(70%) increase of plasma total protein levels at the end of six hours while a 

maximum of 2.06 fold (106 %) increase in total protein level of plasma was 

observed at the end of ninety six hours. The total protein levels of plasma were 

equivalent to 3.12 ± 0.12, 3.26 ± 0.15, 3.52 ± 0.17, 3.79 ± 0.28, 4.17 ± 0.20, 4.50 ± 0.15 

and 4.81 ± 0.17 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed a minimum of 1.79 fold 

increase in total protein levels of the plasma at the end of six hours, while a 

maximum of 2.17 fold increase was noticed at the end of ninety six hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the total protein levels of the plasma were equivalent to 3.28 ± 0.16, 

3.48 ± 0.21, 3.65 ± 0.21, 3.87 ± 0.26, 4.20 ± 0.25, 4.75 ± 0.32 and 4.98 ± 0.32 grams per 

decilitre respectively. 

Under the influence of 1.0 % ME the total protein concentrations of plasma 

of tadpoles elevated by 2.06 folds at the end of six hours and continued to 

increase by 2.20 folds at the end of ninety six hours and then declined. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the total protein levels of the plasma of tadpoles were equivalent to 3.77 ± 
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0.32, 3.86 ± 0.31, 4.10 ± 0.32, 4.26 ± 0.31, 4.48 ± 0.36, 4.81 ± 0.37 and 5.12 ± 0.32 

grams per decilitre respectively. 

On exposure to 5.0 % ME the tadpoles exhibited increase in the total 

protein levels of the plasma from the end of six hours upto the end of forty eight 

hours. The total protein level of the plasma remained same at the end of forty 

eight hours and seventy two hours, and then decreased subsequently till the end 

of one twenty hours. The total protein concentrations of the plasma were 

equivalent to 4.12 ± 0.51, 4.27 ± 0.36, 4.52 ± 0.42, 4.75 ± 0.36, 4.96 ± 0.32, 5.12 ± 0.32 

and 5.25 ± 0.36 grams per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 10.0 % ME the total protein concentrations of the plasma 

of tadpoles increased by 2.51 fold at the end of forty eight hours, whereas the 

total protein level of plasma increased by 2.27 folds only at the end of one twenty 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the total protein concentrations were equivalent to 4.31 ± 

0.42, 4.52 ± 0.31, 4.68 ± 0.32, 4.96 ± 0.31, 5.12 ± 0.32, 5.20 ± 0.36 and 5.36 ± 0.32 

grams per decilitre respectively. 

The tadpoles subjected to 30.0 % ME exhibited a maximum of 2.68 folds 

increase in the total protein level at the end of forty eight hours, while a 

minimum of 2.46 fold increase was noticed at the end of six hours. The total 

protein concentrations of plasma of tadpoles increased gradually upto the end of 

forty eight hours and then subsequently decreased till the end of one twenty 

hours. The total protein concentrations of the plasma were equivalent to 4.51 ± 
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0.36, 4.81 ± 0.28, 5.12 ± 0.25, 5.28 ± 0.25, 5.46 ± 0.28, 5.63 ± 0.27 and 5.84 ± 0.31 

grams per decilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

b) ACID PHOSPHATASE (AP) : 

STAGE V : 

Changes in AP activity of plasma of tadpoles of stages I to V under the 

influence of ME were almost identical, therefore the alterations in the AP activity 

of plasma for only Stage V are given here. The changes in AP activity of plasma 

for Stage V are compiled in Table No. 36 and presented graphically in Graph No. 

36. AP activity is expressed as micromoles per hundred millilitre of plasma. 

It is revealed by the table and graph that AP activity of the control 

tadpoles increased progressively from the end of six hours to the end of one 

twenty hours. The AP activity of control tadpoles was equivalent to 13.80 ± 2.10, 

13.92±1.10, 14.03 ± 1.18, 14.14 ± 1.20, 14.20 ± 1.18, 14.60 ± 1.20 and 14.90 ± 2.10 

micromoles per hundred millilitres at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is clear from the table and graph that under the influence of ME the AP 

activity of plasma of tadpoles exhibited ME concentration dependent increase at 

all the exposure periods except ninety six and one twenty hours under the 

influence of 1.0 %, 5.0 %, 10.0 % and 30.0 % ME . However, 0.01 `)/0 ME did not 

induce a significant increase, whereas 0.1 % ME produced significant increase at 
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Table No. 36 

The alterations in the acid phosphatase activity 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 13.80 13.92 14.03 14.40 14.20 14.60 14.90 

±2.10 ± 1.10 ± 1.18 ± 1.20 ± 1.18 ± 1.20 ± 2.10 
0.01% ME 14.20 14.40 14.80 15.20 15.40 15.80 16.20 

± 1.10 ± 1.20 ± 1.10 ± 1.10 ± 1.20 ± 1.10 ± 1.20 
(2.0) (3.0) (5.0) (7.0) (8.0) (8.0) (8.0) 

0.1% ME 14.30 14.60 14.90 15.40 15.90 16.40 16.70 
± 1.18 ± 1.17 ± 1.18 ± 1.10 ± 1.20 ± 1.18 ± 1.18 

(3.0) (4.0) (6.0) (8.0) (11.0) (12.0) (12.0) 
1% ME 14.80 15.20 15.60 16.20 16.60 16.90 17.40 

± 1.20 ± 1.18 ± 1.20 ± 1.18 ± 1.17 ± 1.17 ± 1.17 
(7.0) (9.0) (11.0) (14.0) (16.0) (15.0) (16.0) 

5% ME 15.40 15.80 16.10 16.40 16.80 17.20 17.60 
± 1.18 ± 1.10 ± 1.20 ±1.18 ± 1.17 ± 1.20 ± 1.10 
(11.0) (13.0) (14.0) (16.0) (18.0) (17.0) (18.0) 

10% ME 15.70 16.20 16.60 16.90 17.10 17.30 17.70 
± 1.18 ± 1.10 ± 1.20 ± 1.18 ± 1.20 ± 1.10 ± 1.20 
(13.0) (16.0) (18.0) (19.0) (20.0) (18.0) (18.0) 

30% ME 16.10 16.40 16.80 17.20 17.40 17.80 18.20 
± 1.17 ± 1.18 ± 1.17 ± 1.18 ± 1.20 ± 1.10 ± 1.21 
(16.0) (17.0) (19.0) (21) (22.0) (21.0) (22.0) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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the end of seventy two hours. 1.0 % ME promoted a significant elevation in the 

enzyme activity at the end of twenty four hours. 

The tadpoles exposed to 0.01 % ME showed a minimum of 2.0 % increase 

in the enzyme activity of plasma at the end of six hours and a maximum elevation 

of 8.0 % from the end of seventy two to one twenty hours. These elevations in AP 

activity are calculated with reference to the enzyme activity of control tadpoles. 

Thus, at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the AP activity was equivalent to 14.20 ± 1.10, 14.40 ± 1.20, 

14.80 ± 1.10, 15.20 ± 1.10, 15.40 ± 1.20, 15.80 ± 1.10 and 16.20 ± 1.20 micomoles per 

hundred millilitre respectively. 

Under the influence of 0.1 % ME the AP activity of the tadpoles increased 

by about 3.0 % at the end of six hours, while it elevated by 12.0 % at the end of 

ninety six and one twenty hours. The AP activity of plasma was equivalent to 

14.30 ± 1.18, 14.60 ± 1.17, 14.90 ± 1.18, 15.40 ± 1.10, 15.90 ± 1.20, 16.40 ± 1.18 and 

16.70 ± 1.18 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted a minimum increase of 7.0 

% in AP activity at the end of six hours and a maximum increase of 16.0 % at the 

end of seventy two and one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the AP activity of 

plasma was equivalent to 14.80 ± 1.20, 15.20 ± 1.18, 15.60 ± 1.20, 16.20 ± 1.17, 16.60 

± 1.17, 16.90 ± 1.17 and 17.40 ± 1.17 micro moles per millilitre respectively. 
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The tadpoles subjected to 5.0 % ME exhibited a minimum of 11.0 % 

increase in the AP activity of plasma, whereas a maximum of 18.0 % increase in 

the enzyme activity was seen at the end of seventy two and one twenty hours. 

This concentration of ME could not induce any chronic change in the enzyme 

activity of the plasma. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the AP activity of plasma was equivalent to 

15.40 ± 1.18, 15.80 ± 1.10, 16.10 ± 1.20, 16.40 ± 1.18, 16.80 ± 1.17, 17.20 ± 1.20 and 

17.60 ± 1.10 micromoles per hundred millilitre respectively. 

When exposed to 10.0 % ME, the tadpoles showed a minimum of 13.0 % 

increase in enzyme activity of plasma at the end of six hours while they exhibited 

a maximum increase of 20.0 % increase in AP activity at the end of seventy two 

hours. AP activity increased slightly and gradually from the end of six to seventy 

two hours. The enzyme activity of plasma was equivalent to 15.70 ± 1.18, 16.20 ± 

1.10, 16.60 ± 1.20, 16.90 ± 1.18, 17.10 ± 1.20, 17.30 ± 1.10 and 17.70 ± 1.20 

micromoles per hundred millilitre respectively. 

Under the influence of 30.0 % ME, a minimum of 16.0 % increase in the AP 

activity of plasma was shown by the tadpoles at the end of six hours while the 

tadpoles exhibited a 22.0 % increase in the AP activity of plamsa at the end of 

seventy two and one twenty hours. The AP activity of plasma was equivalent to 

16.10 ± 1.17, 16.40 ± 1.18, 16.80 ± 1.17, 17.20 ± 1.18, 17.40 ± 1.20, 17.80 ± 1.10 and 

18.20 ± 1.21 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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STAGE VIII : 

The alterations in the AP activity under the influence of ME for tadpole 

stages VI to VIII were almost identical, therefore the changes in the AP activity of 

tadpoles of Stage VIII are given here. The changes in the enzyme activity are 

compiled in Table No. 37 and are graphically presented in Graph No. 37. AP 

activity is expressed as micromoles per hundred millilitre of plasma. 

From the table and graph it is evident that the control tadpoles showed a 

progressive increase in AP activity of plasma, from the end of six hours to the end 

of one twenty hours. AP activity of plasma of control tadpoles was equivalent to 

14.20 ± 1.80, 14.24 ± 1.12, 14.32 ± 1.20, 14.50 ± 1.26, 14.60 ± 1.32, 14.80 ± 1.20 and 

15.10 ± 1.18 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that the tadpoles exposed to 

mining effluents exhibited fluctuations in AP activity of plasma of tadpoles from 

the end of six hours to the end of one twenty hours and there were no chronic 

alterations in AP activity. A minimum of 2.0 `)/0 increase in AP activity was 

observed at the end of six, forty eight and one twenty hours under the influence 

of 0.01 % ME while a maximum increase of 8.0 % was noticed at the end of 

seventy two and ninety six hours under the influence of 10.0 % and 30.0 %ME. 

30.0 % ME maintained 8.0 % elevation at the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME showed a minimum of 2.0 `)/0 increase 

in the AP activity of plasma at the end of six, forty eight and one twenty hours. A 

maximum of 3.0 % increase was seen in AP activity for the rest of the exposure 
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Table No. 37 

The alterations in the acid phosphatase activity 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 14.2 14.24 14.32 14.5 14.6 14.8 15.1 

± 1.80 ± 1.12 ± 1.20 ±1.26 ± 1.32 ± 1.20 ± 1.18 
0.01% ME 14.50 14.76 14.83 14.91 15.12 15.23 15.45 

±1.20 ±1.18 ±1.26 ±1.32 ±1.20 ±1.18 ±1.12 
(2.0) (3.0) (3.0) (2.0) (3.0) (3.0) (2.0) 

0.1% ME 14.65 14.81 14.97 15.18 15.25 15.37 15.51 
± 1.12 ± 1.18 ± 1.20 ± 1.16 ± 1.18 ± 1.15 ± 1.18 

(3.0) (4.0) (4.0) (4.0) (4.0) (3.0) (2.0) 
1°/0 ME 14.73 14.91 15.11 15.32 15.54 15.72 15.93 

± 1.18 ± 1.15 ± 1.18 ± 1.20 ± 1.18 ± 1.20 ± 1.18 
(3.0) (4.0) (5.0) (5.0) (6.0) (6.0) (5.0) 

5% ME 14.85 14.99 15.20 15.45 15.68 15.83 16.10 
± 1.26 ± 1.12 ± 1.16 ± 1.20 ± 1.25 ± 1.12 ± 1.18 

(4.0) (5.0) (6.0) (6.0) (7.0) (7.0) (6.0) 
10% ME 14.97 15.09 15.32 15.53 15.78 15.97 16.21 

± 1.18 ± 1.15 ± 1.15 ± 1.12 ± 1.18 ± 1.25 ± 1.18 
(5.0) (6.0) (7.0) (7.0) (8.0) (8.0) (7.0) 

30% ME 15.12 15.29 15.43 15.65 15.85 16.05 16.37 
± 1.32 ± 1.12 ± 1.20 ± 1.20 ± 1.12 ± 1.20 ± 1.18 

(6.0) (7.01_ (7.0) (7.0) (8.0) (8.0) (8.0) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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periods. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the AP activity of plasma was equivalent to 14.50 ± 

1.20, 14.76 ± 1.18, 14.83 ± 1.26, 14.91 ± 1.32, 15.12 ± 1.20, 15.23 ± 1.18 and 15.45 ± 

1.12 micromoles per hundred millilitre respectively. 

Under the influence of 0.1 % ME, the tadpoles did not exhibit any 

significant change in AP activity at all the exposure periods. But a minimum of 

2.0 % rise in AP activity was observed at the end of one twenty hours, while a 

maximum of about 4.0 % increase in the activity was observed from the end of 

twelve to seventy two hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the tadpoles exhibited AP activity 

of plasma equivalent to 14.65 ± 1.12, 14.81 ± 1.18, 14.97 ± 1.20, 15.18 ± 1.16, 15.25 ± 

1.18, 15.37 ± 1.15 and 15.51 ± 1.18 micromoles per hundred millilitre respectively. 

The exposure of tadpoles to 1.0 % ME resulted in insignificant changes in 

the AP activity of plasma. However, a minimum of 3.0 % rise in AP activity was 

noticed at the end of six hours, while a maximum of 6.0 % increase in the enzyme 

activity of plasma was observed at the end of seventy two and ninety six hours. 

The AP activity of plasma was equivalent to 14.73 ± 1.18, 14.91 ± 1.15, 15.11 ± 1.18, 

15.32 ± 1.20, 15.54 ± 1.18, 15.72 ± 1.20 and 15.93 ± 1.18 micromoles per hundred 

millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 5.0 % ME,' the tadpoles did not show any significant 

change in the AP activity of plasma at all the exposure periods. A minimum of 

5.0 % increase in the enzyme activity was observed at the end of six hours, while 
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a maximum of 7.0 % rise in the AP activity of plasma was seen at the end of 

seventy two and ninety six hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the AP activity of plasma 

was equivalent to 14.85 ± 1.26, 14.99 ± 1.12, 15.20 ± 1.16, 15.45 ± 1.20, 15.68 ± 1.25, 

15.83 ± 1.12 and 16.10 ± 1.18 micromoles per hundred millilitre respectively. 

10.0 % ME also failed to promote any remarkable increase in the AP 

activity of plasma. About 6.0 % increase in AP activity of plasma was induced at 

the end of six hours, while about 8.0 % increase was induced at the end of seventy 

two and ninety six hours. AP activity of plasma of tadpoles was equivalent to 

14.97 ± 1.18, 15.09 ± 1.15, 15.32 ± 1.15, 15.53 ± 1.12, 15.78 ± 1.18, 15.97 ± 1.25 and 

16.21 ± 1.18 micromoles per hundred millilitre at the end six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 30.0 % ME showed a minimum of 6.0 % increase 

in AP activity of plasma at the end of six hours and a maximum of 8.0 % increase 

was observed from the end of seventy two to one twenty hours. AP activity of 

plasma of tadpoles was equivalent to 15.12 ± 1.32, 15.29 ± 1.12, 15.43 ± 1.20, 15.65 

± 1.20, 15.85 ± 1.12, 16.05 ± 1.20 and 16.37 ± 1.18 micromoles per hundred millilitre 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XIV : 

The changes in AP activity of plasma of tadpole stages IX to XIV under the 

influence of ME were almost identical. Therefore, the changes in the AP activity 

of plasma of tadpoles of stage XIV exposed to ME are described here. Changes in 
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Table No. 38 

The alterations in the acid phosphatase activity 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 hrs 12 hrs 24 hrs 48 hrs 72 hrs 96 hrs 120 hrs 
Control 15.30 15.34 15.42 15.50 15.60 15.90 16.20 

± 2.18 ± 0.67 ± 1.00 ± 0.67 ± 1.00 ± 0.67 ± 1.00 
0.01% ME 15.50 15.80 16.20 16.40 16.70 16.90 17.10 

. ± 1.00 ± 1.00 ± 0.67 ± 1.00 ± 1.00 ± 1.00 ± 1.00 
(1.0) (3.0) (5.0) (5.0) (7.0) (6.0) (5.0) 

0.1% ME 15.70 16.10 16.50 16.80 17.20 17.40 17.80 
± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 0.67 ± 1.00 ± 1.00 

(2.0) (5.0) (7.0) (8.0) (10.0) (9.0) (9.0) 
1% ME 16.20 16.50 16.90 17.30 17.60 17.90 18.20 

± 0.67 ± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 1.00 
(5.0) (7.0) (9.0) (11.0) (12.0) (12.0) (12.0) 

5% ME 16.50 16.80 17.10 17.40 17.90 18.10 18.40 
± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 1.00 ± 1.00 

(7.0) (9.0) (10.0) (12.0) (14.0) (13.0) (13.0) 
10% ME 16.90 17.20 17.50 18.20 18.40 18.80 19.20 

± 1.00 ± 0.67 ± 1.00 ± 0.67 ± 1.00 ± 1.00 ± 0.67 
(10.0) (12.0) (13.0) (17.0) (17.0) (18.0) (18.0) 

30% ME 17.40 17.80 18.10 18.50 18.90 19.10 19.30 
± 1.00 ±1.00 ± 1.00 ±1.00 ± 1.00 ± 1.00 ± 1.00 
(13.0) (16.0) (17.0) (19.0) (21.0) (20.0) (19.0) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

014- 36 C.:vv\-ttA,e,,,r/1/4,0/vv) 

(.4,041; 	ANI-TuA&p, wvo-v) 



AP activity of plasma of tadpoles of stage XIV under the influence of ME are 

given in Table No. 38 and graphically expressed in Graph No. 38. AP activity is 

expressed as micromoles per hundred millilitre of plasma. 

It is obvious from the table and graph that AP activity of control tadpoles 

increased from the end of six hours to the end of one twenty hours and ranged 

between 15.30 .t moles/100 ml and 16.20 11 moles/100 ml. AP activity of control 

tadpoles was equivalent to 15.30 ± 2.18, 15.34 ± 0.67, 15.42 ± 1.00, 15.50 ± 0.67, 

15.60 ± 1.00, 15.90 ± 0.67 and 16.20 ± 1.00 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It can be seen from the table and graph that the AP activity of plasma of 

tadpoles increased slightly under the influence of some ME concentrations from 

the end of six hours to the end of seventy two hours. A minimum of 1.0 

increase in AP activity of plasma was observed at the end of six hours under the 

influence of 0.01 % ME, while a maximum of 21.0 ` )/0 elevation in AP activity of 

plasma was noticed at the end of seventy two hours under the influence of 30.0 

ME. 

On exposure to 0.01 `)/0 ME the tadpoles exhibited a minimum of 1.0 ( 3/0 

increase in AP activity of plasma at the end of six hours while a maximum of 7.0 

% increase in the enzyme activity was observed at the end of seventy two hours. 

The AP activity of plasma was equivalent to 15.50 ± 1.00, 15.80 ± 1.00, 16.20 ± 0.67, 

16.40 ± 1.00, 16.70 ± 1.00, 16.90 ± 1.00 and 17.10 ± 1.00 micromoles per hundred 
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millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME showed a minimum of about 2.0 % 

increase in AP activity at the end of six hours while a maximum of about 10.0 % 

elevation in AP activity was observed at the end of seventy two hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AP activity of plasma was equivalent to 15.70 ± 1.00, 16.10 ± 1.00, 

16.50 ± 1.00, 16.80 ± 1.00, 17.20 ± 0.67, 17.40 ± 1.00 and 17.80 ± 1.00 micromoles per 

hundred millilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME AP activity of plasma of the tadpoles was 

equivalent to 16.20 ± 0.67, 16.50 ± 1.00, 16.90 ± 1.00, 17.30 ± 1.00, 17.60 ± 1.00, 17.90 

± 1.00 and 18.20 ± 1.00 micromoles per hundred millilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. It is obvious that a minimum of 5.0 % increase in AP activity was 

seen at the end of six hours while from the end of seventy two to one twenty 

hours an increase in AP activity equivalent to 12.0 % was observed. 

Tadpoles exposed to 5.0 `)/0 ME exhibited a maximum of 14.0 `)/0 rise in AP 

activity of plasma at the end of seventy two hours while a minimum of 7.0 % 

increase in AP activity was observed at the end of six hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

AP activity of plasma was equivalent to 16.50 ± 1.00, 16.80 ± 1.00, 17.10 ± 1.00, 
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17.40 ± 1.00, 17.90 ± 1.00, 18.10 ± 1.00 and 18.40 ± 1.00 micromoles per hundred 

millilitre respectively. 

On treatment with 10.0 % ME, the tadpoles exhibited a 10.0 % increase in 

AP at activity at the end of six hours and an 18.0 % rise in AP activity of plasma at 

the end of ninety six and one twenty hours. The tadpoles showed AP activity of 

plasma equivalent to 16.90 ± 1.00, 17.20 ± 0.67, 17.50 ± 1.00, 18.20 ± 0.67, 18.40 ± 

1.00, 18.80 ± 1.00 and 19.20 ± 0.67 micromoles per hundred millilitre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Under the influence of 30.0 % ME, the tadpoles exhibited exposure period 

dependent increase in AP activity upto the end of seventy two hours. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the AP activity of plasma of tadpoles was equivalent to 17.40 ± 1.00, 

17.80 ± 1.00, 18.10 ± 1.00, 18.50 ± 1.00, 18.90 ± 1.00, 19.10 ± 1.00 and 19.30 ± 1.00 

micromoles per hundred millilitre respectively. 

STAGE XVIII : 

The alterations in AP activity of plasma of tadpoles of stages XV to XVIII 

under the influence of ME were not significantly different. Hence, changes 

observed in AP activity at stage XVIII are reported here. The changes in AP 

activity of plasma of tadpoles are presented in Table No. 39 and graphically 

expressed in Graph No. 39. The changes in AP activity are expressed as 

micromoles per hundred millilitre. 
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Table No. 39 

The alterations in the acid phosphatase acitvity 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 17.40 17.46 17.52 17.60 17.70 18.10 18.40 

± 2.85 ± 0.76 ± 0.56 ± 0.76 ± 1.00 ± 2.85 ± 0.76 
0.01% ME 17.80 18.20 18.40 18.60 18.90 19.20 19.56 

± 1.00 ± 1.00 ± 1.00 ± 1.00 ±1.00 ± 1.00 ± 1.00 
(2.0) (4.0) (5.0) (5.0) (6.0) (6.0) (6.0) 

0.1% ME 18.26 18.46 18.73 18.96 19.32 19.56 19.73 
± 0.46 ± 0.46 ± 0.56 ± 0.76 ± 0.76 ± 0.93 ± 0.93 

(4.0) (5.0) (6.0) (7.0) (9.0) (8.0) (7.0) 
1% ME 18.56 18.90 19.32 19.72 19.91 20.32 20.58 

±0.46 ± 1.18 ± 1.19 ± 1.20 ± 1.22 ± 1.26 ± 1.36 
(6.0) (8.0) (10.0) (12.0) (12.0) (12.0) (11.0) 

5% ME 18.93 19.30 19.70 19.90 20.26 20.51 20.73 
± 1.00 ± 1.06 ± 1.13 ± 1.14 ± 1.13 ± 1.12 ± 1.18 

(8.0) (10.0) (12.0) (13.0) (14.0) (13.0) (12.0) 
10% ME 19.21 19.56 20.36 20.58 20.83 20.99 21.26 

± 0.46 ± 0.45 ± 1.00 ± 1.00 ± 1.00 ± 1.07 ± 1.08 
(10.0) (12.0) (16.0) (16.0) (17.0) (16.0) (15.0) 

30% ME 19.48 19.79 21.36 21.53 21.76 21.98 22.26 
± 1.32 ± 0.97 ± 1.12 ± 1.10 ± 1.12 ± 1.17 ± 1.07 
(12.0) (13.0) (21.0) (22.0) (22.0) (21.0) (21.0) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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Graph No. 39 

The alterations in the acid phosphatase of plasma of 
tadpoles (stage XVIII) under the influence of mining 

effluents 
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It is clear from the table and graph that the control tadpoles exhibited 

slight increase in AP activity of plasma from the end of six hours to the end of 

one twenty hours. Thus, the control tadpoles showed AP activity of plasma 

equivalent to 17.40 ± 2.85, 17.46 ± 0.76, 17.52 ± 0.56, 17.60 ± 0.76, 17.70 ± 1.00, 18.10 

± 2.85 and 18.40 ± 0.76 micromoles per hundred millilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

From the table and graph it is also obvious that mining effluents induced 

exposure period dependent alterations in AP activity till the end of forty eight 

hours under the influence of 0.1 %, 1.0 % and 30.0 % ME. A minimum of 2.0 cYo 

increase in AP activity of plasma was observed at the end of six hours under the 

influence of 0.01 % ME and a maximum increase of 22.0 % was noticed at the end 

of forty eight and seventy two hours under the influence of 30.0 % ME. 

The tadpoles subjected to 0.01 % ME exhibited a minimum of 2.0% 

increase in AP activity of plasma at the end of six hours while an increase of 

about 6.0 % was observed from the end of seventy two hours to the end of one 

twenty hours. AP activity of plasma of tadpoles was equivalent to 17.80 ± 1.00, 

18.20 ± 1.00, 18.40 ± 1.00, 18.60 ± 1.00, 18.90 ± 1.00, 19.20 ± 1.00 and 19.56 ± 1.00 

micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles showed exposure period 

dependent changes in the AP activity of plasma from the end of six to the end of 

seventy two hours and then AP activity dropped slightly. A minimum of 4.0 % 
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rise in AP activity of plasma was seen at the end of six hours and a maximum of 

9.0 % increase was noticed at the end of seventy two hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

AP activity of plasma was equivalent to 18.26 ± 0.46, 18.46 ± 0.46, 18.73 ± 0.56, 

18.96 ± 0.76, 19.32 ± 0.76, 19.56 ± 0.93 and 19.73 ± 0.93 micromoles per millilitre 

respectively. 

The tadpoles exposed to 1.0 % ME exhibited an exposure period 

dependent elevation in the AP activity of plasma from the end of six to the end of 

forty eight hours, then remained unaltered till the end of ninety six hours and 

then dropped a little. A minimum of 6.0 % rise in AP activity of plasma was seen 

at the end of six hours while a maximum of 12.0 % increase in AP activity was 

observed from the end of forty eight to ninety six hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

AP activity was equivalent to 18.56 ± 0.46, 18.90 ± 1.18, 19.32 ± 1.19, 19.72 ± 1.20, 

19.91 ± 1.22, 20.32 ± 1.26 and 20.58 ± 1.36 micromoles per hundred millilitre 

respectively. 

On exposure to 5.0 % ME a maximum of 14.0 % rise in AP activity of 

plasma was observed at the end of seventy two hours while a minimum of 8.0% 

increase in the enzyme activity was seen at the end of six hours. AP activity of 

plasma of the tadpoles was equivalent to 18.93 ± 1.00, 19.30 ± 1.06, 19.70 ± 1.13, 

19.90 ± 1.14, 20.26 ± 1.13, 20.51 ± 1.12 and 20.73 ± 1.18 micromoles per hundred 

millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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10.0 % ME promoted a minimum of 10.0 % increase in AP activity of 

plasma at the end of six hours while a maximum 17.0 % elevation in AP activity 

was seen at the end of seventy two hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, AP activity of plasma 

was equivalent to 19.21 ± 0.46, 19.56 ± 0.45, 20.36 ± 1.00, 20.58 ± 1.00, 20.83 ± 1.00, 

20.99 ± 1.07 and 21.26 ± 1.08 micromoles per hundred millilitre respectively. 

Under the influence of 30.0 % ME AP activity of plasma of tadpoles 

elevated by a minimum of 12.0 % at the end of six hours while a maximum of 22.0 

elevation in AP was observed at the end of forty eight and seventy two hours. 

AP activity of plasma of tadpoles was equivalent to 19.48 ± 1.32, 19.79 ± 0.97, 

21.36 ± 1.12, 21.53 ± 1.10, 21.76 ± 1.12, 21.98 ± 1.17 and 22.26 ± 1.07 micromoles per 

hundred millilitre at the end of six, twelve, twenty four, fortyeight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE XXII : 

The changes in AP activity of plasma under the influence of ME for the 

tadpole stages from XV to XXII did not differ significantly hence, the changes in 

AP activity of plasma at stage XXII are mentioned here. The changes in AP 

activity at stage XXII are tabulated in Table No. 40 and presented graphically in 

Graph No. 40. The alterations in AP activity are expressed as micromoles per 

hundred millilitre. 
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Table No. 40 

The alterations in the acid phosphatase activity 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 18.6 18.64 18.72 18.8 18.9 19.2 19.5 

±2.46 ± 1.32 ± 1.06 ± 1.16 ±0.97 ±1.32 ± 1.06 
0.01% ME 18.9 19.2 19.43 19.62 19.84 20.19 20.32 

± 1.32 ± 1.16 ± 0.97 ± 0.97 ± 0.98 ± 0.97 ± 0.97 
(1.0) (3.0) (3.0) (4.0) (5.0) (5.0) (4.0) 

0.1% ME 19.32 19.72 19.96 20.21 20.48 20.76 20.93 
± 1.00 ± 1.06 ± 1.08 ± 1.06 ± 1.02 ± 1.00 ± 1.00 

(3.0) (5.0) (6.0) (7.0) (8.0) (8.0) (7.0) 
1% ME 19.82 20.12 20.36 20.54 20.71 20.96 21.18 

± 1.00 ± 1.06 ± 1.02 ± 1.00 ± 1.02 ± 1.02 ± 1.06 
(6.0) (8.0) (8.0) (9.0) (9.0) (9.0) (8.0) 

5% ME 20.16 20.26 20.43 20.68 20.85 20.99 21.2 
± 1.00 ± 0.97 ± 1.00 ± 1.00 ± 1.15 ± 1.15 ± 1.17 

(8.0) (8.0) (9.0) (10.0) (10.0) (9.0) (8.0) 
10% ME 20.30 20.61 20.87 20.95 21.12 21.31 21.56 

± 1.00 ± 1.08 ± 1.13 ± 1.17 ± 1.18 ± 1.17 ± 1.18 
(9.0) (10.0) (11.0) (11.0) (11.0) (10.0) (10.0) 

30% ME 20.52 20.83 20.99 21.18 21.36 21.48 21.64 
±0.97 ±1.12 ±1.12 ±1.20 ±1.20 ±1.21 ±1.22 
(10.0) (11.0) (12.0) (12.0) (13.01 (11.0) (11.0) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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It is seen from the table and graph that AP activity of plasma of the control 

tadpoles increased marginally from the end of six to the end of one twenty hours. 

AP activity of plasma of control tadpoles was equivalent to 18.60 ± 2.46, 18.64 ± 

1.32, 18.72 ± 1.06, 18.80 ± 1.16, 18.90 ± 0.97, 19.20 ± 1.32 and 19.50 ± 1.06 

micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is evident from the table and graph that AP activity of the plasma of , 

tadpoles under the influence of mining effluents show neither a perfect ME 

concentration dependent increase at some exposure periods nor exhibited any 

chronic alterations. A minimum of 1.0 % increase in enzyme activity was 

observed at the end of six hours under the influence of 0.01 % ME and a 

maximum of 13.0 % elevation in AP activity of plasma of tadpoles was noticed at 

the end of seventy two hours under the influence of 30.0 % ME. 

Tadpoles exposed to 0.01 % ME showed a minimum of 1.0 % increase in 

AP activity of plasma at the end of six hours and AP a maximum of 5.0 % 

elevation in AP activity of plasma at the end of seventy two and ninety six hours. 

At the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AP activity of plasma of tadpoles was equivalent to 18.90 ± 1.32, 

19.20 ± 1.16, 19.43 ± 0.97, 19.62 ± 0.97, 19.84 ± 0.98, 20.19 ± 0.97 and 20.32 ± 0.97 

micromoles per hundred millilitre respectively. 

Under the influence of 0.1 % ME AP activity of the tadpoles increased by 

about 3.0 % at the end of six hours, while it elevated to about 8.0 % at the end of 

seventy two and ninety six hours. AP activity of plasma at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours was 

equivalent to 19.32 ± 1.00, 19.72 ± 1.06, 19.96 ± 1.08, 20.21 ± 1.06, 20.48 ± 1.02, 20.76 

± 1.00 and 20.93 ± 1.00 micromoles per hundred millilitre respectively. 

The exposure of tadpoles to 1.0 % ME caused a minimum of 6.0 % increase 

in AP activity of plasma of tadpoles at the end of six hours and a maximum of 9.0 

% increase in AP activity of plasma at the end of forty eight to ninety six hours. 

At the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AP activity of plasma of the tadpoles was equivalent to 19.82.± 1.00, 

20.12 ± 1.06, 20.36 ± 1.02, 20.54 ± 1.00, 20.71 ± 1.02, 20.96 ± 1.02 and 21.18 ± 1.06 

micromoles per hundred millilitre respectively. 

The tadpoles subjected to 5.0 % ME exhibited a minimum of 8.0 % increase 

in AP activity of plasma at the end of six, twelve and one twenty hours and a 

maximum of 10.0 % elevation in AP activity was observed at the end of forty 

eight and seventy two hours. AP activity of plasma of tadpoles was equivalent 

to 20.16 ± 1.00, 20.26 ± 0.97, 20.43 ± 1.00, 20.68 ± 1.00, 20.85 ± 1.15, 20.99 ± 1.15 and 

21.20 ± 1.17 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 10.0 % ME, the tadpoles showed a minimum of 9.0 % 

increase in AP activity at the end of six hours while a maximum of 11.0 % 

increase in AP activity was observed at the end of twenty four and seventy two 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours AP activity of plasma was equivalent to 20.30 ± 1.00, 20.61 
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± 1.08, 20.87 ± 1.13, 20.95 ± 1.17, 21.12 ± 1.18, 21.31 ± 1.17 and 21.56 ± 1.18 

micromoles per hundred millilitre respectively. 

Under the influence of 30.0 % ME, the tadpoles exhibited a minimum of 

10.0 `)/0 increase in AP activity of plasma at the end of six hours while a maximum 

of 13.0 % elevation in AP activity of plasma was observed at the end of seventy 

two hours. AP activity of plasma of tadpoles was equivalent to 20.52 ± 0.97, 20.83 

± 1.12, 20.99 ± 1.12, 21.18 ± 1.20, 21.36 ± 1.20, 21.48 ± 1.21 and 21.64 ± 1.22 

micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

c) 	NON SPECIFIC ESTERASES (NSE) : 

STAGE V : 

Changes in the NSE activity of plasma of tadpoles under the influence of 

ME from stages I to IV were non-significant, therefore the alterations in the NSE 

activity for only stage V are given below. The changes in the NSE under the 

influence of mining effluents are tabulated in Table No. 41 and are graphically 

presented in Graph No. 41. The changes in NSE are expressed as micromole of p-

nitrophenol per hundred millilitre of plasma. 

It is revealed by the table and graph that the NSE activity of plasma of 

control tadpoles increased marginally from the end of six hours to the end of one 

twenty hours and ranged from 1.00 to 1.37 micromoles per hundred millilitre. 

The NSE activity of plasma of control tadpoles was equivalent to 1.00 ± 0.03, 1.03 

± 0.04, 1.06 ± 0.19, 1.12 ± 0.24, 1.14 ± 0.22, 1.25 ± 0.19 and 1.37 ± 0.17 micromole per 
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Table No. 41 

The alterations in the non-specific esterase activity 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 •Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.00 

±0.03 
1.03 

±0.04 
1.06 

±0.19 
1.12 

±0.24 
1.14 

±0.22 
1.25 

±0.19 
1.37 

±0.17 
0.01% ME 1.46 1.63 1.85 2.06 2.17 2.23 2.48 

± 0.22 ± 0.24 ± 0.22 ± 0.19 ± 0.18 ± 0.22 ± 0.24 
(1.46) (1.58) (1.74) (1.84) (1.90) (1.78) (1.81) 

0.1% ME 1.73 1.93 2.04 2.26 2.5 2.76 2.95 
±0.22 ±0.19 ±0.18 ±0.22 ±0.20 ±0.19 ±0.18 
(1.73) (1.87) (1.92) (2.01) (2.19) (2.20) (2.15) 

1% ME 1.98 2.24 2.48 2.75 2.98 3.05 3.21 
±0.17 ±0.22 ±0.20 ±0.21 ±0.22 ±0.21 ±0.18 
(1.98) (2.17) (2.33) (2.45) (2.61) (2.44) (2.34) 

5% ME 2.21 2.36 2.59 2.88 3.02 3.36 3.51 
±0.16 ±0.17 ±0.20 ±0.21 ±0.22 ±0.18 ±0.17 
(2.21) (2.29) (2.44) (2.57) (2.64) (2.68) (2.56) 

10% ME 2.43 2.61 2.85 2.99 3.17 3.48 3.65 
±0.18 ±0.17 ±0.22 ±0.21 ±0.26 ±0.24 ±0.26 
(2.43) (2.53) (2.68) (2.66) (2.78) (2.78) (2.66) 

30% ME 2.64 2.89 3.12 3.25 3.44 3.73 3.96 
±0.22 ±0.26 ±0.18 ±0.18 ±0.19 ±0.21 ±0.24 
(2.64) (2.80) (2.94) (2.90) (3.01) (2.98) (2.89) 

Note : Unit : p moles/100 ml 

±: S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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hundred millilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The table and graph reveal that under the influence of 0.1 % ME and 5.0 % 

ME, the tadpoles exhibited ME concentration dependent alterations in the NSE 

activity of plasma from the end of six hours till the end of ninety six -hours. 

Under the influence of 0.01 %, 1.0 %, 10.0 % and 30.0 % ME the tadpoles showed 

increase in the NSE activity of plasma from the end of six hours till the end of 

seventy two hours. The tadpoles exposed to 0.01 `)/0 ME exhibited a minimum of 

1.46 fold (46 %) increase in the NSE activity of plasma at the end of six hours if 

compared with control while a maximum of 1.90 fold (90 %) increment in the 

non-specific esterase activity of plasma was observed at the end of seventy two 

hours. The NSE activity of plasma was equivalent to 1.46 ± 0.22, 1.63 ± 0.24, 1.85 

± 0.22, 2.06 ± 0.19, 2.17 ± 0.18, 2.23 ± 0.22 and 2.48 ± 0.24 micromoles per hundred 

millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 0.1 % ME, the tadpoles showed a minimum of 1.73 fold 

(73%) rise in the NSE activity of plasma at the end of six hours while a maximum 

of 2.20 fold (120 %) increase in the NSE activity of plasma was noticed at the end 

of ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity was equivalent to 1.73 ± 

0.22, 1.93 ± 0.19, 2.04 ± 0.18, 2.26. ± 0.22, 2.50 ± 0.20, 2.76 ± 0.19 and 2.95 ± 0.18 

micromole per hundred millilitre of plasma respectively. 
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Under the influence of 1.0 % ME the NSE activity of plasma of tadpoles 

elevated sharply by 1.98 fold (98.0 %) at the end of six hours and continued to 

increase further upto the end of seventy two hours and then declined. Thus, at 

the end of seventy two hours, the NSE activity of plasma increased by 2.61 folds 

over the control values. Subsequently, at the end of one twenty hours, the rise in 

the enzyme activity was only 2.34 folds over the control value. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the NSE activity of plasma was equivalent to 1.98 ± 0.17, 2.24 ± 0.22, 2.48 ± 0.20, 

2.75 ± 0.21, 2.98 ± 0.22, 3.05 ± 0.21 and 3.21 ± 0.18 micromole per hundred 

millilitre respectively. 

On exposure to 5.0 % ME the tadpoles exhibited a minimum of 2.21 fold 

increase in the NSE activity of plasma at the end of six hours, whereas at the end 

of ninety six hours a maximum of 2.68 fold rise in the NSE activity of plasma was 

observed. The NSE activity of plasma was equivalent to 2.21 ± 0.16, 2.36 ± 0.17, 

2.59 ± 0.20, 2.88 ± 0.21, 3.02 ± 0.22, 3.36 ± 0.18 and 3.51 ± 0.17 micromoles per 

hundred millilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

When exposed to 10.0 % ME the NSE activity of plasma increased by 2.43 

folds at the end of six hours and continued to increase upto the end of seventy 

two hours and then steadied at the same level of activity by the end of ninety six 

hours. Subsequently the NSE activity declined at the end of one twenty hours. 

However, the NSE activity of plasma remained above that observed in the control 

at all the exposure periods. A maximum of 2.78 fold increase in the enzyme 

259 



activity of plasma was observed at the end of seventy two and ninety six hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity of plasma was equivalent to 2.43 ± 0.18, 2.61 ± 

0.17, 2.85 ± 0.22, 2.99 ± 0.21, 3.17 ± 0.26, 3.48 ± 0.24 and 3.65 ± 0.26 micromoles per 

hundred millilitre respectively. 

The tadpoles subjected to 30.0 % ME exhibited sharp increases in the NSE 

activity of plasma. A minimum of 2.64 fold increment in the NSE activity of 

plasma was induced at the end of six hours and a maximum of 3.01 fold hike in 

the NSE activity of plasma was promoted by the end of seventy two hours. Then 

subsequently the NSE activity declined, but the NSE activity remained above that 

of control at all exposure periods. The NSE activity of plasma was equivalent to 

2.64 ± 0.22, 2.89 ± 0.26, 3.12 ± 0.18, 3.25 ± 0.18, 3.44 ± 0.19, 3.73 ± 0.21 and 3.96 ± 

0.24 micromole per hundred millilitre respectively. 

STAGE VIII : 

The changes in the NSE activity of the plasma of tadpoles of stages VI to 

VIII, exposed to ME did not differ significantly. Therefore, the changes in the 

NSE activity of the plasma of tadpole Stage VIII under the influence of ME are 

described here. The NSE activity is expressed as micromoles of p-nitrophenol per 

hundred millilitre of plasma. 

The alterations in the NSE activity of the plasma of tadpoles (Stage VIII) 

exposed to ME are compiled in Table No. 42 and are presented graphically in 

Graph No. 42. It is obvious from the table and graph that the NSE activity of 

plasma of control tadpole increased gradually from the end of six hours to the 
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Table No. 42 

The alterations in the non-specific esterase activity 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.00 1.03 1.05 1.1 1.19 1.27 1.41 

±0.06 ± 0.09 ± 0.08 ± 0.06 ± 0.07 ± 0.09 ± 0.11 
0.01% ME 1.52 1.58 1.69 1.83 1.97 2.05 2.18 

± 0.09 ± 0.08 ± 0.09 ± 0.07 ± 0.06 ± 0.09 ± 0.08 
(1.52) (1.53) (1.60) (1.66) (1.65) (1.61) (1.54) 

0.1% ME 1.65 1.73 1.91 2.11 2.32 2.53 2.71 
±0.06 ±0.07 ±0.06 ±0.07 ±0.09 ±0.10 ±0.13 
(1.65) (1.67) (1.81) (1.91) (1.95) (1.99) (1.92) 

1% ME 1.82 1.95 2.15 2.27 2.48 2.65 2.85 
± 0.07 ± 0.07 ± 0.09 ±0.08 ±0.09 ± 0.11 ± 0.15 
(1.82) (1.89) (2.04) (2.06) (2.08) (2.08) (2.02) 

5% ME 1.97 2.23 2.36 2.52 2.76 2.93 3.11 
± 0.09 ± 0.07 ± 0.05 ± 0.09 ± 0.15 ± 0.21 ± 0.17 
(1.97) (2.16) (2.24) (2.29) (2.31) (2.30) (2.20) 

10% ME 2.09 2.31 2.46 2.69 2.85 2.97 3.21 
±0.05 ±0.07 ±0.08 ±0.15 ±0.20 ±0.23 ±0.25 
(2.09) (2.24) (2.34) (2.44) (2.39) (2.33) (2.27) 

30% ME 2.21 2.48 2.57 2.73 2.91 3.08 3.32 
±0.09 ±0.07 ±0.09 ±0.09 ±0.20 ±0.25 ±0.20 
(2.21) (2.40) (2.44) (2.48) (2.44) (2.42) (2.35) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 

of - 3 6 (,(.0,te-AsAA.&;4/v,0 

cti /c2-9 (.4,vA4 ,44-rAkt, diNATA,ckt-v, 



end of one twenty hours. The NSE activity of plasma of the control tadpoles of 

Stage VIII was equivalent to 1.00 ± 0.06, 1.03 ± 0.09, 1.05 ± 0.08, 1.10 ± 0.06, 1.19 ± 

0.07, 1.27 ± 0.09 and 1.41 ± 0.11 micromole per hundred millilitre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is clear from the table and graph that the NSE activity of plasma of the 

tadpoles showed a minimum of 1.52 fold increase at the end of six hours under 

the influence of 0.01 % ME while a maximum of 2.48 fold rise in the NSE activity 

of plasma was noticed at the end of forty eight hours under the influence of 30.0 

% ME. 

Tadpoles subjected to 0.01 % ME showed considerable elevations in the 

NSE activity of plasma and continued to rise till the end of forty eight hours. At 

the end of seventy two hours the NSE activity was almost equal to that observed 

at the end of forty eight hours and subsequently by the end of ninety six and one 

twenty hours it declined gradually. A minimum of 1 :5 2 folds increase in NSE 

activity was observed at the end of six hours and a maximum elevation of 1.66 

folds in the NSE activity of plasma was observed at the end of forty eight hours. 

At the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity of plasma was equivalent to 1.52 ± 0.09, 1.58 ± 

0.08, 1.69 ± 0.09, 1.83 ± 0.07, 1.97 ± 0.06, 2.05 ± 0.09 and 2.18 ± 0.08 micromoles per 

hundred millilitre respectively. 

Tadpoles exposed to 0.1 % ME exhibited a little exposure period 

dependent increase in non specific esterase activity till the end of ninety six 
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hours. A maximum of 1.99 fold increase in the NSE activity of plasma was 

observed at the end of ninety six hours while a minimum of 1.65 fold elevation in 

the NSE activity of plasma was noticed at the end of six hours. The NSE activity 

of plasma was equivalent to 1.65 ± 0.06, 1.73 ± 0.07, 1.91 ± 0.06, 2.11 ± 0.07, 2.32 ± 

0.09, 2.53 ± 0.10 and 2.71 ± 0.13 micromoles per hundred millilitre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

1.0 % ME promoted exposure dependent changes in the NSE activity of 

plasma from the end of six hours (1.82 folds) till the end of seventy two hours 

(2.08 fold increase). At the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity exhibited by the tadpoles 

was equivalent to 1.82 ± 0.07, 1.95 ± 0.07, 2.15 ± 0.09; 2.27 ± 0.08, 2.48 ± 0.09, 2.65 ± 

0.11 and 2.85 ± 0.15 micromoles per hundred millilitre respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited exposure 

dependent increase in NSE activity from the end of six hours till the end of 

seventy two hours. At the end of six hours, a minimum rise of 1.97 fold in the 

NSE activity of plasma was exhibited by the tadpoles while at the end of seventy 

two hours, a maximum increment of 2.31 fold was observed. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the NSE activity of plasma was equivalent to 1.97 ± 0.09, 2.23 ± 0.07, 2.36 ± 0.05, 

2.52 ± 0.09, 2.76 ± 0.15, 2.93 ± 0.21 and 3.11 ± 0.17 micromoles per hundred 

millilitre respectively. 
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On exposure to 10.0 % ME, the NSE activity of plasma of tadpoles 

increased by 2.09 to 2.44 folds. The tadpoles showed increase in the NSE activity 

of plasma from the end of six hours to the end of forty eight hours. Subsequently 

from the end of seventy two hours till the end of one twenty hours, there was a 

gradual decline in NSE activity. By the end of six, twelve, twenty four, fortyeight, 

seventy two, ninety six and one twenty hours, the NSE activity of plasma was 

equival6nt to 2.09 ± 0.05, 2.31 ± 0.07, 2.46 ± 0.08, 2.69 ± 0.15, 2.85 ± 0.20, 2.97 ± 0.23 

and 3.21 ± 0.25 micromoles per hundred millimeter respectively. 

Tadpoles subjected to 30.0 % ME exhibited increases in NSE activity in the 

range of 2.21 to 2.48 folds. The NSE activity of the plasma of tadpoles was 

equivalent to 2.21 ± 0.09, 2.48 ± 0.07, 2.57 ± 0.09, 2.73 ± 0.09, 2.91 ± 0.20, 3.08 ± 0.25 

and 3.32 ± 0.20 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The changes in the NSE activity of plasma of tadpoles -exposed to .ME for 

stages IX to XIV were almost identical. Therefore, changes in the NSE activity of 

plasma for Stage XIV are mentioned here. The NSE activity is expressed as 

micromole of p-nitrophenol per hundred millilitre of plasma. 

The alterations in the NSE activity of plasma are tabulated in Table No. 43 

and expressed graphically in Graph No. 43. It is clear from the table and the 

graph that the NSE activity of the control tadpoles progressively increased from 

the end of six hours to the end of one twenty hours. The NSE activity of control 

tadpoles was equivalent to 1.00 ± 0.00, 1.04 ± 0.18, 1.08 ± 0.15, 1.18 ± 0.20, 1.32 ± 
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Table No. 43 

The alterations in the non-specific esterase activity 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.00 1.04 1.08 1.18 1.32 1.56 1.61 

±0.02 ±0.18 ±0.15 ±0.20 ±0.24 ±0.19 ±0.26 
0.01% ME 1.68 1.89 2.06 2.24 2.36 2.56 2.88 

± 0.26 ± 0.24 ± 0.22 ± 0.24 ± 0.26 ± 0.24 ± 0.26 
(1.68) (1.81) (1.90) (1.89) (1.78) (1.64) (1.78) 

0.1% ME 1.93 2.09 2.19 2.42 2.63 2.8 3.02 
± 0.26 ± 0.24 ± 0.22 ± 0.24 ±0.26 ± 0.22 ± 0.22 
(1.93) (2.00) (2.02) (2.05) (1.99) (1.79) (1.87) 

1% ME 2.26 2.48 2.65 2.81 3.01 3.29 3.46 
± 0.26 ± 0.26 ± 0.26 ± 0.19 ± 0.20 ± 0.26 ± 0.22 
(2.26) (2.38) (2.45) (2.38) (2.28) (2.10) (2.14) 

5% ME 2.53 2.68 2.85 3.06 3.21 3.45 3.71 
± 0.24 ± 0.22 ± 0.24 ± 0.18 ± 0.19 ± 0.20 ± 0.26 
(2.53) (2.57) (2.63) (2.59) (2.43) (2.21) (2.30) 

10% ME 2.76 2.91 3.12 3.26 3.44 3.68 3.89 
± 0.26 ± 0.26 ± 0.26 ± 0.20 ± 0.26 ± 0.22 ± 0.20 
(2.76) (2.79) (2.88) (2.76) (2.60) (2.35) (2.41) 

30% ME 2.91 3.06 3.21 3.41 3.71 3.96 4.01 
± 0.24 ± 0.22 ± 0.24 ± 0.20 ±0.26 ± 0.25 ± 0.20 
(2.91) (2.94) (2.97) (2.88) (2.81) (2.53) (2.49) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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The alterations in the non-specific esterase of 
plasma of tadpoles (stage XIV) under the influence of 
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0.24, 1.56 ± 0.19 and 1.61 ± 0.26 micromoles per hundred millilitre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is evident from the table and graph that all the concentration of ME 

except (0.1 % ME) produced exposure period dependent alterations in the NSE 

activity of plasma from the end of six hours till the end of twenty four hours. 

Subsequently the tadpoles exhibited gradual decline in NSE activity of plasma 

from the end of forty eight hours to the end of ninety six and one twenty hours. 

However, all the concentrations of ME (except 0.1 % ME) promoted elevations in 

the NSE activity of plasma above the levels observed in the control tadpoles. 

Thus, a minimum of 164 fold increase was observed in the NSE activity at the end 

of ninety six hours when the tadpoles were exposed to 0.01 % ME and a 

maximum of 2.88 folds increase was observed in the NSE activity of plasma at the 

end of twenty four and forty eight hours under the influence of 10.0 % and 30.0 % 

ME respectively. 

The tadpoles exposed to 0.01 % ME exhibited a minimum of 1.68 fold 

(68%) rise in the NSE activity of plasma at the end of six hours and a maximum of 

1.90 (90%) increase in the NSE activity of plasma at the end of twenty four hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the NSE activity of plasma was equivalent to 1.68 ± 0.26, 1.89 ± 0.24, 

2.06 ± 0.22, 2.24 ± 0.24, 2.36 ± 0.26, 2.56 ± 0.24 and 2.88 ± 0.26 micromoles per 

hundred millilitre respectively. 
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On exposure to 0.1 % ME the tadpoles showed gradual elevations in the 

NSE activity of plasma from the end of six hours (1.93 fold increase) to the end of 

forty eight hours (2.05 fold rise). Then, from the end of seventy two hours till the 

end of ninety six hours there was a decline in the NSE activity of plasma, though 

these values remained above those found in the control tadpoles. The NSE 

activity of plasma was equivalent to 1.93 ± 0.26, 2.09 ± 0.24, 2.19 ± 0.22, 2.42 ± 0.24, 

2.63 ± 0.26, 2.80 ± 0.22 and 3.02 ± 0.22 micromole per hundred millilitre at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Under the influence of 1.0 % ME the NSE activity of plasma of the tadpoles 

increased from 2.26 folds at the end of six hours to 2.45 folds at the end of twenty 

four hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of plasma was equivalent to 

2.26 ± 0.26, 2.48 ± 0.26, 2.65 ± 0.26, 2.81 ± 0.19, 3.01 ± 0.20, 3.29 ± 0.26 and 3.46 ± 

0.22 micromoles per hundred millilitre respectively. 

Tadpoles subjected to 5.0 % ME exhibited a minimum of 2.21 folds 

increment in NSE activity at the end of ninety six hours and a maximum of 2.63 

folds increase at the end of twenty four hours. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the NSE activity 

was equivalent to 2.53 ± 0.24, 2.68 ± 0.22, 2.85 ± 0.24, 3.06 ± 0.18, 3.21 ± 0.19, 3.45 ± 

0.20 and 3.71 ± 0.26 micromoles per hundred millilitre. 

10.0 % ME promoted a minimum increase of 2.35 folds in the NSE activity 

of plasma at the end of ninety six hours and a maximum elevation of 2.88 folds in 
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the NSE activity of plasma at the end of twenty four hours. The NSE activity of 

plasma was equivalent to 2.76 ± 0.26, 2.91 ± 0.26, 3.12 ± 0.26, 3.26 ± 0.20, 3.44 ± 

0.26, 3.68 ± 0.22 and 3.89 ± 0.20 micromoles per hundred millilitre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

On exposure to 30.0 % ME, the tadpoles showed a minimum of 2.49 folds 

increase in the NSE activity of plasma at the end of one twenty hours while a 

maximum rise by 2.97 folds in the NSE activity of plasma was observed at the 

end of twenty four hours. Thus, at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of plasma was 

equivalent to 2.91 ± 0.24, 3.06 ± 0.22, 3.21 ± 0.24, 3.41 ± 0.20, 3.71 ± 0.26, 3.96 ± 0.25 

and 4.01 ± 0.20 micromoles per hundred millilitre respectively. 

STAGE XVIII : 

The alterations in the NSE activity of plasma of tadpole stages XV to XVIII 

were almost identical. Therefore, the changes in the NSE activity of plasma of 

Stage XVIII are described here and the changes in NSE activities of tadpoles 

under the influence of mining effluents are tabulated in Table No. 44 and 

presented graphically in Graph No. 44. The NSE activity of plasma of tadpoles is 

expressed as micromoles of p-nitrophenol per hundred millilitre of plasma. 

It is seen from the table and graph that the NSE activity of plasma of the 

control tadpoles increased from the end of six hours to the end of one twenty 

hours and the activity ranged from 2.00 ± 0.43 to 2.51 ± 0.48 micromoles per 

hundred millilitre. Thus, at the end of six, twelve, twenty four, forty eight, 
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Table No. 44 

The alterations in the non-specific esterase activity 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2 2.03 2.07 2.1 2.13 2.34 2.51 

± 0.43 ± 0.28 ± 0.36 ± 0.26 ± 0.30 ± 0.36 ± 0.48 
0.01% ME 2.06 2.26 2.46 2.63 2.88 3.05 3.18 

± 0.05 ± 0.36 ± 0.48 ± 0.45 ± 0.28 ± 0.43 ± 0.45 
(1.03) (1.11) (1.18) (1.25) (1.35) (1.30) (1.26) 

0.1% ME 2.25 2.36 2.53 2.78 2.96 3.19 3.38 
± 0.29 ± 0.36 ± 0.30 ± 0.28 ± 0.29 ± 0.46 ± 0.43 
(1.12) (1.16) (1.22) (1.32) (1.38) (1.36) (1.34) 

1% ME 2.46 2.56 2.71 2.91 3.11 3.26 3.48 
± 0.40 ± 0.43 ± 0.41 ± 0.36 ± 0.36 ± 0.28 ± 0.28 
(1.23) (1.26) (1.30) (1.38) (1.46) (1.39) (1.38) 

5% ME 2.61 2.76 2.85 3.02 3.25 3.45 3.71 
± 0.43 ± 0.43 ± 0.41 ± 0.36 ± 0.28 ± 0.43 ± 0.41 
(1.30) (1.36) (1.37) (1.43) (1.52) (1.47) (1.47) 

10% ME 2.85 2.96 3.12 3.36 3.51 3.78 3.91 
± 0.26 ± 0.36 ± 0.42 ± 0.41 ± 0.46 ± 0.36 ± 0.42 
(1.42) (1.45) (1.50) (1.60) (1.64) (1.61) (1.55) 

30% ME 3.07 3.18 3.3 3.46 3.72 3.98 4.07 
± 0.28 ± 0.36 ± 0.41 ± 0.46 ± 0.43 ± 0.32 ± 0.31 
(1.53) (1.56) (1.59) (1.64) (1.74) (1.70) (1.62) 

Note : Unit : p moles/100 nil 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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seventy two, ninety six and one twenty hours the NSE activity of plasma was 

equivalent to 2.00 ± 0.43, 2.03 ± 0.28, 2.07 ± 0.36, 2.10 ± 0.26, 2.13 ± 0.30, 2.34 ± 0.36 

and 2.51 ± 0.48 micromoles per hundred millilitre respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted ME concentration dependent increase in the NSE activity of plasma till 

the end of seventy two hours. The NSE activity of plasma decreased 

subsequently at the end of ninety six and one twenty hours. But all the values of 

NSE activity were above those observed in the control tadpoles. The tadpoles 

exhibited a 1.03 (3 %) fold increase in the NSE activity of plasma at the end of six 

hours under the influence of 0.01 `)/0 ME and a 1.74 fold (74 `)/0) increment in the 

NSE activity of plasma was noticed at the end of seventy two hours under the 

influence of 30.0 % ME. 

0.01 % ME promoted increase in NSE activity of plasma in the range of 

1.03 fold at the end of six hours to 1.35 folds at the end of seventy two hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the NSE activity of plasma was equivalent to 2.06 ± 0.05, 2.26 ± 0.36, 

2.46 ± 0.48, 2.63 ± 0.45, 2.88 ± 0.28, 3.05 ± 0.43 and 3.18 ± 0.45 micromoles per 

hundred millilitres respectively. 

On exposure to 0.1 `)/0 ME the tadpoles exhibited exposure period 

dependent increase in the NSE activity of plasma from the end of six hours (12%) 

to the end of seventy two hours (38%). The NSE activity of plasma of tadpoles 

was equivalent to 2.25 ± 0.29, 2.36 ± 0.36, 2.53 ± 0.30, 2.78 ± 0.28, 2.96 ± 0.29, 3.19 ± 

0.46 and 3.38 ± 0.43 micromoles per hundred millilitre at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME, the tadpoles exhibited increases in NSE 

activity in the range of 1.23 (23 %) to 1.46 folds (46 %) from the end of six hours to 

the end of seventy two hours. The NSE activity of plasma was equivalent to 2.46 

± 0.40, 2.56 ± 0.43, 2.71 ± 0.41, 2.91 ± 0.36, 3.11 ± 0.36, 3.26 ± 0.28 and 3.48 ± 0.28 

micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME showed a minimum of 1.30 fold (30 %) 

increase in the NSE activity of plasma at the end of six hours while a maximum of 

1.52 fold (52 %) elevation in the NSE activity was observed at the end of seventy 

two hours. At the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the NSE activity of plasma was equivalent to 2.61 ± 

0.43, 2.76 ± 0.43, 2.85 ± 0.41, 3.02 ± 0.36, 3.25 ± 0.28, 3.45 ± 0.43 and 3.71 ± 0.41 

micromoles per hundred millilitre respectively. 

Tadpoles exposed to 10.0 % ME exhibited a maximum increase of 1.64 

folds (64 %) in the NSE activity of plasma at the end of seventy two hours while a 

minimum of 1.42 folds (42%) elevation in the NSE activity of plasma was 

observed at the end of six hours. The NSE activity of plasma was equivalent to 

2.85 ± 0.26, 2.96 ± 0.36, 3.12 ± 0.42, 3.36 ± 0.41, 3.51 ± 0.46, 3.78 ± 0.36 and 3.91 ± 

0.42 micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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On exposure to 30.0 % ME the NSE activity of plasma of tadpoles raised by 

a minimum of 1.53 folds (53 %) at the end of six hours and by a maximum of 1.74 

folds (74 %) at the end of seventy two hours. Thus at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the NSE 

activity of plasma was equivalent to 3.07 ± 0.28, 3.18 ± 0.36, 3.30 ± 0.41, 3.46 ± 0.46, 

3.72 ± 0.43, 3.98 ± 0.32 and 4.07 ± 0.31 micromoles per hundred millilitre 

respectively. 

STAGE XXII : 

The alterations in the NSE activity of plasma of tadpole stages XIX to XXII 

exposed to ME differed insignificantly, hence the changes in the NSE activity of 

plasma of tadpole stage XXII are reported here. The alterations in the NSE 

activity of plasma of stage XXII tadpoles are expressed as micromoles p-

nitrophenol per hundred millilitre of plasma and are compiled in Table No. 45 

and presented graphically in Graph No. 45. It is apparent from the table that the 

NSE activity of plasma of control tadpoles increased marginally from the end of 

six hours to the end of one twenty hours. The NSE activity of plasma of the 

control tadpoles was equivalent to 2.00 ± 0.67, 2.01 ± 0.58, 2.04 ± 0.68, 2.07 ± 0.57, 

2.09 ± 0.61, 2.20 ± 0.57 and 2.36 ± 0.67 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is clear from the table and graph that all the concentrations of ME 

promoted exposure period dependent increase in the NSE activity of plasma from 

the end of six hours to the end of seventy two hours. The NSE activity of plasma 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2 

± 0.67 
2.01 

± 0.58 
2.04 

± 0.68 
2.07 

± 0.57 
2.09 

± 0.61 
2.2 

± 0.57 
2.36 

± 0.67 

0.1% ME 

1.°/0 ME 

5°/0 ME 

10% ME 

2.09 
± 0.62 
(1.04) 

2.26 
± 0.57 
(1.13 

2.46 
± 0.68 
(1.23) 

2.63 
± 0.62 
(1.31) 

2.86 
± 0.53 
(1.43) 

2.18 
± 0.61 
(1.08) 

2.34 
± 0.63 
(1.16) 

2.56 
± 0.61 
(1.27) 

2.71 
± 0.67 
(1.34) 

2.91 
± 0.61 
(1.44) 

2.32 
± 0.63 
(1.13) 

2.48 
± 0.61 
(1.21) 

2.74 
± 0.63 
(1.34) 

2.86 
± 0.68 
(1.40) 

3.06 
± 0.63 
(1.50) 

2.51 
± 0.61 
(1.21) 

2.63 
± 0.63 
(1.27) 

2.84 
± 0.67 
(1.37) 

3.02 
± 0.61 
(1.45) 

3.18 
± 0.61 
(1.53) 

2.61 
± 0.64 
(1.24) 

2.84 
± 0.61 
(1.35) 

2.99 
± 0.61 
(1.43) 

3.12 
± 0.58 
(1.49) 

3.38 
± 0.62 
(1.61) 

2.76 
± 0.61 
(1.25) 

2.96 
± 0.62 
(1.34) 

3.1 
± 0.61 
(1.40) 

3.36 
± 0.57 
(1.52) 

3.58 
± 0.57 
(1.62) 

2.81 
± 0.62 
(1.19) 

3.08 
± 0.61 
(1.30) 

3.3 
± 0.67 
(1.39) 

3.54 
± 0.61 
(1.50) 

3.78 
± 0.57 
(1.60) 

0.01% ME 

3.02 	3.16 	3.25 	3.46 	3.67 	3.87 	3.97 
± 0.62 ± 0.61 	± 0.67 	± 0.61 	± 0.59 	± 0.58 	± 0.76 
(1.51) 	(1.57) 	(1.59) 	(1.67) 	(1.75) 	(1.75) 	(1.68) 

30% ME 

Table No. 45 

The alterations in the non-specific esterase activity 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

Note : Unit : p moles/100 ml 

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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declined at the end ninety six and one twenty hours. However all the values of 

NSE activity remained above those observed in the control tadpoles. A minimum 

of four % increase in the NSE activity of plasma was observed at the end of six 

hours under the influence of 0.01 % ME, while a maximum of 75 % elevation in 

the NSE activity of plasma was noticed at the end of seventy two hour's under the 

influence of 30.0 % ME. 

Under the influence of 0.01 % ME, the tadpoles exhibited a minimum of 

1.04 fold increase in non-specific esterase activity of plasma at the end of six 

hours while a maximum of 1.25 folds increase in NSE activity was shown at the 

end of ninety six hours. The NSE activity of plasma of the tadpoles at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours was equivalent to 2.09 ± 0.62, 2.18 ± 0.61, 2.32 ± 0.63, 2.51 ± 0.61, 2.61 ± 0.64, 

2.76 ± 0.61 and 2.81 ± 0.62 micromoles per hundred millilitre respectively. 

0.1 `)/0 ME exposure promoted a minimum of 1.13 fold (13 To) increase in 

the NSE activity of plasma at the end of six hours and a maximum of 1.35 fold (35 

%) increase in the NSE activity of plasma at the end of seventy two hours. The 

NSE activity of plasma at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours was equivalent to 2.26 ± 0.57, 2.34 ± 0.63, 

2.48 ± 0.61, 2.63 ± 0.63, 2.84 ± 0.61, 2.96 ± 0.62 and 3.08 ± 0.61 micromoles per 

hundred millilitre respectively. 

Tadpoles subjected to 1.0 % 'ME exhibited increase in the NSE activity of 

plasma of the tadpoles in the range of 23 % to 43 %. A minimum of 1.23 fold 

increment in the NSE activity of plasma was observed at the end of six hours and 
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a maximum of 1.43 fold elevation in the NSE activity of plasma was noticed at the 

end of seventy two hours. The NSE activity of plasma at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours was 

equivalent 2.46 ± 0.68, 2.56 ± 0.61, 2.74 ± 0.63, 2.84 ± 0.67, 2.99 ± 0.61, 3.10 ± 0.61 

and 3.30 . ± 0.67 micromoles per hundred millilitre respectively. 

On exposure to 5.0 % ME the tadpoles showed an increase in NSE activity 

of plasma in the range of 1.31 fold at the end of six hours to 1.52 fold at the end of 

ninety six hours. The NSE activity of plasma was equivalent to 2.63 ± 0.62, 2.71 ± 

0.67, 2.86 ± 0.68, 3.02 ± 0.61, 3.12 ± 0.58, 3.36 ± 0.57 and 3.54 ± 0.61 micromoles per 

millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 10.0 % ME, the tadpoles exhibited a maximum of 

1.62 fold increase in the NSE activity of plasma at the end of ninety six hours 

while a minimum of 1.43 fold elevation in the NSE activity of plasma at the end of 

six hours. At the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the NSE activity of the plasma was equivalent 2.86 ± 

0.53, 2.91 ± 0.61, 3.06 ± 0.63, 3.18 ± 0.61, 3.38 ± 0.62, 3.58 ± 0.57 and 3.78 ± 0.57 

micromoles per hundred millilitre respectively. 

Tadpoles exposed to 30.0 % ME showed a minimum increase of 1.51 fold 

(51%) in the NSE activity of plasma at the end of six hours while a maximum of 

1.75 fold (75%) increase in the NSE activity of plasma was shown at the end of 

seventy two and ninety six hours. The NSE activity of plasma was equivalent to 

3.02 ± 0.62, 3.16 ± 0.61, 3.25 ± 0.67, 3.46 ± 0.61, 3.67 ± 0.59, 3.87 ± 0.58 and 3.97 ± 
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0.76 micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and twenty hours respectively. 

d) ALKALINE PHOSPHATASE (AIP) : 

STAGE V : 

The alterations in AlP activity of plasma of tadpoles exposed to ME for 

stages I to V were almost identical. Therefore, changes in AlP activity of plasma 

of tadpoles of s6ge V are reported here. AlP activity of plasma is expressed as 

micromoles of p-nitrophenol per hundred millilitre of plasma. 

The changes in AlP activity of plasma of tadpoles exposed to ME are given 

in Table No. 46 and presented graphically in Graph No. 46. It is clear from the 

table that AlP activity/levels of control tadpoles increased non-significantly from 

the end of six hours to the end of forty eight hours. But there was a significant 

increase from the end of seventy two to one twenty hours in comparison to the 

activity found at the end of six hours. Thus, at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, AlP activity observed 

in the plasma of control tadpoles was equivalent to 0.95 ± 0.061, 0.97 ± 0.06, 0.99 ± 

0.03, 1.02 ± 0.07, 1.06 ± 0.06, 1.09 ± 0.07 and 1.15 ± 0.10 micromoles per hundred 

millilitre respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent elevations in AlP activity of plasma of 

tadpoles for all the exposure periods. It is also clear that 1.0 % and 5.0 % ME 

promoted exposure period dependent increments in AlP activity of plasma from 
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Table No. 46 

The alterations in the alkaline phosphatase activity 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 His 96 Hrs 120 Hrs 
Control 0.95 0.97 0.99 1.02 1.06 1.09 1.15 

± 0.06 ± 0.06 ± 0.03 ± 0.07 ± 0.06 ± 0.07 ± 0.10 
0.01% ME 1.02 1.07 1.12 1.16 1.19 1.22 1.26 

± 0.06 ± 0.05 ± 0.06 ± 0.05 ± 0.06 ± 0.05 ± 0.06 
(1.07) (1.10) (1.13) (1.13) (1.12) (1.12) (1.09) 

0.10% ME 1.13 1.17 1.24 1.43 1.63 1.79 1.86 
± 0.07 ± 0.03 ± 0.06 ± 0.07 ± 0.05 ± 0.06 ± 0.07 
(1.18) (1.20) (1.25) (1.40) (1.53) (1.64) (1.61) 

1% ME 1.26 1.39 1.63 2.18 2.31 2.48 2.65 
± 0.03 ± 0.07 ± 0.06 ± 0.07 ± 0.06 ± 0.07 ± 0.07 
(1.32) (1.43) (1.64) (2.13) (2.18) (2.27) (2.30) 

5% ME 1.48 1.65 1.87 2.26 2.43 2.56 2.76 
± 0.06 ± 0.06 ± 0.07 ± 0.06 ± 0.07 ± 0.06 ± 0.05 
(1.55) (1.70) (1.88) (2.21) (2.29) (2.34) (2.40) 

10% ME 1.65 1.85 1.97 2.3 2.66 2.87 3.02 
± 0.07 ± 0.07 ± 0.06 ± 0.07 ± 0.08 ± 0.07 ± 0.09 
(1.73) (1.90) (1.98) (2.25) (2.50) (2.63) (2.62) 

30% ME 1.81 1.96 2.21 2.48 2.72 2.99 3.12 
± 0.06 ± 0.06 ± 0.06 ± 0.06 ± 0.07 ± 0.06 ± 0.07 
(1.90) (2.02) (2.23) (2.43) (2.5) (2.74) (2.71) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 

(kg - 36 (ii,vvtA)cx,vtAlt) 

102,9 (A,0;ocr, 	4iAlyrut, seAmy,) 



the end of six hours to the end of one twenty hours. 0.01 % ME did not induce 

exposure period dependent increase. However, 0.1, 10.0 and 30.0 % ME induced 

exposure period dependent elevations in AlP activity from the end of six hours 

to the end of ninety six hours. 

Tadpoles exposed to 0.01 % ME exhibited a minimum of 1.07 fold (7 %) 

increase in AlP activity of plasma at the end of six hours, while a maximum of 

1.13 folds (13 %) increase in AlP activity of plasma was observed at the end of 

twenty four and forty eight hours. AlP activity of plasma of the tadpoles was 

equivalent to 1.02 ± 0.06, 1.07 ± 0.05, 1.12 ± 0.06, 1.16 ± 0.05, 1.19 ± 0.06, 1.22 ± 0.05 

and 1.26 ± 0.06 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

0.1 % ME promoted a maximum of 1.64 fold (64 %) increase in AlP activity 

of plasma at the end of ninety six hours while a minimum of 1.18 fold (18 %) 

elevation in AlP activity of plasma was induced at the end of six hours. AlP 

activity of plasma was equivalent to 1.13 ± 0.07, 1.17 ± 0.03, 1.24 ± 0.06, 1.43 ± 0.07, 

1.63 ± 0.05, 1.79 ± 0.06 and 1.86 ± 0.07 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles subjected to 1.0 % ME exhibited a minimum of 1.32 fold increase 

(32 %) in AlP activity of plasma at the end of six hours, while a maximum of 2.30 

fold increase (130 %) was observed at the end of one twenty hours. At the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours. AlP activity of plasma was equivalent to 1.26 ± 0.03, 1.39 ± 0.07, 1.63 ± 
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0.06, 2.18 ± 0.07, 2.31 ± 0.06, 2.48 ± 0.07 and 2.65 ± 0.07 micromoles per hundred 

millilitre respectively. 

Under the influence of 5.0 % ME, the tadpoles exhibited exposure period 

dependent alterations in AlP activity of plasma ranging from 1.55 fold increase at 

the end of six hours to 2.40 fold increase at the end of one twenty hours. AlP 

activity of plasma was equivalent to 1.48 ± 0.06, 1.65 ± 0.06, 1.87 ± 0.07, 2.26 ± 0.06, 

2.43 ± 0.07, 2.56 ± 0.06 and 2.76 ± 0.05 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 10.0 % ME, the tadpoles showed an increase in alkaline 

phosphatase activity of plasma at the end of six hours and an increase of 1.73 

folds in AlP activity of plasma at the end of six hours and an increase of 2.63 

folds was exhibited in AlP activity of plasma by the end of ninety six hours. At 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AlP activity of plasma was equivalent to 1.65 ± 0.07, 1.85 ± 0.07, 

1.97 ± 0.06, 2.30 ± 0.07, 2.66 ± 0.08, 2.87 ± 0.07 and 3.02 ± 0.09 micromoles per 

hundred millilitre respectively. 

The tadpoles subjected to 30.0 % ME showed chronic alteration in AlP 

activity from the end of six hours to the end of ninety six hours. At the end of six 

hours, the enzyme activity of plasma increased by 1.90 folds while at the end of 

ninety six hours the activity elevated to 2.74 folds. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, AlP 
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activity was equivalent to 1.81 ± 0.06, 1.96 ± 0.06, 2.21 ± 0.06, 2.48 ± 0.06, 2.72 ± 

0.07, 2.99 ± 0.06 and 3.12 ± 0.07 micromoles per hundred millilitres respectively. 

STAGE VIII : 

The alterations in AlP activity of plasma of tadpole stages VI to VIII 

exposed to mining effluents did not differ significantly. Therefore, the changes in 

AlP activity of plasma of tadpole stage VIII under the influence of ME are 

described here. AlP activity is expressed as micromoles of p nitrophenol per 

hundred millilitre of plasma. The alterations in AlP activity of plasma of the 

tadpoles are compiled in Table No. 47 and presented graphically in Graph No. 47. 

It is clear from the table and graph that AlP activity of the plasma of 

control tadpoles increased non-significantly from the end of six hours to the end 

of one twenty hours. AlP activity of plasma of control tadpoles was equivalent to 

1.00 ± 0.00, 1.00 ± 0.05, 1.03 ± 0.00, 1.05 ± 0.06, 1.07 ± 0.00, 1.12 ± 0.05 and 1.20 ± 

0.08 micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

promoted concentration dependent increase in alkaline phosphatase activity of 

plasma at all the exposure periods. Under the influence of ME concentrations like 

5.0 `)/0, 10.0 % and 30.0 % ME, there was a chronic increase in AlP activity from the 

end of six hours to the end of one twenty hours, while the lower concentrations of 

ME like 0.01 % and 1.0 % ME did not induce any change in the level of alkaline 

phosphatase activity of plasma at the end of ninety six and one twenty hours. 
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Table No. 47 

The alterations in the alkaline phosphatase activity 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.00 

± 0.03 
1.00 

± 0.05 
1.03 

± 0.05 
1.05 

± 0.06 
1.07 

± 0.02 
1.12 

± 0.05 
1.20 

± 0.08 
0.01% ME 1.1 1.16 1.28 1.36 1.51 1.63 1.75 

± 0.05 ± 0.06 ± 0.05 ± 0.08 ± 0.08 ± 0.07 ± 0.06 
(1.10) (1.16) (1.24) (1.29) (1.41) (1.45) (1.45) 

0.1% ME 1.21 1.36 1.53 1.76 1.85 2.08 2.15 
± 0.06 ± 0.07 ± 0.06 ± 0.07 ± 0.06 ± 0.07 ± 0.06 
(1.21) (1.36) (1.48) (1.67) (1.72) (1.85) (1.79) 

1% ME 1.43 1.58 1.78 2..06 2.18 2.36 2.53 
± 0.06 ± 0.06 ± 0.05 ± 0.06 ± 0.08 ± 0.06 ± 0.07 
(1.43) (1.58) (1.72) (1.96) (2.03) (2.10) (2.10) 

5% ME 1.62 1.86 1.97 2.16 2.37 2.63 2.91 
± 0.07 ± 0.06 ± 0.07 ± 0.05 ± 0.06 ± 0.07 ± 0.06 
(1.62) (1.86) (1.91) (2.05) (2.21) (2.34) (2.42) 

10% ME 1.85 1.99 2.07 2.21 2.46 2.73 2.97 
± 0.06 ± 0.06 ± 0.07 ± 0.08 ± 0.09 ± 0.08 ± 0.07 
(1.85) (1.99) (2.00) (2.10) (2.30) (2.43) (2.47) 

30% ME 1.96 2.05 2.18 2.36 2.65 2.83 3.08 
± 0.06 ± 0.06 ± 0.06 ± 0.05 ± 0.06 ± 0.05 ± 0.06 
(1.96) (2.05) (2.11) (2.24) (2.47) (2.52) (2.56) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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Under the influence of 0.01 % ME, the tadpoles exhibited a minimum 

increase of 1.10 folds (10 %) in AlP activity of plasma at the end of six hours 

while they showed a maximum of 1.45 fold elevation (45 `)/0) in AlP activity of 

plasma at the end of ninety six and one twenty hours. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

AlP activity of plasma was equivalent to 1.10 ± 0.05, 1.16 ± 0.06, 1.28 ± 0.05, 1.36 ± 

0.08, 1.51 ± 0.08, 1.63 ± 0.07 and 1.75 ± 0.06 micromoles per hundred millilitre 

respectively. 

Tadpoles exposed to 0.1 % ME showed a minimum of 1.21 folds (21 %) 

increase in AlP activity of plasma at the end of six hours while they exhibited a 

maximum of 1.85 fold elevation (85 %) in AlP activity of plasma at the end of 

ninety six hours. AlP activity of plasma was equivalent to 1.21 ± 0.06, 1.36 ± 0.07, 

1.53 ± 0.06, 1.76 ± 0.07, 1.85 ± 0.06, 2.08 ± 0.07 and 2.15 ± 0.06 micromoles per 

hundred millilitre at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

1.0 % ME promoted increase in AlP activity of plasma by 1.43 fold (43 %) 

and 2.1Q fold (110 %) at the end of six and one twenty hours respectively. AlP 

activity of plasma was equivalent to 1.43 ± 0.06, 1.58 ± 0.06, 1.78 ± 0.05, 2.06 ± 0.06, 

2.18 ± 0.08, 2.36 ± 0.06 and 2.53 ± 0.07 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles subjected to 5.0 % ME showed 1.62 fold (62 %) increase in AlP 

activity of plasma at the end of six hours and 2.42 fold (142%) increase in AlP 
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activity of plasma at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, AlP 

activity of plasma was equivalent to 1.62 ± 0.07, 1.86 ± 0.06, 1.97 ± 0.07, 2.16 ± 0.05, 

2.37 ± 0.06, 2.63 ± 0.07 and 2.91 ± 0.06 micromoles per hundred millilitre 

respectively. 

On exposure to 10.0 `)/0 ME a chronic increase in AlP activity of plasma was 

observed from the end of six hours. AlP activity increased by 85 % at the end of 

six hours while A1P activity increased by 2.47 folds (147 %) at the end of one 

twenty hours. A1P activity of plasma was equivalent to 1.85 ± 0.06, 1.99 ± 0.06, 

2.07 ± 0.07, 2.21 ± 0.08, 2.46 ± 0.09, 2.73 ± 0.08 and 2.97 ± 0.07 micromoles per 

hundred millilitre at the end of the six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

When the tadpoles were subjected to 30.0 % ME a chronic change (1.96 

fold) increase from the end of six hours to one twenty hours (2.56 fold increase) 

was observed in AlP activity of plasma. By the end of the six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, AlP activity of 

plasma was equivalent to 1.96 ± 0.06, 2.05 ± 0.06, 2.18 ± 0.06, 2.36 ± 0.05, 2.65 ± 

0.06, 2.83 ± 0.05 and 3.08 ± 0.06 micromoles per hundred millilitre respectively. 

STAGE XIV : 

Alterations in AlP activity of plasma of tadpoles exposed to mining 

effluents for stages IX to XIV were non significantly different. Therefore, changes 

in AlP activity of plasma for stage XIV are reported here. AlP activity of plasma 

is expressed as micromoles of p-nitrophenol per hundred millilitre of plasma. 
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Table No.48 

The alterations in the alkaline phosphatase activity 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 His 
Control 1.00 1.02 1.04 1.07 1.09 1.18 1.25 

± 0.07 ± 0.06 ± 0.04 ± 0.08 ± 0.04 ± 0.06 ± 0.09 
0.01% ME 1.26 1.39 1.46 1.58 1.65 1.82 1.97 

± 0.04 ± 0.04 ± 0.06 ± 0.04 ± 0.07 ± 0.07 ± 0.09 
(1.26) (1.36) (1.40) (1.47) (1.51) (1.54) (1.57) 

0.1% ME 1.42 1.58 1.72 1.91 2.06 2.13 2.29 
± 0.06 ± 0.04 ± 0.07 ± 0.06 ± 0.07 ± 0.09 ± 0.07 
(1.42) (1.55) (1.65) (1.78) (1.88) (1.80) (1.83) 

1% ME 1.58 1.79 1.86 2.01 2.23 2.43 2.61 
± 0.06 ± 0.08 ± 0.09 ± 0.07 ± 0.07 ± 0.08 ± 0.09 
(1.58) (1.75) (1.78) (1.87) (2.04) (2.05) (2.08) 

5% ME 1.73 1.91 2.08 2.19 2.36 2.58 2.75 
± 0.07 ± 0.06 ± 0.07 ± 0.07 ± 0.05 ± 0.05 ± 0.06 
(1.73) (1.87) (2.00) (2.04) (2.16) (2.18) (2.20) 

10% ME 1.97 2.05 2.21 2.48 2.63 2.83 2.97 
± 0.05 ± 0.08 ± 0.06 ± 0.07 ± 0.06 ± 0.05 ± 0.07 
(1.97) (2.01) (2.12) (2.31) (2.41) (2.39) (2.37) 

30% ME 2.05 2.2 2.44 2.59 2.73 2.94 3.11 
± 0.04 ± 0.07 ± 0.06 ± 0.05 ± 0.06 ± 0.07 ± 0.05 
(2.05) (2.15) (2.34) (2.42) (2:50) (2.49) (2.48) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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Alterations in AlP activity of plasma of tadpoles exposed to ME are 

presented in Table No. 48 and graphically represented in Graph No. 48. From the 

table and graph, it is apparent that A1P activity of plasma of the control tadpoles 

progressively increased from the end of six hours to the end of one twenty hours 

and the enzyme activity ranged from 1.00 ± 0.07 to 1.25 ± 0.09 micromoles per 

hundred millilitre. A1P activity observed in the control tadpoles was equivalent 

to to 1.00 ± 0.07, 1.02 ± 0.06, 1.04 ± 0.04, 1.07 ± 0.08, 1.09 ± 0.04, 1.18 ± 0.06 and 1.25 

± 0.09 micromoles per hundred millilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table that all the concentrations of ME induced 

concentration dependent increase in AlP activity of plasma for all the exposure 

periods. 0.01 %, 1.0 %, 5.0 % ME promoted exposure period dependent 

alterations in AlP activity of plasma, but 0.1 %, 10.0 `)/0 and 30.0 % ME promoted 

decline in AlP level at the end of ninety six and one twenty hours. However, AlP 

levels of plasma of the tadpoles remained above those, observed in the control 

tadpoles. 

The tadpoles exposed to 0.01 % ME exhibited a 1.26 fold increase in AlP 

activity of plasma at the end of six hours while they showed a 1.57 fold elevation 

in AlP activity of plasma at the end of one twenty hours. AlP activity of plasma 

was equivalent to 1.26 ± 0.04, 1.39 ± 0.04, 1.46 ± 0.06, 1.58 ± 0.04, 1.65 ± 0.07, 1.82 ± 

0.07 and 1.97 ± 0.09 micromoles per hundred millilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Under the influence of 0.1 % ME the tadpoles exhibited elevations in 

alkaline phosphatase activity by 1.42 folds (42 %) and 1.88 (88 % rise) folds at the 

end of six and seventy two hours respectively. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours AlP activity of 

plasma was equivalent to 1.42 ± 0.06, 1.58 ± 0.04, 1.72 ± 0.07, 1.91 ± 0.06, 2.06 ± 

0.07, 2.13 ± 0.09 and 2.29 ± 0.07 micromoles per hundred millilitre respectively. 

Tadpoles subjected to 1.0 % ME showed 1.58 fold (58 %) increase in AlP 

activity of plasma at the end of six hours while they exhibited a 2.08 fold (108 %) 

elevation in AlP activity of plasma at the end of one twenty hours. The AlP 

activity of plasma was equivalent to 1.58 ± 0.06, 1.79 ± 0.08, 1.86 ± 0.09, 2.01 ± 0.07, 

2.23 ± 0.07, 2.43 ± 0.08 and 2.61 ± 0.09 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited 1.73 fold (73 %) increase in 

AlP activity of plasma at the end of six hours while at the end of one twenty 

hours they showed 2.20 fold (120 %) elevation in the enzyme activity of plasma. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AlP activity of plasma was equivalent to 1.73 ± 0.07, 1.91 ± 0.06, 

2.08 ± 0.07, 2.19 ± 0.07, 2.36 ± 0.05, 2.58 ± 0.05 and 2.75 ± 0.06 micromoles per 

hundred millilitre respectively. 

10.0 % ME promoted a minimum of 1.97 fold (97 %) increase in AlP 

activity of plasma at the end of six hours and a maximum of 2.41 fold (141 %) 

elevation in AlP activity of plasma at the end of seventy two hours. The AlP 
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activity of plasma was equivalent to 1.97 ± 0.05, 2.05 ± 0.08, 2.21 ± 0.06, 2.48 ± 0.07, 

2.63 ± 0.06, 2.83 ± 0.05 and 2.97 ± 0.07 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When the tadpoles were subjected to 30.0 % ME, they exhibited 2.05 fold 

(105 %) increase in AlP activity of plasma at the end of six hours and a maximum 

of 2.50 folds (150 %) increase in alkaline phosphatase activity of plasma was 

shown at the end of seventy two hours. The AlP activity of plasma was 

equivalent to 2.05 ± 0.04, 2.20 ± 0.07, 2.44 ± 0.06, 2.59 ± 0.05, 2.73 ± 0.06, 2.94 ± 0.07 

and 3.11 ± 0.05 micromoles per hundred millilitre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XVIII : 

The changes in AlP activity of plasma of tadpole stages XV to XVIII under 

the influence of mining effluents were almost similar, therefore changes in AlP 

activity of plasma of tadpole stage XVIII under the influence of ME are described 

here. AlP activity of plasma is expressed as micromoles of p-nitrophenol per 

hundred millilitre of plasma. The alterations in A1P activity of plasma of (stage 

XVIII) exposed to ME are tabulated in Table No. 49 and expressed graphically in 

Graph No. 49. 

From the table and the graph it is apparent that AlP activity of plasma of 

control tadpoles increased gradually from the end of twelve hours to the end of 

one twenty hours. AlP activity of plasma of control tadpoles was equivalent to 

1.26 ± 0.07, 1.26 ± 0.05, 1.30 ± 0.04, 1.32 ± 0.05, 1.34 ± 0.09, 1.43 ± 0.12 and 1.56 ± 
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Table No. 49 

The alterations in the alkaline phosphatase activity 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.26 1.26 1.3 1.32 1.34 1.43 1.56 

± 0.07 ± 0.05 ± 0.04 ± 0.05 ± 0.09 ± 0.12 ± 0.12 
0.01% ME 1.48 1.56 1.63 1.81 1.93 2.04 2.13 

± 0.05 ± 0.04 ± 0.03 ± 0.07 ± 0.07 ± 0.06 ± 0.06 
(1.17) (1.23) (1.25) (1.37) (1.44) (1.42 (1.421 

0.1% ME 1.6 1.65 1.78 1.96 2.06 2.21 2.43 
± 0.06 ± 0.04 ± 0.05 ± 0.06 ± 0.07 ± 0.06 ± 0:06 
(1.27) (1.31) (1.37) (1.48) (1.53) (1.54) (1.54) 

1% ME 1.89 2.01 2.21 2.48 2.68 2.89 3.06 
± 0.05 ± 0.04 ± 0.05 ± 0.04 ± 0.06 ± 0.07 ± 0.07 
(1.50) (1.59) (1.70) (1.87) (2.00) (2.02) (2.02) 

5% ME 2.04 2.17 2.31 2.56 2.76 2.96 3.12 
± 0.07 ± 0.04 ± 0.04 ± 0.05 ± 0.07 ± 0.06 ± 0.05 
(1.62) (1.72) (1.77) (1.94) (2.05) (2.07) (2.07) 

10% ME 2.1 2.21 2.47 2.63 2.91 3.06 3.19 
± 0.05 ± 0.07 ± 0.07 ± 0.05 ± 0.07 ± 0.05 ± 0.05 
(1.66) (1.75) (1.90) (1.99) (2.17) (2.14) (2.14) 

30% ME 2.2 2.49 2.73 2.99 3.16 3.38 3.56 
± 0.07 ± 0.05 ± 0.05 ± 0.06 ± 0.06 ± 0.05 ± 0.06 
(1.74) (1.97) (2.10) (2.26) (2.35) (2.36) (2.28) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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Graph No. 49 

The alterations in the alkaline phosphatase of 
plasma of tadpoles (stage XVIII) under the influence 

of mining effluents 
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Graph No. 50 

The alterations in the alkaline phosphatase of 
plasma of tadpoles (stage XXII) under the influence 

of mining effluents 
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0.12 micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is also evident that concentrations of ME like 

0.1 %, 1.0 %, 5.0 % and 30.0 % induced chronic alterations in the enzyme activity 

from the end of six hours to the end of ninety six hours and then declined 

concentrations of ME like 0.01 % and 10.0 % produced chronic alterations in the 

AlP activity till the end of seventy two hours and then subsequently at the end of 

ninety six and one twenty hours the activity showed a decrease. However, AlP 

activity at the end of all exposure periods under study remained above that of the 

control tadpoles. AlP activity of the plasma of tadpoles elevated in a ME 

concentration dependent manner at all the exposure periods. 

Tadpoles exposed to 0.01 % ME showed a 1.17 fold (17 %) increase in AlP 

activity of plasma at the end of six hours and a 1.44 fold (44%) increase at the end 

of seventy two hours. AlP activity of plasma at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours was equivalent to 

1.48 ± 0.05, 1.56 ± 0.04, 1.63 ± 0.03, 1.81 ± 0.07, 1.93 ± 0.07, 2.04 ± 0.06 and 2.13 ± 

0.05 micromoles per hundred millilitre respectively. 

Under the influence of 0.1 % ME, the tadpoles exhibited 1.27 fold (27 %) 

increase in AlP activity of plasma at the end of six hours and a 1.55 fold (55 %) 

elevation was observed at the end of one twenty hours. AlP activity of plasma 

was equivalent to 1.60 ± 0.06, 1.65 ±.0.04, 1.78 ± 0.05, 1.96 ± 0.06, 2.06 ± 0.07, 2.21 ± 

0.06 and 2.43 ± 0.05 micromoles per hundred millilitre at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

1.0 % ME promoted a minimum of 1.50 folds (50 %) increase in AlP activity 

at the end of six hours, while a maximum elevation (2.02 fold) in the AlP activity 

was produced at the end of ninety six hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, AlP activity was 

equivalent to 1.89 ± 0.05, 2.01 ± 0.04, 2.21 ± 0.05, 2.48 ± 0.04, 2.68 ± 0.06, 2.89 ± 0.07 

and 3.06 ± 0.04 micromoles per hundred millilitre respectively. 

Tadpoles subjected to 5.0 % ME showed a 1.62 fold (62 %) increase in AlP 

activity of plasma at the end of six hours. The tadpoles exhibited 2.07 fold (107 

%) elevation in the AlP activity of plasma at the end of ninety six hours. At the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AlP activity of plasma was equivalent to 2.04 ± 0.07, 2.17 ± 0.04, 

2.31 ± 0.04, 2.56 ± 0.05, 2.76 ± 0.07, 2.96 ± 0.06 and 3.12 ± 0.04 micromoles per 

hundred millilitre respectively. 

10.0 % ME promoted a minimum of 1.66 fold (66 %) increase in AlP 

activity of plasma at the end of six hours and induced a maximum of 2.17 fold 

(117 %) elevations in AlP activity of plasma at the end of seventy two hours. AlP 

activity of plasma was equivalent to 2.10 ± 0.05, 2.21 ± 0.07, 2.47 ± 0.07, 2.63 ± 0.05, 

2.91 ± 0.07, 3.06 ± 0.05 and 3.19 ± 0.04 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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On exposure to 30.0 % ME a maximum of 136 % increase (2.36 folds) in 

alkaline phosphatase activity of plasma was noticed at the end of ninety six hours 

and a minimum of 74.0 % increase in A1P activity was noticed at the end of six 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, AlP activity of plasma was equivalent to 2.20 ± 0.07, 2.49 ± 

0.05, 2.73 ± 0.05, 2.99 ± 0.06, 3.16 ± 0.06, 3.38 ± 0.05 and 3.56 ± 0.06 micromoles per 

hundred millilitre respectively. 

STAGE XXII : 

The alterations in AlP activity of plasma of tadpoles stage XIX to XXII did 

not differ significantly, hence the changes in AlP activity of plasma of stage XXII 

are described here. The alterations in AlP activity of plasma of tadpoles exposed 

to ME are compiled in Table No. 50 and presented graphically in Graph No. 50. 

AlP activity of plasma is expressed as micromoles of p-nitrophenol per hundred 

millilitre of plasma. 

From the table and graph it is apparent that AlP activity of plasma of 

control tadpoles increased from the end of six hours to the end of one twenty 

hours. AlP activity of plasma of control tadpoles was equivalent to 1.52 ± 0.08, 

1.54 ± 0.05, 1.56 ± 0.08, 1.62 ± 0.05, 1.65 ± 0.08, 1.73 ± 0.06 and 1.84 ± 0.07 

micromoles per hundred millilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

From the table it is evident that 0.01 %, 0.1 % and 30.0 % ME produced 

chronic alterations in AlP activity of plasma from the end of six hours to the end 

of one twenty hours. 5.0 % and 10.0 % ME promoted chronic alterations in AlP 
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Table No. 50 

The alterations in the alkaline phosphatase activity 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.52 1.54 1.56 1.62 1.65 1.73 1.84 

± 0.08 ± 0.05 ± 0.08 ± 0.05 ± 0.08 ± 0.06 ± 0.07 
0.01% ME 1.68 1.73 1.87 1.98 2.12 2.36 2.58 

± 0.05 ± 0.07 ± 0.06 ± 0.07 ± 0.08 ± 0.05 ± 0.06 
(1.10) (1.12) (1.19) (1.22) (1.28) (1.36) (1.40) 

0.1% ME 1.84 1.97 2.06 2.21 2.43 2.64 2.87 
± 0.08 ± 0.08 ± 0.07 ± 0.06 ± 0.05 ± 0.06 ± 0.07 
(1.21) (1.28) (1.32) (1.36) (1.47) (1.52) (1.56) 

1% ME 2.06 2.24 2.53 2.76 2.93 3.05 3.18 
± 0.05 ± 0.05 ± 0.05 ± 0.05 ± 0.05 ± 0.07 ± 0.08 
(1.35) (1.45) (1.62) (1.70) (1.77) (1.76) (1.72) 

5% ME 2.17 2.31 2.61 2.85 3.02 3.19 3.26 
± 0.07 ± 0.06 ± 0.07 ± 0.03 ± 0.04 ± 0.06 ± 0.07 
(1.42) (1.50) (1.67) (1.76) (1.83) (1.84) (1.77) 

10% ME 2.43 2.56 2.81 3.12 3.24 3.48 3.61 
± 0.06 ± 0.06 ± 0.05 ± 0.05 ± 0.08 ± 0.07 ± 0.06 
(1.59) (1.66) (1.80) (1.92) (1.96) (2.01) (1.96) 

30% ME 2.73 2.91 3.08 3.2 3.51 3.76 4.09 
± 0.08 ± 0.08 ± 0.08 ± 0.07 ± 0.06 ± 0.05 ± 0.05 
(1.79) (1.89) (1.97) (1.97) (2.12) (2.17) (2.22) 

Note : Unit : p moles/100 ml 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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activity of plasma from the end of six hours to the end of ninety six hours. AIP 

activity of plasma of tadpoles increased in ME concentration dependent manner 

at all the exposure periods under study. 

Under the influence of 0.01 % ME the tadpoles exhibited 1.10 fold (10 `)/0) 

increase in A1P activity of plasma at the end of six hours and they showed a 1.40 

fold elevation in the A1P activity of plasma at the end of one twenty hours. A1P 

activity of plasma was equivalent to 1.68 ± 0.05, 1.73 ± 0.07, 1.87 ± 0.06, 1.98 ± 0.07, 

2.12 ± 0.08 ± 2.36 ± 0.05 and 2.58 ± 0.06 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

0.1 % ME promoted a 1.21 fold (21 %) increase in AlP activity of plasma at 

the end of six hours while a 1.56 fold (56 %) elevation in A1P activity of plasma 

was observed at the end of one twenty hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours AlP activity was 

equivalent to 1.84 ± 0.08, 1.97 ± 0.08, 2.06 ± 0.07, 2.21 ± 0.06, 2.43 ± 0.05, 2.64 ± 0.06 

and 2.87 ± 0.07 micromoles per hundred millilitre respectively. 

On exposure to 1.0 % ME the tadpoles showed 1.35 fold (35 °A)) increase in 

A1P activity of plasma at the end of six hours while they exhibited a 1.77 fold (77 

%) elevation in AlP activity of plasma at the end of seventy two hours. AlP 

activity of plasma was equivalent to 2.06 ± 0.05, 2.24 ± .0.05, 2.53 ± 0.05, 2.76 ± 0.05, 

2.93 ± 0.05, 3.05 ± 0.07 and 3.18 ± 0.08 micromoles per hundred millilitre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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Tadpoles subjected to 5.0 % ME exhibited a minimum of 1.42 fold (42 %) 

rise in AlP activity of plasma at the end of six hours and a maximum of 1.84 fold 

(84 %) rise in the AlP activity of plasma was noticed at the end of ninety six 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, AlP activity was equivalent to 2.17 ± 0.07, 2.31 ± 0.06, 2.61 

± 0.07, 2.85 ± 0.03, 3.02 ± 0.04, 3.19 ± 0.06 and 3.26 ± 0.07 micromoles per hundred 

millilitre respectively. 

Tadpoles exposed to 10.0 % ME exhibited 1.59 (59 `)/0) fold increase in AlP 

activity of plasma at the end of six hours. By the end of ninety six hours, the 

tadpoles showed a minimum increase of 2.01 fold (101 %) in AlP activity of 

plasma. AlP activity of plasma was equivalent to 2.43 ± 0.06, 2.56 ± 0.06, 2.81 ± 

0.05, 3.12 ± 0.05, 3.24 ± 0.08, 3.48 ± 0.07 and 3.61 ± 0.06 micromoles per hundred 

millilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 30.0 % ME a minimum of 1.79 (79 %) folds increase 

in AlP activity of plasma was observed at the end of six hours while a maximum 

elevation of 2.22 folds (122 %) in the AlP activity of plasma was noticed, at the 

end of one twenty hours. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours AlP activity of plasma was 

equivalent to 2.73 ± 0.08, 2.91 ± 0.08, 3.08 ± 0.08, 3.20 ± 0.07, 3.51 ± 0.06, 3.76 ± 0.05 

and 4.09 ± 0.05 micromoles per hundred millilitre respectively. 
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A. SODIUM : 

STAGE V : 

The changes in sodium (Na+) concentrations of plasma of tadpoles under 

the influence of ME for stages I to V did not differ significantly. Therefore, 

alterations in Na+ concentrations of plasma of tadpoles stage V are reported here. 

The alterations in the sodium (Nat) concentrations under the influence of mining 

effluents (ME) are compiled in Table No. 51 and are graphically presented in 

Graph No. 51. Sodium concentrations are expressed as milliequivalence per litre. 

From the table and graph it is evident that sodium concentrations of 

plasma marginally increase as the control tadpoles grow from six hours to one 

twenty hours. The tadpoles exposed to different concentrations of ME exhibited 

marginal to significant increase in the sodium concentrations of plasma when 

compared with control. However, ME induced a concentration dependent 

increase in sodium concentrations from the end of forty eight hours onwards as 

well as exposure dependent increase upto ninety six hours. From the Table No. 

51 and Graph No. 51 it is also evident that 0.01 % ME could significantly increase 

sodium concentration of plasma when compared to the sodium concentrations 

found in control at all exposure periods except at the end of six, twelve and one 

twenty hours. It is also clear from the table that 0.01 `)/0 ME induced a minimum of 

0.71 % elevation in Na+ concentration of plasma while 30 % ME promoted a 

maximum of 68.73 % increase. The sodium concentrations of plasma of control 

tadpoles were equivalent to 112.00 ± 0.56, 114.00 ± 0.45, 116.00 ± 1.25, 120.00 ± 

1.27, 124.00 ± 2.01, 126.00 ± 1.21 and 129.00 ± 2.07 milliequivalence per litre at the 
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Table No. 51 

The alterations in the Na +  concentration of plasma 
of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 112 114 116 120 124 126 129 

± 0.56 ± 0.45 ± 1.25 ± 1.27 ± 2.01 ± 1.21 ± 2.07 
0.01% ME 112.8 121.2 130.6 143.4 154.6 166 135.2 

- ± 1.92 ± 3.03 ± 4.50 ± 4.39 ± 4.21 ± 4.63 ± 3.42 
(0.71) (6.31) (12.50) (19.5) (24.67) (31.74) (4.80) 

0.1% ME 113.8 122.8 134.6 151.46 161.2 170.6 140.8 
± 0.83 ± 3.34 ± 3.20 ± 1.56 ± 2.86 ± 3.04 ± 2.86 
(1.60) (7.71) (16.03) (26.21) (30.00) (35.39) (9.14) 

1°/0 ME 116.4 130.4 133.0 156.8 173 180.8 152.4 
± 1.14 ± 2.70 ± 2.34 ± 3.03 ± 5.24 ± 3.89 ± 4.44 
(1.60) (14.38) (14.65) (30.66) (39.51) (43.49) (18.13) 

5% ME 118.2 137.2 142.4 158.6 177.8 186.6 160.8 
±1.36 ±3.11 ±2.96 ±5.31 ±6.14 ±4.66 ±2.58 
(3.92) (20.35) (22.75) (32.16) (43.38) (48.09) (24.65) 

10% ME 127.2 133.4 150.6 166.8 192 190.8 168.6 
± 2.94 ± 2.70 ± 2.07 ± 2.86 ± 5.47 ± 5.76 ± 6.10 
(5.53) (17.01) (29.82) (39.00) (54.83) (51.42) (30.69) 

30% ME 134.2 143.2 149.6 172.4 207.6 212.6 183.2 
± 2.77 ± 2.48 ± 2.40 ± 2.40 ± 5.45 ± 5.59 ± 4.02 

(14.19) (25.61) (28.96) (43.66) (67.41) (68.73) (42.01) 

Note : Unit : mEq/L 

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

3 6 (-iA,X)\-o,c/A:0A") 

oLl-la9 (4,Atl.;^^,  4i4rNIN QA),./V) 



220 -F Control 

-w-0.01% ME 

-A-0.1% ME 

-a-1% ME 

--e- 5% ME 

-44- 10% ME 

-5-30% ME 

200 - 	 it 

• 180 - 
-J 
S. 

C.  
Iii 160  
E 
• 140 - 

120 

100 	 

6 12 	24 	48 	72 	96 	120 
- Hours - 

Graph No. 51 

The alterations in the Na + concentration of plasma of 
tadpoles (stage V) under the influence of mining 

effluents 

Graph No. 52 

The alterations in the Na + concentration of plasma of 
tadpoles (stage VIII) under the influence of mining 

effluents 

195 - 

185 

175 

--I 165 - 
Cr 
la 155 - 

, 145 - 

135 - 

125 - 

115   

 

- Control 

- W-0.01% ME 

—A— 0.1% ME 

1% ME 

- 5% ME 

—6— 10% ME 

30% ME 

   

6 	12 	24 	48 	72 	96 
	

120 
- Hours - 



end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles exposed to 0.01 % ME could not induce a significant increase 

in the sodium concentration at the end of six and twelve hours. A minimum of 

0.71 % increase in the sodium concentration of plasma was observed at the end of 

six hours while a maximum of 31.74 % increase in the sodium concentration of 

plasma was noticed at the end of ninety six hours. The tadpoles exhibited sodium 

concentration equivalent to 112.80 ± 1.92, 121.20 ± 3.03, 130.60 ± 4.50, 143.40 ± 

4.39, 154.60 ± 4.21, 166.00 ± 4.63 and 135.20 ± 3.42 milliequivalence per litre at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The 0.1 % ME induced significant increase in sodium concentrations from 

the end of twenty four hours till the end of ninety six hours. A maximum of 

35.39 % increase in the sodium concentrations of plasma was seen at the end of 

ninety six hours while a minimum of 1.60 % rise in the- sodium concentration of 

plasma was observed at the end of six hours. The sodium concentrations of 

plasma at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours was equivalent to 113.80 ± 0.83, 122.80 ± 3.34, 134.60 ± 3.20, 

151.46 ± 1.56, 161.20 ± 2.86, 170.60 ± 3.04 and 140.80 ± 2.86 milliequivalence per 

litre respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited significant increase 

in sodium concentrations from the end of twelve hours to the end of one twenty 

hours. However, the sodium concentration was lower than that observed under 
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the influence of 0.1 % ME at the end of twenty four hours. The tadpoles showed 

the sodium concentrations equal to 116.40 ± 1.14, 130.40 ± 2.07, 133.00 ± 2.34, 

156.80 ± 3.03, 173.00 ± 5.24, 180.80 ± 3.89 and 152.40 ± 4.44 milliequivalence per 

litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted about three % elevation in 

sodium concentrations over that of controls at the end of six hours while it rose to 

about forty eight % at the end of ninety six hours. Thus, the sodium 

concentration of tadpoles was equivalent to 118.20 ± 1.30, 137.20 ± 3.11, 142.40 ± 

2.96, 158.60 ± 5.31, 177.80 ± 6.14, 186.60 ± 4.66 and 160.80 ± 2.58 milliequivalence 

per litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 10.0 `)/0 ME the tadpoles showed significant increase 

in the sodium concentration from the end of twelve hours. A minimum of 5.53 % 

increase in the sodium concentration was observed at the end of six hours and a 

maximum of 54.83 % elevation in the sodium concentration of plasma was 

noticed at the end of seventy two hours. The sodium concentration of plasma at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours were equivalent to 127.20 ± 2.94, 133.40 ± 2.70, 150.60 ± 2.07, 166.80 

± 2.86, 192.00 ± 5.47, 190.80 ± 5.76 and 168.60 ± 6.10 milliequivalence per litre 

respectively. 

30.0 `)/0 ME induced a maximum of 68.73 % increase at the end of ninety six 

hours while a minimum of 14.19 % elevation was promoted at the end of six 
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hours. The sodium concentration found in tadpoles exposed to 30.0 % ME was 

equivalent to 134.20 ± 2.77, 143.20 ± 2.48, 149.60 ± 2.40, 172.40 ± 2.40, 207.60 ± 5.45, 

212.60 ± 5.59 and 183.20 ± 4.02 milliequivalence per liter at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE VIII : 

The alterations in sodium concentrations under the influence of ME from 

stage VI to VIII were identical. Therefore, alterations observed in sodium 

concentrations at stage VIII are described. 

The changes in sodium concentrations under the influence of mining 

effluents (ME) are tabulated in Table No. 52 and expressed graphically in Graph 

No. 52. Sodium concentrations are expressed as milliequivalence per litre. The 

Table No. 52 and Graph No. 52 reveal that sodium concentrations in control 

tadpoles ranged between 130.00 ± 1.22 and 145.00 ± 2.07milliequivalence per 

litre. Sodium concentrations in plasma of control tadpoles were equivalent to 

130.00 ± 1.22, 132.00 ± 1.17, 134.00 ± 1.64, 137.00 ± 1.58, 140.00 ± 1.48, 143.00 ± 1.92 

and 145.00 ± 2.07 milliequivalence per litre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. The Table 

No. 52 shows that 0.01%, 0.1% and 1.0 % ME promoted decrease in sodium 

concentrations at the end of six, twelve and twenty four hours, as well as at the 

end of one twenty hours under the influence of 0.01% and 0.1 % ME. A minimum 

of 0.14 % decrease in sodium concentration was observed at the end of twenty 

four hours under the influence of 1.0 % ME while a maximum of 8.30 % decrease 
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Table No. 52 

The alterations in the Na +  concentration 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 130 132 134 137 140 143 145 

±1.22 ±1.17 ±1.64 ±1.58 ±1.48 ±1.92 ±2.07 
0.01% ME 119.2 125 127.8 139 157 164 138 

±3.19 ± 1.58 ± 1.92 ±2.74 ±3.16 ± 1.58 ± 1.58 
(- 8.30) (- 5.30) (- 4.62) (1.45) (12.14) (14.68) (- 4.82) 

0.1% ME 124.6 128.6 131.8 137.8 166.8 172.8 142.2 
±2.07 ±1.14 ±0.84 ±3.11 ±1.79 ±1.79 ±1.92 

(- 4.15) (- 2.57) (- 1.64) (0.58) (19.14) (20.83) (- 1.93) 
1 13/0 ME 128.4 131.2 133.8 145.8 172.2 178.6 148.8 

± 1.14 ± 1.30 ± 1.30 ± 1.92 ± 1.64 ± 2.88 ± 2.59 
(- 1.23) (- 0.60) (- 0.14) (6.42) (23.00) (24.89) (2.62) 

5% ME 132.8 134.2 138.6 150.8 176.6 186.2 154.4 
± 1.48 ± 1.66 ± 2.07 ± 1.92 ± 1.34 ± 1.30 ± 1.67 
(2.15) (0.84) (3.43) (10.07) (26.14) (30.20) (6.48) 

10% ME 136.8 138.4 142.8 155.8 183.8 189.6 163.2 
±1.48 ±1.14 ±1.92 ±1.92 ±1.48 ±1.95 ±1.48 
(5.23) (4.85) (6.56) (13.72) (31.28) (32.58) (12.55) 

30% ME 141.8 143.4 146.6 160 190.2 195 169.4 
± 2.17 ± 2.07 ± 1.14 ± 1.58 ± 2.59 ± 2.54 ± 2.41 
(9.07) (8.63) (9.40) (16.78) (35.85) (36.36) (16.82) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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was noticed at the end of six hours under the influence of 0.01 `)/0 ME. A 

maximum of 36.36 ` )/0 increase in sodium concentration of plasma was noticed at 

the end of ninety six hours under the influence of 30.0 % ME while a minimum of 

0.58 % increase in sodium concentration of plasma was seen at the end of forty 

eight hours under the influence of 0.1 % ME. 

The tadpoles subjected to 0.01 % ME showed a minimum of 1.45 % 

increase in sodium concentration at the end of forty eight hours and a maximum 

of 14.68 % rise at the end of ninety six hours. Sodium concentrations found at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours were equivalent to 119.20 ± 3.19, 125.00 ± 1.58, 127.80 ± 1.92, 139.00 

± 2.74, 157.00 ± 3.16, 164.00 ± 1.58 and 138.00 ± 1.58 milliequivalence per litre 

respectively. 

0.1 % ME induced about 4.0 % decrease in sodium concentration of plasma 

at the end of six hours while a maximum of 20.83 % increase in sodium 

concentration was promoted at the end of ninety six hours. Thus, sodium 

concentration at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours was equivalent to 124.60 ± 2.07, 128.60 ± 1.14, 

131.80 ± 0.84, 137.80 ± 3.11, 166.80 ± 1.79, 172.80 ± 1.79 and 142.20 ± 1.92 

milliequivalence per litre respectively. 

The tadpoles exposed to 1.0 % ME exhibited significant elevation in 

sodium concentration at the end of seventy two and ninety six hours only. 

However, the increase in sodium concentrations were higher than those observed 

under the influence of 0.01 and 0.1 % ME. The increase in sodium concentration 
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at the end of forty eight hours was about 6.0 % whereas the increase in sodium 

concentration at the end of ninety six hours was about 24.0 % over that observed 

in the controls. The sodium concentration observed at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours was 

equivalent to 128.40 ± 1.14, 131.20 ± 1.30, 133.80 ± 1.30, 145.80 ± 1.92, 172.20 ± 1.64, 

178.60 ± 2.88 and 148.80 ± 2.59 milliequivalence per litre respectively. 

Under the influence of 5.0 % ME the tadpoles had the sodium 

concentration elevated by about 30.0 ` )/0 over that observed in controls at the end 

of ninety six hours. But the sodium concentration appeared to increase only by 

about 1 % at the end of twelve hours. Sodium concentration observed at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours was equivalent to 132.80 ± 1.48, 134.20 ± 0.84, 138.60 ± 2.07, 150.80 ± 1.92, 

176.60 ± 1.34, 186.20 ± 1.30 and 154.40 ± 1.67 milliequivalence per litre 

respectively. 

The exposure of tadpoles to 10.0 % ME caused' above 4.0 % increase in 

sodium concentration at the end of twelve hours while a maximum of 32.58 % 

increase in sodium concentration was observed at the end of ninety six hours. The 

sodium concentrations observed at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours were equivalent to 136.80 ± 

1.48, 138.40 ± 1.14, 142.80 ± 1.92, 155.80 ± 1.92, 183.80 ± 1.48, 189.60 ± 1.95 and 

163.20 ± 1.48 milliequivalence per litre respectively. 

30.0 % ME promoted about 36.0 `)/0 increase in sodium concentration at the 

end of ninety six hours as compared to sodium concentration found in the 
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controls while at the end of twelve hours, sodium concentration raised by 8.63 % 

over the control concentration. Sodium concentration observed at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

was equivalent to 141.80 ± 2.17, 143.40 ± 2.07, 146.60 ± 1.14, 160.00 ± 1.58, 190.20 ± 

2.59, 195.00 ± 2.54 and 169.40 ± 2.41 milliequivalence per litre respectively. 

STAGE XIV : 

The changes in sodium concentration of plasma of tadpoles from stages IX 

to XIV did not differ significantly therefore alterations in sodium concentration of 

plasma at stage XIV are presented here. 

The changes in sodium (Na+) concentrations under the influence of 

mining effluents (ME) are given in Table No. 53 and are graphically expressed in 

Graph No. 53. Sodium concentrations in plasma are given as milliequivalence 

per litre. Sodium concentration of plasma in the control tadpoles was equivalent 

to 117.00 ± 2.07, 119.00 ± 2.58, 120.00 ± 2.40, 122.00 ± 2.70, 124.00 ± 3.04, 126.00 ± 

3.46 and 128.00 ± 2.58 milliequivalence per litre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

From the graph and the table it is obvious that except 0.01 %, 0.1 % and 1.0 

% ME all the concentrations of ME induced significant alterations in sodium 

concentration of plasma from the end of six hours to the end of one twenty hours. 

ME concentrations like 0.01 and 0.1 % could induce significant alterations in the 

sodium concentrations of plasma from the end of forty eight hours. At the end of 

ninety six hours 30.0 % ME induced about 78 % increase in sodium 

concentrations of plasma in comparison with sodium concentrations found in 
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Table No. 53 

The alterations in the Na +  concentration 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 117 119 120 122 124 126 128 

± 2.07 ± 2.58 ± 2.40 ± 2.7 ± 3.04 ± 3.46 ± 2.58 
0.01% ME 120.6 121.6 127.4 143.4 166.2 179 138.6 

± 2.70 ± 2.40 ± 2.07 ± 6.34 ± 4.65 ± 4.94 ± 2.7 
(3.07) (2.18) (6.16) (17.54) (34.03) (42.06) (8.28) 

0.1% ME 121.4 122.6 129.4 154.6 168.4 185.2 153.2 
± 2.70 ± 3.04 ± 4.87 ± 4.50 ± 2.88 ± 3.83 ± 5.4 
(3.76) (3.02) (7.83) (26.72) (35.80) (46.98) (19.68) 

1% ME 132 127.8 139 164.2 173.2 192.8 163.2 
±4.63 ±4.20 ±2.91 ±3.63 ±7.85 ±3.34 ±4.14 

(12.82) (7.39) (15.83) (34.59) (39.67) (53.01) (27.5) 
5% ME 138.8 140 147.2 172.8 185.4 192.8 172.4 

±2.58 ±4.12 ±3.34 ±3.34 ±4.50 ±3.34 ±2.4 
(18.63) (17.64) (22.66) (41.63) (49.51) (53.01) (34.68) 

10% ME 148.6 148 150 182.6 201.8 205 182.4 
±2.70 ±3.46 ±4.12 ±3.04 ±6.09 ±5.47 ±3.13 
(27.0) (24.36) (25.0) (49.67) (62.74) (62.69) (42.51) 

30% ME 153.2 152.6 156.8 190.4 215.6 224.6 190.4 
± 4.32 ± 3.04 ± 3.89 ± 3.84 ± 4.21 ± 5.89 ± 4.77 

(30.94) (28.23) (30.66) (56.06) (73.87) (78.25) (48.75) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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the controls. It is also clear from the graph that ME concentrations could induce 

exposure period dependent elevations in sodium concentrations of plasma from 

the end of twelve hours to the end of ninety six hours except under the influence 

of 10.0 % ME where sodium concentrations increase upto the end of seventy two 

hours. 

Under the influence of 0.01 % ME a maximum increase in sodium 

concentration of plasma was observed at the end of ninety six hours and the 

increase was 42.06 % more than the controls. But subsequently the magnitude of 

increase in sodium concentrations of the plasma decreased at the end of one 

twenty hours. However, the sodium concentrations remained above those 

observed in the control. Sodium concentrations of plasma observed at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours were equivalent to 120.60 ± 2.70,121.60 ± 2.40, 127.40 ± 2.07, 143.40 ± 6.34, 

166.20 ± 4.65, 179.00 ± 4.94 and 138.60 ± 2.70 milliequivalence per litre 

respectively. 

The tadpoles exposed to 0.1 % ME showed a minimum of 3.02 % increase 

in sodium concentration of plasma at the end of six hours while a maximum of 

46.98 % elevation in sodium concentration of plasma was observed at the end of 

ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, sodium concentration of plasma was equivalent 

to 121.40 ± 2.70, 122.60 ± 3.04, 129.40 ± 4.87, 154.60 ± 4.50, 168.40 ± 2.88, 185.20 ± 

3.83 and 153.20 ± 5.40 milliequivalence per litre respectively. 
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1.0 % ME promoted significant increase in sodium concentration of plasma 

at all exposure periods except at the end of twleve hours. A minimum of 7.39 % 

increase- in sodium concentration of plasma was observed at the end of twelve 

hours while a maximum of 53.01 % elevation was observed at the end of ninety 

six hours. Subsequently, at the end of one twenty hours sodium concentration 

lowered though it remained above that seen in controls. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

sodium concentration was equivalent to 132.00 ± 4.63, 127.80 ± 4.20, 139.00 ± 2.91, 

164.20 ± 3.63, 173.20 ± 7.85, 192.80 ± 3.34 and 163.20 ± 4.14 milliequivalence per 

litre respectively. 

The tadpoles exposed to 5.0 % ME exhibited a significant increase in 

sodium concentration of plasma from the end of six hours to the end of one 

twenty hours but the degree of elevation of sodium concentration was higher 

than that promoted by ME concentrations less than 5.0 `)/0 . The increase in 

sodium concentration of plasma at the end of twelve hours was equivalent to 

17.64 % while that observed at the end of ninety six hours was equivalent to 53.01 

%. Thus, sodium concentration of the plasma of tadpoles was equivalent to 

138.80 ± 2.58, 140.00 ± 4.12, 147.20 ± 3.34, 172.80 ± 3.34, 185.40 ± 4.50, 192.80 ± 3.34 

and 172.40 ± 2.40 milliequivalence per litre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 10.0 % ME, the tadpoles exhibited a maximum of 

62.74 % increase in sodium concentration of plasma at the end of seventy two 

hours while a minimum of 24.36 % rise in sodium concentration of plasma was 
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observed at the end of twelve hours. Sodium concentration of the plasma of 

tadpoles at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours was equivalent to 148.60 ± 2.70, 148.00 ± 3.46, 150.00 ± 4.12, 

182.60 ± 3.04, 201.80 ± 6.09, 205.00 ± 5.47 and 182.40 ± 3.13 milliequivalence per 

litre respectively. 

30.0 % ME induced significant increase in sodium concentrations from the 

end of six hours to the end of one twenty hours and the increase ranged from 

28.23% to 78.25%. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, sodium concentration of plasma of the tadpoles 

was equivalent to 153.20 ± 4.32, 152.60 ± 3.04, 156.80 ± 3.89, 190.40 ± 3.84, 215.60 ± 

4.21, 224.60 ± 5.89 and 190.40 ± 4.77 milliequivalence per litre respectively. 

STAGE XVIII : 

The alterations in sodium concentrations of plasma of tadpole of stages XV 

to XVIII were not significantly different from each other. Hence changes 

observed at stage XVIII are given here. The control tadpoles exhibited sodium 

concentration ranging from 121.00 ± 1.69 to 135.00 ± 2.40 from the end of six 

hours to the end of one twenty hours. The alterations in sodium concentrations 

of plasma occuring in tadpoles (Stage XVIII) exposed to mining effluents (ME) for 

different exposure periods are compiled in Table No. 54 and are graphically 

presented in Graph No. 54. Sodium concentrations of plasma are expressed as 

milliequivalence per litre. The 'table and the graph reveal that sodium 

concentrations in the control tadpoles increased marginally from the end of six to 

one twenty hours. The Table No.54 and Graph No.54 also clearly show that ME 
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concentrations induced a few fluctuations in sodium concentrations of plasma. 

All the concentrations of ME except 0.01 % induced significant increase in 

sodium concentrations of plasma of tadpoles from the end of six hours to the end 

of one twenty hours. The 0.01 % ME induced significant increase from the end of 

forty eight hours to the end of ninety six hours. The 0.01 % ME induced 

minimum increase (4.44 %) in sodium concentration of plasma at the end of one 

twenty hours while the maximum increase (70.60 %) in sodium concentration of 

plasma was promoted by 30 % ME at the end of ninety six hours. 

The tadpoles exposed to 0.01 % ME exhibited minimum increase (4.44 %) 

of sodium concentration of plasma at the end of one twenty hours while the 

maximum increase (30.60%) was shown at the end of ninety six hours. Sodium 

concentrations of plasma of tadpoles under the influence of 0.01 % ME were 

equivalent to 129.20 ± 3.34, 129.20 ± 1.30, 133.80 ± 1.69, 144.00 ± 3.31, 154.60 ± 3.97, 

172.40 ± 3.97 and 141.00 ± 2.34 milliequivalence per litre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 % ME promoted minimum increase (11.90 %) in sodium concentration 

of plasma at the end of six hours while it promoted a little over 38.9 % increase in 

sodium concentration of plasma at the end of ninety six hours. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

sodium concentration of plasma of tadpoles was equivalent to 135.40 ± 3.84, 

137.80 ± 2.77, 140.80 ± 1.92, 145.40 ± 4.50, 162.20 ± 3.56, 183.40 ± 3.84 and 152.00 ± 

3.16 milliequivalence per litre respectively. 
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On exposure to 1.0 % ME the tadpoles showed 18.66 % increase in sodium 

concentration at the end of one twenty hours. At the end of ninety six hours 

sodium concentration of the plasma of tadpoles was raised by 46.36 %. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, sodium concentration of plasma of the tadpoles was equivalent to 

149.60 ± 3.20, 147.80 ± 3.49, 150.40 ± 2.07, 152.00 ± 2.73, 172.60 ± 3.64, 193.20 ± 2.86 

and 160.20 ± 1.92 milliequivalence per litre respectively. 

Under the influence of 5.0 % ME the elevation in sodium concentration of 

plasma of tadpoles was equivalent to 34.71 % at the end of six hours. Further, 

sodium concentration of plasma of the tadpoles fluctuated till the end of one 

twenty hours. A minimum increase of 27.30 % in sodium concentration of plasma 

of tadpoles was observed at the end of forty eight hours while a maximum 

elevation of 54.39 % in sodium concentration of plasma was noticed at the end of 

ninety six hours. Thus, at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, sodium concentration of plasma of the 

tadpoles was equivalent to 163.00 ± 5.70, 155.80 ± 3.70, 159.00 ± 1.58, 160.40 ± 3.04, 

182.80 ± 2.86, 203.80 ± 2.38 and 175.60 ± 3.97 milliequivalence per litre 

respectively. 

The tadpoles subjected to 10.0 % ME showed minimum increase of about 

31.96 % in sodium concentration of plasma at the end of twelve hours while at 

the end of ninety six hours the elevation in sodium concentration was equivalent 

to about 61.51 %. Thus, sodium concentration of plasma of tadpoles kept on 

fluctuating from the end of six hours to the end of one twenty hours under the 
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influence of 10.0 % ME. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, sodium concentration of plasma of 

tadpoles was equivalent to 175.00 ± 3.67, 161.00 ± 3.39, 162.40 ± 3.04, 170.40 ± 2.07, 

191.60 ± 2.40, 213.20 ± 3.49 and 192.00 ± 3.16 milliequivalence per litre 

respectively. 

30.0 % ME could induce maximum elevation in sodium concentration of 

plasma of the tadpoles at the end of ninety six hours and no other ME 

concentration could induce such a hike in sodium concentration. Thus, the hike 

in sodium concentration was equivalent to about 70.60 %. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

sodium concentration of plasma of the tadpoles was equivalent to 184.40 ± 3.28, 

176.40 ± 6.84, 171.20 ± 2.86, 181.80 ± 4.81, 196.20 ± 2.77, 225.20 ± 2.86 and 195.80 ± 

4.14 milliequivalence per litre respectively. 

STAGE XXII 

The changes in sodium concentrations of plasma of the tadpoles under the 

influence of ME for the stages from XV to XXI were statistically not significant. 

Therefore, the changes in sodium concentration at stage XXII are given here as 

they were quite pronounced. 

The alterations in sodium concentrations of plasma of the tadpoles under 

the influence of mining effluents (ME) are tabulated in Table No. 55 and are 

graphically expressed in Graph No. 55 along with the variation in sodium 

concentrations observed in the control tadpoles at various time points. Sodium 

concentrations are expressed as milliequivalence per litre. The control tadpoles 
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Table No. 55 

The alterations in the Na +  concentration 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 123 

±2.07 
123.5 
±1.92 

123.8 
±1.58 

125.1 
±1.30 

126.4 
±1.81 

127 
±2.28 

128.1 
± 2.23 

0.01% ME 130.2 
±2.38 

131.6 
±2.07 

134.8 
±1.92 

139.8 
±1.92 

152.4 
±3.97 

163.6 
±2.60 

124.2 
± 2.94 

_(5.85) (6.55) (8.88) (11.75) (20.56) (28.01) (- 3.04) 
0.1% ME 140.4 138 141.4 142.8 152 171.4 129.2 

±3.91 ±2.91 ±2.07 ±2.68 ±2.23 ±2.50 ± 2.77 
(14.14) (11.74) (14.21) (14.14) (20.25) (34.11) (0.85) 

1% ME 146.2 147.8 149.4 150.6 159.2 181.8 143.2 
±2.28 ±1.92 ±2.07 ±2.07 ±3.19 ±1.64 ± 2.86 

(18.86) (19.67) (20.67) (20.38) (25.94) (42.25) (11.78) 
5% ME 151.4 151.4 150.2 155.8 170 192 155.2 

±1.81 ±2.07 ±2.38 ±2.77 ±2.23 ±2.23 ± 3.83 
(23.08) (22.59) (21.32) (24.54) (34.49) (50.23) (21.15) 

10% ME 156.2 155.6 159.8 162.8 177.4 200.8 166.8 
±1.30 ±2.07 ±1.78 ±1.78 ±2.70 ±3.19 ± 2.86 

(26.99) (25.99) 529.07) (30.13) (40.34) (57.12) (30.21) 
30% ME 160 160 161 169 182.2 211.2 178.6 

±1.58 ±1.58 ±1.58 ±1.58 ±2.54 ±3.19 ± 3.84 
530.08) (29.55) (30.04) (35.09) (44.14) (65.25) (39.42) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : `)/0 variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 

otf - 36 (AA-4A,ck,eitAv,) 

/a9 C.wittA;vv 4AA-PropAt eA/vv) 



The alterations in the Na +  concentration of plasma of 
tadpoles (stage XXII) under the influence of mining 
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showed sodium concentration of plasma equal to 123.00 ± 2.07, 123.50 ± 1.92, 

123.80 ± 1.58, 125.10 ± 1.30, 126.40 ± 1.81, 127.80 ± 2.28 and 128.10 ± 2.23 

milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. From the table and 

graph it is obvious that ME induced concentration dependent increase in sodium 

concentration for all the exposure periods except seventy two hours. All the 

concentrations of ME except 0.01 and 0.1 % induced exposure period dependent 

increase in sodium concentration of plasma from the end of twenty four hours to 

the end of ninety six hours. It is also seen that 0.01 % ME could induce reduction 

(3.04 %) in sodium concentration at the end of one twenty hours. 0.01% ME 

could induce a minimum increase (5.85 `)/0) in sodium concentration at the end of 

six hours while 30.0 % ME could induce maximum elevation (65.25 %) in sodium 

concentration of plasma at the end of ninety six hours. 

The exposure of tadpoles to 0.01 % ME exhibited minimum elevation of 

5.85 % in sodium concentration at the end of six hours while at the end of ninety 

six hours it could induce increase in sodium concentration equivalent to 28.01 %. 

It is also evident that sodium concentration dropped by 3.04 % at the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours sodium concentration of plasma of the tadpoles 

was equivalent to 130.20 ± 2.38, 131.60 ± 2.07, 134.80 ± 1.92, 139.80 ± 1.92, 152.40 ± 

3.97, 163.60 ± 2.60 and 124.20 ± 2.94 milliequivalence per litre respectively. 

The tadpoles exposed to 0.1 % ME showed about 0.85 `)/0 elevation in 

sodium concentration of plasma at the end of one twenty hours while a 
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maximum increase of about 34.11 % in sodium concentration of plasma was 

observed at the end of ninety six hours. Thus at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the sodium 

concentration of plasma of the tadpoles was equivalent to 140.40 ± 3.91,138.00 ± 

2.91, 141.40 ± 2.07, 142.80 ± 2.68, 152.00 ± 2.23, 171.40 ± 2.50 and 129.20 ± 2.77 

milliequivalence per litre respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a considerable 

increase in sodium concentrations of plasma at all the exposure periods under 

investigation. The increase in sodium concentration at the end of six hours was 

equivalent to about 18.86 % while the elevation in sodium concentration of 

plasma at the end of ninety six hours was equivalent to about 42.25 %. Sodium 

concentration of plasma was equivalent to 146.20 ± 2.28, 147.80 ± 1.92, 149.40 ± 

2.07, 150.60 ± 2.07, 159.20 ± 3.19, 181.80 ± 1.64 and 143.20 ± 2.86 milliequivalence 

per litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

5.0 % ME promoted about 23.08 % elevation in sodium concentration of 

the tadpoles at the end of six hours while at the end of one twenty hours the 

increase in sodium concentration was equivalent to about 21.15 %. Sodium 

concentration appeared to drop gradually from the end of six hours to the end of 

twenty four hours. It subsequently increased from the end of forty eight hours 

till the end of ninety six hours and at the end of one twenty hours, sodium 

concentration dropped sharply. However the concentration of sodium in the 

plasma of tadpoles remained above that observed in the controls. By the end of 
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six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, sodium concentration of plasma was equivalent to 151.40 ± 1.81, 151.40 ± 

2.07, 150.20 ± 2.38, 155.80 ± 2.77, 170.00 ± 2.23, 192.00 ± 2.23 and 155.20 ± 3.83 

milliequivalence per litre respectively. 

The exposure of tadpoles to 10.0 % ME induced significant elevation 

sodium concentrations of plasma of the tadpoles at all the exposure periods. The 

increase in sodium concentrations ranged between 25.99 % to 57.12 %. . By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, sodium concentrations of plasma of the tadpoles were equivalent to 156.20 

± 1.30, 155.60 ± 2.07, 159.80 ± 1.78, 162.80 ± 1.78, 177.40 ± 2.70, 200.80 ± 3.19 and 

166.80 ± 2.86 milliequivalence per litre respectively. 

Under the influence of 30.0 % ME the tadpoles exhibited minimum 

increase of about 29.55 % in sodium concentration of plasma at the end of twelve 

hours while at the end of ninety six hours the increase in sodium concentration of 

plasma of the tadpoles was equivalent to 65.25 %. Sodium concentration of 

plasma was equivalent to 160.00 ± 1.58, 160.00 ± 1.58, 161.00 ± 1.58, 169.00 ± 1.58, 

182.20 ± 2.54, 211.20 ± 3.19 and 178.60 ± 3.84 milliequivalence per litre at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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B) POTASSIUM : 

STAGE V : 

The changes in potassium concentrations from stages I to V did not exhibit 

any significant difference, with respect to each other. Therefore changes observed 

in stage V tadpoles are described here as it is a higher developmental stage. The 

alterations in potassium concentrations under the influence of mining effluents 

(ME) are compiled in Table No.56 and are graphically shown in Graph No.56. 

Potassium concentrations are expressed as milliequivalence per litre. From the 

table and graph it is clear that potassium concentrations in control tadpoles 

increased marginally from the end of six hours to the end of one twenty hours 

but if potassium concentration at the end of six hours is compared with that 

observed at one twenty hours it becomes evident that the potassium 

concentration elevated by about 1.18 % at the end of one twenty hours. 

The Table No. 56 and Graph No. 56 also show that all the concentrations of 

ME induced concentration dependent elevations in potassium concentrations of 

the plasma at all exposure periods. But ME failed to promote exposure period 

dependent changes in potassium concentration. 

The tadpoles exposed to 0.01 % ME exhibited maximum increase of about 

73.12 `)/0 in potassium concentration of plasma at the end of ninety six hours while 

a minimum increase of about 53.39 % was observed at the end of twelve hours. 

It is also evident that the magnitude of increase in potassium concentration 

declined a little from the end of six hours to the end of twenty four hours and 

then kept on increasing till the end of ninety six hours and again dropped at the 
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12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 6 Hrs 
Control 2 

± 0.06 
2.06 

± 0.04 
2.1 

± 0.05 
2.15 

± 0.07 
2.22 

± 0.06 
2.27 

± 0.04 
2.36 

± 0.03 
3.19 

± 0.06 
(59.5) 

3.16 
± 0.05 

(53.39) 

3.27 
± 0.02 

(55.71) 

3.51 
± 0.05 

(63.25) 

3.72 
± 0.04 

(67.56) 

3.93 
± 0.04 

(73.12) 

3.74 
± 0.09 

(58.47) 

0.01% ME 

3.51 
± 0.05 
(75.5) 

3.56 
± 0.03 

(72.81) 

3.58 
± 0.03 

(70.47) 

3.65 
± 0.03 

(69.76) 

3.82 
± 0.03 

(72.07) 

4.02 
± 0.03 

(77.09) 

3.95 
± 0.04 

(67.37) 

0.1% ME 

1c/0 ME 3.71 
± 0.06 
(85.5) 

3.82 
± 0.02 

(85.43) 

3.9 
± 0.06 

(85.71) 

4.04 
± 0.04 

(87.90) 

4.18 
± 0.06 

(88.28) 

4.35 
± 0.04 

(91.62) 

4.06 
± 0.03 

(72.03) 
5cY0 M E 

10% ME 

3.83 
± 0.03 
(91.5) 

3.94 
± 0.07 
(97.0) 

3.92 
± 0.03 

(90.29) 
4.06 

± 0.03 
(97.08) 

4.02 
± 0.06 

(91.42) 
4.17 

± 0.03 
(98.57) 

4.2 
± 0.04 

(95.34) 
4.32 

± 0.04 
(100.93) 

4.33 
± 0.04 

(95.04) 
4.45 

± 0.05 
(100.45) 

4.44 
± 0.04 

(95.59) 
4.55 

± 0.03 
(100.44) 

4.24 
± 0.04 

(79.66) 
4.26 

± 0.06 
(80.50) 

30% ME 4.11 
± 0.03 

(105.5) 

4.19 
± 0.04 

(103.39) 

4.29 
± 0.03 

(104.28) 

4,56 
± 0.08 

(112.09) 

4.75 
± 0.06 

(113.96) 

4.87 
± 0.07 

(114.53) 

4.4 
± 0.06 

(86.44) 

Table No. 56 

The alterations in the 	concentration 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

- 36 (:0,4",ckie/tvo,vv 



end of one twenty hours. Thus, at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, potassium concentration was 

equivalent to 3.19 ± 0.06, 3.16 ± 0.05, 3.27 ± 0.02, 3.51 ± 0.05, 3.72 ± 0.04, 3.93 ± 0.04 

and 3.74 ± 0.09 milliequivalence per litre respectively. 

Under the influence of 0.1 % ME the tadpoles showed about 70.0 % 

increase in potassium concentration of plasma. A minimum of 67.37 % increase in 

potassium concentration of plasma was observed at the end of one twenty hours 

and a maximum of 77.09 % increase in potassium concentration of plasma was 

observed at the end of ninety six hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the potassium 

concentration was equivalent to 3.51 ± 0.05, 3.56 ± 0.03, 3.58 ± 0.03, 3.65 ± 0.03, 

3.82 ± 0.03, 4.02 ± 0.03 and 3.95 ± 0.04 milliequivalence per litre respectively. 

1.0 % ME promoted a minimum of 72.03 % elevation in the potassium 

concentration at the end of one twenty hours while a maximum of 91.62 % 

elevation in the potassium concentration of plasma was induced at the end of 

ninety six hours. Thus at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, potassium concentration was equivalent to 

3.71 ± 0.06, 3.82 ± 0.02, 3.90 ± 0.06, 4.04 ± 0.04, 4.18 ± 0.06, 4.35 ± 0.04 and 4.06 ± 

0.03 milliequivalence per litre. 

The tadpoles subjected to 5.0 % ME showed about 91.50 % increase in 

potassium concentration at the end of six hours and then potassium concentration 

fluctuated to reach to an elevation of about 79.66 % at the end of one twenty 

hours with reference to potassium concentration observed in the control tadpoles. 
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By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, potassium concentration of the tadpoles was equivalent to 3.83 ± 

0.03, 3.92 ± 0.03, 4.02 ± 0.06, 4.20 ± 0.04, 4.33 ± 0.04, 4.44 ± 0.04 and 4.24 ± 0.04 

milliequivalence per litre respectively. 

Under the influence of 10.0 % ME the tadpoles exhibited about 97.00 % 

increase in potassium concentration of plasma at the end of six hours but 

subsequently potassium concentration fluctuated. By the end of one twenty 

hours the tadpoles registered about 80.50 % elevation in potassium concentration 

of plasma. Potassium concentration of plasma was equivalent to 3.94 ± 0.07, 4.06 

.± 0.03, 4.17 ± 0.03, 4.32 ± 0.04, 4.45 ± 0.05, 4.55 ± 0.03 and 4.26 ± 0.06 

milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 30.0 % ME showed 105.00 % elevation in 

potassium concentration at the end of six hours and subsequently potassium 

concentration fluctuated though as compared to the control, it remained above 

normal. By the end of one twenty hours the tadpoles showed 86.44 % rise in 

potassium concentration of plasma. Thus at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, potassium 

concentration was equivalent to 4.11 ± 0.03, 4.19 ± 0.04, 4.29 ± 0.03, 4.56 ± 0.08, 

4.75 ± 0.06, 4.87 ± 0.07 and 4.40 ± 0.06 milliequivalence per litre respectively. 

STAGE VIII : 

The changes in potassium concentrations of plasma of tadpoles from stage 

VI to VII were insignificant. Therefore, changes in potassium concentrations of 
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Table No. 57 

The alterations in the K ÷  concentration 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.4 2.43 2.52 2.7 2.82 2.87 2.96 

± 0.01 ± 0.02 ± 0.01 ± 0.03 ± 0.05 ± 0.04 ± 0.05 
0.01% ME 3.65 3.74 3.86 4.05 4.15 4.39 4.18 

± 0.05 ± 0.04 ± 0.05 ± 0.03 ± 0.03 ± 0.03 ± 0.03 
(52.08) (53.90) (53.17) (50.0) (47.16) (52.96) (41.21) 

0.1% ME 3.77 3.78 3.85 4.13 4.24 4.49 4.24 
± 0.01 ± 0.01 ± 0.02 ± 0.02 ± 0.02 ± 0.02 ± 0.03 

(57.08) (55.55) (52.77) (52.96) (50.35) (56.44) (43.24) 
1% ME 3.81 3.85 3.92 4.18 4.28 4.52 4.36 

± 0.01 ± 0.02 ± 0.01 ± 0.01 ± 0.02 ± 0.03 ± 0.03 
(58.75) (58.43) (55.55) (54.81) (51.77) (57.49) (47.29) 

5% ME 3.84 3.88 3.95 4.21 4.3 4.58 4.44 
± 0.01 ± 0.02 ± 0.02 ± 0.02 ± 0.02 ± 0.01 ± 0.03 
(60.0) (59.67) (56.74) (55.92) (52.48) (59.58) (50.0) 

10% ME 3.87 3.93 3.98 4.26 4.36 4.64 4.48 
± 0.01 ± 0.02 ± 0.02 ± 0.02 ± 0.02 ± 0.02 ± 0.02 

(61.25) (61.72) (57.93) (57.77) (54.60) (61.67) (51.35) 
30% ME 3.88 3.94 4.05 4.3 4.41 4.69 4.53 

± 0.01 ± 0.02 ± 0.02 ± 0.02 ± 0.01 ± 0.01 ± 0.02 
(61.66) (62.13)A60.711_ (59.25) (56.381 (3.41) (53.041 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 

Ck 3 6 C:vv.itAio„ekv.:frw) 

at /0201 (.4,0;iittu,;‘,  i4AA-b-orout. 12/vo-9 



The alterations in the K+  concentration of plasma of 
tadpoles (stage VIII) under the influence of mining 

effluents 

6 	12 	24 	48 	72 	96 
	

120 

- Hours - 

-4-Control 

-0-0.01% ME 

0.1% ME 

1% ME 

- 	0-5% ME 

10% ME 

-la- 30% ME 

Graph No. 57 

Graph No. 58 

The alterations in the K +  concentration of plasma of 
tadpoles (stage XIV) under the influence of mining 

effluents 

 

 

 

I -4-- Control 

-11- 0.01% ME 

--A-0.1% ME 

1% ME 

-8--- 5% ME 

10% ME 

--47a. 	30% ME 

 

 

 

 

6 	12 	24 	48 	72 	96 	120 
- Hours - 

   



stage VIII are reported here. The changes in potassium concentration of plasma 

of the tadpoles (Stage VIII) under the influence of mining effluents (ME) are 

compiled in Table No. 57 and are graphically represented in Graph No. 57. 

Potassium concentrations of plasma are expressed as milliequivalence per litre. 

From the Table No. 57 and Graph No. 57 it is revealed that the control 

tadpoles exhibited marginal increase in potassium concentration of plasma from 

the end of six hours to the end of one twenty hours. The tadpoles exposed to ME 

exhibited elevations in potassium concentrations at the end of six hours under the 

influence of all the concentrations of ME. It is also evident from the graph that all 

the ME concentrations induced elevations in potassium concentration as 

compared to potassium concentration observed in the control tadpoles. 

However, every concentration of ME promoted an increase in potassium 

concentration of plasma at the end of six hours but subsequently every 

concentration showed a decline in its effectiveness at the end of one twenty 

hours. In general it appears that the degree of rise in potassium concentration of 

plasma was higher for high concentrations of ME and lower for low 

concentrations of ME. The maximum elevation (63.41 %) in potassium 

concentration of plasma was induced by 30.0 % ME at the end of ninety six hours 

while the minimum increase (41.21 %) in potassium concentration of plasma was 

induced by 0.01 % ME at the end of one twenty hours. The control tadpoles 

showed potassium concentration of plasma equivalent to 2.40 ± 0.01, 2.43 ± 0.02, 

2.52 ± 0.01, 2.70 ± 0.03, 2.82 ± 0.05, 2.87 ± 0.04 and 2.96 ± 0.05 milliequivalence per 
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litreat the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

The tadpoles exposed to 0.01 % ME exhibited about 52.08 % increase in 

potassium concentration of plasma at the end of six hours and subsequently 

potassium concentration decreased gradually upto the end of seventy two hours 

to rise once again at the end of ninety six hours. At the end of one twenty hours 

potassium concentration of plasma declined a little however potassium 

concentration remained above the normal concentration observed in the control 

tadpoles. Thus, at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours potassium concentration was equivalent to 3.65 

± 0.05, 3.74 ± 0.04, 3.86 ± 0.05, 4.05 ± 0.03, 4.15 ±. 0.03, 4.39 ± 0.03 and 4.18 ± 0.03 

milliequivalence per litre respectively. 

On exposure to 0.1 % ME the tadpoles showed 57.08 % rise in potassium 

concentration of plasma at the end of six hours but gradually potassium 

concentration of plasma decreased till the end of seventy two hours without 

coming down either to the concentration below or equal to that observed in the 

control tadpoles. By the end of one twenty hours the elevation in potassium 

concentration of plasma was equivalent to 43.24 %. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

potassium concentration was equivalent to 3.77 ± 0.01, 3.78 ± 0.01, 3.85 ± 0.02, 4.13 

± 0.02, 4.24 ± 0.02, 4.49 ± 0.02 and 4.24 ± 0.03 milliequivalence per litre 

respectively. 
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Under the influence of 1.0 % ME the tadpoles exhibited about 58.75 % 

increase in potassium concentration of plasma at the end of six hours and 

subsequently from the end of twenty four hours to the end of seventy two hours 

potassium concentration appeared to decline from what it was at the end of six 

hours. At the end of one twenty hours potassium concentration increased by just 

47.29 %. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, potassium concentration was equivalent to 3.81 ± 0.01, 

3.85 ± 0.02, 3.92 ± 0.01, 4.18 ± 0.01, 4.28 ± 0.02, 4.52 ± 0.03 and 4.36 ± 0.03 

milliequivalence per litre respectively. 

5.0 % ME induced about 60.0 % increase in potassium concentration of 

plasma at the end of six hours while at the end of one twenty hours it could 

induce just 50.0 % increase. The percentage of rise in potassium concentration of 

plasma declined from the end of twelve hours to the end of seventy two hours. 

Thus, at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, potassium concentration was equivalent to 3.84 ± 0.01, 3.88 

± 0.02, 3.95 ± 0.02, 4.21 ± 0.02, 4.30 ± 0.02, 4.58 ± 0.01 and 4.44 ± 0.03 

milliequivalence per litre respectively. 

The tadpoles subjected to 10.0 % ME showed 61.25 % increase in potassium 

concentration at the end of six hours while at the end of one twenty hours the 

increase in potassium concentration of plasma was just 51.35 %. The percentage 

of increase in potassium concentration of plasma appeared to decline from the 

end of twenty four hours till the end of seventy two hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 
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f 	potassium concentration of plasma was equivalent to 3.87 ± 0.01, 3.93 ± 0.02, 3.98 

± 0.02, 4.26 ± 0.02, 4.36 ± 0.02, 4.64 ± 0.02 and 4.48 ± 0.02 milliequivalence per litre 

respectively. 

On exposure to 30.0 % ME the tadpoles exhibited about 61.66 % increase in 

potassium concentration of plasma at the end of six hours while at the end of 

seventy two and one twenty hours the percentage of increase of potassium 

concentration of plasma was equivalent to 56.38 and 53.04 % respectively. Thus, 

by the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, potassium concentration of plasma was equivalent .to 3.88 ± 0.01, 

3.94 ± 0.01, 4.05 ± 0.02, 4.30 ± 0.02, 4.41 ± 0.01, 4.69 ± 0.01 and 4.53 ± 0.02 

milliequivalence per litre respectively. 

STAGE - XIV : 

As the changes in potassium concentration of plasma of tadpoles of stages 

IX to XIV did not differ significantly, the changes in potassium concentration of 

plasma of tadpoles of stage XIV are given below. The changes in potassium 

concentration of plasma of tadpoles (Stage XIV) under the influence of mining 

effluents are tabulated in Table No. 58 and represented graphically in Graph No. 

58. Potassium concentration of plasma are expressed as milliequivalence per 

litre. 

From the table and graph it is evident that potassium concentration of 

plasma of control tadpoles increased marginally from the end of six hours to the 

end of one twenty hours. Potassium concentration of plasma of the control 

tadpoles was equivalent to 3.00 ± 0.06, 3.07 ± 0.02, 3.12 ± 0.04, 3.17 ± 0.03, 3.25 ± 
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Table No. 58 

The alterations in the IC concentration 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control " 3.00 3.07 3.12 3.17 3.25 3.3 3.36 

± 0.06 ± 0.02 ± 0.04 ±0.03 ±0.05 ±0.06 ±0.03 
0.01% ME 4.17 4.36 4.45 4.59 4.69 4.86 4.61 

± 0.06 ± 0.07 ± 0.05 ±0.06 ±0.02 ±0.05 ±0.03 
(39.0) (42.01) (42.62) (44.79) (44.30) (47.27) (37.2) 

0.1% ME 4.27 4.36 4.47 4.63 4.79 4.97 4.72 
± 0.05 ± 0.03 ±0.03 ±0.05 ±0.05 ±0.05 ± 0.02 

(42.33) (42.01) (43.26) (46.05) (47.38) (50.60) (40.47) 
1% ME 4.42 4.47 4.59 4.77 4.89 5.1 4.88 

± 0.03 ± 0.03 ±0.04 ±0.04 ±0.06 ±0.06 ± 0.04 
(47.33) (45.60) (47.11) (50.47) (50.46) (54.54) (45.23) 

5% ME 4.5 4.57 4.7 4.9 5.06 5.23 5.06 
± 0.03 ± 0.02 ±0.03 ±0.07 ±0.06 ±0.04 ± 0.04 
(50.0) (48.85) (50.64) (54.57) (55.69) (58.48) (50.59) 

10% ME 4.63 4.61 4.81 5.01 5.19 5.33 5.17 
± 0.04 ± 0.02 ±0.07 ±0.04 ±0.07 ±0.04 ± 0.04 

(54.33) (50.16) (54.16) (58.04) (59.69) (61.51) (53.86) 
30% ME 4.84 4.81 4.89 5.14 5.27 5.52 5.29 

± 0.04 ± 0.04 ±0.06 ±0.04 ±0.04 ±0.06 ± 0.03 
(49.33) (56.67) (59.61) (62.14) (62.15) (67.27) (57.44) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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0.05, 3.30 ± 0.06 and 3.36 ± 0.03 milliequivalence per litre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. It is also clear from the table and graph that the low concentrations 

(0.01 to 1.0 %) of ME induced very high elevations in potassium concentration of 

plasma at the end of six hours and the higher doses (except 30.0 %) continued the 

trend. Interestingly 30.0 % concentration of ME though induced a decrease in the 

percentage rise of potassium concentration of plasma at the end of six hours it 

subsequently promoted substantial elevation in potassium concentration. The 

maximum increase in potassium concentration of plasma was induced by 30.0 

ME at the end of ninety six hours while the minimum elevation (37.20 %) was 

induced by 0.01 % ME at the end of one twenty hours. 

Under the influence of 0.01 `)/0 ME the tadpoles showed a maximum of 

47.27 % increase in potassium concentration of plasma at the end of ninety six 

hours while at the end of one twenty hours the tadpoles exhibited a minimum of 

37.20 % increase in potassium concentration of plasma. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, potassium 

concentration of plasma was equivalent to 4.17 ± 0.06, 4.36 ± 0.07, 4.45 ± 0.05, 4.59 

± 0.06, 4.69 ± 0.02, 4.86 ± 0.05 and 4.61 ± 0.03 milliequivalence per litre 

respectively. 

The tadpoles subjected to 0.1 % ME exhibited about 42.33 % increase in 

potassium concentration of plasma at the end of six hours and gradually 

potassium concentrations fluctuated. The percentage increase of potassium 

declined to 40.47 % at the end of one twenty hours. Thus, at the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

potassium concentration of plasma was equivalent to 4.27 ± 0.05, 4.36 ± 0.03, 4.47 

± 0.03, 4.63 ± 0.05, 4.79 ± 0.05, 4.97 ± 0.05 and 4.72 ± 0.02 milliequivalence per litre 

respectively. 

When exposed to 1.0 `)/0 ME the tadpoles showed about 47.33 % increase in 

potassium concentration of plasma at the end of six hours while at the end of one 

twenty hours the elevation in potassium concentration of plasma was equivalent 

to about 45.23 %. By the end of twenty four hours the tadpoles showed 47.11 % 

hike in potassium concentration. Thus at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours potassium 

concentration of plasma was equivalent to 4.42 ± 0.03, 4.47 ± 0.03, 4.59 ± 0.04, 4.77 

± 0.04, 4.89 ± 0.06, 5.10 ± 0.06 and 4.88 ± 0.04 milliequivalence per litre 

respectively. 

Under the influence of 5.0 % ME the tadpoles showed an increase (50.0 %) 

in potassium concentration of plasma at the end of six hours which got reduced a 

little at the end of twelve hours. At the end of ninety six hours a maximum of 

58.48 % increase in potassium concentration of plasma was observed. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, potassium concentration of plasma of the tadpoles was equivalent to 4.50 ± 

0.03, 4.57 ± 0.02, 4.70 ± 0.03, 4.90 ± 0.07, 5.06 ± 0.06, 5.23 ± 0.04 and 5.06 ± 0.04 

milliequivalence per litre respectively. 

On exposure to 10.0 % ME the increase in potassium concentration of 

plasma was equivalent to about 50.16 % at the end of twelve hours and 
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interestingly by the end of ninety six hours potassium concentration of plasma 

raised by 61.51 %. Thus, potassium concentration of plasma was equivalent to 

4.63 ± 0.04, 4.61 ± 0.02, 4.81 ± 0.07, 5.01 ± 0.04, 5.19 ± 0.07, 5.33 ± 0.04 and 5.17 ± 

0.04 milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

30.0 % ME promoted about 49.33 `)/0 increase in potassium concentration of 

plasma of tadpoles at the end of six hours but it induced maximum elevation 

(67.27 %) in potassium concentration of plasma at the end of ninety six hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, potassium concentration of plasma was equivalent to 4.84 ± 0.04, 

4.81 ± 0.04, 4.89 ± 0.06, 5.14 ± 0.04, 5.27 ± 0.04, 5.52 ± 0.06 and 5.29 ± 0.03 

milliequivalence per litre respectively. 

STAGE XVIII : 

The alterations in potassium concentration of plasma under the influence 

of mining effluents did not differ significantly for the stages XV to XVIII, 

therefore, changes in potassium concentration of plasma for the stage XVIII are 

given below. 

The changes in potassium concentrations of plasma of stage XVIII under 

the influence of mining effluents are compiled in Table No. 59 and are expressed 

graphically in Graph No. 59. From the table and the graph it is obvious that the 

control tadpoles had varying potassium concentrations in the plasma for different 

time points, especially potassium concentration of plasma appear to increase 

marginally from the end of six hours to the end of one twenty hours. The 
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Table No. 59 

The alterations in the K +  concentration 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control • 4 4.04 4.06 4.1 4.15 4.21 4.26 

± 0.02 ± 0.01 ± 0.03 ± 0.04 ± 0.01 ± 0.02 ± 0.03 
0.01% ME 5.2 5.28 5.37 5.56 5.83 5.95 5.72 

± 0.03 ± 0.05 ± 0.04 ± 0.03 ± 0.03 ± 0.04 ± 0.03 
(30.00) (30.69) (32.26) (35.60) (40.48) (41.33) (34.27) 

0.1% ME 5.29 5.31 5.37 5.65 6 6.15 5.8 
± 0.02 ± 0.03 ± 0.02 ± 0.04 ± 0.04 ± 0.03 ± 0.02 

(32.25) (31.43) (32.26) (37.80) (44.57) (46.08) (36.15) 
1% ME 5.36 5.4 5.45 5.76 6.12 6.26 5.96 

± 0.03 ± 0.01 ± 0.02 ± 0.03 ± 0.02 ± 0.04 ± 0.03 
(34.00) (33.66) (34.23) (40.48 (47.76) (48.69) (39.90) 

5% ME 5.44 5.49 5.51 5.86 6.19 6.38 6.06 
± 0.03 ± 0.02 ± 0.02 ± 0.03 ± 0.02 ± 0.03 ± 0.04 

(36.00) (35.89) (35.71) (42.92) (49.15) (51.54) (42.25) 
10% ME 5.52 5.59 5.62 5.95 6.34 6.5 6.2 

± 0.03 ± 0.02 ± 0.02 ± 0.04 ± 0.03 ± 0.02 ± 0.04 
(38.00) (38.36) (38.42) (45.12) (52.77) (54.39) (45.53) 

30% ME 5.63 5.68 5.71 6.06 6.42 6.61 6.33 
± 0.03 ± 0.02 ± 0.03 ± 0.04 ± 0.02 ± 0.03 ± 0.03 

(40.75) (40.59) (40.64) (47.80) (54.69) (57.00) (48.59) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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potassium concentrations of plasma are expressed as milliequivalence per litre. - 

But it is also noted that potassium concentration of plasma of tadpoles at the end 

of one twenty hours was significantly higher than those observed from the end of 

six hours to the end of forty eight hours. It is also seen from the table and graph 

that the tadpoles exhibited mining effluent (ME) concentration dependent 

elevation in potassium concentration of plasma at all the exposure periods except 

twenty four hours. The graph reveals that the minimum elevation in potassium 

concentration of plasma was induced by 0.01 % ME at the end of six hours while 

the maximum elevation (57 %) was promoted by 30.0 % ME at the end of ninety 

six hours. 

Under the influence of 0.01 % ME the tadpoles exhibited minimum 

elevation (30.0 %) in potassium concentration of plasma at the end of six hours 

while the maximum of 41.33 % elevation in potassium concentration of plasma 

was observed at the end of ninety six hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, potassium 

concentration of plasma of the tadpoles was equivalent to 5.20 ± 0.03, 5.28 ± 0.05, 

5.37 ± 0.04, 5.56 ± 0.03, 5.83 ± 0.03, 5.95 ± 0.04 and 5.72 ± 0.03 milliequivalence per 

litre respectively. 

The tadpoles subjected to 0.1 % ME showed minimum elevation (31.43 %) 

of potassium concentration of plasma at the end of twelve hours while the 

maximum of 46.08 % elevation was observed at the end of ninety six hours. 

Potassium concentration of plasma was equivalent to 5.29 ± 0.02, 5.31 ± 0.03, 5.37 

± 0.02, 5.65 ± 0.04, 6.00 ± 0.04, 6.15 ± 0.03 and 5.80 ± 0.02 milliequivalence per litre 
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at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles exposed to 1.0 % ME exhibited minimum elevation of 33.66 % 

in potassium concentration of plasma at the end of twelve hours, thereafter 

potassium concentration of plasma increased steadily up to the end of ninety six 

hours (48.69 %). Potassium concentration of plasma was equivalent to 5.36 ± 0.03, 

5.40 ± 0.01, 5.45 ± 0.02, 5.76 ± 0.03, 6.12 ± 0.02, 6.26 ± 0.04 and 5.96 ± 0.03 

milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles showed a minimum of 35.71 % 

increase in potassium concentration of plasma at the end of twenty four hours 

while potassium concentration of plasma increased maximally to 51.54 % at the 

end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours potassium concentration of plasma 

was equivalent to 5.44 ± 0.03, 5.49 ± 0.02, 5.51 ± 0.02, 5.86 ± 0.03, 6.19 ± 0.02, 6.38 ± 

0.03 and 6.06 ± 0.04 milliequivalence per litre respectively. 

10.0 `)/0 ME induced successive increase in potassium concentration of 

plasma of tadpoles from the end of six hours to the end of ninety six hours. 

Potassium concentration of plasma increased minimally to 38.00 % at the end of 

six hours while it increased maximally to 54.39 % at the end of ninety six hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours potassium concentration was equivalent to 5.52 ± 0.03, 5.59 ± 0.02, 
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5.62 ± 0.02, 5.95 ± 0.04, 6.34 ± 0.03, 6.50 ± 0.02 and 6.20± 0.04 milliequivalence per 

litre respectively. 

The tadpoles exposed to 30.0 % ME showed 40.75 % increase in potassium 

concentration of plasma at the end of six hours and subsequently potassium 

concentration of plasma remained nearly stable (40.59 % and 40.64 %) at the end 

of twelve and twenty four hours. Potassium concentration of plasma increased 

from the end of forty eight hours to the end of ninety six hours and subsequently 

declined a little at the end of one twenty hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, potassium 

concentration of plasma was equivalent to 5.63 ± 0.03, 5.68 ± 0.02, 5.71 ± 0.03, 6.06 

± 0.04, 6.42 ± 0.02, 6.61 ± 0.03 and 6.33 ± 0.03 milliequivalence per litre 

respectively. 

STAGE XXII : 

The alterations in potassium concentration of plasma under the influence 

of mining effluents (ME) did not differ significantly for the stages XIX to XXII. 

Therefore, changes in potassium concentration of plasma under the influence of 

ME for the stage XXII are given below. 

The changes in potassium concentration of plasma under the influence of 

ME in the tadpoles of stage XXII are compiled in Table No.60 and are graphically 

presented in Graph No. 60. Potassium concentration of plasma are expressed as 

milliequivalence per litre. 
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Table No. 60 

The alterations in the ic f  concentration 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4.0 

± 0.03 
4.2 

± 0.02 
4.4 

± 0.01 
4.8 

± 0.04 
5.1 

± 0.02 
5.3 

± 0.03 
5.5 

± 0.01 
0.01% ME 5.35 

± 0.03 
5.41 

± 0.01 
5.45 

± 0.02 
5.51 

± 0.03 
5.66 

± 0.03 
5.77 

± 0.04 
5.46 

± 0.04 
(5.35) (28.80) (23.86) (14.79) (10.98) (8.86) (- 0.72) 

0.1% ME 5.45 5.45 5.51 5.57 5.68 5.87 5.57 
± 0.03 ± 0.01 ± 0.01 ± 0.03 ± 0.02 ± 0.03 ± 0.03 

(36.25) (29.76) (25.22) (16.04) (11.37) (10.75) (1.27) 
1% ME 5.53 5.52 5.58 5.68 5.81 5.98 5.69 

± 0.02 ± 0.03 ± 0.02 ± 0.02 ± 0.02 ± 0.03 ± 0.03 
(38.25) (31.42) (26.81) (18.33) (13.92) (12.83) (3.45) 

5% ME 5.63 5.67 5.69 5.76 5.88 6.07 5.77 
± 0.02 ± 0.03 ± 0.03 ± 0.03 ± 0.02 ± 0.02 ± 0.03 

(40.75) (35.00) (29.31) (20.00) (15.29) (14.52) (4.90) 
10% ME 5.71 5.73 5.74 5.82 5.97 6.15 5.83 

± 0.02 ± 0.02 ± 0.03 ± 0.04 ± 0.04 ± 0.03 ± 0.02 
(42.75) (36.42) (30.45) (21.25) (17.05) (16.03) (6.00) 

30% ME 5.76 5.81 5.85 5.91 6.06 6.21 5.91 
± 0.02 ± 0.02 ± 0.03 ± 0.02 ± 0.03 ± 0.01 ± 0.03 

. (44.00) (38.33) (32.95) (23.12) (18.82) (17.16) (7.45) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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From the table and the graph it is revealed that potassium concentration of 

plasma of control tadpoles increased marginally from the end of six hours to the 

end of twenty four hours but thereafter the potassium concentration of plasma 

increased considerably, specifically at the end of one twenty hours. Potassium 

concentration of plasma exhibited by the control tadpoles was equivalent to 4.00 

± 0.03, 4.20 ± 0.02, 4.40 ± 0.01., 4.80 ± 0.04, 5.10 ± 0.02, 5.30 ± 0.03 and 5.50 ± 0.01 

milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Also, it is clear from the table and graph that potassium concentration of 

plasma of tadpoles increased nearly in a ME concentration dependent manner at 

all the exposure periods. But potassium concentrations of plasma declined 

gradually from the end of six hours to the end of one twenty hours. At the end of 

one twenty hours under the influence of 0.01 `)/0 ME potassium concentration of 

plasma decreased by 0.72 %. 

The tadpoles exposed to 0.01 % ME showed about 33.75 % increase in 

potassium concentration of plasma at the end of six hours and potassium 

concentration of plasma continued to decline up to the end of one twenty hours. 

Thus, at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, potassium concentration of plasma of tadpoles was 

equivalent to 5.35 ± 0.03, 5.41 ± 0.01, 5.45 ± 0.02, 5.51 ± 0.03, 5.66 ± 0.03, 5.77 ± 0.04 

and 5.46 ± 0.04 milliequivalence per litre respectively. 

Under the influence of 0.1 % ME potassium concentration of plasma of 

tapoles increased to about 36.25 `)/0 at the end of six hours and, decreased 
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thereafter till the end of one twenty hours. Potassium concentration of plasma of 

tadpoles was equivalent to 5.45 ± 0.03, 5.45 ± 0.01, 5.51 ± 0.01, 5.57 ± 0.03, 5.68 ± 

0.02, 5.87 ± 0.03 and 5.57 ± 0.03 milliequivalence per litre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 1.0 `)/0 ME the tadpoles exhibited a minimum increase of 

3.45 % in potassium concentration of plasma at the end of one twenty hours and a 

maximum of 38.25 % increase in potassium concentration of plasma was 

observed at the end of six hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, potassium concentration of 

plasma was equivalent to 5.53 ± 0.02, 5.52 ± 0.03, 5.58 ± 0.02, 5.68 ± 0.02, 5.81 ± 

0.02, 5.98 ± 0.03 and 5.69 ± 0.03 milliequivalence per litre respectively. 

The exposure of tadpoles to 5.0 % ME promoted a very significant 

elevation in potassium concentrations of plasma at all the exposure periods 

except one twenty hours. The minimum elevation (4.90 %) in potassium 

concentration of plasma was observed at the end of one twenty hours while 

potassium concentration of plasma increased maximally to 40.75 % in comparison 

with potassium concentration observed in the plasma of controls at the end of six 

hours. Thus, at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, potassium concentration of plasma was 

equivalent to 5.63 ± 0.02, 5.67 ± 0.03, 5.69 ± 0.03, 5.76 ± 0.03, 5.88 ± 0.02, 6.07 ± 0.02 

and 5.77 ± 0.03 milliequivalence per litre respectively. 
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The tadpoles exposed to 10.0 % ME showed a minimum of 6.00 % 

elevation in potassium concentration of plasma at the end of one twenty hours. 

The maximum of 42.75 % increase in potassium concentration of plasma was 

observed at the end of six hours. Potassium concentration of plasma was 

equivalent to 5.71 ± 0.02, 5.73 ± 0.02, 5.74 ± 0.03, 5.82 ± 0.04, 5.97 ± 0.04, 6.15 ± 0.03 

and 5.83 ± 0.02 milliequivalence per litre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Exposure of tadpoles to 30.0 % ME promoted quite a significant increase in 

potassium concentration of plasma at all the exposure periods except one twenty 

hours. The minimum of 7.45 % increase in potassium concentration of plasma 

was observed at the end of one twenty hours while the maximum of 44.00 % rise 

in potassium concentration of plasma was observed at the end of six hours. Thus, 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, potassium concentration of plasma was equivalent to 5.76 ± 0.02, 

5.81 ± 0.02, 5.85 ± 0.03, 5.91 ± 0.02, 6.06 ± 0.03, 6.21 ± 0.01 and 5.91 ± 0.03 

milliequivalence per litre respectively. 

C) CALCIUM CONCENTRATION : 

STAGE V : 

Changes in the calcium concentration of plasma under the influence of 

mining effluents from stages I to V were almost identical therefore the alterations 

in the calcium concentration of plasma for only stage V are given below. The 

changes in the calcium concentration of plasma under the influence of mining 

effluents are tabulated in Table No. 61 and are graphically presented in Graph 
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Table No. 61 

The alterations in the Ca ++  concentration 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4.13 4.15 4.17 4.22 4.26 4.3 4.36 

± 0.06 ± 0.02 ± 0.03 ± 0.05 ± 0.06 ± 0.02 ± 0.02 
0.01% ME 4.36 4.54 4.69 4.86 5.04 5.35 5.48 

± 0.06 ± 0.04 ± 0.05 ± 0.04 ± 0.05 ± 0.04 ± 0.02 
(5.56) (9.39) (12.47) (15.16) (18.30) (24.18) (25.68) 

0.1% ME 4.47 4.52 4.61 4.92 5.13 5.48 5.58 
± 0.04 ± 0.02 ± 0.06 ± 0.04 ± 0.03 ± 0.02 ± 0.04 
(8.23) (8.91) (10.55) (16.58) (20.42) (27.44) (27.98) 

1% ME 4.63 4.67 4.74 5.01 5.22 5.51 5.59 
± 0.02 ± 0.02 ± 0.03 ± 0.04 ± 0.02 ± 0.02 ± 0.03 

(12.10) (12.53) (13.66) (18.72) (22.53) (28.13) (28.21) 
5% ME 4.73 4.75 4.84 5.13 5.32 5.52 5.62 

± 0.03 ± 0.03 ± 0.03 ± 0.03 ± 0.02 ± 0.02 ± 0.02 
(14.52) (14.45) (16.06) (21.56) (24.88) (28.37) (28.89) 

10% ME 4.79 4.81 4.91 5.24 5.41 5.62 5.81 
± 0.04 ± 0.02 ± 0.02 ± 0.03 ± 0.02 ± 0.04 ± 0.03 

(15.98) (15.90) (17.74) (24.17) (26.99) (30.69) (33.25) 
30% ME 4.86 4.91 5.04 5.33 5.5 5.72 5.91 

± 0.04 ± 0.03 ± 0.02 ± 0.02 ± 0.02 ± 0.02 ± 0.02 
(17.67) (18.31) (20.86) (26.30) (29.10) (33.02) (35.55) 

Note : Unit : mg/dl 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.01 
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No. 61. The calcium concentrations of plasma are expressed as milli gram per 

decilitre (mg / dL). 

It is revealed by the table and graph that the calcium concentration of 

plasma of the control tadpoles varied insignificantly from the end of six hours to 

the end of one twenty hours. The calcium concentration of plasma found in the 

control tadpoles was equivalent to 4.13 ± 0.06, 4.15 ± 0.02, 4.17 ± 0.03, 4.22 ± 0.05, 

4.26 ± 0.06, 4.30 ± 0.02 and 4.36 ± 0.02 mg/dL at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The table and graph reveal that all the concentrations of ME induced 

concentration dependent elevation in the calcium concentration of plasma at all 

the exposure periods except twelve hours under the influence of 5.0 `)/0 and 10.0 `)/0 

ME. A minimum of 5.56 % increase in the calcium concentration of plasma was 

observed at the end of six hours under the influence of 0.01 `)/0 ME and a 

maximum of 35.55 `)/0 increase was noticed at the end of one twenty hours under 

the influence of 30.0 `)/0 ME. 

The tadpoles exposed to 0.01 % ME showed a minimum of 5.56 % increase 

in the calcium concentration of plasma at the end of six hours while a maximum 

of 25.68 % elevation in calcium concentration of plasma was observed at the end 

of one twenty hours exposure. These elevations in the calcium concentration of 

plasma are calculated with reference to the calcium concentration of control 

tadpoles. Thus, at the end of six,. twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the calcium concentration of plasma of tadpoles 
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was equivalent to 4.36 ± 0.06, 4.54 ± 0.04, 4.69 ± 0.05, 4.86 ± 0.04, 5.04 ± 0.05, 5.35 ± 

0.04 and 5.48 ± 0.02 milligrams per decilitre respectively. 

Under the influence of 0.1 ` 1/0 ME the calcium concentration of plasma of 

the tadpoles increased by 8.23 % at the end of six hours while it elevated by 27.98 

% at the end of one twenty hours. The calcium concentration of tadpoles was 

equivalent to 4.47 ± 0.04, 4.52 ± 0.02, 4.61 ± 0.06, 4.92 ± 0.04, 5.13 ± 0.03, 5.48 ± 0.02 

and 5.58 ± 0.04 milligrams per decilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted a significant increase 

(12.10 %) in calcium concentration of plasma at the end of six hours while at the 

end of one twenty hours the calcium concentration increased by 28.21 %. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the calcium concentration of plasma of tadpoles was equivalent to 

4.63 ± 0.02, 4.67 ± 0.02, 4.74 ± 0.03, 5.01 ± 0.04, 5.22 ± 0.02, 5.51 ± 0.02 and 5.59 ± 

0.03 milligrams per decilitre respectively. 

The tadpoles subjected to 5.0 % ME exhibited a minimum of 14.52 % 

increase in calcium concentration of plasma at the end six hours while a 

maximum of 28.89 `)/0 elevation in the calcium concentration of plasma was 

shown at the end of one twenty hours. This concentration of ME induced a 

chronic change in calcium concentration of plasma. By the end of six, twelve, 

twenty four, forty eight, seventy 'two, ninety six and one twenty hours the 

calcium concentration of plasma of tadpoles was equivalent to 4.73 ± 0.03, 4.75 ± 
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0.03, 4.84 ± 0.03, 5.13 ± 0.03, 5.32 ± 0.02, 5.52 ± 0.02 and 5.62 ± 0.02 milligrams per 

. decilitre respectively. 

When exposed to 10.0 % ME the tadpoles showed a minimum of 15.98 % 

increase in calcium concentration of plasma at the end of six hours while they 

exhibited a maximum increase of 33.25 % in the calcium concentration of plasma 

at the end of one twenty hours. The calcium concentration of plasma was 

equivalent to 4.79 ± 0.04, 4.81 ± 0.02, 4.91 ± 0.02, 5.24 ± 0.03, 5.41 ± 0.02, 5.62 ± 0.04 

and 5.81 ± 0.03 milligrams per decilitre respectively. 

Under the influence of 30.0 % ME a minimum of 17.67 % increase in the 

calcium concentration of plasma was shown by the tadpoles at the end of six 

hours while the tadpoles exhibited a 35.55 `)/0 increase in the calcium 

concentration of plasma at the end of one twenty hours. The calcium 

concentration of plasma increased from the end of six hours to the end of one 

twenty hours. The calcium concentration of plasma was equivalent to 4.86 ± 0.04, 

4.91 ± 0.03, 5.04 ± 0.02, 5.33 ± 0.02, 5.50 ± 0.02, 5.72 ± 0.02 and 5.91 ± 0.02 

milligrams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

STAGE VIII : 

The alterations in the calcium concentration of plasma under the influence 

of mining effluents from stages VI to VIII were almost identical, therefore, the 

changes in the calcium concentration of plasma of tadpoles of stage VIII are given 

here. The changes in the calcium concentration of plasma under the influence of 

mining effluents are compiled in Table No. 62 and are graphically presented in 
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Table no. 62 

The alterations in the Ca' concentration 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs, 
Control 4.4 4.5 4.6 4.8 5.1 5.3 5.5 

± 0.01 ± 0.04 ± 0.03 ± 0.02 ± 0.01 ± 0.04 ± 0.03 
0.01% ME 4.64 4.69 4.78 4.93 5.06 5.18 5.45 

± 0.04 ± 0.03 ± 0.02 ± 0.03 ± 0.04 ± 0.04 ± 0.03 
(5.45) (4.22) (3.91) (2.70) (- 0.78) (- 2.26) (- 0.90) 

0.1% ME 4.71 4.71 4.8 4.99 5.14 5.28 5.53 
± 0.01 ± 0.02 ± 0.01 ± 0.05 ± 0.02 ± 0.01 ± 0.02 
(7.04) (4.66) (4.34) (3.95) (0.78) (- 0.37) (0.54) 

1% ME 4.76 4.78 4.84 5.08 5.19 5.31 5.56 
± 0.02 ± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.01 ± 0.02 
(8.18) (6.22) (5.21) (5.83) (1.76) (0.18) (1.09) 

5% ME 4.79 4.78 4.85 5.14 5.25 5.35 5.59 
±0.01 ±0.05 ±0.01 ±0.02 ±0.02 ±0.01 ±0.01 
(8.86) (6.22) (5.43) (7.08) (2.94) (0.94) (1.63) 

10% ME 4.83 4.86 4.91 5.21 5.29 5.38 5.62 
± 0.01 ± 0.01 ± 0.02 ±0.02 ± 0.02 ± 0.01 ± 0.01 
(9.77) (8.00) (6.73) (8.54) (3.72) (1.50) (2.81) 

30% ME 4.87 4.9 4.95 5.24 5.32 5.43 5.65 
± 0.01 ± 0.02 ± 0.01 ± 0.02 ± 0.02 ± 0.02 ± 0.01 

(10.68) (8.88) (7.60) (9.16) (4.31) (2.45) (2.72) 

Note : Unit : mg/dl 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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Graph No. 62. The calcium concentrations of plasma of the tadpoles are 

expressed as milligram per decilitre. 

From the table and the graph it is evident that the control tadpoles had a 

progressive increase in the calcium concentration of plasma from the end of six 

hours to the end of one twenty hours. The calcium concentration of plasma of the 

control tadpoles was equivalent to 4.40 ± 0.01, 4.50 ± 0.04, 4.60 ± 0.03, 4.80 ± 0.02, 

5.10 ± 0.01, 5.30 ± 0.04 and 5.50 ± 0.03 milligrams per decilitre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. It is also evident from the table and graph that the tadpoles exposed 

to mining effluents exhibited ME concentration dependent changes in the calcium 

concentration of plasma for all the exposure periods under study and there were 

no chronic alterations in the calcium concentration of plasma of the tadpoles. The 

tadpoles exhibited concentration dependent increase at the end of six hours and 

from the end of twelve hours there was a gradual decrease in the calcium 

concentration of plasma. 

The tadpoles subjected 0.01 % ME showed a minimum of 2.70 % increase 

in the calcium concentration of plasma at the end of forty eight hours. Also an 

insignificant decrease in calcium concentration of plasma was exhibited by the 

tadpoles from the end of seventy two hours till the end of one twenty hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the calcium concentration of the tadpoles was equivalent to 4.64 ± 

0.04, 4.69 ± 0.03, 4.78 ± 0.02, 4.93 ± 0.03, 5.06 ± 0.04, 5.18 ± 0.04 and 5.45 ± 0.03 

milligrams per decilitre respectively. 
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Under the influence of 0.1 % ME the tadpoles did not exhibit any 

significant change in the calcium concentration of plasma at all the exposure 

periods under study. However a minimum of 0.78 % rise in calcium 

concentration of plasma was observed at the end of seventy two hours while an 

elevation of 7.04 % in the calcium concentration of plasma was noticed at the end 

of six hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the calcium concentration of plasma was 

equivalent to 4.71 ± 0.01, 4.71 ± 0.02, 4.80 ± 0.01, 4.99 ± 0.05, 5.14 ± 0.02, 5.28 ± 0.01 

and 5.53 ± 0.02 milligrams per decilitre respectively. 

The exposure of tadpoles to 1.0 `)/0 ME resulted in insignificant changes in 

the calcium concentration of plasma at all the exposure periods. However, 

calcium concentration of plasma elevated by 0.18 % and 8.18 % at the end of 

ninety six hours and six hours respectively. The calcium concentration of plasma 

of the tadpoles was equivalent to 4.76 ± 0.02, 4.78 ± 0.01, 4.84 ± 0.01, 5.08 ± 0.01, 

5.19 ± 0.01, 5.31 ± 0.01 and 5.56 ± 0.02 milligrams per decilitre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 5.0 % ME the tadpoles did not show any significant change 

in the calcium concentration of plasma at all the exposure periods. A minimum 

of 0.94 % increase of the calcium concentration of plasma was observed at the end 

of ninety six hours while about 8.86 `)/0 elevation in calcium concentration of 

plasma was noticed at the end of six hours. By the end six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the calcium 
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J concentration of the tadpoles was equivalent to 4.79 ± 0.01, 4.78 ± 0.05, 4.85 ± 0.01, 

5.14 ± 0.02, 5.25 ± 0.02, 5.35 ± 0.01 and 5.59 ± 0.01 milligrams per decilitre, 

respectively. 

The tadpoles exposed to 10.0 `)/0 ME showed a minimum of 1.50 `)/0 increase 

in the calcium concentration of plasma at the end of ninety six hours while a 9.77 

'Y. increase in the calcium concentration of plasma was noticed at the end of six 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the calcium concentration of plasma of the tadpoles was 

equivalent to 4.83 ± 0.01, 4.86 ± 0.01, 4.91 ± 0.02, 5.21 ± 0.02, 5.29 ± 0.02, 5.38 ± 0.01 

and 5.62 ± 0.01 milli grams per decilitre respectively. 

30.0 % ME failed to promote any drastic/sharp change in the calcium 

concentration of plasma of the tadpoles at any of the exposure periods. About 

2.45 % increase in the calcium concentration of plasma was induced at the end of 

ninety six hours while about 10.68 % increase in calcium concentration of plasma 

was promoted at the end of six hours only. The calcium concentration of plasma 

of the tadpoles was equivalent to 4.87 ± 0.01, 4.90 ± 0.02, 4.95 ± 0.01, 5.24 ± 0.02, 

5.32 ± 0.02, 5.43 ±. 0.02 and 5.65 ± 0.01 milligrams per decilitre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XIV : 

The changes in the calcium concentration of plasma for the stages IX to 

XIV were almost similar, therefore, the alterations in the calcium concentration of 

plasma for the stage XIV are presented here. The changes in the calcium 

323 



Table No. 63 

The alterations in the Ca' concentration 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control. 5.19 5.21 5.23 5.27 5.32 5.37 5.42 

±0.03 ±0.02 ±0.01 ±0.03 ±0.04 ±0.02 ±0.04 
0.01% ME 5.28 5.39 5.49 5.65 5.83 5.96 6.14 

±0.03 ±0.03 ±0.02 ±0.03 ±0.06 ±0.05 ±0.04 
(1.73) (3.45) (4.97) (7.21) (9.58) (10.98) (13.28) 

0.1% ME 5.49 5.48 5.51 5.77 5.94 6.09 6.29 
±0.02 ±0.03 ±0.05 ±0.03 ±0.02 ±0.04 ±0.04 
(5.78) (5.18) (5.35) (9.48) (11.65) (13.40) (16.05) 

1% ME 5.61 5.66 5.73 5.88 6.02 6.22 6.37 
±0.04 ±0.03 ±0.03 ±0.03 ±0.03 ±0.04 ±0.04 
(8.09) (8.63) (9.56) (11.57) (13.15) (15.82) (17.52) 

5% ME 5.66 5.69 5.78 5.95 6.09 6.34 6.5 
±0.02 ±0.02 ±0.02 ±0.02 ±0.03 ±0.04 ±0.02 
(9.05) (9.21) (10.51) (12.90) (14.47) (18.06) (19.92) 

10% ME 5.74 5.78 5.87 6.04 6.12 6.44 6.53 
±0.02 ±0.01 ±0.03 ±0.02 ±0.02 ±0.03 ±0.03 

(10.59) (10.94) (12.23) (14.61) (15.03) (19.92) (20.47) 
30% ME 5.83 5.86 5.93 6.15 6.27 6.53 6.7 

±0.02 ±0.01 ±0.02 ±0.02 ±0.04 ±0.02 ±0.02 
(12.33) (12.47) (13.38) (16.69) (17.85) (21.60) (23.61) 

Note : Unit : mg/dI 

± : S.D. 

Figur, ' in parantheses : % variation over control 

Two :y analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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concentration of plasma at the stage XIV are tabulated in Table No.63 and are 

graphically expressed in Graph No. 63. The alterations in the calcium 

concentration of plasma are expressed as milligrams per decilitre. It is seen from 

the graph and the table that the calcium concentration of plasma of the control 

tadpoles increased gradually from the end of six hours to the end of one twenty 

hours. The calcium concentration of plasma of the control tadpoles was 

equivalent to 5.19 ± 0.03, 5.21 ± 0.02, 5.23 ± 0.01, 5.27 ± 0.03, 5.32 ± 0.04, 5.37 ± 0.02 

and 5.42 ± 0.04 milligram per decilitre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. It is also 

evident from the table and graph that the mining effluents induced concentration 

dependent changes in the calcium concentration of plasma at all the exposure 

periods under study. The calcium concentrations in the plasma increased in a 

exposure period dependent manner under the influence of all the concentrations 

of ME except 0.1 %. 

On exposure to 0.01 `)/0 ME the tadpoles exhibited a elevation of 1.73 % in 

calcium concentration of plasma at the end of six hours while an increase of 13.28 

% in calcium concentration of plasma was observed at the end of one twenty 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the calcium concentration of plasma of the tadpoles was 

equivalent to 5.28 ± 0.03, 5.39 ± 0.03, 5.49 ± 0.02, 5.65 ± 0.03, 5.83 ± 0.06, 5.96 ± 0.05 

and 6.14 ± 0.04 milligrams per decilitre respectively. 

The tadpoles subjected to 0.1 `)/0 ME exhibited no significant change in the 

calcium concentration of plasma from the end of six hours to the end of twenty 
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four hours. A maximum of 16.05 % increase was observed in the calcium 

concentration of plasma at the end of one twenty hours. While a minimum of 

5.18 % increase in the calcium concentration of plasma was observed at the end of 

six and twelve hours. The calcium concentration of plasma of the tadpoles was 

equivalent to 5.49 ± 0.02, 5.48 ± 0.03, 5.51 ± 0.05, 5.77 ± 0.03, 5.94 ± 0.02, 6.09 ± 0.04 

and 6.29 ± 0.04 milligrams per decilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME produced insignificant increase in 

the calcium concentration of plasma upto the end of twelve -hours and a 

maximum of 17.52 % increase in calcium concentration of plasma was observed at 

the end of one twenty hours. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the calcium concentration of 

plasma was equivalent to 5.61 ± 0.04, 5.66 ± 0.03, 5.73 ± 0.03, 5.88 ± 0.03, 6.02 ± 

0.03, 6.22 ± 0.04 and 6.37 ± 0.04 milligrams per decilitre respectively. 

Under the influence of 5.0 % ME significant increases in the calcium 

concentration of plasma of tadpoles were observed from the end of twenty four 

hours to the end of one twenty hours. A minimum of 9.05 % increase in the 

calcium concentration of plasma was observed at the end of six hours while 19.92 

% increase was observed at the end of one twenty hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

calcium concentration of plasma of the tadpoles was equivalent to 5.66 ± 0.02, 5.69 

± 0.02, 5.78 ± 0.02, 5.95 ± 0.02, 6.09 ± 0.03, 6.34 ± 0.04 and 6.50 ± 0.02 milligrams 

per decilitre respectively. 
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When exposed to 10.0 % ME the significant increases in calcium 

concentrations of plasma were observed from the end of six hours to the end of 

one twenty hours. A minimum of 10.59 % increase in calcium concentration of 

plasma was observed at the end of six hours while a 20.47 % increase was 

observed at the end of one twenty hours. The calcium concentration of plasma of 

the tadpoles was equivalent to 5.74 ± 0.02, 5.78 ± 0.01, 5.87 ± 0.03, 6.04 ± 0.03, 6.12 

± 0.02, 6.44 ± 0.03 and 6.53 ± 0.03 milligrams per decilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 30.0 % ME promoted significant elevations in 

calcium concentrations of plasma from the end of six hours to the end of one 

twenty hours. A minimum of 12.33 % increase in calcium concentration of 

plasma was observed at the end of six while a maximum increase of 23.61 % was 

noticed at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the calcium 

concentration of plasma was equivalent to 5.83 ± 0.02, 5.86 ± 0.01, 5.93 ± 0.02, 6.15 

± 0.02, 6.27 ± 0.04, 6.53 ± 0.02 and 6.70 ± 0.02 milligrams per decilitre respectively. 

STAGE XVIII : 

The alterations in the calcium concentrations of plasma of the tadpoles 

from the stages XV to XVII were almost identical to those observed in the control 

tadpoles while those in stage XVIII were significantly different, hence the changes 

in calcium concentration of plasma for stage XVIII are described here. The 

changes in the calcium concentration of plasma of tadpole Stage XVIII are 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 6.36 

±0.03 
6.38 

±0.02 
6.4 

±0.04 
6.42 

±0.02 
6.45 

±0.04 
6.5 

±0.02 
6.56 

±0.04 
6.47 

±0.03 
(1.72) 

6.44 
±0.03 
(0.94) 

6.51 
±0.02 
(1.71) 

6.67 
±0.03 
(3.89) 

6.77 
±0.02 
(4.96) 

6.87 
±0.02 
(5.69) 

6.91 
±0.02 
(5.33) 

0.01% ME 

6.57 
±0.03 
(3.30) 

6.58 
±0.03 
(3.13) 

6.76 
±0.05 
(5.62) 

6.86 
±0.02 
(6.85) 

6.92 
±0.02 
(7.28) 

6.98 
±0.03 
(6.92) 

7.09 
±0.03 
(8.07) 

0.1% ME 

6.69 
±0.03 
(5.18) 

6.68 
±0.03 
(4.70) 

6.87 
±0.03 
(7.34) 

6.95 
±0.01 
(8.25) 

7.05 
±0.03 
(9.30) 

7.14 
±0.02 
(9.84) 

7.2 
±0.01 
(9.75) 

1% ME 

5% ME 6.74 
±0.02 
(5.97) 

6.76 
±0.02 
(5.95) 

6.82 
±0.01 
(6.56) 

7.02 
±0.03 
(9.34) 

7.15 
±0.04 

(10.85) 

7.24 
±0.02 

(11.38) 

7.34 
±0.03 

(11.89) 
10% ME 6.81 

±0.03 
(7.07) 

6.86 
±0.03 
(7.52) 

6.88 
±0.02 
(7.50) 

7.08 
±0.01 

(10.28) 

7.24 
±0.02 

(12.24) 

7.33 
±0.02 

(12.76) 

7.45 
±0.03 

(13.56) 

	

6.88 	6.89 	6.91 	7.13 	7.34 

	

±0.02 	±0.03 	±0.03 	±0.01 	±0.02 

	

(8.17) 	(7.99) 	(7.96) (11.05) (13.79) ( 

	

7.45 
	

7.54 

	

±0.02 
	

±0.02 
14.61 ) (14.93) 

30% ME 

Table No. 64 

The alterations in the Ca ++  concentration 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

Note : Unit : mg/dl 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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compiled in table No. 64 and are graphically presented in Graph No. 64. The 

calcium concentration of plasma is expressed as milligrams per decilitre. From 

the table and graph it is seen that the calcium concentration of plasma of control 

tadpoles increased gradually from the end of six hours to the end of one twenty 

hours. The calcium concentration of plasma of the control tadpoles was 

equivalent to 6.36 ± 0.03, 6.38 ± 0.02, 6.40 ± 0.04, 6.42 ± 0.02, 6.45 ± 0.04, 6.50 ± 0.02 

and 6.56 ± 0.04 milligrams per decilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that the mining effluents 

induced concentration dependent changes in the calcium concentrations of 

plasma of the tadpoles at all the exposure periods except twenty four hours. 

However, a minimum of 0.94 % increase in calcium concentration of plasma was 

induced at the end of twelve hours by 0.01 ` )/0 ME while a maximum of 14.93. % 

elevation in calcium concentration of plasma was promoted by 30.0 %0 ME at the 

end of one twenty hours. 

The tadpoles exposed to 0.01 % ME showed a minimum of 0.94 % increase 

in calcium concentration of plasma at the end of twelve hours while a maximum 

of 5.69 `)/0 increase was exhibited at the end of ninety six hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

calcium concentration of plasma was equivalent to 6.47 ± 0.03, 6.44 ± 0.03, 6.51 ± 

0.02, 6.67 ± 0.03, 6.77 ± 0.02, 6.87 ± 0.02 and 6.91 ± 0.02 milligrams per decilitre 

respectively. 
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On exposure to 0.1 % ME a minimum of 3.13 % elevation in the calcium 

concentration of plasma was shown by the tadpoles at the end of twelve hours 

while a maximum of 8.07 % increase was shown at the end of one twenty hours. 

The calcium concentration of plasma of the tadpoles was equivalent to 6.57 ± 0.03, 

6.58 ± 0.03, 6.76 ± 0.05, 6.86 ± 0.02, 6.92 ± 0.02, 6.98 ± 0.03 and 7.09 ± 0.03 

milligrams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited 4.70 % increase in 

calcium concentration of plasma at the end of twelve hours while a maximum of 

9.84 % increase in the calcium concentration of plasma was exhibited at the end 

of ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the calcium concentration in plasma was 

equivalent to 6.69 ± 0.03, 6.68 ± 0.03, 6.87 ± 0.03, 6.95 ± 0.01, 7.05 ± 0.03, 7.14 ± 0.02 

and 7.20 ± 0.01 milligrams per decilitre respectively. 

On exposure of tadpoles to 5.0 % ME the calcium concentration of plasma 

elevated by about 5.95 % at the end of twelve hours and thereafter raised 

gradually to 11.89 % at the end of one twenty hours. The calcium concentration 

of plasma was equivalent to 6.74 ± 0.02, 6.76 ± 0.02, 6.82 ± 0.01, 7.02 ± 0.03, 7.15 ± 

0.04, 7.24 ± 0.02 and 7.34 ± 0.03 milligrams per decilitre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME promoted 7.07 % elevation in the 

calcium concentration of plasma at the end of six hours but a maximum of 13.56 
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% increase in calcium concentration was induced at the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the calcium concentration of plasma was equivalent to 6.81 ± 0.03, 

6.86 ± 0.03, 6.88 ± 0.02, 7.08 ± 0.01, 7.24 ± 0.02, 7.33 ± 0.02 and 7.45 ± 0.03 

milligrams per decilitre respectively. 

When subjected to 30.0 `)/0 ME the tadpoles exhibited a maximum increase 

of 14.93 `)/0 in the calcium concentration of plasma at the end of one twenty hours 

while a minimum of 7.96 % increase was shown at the end of twenty four hours. 

The calcium concentration of plasma of the tadpoles was equivalent to 6.88 ± 

0.02, 6.89 ± 0.03, 6.91 ± 0.03, 7.13 ± 0.01, 7.34 ± 0.02, 7.45 ± 0.02 and 7.54 ± 0.02 

milligrams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

STAGE XXII : 

The alterations induced by mining effluents in the calcium concentrations 

of plasma of tadpoles of stages XIX to XXII were almost similar i.e. they did not 

differ significantly. Therefore, the alterations in the calcium concentrations of 

plasma of tadpole stage XXII are reported here. 

The changes in the calcium concentration of plasma of the stage XXII 

tadpoles under the influence of mining effluents (ME) are given in Table No. 65 

and are presented graphically in Graph No. 65. The calcium concentrations of 

plasma are expressed as milligrams per decilitre. From the table and graph it is 

obvious that calcium concentrations of plasma of the control tadpoles increased 

gradually from the end of six hours to the end of one twenty hours. The calcium 
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Table No. 65 

The alterations in the Ca' concentration 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 7.12 7.14 7.16 7.2 7.24 7.26 7.3 

±0.04 ±0.02 ±0.04 ±0.03 ±0.02 ±0.04 ±0.02 
0.01% ME 7.51 7.57 7.67 7.76 7.9 7.97 8.09 

±0.04 ±0.02 ±0.03 ±0.02 ±0.03 ±0.01 ±0.04 
(5.47) (6.02) (7.12) (7.77) (9.11) (9.77) (10.82) 

0.1% ME 7.59 7.66 7.75 7.83 7.98 8.08 8.2 
±0.03 ±0.02 ±0.03 ±0.01 ±0.02 ±0.02 ±0.01 
(6.60) (7.28) (8.24) (8.75) (10.22) (11.29) (12.32) 

1% ME 7.63 7.71 7.82 7.91 8.05 8.15 8.31 
±0.02 ±0.01 ±0.02 ±0.03 . 	±0.01 ±0.02 ±0.03 
(7.16) (7.98) (9.21) (9.86) (11.18) (12.25) (13.83) 

5% ME 7.7 7.76 7.85 7.96 8.08 8.22 8.52 
±0.02 ±0.02 ±0.02 ±0.02 ±0.01 ±0.01 ±0.04 
(8.14) (8.68) (9.63) (10.55) (11.60) (13.22) (16.71) 

10% ME 7.75 7.81 7.89 8.02 8.18 8.26 8.66 
±0.03 ±0.01 ±0.03 ±0.03 ±0.02 ±0.04 ±0.03 
(8.84) (9.38) (10.19) (11.38) (12.98) (13.77) (18.63) 

30% ME 7.82 7.86 7.94 8.07 8.26 8.37 8.75 
±0.02 ±0.01 ±0.01 ±0.03 ±0.02 ±0.03 ±0.03 
(98) 10.08) (10.89) (12.08) (14.08) (15.42) (19.86) 

Note : Unit : mg/di 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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concentrations of plasma of the control tadpoles was equivalent to 7.12 ± 0.04, 

7.14 ± 0.02, 7.16 ± 0.04, 7.20 ± 0.03, 7.24 ± 0.02, 7.26 ± 0.04 and 7.30 ± 0.02 

milligrams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

It is also clear from the table and graph that the mining effluents (ME) 

induced concentration dependent alterations/increases in calcium concentration 

of plasma of tadpoles at all exposure periods. The calcium concentrations of 

plasma were elevated from 5.0 to over 9.0 % at the end of six hours under the 

various concentrations of ME. The calcium concentrations of plasma exhibited 

exposure period dependent elevations under the influence of all the 

concentrations of ME. 

Under the influence of 0.01 % ME the minimum of 5.47 `)/0 elevation in 

calcium concentration of plasma of the tadpoles was seen at the end of six hours 

while a maximum of a 10.82 % increase in calcium concentration of plasma was 

observed at the end of one twenty hours. The .elevation in the calcium 

concentration of plasma of the tadpoles was equivalent to 7.51 ± 0.04, 7.57 ± 0.02, 

7.67 ± .0.03, 7.76 ± 0.02, 7.90 ± 0.03, 7.97 ± 0.01 and 8.09 ± 0.04 milligrams per 

decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles subjected to 0.1 % ME exhibited a 6.60 % increase in the 

calcium concentration of plasma at the end of six hours and subsequently it went 

on increasing up to the end of one twenty hours (12.32 %). The calcium 

concentration of plasma of the tadpoles was equivalent to 7.59 ± 0.03, 7.66 ± 0.02, 
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7.75 ± 0.03, 7.83 ± 0.01, 7.98 ± 0.02, 8.08 ± 0.02 and 8.20 ± 0.01 milligrams per 

decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME promoted 7.16 % increase in the 

calcium concentration of plasma at the end of six hours and thereafter it increased 

gradually up to the end of one twenty hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours the calcium 

concentration of plasma of the tadpoles was equivalent to 7.63 ± 0.02, 7.71 ± 0.01, 

7.82 ± 0.02, 7.91 ± 0.03, 8.05 ± 0.01, 8.15 ± 0.02 and 8.31 ± 0.03 milligrams per 

decilitre respectively. 

On exposure to 5.0 % ME the tadpoles exhibited a maximum of 16.71 % 

increase in the calcium concentration of plasma at the end of one twenty hours 

while a minimum of 8.14 % increase was shown at the end of six hours. The 

changes in the calcium concentration of plasma of the tadpoles were significant 

from the end of forty eight hours to the end of one twenty hours. The calcium 

concentration of plasma of the tadpoles was equivalent to 7.70 ± 0.02, 7.76 ± 0.02, 

7.85 ± 0.02, 7.96 ± 0.02, 8.08 ± 0.01, 8.22 ± 0.01 and 8.52 ± 0.04 milligrams per 

decilitre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

When exposed to 10.0 % ME the tadpoles showed a significant 

change/increase in calcium concentration from the end of twenty four hours to 

the end of one twenty hours. A maximum of 18.63 % increase was shown at the 

end of one twenty hours. The calcium concentration of plasma of the tadpoles 
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was equivalent to 7.75 ± 0.03, 7.81 ± 0.01, 7.89 ± 0.03, 8.02 ± 0.03, 8.18 ± 0.02, 8.26 

0.04 and 8.66 ± 0.03 milligrams per decilitre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 % ME the tadpoles showed a significant 

increase in calcium concentration of plasma from the end of twelve hours to the 

end of one twenty hours. A maximum of 19.86 % increase in calcium 

concentration of plasma was observed at the end of one twenty hours. The 

calcium concentration of plasma of the tadpoles was equivalent to the 7.82 ± 0.02, 

7.86 ± 0.01, 7.94 ± 0.01, 8.07 ± 0.03, 8.26 ± 0.02, 8.37 ± 0.03 and 8.75 ± 0.03 

milligrams per decilitre at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

D) CHLORIDE CONCENTRATION : 

STAGE V : 

The alterations in the chloride concentration of plasma under the influence 

of mining effluents for stages I to V were almost similar and the differences were 

grossly insignificant. Therefore, changes in the chloride concentration of plasma 

of stage V tadpoles are described herewith. The changes in the chloride 

concentrations of plasma under the influence of mining effluents are compiled in 

Table No. 66 and are graphically expressed in Graph No. 66. The chloride 

concentrations of plasma are expressed as milliequivalence per litre. 

It is clear from the table and graph that.the control tadpoles had chloride 

concentrations of plasma in the range of thirty four to a little over thirty eight 
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Table No. 66 

The alterations in the 	concentration 
of plasma of tadpoles (stage V) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 34 34.3 34.7 35 36.2 37.4 38.6 

±1.14 ±1.30 ±1.48 ±1.30 ±1.14 ±1.58 ±1.58 
0.01% ME 36.4 37.4 40.4 45 48.8 55.6 61.8 

±1.14 ±1.14 ±1.58 ±1.58 ±3.11 ±2.07 ±1.92 
(7.05) (9.03) (16.42) (28.57) (34.80) (48.66) (60.10) 

0.1% ME 38.4 40.2 41 48.2 54 60.6 66 
±1.14 ±1.30 ±1.58 ±1.30 ±2.54 ±2.88 ±2.23 

(12.94) (17.20) (18.15) (37.71) (49.17) (62.03) (70.98) 
1% ME 40 41.8 44 53 58 65.2 72.2 

±1.58 ±2.38 ±1.58 ±1.58 ±1.58 ±1.48 ±3.11 
(17.64) (21.86) (26.80) (51.42) (60.22) (74.33) (87.04) 

5% ME 41 44.4 46.6 53.8 59 69.4 79 
±1.58 ±1.81 ±1.51 ±1.30 ±1.58 ±1.14 ±2.91 

(20.58) (29.44) (34.29) (53.71) (62.98) (85.55) (104.66) 
10% ME 41 47.2 50 59 64.2 72.6 84.6 

±1.58 ±1.92 ±1.58 ±1.58 ±1.92 ±1.81 ±3.84 
(20.58) (37.60) (44.09) (68.57) (77.34) (94.11) (119.17) 

30% ME 44.4 54 53 63.4 68.6 74.6 92 
±1.67 ±1.58 ±1.58 ±2.30 ±1.14 ±2.07 ±2.23 

(30.58) (57.43) (52.73) (81.14) (89.50) (99.46) (138.34) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
s- 
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milliequivalence per litre. From the end of six hours to the end of twelve hours 

the chloride concentrations of plasma were equivalent to nearly thirty four 

milliequivalence per litre while for the remaining periods it increased gradually 

upto the end of one twenty hours. The table and graph reveal that the tadpoles 

exhibited ME concentration dependent elevations in the chloride concentrations 

of plasma at all the exposure periods. While all the ME concentrations promoted 

exposure period dependent chronic changes in chloride concentrations of plasma 

from the end of six hours to the end of one twenty hours, only 30.0 % ME caused 

a slight decrease in the chloride concentration at the end of twenty four hours and 

then subsequently promoted alterations from the end of forty eight hours upto 

the end of one twenty hours. The chloride concentration of plasma of control 

tadpoles was equivalent to 34.0 ± 1.14, 34.30 ± 1.30, 34.70 ± 1.48, 35.00 ± 1.30, 36.20 

± 1.14, 37.40 ± 1.58 and 38.60 ± 1.58 milliequivalence per litre at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles subjected to 0.01 % ME showed a minimum increase of 7.05 

0/0  in the chloride concentration of plasma at the end of six hours while a 

maximum increase of 60.10 `)/0 was found at the end of one twenty hours. The , 

chloride concentration of plasma was equivalent to 36.40 ± 1.14, 37.40 ± 1.14, 40.40 

± 1.58, 45.00 ± 1.58, 48.80 ± 3.11, 55.60 ± 2.07 and 61.80 ± 1.92 milliequivalence per 

litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 
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On exposure to 0.1 % ME a minimum of 12.94 % increase in chloride 

concentration of plasma was exhibited by the tadpoles at the end of six hours 

while a maximum of 70.98 % increase in chloride concentration was shown at the 

end of one twenty hours. The chloride concentration of plasma was equivalent to 

38.40 ± 1.14, 40.20 ± 1.30, 41.00 ± 1.58, 48.20 ± 1.30, 54.00 ± 2.54, 60.60 ± 2.88 and 

66.0 ± 2.23 milliequivalence per litre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles showed a minimum of 

17.64% increase in the chloride concentration of plasma at the end of six hours 

while a maximum of 87.04 % increase in chloride concentration of plasma was 

exhibited at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the chloride 

concentration of plasma was equivalent to 40.00 ± 1.58, 41.80 ± 2.38, 44.00 ± 1.58, 

53.00 ± 1.58, 58.00 ± 1.58, 65.20 ± 1.48 and 72.20 ± 3.11 milliequivalence per litre 

respectively. 

The tadpoles subjected to 5.0 % ME exhibited an exposure period 

dependent elevation in the chloride concentration of plasma from the end of six 

hours to the end of one twenty hours hours. It is also interesting to note that the 

chloride concentrations of plasma increased by 20.58 % to about 104.66 % from 

the end of six hours to the end of one twenty hours. The chloride concentration 

of plasma was equivalent to 41.00 ±,1.58, 44.40 ± 1.81, 46.60 ± 1.51, 53.80 ± 1.30, 

59.00 ± 1.58, 69.40 ± 1.14 and 79.00 ± 2.91 milliequivalence per litre at the end of 
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six, twelve, twenty four, forty eight, seventy two and ninety six and twenty hours 

respectively. 

When subjected to 10.0 % ME the tadpoles showed significant elevations in 

the chloride concentrations of plasma at all the exposure periods. The elevations 

in chloride concentrations of plasma ranged between 20.58 % to 119.17 %. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the chloride concentration of plasma was equivalent to 41.00 ± 1.58, 

47.20 ± 1.92, 50.00 ± 1.58, 59.00 ± 1.58, 64.20 ± 1.92, 72.60 ± 1.81 and 84.60 ± 3.84 

milliequivalence per litre respectively. 

The tadpoles exposed to 30.0 % ME exhibited very significant elevations in 

the chloride concentrations of plasma at all the exposure periods. A minimum of 

30.58 % increase was observed at the end of six hours while a maximum of 138.34 

% (2.38 fold) elevation was noticed at the end of one twenty hours. Thus, at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the chloride concentration of plasma was equivalent to 44.40 ± 1.67, 

54.0 ± 1.58, 53.0 ± 1.58, 63.40 ± 2.30, 68.60 ± 1.14, 74.60 ± 2.07 and 92.00 ± 2.23 

milliequivalence per litre respectively. 

STAGE VIII : 

The alterations in the chloride concentration of plasma of taldpoles from 

stages VI to VIII were almost similar, therefore, changes in the chloride 

concentration at stage VIII are reported here. The changes in the chloride 

concentration of plasma are tabulated in Table No. 67 and are expressed 

graphically in Graph No. 67. The changes in chloride concentration of plasma are 
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Table No. 67 

The alterations in the CI -  concentration 
of plasma of tadpoles (stage VIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40.1 40.2 40.3 40.7 40.9 41.2 41.4 

±0.84 ±1.30 ±1.14 ±1.58 ±1.30 ±1.30 ±1.92 
0.01% ME 37.2 37.4 38.6 43 46.8 53.6 61 

±0.84 ±1.14 ±1.14 ±1.58 ±1.30 ±2.70 ±1.58 
(-7.23) (-6.96) (-4.21) (5.65) (14.42) (30.09) (47.34) 

0.1% ME 40.2 42.2 44.2 48.8 50.4 62.6 66.6 
±1.30 ±1.30 ±0.84 ±2.39 ±1.14 ±2.07 ±1.52 
(0.24) (4.97) (9.67) (19.90) (23.22) (59.94) (60.86) 

1% ME 45 48.8 50 56 64.2 73.6 77.6 
±1.58 ±0.84 ±1.58 ±1.58 ±2.77 ±2.30 ±1.67 

(12.21) (21.39) (24.06) (37.59) (56.96) (78.64) (87.43) 
5% ME 50 52.4 54.8 61.6 67.8 78.6 82.6 

±1.58 ±1.52 ±0.84 ±2.07 ±0.84 ±1.14 ±1.14 
(24.68) (30.34) (35.98) (51.35) (65.77) (90.77) (99.51) 

10% ME 55 57.8 59 67 72.8 80.8 85.4 
±1.58 ±1.30 ±1.58 ±1.58 ±1.30 ±1.79 ±1.14 

(37.15) (43.78) (46.40) (67.46) (77.99) (96.11) (106.28) 
30% ME 60 59.8 62.8 68 76 85.2 89.6 

±1.58 ±2.28 ±0.84 ±1.58 ±1.22 ±1.30 ±1.82 
(49.62) (48.75) (55.83) (67.07) (85.81) (106.79) (116.42) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.001 
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expressed as milliequivalence per litre. It is evident from the table and graph that 

the control tadpoles had a chloride concentration in the range 40.10 to 41.40 

milliequivalence per litre. It is also clear that the mining effluents promoted a 

concentration dependent increase in the chloride concentrations of plasma at 

almost all the exposure periods except at forty eight hours where the chloride 

concentration of plasma decreased under the influence of 5.0 and 30.0 % ME. 1.0 

to 30.0 % concentrations of ME promoted steady increase in chloride 

concentration of plasma as the exposure periods increased from twelve hours to 

one twenty hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the chloride concentrations of plasma of 

control tadpoles were equivalent to 40.10 ± 0.84, 40.20 ± 1.30, 40.30 ± 1.14, 40.70 ± 

1.58, 40.90 ± 1.30, 41.20 ± 1.30 and 41.40 ± 1.92 milliequivalence per litre 

respectively. 

On exposure to 0.01 % ME the tadpoles exhibited a minimum of 5.65 `)/0 

increase in chloride concentration of plasma at the end of forty eight hours while 

a maximum of 47.34 % increase was shown at the end of one twenty hours. The 

chloride concentration of plasma increased gradually from forty eight hours to 

the end of one twenty hours. From the end of six hours to the end of twenty four 

hours the tadpoles exhibited drop in the chloride concentrations of plasma. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the chloride concentration of plasma was equivalent to 37.20 ± 0.84, 

37.40 ± 1.14, 38.60 ± 1.14, 43.00 ± 1.58, 46.80 ± 1.30, 53.60 ± 2.70 and 61.00 ± 1.58 

milliequivalence per litre respectively. 
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The exposure of tadpoles to 0.1 % ME promoted a minimum of 0.24 % 

increase in chloride concentration of plasma at the end of six hours while a 

maximum of 60.86 `)/0 increase was induced at the end of one twenty hours. The 

chloride concentration of plasma was equivalent to 40.20 ± 1.30, 42.20 ± 1.30, 44.20 

± 0.84, 48.80 ± 2.39, 50.40 ± 1.14, 62.60 ± 2.07 and 66.60 ± 1.52 milliequivalence per 

litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a gradual increase 

in the chloride concentration of plasma from the end of six hours to the end of 

one twenty hours and all these increases in chloride concentrations of plasma 

were significant. A minimum of 12.21 % increase in chloride concentration of 

plasma was observed at the end of six hours while a maximum of 87.43 % 

elevation was noticed at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

chloride concentration of plasma was equivalent to 45.00 ± 1.58, 48.80 ± 0.84, 50.0 

± 1.58, 56.00 ± 1.58, 64.20 ± 2.77, 73.60 ± 2.30 and 77.60 ± 1.67 milliequivalence per 

litre respectively. 

The tadpoles subjected to 5.0 % ME exhibited an exposure period 

dependent elevation in the chloride concentration of plasma from the end of six 

hours to the end of one twenty hours hours. It is also interesting to note that the 

chloride concentrations of plasma increased by 24.68 `)/0 to 99.51 % from the end of 

six hours to the end of one twenty hours. The chloride concentration of plasma 

was equivalent to 50.0 ± 1.58, 52.40 ± 1.52, 54.80 ± 0.84, 61.60 ± 2.07, 67.80 ± 0.84, 
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78.60 ± 1.14 and 82.60 ± 1.14 milliequivalence per litre at the end of six, twelve, 

twenty four, forty eight, seventy two and ninety six and one twenty hours 

respectively. 

When subjected to 10.0 % ME the tadpoles showed significant elevations in 

the chloride concentrations of plasma at all the exposure periods. The elevations 

in chloride concentrations of plasma ranged between 37.15 % to 106.28 %. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the chloride concentration of plasma was equivalent to 55.00 ± 1.58, 

57.80 ± 1.30, 59.00 ± 1.58, 67.00 ± 1.58, 72.80 ± 1.30, 80.80 ± 1.79 and 85.40 ± 1.14 

milliequivalence per litre respectively. 

The tadpoles exposed to 30.0 % ME exhibited very significant elevations in 

the chloride concentrations of plasma at all the exposure periods. A minimum of 

48.75 % increase was observed at the end of twelve hours while a maximum of 

2.16 fold (116.42 %) elevation was noticed at the end of the one twenty hours. 

Thus, at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the chloride concentration of plasma was equivalent to 

60.00 ± 1.58, 59.80 ± 2.28, 62.80 ± 0.84, 68.00 ± 1.58, 76.00 ± 1.22, 85.20 ± 1.30 and 

89.60 ± 1.82 milliequivalence per litre respectively. 

STAGE XIV : 

The changes in the chloride concentrations of plasma under the influence 

of mining effluents for stages IX to XIV were almost identical. Therefore, changes 

in chloride concentration of plasma observed at a higher developmental stage like 
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Table No. 68 

The alterations in the CI -  concentration 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 36 36.2 36.4 37.4 38.6 39.2 40.4 

±1.14 ±1.58 ±1.30 ±1.81 ±1.58 ±1.30 ±1.81 
0.01% ME 39.2 39.8 40.4 44.6 48.8 63.8 74.2 

±1.30 ±0.83 ±1.14 ±1.92 ±1.92 ±1.92 ±2.58 
(8.88) (9.94) (10.98) (19.25) (26.42) (62.75) (83.66) 

0.1% ME 41.4 40.4 39.6 47.4 54.4 71.2 82.4 
±1.81 ±2.07 ±1.14 ±2.07 ±2.70 ±2.38 ±2.40 

(15.00) (11.60) (8.79) (26.73) (40.93) (81.63) (103.96) 
1 13/0 M E 41 41.6 42 50.4 61.6 83 93.6 

±1.58 ±2.07 ±1.58 ±2.40 ±2.40 ±1.58 ±3.64 
(13.88) (14.91) (15.38) (34.75) (59.58) (111.73) (131.68) 

5% ME 45.4 45.8 45.8 51.4 71.6 95.2 104.8 
±2.40 ±2.58 ±1.92 ±1.51 ±2.40 ±3.49 ±5.31 

(26.11) (26.51) (25.82) (37.43) (85.49) (142.85) (159.40) 
10% ME 45.4 47.4 48.4 54 81 106.8 129.2 

±2.07 ±2.07 ±2.30 ±1.58 ±1.58 ±3.03 ±5.11 
(26.11) (30.93) (32.96) (44.38) (109.84) (172.44) (219.80) 

30% ME 47.4 51.2 51 54.6 90.2 121 149.2 
±2.07 ±1.78 ±1.58 ±1.14 ±2.16 ±4.94 ±2.48 

(31.66) (41.43) (40.10) (45.98) (133.67) (208.67) (269.30) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : `)/0 variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.001 
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XIV are reported here. The changes in chloride concentration of plasma are, 

expressed as milliequivalence per litre. 

The alterations in chloride concentration of plasma at stage XIV are 

compiled in Table No. 68 and are presented graphically in Graph No. 68. It is 

seen from the table and graph that the control tadpoles had a chloride 

concentration of plasma in the range of 36.0 to 40.40 milliequivalence per litre. 

The chloride concentration of plasma of the control tadpoles was equivalent to 

36.00 ± 1.14, 36.20 ± 1.58, 36.40 ± 1.30, 37.40 ± 1.81, 38.60 ± 1.58, 39.20 ± 1.30 and 

40.40 ± 1.81 milliequivalence per litre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. It is evident 

from the table and graph that the tadpoles exhibited ME concentration dependent 

elevations in the chloride concentration of plasma from the end of forty eight 

hours to end of one twenty hours and all these elevations are very significant. It 

is also clear from both the table and graph that the chloride concentrations of 

plasma fluctuated from the end of six hours to the end of twenty four hours 

under the influence of 5.0 `)/0 and 30.0 % ME. 

The tadpoles subjected to 0.01 % ME showed a significant elevation in the 

chloride concentration of plasma from the end of twenty four hours to the end of 

one twenty hours. But the increase in chloride concentration elevated between 

8.88 % at the end of six hours to 83.66 % at the end of one twenty hours. The 

chloride concentration of plasma was equivalent to 39.20 ± 1.30, 39.80 ± 0.83, 40.40 

± 1.14, 44.60 ± 1.92, 48.80 ± 1.92, 63.80 ± 1.92 and 74.20 ± 2.58 milliequivalence per 
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litre at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles exhibited very significant elevations 

in the chloride concentration of plasma at all the exposure periods except twenty 

four hours. A maximum of 2.03 fold (103.96 %) increase in chloride concentration 

of plasma was observed at the end of one twenty hours while a minimum of 8.79 

% increase was noticed at the end of twenty four hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

chloride concentration of plasma was equivalent to 41.40 ± 1.81, 40.40 ± 2.07, 39.60 

± 1.14, 47.40 ± 2.07, 54.40 ± 2.70, 71.20 ± 2.38 and 82.40 ± 2.40 milliequivalence per 

litre respectively. 

Under the influence of 1.0 % ME the tadpoles showed pronounced 

increments in the chloride concentrations of plasma at all the exposure periods. 

The elevations in the chloride concentrations of plasma ranged between 1.13 fold 

(13.88 %) and 2.31 fold (131.68 %). The chloride concentration of plasma was 

equivalent to 41.00 ± 1.58, 41.60 ± 2.07, 42.00 ± 1.58, 50.40 ± 2.40, 61.60 ± 2.40, 83.00 

± 1.58 and 93.60 ± 3.64 milliequivalence per litre at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted excessive increments in 

the chloride concentration of plasma at the all the exposure periods. The 

elevations in the chloride concentration of plasma ranged between 1.25 folds and 

2.59 folds (159.40 %). The chloride concentration of plasma was equivalent to 

45.40 ± 2.40, 45.80 ± 2.58, 45.80 ± 1.92, 51.40 ± 1.51, 71.60 ± 2.40, 95.20 ± 3.49 and 
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104.80 ± 5.31 milliequivalence per litre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 10.0 % ME promoted profuse increase in the 

chloride concentration of plasma at all the exposure periods and the elevations in 

the chloride concentration of plasma varied between 1.26 folds to 3.19 folds 

(219.80 %). The chloride concentration of plasma of tadpoles was equivalent to 

45.40 ± 2.07, 47.40 ± 2.07, 48.40 ± 2.30, 54.00 ± 1.58, 81.00 ± 1.58, 106.80 ± 3.03 and 

129.20 ± 5.11 milliequivalence per litre at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

When the tadpoles were exposed to 30.0 `)/0 ME they showed exuberant 

elevations in the chloride concentration of plasma at all the exposure periods. The 

elevations in chloride concentrations of plasma ranged between 1.31 folds and 

3.69 folds (269.30 %). By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the chloride concentrations of plasma were 

equivalent to 47.40 ± 2.07, 51.20 ± 1.78, 51.00 ± 1.58, 54.60 ± 1.14, 90.20 ± 2.16, 

121.00 ± 4.94 and 149.20 ± 2.48 milliequivalence per litre respectively. 

STAGE XVIII : 

The changes in chloride concentrations of plasma under the influcence of 

mining 'effluents for stages XV to XVIII were insignificant while the changes in 

chloride concentrations in stage XVIII were quite significant. Therefore, the 

alterations in the chloride concentrations of plasma for stage XVIII are described 

here. The chloride concentrations of plasma are expressed as % of 

milliequivalence per litre. 
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Table No. 69 

The alterations in the cr.  concentration 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 39 39.2 39.4 39.8 40.1 40.4 40.6 

±1.41 ±1.14 ±1.51 ±1.58 ±1.14 ±1.41 ±1.58 
0.01% ME 46.4 50.6 55.4 60.6 74.8 91.6 105.8 

±2.40 ±1.51 ±1.14 ±2.30 ±3.03 ±2.40 ±4.14 
(18.97) (29.08), (40.60) (52.26) (86.53) (126.73) (160.59) 

0.1% ME 51 50.6 58.4 62.6 82.6 103.2 117.4 
±1.58 ±3.04 ±2.07 ±2.07 ±2.07 ±4.91 ±3.64 

(30.76) (29.08) (48.22) (57.28) (105.98)J155.44) (189.16) 
1% ME 52.2 54.4 60.6 65.6 91.8 115.8 129.8 

±2.58 ±1.14 ±2.30 ±1.14 ±3.56 ±4.65 ±3.96 
(33.84) (38.77) (53.80) (64.82) (128.92) (186.63) (219.70) 

5% ME 57 56.4 62.4 69.4 98.8 122.8 149.4 
±1.58 ±2.40 ±2.40 ±1.14 ±3.03 ±3.34 ±2.70 

(46.15) (43.87) (58.37) (74.37) (146.38) (203.96) (267.98) 
10% ME 59 61 63.2 73 112.2 133 161.2 

±1.58 ±2.54 ±2.48 ±1.58 ±4.96 ±2.91 ±3.03 
(51.28) (55.61) (60.40) (83.41) (179.80) (229.20) (297.04) 

30% ME 61.8 62.6 67.2 75.6 122.8 144 172.6 
±1.92 ±1.67 ±1.64 ±1.14 ±2.58 . 	±2.64 ±2.50 

(58.46) (59.69) (70.55) (89.94) (206.23) (256.43) (325.12) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.001 
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The changes in the chloride concentrations of plasma of tadpoles (Stage 

XVIII) exposed to mining effluents are tabulated in Table No. 69 and presented 

graphically in Graph No. 69. From the table it is clear that the chloride 

concentration of plasma of the control tadpoles varied from thirty nine to forty 

milliequivalence per litre. The chloride concentration of plasma of the control 

tadpoles was equivalent to 39.00 ± 1.41, 39.20 ± 1.14, 39.40 ± 1.51, 39.80 ± 1.58, 

40.10 ± 1.14, 40.40 ± 1.41 and 40.60 ± 1.58 milliequivalence per litre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. It is clear from the table and graph that the chloride 

concentrations of plasma increased in ME concentration dependent and exposure 

period dependent manner. It is also seen that all the changes were statistically 

significant. A minimum of 18.0 % increase in chloride concentration of plasma 

was promoted by 0.01 % ME at the end of six hours while a maximum of 4.25 fold 

(325.12 %) elevation was induced by 30.0 % ME at the end of one twenty hours. 

On exposure to 0.01 % ME the tadpoles exhibited a minimum of 1.18 fold 

(18.97 %) increase in chloride concentration of plasma at the end of six hours 

while a maximum of 2.60 fold (160.59 %) elevation was shown at the end of one 

twenty hours. Thus, at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the chloride concentration was equivalent 

to 46.40 ± 2.40, 50.60 ± 1.51, 55.40 ± 1.14, 60.60 ± 2.30, 74.80 ± 3.03, 91.60 ± 2.40 and 

105.80 ± 4.14 milliequivalence per litre respectively. 

Under the influence of 0.1 `)/0 ME the tadpoles showed a significant increase 

in the chloride concentration of plasma at all the exposure periods especially the 
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chloride concentration of plasma increased successively from the end of forty 

eight hours to the end of one twenty hours. A minimum of 1.29 fold (29.08 %) 

increase was observed at the end of twelve hours and a maximum of 2.89 fold 

(189.16 %) increase was found at the end of one twenty hours. Thus, at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the chloride concentration of plasma of tadpoles was equivalent to 51.00 ± 

1.58, 50.60 ± 3.04, 58.40 ± 2.07, 62.60 ± 2.07, 82.60 ± 2.07, 103.20 ± 4.91 and 117.40 ± 

3.64 milliequivalence per litre respectively. 

When exposed to 1.0 % ME the tadpoles showed very significant 

elevations in the chloride concentrations of plasma at all the exposure periods. A 

minimum of 1.33 fold (33.84 %) elevation in chloride concentration of plasma was 

observed at the end of six hours while a maximum of 3.19 fold (219.70 To) increase 

was noted at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the chloride 

concentration of plasma was equivalent to 52.20 ± 2.58,54.40 ± 1.14, 60.60 ± 2.30, 

65.60 ± 1.14, 91.80 ± 3.56, 115.80 ± 4.65 and 129.80 ± 3.96 milliequivalence per litre 

respectively. 

The exposure of tadpoles to 5.0 % ME promoted exuberant increase in the 

chloride concentration of plasma at all the exposure periods. The chloride 

concentration of plasma kept on elevating gradually from the end of twelve hours 

to the end of one twenty hours. The elevations in the chloride concentration of 

plasma ranged between 1.46 and 3.67 fold. The chloride concentration of plasma 

was equivalent to 57.00 ± 1.58, 56.40'± 2.40, 62.40 ± 2.40, 69.40 ± 1.14, 98.80 ± 3.03, 
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122.80 ± 3.34 and 149.40 ± 2.70 milliequivalence per litre at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME promoted profuse increase in the 

chloride concentration of plasma of the tadpoles at all the exposure periods and 

the elevations in the chloride concentration of plasma varied between 1.51 folds 

and 3.97 folds. The chloride concentration of plasma of tadpoles was equivalent 

to 59.00 ± 1.58, 61.00 ± 2.54, 63.20 ± 2.48, 73.00 ± 1.58, 112.20 ± 4.96, 133.00 ± 2.91 

and 161.20 ± 3.03 milliequivalence per litre at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

When the tadpoles were exposed to 30.0 % ME they showed exuberant 

elevations in the chloride concentration of plasma at all the exposure periods. 

The elevation in the chloride concentration of plasma was highest (4.32 folds) at 

the end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the chloride concentration of 

plasma was equivalent to 61.80 ± 1.92, 62.60 ± 1.67, 67.20 ± 1.64, 75.60 ± 1.14, 

122.80 ± 2.58, 144.00 ± 2.64 and 172.60 ± 2.50 milliequivalence per litre 

respectively. 

STAGE XXII : 

The changes in chloride concentrations of plasma under the influcence of 

mining effluents for stages XIX to XXII were almost identical and did not differ 

significantly from one to other. Therefore, the alterations in the chloride 
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concentrations of plasma for stage XXII are described here. The chloride 

concentrations of plasma are expressed as milliequivalence per litre. 

The changes in the chloride concentrations of plasma of tadpoles (Stage 

XXII) exposed to mining effluents are tabulated in Table No 70 and presented 

graphically in Graph No. 70. From the table it is clear that the chloride 

concentration of plasma of the control tadpoles varied from forty two to sixty 

milliequivalence per litre. The chloride concentration of plasma of the control 

tadpoles was equivalent to 40.00 ± 1.14, 41.00 ± 0.83, 42.00 ± 1.30, 46.00 ± 1.58, 

50.00 ± 1.14, 55.00 ± 0.83 and 60.00 ± 1.30 milliequivalence per litre at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is also evident from the table and graph that 0.1 % ME induced exposure 

period dependent elevations in the chloride concentrations from the end of 

twelve to the end of one twenty hours. All the concentrations of mining effluents 

induced concentration dependent increase in the chloride concentrations of 

plasma at all the exposure periods except twenty four hours. A minimum of 1.30 

fold increase in chloride concentration of plasma was promoted by 0.01 % ME at 

the end of six while a maximum of 2.42 fold (142.33 `)/0) elevation was induced by 

30.0 % ME at the end of one twenty hours. 

On exposure to 0.01 % ME the tadpoles exhibited a minimum of 30.73 % 

increase in chloride concentration of plasma at the end of twelve hours while a 

maximum of 56.66 % elevation was shown at the end of one twenty hours. Thus, 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 
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Table No. 70 

The alterations in the 	concentration 
of plasma of tadpoles (stage XXII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40 41 42 46 50 55 60 

±1.14 ±0.83 ±1.30 ±1.58 ±1.14 ±0.83 ±1.30 
0.01% ME 53.8 53.6 57.2 63.4 71 82.4 94 

±3.11 ±1.14 ±1.48 ±3.04 ±1.58 ±2.40 ±2.23 
(34.50) (30.73) (36.19) (37.82) (42.00) (49.81) (56.66) 

0.1% ME 57 58.6 60.6 70.2 73.4 90 102.8 
±1.58 ±1.14 ±1.14 ±1.92 ±2.07 ±2.23 ±3.34 

(42.50) (42.92) (44.28) (52.60) (46.80) (63.63) (71.33) 
1% ME 59 60.2 60.6 77.2 79 98.2 116.4 

±1.58 ±1.30 ±2.07 ±2.58 ±1.58 ±3.27 ±2.96 
(47.50) (46.82) (44.28) (67.82) (58.00) (78.54) (94.00) 

5% ME 60 62 62.8 84 90.4 109 126.2 
±1.58 ±1.58 ±1.30 ±2.23 ±2.40 ±3.16 ±3.42 

(50.00) (51.21) (49.52) (82.60) (80.80) (98.18) (110.33) 
10% ME 63.6 66 67 92.6 98.8 118.8 138.4 

±2.60 ±1.58 ±1.58 ±1.14 ±1.30 ±3.03 ±2.40 
(59.00) (60.97) (59.52) (101.30) (97.60) (116.00) (130.66) 

30% ME 65.2 67.4 69.2 97.2 104.2 128.4 145.4 
±0.83 ±1.14 ±1.48 ±1.92 ±1.92 ±2.70 ±1.81 

(63.00) (64.39) (64.76) (111.30) (108.40) (133.45) (142.33) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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twenty hours the chloride concentration of plasma was equivalent to 53.80 ± 3.11, 

53.60 ± 1.14, 57.20 ± 1.48, 63.40 ± 3.04, 71.00 ± 1.58, 82.40 ± 2.40 and 94.00 ± 2.23 

milliequivalence per litre respectively. 

Under the influence of 0.1 % ME the tadpoles showed a significant increase 

in the chloride concentration of plasma at all the exposure periods. A minimum 

of 42.50 % increase was observed at the end of six and twelve hours and a 

maximum of 71.33 % increase was found at the end of one twenty hours. Thus, at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the Chloride concentration of plasma of tadpoles was equivalent to 

57.00 ± 1.58, 58.60 ± 1.14, 60.60 ± 1.14, 70.20 ± 1.92, 73.40 ± 2.07, 90.00 ± 2.23 and 

102.80 ± 3.34 milliequivalence per litre respectively. 

When exposed to 1.0 % ME the tadpoles showed very significant 

elevations in the chloride concentrations of plasma at all the exposure periods. A 

minimum of 44.28 % elevation in the chloride concentration of plasma was 

observed at the end of twenty four hours while a maximum of 94.0 % increase 

was noted at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the chloride 

concentration of plasma was equivalent to 59.00 ± 1.58, 60.20 ± 1.30, 60.60 ± 2.07, 

77.20 ± 2.58, 79.00 ± 1.58, 98.20 ± 3.27 and 116.40 ± 2.96 milliequivalence per litre 

respectively. 

The exposure of tadpoles to 5.0 % ME promoted exuberant increase in the 

chloride concentration of plasma of tadpoles at all the exposure periods. The 

elevations in the chloride concentration of plasma ranged between 1.49 fold and 
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2.10 fold. The chloride concentration of plasma was equivalent to 60.00 ± 1.58, 

62.00 ± 1.58, 62.80 ± 1.30, 84.00 ± 2.23, 90.40 ± 2.40, 109.00 ± 3.16 and 126.20 ± 3.42 

milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 10.0 % ME promoted profuse increase in the 

chloride concentration of plasma of the tadpoles at all the exposure periods and 

the elevations in the chloride concentration varied between 1.59 folds to 2.30 

folds. The chloride concentration of plasma of tadpoles was equivalent to 63.60 ± 

2.60, 66.00 ± 1.58, 67.00 ± 1.58, 92.60 ± 1.14, 98.80 ± 1.30, 118.80 ± 3.03 and 138.40 ± 

2.40 milliequivalence per litre at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When the tadpoles were exposed to 30.0 % ME they showed exuberant 

elevations in the chloride concentration of plasma at all the exposure periods. The 

elevations in the chloride concentration of plasma were highest (2.42 folds) at the 

end of one twenty hours. The elevations. in chloride concentrations of plasma 

ranged between 1.63 folds and 2.42 folds. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the chloride 

concentration of plasma was equivalent to 65.20 ± 0.83, 67.40 ± 1.14, 69.20 ± 1.48, 

97.20 ± 1.92, 104.20 ± 1.92, 128.40 ± 2.70 and 145.40 ± 1.81 milliequivalence per litre 

respectively. 
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TOTAL PROTEIN : 

SKIN : 

STAGE V : 

The alterations in the total protein concentrations of skin of tadpoles 

exposed to ME for Stages I to V were almost identical. Therefore, changes in the 

total protein concentrations of skin of tadpoles for Stage V are reported here. The 

alterations in the total protein concentrations of the skin are given in Table No. 1 

and graphically shown in Graph No. 1. The changes in the total protein 

concentrations of the skin are expressed as milligram per gram wet weight of 

skin. 

From the table and graph, it is obvious that there is a gradual increase in 

the total protein concentrations of the skin as the tadpoles grow, but the total 

protein concentrations of the skin of tadpoles exposed to different concentrations 

of ME for varying time periods decreased from the end of six hours to the end of 

one twenty hours. The maximum reduction (16.27 %)in the total protein 

concentrations of the skin was seen at the end of one twenty hours when the 

tadpoles were subjected to 30.0 % ME and the minimum reduction was observed 

at the end of six hours when exposed to 0.01 % ME. However, all the 

concentrations of ME promoted reductions in the total protein levels of the skin 

for the exposure periods ranging from six to one twenty hours, as opposed to the 

steady rise in the total protein concentrations of the skin in the control animals as 

seen from the end of six to one twenty hours. 
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Table No. 1 

The changes in the total protein concentrations 
of skin of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 18.00 18.21 18.32 18.62 18.94 19.26 19.48 

±0.21 ±0.32 ±0.27 ±0.21 ±0.32 ±0.27 ±0.36 
0.01% ME 18.03 17.96 17.84 17.77 17.63 17.43 17.21 

±0.32 ±0.46 ±0.47 ±0.32 ±0.55 ±0.81 ±0.31 
(-0.38) (-1.37) (-2.62) (-4.56) (-6.91) (-9.50) (-11.65) 

0.1% ME 17.99 17.83 17.76 17.53 17.46 17.36 17.16 
±0.93 ±0.75 ±0.74 ±0.73 ±0.72 ±0.93 ±0.92 

(-0.60) (-2.08) (-3.05) (-5.85) (-7.81) (-9.86) (-11.90) 
1% ME 17.74 17.56 17.43 17.26 17.13 .17.01 16.98 

±0.87 ±0.85 ±0.81 ±0.81 ±0.76 ±0.75 ±0.73 
(-1.98) (-3.56) (-4.85) (-7.30) (-9.55) (-11.68) (-12.83) 

5% ME 17.54 17.4 17.31 17.14 17 16.91 16.74 
±0.85 ±0.83 ±0.92 ±0.81 ±0.76 ±0.81 ±0.82 

(-3.09) (-4.48) (-5.51) (-7.94) (-10.22) (-12.20) (-14.06) 
10% ME 17.46 17.32 17.22 17.11 16.98 16.85 16.7 

±0.93 ±0.82 ±0.93 ±0.82 ±0.96 ±0.93 ±0.84 
(-3.55) (-4.88) (-6.00) (-8.10) (-10.34) (-12.51) (-14.27) 

30% ME 17.25 17.12 17.04 16.93 16.73 16.53 16.31 
±0.92 ±0.81 ±0.94 ±0.96 ±0.92 ±0.93 ±0.76 

(-4.69) (-5.98) (-6.98) (-9.07) (-11.66) (-14.17) (-16.27) 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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From the table, it is seen that there is a dose dependent decrease in the 

total protein concentrations of the skin for the various time points. The control 

animals exhibited total protein levels of the skin equivalent to 18.10 ± 0.21, 18.21 ± 

0.32, 18.32 ± 0.27, 18.62 ± 0.21, 18.94 ± 0.32, 19.26 ± 0.27 and 19.48 ± 0.36 mg/gm 

Ww skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

Tadpoles subjected to 0.01 % ME exhibited decrease in the total protein 

concentrations of the skin ranging from 0.38 to 11.65 %. The total protein 

concentrations of the skin were equivalent to 18.03 ± 0.32, 17.96 ± 0.46, 17.84 ± 

0.47, 17.77 ± 0.32, 17.63 ± 0.55, 17.43 ± 0.81 and 17.21 ± 0.31 mg/gm Ww skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

0.1 `)/0 ME promoted reduction in the total protein concentrations of the 

skin ranging between 0.60 to 11.90 %. The total protein concentrations of the skin 

were equivalent to 17.99 ± 0.93, 17.83 ± 0.75, 17.76 ± 0.74; 17.53 ± 0.73, 17.46 ± 0.72, 

17.36 ± 0.93 and 17.16 ± 0.92 mg/gm Ww skin at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 1.0 % ME showed decrease in total protein 

concentrations of the skin ranging from 1.98 to 12.83 % the total protein 

concentrations of the skin was equivalent to 17.74 ± 0.87, 17.56 ± 0.85, 17.43 ± 0.81, 

17.26 ± 0.81, 17.13 ± 0.76, 17.01 ± 0.75 and 16.98 ± 0.73 mg/gm Ww skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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5.0 % ME induced drop in the total protein levels of the skin from the end 

of six hours to the end of one twenty hours and ranged between 3.09 to 14.06 %. 

At the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the total protein concentrations of the skin were equivalent to 17.54 

± 0.85, 17.40 ± 0.83, 17.31 ± 0.92, 17.14 ± 0.81, 17.00 ± 0.76, 16.91 ± 0.81 and 16.74 ± 

0.82 mg/gm Ww skin respectively. 

Tadpoles treated with 10.0 % ME showed a decrease in the the total 

protein concentrations of the skin ranging from 3.55 to 14.27 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the skin were equivalent to 17.46 ± 0.93, 17.32 ± 

0.82, 17.22 ± 0.93, 17.11 ± 0.82, 16.98 ± 0.96, 16.85 ± 0.93 and 16.70 ± 0.84 mg/gm 

Ww skin respectively. 

30.0 `)/0 ME produced drop in the total protein concentrations of the skin 

ranging between 4.69 % till 16.27 %. At the end of six, twelve, twenty four, forty 

eight, seventy , two, ninety six and one twenty hours, the total protein 

concentrations of the skin were equivalent to 17.25 ± 0.92, 17.12 ± 0.81, 17.04 ± 

0.94, 16.93 ± 0.96, 16.73 ± 0.92, 16.53 ± 0.93 and 16.31 ± 0.76 mg/gm Ww skin 

respectively. 

STAGE VIII : 

The alterations in the total protein concentrations of skin of control tadpole 

stages VI to VIII exposed to mining effluents did not differ significantly. 

Therefore, the changes in the total protein concentrations of skin of tadpole stage 

VIII under the influence of ME are described here. 
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Table No. 2 

The changes in the total protein concentrations 
of skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 20.26 20.36 20.46 21.32 21.62 22.37 23.12 

±0.21 ±0.36 ±0.21 ±0.43 ±0.32 ±0.36 ±0.43 
0.01% ME 20.12 20.02 19.87 19.21 18.76 18.21 17.61 

±0.18 ±0.21 ±0.36 ±0.18 ±0.21 ±0.36 ±0.43 
(-0.69) (-1.66) (-2.88) (-9.89) (-13.22) (-18.59) (-23.83) 

0.1% ME. 20.06 19.76 19.51 19.1 18.52 18.16 17.5 
±0.21 ±0.18 ±0.18 ±0.36 ±0.21 ±0.43 ±0.56 

(-0.98) (-2.94) (-4.64) (-10.41) (-14.33) (-18.81) (-24.3) 
1% ME 19.62 19.42 19.31 18.89 18.21 18.06 17.32 

±0.27 ±0.36 ±0.21 ±0.21 ±0.18 ±0.36 ±0.43 
(-3.15) (-4.61) (-5.62) (-11.39) (-15.77) (-19.26) (-25.08) 

5% ME 19.21 19.19 19.01 18.72 18.16 17.96 17.2 
±0.36 ±0.21 ±0.36 ±0.18 ±0.36 ±0.32 ±0.32 

(-5.18) (-5.74) (-7.08) (-12.19) (-16.00) (-19.71) (-25.60) 
10% ME 18.76 18.56 18.41 18.26 18.01 17.5 17.12 

±0.21 ±0.43 ±0.58 ±0.43 ±0.18 ±0.27 ±0.32 
(-7.40) (-8.84) (-10.01) (-14.35) (-16.69) (-21.77) (-25.95) 

30% ME 18.52 18.31 18.1 18.05 17.82. 17.46 17.05 
±0.43 ±0.36 ±0.43 ±0.56 ±0.36 ±0.27 ±0.56 

(-8.58) (-10.06) (-11.53) (-15.33) (-17.57) (-21.94) (-26.25) 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : °A) variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The alterations in the total protein concentrations of the skin are tabulated 

in Table No. 2 and graphically expressed in graph No. 2. The changes in the total 

protein concentrations of the skin are expressed as milligrams per gram wet 

weight of skin. 

From the table and graph, it is apparent that all the concentrations of ME 

induced decrease in total protein concentrations of the skin, in contrast to the 

steady rise in the total protein levels of the skin of the control tadpoles from six to 

one twenty hours. Under the influence of 0.01 % ME at the end of six hours and 

under the influence of 30.0 % ME at the end of one twenty hours, the minimum 

and maximum decreases in total protein concentrations of the skin were 

observed. 

From the table it is evident that all the concentrations of ME induced dose 

dependent decrease in the total protein concentrations of the skin for all time 

periods ranging from six to one twenty hours. The control tadpoles exhibited 

total protein concentrations of the skin equivalent to 20.26 ± 0.21, 20.36 ± 0.36, 

20.46 ± 0.21, 21.32 ± 0.43, 21.62 ± 0.32, 22.37 ± 0.36 and 23.12 ± 0.43 mg/gm Ww 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

Tadpoles exposed to 0.01 % ME showed reduction in total protein 

concentrations of the skin ranging between 0.69 % to 23.83 `)/0. The total protein 

concentrations of the skin were equivalent to 20.12 ± 0.18, 20.02 ± 0.21, 19.87 ± 

0.36, 19.21 ± 0.18, 18.76 ± 0.21, 18.21 ± 0.36 and 17.61 ± 0.43 mg/gm Ww skin at 

351 



the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

0.1 % ME promoted decrease in the total protein concentrations of the skin 

ranging between 0.98 `)/0 to 24.30 %. The total protein concentrations of the skin 

were equivalent to 20.06 ± 0.21, 19.76 ± 0.18, 19.51 ± 0.18, 19.10 ± 0.36, 18.52 ± 0.21, 

18.16 ± 0.43 and 17.50 ± 0.56 mg/gram Ww of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

1.0 % ME induced drop in the total protein concentrations of the skin 

ranging between 3.15 % to 25.08 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of the skin were equivalent to 19.62 ± 0.27, 19.42 ± 0.36, 19.31 ± 

0.21, 18.89 ± 0.21, 18.21 ± 0.18, 18.06 ± 0.36 and 17.32 ± 0.43 mg/gm Ww skin 

respectively. 

Tadpoles subjected to 5.0 % ME exhibited reduction in the total protein 

concentrations of the skin in the range of 5.18 to 25.60 %. At the end of of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

showed total protein concentrations of the skin were equivalent to 19.21 ± 0.36, 

19.19 ± 0.21, 19.01 ± 0.36, 18.72 ± 0.18, 18.16 ± 0.36, 17.96 ± 0.32 and 17.20 ± 0.32 

mg/gm Ww skin respectively. 

10.0 % ME produced reduction in the total protein levels of the skin in the 

range of 7.40 % to. 25.95 %. At the end of of six, twelve, twenty four, forty eight, 
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seventy two, ninety six and one twenty hours, the total protein concentrations of 

the skin which were equivalent to 18.76 ± 0.21, 18.56 ± 0.43, 18.41 ± 0.56, 18.26 ± 

0.43, 18.01 ± 0.18, 17.50 ± 0.27 and 17.12 ± 0.32 mg/gm Ww skin respectively. 

Tadpoles treated with 30.0 % ME exhibited reductions in the total protein 

levels of the skin in the range of 8.58 to 26.25 %. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the total protein 

levels of the skin were equivalent to 18.52 ± 0.43, 18.31 ± 0.36, 18.10 ± 0.43, 18.05 ± 

0.56, 17.82 ± 0.36, 17.46 ± 0.27 and 17.05 ± 0.56 mg/gm Ww of skin respectively. 

STAGE XIV : 

Alterations in the total protein concentrations of skin of tadpoles exposed 

to mining effluents for stages IX to XIV were non significantly different. 

Therefore, changes in the total protein concentrations of skin for stage XIV are 

reported here. The alterations in the total protein concentrations of the skin are 

compiled in Table No. 3 and graphically represented in Graph No. 3. The 

changes in the total protein concentrations of the skin are expressed as milligram 

per gram wet weight of skin. 

From the table and graph, it is evident that there is an increase in the total 

protein concentrations of the skin of control tadpoles from the end of six to the 

end of one twenty hours. On exposure to different concentrations of ME for 

varying periods of time the tadpoles exhibited successive drop in the total protein 

levels of the skin. However, all the concentrations of ME promoted a exposure 

period dependent decrease in the total protein levels of the skin. 
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TABLE No. 3 

The changes in the total protein concentrations 
of skin of tadpoles (stage XIV) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 52.42 52.56 52.46 52.96 53.26 53.48 53.73 

±0.36 ±0.32 ±0.43 ±0.27 ±0.32 ±0.36 ±0.43 
0.01% ME 51.85 51.7 51.53 51.26 50.82 50.76 50.52 

±1.02 ±1.02 ±1.03 ±1.02 ±0.96 ±0.96 ±0.96 
(-1.08) (-1.63) (-2.10) (-3.20) (-4.58) (-5.08) (-5.97) 

0.1% ME 51.53 51.31 51.11 50.91 50.78 50.5 50.32 
±1.02 ±1.02 ±1.02 ±-1.02 ±0.94 ±0.96 ±0.85 

(-1.69) (-2.37) (-2.90) (-3.87) (-4.65) (-5.57) (-6.34) 
1% ME 51.32 51.06 50.96 50.82 50.65 50.34 50.12 

±1.02 ±0.82 ±0.97 ±0.85 ±0.86 ±0.93 ±0.96 
(-2.09) (-2.85) (-3.19) (-4.04) (-4.90) (-5.87) (-6.71) 

5% ME . 51.08 50.92 50.85 50.63 50.48 50.21 50.01 
±1.02 ±0.82 ±0.76 ±0.82 ±0.76 ±0.82 ±0.76 

(-2.55) (-3.12) (-3.40) • (-4.39) (-5.21) (-6.11) (-6.92) 
10% ME 50.93 50.75 50.53 50.42 50.18 49.97 49.85 

±0.93 ±0.76 ±0.92 ±0.86 ±0.85 ±0.97 ±0.86 
(-2.84) (-3.44) (-4.00) (-4.79) (-5.78) (-6.56) (-7.22) 

30% ME 50.85 50.61 50.32 50.17 50.01 49.86 49.56 
±0.93 ±0.92 ±0.93 ±0.87 ±0.97 ±0.93 ±0.93 

(-2.99) (-3.71) (-4.40) (-5.26) (-6.10) (-6.76) (-7.76)I 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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From the table it appears that all the concentrations of ME promoted dose 

dependent reductions in the total protein concentrations of the skin. The control 

tadpoles exhibited total protein concentrations of the skin equivalent to 52.42 ± 

0.36, 52.56 ± 0.32, 52.64 ± 0.43, 52.96 ± 0.27, 53.26 ± 0.32, 53.48 ± 0.36 and 53.73 ± 

0.43 mg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.01 % ME, the decrease in the total protein 

concentrations of the skin ranged between 1.08 to 5.97 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the skin were equivalent to 51.85 ± 1.02, 51.70, 

± 1.02, 51.53 ± 1.03, 51.26 ± 1.02, 50.82 ± 0.96, 50.76 ± 0.96 and 50.52 ± 0.96 mg/gm 

Ww skin respectively. 

Tadpoles exposed to 0.1 % ME showed drop in total protein levels of the 

skin, in the range of 1.69 to 6.34 %. The total protein concentrations of the skin 

were equivalent to 51.53 ± 1.02, 51.31 ± 1.02, 51.11 ± 1.02, 50.91 ± 1.02, 50.78 ± 0.94, 

50.50 ± 0.96 and 50.32 ± 0.85 mg/gm Ww of skin at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

1.0 % ME promoted drop in the total protein concentrations of the skin in 

the range of 2.09 to 6.71 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the skin were equivalent to 51.32 ± 1.02, 51.06 ± 0.82, 50.96 ± 0.97, 50.82 ± 0.85, 

50.65 ± 0.86, 50.34 ± 0.93 and 50.12 ± 0.96 mg/gm Ww skin at the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles treated with 5.0 `)/0 ME exhibited decrease in the total protein 

concentrations of the skin in the range of 2.55 % to 6.92 %. The total protein 

concentrations of the skin were equivalent to 51.08 ± 1.02, 50.92 ± 0.82, 50.85 ± 

0.76, 50.63 ± 0.82, 50.48 ± 0.76, 50.21 ± 0.82 and 50.01 ± 0.76 mg/gm Ww of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

10.0 % ME induced reduction in the total protein levels of the skin in the 

range of 2.84 `)/0 to 7.22 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the skin were equivalent to 50.93 ± 0.93, 50.75 ± 0.76, 50.53 ± 0.92, 50.42 ± 0.86, 

50.18 ± 0.85, 49.97 ± 0.97 and 49.85 ± 0.86 mg/gm Ww of skin respectively. 

Tadpoles subjected to 30.0 % ME exhibited drop in the total protein 

concentrations of the skin in the range of 2.99 % to 7.76 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the skin were equivalent to 50.85 ± 0.93, 50.61 

± 0.92, 50.32 ± 0.93, 50.17 ± 0.87, 50.01 ± 0.97, 49.86 ± 0.93 and 49.56 ± 0.93 mg/gm 

Ww of skin respectively. 

STAGE XVIII : 

The changes in the total protein concentrations of skin of tadpole Stages 

XV to XVIII under the influence of mining effluents were almost similar, therefore 
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Table No. 4 

The changes in the total protein concentrations 
of skin of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 53.12 53.24 53.39 54.26 54.48 54.72 55.18 

±0.16 ±0.22 ±0.42 ±0.36 ±0.16 ±0.22 ±0.36 
0.01% ME 52.76 52.53 52.25 52.16 52.07 51.87 51.63 

±0.97 ±0.96 ±0.93 ±0.87 ±0.96 ±0.92 ±0.96 
(-0.67) (-1.33) (-2.13) (-3.87) (-4.42) (-5.20) (-6.43) 

0.1% ME 52.5 52.31 52.01 51.99 51.76 51.51 51.34 
±0.87 ±0.92 ±0.86 ±0.91 ±0.87 ±0.86 ±0.85 

(-1.16) (-1.74) (-2.58) (-4.18) (-4.99) (-5.86) (-6.95) 
1% M E 52.35 52.17 51.86 51.63 51.46 51.3 51.17 

±0.92 ±0.87 ±0.86 ±0.87 ±0.92 ±0.87 ±0.92 
(-1.44) (-2.0) (-2.86) (-4.84) (-5.54) (-6.25) (-7.26) 

5% ME 52.2 51.9 51.7 51.5 51.3 51.2 51.08 
±0.83 ±0.82 ±0.81 ±0.87 ±0.92 ±0.85 ±0.82 

(-1.73) (-2.51) (-3.16) (-5.08) (-5.83) (-6.43) (-7.43) 
10% ME 52.08 51.8 51.62 51.35 51.12 51.02 50.93 

±0.96 ±0.82 ±0.85 ±0.82 ±0.82 ±0.85 ±0.93 
(-1.95) (-2.70) (-3.31) (-5.36) (-6.16) (-6.76) (-7.70) 

30% ME 51.89 51.71 51.52 51.25 51.08 50.91 50.76 
±0.92 ±0.92 ±0.82 ±0.97 ±0.86 ±0.91 ±0.86 

(-2.31) (-2.87) (-3.5) (-5.54) (-6.24) (-6.96) (-8.01) 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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changes in the total protein concentrations of skin of tadpole Stage XVIII under 

the influence of ME are described here. The alterations in the total protein 

concentrations of the skin are given in Table No. 4 and graphically shown in 

Graph No. 4. The changes in the total protein concentrations of the skin are 

expressed in milligram per gram Wet weight of skin. 

From the table and graph, it can be noted that there is a steady increase in 

the total protein concentrations of the skin of the control tadpoles as they grow. 

When the tadpoles are exposed to various concentrations of ME for varying 

periods, they exhibit a gradual drop in the total protein concentrations of the skin 

at all exposure periods. The maximum reduction (8.01 %) was seen at the end of 

one twenty hours under the influence of 30.0 `)/0 ME and the minimum drop 

(0.67%) was noted at the end of six hours under the influence of 0.01 % ME. 

From the table, it is evident that all the concentrations of ME promoted 

dose dependent reduction in the total protein concentrations of the skin. The 

control tadpoles exhibited total protein concentrations of the skin equivalent to 

53.12 ± 0.16, 53.24 ± 0.22, 53.39 ± 0.42, 54.26 ± 0.36, 54.48 ± 0.16, 54.72 ± 0.22 and 

55.18 ± 0.36 mg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

0.01 % ME promoted decrease in the total protein concentrations of the 

skin in the range of 0.67 % to 6.43 `)/0. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of the skin were equivalent to 52.76 ± 0.97, 52.53 ± 0.96, 52.25 ± 
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0.93, 52.16 ± 0.87, 52.07 ± 0.96, 51.87 ± 0.92 and 51.63 ± 0.96 mg/gm Ww of skin 

respectively. 

0.1 % ME induced reduction in the total protein concentrations of the skin, 

in the range of 1.16 to 6.95 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the skin were equivalent to 52.50 ± 0.87, 52.31 ± 0.92, 52.01 ± 0.86, 51.99 ± 0.91, 

51.76 ± 0.87, 51.51 ± 0.86 and 51.34 ± 0.85 mg/gm Ww of skin respectively. 

Under the influence of 1.0 `)/0 ME, the reductions in total protein 

concentrations of the skin ranged between 1.44 % to 7.26 %. The total protein 

concentrations of the skin were equivalent to 52.35 ± 0.92, 52.17 ± 0.87, 51.86 ± 

0.86, 51.63 ± 0.87, 51.46 ± 0.92, 51.30 ± 0.87 and 51.17 ± 0.92 mg/gm of Ww skin by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited reduction in the total 

protein concentrations of the skin in the range of 1.73 % to 7.43 %. The total 

protein concentrations of the skin were equivalent to 52.20 ± 0.83, 51.90 ± 0.82, 

51.70 ± 0.81, 51.50 ± 0.87, 51.30 ± 0.92, 51.20 ± 0.85, 51.08 ± 0.82 mg/gm Ww of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles treated with 10.0 % ME showed reduction in the total protein 

concentrations of the skin in the range of 1.95 to 7.70 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 
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Table No. 5 

The changes in the total protein concentrations 
of skin of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 60.12 60.24 60.36 60.62 60.93 61.18 61.36 

±0.21 ±0.26 ±0.32 ±0.36 ±0.26 ±0.32 ±0.46 
0.01% ME 58.9 58.76 58.53 58.31 58.16 57.9 57.82 

±0.82 ±0.91 ±0.86 ±0.82 ±0.82 ±0.82 ±0.86 
(-2.02) (-2.45) (-3.03) (-3.81) (-4.54) (-5.36) (-5.76) 

0.1% ME 58.68 58.43 58.22 58.06 57.86 57.63 57.45 
±0.83 ±0.91 ±0.93 ±0.88 ±0.92 ±0.91 ±0.91 

(-2.39) (-3.0) (-3.54) (-4.22) (-5.03) (-5.8) (-6.37) 
1% ME 58.32 58.1 57.81 57.53 57.12 57.11 56.93 

±0.84 ±0.92 ±0.93 ±0.96 ±0.96 ±0.83 ±0.97 
(-2.99) (-3.55) (-4.22) (-5.09) (-6.1) (-6.65) (-7.21) 

5% ME 58.16 57.91 57.76 57.32 57.13 56.98 56.78 
±0.96 ±0.86 ±0.94 ±0.88 ±0.84 ±0.81 ±0.93 

(-3.26) (-3.86) (-4.3) (-5.44) (-6.23) (6.86) (-7.46) 
10% ME 57.85 57.63 57.32 57.12 56.85 56.62 56.48 

±0.81 ±0.87 ±0.85 ±0.86 ±0.87 ±0.87 ±0.86 
(-3.77) (-4.33) (-5.03) (-5.77) (-56.85) (-7.45) (-7.95) 

30% ME 57.43 57.21 56.93 56.74 56.52 56.31 56.15 
±0.81 ±0.86 ±0.83 ±0.87 ±0.87 ±0.87 ±0.87 

(-4.47) (-5.02) (-5.68) (-6.4) (-7.23) (-7.96) (-8.49) 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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protein concentrations of the skin were equivalent to 52.08 ± 0.96, 51.80 ± 0.82, 

51.62 ± 0.85, 51.35 ± 0.82, 51.12 ± 0.82, 51.02 ± 0.85 and 50.93 ± 0.93 mg/gm Ww of 

skin respectively. 

Tadpoles subjected to 30.0 % ME exhibited reduction in the total protein 

concentrations of the skin in the range of 2.31 to 8.01 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the total 

protein concentrations of the skin were equivalent to 51.89 ± 0.92, 51.71 ± 0.92, 

51.52 ± 0.82, 51.25 ± 0.97, 51.08 ± 0.86, 50.91 ± 0.91 and 50.76 mg/gm Ww skin 

respectively. 

STAGE XXII : 

The alterations in the total protein concentrations of skin of tadpoles Stage 

XIX to Stage XXII did not differ significantly, hence the changes in the total 

protein concentrations of skin of Stage XXII are described here. The alterations in 

the total protein concentrations of the skin are tabulated in Table No. 5 and 

graphically expressed in Graph No. 5. The changes in the total protein 

concentrations of the skin are expressed as milligram per gram wet weight of 

skin. 

From the table and graph, it is seen that under the influence of ME, the 

total protein concentrations of the skin decrease whereas the control tadpoles 

produced steady increase in the total protein levels of the skin from the end of six 

to one twenty hours. All the concentrations of ME promoted decrease in the total 

protein concentrations of the skin and the drop in protein concentrations ranged 
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from 2.02 % at the end of six hours under the influence of 0.01 % ME to 8.49 % at 

the end of one twenty hours under the infuence of 30.0 % ME. 

From the table it is apparent that all the concentrations of ME promoted 

dose dependent decrease in the total protein concentrations of the skin at all the 

exposure periods. The control tadpoles exhibited total protein concentrations of 

the skin were equivalent to 60.12 ± 0.21, 60.24 ± 0.26, 60.36 .± 0.32, 60.62 ± 0.36, 

60.93 ± 0.26, 61.18 ± 0.32 and 61.36 ± 0.46 mg/gm Ww skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.01 % ME promoted decrease in the total protein concentrations of the 

skin in the range of 2.02 to 5.76 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of the skin were equivalent to 58.90 ± 0.82, 58.76 ± 0.91, 58.53 ± 

0.86, 58.31 ± 0.82, 58.16 ± 0.82, 57.90 ± 0.82 and 57.82 ± 0.86 mg/gm Ww of skin 

respectively. 

Tadpoles exposed to 0.1 % ME exhibited reductions in total protein 

concentrations of the skin in the range of 2.39 to 6.37 %. The total protein 

concentrations of the skin were equivalent to 58.68 ± 0.83, 58.43 ± 0.91, 58.22 ± 

0.93, 58.06 ± 0.88, 57.86 ± 0.92, 57.63 ± 0.91 and 57.45 ± 0.91 mg/gm Ww of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

359 



Tadpoles subjected to 1.0 % ME showed decrease in total protein 

concentrations of the skin in the range of 2.99 to 7.21 %. The total protein 

concentrations of the skin were equivalent to 58.32 ± 0.84, 58.10 ± 0.92, 57.81 ± 

0.93, 57.53 ± 0.96, 57.21 ± 0.96, 57.11 ± 0.83 and 56.93 ± 0.97 mg/gm Ww of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

5.0 `)/0 ME induced reduction in the total protein concentrations of the skin, 

in the range of 3.26 to 7.46 %. The total protein concentrations of the skin were 

equivalent to 58.16 ± 0.96, 57.91 ± 0.86, 57.76 ± 0.94, 57.32 ± 0.88, 57.13 ± 0.84, 56.98 

± 0.81 and 56.78 ± 0.93 mg/gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

10.0 `)/0 ME produced a drop in the total protein concentrations of the skin 

in the range of 3.77 `)/0 to 7.95 %. The total protein concentrations of the skin was 

equivalent to 57.85 ± 0.81, 57.63 ± 0.87, 57.32 ± 0.85, 57.12 ± 0.86, 56.85 ± 0.87, 56.62 

± 0.87 and 56.48 ± 0.86 mg/gm Ww skin at the end of - six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles treated with 30.0 % ME, exhibited reduction in the total protein 

concentrations of the skin in the range of 4.47 to 8.49 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the total 

protein concentrations of the skin were equivalent to 57.43 ± 0.81, 57.21 ± 0.86, 

56.93 ± 0.83, 56.74 ± 0.87, 56.52 ± 0.87, 56.31 ± 0.87 and 56.15 ± 0.87 mg/gm Ww of 

skin respectively. 
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TOTAL PROTEINS : 

INTESTINE : 

The alterations in the total protein concentrations of intestine of tadpoles 

exposed to ME for stages I to V were almost identical. Therefore, changes in the 

total protein concentrations of intestine of tadpoles for Stage V are reported here. 

The alterations in the total protein concentrations of the intestine are given 

in Table No. 6 and are graphically presented in Graph No. 6. The changes in the 

total protein concentrations of the intestine are expressed as milligram per gram 

wet weight of intestine. 

From the table and graph, it is obvious that as the tadpoles grow, there is a 

gradual increase in the total protein concentrations of the intestine. But the total 

protein concentrations gradually decrease when the tadpoles were subjected to 

various concentration of ME for varying exposure periods. The maximum 

reduction in the total protein concentrations of the intestine was seen at the end 

of one twenty hours under the influence of 30.0 % ME, while lesser reduction was 

induced by 0.01 % ME at the end of six hours. All the concentrations of ME 

promoted decrease in the total protein concentrations of the intestine for all 

exposure periods. 

From the table, it is apparent that all the concentrations of ME induced 

dose dependent reductions in the total protein concentrations of the intestine for 

all the time points. The control animals had total protein concentrations 

equivalent to 25.20 ± 0.32, 25.36 ± 0.72, 25.48 ± 0.63, 26.12 ± 0.81, 26.48 ± 0.84, 26.72 
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Table No. 6 

The changes in the total protein concentrations 
of intestine of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 25.2 25.36 25.48 26.12 26.48 26.72 26.93 

±0.32 ±0.72 ±0.63 ±0.81 ±0.84 ±0.91 ±0.81 
0.01% ME 24.76 24.31 24.06 23.76 23.46 23.12 22.73 

±0.73 ±0.96 ±0.93 ±0.92 ±0.85 ±0.86 ±0.93 
(-1.74) (-4.14) (-5.57) (-9.03) (-11.40) (-13.47) (-15.59) 

0.1% ME 24.32 24.13 24.06 23.73 23.31 23.01 22.63 
±0.85 ±0.86 ±0.81 ±0.92 ±0.93 ±0.86 ±0.75 

(-3.49) (-4.85) (-5.57) (9.15) (-11.97) (-13.88) (-15.96) 
1% ME 23.84 23.46 23.13 22.93 22.8 22.76 22.31 

±0.93 ±0.85 ±0.93 ±0.96 ± 0.94 ±0.93 ±0.85 
(-5.39) (-7.49) (-9.22) (-12.21) (-13.89) (-14.82) (-17.15) 

5% ME 23.21 23.01 22.85 22.56 22.19 21.86 21.56 
±0.97 ±0.81 ±0.95 ±0.86 ±0.32 ±0.85 ±0.86 

(-7.89) (-9.26) (-10.32) (-13.62) (-16.20) (-18.18) (-19.94) 
10% ME 22.76 22.36 22.14 21.73 21.56 21.22 21.07 

±0.92 ±0.82 ±0.93 ±0.81 ±0.46 ±0.75 ±0.73 
(9.68) (-11.82) (-13.10) (-16.80) (-18.58) (-20.58) (-21.76) 

30% ME 22.32 22.12 22.05 21.66 21.32 21.15 21.06 
±0.93 ±0.81 ±0.97 ±0.82 ±0.72 ±0.86 ±0.85 

(-11.42) (-12.77) (-13.46) (-17.07) (-19.48) (-20.84) (-21.79) 

Note : Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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± 0.91 and 26.93 ± 0.81 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 0.01 ` 1/0 ME exhibited decrease in total protein 

concentrations of the intestine in the range of 1.74 % to 15.59 %. The total protein 

concentrations of the intestine were equivalent to 24.76 ± 0.73, 24.31 ± 0.96, 24.06 ± 

0.93, 23.76 ± 0.92, 23.46 ± 0.85, 23.12 ± 0.86 and 22.73 ± 0.93 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

0.1 `)/0 ME promoted decrease in the total protein concentrations of intestine 

in the range of 3.49 to 15.96 `)/0. The total protein concentrations of the intestine 

were equivalent to 24.32 ± 0.85, 24.13 ± 0.86, 24.06 ± 0.81, 23.73 ± 0.92, 23.31 ± 0.93, 

23.01 ± 0.86 and 22.63 ± 0.75 mg/gm Ww of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 1.0 `)/0 ME exhibited decrease in total protein 

concentrations of the intestine in the range of 5.39 to 17.15 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

total protein concentrations of the intestine were equivalent to 23.84 ± 0.93, 23.46 

± 0.85, 23.13 ± 0.93, 22.93 ± 0.96, 22.80 ± 0.94, 22.76 ± 0.93 and 22.31 ± 0.85 mg/gm 

Ww of intestine respectively. 

5.0 `)/0 ME induced decrease in the total protein concentrations of the 

intestine, in the range of 7.89 to 19.94 %. At the end of six, twelve, twenty four, 
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forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentration were equivalent to 23.21 ± 0.97, 23.01 ± 0.81, 22.85 ± 0.95, 22.56 ± 

0.86, 22.19 ± 0.32, 21.86 ± 0.85 and 21.56 ± 0.86 mg/gm Ww of intestine • 

respectively. 

Tadpoles treated with 10.0 `)/0 ME exhibited decrease in total protein 

concentrations of the intestine in the range of 9.68 to 21.76 %. The total protein 

concentrations of the intestine were equivalent to 22.76 ± 0.92, 22.36 ± 0.82, 22.14 ± 

0.93, 21.73 ± 0.81, 21.56 ± 0.46, 21.22 ± 0.75 and 21.07 ± 0.73 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 30.0 % ME, the decrease in total protein 

concentrations of the intestine ranged between 11.42 to 21.79 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the intestine were equivalent to 22.32 ± 0.93, 

22.12 ± 0.81, 22.05 ± 0.97, 21.66 ± 0.82, 21.32 ± 0.72, 21.15 ± 0.86 and 21.06 ± 0.85 

mg/gm Ww of intestine respectively. 

STAGE VIII : 

The alterations in the total protein concentrations of intestine of tadpole 

stages VI to VIII exposed to mining effluents did not differ significantly. 

Therefore, the changes in the total protein concentrations of intestine of tadpole 

stage VIII under the influence of ME are described here. 
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Table No. 7 

The changes in the total protein concentrations 
of intestine of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 66.12 66.24 66.48 66.81 67.26 67.48 67.72 

±0.43 ±0.45 ±0.35 ±0.46 ±0.56 ±0.35 ±0.46 
0.01% ME 65.32 65.07 64.18 63.61 60.18 59.76 57.32 

±0.32 ±0.32 ±0.20 ±0.74 ±0.92 ±1.06 ±0.97 
(-1.20) (-1.76) (-3.45) (-4.78) (-10.52) (-11.44) (-15.35) 

0.1% ME 64.26 63.18 62.37 60.10 59.36 57.18 55.32 
±1.07 ±1.02 ±0.86 ±0.97 ±1.06 ±1.02 ±0.92 

(-2.81) (4.61) (-6.18) (10.04) (11.74) (-15.26) (-18.31) 
1% ME 63.86 61.18 61.82 59.18 57.36 55.18 53.13 

±1.12 ±1.07 ±1.21 ±1.36 ±0.98 ±0.98 ±0.97 
(-3.41) (-7.63) (-7.00) (-11.42) (-14.71) (-18.22) (-21.54) 

5% ME 62.18 60.36 58.18 56.43 54.18 52.16 51.16 
±1.03 ±1.12 ±1.12 ±1.21 ±1.12 ±1.21 ±1.02 

(-5.95) (-8.87) 02.48) (-11.28) (-19.44) (-22.70) (-24.45) 
10% ME 60.32 59.87 57.31 55.81 53.85 52.01 50.16 

±1.07 ±0.96 ±1.18 ±1.36 ±1.21 ±1.16 ±1.07 
(-8.77) (-9.61) (-13.79) (-16.46) (-19.93) (-22.92) (-25.93) 

30% ME 58.76 57.36 56.12 54.32 52.80 50.16 49.32 
±1.12 ±0.92 ±1.25 ±1.36 ±1.12 ±1.02 ±1.12 

(-10.04) (-13.40) (-15.58) (-18.69) (-21.49) (-25.66) (-27.17) 

Note : Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The alterations in the total protein concentrations of the intestine are 

compiled in Table No. 7 and graphically expressed in Graph No. 7. The changes 

in the total protein concentrations are expressed as milligram per gram wet 

weight of intestine. 

From the table and graph, it appears that as the tadpole grows, there is a 

gradual increase in the total protein concentrations of the intestine. The total 

protein levels decreased when the tadpoles were exposed to various 

concentrations of ME for varying periods. Minimum reduction (0.19 %)in the 

total protein concentration of the intestine was seen at the end of twenty four 

hours under the influence of 0.1 % ME and maximum reduction (72.26 %)was 

noted at the end of one twenty hours under the influence of 0.01 % ME. 

The control animals exhibited total protein concentrations of the intestine 

equivalent to 66.12 ± 0.43, 66.24 ± 0.45, 66.48 ± 0.35, 66.81 ± 0.46, 67.26 ± 0.56, 67.48 

± 0.35 and 67.72 ± 0.46 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

0.01 % ME promoted decrease in the total protein concentrations of the 

intestine in the range of 50.86 % to 72.26 %. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, total protein 

concentrations of the intestine were equivalent to 32.49 ± 0.32, 30.94 ± 0.21, 30.19 ± 

0.20, 28.13 ± 0.74, 25.43 ± 0.31, 24.53 ± 0.29 and 18.78 ± 0.22 mg/gm Ww of 

intestine respectively. 

Tadpoles exposed to 0.1 `)/0 ME showed decrease in total protein 

concentrations of the intestine in the range of 0.90 % to 46.44 `)/0. The total protein 
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concentrations of the intestine were equivalent to 68.31 ± 0.15, 66.84 ± 0.05, 66.35 ± 

0.18, 69.59 ± 0.08, 67.97 ± 0.65, 66.75 ± 0.07 and 36.27 ± 0.21 mg/gm Ww of 

intestine by the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

1.0 % ME promoted reductions in the total protein concentrations of 

intestine, in the range of 48.06 % to 65.19 %. The total protein concentrations of 

the intestine were equivalent to 30.93 ± 0.10, 29.75 ± 0.12, 28.11 ± 0.04, 25.78 ± 0.39, 

23.41 ± 0.57, 25.14 ± 0.71, 35.17 ± 0.12 mg/gm Ww of intestine by the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 5.0 % ME exhibited reductions in total protein 

concentrations of the intestine in the range of 52.61 % to 66.74 %. The total protein 

concentrations of the intestine were equivalent to 31.33 ± 0.23, 30.20 ± 0.43, 29.06 ± 

0.80, 26.78 ± 0.07, 25.93 ± 0.28, 24.61 ± 0.30 and 22.52 ± 3.50 mg/gm Ww of 

intestine by the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

10.0 % ME produced decrease in the total protein concentrations of 

intestine in the range of 36.97 `)/0 to 67.30 %. The total protein concentrations of the 

intestine were equivalent to 41.67 ± 0.06, 39.15 ± 1.46, 39.45 ± 0.52, 37.92 ± 0.29, 

32.98 ± 0.66, 29.96 ± 0.62 and 22.14 ± 0.47 mg/gm Ww of intestine at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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Tadpoles treated with . 30.0 % ME prOmoted decrease in total protein 

concentrations of the intestine in the range of 33.87. 9/0 to 62.83 °/0. The total protein 

concentrations of the intestine were equivalent to 43.72 ± 0.07, 37.26 ± 0.21, 35.28 ± 

0.56, 34.16 ± 0.32, 30.12 ± 0.65, 28.26 ±:.0.72  and 25.17 ± 0.36 mg/gm Wvv of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively.:  

STAGE XIV : 

Alterations in the total protein concentrations of intestine of tadpoles 

exposed to mining effluents for stages IX to XIV were non significantly different. 

Therefore, changes in the total protein concentrations of intestine of plasma for 

stage XIV are reported here. 

The alterations in the total protein concentrations of the intestine are given 

in Table No.8 and graphically expressed in Graph No. 8. The changes in the total 

protein concentrations of the intestine are expressed as milligrams per gram Wet 

weight of intestine. 

From the graph and table, it is apparent that as the control tadpoles grew, 

there was a steady increase in the total protein concentrations of the intestine. 

The total protein concentrations gradually decrease when tadpoles were exposed 

to various concentrations of ME for varying time periods. The maximum 

reduction (9.07 %) in the total protein concentrations of the intestine was seen at 

the end of one twenty hours under the influence of 30.0 % ME, while minimum 

reduction (0.95 %) was induced by 0.01 % ME at the end of six hours. All the 

concentrations of ME promoted gradual decrease in the total protein 
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Table No. 8 

The changes in the total protein concentrations 
of intestine of tadpoles (stage XIV) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 57.4 

±0.29 
57.52 
±0.32 

57.61 
±0.46 

58.12 
±0.53 

58.46 
±0.32 

58.76 
±0.46 

59.26 
±0.59 

0.01% ME 56.85 
±1.93 

(-0.95) 

56.56 
±0.97 

(-1.66). 

56.23 
±1.05 

(-4.73) 

56.08 
±0.97 
(-3.5) 

55.85 
±0.96 

(-4.46) 

55.76 
±0.96 

(-5.10) 

55.43 
±0.97 

(-6.46) 
0.1% ME 56.32 56.12 55.74 55.53 55.26 54.88 54.76 

±1.92 ±1.02 ±1.06 ±1.02 ±0.93 ±0.92 ±0.86 
(-1.88) (-2.43) (-3.24) (-4.45) (-5.47) (-6.60) (-7.59) 

1% ME 56.18 55.93 55.37 55.03 54.78 54.5 54.12 
±1.85 ±1.02 ±1.06 ±1.01 ±0.96 ±0.92 ±0.85 

(-2.12) (-2.76) (-3.88) (-5.31) (-6.29) (-7.24) (-8.67) 
5% ME 55.97 55.76 55.25 54.96 54.7 54.35 54.08 

±1.86 ±0.85 ±0.82 ±0.93 ±0.86 ±0.93 ±0.82 
(-2.49) (-3.05) (-4.09) (-5.43) (-6.43) (-7.5) (-8.74) 

10% ME 55.74 55.53 55.12 54.73 54.56 54.3 53.93 
±1.73 ±1.02 ±1.02 ±0.96 ±0.85 ±0.96 ±0.93 

(-2.89) (-3.45) (-4.32) (-5.83) (-6.67) (-7.59) (-8.99) 
30% ME 55.56 55.42 55.08 54.63 54.43 54.12 53.88 

±1.65 ±0.98 ±0.96 ±0.85 ±0.83 ±0.96 ±0.93 
(-3.20) (-3.65L (-4.39) (-6.00) (-6.89) (-7.89) (-9.07) 

Note Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 

dL - 3G CA>v.r.u.")tskpc,tvevv,)) 

(4.6_ 	(.4,1/4,:u9 	Amb-firt twv(9-v) 



concentrations of the intestine for all exposure periods. The control animals on . 

the contrary showed increase in total protein levels from the end of six to one 

twenty hours. 

From the table it is obvious that all the concentrations of ME induced dose 

dependent decrease in the total protein concentrations of the intestine for all time 

points. The control animals showed total protein levels equivalent to 57.40 ± 0.29, 

57.52 ± 0.32, 57.61 ± 0.46, 58.12 ± 0.53, 58.46 ± 0.32, 58.76 ± 0.46 and 59.26 ± 0.59 

mg/gm Ww of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

0.01 % ME promoted decrease in total protein concentrations of the 

intestine in the range of 0.95 to 6.46 %. At the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of the intestine were equivalent to 56.85 ± 1.93, 56.56 ± 0.97, 56.23 ± 

1.05, 56.08 ± 0.97, 55.85 ± 0.96, 55.76 ± 0.96 and 55.43 ± 0.97 mg/gm Ww of 

intestine respectively. 

Under the influence of 0.1 % ME, the decrease in total protein 

concentrations of the intestine ranged between 1.88 to 7.59 ` )/0. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the intestine were equivalent to 56.32 ± 1.92, 

56.12 ± 1.02, 55.74 ± 1.06, 55.53 ± 1.02, 55.26 ± 0.93, 54.88 ± 0.92 and 54.76 mg/gm 

Ww of intestine respectively. 
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1.0 `)/0 ME induced fall in total protein concentrations of intestine in the 

range of 2.12 and 8.67 %. The total protein concentrations of the intestine were 

equivalent to 56.18 ± 1.85, 55.93 ± 1.02, 55.37 ± 1.06, 55.03 ± 1.01, 54.78 ± 0.96, 54.50 

± 0.92 and 54.12 ± 0.85 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 5.0 % ME showed reductions of total protein 

concentrations of the intestine in the range of 2.49 to 8.74 %. The total protein 

concentrations of the intestine were equivalent to 55.97 ± 1.86, 55.76 ± 0.85, 55.25 ± 

0.82, 54.96 ± 0.93, 54.70 ± 0.86, 54.35 ± 0.93 and 54.08 ± 0.82 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

10.0 % ME induced reduction in total protein concentrations of the 

intestine in the range of 2.89 to 8.99 %. The total protein concentrations of the 

intestine were equivalent to 55.74 ± 1.73, 55.53 ± 1.02, 55.12 ± 1.02, 54.73 ± 0.96, 

54.56 ± 0.85, 54.30 ± 0.96 and 53.93 ± 0.93 mg/gm Ww 'of intestine at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles subjected to 30.0 % ME exhibited decrease in total protein 

concentrations of intestine, in the range of 3.20 to 9.07 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the intestine were equivalent to 55.56 ± 1.65, 

55.42 ± 0.98, 55.08 ± 0.96, 54.63 ± 0.85, 54.43 ± 0.83, 54.12 ± 0.96 and 53.88 ± 0.93 

mg/gm Ww of intestine respectively. 
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STAGE XVIII : 

The changes in the total protein concentrations of intestine of tadpole 

stages XV to XVIII under the influence of mining effluents were almost similar, 

therefore changes in the total protein concentrations of intestine of tadpole stage 

XVIII under the influence of ME are described here. 

The alterations in the total protein concentrations of the intestine are 

compiled in Table No. 9 and graphically represented in Graph No. 9. The changes 

in the total protein concentrations of the intestine are expressed as milligram per 

gram wet weight of intestine. 

From the table and graph, it is seen that there was a steady increase in the 

total protein concentrations of the intestine of control tadpoles as they grew, but 

when exposed to different concentrations of ME for different time points, a 

gradual decrease in the total protein concentrations of the intestine was noted. 

The maximum reduction (9.33 `)/0) in the total protein concentrations was noted 

under the influence of 30.0 `)/0 ME at the end of one twenty hours, whereas 0.01 To 

ME induced at the end of six hours minimum least reduction (3.75 %). 

From the table, it appears that all the concentrations of ME induced dose 

dependent decrease in the total protein concentrations of the intestine for all time 

points. The control animals exhibited total protein concentrations of the intestine 

equivalent to 71.40 ± 0.49, 71.56 ± 0.56, 71.68 ± 0.77, 72.12 ± 0.93, 72.48 ± 0.81, 72.85 

± 0.77 and 73.20 ± 0.56 mg/gm Ww intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Table No. 9 

The changes in the total protein concentrations 
of intestine of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 71.4 71.56 71.68 72.12 72.48 72.85 73.2 

±0.49 ±0.56 ±0.77 ±0.93 ±0.81 ±0.77 ±0.56 
0.01% ME 68.72 68.56 68.32 68.17 67.93 67.76 67.53 

±1.02 ±1.02 ±1.02 ±0.97 ±0.87 ±0.97 ±1.02 
(-3.75) (-4.19) (-4.68) (-5.47) (-6.27) (-6.98) (-7.74) 

0.1% ME 68.43 68.12 67.96 67.73 67.4 67.31 67.12 
±1.04 ±1.06 ±0.96 ±0.87 ±1.02 ±0.97 ±0.96 

(-4.15) (-4.80) (-5.18) (-6.08) (-7.00) (-7.60) (-8.30) 
1% ME 68.21 67.92 67.81 67.56 67.32 67.2 67.05 

±1.02 ±1.02 ±0.96 ±0.97 ±0.96 ±0.96 ±0.97 
(-4.46) (-5.08) (-5.39) (-6.32) (-7.11) (-7.75) (-8.40) 

5% ME 67.98 67.75 67.52 67.31 67.2 67.03 66.87 
±1.02 ±0.92 ±0.92 ±0.87 ±0.85 ±0.86 ±0.82 

(-4.78) (-5.32) (-5.80_ e6.66) (-7.28) (-7.98) (-8.64) 
10% ME 67.8 67.63 67.35 67.18 66.93 66.78 66.52 

±1.06 ±1.02 ±0.87 ±0.85 ±0.92 ±0.85 ±0.86 
(-5.04) (-5.49) (-6.04) (-6.84) (-7.65) (-8.33) (-9.12) 

30% ME 67.5 67.32 67.12 66.98 66.75 66.5 66.37 
±1.07 ±0.87 ±0.96 ±0.92 ±0.85 ±0.92 ±0.87 

(-5.46) (-5.92) (-6.36) (-7.12) (-7.90) (-8.71) (-9.33) 

Note : Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

- 3 6 ( ;Ar•itsvvixdev) 

dq- IRA CyviVam .  avt-oraAt QAkoi9 



- 
m

g
/g

m
  W

w
  t

is
su

e  
-  

The changes in the total proteins of intestine of 
tadpoles (stage XXII) exposed to mining effluents 

77 
-4-Control 

-0-0.01% ME 

0.1% ME 

1% ME 

E:- 5% ME 

-4-- 10% ME 

30% ME 

76 

75 

74 

73 

72 

71 -

70 

Graph No. 9 

The changes in the total proteins of intestine of 
tadpoles (stage XVIII) exposed to mining effluents 

74 

. 73 

g 72 

tr. 

• 

71 

70 

go  69 

Em 68 

' 67 

66 	 

    

  

-4-Control 

- 0--0.01% ME 

- 0.1% ME 

1% ME 

5% ME 

-6,-10% ME 

-irk- 30% ME 

  

    

    

    

6 	12 	24 	48 	72 	96 	120 
- Hours - 

Graph No. 10 

6 	12 	24 	48 	72 	96 	120 

- Hours - 



0.01 % ME induced decrease in the total protein concentrations of the 

intestine in the range of 3.75 and 7.74 %. The total protein concentrations of the 

intestine were equivalent to 68.72 ± 1.02, 68.56 ± 1.02, 68.32 ± 1.02, 68.17 ± 

0.97,67.93 ± 0.87, 67.76 ± 0.97 and 67.53 ± 1.02 mg/gm Ww of intestine at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles exposed to 0.1 ` )/0 ME exhibited decrease in total protein 

concentrations of the intestine in the range of 4.15 to 8.30 %. The total protein 

concentrations of the intestine were equivalent to 68.43 ± 1.04, 68.12 ± 1.06, 67.96 ± 

0.96, 67.73 ± 0.87, 67.40 ± 1.02, 67.31 ± 0.97 and 67.12 ± 0.96 mg/gm Ww of 

intestine by the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

1.0 % ME promoted fall in total protein concentrations of intestine in the 

range of 4.46 and 8.40 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the total protein concentration of 

intestine wereequivalent to 68.21 ± 1.02, 67.92 ± 1.02, 67.81 ± 0.96, 67.56 ± 0.97, 

67.32 ± 0.96, 67.20 ± 0.96 and 67.05 ± 0.97 mg/gm Ww of intestine respectively. 

Tadpoles subjected to 5.0 `)/0 ME showed decrease in total protein 

concentrations of intestine in the range of 4.78 to 8.64 %. The total protein 

concentrations of the intestine were equivalent to 67.98 ± 1.02, 67.75 ± 0.92, 67.52 ± 

0.92, 67.31 ± 0.87, 67.20 ± 0.85, 67.03 ± 0.86 and 66.87 ± 0.82 mg/gm Ww of 

intestine by the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 
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10.0 `)/0 ME promoted decrease in the total protein concentrations of the 

intestine in the range of 5.04 to 9.12 %. At the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the total protein 

concentrations of intestine were equivalent to 67.80 ± 1.06, 67.63 ± 1.02, 67.35 ± 

0.87, 67.18 ± 0.85, 66.93 ± 0.92, 66.78 ± 0.85 and 66.52 ± 0.86 mg/gm Ww of 

intestine respectively. 

Tadpoles treated with 30.0 % ME showed decrease in total protein 

concentrations of the intestine in the range of 5.46 to 9.33 `)/0. The total protein 

concentrations of the intestine were equivalent to 67.50 ± 1.07, 67.32 ± 0.87, 67.12 ± 

0.96, 66.98 ± 0.92, 66.75 ± 0.85, 66.50 ± 0.92 and 66.37 ± 0.87 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

STAGE XXII : 

The alterations in the total protein concentrations of intestine of tadpoles 

stages XIX to XXII did not differ significantly, hence the changes in the total 

protein concentrations of intestine of tadpoles of stage XXII are described here. 

The alteration in the total protein concentrations of the intestine are 

presented in Table No.10 and graphically given in Graph No. 10. The changes in 

the total protein concentrations of intestine are expressed as milligram per gram 

wet weight of intestine. 

From the table and graph, it can be noted that on exposure to different 

concentration of ME for varying time periods, the tadpoles exhibited decrease in 
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Table No. 10 

The changes in the total protein concentrations 
of intestine of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 74.20 74.36 74.48 75.21 75.61 75.96 76.18 

±0.36 ±0.28 ±0.32 ±0.36 ±0.46 ±0.52 ±0.36 
0.01% ME 72.93 72.73 72.56 72.35 72.26 72.18 71.85 

±0.96 ±0.86 ±0.86 ±0.83 ±0.82 ±0.86 ±0.86 
(-1.71) (-2.19) (-2.57) (-3.80) (-4.43) (-4.97) (-5.68) 

0.1% ME 72.70 72.50 72.38 72.19 71.92 71.76 71.53 
±0.86 ±0.82 ±0.82 ±0.86 ±0.83 ±0.84 ±0.81 

(-2.02) (-2.50) (-2.81) (-4.01) (-4.88) (-5.52) (-6.10) 
1% ME 72.43 72.21 71.95 71.82 71.56 71.31 71.17 

±0.86 ±0.84 ±0.86 ±0.84 ±0.84 ±0.82 ±0.81 
(-2.38) (-2.89) (-3.39) (-4.50) (-5.35) (-6.12) (-6.57) 

5% ME 72.24 72.17 71.90 71.76 71.43 71.12 70.95 
±0.84 ±0.86 ±0.87 ±0.86 ±0.83 ±0.84 ±0.83 

(-2.64) (-2.94) (-3.46) (-4.58) (-5.52) (-6.37) (-6.86) 
10% ME 71.92 71.75 71.53 71.32 71.18 70.87 70.65 

±0.86 ±0.85 ±0.86 ±0.82 ±0.85 ±0.86 ±0.85 
(-3.07) (-3.50) (-3.96) (-5.17) (-5.85) (-6.70) (-7.25) 

30% ME 71.86 71.63 71.40 71.21 71.08 70.70 70.56 
±0.83 ±0.86 ±0.83 ±0.84 ±0.86 ±0.86 ±0.86 

(-3.15) (-3.67) _(-4.131_ (-5.31) (-5.99) (-6.92) (-7.37) 

Note : Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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the total protein concentrations of the intestine, whereas the control animals 

exhibited a steady increase in the total protein concentrations of the intestine at it 

grew. The minimum reduction (1.71 %) in protein levels was observed at the end 

of six hours under the influence of 0.01 % ME and maximum reduction (7.37 %) 

was observed at the end of one twenty hours under the influence of 30.0 `)/0 ME. 

From the table, it is clear that the tadpoles exhibited a dose dependent 

decrease in the total protein concentrations for all exposure periods. The control 

tadpoles exhibited total protein concentrations of the intestine equivalent to 74.20 

± 0.36, 74.36 ± 0.28, 74.48 ± 0.32, 75.21 ± 0.36, 75.61 ± 0.46, 75.96 ± 0.52 and 76.18 ± 

0.36 mg/gm Ww of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.01 % ME the total protein concentrations of the 

intestine decreased in the range of 1.71 % to 5.68 %. The total protein 

concentrations of the intestine was equivalent to 72.93 ± 0.96, 72.73 ± 0.86, 72.56 ± 

0.86, 72.35 ± 0.83, 72.26 ± 0.82, 72.18 ± 0.86 and 71.85 ± 0.86 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

0.1. `)/0 ME promoted decrease in total protein concentrations of intestine in 

the range of 2.02 to 6.10 %. The total protein concentrations of the intestine were 

equivalent to 72.70 ± 0.86, 72.50 ± 0.82, 72.38 ± 0.82, 72.19 ± 0.86, 71.92 ± 0.83, 71.76 

± 0.84 and 71.53 ± 0.81 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles exposed to 1.0 % ME showed decrease in total protein 

concentrations of the intestine in the range of 2.38 % to 6.57 %. The total protein 

concentrations of the intestine were equivalent to 72.43 ± 0.86, 72.21 ± 0.84, 71.95 ± 

0.86, 71.82 ± 0.84, 71.82 ± 0.84, 71.56 ± 0.84, 71.31 ± 0.82 and 71.17 ± 0.81 mg/gm 

Ww of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

5.0 `)/0 ME induced reduction in total protein concentrations of the intestine 

in the range of 2.64 to 6.86 To. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the intestine were equivalent to 72.24 ± 0.84, 72.17 ± 0.86, 71.90 ± 0.87, 71.76 ± 0.86, 

71.43 ± 0.83, 71.12 ± 0.84 and 70.95 ± 0.83 mg/gm Ww of intestine respectively. 

Tadpoles subjected to 10.0 `)/0 ME exhibited decrease in total protein 

concentrations of the intestine, in the range of 3.07 to 7.25 %. The total protein 

concentrations of the intestine were equivalent to 71.92 ± 0.86, 71.75 ± 0.85, 71.53 ± 

0.86, 71.32 ± 0.82, 71.18 ± 0.85, 70.87 ± 0.86 and 70.65 ± 0.85 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles treated with 30.0 `)/0 ME showed reduction of total protein 

concentrations of the intestine in the range of 3.15 to 7.37 %. The total protein 

concentrations of the intestine were equivalent to 71.86 ± 0.83, 71.63 ± 0.86, 71.40 ± 

0.83, 71.21 ± 0.84, 71.08 ± 0.86, 70.70 ± 0.86 and 70.56 ± 0.86 mg/gm Ww of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

373 



TOTAL PROTEIN : 

LIVER : 

The alterations in the total protein concentrations of liver of the tadpoles 

from stages I to V were almost similar. Therefore, the alterations in the total 

protein concentrations of liver of the tadpole stage V are reported here. The 

alterations in the total protein concentrations of the tadpoles' liver under the 

influence of mining effluents (ME) are compiled in Table No. 6 and presented 

graphically in Graph No. 6. The total protein concentrations of liver are 

expressed as milligrams per gram wet weight (Ww) of intestine. 

From the table and graph it is obvious that the total protein concentrations 

of the liver of control tadpoles marginally increased from the end of six hours to 

the end of one twenty hours and ranged between 25.40 to 27.00 mg/gm Ww 

intestine. The total protein concentrations of the liver of control tadpoles were 

equivalent to 25.40 ± 0.32, 25.60 ± 0.52, 25.80 ± 0.56, 26.00 ± 0.53, 26.40 ± 0.72, 26.80 

± 0.76 and 27.00 ± 0.72 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is evident that all the concentrations of ME 

except 5.0 `)/0 ME promoted concentration dependent decrease in the total protein 

concentrations of the liver of the tadpoles at all exposure periods. A minimum 

reduction of 1.73 % was observed in the total protein concentrations of the liver at 

the end of six hours under the influence of 0.01 % ME while a maximum 

reduction of 31.25 % in the total protein concentrations of liver was observed at 

the end of one twenty hours under the influence of 30.0 `)/0 ME. 
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Table No. 11 

The changes in the total protein concentrations 
of liver of tadpoles (stage V) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 25.40 25.60 25.80 26.00 26.40 26.80 27.00 

±0.32 ±0.52 ±0.56 ±0.53 ±0.72 ±0.76 ±0.72 
0.01% ME 24.96 24.12 23.16 22.12 21.76 21.06 20.46 

±0.76 ±0.72 ±0.70 ±0.81 ±0.96 ±0.85 ±0.81 
(-1.73) (-5.78) (-10.23) (-14.92) (-17.57) (-21.41) (-24.22) 

0.1% ME 23.76 22.46 22.16 21.46 21.16 20.17 20.00 
±0.53 ±0.56 ±0.73 ±0.81 ±0.56 ±0.51 ±0.46 

(-6.45) (-12.26) (-14.9) (-17.46) (-19.84) (-24.73) (25.92) 
1% ME 22.36 21.03 20.73 20.43 19.74 19.32 18.96 

±0.71 ±0.76 ±0.53 ±0.46 ±0.36 ±0.72 ±0.56 
(-11.96) (-17.85) (-19.65) (-21.42) (-25.22) (-27.91) (-29.77) 

5% ME 21.43 21.06 20.96 20.12 20.05 19.76 18.76 
±0.76 ±0.71 ±0.35 ±0.46 ±0.73 ±0.53 ±0.76 

(-15.62) (-17.73) (-18.75) (-22.61) (-24.05) (-26.26) (-30.51) 
10% ME 21.06 20.46 20.21 19.72 19.42 19.12 18.77 

±0.73 ±0.56 ±0.73 ±0.81 ±0.56 ±0.76 ±0.72 
(-17.08) (-20.07) (-21.66) (-24.15) (-26.43) (-28.65) (-30.48) 

30% ME 20.76 20.12 20.05 19.46 19.14 18.93 18.56 
±0.56 ±0.77 ±0.93 ±0.93 ±0.72 ±0.72 ' 	±0.46 

(-18.26) (-21.40) (-22.28) (-25.15) (-27.5) (-29.36) (-31.25) 

Note : Unit : mg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The changes in the total proteins of liver of tadpoles 
(stage V) exposed to mining effluents 
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The changes in the total proteins of liver of tadpoles 
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Tadpoles exposed to 0.01 `)/0 ME showed a minimum reduction of 1.73 % in 

the total protein concentrations of the liver at the end of six hours while a 

reduction of 24.22 % in the total protein concentrations of the liver was observed 

at the end of one twenty hours. The total protein concentration of the liver were 

equivalent to 24.96 ± 0.76, 24.12 ± 0.72, 23.16 ± 0.70, 22.12 ± 0.81, 21.76 ± 0.96, 21.08 

± 0.85 and 20.46 ± 0.81 mg/gm Ww of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME exhibited 6.45 % drop in the total protein 

concentrations of the liver at the end of six hours while at the end of one twenty 

hours they exhibited a reduction of 25.92 %. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of the liver were equivalent to 23.76 ± 0.53, 22.46 ± 0.56, 22.16 ± 

0.73, 21.46 ± 0.81, 21.16 ± 0.56, 20.17 ± 0.51 and 20.00 ± 0.46 mg/gm Ww of liver 

respectively. 

1.00 % ME promoted a reduction of 11.96 % and 22.77 % in the total 

protein concentrations of the liver at the end of six and one twenty hours 

respectively. The total protein concentrations of the liver were equivalent to 

22.36 ± 0.71, 21.03 ± 0.76, 20.73 ± 0.53, 20.43 ± 0.46, 19.74 ± 0.36, 19.32 ± 0.72 and 

18.96 ± 0.56 mg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

5.0 % ME induced a decrease' of 15.62 % in the total protein concentrations 

of the liver at the end of six hours and a reduction of 30.51 % in the total protein 

concentrations of the liver at the end of one twenty hours. By the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the liver were equivalent to 21.43 ± 0.76, 21.06 ± 

0.71, 20.96 ± 0.35, 20.12 ± 0.46, 20.05 ± 0.73, 19.76 ± 0.53 and 18.76 ± 0.76 mg/gm 

Ww of liver respectively. 

Under the influence of 10.0 ` )/0 ME the tadpoles exhibited a minimum 

reduction of 17.08 % in the total protein concentrations of the liver at the end of 

six hours and the maximum reduction of 30.48 % in the total protein 

concentrations of liver at the end of one twenty hours. The total protein 

concentrations of the liver were equivalent to 21.06 ± 0.73, 20.46 ± 0.56, 20.21 ± 

0.73, 19.72 ± 0.81, 19.42 ± 0.56, 19.12 ± 0.76 and 18.77 ± 0.72 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 30.0 % ME the tadpoles exhibited a reduction of 18.26 To 

and 31.25 )̀/0 in the total protein concentrations of the liver at the end of six and 

one twenty hours respectively. The total protein concentrations of the liver of 

tadpoles were equivalent to 20.76 ± 0.56, 20.12 ± 0.77, 20.05 ± 0.93, 19.46 ± 0.93, 

19.14 ± 0.72, 18.93 ± 0.72 and 18.56 ± 0.46 mg/gm Ww of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE VIII : 

The alterations in the total protein concentrations of liver of tadpole stages 

VI to VIII exposed to mining effluents did not differ significantly. Therefore, the 

376 



Table No. 12 

The changes in the total protein concentrations 
of liver of tadpoles (stage VIII) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 36.06 36.12 36.24 36.48 36.62 36.81 37.10 

±0.92 ±0.36 ±0.31 ±0.17 • 	±0.52 ±0.36 ±0.31 
0.01% ME 35.96 35.92 35.72 35.32 34.91 34.61 34.46 

±1.02 ±1.03 ±0.97 ±1.06 ±1.02 ±0.97 ±1.02 
(-0.36) (0.55) (-1.43) (-3.17) (-4.66) (-5.97) (-7.11) 

0.1% ME 35.21 35.01 34.86 34.52 34.21 34.05 33.96 
±1.00 ±0.87 ±1.02 ±0.97 ±0.87 ±0.97 ±0.87 

(-2.43) (-3.07) (-3.80) (-5.37) (-6.58) (-7.49) (-8.46) 
1% ME 34.76 34.51 34.18 33.86 33.26 32.72 32.56 

±1.03 ±1.00 ±1.06 ±1.02 ±0.97 ±0.87 ±1.02 
(-3.68) (4.45) (-5.68) (-7.18) (-9.17) (-11.11) (-12.23) 

5% ME 34.41 34.20 34.10 33.62 33.08 32.67 32.18 
±0.92 ±0.87 ±1.03 ±1.00 ±1.06 ±1.02 ±0.97 

(-4.65) (-5.31) (-5.90) (-7.83) (-9.66) (-11.24) (-13.26) 
10% ME 33.21 33.11 32.85 32.53 32.16 31.87 31.65 

±0.87 ±0.96 ±0.92 ±1.03 ±1.00 ±0.96 ±0.87 
(-7.98) (-8.33) (-9.35) (-10.82) (-12.17) (-13.42) (-14.69) 

30% ME 33.01 32.96 32.75 32.15 31.86 31.65 31.43 
±0.87 ±1.00 ±1.03 ±0.97 ±1.02 ±0.96 ±0.87 

(-8.53) (-8.74) (-9.63) (-11.86) (-12.99) (-14.01) (-15.28) 

Note : Unit : mg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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changes in the total protein concentrations of liver of tadpole stage VIII under the 

influence of ME are described here. 

The alterations in the total protein concentrations of the liver are compiled 

in Table No. 12 and graphically expressed in Graph No. 12. The changes in the 

total prOtein concentrations are expressed as milligram per gram wet weight of 

liver. 

From the table and graph, it appears that as the tadpole grew, there was a 

gradual increase in the total protein concentrations of the liver. The total protein 

concentrations decreased when the tadpoles were exposed to various 

concentrations of ME for varying periods. Minimum reduction (0.36 %)in the 

total protein concentrations of the liver was seen at the end of six hours for 0.01 % 

ME and maximum reduction (15.28 %)was noted at the end of one twenty hours 

for 30.0 % ME. 

The control animals exhibited total protein concentrations of the liver 

equivalent to 36.09 ± 0.92, 36.12 ± 0.36, 36.24 ± 0.31, 36.48 ± 0.17, 36.62 ± 0.52, 36.81 

± 0.36 and 37.10 ± 0.31 mg/gm Ww liver at the end of six, twelve, twenty four, 

forty eight, seventy, two, ninety six and one twenty hours respectively. 

0.01 % ME promoted decrease in the total protein concentrations of the 

liver in the range of 0.36 % to 7.11 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, total protein concentrations 

of the liver was equivalent to 35.96 ± 1.02, 35.92 ± 1.03, 35.72 ± 0.97, 35.32 ± 1.06, 

34.91 ± 1.02, 34.61 ± 0.97 and 34.46 ± 1.02 mg/gm Ww of liver respectively. 
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Tadpoles exposed to 0.1 `)/0 ME showed decrease in total protein 

concentrations in the liver in the range of 2.43 % to 8.46 %. The total protein 

concentrations of the liver were equivalent to 35.21 ± 1.00, 35.01 ± 0.87, 34.86 ± 

1.02, 34.52 ± 0.97, 34.21 ± 0.87, 34.05 ± 0.97 and 33.96 ± 0.87 mg/gm Ww of liver by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

1.0 % ME promoted alterations in the total protein concentrations of liver, 

in the range of 3.68 `)/0 to 12.23 `)/0. The total protein concentrations of the liver was 

equivalent to 34.76 ± 1.03, 34.51 ± 1.00, 34.18 ± 1.06, 33.86 ± 1.02, 38.26 ± 0.97, 32.72 

± 0.87, 32.56 ± 1.02 mg/gm Ww of liver by the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 `)/0 ME exhibited reduction of total protein 

concentrations of the liver in the range of 4.65 `)/0 to 13.26 %. The total protein 

concentrations of the liver were equivalent to 34.41 ± 0.92, 34.20 ± 0.87, 34.10 ± 

1.03, 33.62 ± 1.00, 33.08 ± 1.06, 32.67 ± 1.02 and 32.18 ± 0.97 mg/gm Ww of liver by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

10.0 % ME produced decrease in the total protein concentrations of liver in 

the range of 7.98 `)/0 to 14.69 %. The total protein concentrations of the liver was 

equivalent to 33.21 ± 0.87, 33.11 ± 0.96, 32.85 ± 0.92, 32.53 ± 1.03, 32.16 ± 1.00, 31.87 

± 0.96 and 31.65 ± 0.87 mg/gm MA/ of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles treated with 30.0 % ME promoted decrease in total protein 

concentrations of the liver in the range of 8.53 `)/0 to 15.28 %. The total protein 

concentrations of the liver were equivalent to 33.01 ± 0.87, 32.96 ± 1.00, 32.75 ± 

1.03, 32.15 ± 0.97, 31.86 ± 1.02, 31.65 ± 0.96 and 31.43 ± 0.87 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XIV : 

Alterations in the total protein of liver of tadpoles exposed to mining 

effluents for stages IX to XIV were non significantly different. Therefore, changes 

in the total protein of liver for stage XIV are reported here. 

The alterations in the total protein concentrations of the liver are given in 

Table No. 13 and graphically expressed in Graph No. 13. The changes in the total 

protein concentrations of the liver are expressed as milligrams per gram Wet 

weight of liver. 

From the graph and table, it is apparent that as the tadpoles grow, there 

was a steady increase in the total protein concentrations of the liver. The total 

protein concentrations gradually decreased when tadpoles were exposed to 

various concentrations of ME for varying time periods. The maximum reduction 

(27.19 %) in the total protein concentrations of the liver was seen at the end of one 

twenty hours under the influence of 30.0 % ME, while minimum reduction (0.61 

%) was induced by 0.01 % ME at the end of six hours. All the concentrations of 

ME promoted gradual decrease in the total protein concentrations of the liver for 

379 



6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
50.30 
±0.45 

50.40 
±0.92 

50.50 
±0.96 

50.80 
±0.75 

51.00 
±0.85 

51.20 
±0.93 

51.60 
±0.87 

Control 

49.99 
±1.06 

(-0.61) 
48.76 
±1.05 

(-3.06) 
47.15 
±1.02 

(-6.26) 

49.42 
±0.96 

(-1.94) 
48.53 
±0.76 

(-3.71) 
47.03 
±1.08 

(-6.68) 

49.32 
±0.75 

(-2.33) 
48.12 
±0.83 

(-4.71) 
46.88 
±0.96 

(-7.16) 

49.00 
±0.85 

(-3.54) 
47.07 
±0.76 

(-7.34) 
46.58 
±0.84 

(-8.30) 

48.96 
±0.93 

(-18.4) 
46.34 
±0.85 

(-22.76) 
46.13 
±0.73 

(-23.11) 

48.75 
±0.85 

(-19.01) 
46.12 
±0.87 

(-23.38) 
45.93 
±0.75 

(-23.70) 

48.55 
±0.87 

(-19.88) 
45.87 
±0.85 

(24.30) 
45.76 
±0.86 

(-24.48) 

0.01% ME 

0.1% ME 

1% ME 

46.87 
±1.03 

(-6.81) 
46.32 
±0.93 

(-7.91) 
45.87 
±1.03 

(-8.80) 

46.75 
±0.96 

(-7.24) 
46.18 
±0.97 

(-8.37) 
45.43 
±0.93 

(-9.86) 

46.56 
±0.83 

(-7.80) 
45.87 
±0.85 

(-9.16) 
45.26 
±0.92 

(-10.37) 

45.98 
±0.76 

(-9.48) 
45.65 
±0.76 

(10.13) 
44.94 
±0.85 

(-11.47) 

45.72 
±0.81 

(-23.8) 
45.32 
±0.81 

(-24.46) 
44.76 
±0.86 

(-25.40) 

45.06 
±0.76 

(-25.14) 
45.12 
±0.76 

(-25.04) 
44.53 
±0.84 

(-26.02) 

44.93 
±0.81 

(-25.85) 
45.06 
±0.81 

(-25.64) 
44.12 
±0.87 

(-27.19)  

5`)/0 M E 

10% ME 

30% ME 

Table No. 13 

The changes in the total protein concentrations 
of liver of tadpoles (stage XIV) 
exposed to mining effluents 

Note : Unit : mg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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The changes in the total proteins of liver of tadpoles 
(stage XIV) exposed to mining effluents 
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The changes in the total proteins of liver of tadpoles 
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all exposure periods. The control animals on the contrary showed increase in 

total protein concentrations from the end of six to one twenty hours. 

From the table it is obvious that all the concentrations of ME induced dose 

dependent decrease in the total protein concentrations of the liver for all exposure 

periods. The control animals showed total protein concentrations equivalent to 

50.30 ± 0.45, 50.40 ± 0.92, 50.50 ± 0.96, 50.80 ± 0.75, 51.00 ± 0.85, 51.20 ± 0.93 and 

51.60 ± 0.87 mg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

0.01 % ME promoted decrease in total protein concentrations of the liver in 

the range of 0.61 to 19.88 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the liver were equivalent to 49.99 ± 1.06, 49.42 ± 0.96, 49.32 ± 0.75, 49.00 ± 0.85, 

48.96 ± 0.93, 48.75 ± 0.85 and 48.55 ± 0.87 mg/gm Ww of liver respectively. 

Under the influence of 0.1 `)/0 ME, the reductions of total protein 

concentrations of the liver ranged between 3.06 to 24.30 `)/0. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the liver were equivalent to 48.76 ± 1.05, 48.53 ± 

0.76, 48.12 ± 0.83, 47.07 ± 0.76, 46.34 ± 0.85, 46.12 ± 0.87 and 45.87 ± 0.85 mg/gm 

Ww of liver respectively. 

1.0 % ME induced fall in total protein concentration of liver in the range of 

6.26 and 24.48 %. The total protein concentrations of the liver was equivalent to 

47.15 ± 1.02, 47.03 ± 1.08, 46.88 ± 0.96, 46.58 ± 0.84, 46.13 ± 0.73, 45.93 ± 0.75 and 
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45.76 ± 0.86 mg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 5.0 `)/0 ME showed reduction of total protein 

concentrations of the liver in the range of 6.81 to 25.85 %. The total protein 

concentrations of the liver were equivalent to 46.87 ± 1.03, 46.75 ± 0.96, 46.56 ± 

0.83, 45.98 ± 0.76, 45.72 ± 0.81, 45.06 ± 0.76 and 44.93 ± 0.81 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

10.0 `)/0 ME induced reduction in total protein concentrations of the liver in 

the range of 7.91 to 25.64 %. The total protein concentrations of the liver were 

equivalent to 46.32 ± 0.93, 46.18 ± 0.97, 45.87 ± 0.85, 45.65 ± 0.76, 45.32 ± 0.81, 45.12 

± 0.76 and 45.06 ± 0.81 mg/gm Ww of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 30.0 `)/0 ME exhibited decrease in total protein 

concentrations of liver, ranging between 8.80 to 27.19 `)/0. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the liver were equivalent to 45.87 ± 1.03, 45.43 ± 0.93, 

45.26 ± 0.92, 44.97 ± 0.85, 44.76 ± 0.86, 44.53 ± 0.84 and 44.12 ± 0.87 mg/gm Ww of 

liver respectively. 

STAGE XVIII : 

The changes in the total protein concentration of liver of tadpole stages XV 

to XVIII under the influence of mining effluents were almost similar, therefore 
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Table No. 14 

The changes in the total protein concentrations 
of liver of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 64.20 64.40 64.70 65.00 65.30 65.60 65.90 

±0.32 ±1.02 ±1.03 ±0.97 ±1.02 ±1.06 ±1.02 
0.01% ME 65.58 63.21 62.95 62.76 62.43 62.20 61.87 

±1.02 ±1.03 ±0.97 ±1.02 ±1.06 ±1.02 ±0.97 
(-0.96) (-1.84) (-2.70) (-3.441 (-4.39) (-5.18) (-6.11) 

0.1% ME 63.24 62.86 62.48 62.16 61.85 61.72 61.42 
±1.00 ±1.02 ±0.87 ±0.96 ±0.87 ±0.96 ±0.92 

(-1.49) (-2.39) (-3.43) (-4.36) (-5.28) (-5.91) S-6.79) 
1% ME 63.17 62.70 62.35 62.05 61.70 61.52 61.36 

±0.96 ±0.95 ±0.96 ±1.02 ±1.02 ±1.02 ±0.97 
(-1.6) (-2.63) (-3.63) (-4.53) (-5.51) (-6.21) (-6.88) 

5% ME 62.17 62.65 62.20 61.9 61.62 61.31 61.13 
±0.93 ±0.96 ±0.94 ±0.87 ±0.96 ±0.97 ±0.86 

(-1.91) (-2.71) (-3.86) (-4.76) (-5.63) (-6.53) (-7.23) 
10% ME 62.75 62.50 62.10 61.87 61.50 61.20 61.07 

±0.87 ±0.86 ±0.97 ±0.82 ±0.97 ±0.92 ±0.85 
(-2.25) (-2.95) (-4.01) (-4.81) (-5.81) (-6.70) (-7.32) 

30% ME 62.54 62.20 61.98 61.67 61.45 61.13 60.93 
±0.87 ±0.96 ±0.87 ±0.97 ±0.96 ±0.76 ±0.82 

(-2.61) (-3.41) (-4.28) (-5.12) (-5.89) (-6.81) (-7.54) 

Note : Unit : mg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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changes in the total protein of liver of tadpole stage XVIII under the influence of 

ME are described here. 

The alterations in the total protein concentrations of the liver are compiled 

in Table No. 14 and graphically represented in Graph No. 14. The changes in the 

total protein concentrations of the liver are expressed as milligram per gram wet 

weight of liver. 

From the table and graph, it is seen that there was a steady increase in the 

total protein concentrations of the liver as the tadpoles grew, but when exposed 

to different concentrations of ME for different time points, a gradual decrease in 

the total protein concentrations of the liver was noted. The maximum reduction 

(7.54 %) in the total protein concentrations was noted for 30.0 `)/0 ME at the end of 

one twenty hours, whereas 0.01 % ME at the end of six hours showed minimum 

reduction (0.96 `)/0). 

From the table, it appears that all the concentrations of ME induce dose 

dependent decrease in the total protein concentrations of the liver for all exposure 

periods. The control animals exhibited total protein concentrations of the liver, 

equivalent to 64.20 ± 0.32, 64.40 ± 1.02, 64.70 ± 1.03, 65.00 ± 0.97, 65.30 ± 1.02, 65.60 

± 1.06 and 65.90 ± 1.02 mg/gm Ww liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

0.01 % ME induced decrease in the total protein concentrations of the liver 

in the range of 0.96 and 6.11 %. The total protein concentrations of the liver were 

equivalent to 63.58 ± 1.02, 63.21 ± 1.03, 62.95 ± 0.97, 62.76 ± 1.02, 62.43 ± 1.06, 62.20 
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± 1.02 and 61.87 ± 0.97 mg/gm Ww of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME exhibited reductions of total protein 

concentrations of liver in the range of 1.49 to 6.79 %. The total protein 

concentrations of the liver were equivalent to 63.24 ± 1.00, 62.86 ± 1.02, 62.48 ± 

0.87, 62.16 ± 0.96, 61.85 ± 0.87, 61.72 ± 0.96 and 61.42 ± 0.92 mg/gm Ww of liver by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

1.0 % ME promoted fall in total protein concentrations of liver in the range 

of 1.60 and 6.88 %. At the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours the total proteins concentration of liver were 

equivalent to 63.17 ± 0.96, 62.70 ± 0.95, 62.35 ± 0.96, 62.05 ± 1.02, 61.70 ± 1.02, 61.52 

± 1.02 and 61.36 ± 0.97 mg/gm Ww of liver respectively. 

Tadpoles subjected to 5.0 % ME showed reductions of total protein 

concentrations of liver ranging between 1.91 to 7.23 °A). The total protein 

concentrations of the liver were equivalent to 62.97 ± 0.93, 62.65 ± 0.96, 62.20 ± 

0.94, 61.90 ± 0.87, 61.62 ± 0.96, 61.31 ± 0.97 and 61.13 ± 0.86 mg/gm Ww of liver by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

10.0 % ME promoted decrease in the total protein concentrations of the 

liver in the range of 2.25 to 7.32 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the total protein 
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concentrations of liver were equivalent to 62.75 ± 0.87, 62.50 ± 0.86, 62.10 ± 0.97; 

61.87 ± .0.82, 61.50 ± 0.97, 61.20 ± 0.92 and 61.07 ± 0.85 mg/gm Ww of liver 

respectively. 

Tadpoles treated with 30.0 `)/0 ME showed decrease in total protein 

concentrations of the liver in the range of 2.61 to 7.54 %. The total protein 

concentrations of the liver were equivalent to 62.52 ± 0.87, 62.20 ± 0.96, 61.98 ± 

0.87, 61.67 ± 0.97, 61.45 ± 0.96, 61.13 ± 0.76 and 60.93 ± 0.82 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XXII : 

The alterations in the total protein of liver of tadpoles stages XIX to Stage 

XXII did not differ significantly, hence the changes in the total protein of liver of 

stage XXII are described here. 

The alteration in the total protein concentrations of the liver are presented 

in Table No.15 and graphically given in Graph No. 15. The changes in the total 

protein concentrations of liver are expressed as milligram per gram wet weight of 

liver. 

From the table and graph, it can be noted that on exposure to different 

concentrations of ME for varying time periods, the tadpoles exhibited decrease in 

the total protein concentrations of the liver, whereas the control animals exhibited 

a steady increase in the total protein concentrations of the liver as they grew. The 

minimum reduction (1.60 %) was observed at the end of six hours under the 
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Table No. 15 

The changes in the total protein concentrations 
of liver of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 His 96 Hrs 120 Hrs 
Control 64.60 64.80 65.10 65.30 65.50 65.90 66.20 

±0.46 ±0.62 ±0.53 ±0.62 ±0.46 ±0.46 ±0.53 
0.01% 63.56 63.21 63.07 62.91 62.73 62.51 62.32 
ME ±0.87 ±0.92 ±0.86 ±0.92 ±0.86 ±0.92 ±0.86 

(-1.60) (-2.45) (-3.11) (-3.66) (-4.22) (-5.14) (-5.86) 
0.1% 63.32 63.15 62.97 62.83 62.69 62.48 62.21 
ME ±0.92 ±0.96 ±0.92 ±0.93 ±0.87 ±0.86 ±0.92 

(-1.98) (-2.54) (-3.27) (-3.78) (-4.29) (-5.18) (-6.02) 
1% ME 63.16 63.01 62.80 62.71 62.53 62.35 62.16 

±0.97 ±0.86 ±0.93 ±0.94 ±0.94 ±0.87 ±0.87 
(-2.22) (-2.76) (-3.53) (-3.96) (-4.53) (-5.38) (-6.10) 

5% ME 62.91 62.73 62.56 62.31 62.17 62.05 61.84 
±0.87 ±0.82 ±0.91 ±0.82 ±0.91 ±0.94 ±0.91 

(-2.61) (-3.19) (-3.90) (-4.57) (-5.08) (-5.84) (-6.58) 
10% ME 62.76 62.43 62.32 62.14 61.94 61.73 61.56 

±0.82 ±0.81 ±0.83 ±0.81 ±0.91 ±0.86 ±0.81 
(-2.84) (-3.65) (-4.27) (-4.83) (-5.43) (-6.32) (-7.00) 

30% ME 62.44 62.28 61.92 61.73 61.51 61.32 61.16 
±0.87 ±0.81 ±0.84 ±0.92 ±0.96 ±0.81 ±0.84 

(-3.34) (-3.88) (-4.88) (-5.46) (-6.09) (-6.92) (-7.61) 

Note : Unit : mg/gm Ww liver 

: S. D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 

1 - 3 6 (-i^d.t.  
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influence of 0.01 % ME and maximum reduction (7.61 %) was observed at the 

end of one twenty hours under the influence of 30.0 `)/0 ME. 

From the table, it is clear that the tadpoles exhibited a dose dependent 

decrease in the total protein concentrations for all exposure periods. The control 

animals exhibited total protein concentrations of the liver equivalent to 64.60 ± 

0.46, 64.80 ± 0.62, 65.10 ± 0.53, 65.30 ± 0.62, 65.60 ± 0.46, 65.90 ± 0.46 and 66.20 ± 

0.53 mg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.01 % ME the reductions of total protein 

concentrations of the liver in the range of 1.60 `)/0 to 5.86 %. The total protein 

concentrations of the liver were equivalent to 63.56 ± 0.87, 63.21 ± 0.92, 63.07 ± 

0.86, 62.91 ± 0.92, 62.73 ± 0.86, 62.51 ± 0.92 and 62.32 ± 0.86 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

0.1 % ME promoted decrease in total protein concentrations of liver in the 

range of 1.98 to 6.02 %. The total protein concentrations of the liver were 

equivalent to 63.32 ± 0.92, 63.15 ± 0.96, 62.97 ± 0.92, 62.83 ± 0.93, 62.69 ± 0.87, 62.48 

± 0.86 and 62.21 ± 0.92 mg/gm Ww of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 1.0 % ME showed decrease in total protein 

concentrations of the liver in the range of 2.22 `)/0 to 6.10 %. The total protein 

concentrations of the liver were equivalent to 63.16 ± 0.97, 63.01 ± 0.86, 62.80 ± 
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0.93, 62.71 ± 0.94, 62.53 ± 0.94, 62.35 ± 0.87 and 62.16 ± 0.87 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

5.0 `)/0 ME induced reduction in total protein concentrations of the liver in 

the range of 2.61 to 6.58 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the total protein concentrations of 

the liver were equivalent to 62.91 ± 0.87, 62.73 ± 0.82, 62.56 ± 0.91, 62.31 ± 0.82, 

62.17 ± 0.91, 62.05 ± 0.94 and 61.84 ± 0.91 mg/gm Ww of liver respectively. 

Tadpoles subjected to 10.0 % ME exhibited reductions of total protein 

concentrations of the liver, in the range of 2.84 to 7.00 %. The total protein 

concentrations of the liver were equivalent to 62.76 ± 0.82, 62.43 ± 0.81, 62.32 ± 

0.83, 62.14 ± 0.81, 61.94 ± 0.91, 61.73 ± 0.86 and 61.56 ± 0.81 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles treated with 30.0 % ME showed reductions of total protein 

concentrations of the liver in the range of 3.34 to 7.61 %. The total protein 

concentrations of the liver were equivalent to 62.44 ± 0.87, 62.28 ± 0.81, 61.92 ± 

0.84, 61.73 ± 0.92, 61.51 ± 0.96, 61.32 ± 0.81 and 61.16 ± 0.84 mg/gm Ww of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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KIDNEY : 

STAGE V : 

The alterations in the total protein concentrations of kidney of tadpoles 

exposed to ME for stages I to V were almost identical. Therefore, changes in the 

total protein concentrations of kidney of tadpoles for stage V are reported here. 

The alterations in the total protein concentrations of the kidney are given 

in Table No. 16 and graphically presented in Graph No. 16. The alterations in the 

total protein concentrations of the kidney are expressed as milligram per gram 

wet weight of kidney. 

From the table and graph, it is obvious that as the tadpoles grew there was 

a gradual increase in the total protein concentrations of the kidney. But the total 

protein contents of the kidney gradually decreased when the tadpoles were 

exposed to various concentrations of ME for varying exposure periods. The 

maximum reduction (26.39 `)/0) in the total protein concentrations of the kidney 

was seen at the end of one twenty hours under the influence of 30.0 % ME, while 

minimum reduction (2.13 %) was induced by 0.01% ME at the end of six hours. 

However, all the concentrations of ME promoted decrease in the total protein 

contents of the kidney for all exposure periods. But, in contrast the control 

tadpole kidneys exhibited steady and gradual rise in the total protein 

concentrations from the end of six hours to one twenty hours in the range of 20.60 

to 22.20 mg/gm Ww of kidney. 
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Table No. 16 

The changes in the total protein concentrations 
of kidney of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 20.60 

±0.54 
20.80 
±0.76 

21.20 
±0.82 

21.40 
±0.92 

21.60 
±0.96 

21.80 
±0.93 

22.20 
±0.82 

0.01% ME 20.16 
±0.93 

(-2.13) 

20.04 
±0.96 

(-3.65) 

19.93 
±0.93 

(-5.99) 

19.42 
±0.96 

(-9.25j 

19.13 
±0.96 

(-7.43) 

18.76 
±0.97 

(-13.94) 

18.41 
±0.95 

(-17.07) 
0.1% ME 20.06 20.00 19.56 19.12 18.74 18.32 18.13 

±0.86 ±0.92 ±0.96 ±0.85 ±0.87 ±0.85 ±0.83 
(-2.62) (-3.84) (-7.73) (-10.65) (-13.24) (-15.96) (-18.33) 

1°/0 ME 19.76 19.43 19.13 18.56 18.12 17.46 17.12 
±0.96 ±0.87 ±0.96 ±0.85 ±0.75 ±0.93 ±0.86 

(-4.07) (-6.58) (-9.76) (-13.27) (-16.11) (-19.90) (-2.88) 
5°/0 ME 19.46 19.18 18.86 18.31 18.00 17.22 17.08 

±0.85 ±0.86 ±0.86 ±0.93 ±0.86 ±0.84 ±0.96 
(-5.53) (-7.78) (-11.03) (-14.43) (-16.66) (-21.00) (-23.06) 

10% ME 19.22 19.09 18.32 18.06 17.76 17.43 17.12 
±0.85 ±0.96 ±0.93 ±0.76 ±0.75 ±0.76 ±0.86 

(-6.69) (-8.22) (-13.58) (-15.60) (-17.77) (-20.04) (-22.88) 
30% ME 18.96 18.31 17.79 17.32 17.13 16.92 16.34 

±0.86 ±0.93 ±0.97 ±0.93 ±0.86 ±0.85 ±0.83 
(-7.96) (-11.97) (-16.08) (-19.06) (-20.69) (-22.38) (-26.39) 

Note : Unit : mg/gm Ww kidney 

± : S.D. 

Figures in parantheses : `)/0 variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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From the table, it is apparent that all the concentrations of ME induced 

dose dependent reductions in the total protein contents of the kidney at all the 

exposure periods ranging from six hours to one twenty hours. The control 

animals had total protein concentrations equivalent to 20.60 ± 0.54, 20.80 ± 0.76, 

21.20 ± 0.82, 21.40 ± 0.92, 21.60 ± 0.96, 21.80 ± 0.93 and 22.20 ± 0.82 mg/gm Ww 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 0.01 % ME, the reductions of total protein concentrations 

of the kidney in the range of 2.13 to 17.07 %. The total protein concentrations of 

kidney were equivalent to 20.16 ± 0.93, 20.04 ± 0.96, 19.93 ± 0.93, 19.42 ± 0.96, 

19.13 ± 0.96, 18.76 ± 0.97 and 18.41 ± 0.95 mg/gm Ww of kidney by the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 0.1 % ME, exhibited total protein of kidney in the 

range of 2.62 to 18.33 %. The total protein concentrations of kidney were 

equivalent to 20.06 ± 0.86, 20.00 ± 0.92, 19.56 ± 0.96, 19.12 ± 0.85, 18.74 ± 0.87, 18.32 

± 0.85 and 18.13 ± 0.83 mg/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

1.0 % ME promoted decrease in the total protein contents of the kidneys in 

the range of 4.07 to 22.88 %. The total protein concentrations of kidney were 

equivalent to 19.76 ± 0.96, 19.43 ± 0.87, 19.13 ± 0.96, 18.56 ± 0.85, 18.12 ± 0.75, 17.46 

± 0.93 and 17.12 ± 0.86 mg/gm Ww of kidney by the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles subjected to 5.0 % ME, exhibited reductions of total protein 

concentrations of the kidney in the range of 5.53 to 23.06 %. The total protein 

concentrations of kidney were equivalent to 19.46 ± 0.85, 19.18 ± 0.86, 18.86 ± 0.86, 

18.31 ± 0.93, 18.00 ± 0.86, 17.22 ± 0.84 and 17.08 ± 0.96 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 10.0 % ME the tadpoles exhibited reduction in total 

protein concentrations of kidney in the range of 6.69 to 22.88 %. At end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of the kidney were equivalent to 19.22 ± 0.85, 

19.09 ± 0.96, 18.32 ± 0.93, 18.06 ± 0.76, 17.76 ± 0.75, 17.43 ± 0.76 and 17.12 ± 0.86 

mg/gm Ww of kidney respectively. 

30.0 % ME induced decrease in the total protein concentrations of the 

kidney in the range of 7.96 and 26.39 %. The total protein concentrations of 

kidney were equivalent to 18.96 ± 0.86, 18.31 ± 0.93, 17.79 ± 0.97, 17.32 ± 0.93, 

17.13 ± 0.86, 16.92 ± 0.85 and 16.34 ± 0.83 mg/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE VIII : 

The alterations in the total protein concentrations of kidney of tadpole 

stages VI to VIII exposed to mining effluents did not differ significantly. 

Therefore, the changes in the total protein concentrations of kidney of tadpole 

stage VIII under the influence of ME are described here. 
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The alterations in the total protein concentrations of the kidney are 

tabulated in Table No. 17 and graphically expressed in graph No. 17. The 

changes in the total protein concentrations of the kidney are expressed as 

milligram per gram wet weight of kidney. 

From the table and graph, it appears that as the tadpoles grew, there was a 

gradual increase in the total protein concentrations of the kidney. But the total 

protein contents of the kidney exhibit decrease at all exposure periods for all the 

concentrations. The maximum reduction (67.86 `)/0) in the total protein 

concentrations of the kidney was seen at the end of one twenty hours under the 

influence of 30.0 % ME, while minimum reduction was observed at the end of six 

hours, under the influence of 0.01 % ME. 

From the table, it is apparent that dose dependent reductions in total 

proteins concentrations are induced. The control tadpoles had total protein 

concentrations equivalent to 51.78 ± 0.17, 51.86 ± 0.31, 51.97 ± 0.32, 53.26 ± 0.36, 

54.21 ± 0.43, 55.16 ± 0.76 and 56.20 ± 0.82 milligram, per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles, subjected to 0.01 % ME exhibited reductions of total protein 

concentrations of the kidney in the range of 6.97 to 35.23 %. The total protein 

concentrations of kidney were equivalent to 48.17 ± 0.96, 37.63 ± 1.64, 37.42 ± 1.12, 

37.36 ± 1.72, 36.48 ± 1.62, 36.48 ± 0.99 and 36.40 ± 0.09 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

390 



Table No. 17 

The changes in the total protein concentrations 
of kidney of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 51.78 51.86 51.97 53.26 54.21 55.16 56.2 

±0.17 ±0.31 ±0.32 ±0.36 ±0.43 ±0.76 ±0.82 
0.01% ME 48.17 37.63 37.42 37.36 36.48 36.48 36.40 

±0.96 ±1.64 ±1.12 ±1.72 ±1.62 ±0.99 ±0.09 
(-6.97) (-27.43) (-27.99) (-29.85) (-32.70) (-33.86) (-35.23) 

0.1% ME 44.64 35.78 34.17 34.21 33.27 33.16 32.61 
±8.48 ±0.84 ±0.82 ±0.89 ±2.84 ±1.09 ±0.86 

(-13.78) (-31.12) (-34.25) (-35.75) (-38.73) (-39.88) (-41.97) 
1% ME 43.16 32.16 31.51 30.43 30.18 28.76 28.28 

±1.73 ±1.88 ±5.48 ±0.17 ±0.92 ±1.11 ±0.76 
(-16.16) (-37.98) (-39.36) (-42.86) (-44.32) (-47.86) (49.67) 

5% ME 40.16 30.17 27.26 26.24 25.26 27.81 24.03 
±0.78 ±1.07 ±2.85 ±0.17 ±1.72 ±2.96 ±0.50 

(-22.44) (-41.82) (-47.54) (-50.73) (-53.40) (-49.58) (-57.24) 
10% ME 39.72 30.17 26.16 25.73 24.86 23.12 20.39 

±0.72 ±1.63 ±2.10 ±2.48 ±1.86 ±2.82 ±2.69 
(-23.29) (-41.82) (-49.66) (-51.68) (-54.14) (-58.08) (-63.71) 

30% ME 38.64 27.16 25.32 24.21 23.16 20.48 18.06 
±0.78 ±1.11 ±2.26 ±1.72 ±2.26 ±1.06 ±0.17 

(-25.37) (-47.62) (-51.27) (-54.54) (-57.27) (-62.87) (-67.86) 

Note : Unit : mg/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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0.1 `)/0 ME induced reductions in the total protein concentrations of the 

kidney, in the range of 13.78 to 41.97 %. The total protein concentrations of 

kidney were equivalent to 44.64 ± 8.48, 35.72 ± 0.84, 34.17 ± 0.82, 34.21 ± 0.89, 

33.21 ± 2.84, 33.16 ± 1.09 and 32.61 ± 0.86 mg/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 1.0 `)/0 ME showed decrease in total protein 

concentrations of the kidney in the range of 16.64 % to 49.67 ` )/0. The total protein 

concentrations of kidney were equivalent to 43.16 ± 1.73, 32.16 ± 1.88, 31.51 ± 5.48, 

30.43 ± 0.17, 30.18 ± 1.92, 28.76 ± 1.11 and 28.28 ± 0.76 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

5.0 % ME promoted reduction in the total protein concentrations of the 

kidney in the range of 22.44 % to 57.24 %. The total protein concentrations of 

kidney were equivalent to 40.16 ± 0.78, 30.17 ± 1.07, 27.26 ± 2.85, 26.24 ± 0.17, 

25.26 ± 1.72, 27.81 ± 2.96 and 24.03 ± 0.50 mg/gm Ww of kidney by the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles treated with 10.0 % ME showed decrease in total protein 

concentrations of the kidney in the range of 23.29 to 63.71 %. The total protein 

concentrations of kidney were equiv .alent to 39.72 ± 0.72, 30.17 ± 1.63, 26.16 ± 2.10, 

25.73 ± 2.48, 24.86 ± 1.86, 23.12 ± 2.82 and 20.39 ± 2.69 mg/gm Ww of kidney at 
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the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 30.0 % ME, the reductions of total protein contents of the 

kidney in the range of 25.37 to 67.86 %. At the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of kidney were equivalent to 38.64 ± 0.78, 27.16 ± 1.11, 25.32 ± 2.26, 

24.21 ± 1.72, 23.16 ± 3.26, 20.48 ± 1.06 and 18.06 ± 0.17 mg/gm Ww of kidney 

respectively. 

STAGE XIV : 

Alterations in the total protein concentrations of kidney of tadpoles 

exposed to mining effluents for stages IX to XIV were non significantly different. 

Therefore, changes in the total protein concentrations of kidney for stage XIV are 

reported here. 

The alterations in the total protein concentrations of the kidney are 

compiled in Table No. 18 and represented graphically in Graph No. 18. The 

alterations in the total protein concentrations of the kidney are expressed as 

milligram per gram wet weight of kidney. 

From the table and graph, it is apparent that there was an increase in the 

total protein contents of the kidney as the tadpoles grew. The total protein 

contents of the kidney gradually decreased when the tadpoles were subjected to 

various concentrations of ME and for varying exposure periods. The minimum 

reduction (0.79 %) in the total protein concentrations of the kidney was seen at 
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Table No. 18 

The changes in the total protein concentrations 
of kidney of tadpoles (stage XIV) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 46.30 46.80 47.20 47.40 47.80 48.20 48.90 

±0.32 ±0.36 ±0.43 ±0.52 ±0.56 ±0.32 ±0.36 
0.01% ME 45.93 45.63 45.33 45.03 44.98 44.76 44.53 

±1.32 ±1.07 ±1.06 ±1.03 ±0.98 ±0.97 ±0.85 
(-0.79) (-2.50) (-3.96) (-5.00) (-5.89) (-7.13) (-8.93) 

0.1% ME 45.56 45.31 45.06 44.76 44.36 44.13 43.85 
±1.25 ±0.87 ±0.97 ±0.85 ±0.93 ±0.92 ±0.85 

(-1.59) (-3.18) (-4.53) (-5.56) (-7.19) (-8.44) (-10.32) 
1% ME 45.34 45.13 45.03 44.65 44.26 44.06 43.46 

±1.25 ±1.02 ±0.96 ±0.97 ±0.92 ±0.93 ±0.85 
(-2.07) (-3.56) (-4.59) (-5.80) (-7.40) (-8.58) (-11.12) 

5% ME 44.87 44.56 44.23 44.17 43.77 43.65 43.36 
±1.32 ±1.02 ±0.53 ±0.84 ±0.82 ±0.73 ±0.73 

(-3.08) (-4.78) (-6.29) (-6.81) (-8.43) (-9.43) (-11.32) 
10% ME 44.56 44.27 44.07 43.96 43.70 43.40 43.10 

±0.93 ±0.92 ±0.81 ±0.84 ±0.86 ±0.81 ±0.74 
(-3.75) (-5.40) (-6.63) (-7.25) (-8.57) (-9.95) (-11.86) 

30% ME 44.32 44.11 43.87 43.70 43.52 43.21 42.85 
±0.83 ±0.85 ±0.86 ±0.76 ±0.85 ±0.83 ±0.76 

(-4.27) (-5.74) (-7.05) (-7.80) (-8.95) (-10.35) (-12.37) 

Note : Unit : mg/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5_ 0.01 
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the end of six hours under the influence of 0.01 `)/0 ME and maximum reduction 

(12.37 `)/0) was induced by 30.0 % ME at the end of one twenty hours. All the 

concentration of ME induced successive decrease in the total protein 

concentrations of kidney for all the exposure periods. On the contrary, the control 

tadpoles exhibited steady and gradual rise in the total protein concentrations 

from the end of six to one twenty hours. 

From the table it is obvious that the concentrations of ME promoted dose 

dependent decreases in the total protein concentrations of the kidney at all the 

exposure periods. The control animals showed total protein concentrations of the 

kidney equivalent to 46.30 ± 0.32, 46.80 ± 0.36, 47.20 ± 0.43, 47.40 ± 0.52, 47.80 ± 

0.56, 48.20 ± 0.32 and 48.90 ± 0.36 mg/gm Ww of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles treated with 0.01 % ME exhibited decrease in total protein 

concentrations of kidney in the range of 0.79 to 8.93 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the kidney were equivalent to 45.93 ± 1.32, 45.63 ± 1.07, 

45.33 ± 1.06, 45.03 ± 1.03, 44.98 ± 0.98, 44.76 ± 0.97 and 44.53 ± 0.85 mg/gm Ww of 

kidney respectively. 

0.1 % ME induced decrease in total protein concentrations of the kidney in 

the range of 1.59 % to 10.32 %. The total protein concentrations of kidney were 

equivalent to 45.56 ± 1.25, 45.31 ± 0.87, 45.06 ± 0.97, 44.76 ± 0.85, 44.36 ± 0.93, 44.13 
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± 0.92 and 43.85 ± 0.85 mg/gm Ww of kidney by the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 1.0 % ME showed decrease in total protein 

concentrations of the kidney in the range of 2.07 to 11.12 `)/0. The total protein 

concentrations of kidney were equivalent to 45.34 ± 1.25, 45.13 ± 1.02, 45.03 ± 0.96, 

44.65 ± 0.97, 44.26 ± 0.92, 44.06 ± 0.93 and 43.46 ± 0.85 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

5.0 % ME promoted decrease in the total protein concentrations of the 

kidney in the range of 3.08 to 11.32 `)/0. The total protein concentrations of kidney 

were equivalent to 44.87 ± 1.32, 44.56 ± 1.02, 44.23 ± 0.93, 44.17 ± 0.84, 43.77 ± 0.82, 

43.65 ± 0.73 and 43.36 ± 0.73 mg/gm Ww of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 10.0 % ME exhibited reductions of total protein 

concentrations of kidney in the range of 3.75 to 11.86 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of kidney were equivalent to 44.56 ± 0.93, 44.27 ± 0.92, 

44.07 ± 0.81, 43.96 ± 0.84, 43.70 ± 0.86, 43.40 ± 0.81 and 43.10 ± 0.74 mg/gm Ww 

kidney respectively. 

Under the influence of 30.0 % ME, the tadpoles exhibited decrease in total 

protein concentrations of kidney in the range of 4.27 to 12.37 %. The total protein 
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concentrations of kidney were equivalent to 44.32 ± 0.83, 44.11 ± 0.85, 43.87 ± 0.86, 

43.70 ± 0.76, 43.52 ± 0.85, 43.21 ± 0.83 and 42.85 ± 0.76 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XVIII : 

The changes in the total protein concentrations of kidney of tadpole stages 

XV to XVIII, under the influence of mining effluents were almost similar, 

therefore changes in the total protein concentrations of kidney of tadpole stage 

XVIII under the influence of ME are described here. 

The alterations in the total protein concentrations of the kidney are given 

in Table No.19 and graphically shown in Graph No. 19. The changes are 

expressed as milligram per gram wet weight of kidney. 

From the table and graph, it is obvious that as the tadpoles grew, there was 

a steady rise in the total protein concentrations of the kidney form the end of six 

to one twenty hours. But, the total protein concentrations of the kidney gradually 

decreased on exposure to various concentrations of ME for varying exposure 

periods. The maximum reduction (7.72 %) in the total protein concentrations was 

noted at the end of one twenty hours under the influence of 30.0 % ME, whereas 

minimum reduction (0.24 %) was seen at the end of twelve hours under the 

influence of 0.01 % ME. 

From the table, it is apparent that all the concentrations of ME promoted 

dose dependent reductions in the total protein contents of the kidney for all the 
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Table No. 19 

The changes in the total protein concentrations 
of kidney of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 60.20 60.40 60.80 61.20 61.80 62.40 62.80 

±0.12 ±0.36 ±0.12 ±0.26 ±0.20 ±0.26 ±0.32 
0.01% ME 60.05 59.93 59.76 59.62 59.45 59.20 59.13 

±1.97 ±1.02 ±0.97 ±1.02 ±1.03 ±0.97 ±0.96 
(-0.24) (-0.77) (-1.71) (-2.58) (-3.80) (-5.12) (-5.84) 

0.1% ME 59.87 59.63 59.40 59.23 59.16 58.90 58.82 
±0.97 ±0.87 ±0.93 ±0.92 ±0.86 ±0.97 ±0.87 

(-0.54) (-1.27) (-2.30) (-3.21) (-4.27) (-5.60) (-6.33) 
1% ME 59.73 59.52 59.21 59.13 58.97 58.76 58.63 

±0.97 ±0.86 ±0.85 ±0.93 ±0.97 ±0.83 ±0.96 
(-0.78) (-1.45) (-2.61) (-3.38) (-4.57) (-5.83) (-6.64) 

5% ME 59.63 59.40 59.12 58.90 58.80 58.55 58.30 
±0.83 ±0.85 ±0.93 ±0.97 ±0.93 ±0.83 ±0.87 

(-0.94) (-1.65) (-2.76) (-3.38) (-4.85) (-6.16) (-7.16) 
10% ME 59.45 59.18 58.12 58.76 58.61 58.32 58.13 

±0.86 ±0.76 ±0.97 ±0.86 ±0.85 ±0.76 ±0.93 
(-1.24) (-2.01) (-3.00) (-3.98) (-5.16) (-6.53) (-7.43) 

30% ME 59.20 58.85 58.63 58.45 58.20 58.10 57.95 
±0.97 ±0.76 ±0.86 ±0.87 ±0.93 ±0.90 ±0.93 

(-1.66) (-2.56) (-3.56) (-4.49) (5.82) (-6.89) (-7.72) 

Note : Unit : mg/gm Ww kidney 

± S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5.0.01 
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exposure periods. The control animals exhibited total protein concentrations of 

the kidney equivalent to 60.20 ± 0.12, 60.40 ± 0.36, 60.80 ± 0.12, 61.20 ± 0.26, 61.80 

± 0.20, 62.40 ± 0.26 and 62.80 ± 0.32 mg/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.01 `)/0 ME induced fall in total protein concentrations of kidney in the 

range of 0.24 to 5.84 %. The total protein concentrations of kidney were 

equivalent to 60.05 ± 1.97, 59.93 ± 1.02, 59.76 ± 0.97, 59.62 ± 1.02, 59.45 ± 1.03, 59.20 

± 0.97 and 59.13 ± 0.96 mg/gm Ww of kidney by the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME showed reductions of total protein 

concentrations of kidney in the range of 0.54 to 6.33 %. The total protein 

concentrations of kidney were equivalent to 59.87 ± 0.97, 59.63 ± 0.87, 59.40 ± 0.93, 

59.23 ± 0.92, 59.16 ± 0.86, 58.90 ± 0.97 and 58.82 ± 0.87 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

1.0 % ME promoted reduction in the total protein concentrations of kidney 

in the range of 0.78 to 6.64 %. The total protein concentrations of kidney were 

equivalent to 59.73 ± 0.97, 59.52 ± 0.86, 59.21 ± 0.85, 59.13 ± 0.93, 58.97 ± 0.97, 58.76 

± 0.83 and 58.63 ± 0.96 mg/gm Ww of kidney by the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles subjected to 5.0 % ME exhibited reduction in the total protein 

concentrations of kidney in the range of 0.94 to 7.16 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the kidney were equivalent to 59.63 ± 0.83, 59.40 ± 0.85, 

59.12 ± 0.93, 58.90 ± 0.97, 58.80 ± 0.93, 58.55 ± 0.83 and 58.30 ± 0.87 mg/gm Ww of 

kidney respectively. 

10.0 % ME promoted fall in total protein concentrations of kidney in the 

range of 1.24 to 7.43 %. The total protein concentrations of kidney were 

equivalent to 59.45 ± 0.86, 59.18 ± 0.76, 58.97 ± 0.97, 58.76 ± 0.86, 58.61 ± 0.85, 58.32 

± 0.76 and 58.13 ± 0.93 mg/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles treated with 30.0 % ME showed decrease in total protein 

concentrations of kidney in the range of 1.66 to 7.72 %. The total protein 

concentrations of kidney were equivalent to 59.20 ± 0.97, 58.85 ± 0.76, 58.63 ± 0.86, 

58.45 ± 0.87, 58.20 ± 0.93, 58.10 ± 0.90 and 57.95 ± 0.93 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XXII : 

The alterations in the total protein concentrations of kidney of tadpoles 

stages XIX to XXII did not differ significantly, hence the changes in the total 

protein concentrations of kidney of stage XXII are described here. 
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Table No. 20 

The changes in the total protein concentrations 
of kidney of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 64.16 64.26 64.42 64.86 65.12 65.36 65.52 

±0.14 ±0.12 ±0.36 ±0.48 ±0.36 ±0.48 ±0.36 
0.01% ME 63.17 63.05 62.97 62.73 62.43 62.21 61.99 

±0.87 ±0.93 ±0.96 ±0.87 ±0.84 ±0.83 ±0.84 
(-1.54) (-1.88) (-2.25) (-3.28) (-4.13) (-4.81) (-5.38) 

0.1% ME 62.88 62.72 62.53 62.31 62.08 61.85 61.63 
±0.93 ±0.86 ±0.92 ±0.96 ±0.81 ±0.82 ±0.86 

(-1.99) (-2.39) (-2.93) (-3.93) (-4.66) (-5.37) (-5.93) 
1% M E 62.70 62.50 62.22 62.04 61.94 61.75 61.53 

±0.86 ±0.82 ±0.92 ±0.86 ±0.81 ±0.76 ±0.82 
(-2.27) (-2.73) (-3.41) (-4.34) (-4.88) (-5.52) (-6.08) 

5% ME 62.53 62.13 62.12 61.91 61.73 61.32 61.17 
±0.86 ±0.81 ±0.82 ±0.96 ±0.86 ±0.81 ±0.73 

. (-2.54) (-3.03) (-3.57) (-4.54) (-5.20) (-6.18) (-6.63) 
10% ME 62.34 62.14 61.86 61.65 61.43 61.22 61.02 

±0.87 ±0.87 ±0.87 ±0.87 ±0.86 ±0.87 ±0.73 
(-2.83) (-3.29) (-3.97) (-4.94) (-5.66) (-6.33) (-6.86) 

30% ME 62.17 62.05 61.80 61.60 61.41 61.12 60.93 
±0.93 ±0.87 ±0.83 ±0.82 ±0.85 ±0.86 ±0.87 

(-3.10) A73.43) (-4.06)__ (-5.02) (-5.69) (-6.48) (-7.00) 

Note : Unit : mg/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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The alterations in the total protein concentrations of the kidney are given 

in Table No. 20 and graphically presented in Graph No. 20. The alterations in the 

total protein concentrations of the kidney are expressed as milligram per gram 

wet weight of kidney. 

From the table and graph, it appears that as the tadpoles grew, there was a 

gradual increase in the total protein concentrations of the kidney. But the total 

protein concentrations of the kidney gradually decreased on exposure to various 

concentration of ME for varying time periods. Minimum reduction (1.54 %) of 

total protein concentrations was noted under the influence of 0.01 % ME at the 

end of six hours whereas the maximum reduction (7.00 %) was seen under the 

influence of 30.0 % ME at the end of one twenty hours. However, all the 

concentrations of ME induced fall in the total protein concentrations 

concentrations for all exposure periods, in contrast to the rise in total protein 

from the end of six to one twenty hours in the control tadpoles. 

From the table it seems that all the concentrations of ME promoted dose 

dependent reductions in the total protein concentrations of the kidney for all time 

points. The control animals showed total protein concentrations of kidney were 

equivalent to 64.16 ± 0.14, 64.26 ± 0.12, 64.42 ± 0.36, 64.86 ± 0.48, 65.12 ± 0.36, 65.36 

± 0.48 and 65.52 ± 0.36 mg/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.01 % ME the tadpoles showed decrease in total 

protein concentrations of the kidney in the range of 1.54 to 5.38 %. The total 

protein concentrations of kidney were equivalent to 63.17 ± 0.87, 63.05 ± 0.93, 
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62.97 ± 0.96, 62.73 ± 0.87, 62.43 ± 0.84, 62.21 ± 0.83 and 61.99 ± 0.84 mg/gm Ww of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

0.1 % ME induced decrease in the total protein of kidney in the range of 

1.99 to 5.93 %. The total protein concentrations of kidney were equivalent to 62.88 

± 0.93, 62.72 ± 0.86, 62.53 ± 0.92, 62.31 ± 0.96, 62.08 ± 0.81, 61.85 ± 0.82 and 61.63 ± 

0.86 mg/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 1.0 `)/0 ME exhibited reduction in the total protein 

concentrations of kidney in the range of 2.27 to 6.08 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of kidney were equivalent to 62.70 ± 0.86, 62.50 ± 0.82, 

62.22 ± 0.92, 62.04 ± 0.86, 61.94 ± 0.81, 61.75 ± 0.76 and 61.53 ± 0.82 mg/gm Ww of 

kidney respectively. 

5.0 % ME promoted reduction in the total protein concentrations of kidney 

in the range of 2.54 to 6.63 %. The total protein concentrations of kidney were 

equivalent to 62.53± 0.86, 62.31 ± 0.81, 62.12 ± 0.82, 61.91 ± 0.96, 61.73 ± 0.86, 61.32 

± 0.81 and 61.17 ± 0.73 mg/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 10.0 % ME exhibited reduction in total protein 

concentrations of kidney in the range of 2.83 to 6.86 %. The total protein 

concentrations of kidney were equivalent to 62.34 ± 0.87, 62.14 ± 0.87, 61.86 ± 0.87, 
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61.65 ± 0.87, 61.43 ± 0.86, 61.22 ± 0.87 and 61.02 ± 0.73 mg/gm Ww of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles treated with 30.0 % ME promoted decrease in total protein 

concentrations in the range of 3.10 to 7.00 %. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of kidney were equivalent to 62.17 ± 0.93, 62.05 ± 0.87, 61.80 ± 0.83, 

61.60 ± 0.82, 61.41 ± 0.85, 61.12 ± 0.86 and 60.93 ± 0.87mg/gm Ww of kidney 

respectively. 

TOTAL PROTEIN : 

MUSCLE : 

STAGE V : 

The alterations in the total protein concentrations of muscle of tadpoles 

exposed to ME for stages I to V were almost identical. Therefore, changes in the 

total protein concentrations of muscle of tadpoles of stage V are reported here. 

The alterations in the total protein concentrations of the muscles are given 

in Table No.21 and graphically presented in Graph No.21. The alterations in the 

total protein concentrations of the muscles are expressed as milligram per gram 

wet weight of muscle. 

From the table and graph, it is obvious that as the tadpoles grew, there was 

a gradual rise in the total protein concentrations of the muscles. But the total 

protein concentrations of the muscles decreased when the tadpoles were under 
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Table No. 21 

The changes in the total protein concentrations 
of muscle of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 25.21 25.42 25.62 25.93 26.31 26.82 27.12 

±0.32 ±0.26 ±0.32 ±0.36 ±0.26 ±0.42 ±0.46 
0.01% ME 23.17 23.05 22.73 22.56 22.17 22.07 21.96 

±0.93 ±0.94 ±0.95 ±0.97 ±0.93 ±0.95 ±0.98 
(-8.09), (-9.32) (-11.28) (-12.99) (-15.73) (-17.71) (-19.02) 

0.1% ME 23.05 22.97 22.36 22.27 21.97 21.46 21.07 
±0.85 ±0.93 ±0.93 ±0.85 ±0.87 ±0.87 ±0.93 

(-8.56) (-9.63) (-12.72) (-14.11) (-16.49) (-19.98) (-22.30) 
1% ME 22.98 22.53 22.13 21.93 21.85 21.36 20.86 

±0.97 ±0.86 ±0.93 ±0.87 ±0.93 ±0.97 ±0.97 
(-8.84) (-11.36) (-13.62) (-15.42) (-16.95) (-20.35) (-23.08) 

5% ME 22.56 22.31 22.05 21.86 21.22 21.12 20.15 
±0.93 ±0.86 ±0.82 ±0.83 ±0.83 ±0.84 ±0.83 

(-10.51) (-12.23) (-13.93) (-15.69) (-19.34) (-21.25) (-25.70) 
10% ME 22.17 22.03 21.91 21.73 21.11 20.86 20.02 

±0.92 ±0.93 ±0.87 ±0.83 ±0.87 ±0.92 ±0.92 
(-12.05) (-13.33) (-14.48) (-16.19) (-19.76) (-22.22) (-26.17) 

30% ME 21.96 21.43 21.17 20.87 20.46 20.16 19.88 
±0.93 ±0.87 ±0.84 ±0.85 ±0.87 ±0.93 ±0.94 

(-12.89) (-15.69) (-17.36) (-19.51) (-22.23) (-24.83) (-26.69) 

Note : Unit : mg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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the influence of various concentrations of ME for varying exposure periods. The 

maximum reduction (26.69 %) in the total protein concentrations of the muscles 

was noted when the tadpoles were exposed to 30.0 % ME at the end of one 

twenty hours, whereas minimum reduction (8.09 %) was promoted by 0.01 % ME 

at the end of six hours. However, all the concentrations of ME induced decrease 

in the total protein concentrations of the muscles at all the exposure periods. On 

the contrary, the control tadpole muscles exhibited steady and gradual increase in 

the total protein levels from the end of six to one twenty hours. 

From the table, it is apparent that all the concentrations of ME promoted 

dose dependent reductions in the total protein concentrations of the muscles for 

the exposure periods ranging from six to one twenty hours. The control tadpoles 

exhibited total protein concentrations in the muscles equivalent to 25.21 ± 0.32, 

25.42 ± 0.26, 25.62 ± 0.32, 25.93 ± 0.36, 26.31 ± 0.26, 26.82 ± 0.42 and 27.12 ± 0.46 

mg/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 0.01 % ME exhibited reduction in the total protein 

concentrations of muscle in the range of 8.09 to 19.02 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the muscles were equivalent to 23.17 ± 0.93, 23.05 ± 0.94, 

22.73 ± 0.95, 22.56 ± 0.97, 22.17 ± 0.93, 22.07 ± 0.95 and 21.96 ± 0.98 mg/gm Ww of 

muscle respectively. 

0.1 % ME promoted reductions in the total protein concentrations of the 

muscles in the range of 8.56 and 22.30 %. The total protein concentrations of 
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muscle were equivalent to 23.05 ± 0.85, 22.97 ± 0.93, 22.36 ± 0.93, 22.27 ± 0.85, 

21.97 ± 0.87, 21.46 ± 0.87 and 21.07 ± 0.93 mg/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 1.0 % ME showed reductions of total protein 

concentrations of the muscles in the range of 8.84 to 23.08 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours the 

total protein concentrations were equivalent to 22.98 ± 0.97, 22.53 ± 0.86, 22.13 ± 

0.93, 21.93 ± 0.87, 21.85 ± 0.93, 21.36 ± 0.97 and 20.86 ± 0.97 mg/gm Ww of muscle 

respectively. 

5.0 % ME induced a fall in the total protein concentrations of the muscles 

in the range of 10.51 to 25.70%. The total protein concentrations of muscle were 

equivalent to 22.56 ± 0.93, 22.31 ± 0.86, 22.05 ± 0.82, 21.86 ± 0.83, 21.22 ± 0.83, 21.12 

± 0.84 and 20.15 ± 0.83 mg/gm Ww of muscle by the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twentyhours respectively. 

Tadpoles subjected to 10.0 % ME exhibited reductions of total protein 

concentrations of muscle in the range of 12.05 to 26.17 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

showed total protein concentrations of the muscles were equivalent to 22.17 ± 

0.92, 22.03 ± 0.93, 21.91 ± 0.87, 21.73 ± 0.83, 21.11 ± 0.87, 20.86 ± 0.92 and 20.02 ± 

0.92 mg/gm Ww of muscle respectively. 
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Tadpoles treated with 30.0 `)/0 ME exhibited reduction in total protein 

concentrations of muscle in the range of 12.89 to 26.69 `)/0. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

showed total protein concentrations of the muscles were equivalent to 21.96 ± 

0.93, 21.43 ± 0.87, 21.17 ± 0.84, 20.87 ± 0.85, 20.46 ± 0.87, 20.16 ± 0.93, 19.88 ± 0.94 

mg/gm Ww of muscle respectively. 

STAGE VIII : 

The alterations in the total protein concentrations of muscle of tadpole 

stages VI to VIII exposed to mining effluents did not differ significantly. 

Therefore, the changes in the total protein concentrations of muscle of tadpole 

stage VIII under the influence of ME are described here. 

The alterations in the total protein concentrations of the muscles are 

tabulated in Table No.22 and graphically expressed in Graph No. 22. The 

alterations in the total protein concentrations of the muscles are expressed as 

milligram per gram wet weight of muscle. 

From the table and graph, it appears that there was a gradual increase in 

the total protein concentrations of the muscles of tadpoles as they grew but when 

treated with various concentrations of ME for varying periods, the total protein 

concentrations of the muscles decreased from the end of six hours to the end of 

one twenty hours. 

From the table it is apparent that all the concentrations produced dose as 

well as exposure period dependent decrease in the total protein concentrations of 
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Table No. 22 

The changes in the total protein concentrations 
of muscle of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 71.40 71.54 71.72 71.96 72.24 72.52 72.91 

±0.31 ±0.27 ±0.36 ±0.32 ±0.27 ±0.42 ±0.46 
0.01% ME 68.40 67.12 65.12 65.21 63.42 62.92 62.12 

±1.21 ±1.07 ±1.02 ±1.03 ±0.28 ±1.73 ±0.97 
(-4.20) (-6.17) (-9.20) (-9.38) (-12.20) (-13.23) (-14.79) 

0.1% ME 65.32 63.13 63.07 61.07 56.72 59.81 55.17 
±1.11 ±1.31 ±0.97 ±1.21 ±1.07 ±1.21 ±1.19 

(-8.51) (-11.75) (-12.06) (-15.33) (-21.48) (-17.52) (-24.33) 
1% ME 67.40 65.21 63.12 63.07 60.12 59.76 58.36 

±1.03 ±1.72 ±1.04 ±1.05 ±1.06 ±1.07 ±1.14 
(-5.60) (-8.84) (-11.99) (-12.35) (-16.77) (-17.59) (-19.95) 

5% ME 65.21 63.12 62.17 61.81 60.17 59.32 57.16 
±1.07 ±0.97 ±0.85 ±1.12 ±1.07 ±0.97 ±0.85 

(-8.66) (-11.76) (-13.31) (-14.10) (-16.70) (-18.20) (-21.60) 
10% ME 63.27 61.73 59.76 57.32 58.17 56.72 56.12 

±0.89 ±0.85 ±1.03 ±1.17 ±0.85 ±0.85 ±0.87 
(-11.38) (-13.71) (-16.67) (-20.34) (-19.47) (-21.78) (-23.02) 

30% ME 61.82 60.81 58.76 57.36 55.46 53.12 51.17 
±0.93 ±0.76 ±1.07 ±1.16 ±0.96 ±0.76 ±0.87 

(-13.41) (14.99) (-18.07) (-20.28) (-23.22) (-26.75) (-29.81) 

Note : Unit : mg/gm Ww muscle 

± : S.D. 

Figures in parantheses : `)/0 variation over control 
• 

Two way analysis of variance : 

All.data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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the muscles. The control animals exhibited total protein concentrations of the 

muscles were equivalent to 71.40 ± 0.31, 71.54 ± 0.27, 71.72 ± 0.36, 71.96 ± 0.32, 

72.24 ± 0.27, 72.52 ± 0.42 and 72.91 ± 0.46 mg/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.01 `)/0 ME induced reductions in the total protein concentrations of the 

muscles in the range of 1.42 to 5.83 %. The total protein concentrations of muscle 

were equivalent to 68.40 ± 1.21, 67.12 ± 1.07, 65.12 ± 1.02, 65.21 ± 1.03, 63.42 ± 0.98, 

62.92 ± 1.73 and 62.12 ± 0.97 mg/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 0.1 ` )/0 ME showed decrease in total protein 

concentrations of the muscles in the range of 1.75 to 5.91 %. The total protein 

concentrations of muscle were equivalent to 65.32 ± 1.11, 63.13 ± 1.31, 63.07 ± 0.97, 

61.07 ± 1.21, 56.72 ± 1.07, 59.81 ± 1.21 and 55.17 ± 1.19 mg/gm Ww of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

1.0 % ME promoted decrease in the total protein concentrations of the 

muscles in the range of 2.58 to 6.98 %. The total protein concentrations of muscle 

were equivalent to 67.40 ± 1.03, 65.21 ± 1.72, 63.12 ± 1.04, 63.07 ± 1.05, 60.12 ± 1.06, 

59.76 ± 1.07 and 58.36 ± 1.14 mg/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Tadpoles exposed to 5.0 `)/0 ME exhibited decrease in total protein 

concentrations of the muscles in the range of 2.80 to 7.30 %. The total protein 

concentrations of muscle were equivalent to 65.21 ± 1.07, 63.12 ± 0.97, 62.17 ± 0.85, 

61.81 ± 1.12, 60.17 ± 1.07, 59.32 ± 0.97 and 57.16 ± 0.85 mg/gm Ww of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

10.0 % ME produced reduction in the total protein concentrations of the 

muscles in the range of 3.13 to 7.89 %. The total protein concentrations of muscle 

were equivalent to 63.27 ± 0.89, 61.73 ± 0.85, 59.76 ± 1.03, 57.32 ± 1.17, 58.17 ± 0.85, 

56.72 ± 0.85 and 56.12 ± 0.87 mg/gm Ww of muscle by the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles treated with 30.0 % ME showed decrease in total protein 

concentrations of the muscles in the range of 3.41 to 7.97 %. The total protein 

concentrations of muscle were equivalent to 61.82 ± 0.93; 60.81 ± 0.76, 58.76 ± 1.07, 

57.36 ± 1.16, 55.46 ± 0.96, 53.12 ± 0.76 and 51.17 ± 0.87 mg/gm Ww of muscle by 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XIV : 

Alterations in the total protein concentrations of muscle of tadpoles 

exposed to mining effluents for stages IX to XIV were non significantly different. 

Therefore, changes in the total protein concentrations of muscle for stage XIV are 

reported here. 
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Table No. 23 

The changes in the total protein concentrations 
of muscle of tadpoles (stage XIV) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 60.32 60.42 60.57 60.81 61.21 61.46 61.72 

±0.36 ±0.42 ±0.32 ±0.47 ±0.52 ±0.36 ±0.47 
0.01% ME 59.46 59.23 59.16 58.75 58.63 58.46 58.12 

±1.07 ±1.03 ±1.02 ±0.97 ±1.02 ±1.02 ±1.06 
(-1.42) (-1.96) (-2.32) (-3.38) (-4.21) (4.88) (-5.38) 

0.1% ME 59.26 59.07 58.76 58.55 58.48 58.24 58.07 
±1.12 ±1.02 ±1.02 ±1.02 ±1.02 ±1.02 ±0.96 

(-1.75) (-2.23) (-2.98) (-3.71) (-4.46) (-5.32) (-5.91) 
1% ME 58.76 58.56 58.33 58.08 57.86 57.73 57.41 

±1.09 ±0.93 ±0.96 ±1.02 ±0.96 ±0.93 ±1.20 
(-2.58) (-3.07) (-3.69) (-4.48) (-5.47) (-6.06) (-6.98) 

5% ME 58.63 58.46 58.13 57.72 57.68 57.48 57.21 
±1.02 ±0.93 ±0.86 ±1.02 ±0.96 ±0.96 ±0.96 

(-2.80) (-3.24) (-4.02) (-5.08) (-5.76) (-6.47) (-7.30) 
10% ME 58.43 58.20 57.95 57.65 57.31 57.12 56.85 

±1.09 ±1.02 ±1.02 ±0.96 ±0.93 ±0.96 ±0.93 
(-3.13) (-3.67) (-4.32) (-5.19) (-6.37) (-7.06) (-7.89) 

30% ME 58.26 57.93 57.75 57.52 57.22 57.10 56.80 
±1.09 ±1.02 ±0.96 ±0.93 ±0.87 ±0.91 ±0.93 

(-3.41) (-4.12) (-4.65) (-5.41) (-6.51) (-7.09) (-7.97) 

Note : Unit : mg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The alterations in the total protein concentrations of the muscles are 

compiled in Table No. 23 and graphically represented in Graph No. 23. The 

changes in total protein concentrations of the muscles are expressed as milligram 

per gram wet weight of muscle. 

From the table and graph, it is apparent that all the concentrations of ME 

induced decrease in total protein concentrations of the muscles, in contrast to the 

steady rise in the total protein concentrations of the muscles in the control 

animals from six to one twenty hours. At the end of six hours under the influence 

of 0.01 `)/0 ME and at the end of one twenty hours under the influence of 30.0 % 

ME, the minimum and maximum decreases in total protein concentrations of the 

muscles were noted. 

From the table, it seems that all the concentrations of ME induced dose 

dependent decrease in the total protein concentrations of the muscles for all time 

periods ranging from six to one twenty hours. The control tadpoles showed total 

protein concentrations of the muscles equivalent to 60.32 ± 0.36, 60.42 ± 0.42, 60.57 

± 0.32, 60.81 ± 0.47, 61.21 ± 0.52, 61.46 ± 0.36 and 61.72 ± 0.47 mg/gm Ww muscle 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 0.01 % ME the decrease in the total protein 

concentrations of the muscles in the range of 1.42 to 5.83 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of muscle were equivalent to 59.46 ± 1.07, 59.23 ± 
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1.03, 59.16 ± 1.02, 58.75 ± 0.97, 58.63 ± 1.02, 58.46 ± 1.02 and 58.12 ± 1.06 mg/gm 

Ww muscle respectively. 

0.1 `)/0 ME induced reduction in the total protein concentrations of the 

muscles, in the range of 1.75 to 5.91 %. The total protein concentrations of muscle 

were equivalent to 59.26 ± 1.12, 59.07 ± 1.02, 58.76 ± 1.02, 58.55 ± 1.02, 58.48 ± 1.02, 

58.24 ± 1.02 and 58.07 ± 0.96 mg/gm Ww of muscle by the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 1.0 `)/0 ME showed reduction in the total protein 

concentrations of the muscles in the range of 2.58 to 6.98 `)/0. The total protein 

concentrations of muscle were equivalent to 58.76 ± 1.09, 58.56 ± 0.93, 58.33 ± 

0.96, 58.08 ± 1.02, 57.86 ± 0.96, 57.73 ± 0.93 and 57.41 ± 1.20 mg/gm Ww of muscle 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

5.0 `)/0 ME promoted decrease in the total protein of the muscles in the 

range of 2.8 to 7.3 %. The total protein concentrations of muscle were equivalent 

to 58.63 ± 1.02, 58.46 ± 0.93, 58.13 ± 0.86, 57.72 ± 1.02, 57.68 ± 0.96, 57.48 ± 0.96 and 

57.21 ± 0.96 mg/gm wet weight of muscle by the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 10.0 `)/0 ME exhibited decrease in total protein 

concentrations of the muscles in the range of 3.13 to 7.89 %. The total protein 

concentrations of muscle were equivalent to 58.43 ± 1.09, 58.20 ± 1.02, 57.95 ± 1.02, 
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57.65 ± 0.96, 57.31 ± 0.93, 57.12 ± 0.96 and 56.85 ± 0.93 mg/gm wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

30.0 % ME produced drop in the total protein concentrations of the 

muscles in the range of 3.41 to 7.97 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the total protein 

concentrations of muscles were equivalent to 58.26 ± 1.09, 57.93 ± 1.02, 57.75 ± 

0.96, 57.52 ± 0.93, 57.22 ± 0.87, 57.10 ± 0.91 and 56.80 ± 0.93 mg/gm Wet weight of 

muscle respectively. 

STAGE XVIII : 

The changes in the total protein concentrations of muscle of tadpole stages 

XV to XVIII under the influence of mining effluents were almost similar, 

therefore, changes in the total protein concentrations of muscle of tadpole Stage 

XVIII under the influence of ME are described here. 

The alterations in the total protein concentrations of the muscles are 

compiled in Table No. 24 and graphically expressed in Graph No. 24. The 

changes in the total protein concentrations of the muscles are expressed as 

milligram per gram wet weight of muscle. 

From the table and graph, it is obvious that all the concentrations of ME 

produced successive decrease in the total protein concentrations of the muscles as 

opposed to the rise in total protein concentrations of the muscles in the control 

tadpoles from six to one twenty hours. Maximum reduction (5.33 %) was shown 
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Table No. 24 

The changes in the total protein concentrations 
of muscle of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 71.42 71.51 71.63 71.92 72.18 72.36 72.52 

±0.32 ±0.42 ±0.56 ±0.32 ±0.42 ±0.42 ±0.56 
0.01% ME 70.85 70.53 70.32 70.11 69.85 69/0 69.53 

±0.96 ±1.02 ±1.03 ±1.04 ±0.96 ±0.92 ±0.93 
(-0.79) (-1.37) (-1.82) (2.51) (-3.22) (-3.67) (-4.12) 

0.1% ME 70.62 70.31 70.16 69.91 69.72 69.43 69.31 
±1.02 ±1.02 ±0.97 ±0.97 ±0.96 ±0.97 ±0.97 

(-1.12) (-1.67) (-2.05) (-2.79) (3.40) (-4.04) (-4.42) 
1% ME 70.35 70.31 69.97 69.85 69.63 69.40 69.21 

±1.01 ±1.01 ±0.97 ±0.96 ±0.95 ±0.87 ±0.85 
(-1.49) (-1.92) (-2.31) (-2.87) (3.53) (-4.09) (-4.56) 

5% ME 70.21 70.10 69.80 69.73 69.59 69.34 69.12 
±1.01 ±1.01 ±0.96 ±0.87 ±0.97 ±0.85 ±0.87 

(-1.69) (-1.97) (-2.55) (-3.04) (-3.58) (-4.17) (-4.68) 
10% ME 70.16 69.93 69.75 69.61 69.43 69.21 69.05 

±1.03 ±1.01 ±0.97 ±0.95 ±0.87 ±0.81 ±0.93 
(-1.76) (-2.20) (-2.62) (-3.21) (-3.80) (-4.35) (-4.78) 

30% ME 69.91 69.75 69.53 69.32 69.13 68.82 68.65 
±1.02 ±0.86 ±0.83 ±0.97 ±0.92 ±0.97 ±0.92 

(-2.11) (-2.46) (-2.93) (-3.61) (-4.22) (-4.89) (-5.33) 

Note : Unit : mg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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by the tadpoles exposed to 30.0 % ME at the end of one twenty hours and 

tadpoles exposed to 0.01 % ME at the end of six hours showed minimum 

reduction (0.79 %) in the total protein concentrations of the muscles. The total 

protein concentrations of muscle remained well below the levels exhibited by 

the control tadpoles from the end of six upto the end of one twenty hours. 

From the table it is apparent that the there is a dose dependent decrease 

promoted by all the concentration of ME at all the exposure periods. The control 

tadpoles exhibited total protein concentrations of the muscles equivalent to 71.42 

± 0.32, 71.51 ± 0.42, 71.63 ± 0.56, 71.92 ± 0.32, 72.18 ± 0.42, 72.36 ± 0.42 and 72.52 ± 

0.56 mg/gm Ww muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles treated with 0.01 % ME showed decrease in total protein 

concentrations of the muscles in the range of 0.79 to 4.12 %. The total protein 

concentrations of muscle were equivalent to 70.85 ± 0.96, 70.53 ± 1.02, 70.32 ± 1.03, 

70.11 ± 1.04, 69.85 ± 0.96, 69.70 ± 0.92 and 69.53 ± 0.93 mg/gm Ww of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

0.1 `)/0 ME produced drop in the total protein concentrations of the muscles 

in the range of 1.12 to 4.42 %. The total protein concentrations of muscle were 

equivalent to 70.62 ± 1.02, 70.31 ± 1.02, 70.16 ± 0.97, 69.91 ± 0.97, 69.72 ± 0.96, 69.43 

± 0.97 and 69.31 ± 0.97 mg/gm WW of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles subjected to 1.0 ` )/0 ME exhibited decrease in total protein 

concentrations of the muscles in the range of 1.49 to 4.56 To. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of muscle were equivalent to 70.35 ± 1.01, 70.13 ± 

1.01, 69.97 ± 0.97, 69.85 ± 0.96, 69.63 ± 0.95, 69.40 ± 0.87 and 69.21 ± 0.85 mg/gm 

Ww of muscle respectively. 

5.0 % ME promoted decrease in the total protein concentrations of the 

muscles in the range of 1.69 to 4.68 %. The total protein concentrations of muscle 

were equivalent to 70.21 ± 1.01, 70.10 ± 1.01, 69.80 ± 0.96, 69.73 ± 0.87, 69.59 ± 0.97, 

69.34 ± 0.85 and 69.12 ± 0.87 mg/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 10.0 `)/0 ME showed decrease in the total protein 

concentrations of the muscles were in the range of 1.76 to 4.78 %. The total protein 

concentrations of muscle were equivalent to 70.16 ± 1.03; 69.93 ± 1.01, 69.75 ± 0.97, 

69.61 ± 0.95, 69.43 ± 0.87, 69.21 ± 0.81 and 69.05 ± 0.93 mg/gm Ww of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

30.0 `)/0 ME induced reduction in the total protein concentrations of the 

muscles in the range of between 2.11 to 5.33 %. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the total protein 

concentrations of muscle were equivalent to 69.91 ± 1.02, 69.75 ± 0.86, 69.53 ± 0.83, 
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69.32 ± 0.97, 69.13 ± 0.92, 68.82 ± 0.97 and 68.65 ± 0.92 mg/gm Ww of muscle 

respectively. 

STAGE XXII : 

The alterations in the total protein concentrations of muscle of tadpoles of 

stages XIX to XXII did not differ significantly, hence the changes in the total 

protein concentrations of muscle of stage XXII are described here. 

The alterations in the total protein concentrations of the muscles are 

tabulated in Table No. 25 and graphically presented in Graph No. 25. The 

changes in the total protein concentrations are expressed as milligram per gram 

wet weight of muscle. 

From the table and graph, it is seen that the tadpoles exposed to different 

concentrations of ME for varying periods promoted successive drop in total 

protein concentrations of the muscles whereas the control tadpoles exhibited rise 

in the total protein concentrations of the muscles from the end of six hours to one 

twenty hours. 0.01 `)/0 ME at the end of six hours and 30.0 % ME at the end of one 

twenty hours induced minimum and maximum reductions in the total protein 

concentrations of the muscles. 

From the Table, it is obvious that there was a dose dependent reduction in 

the total protein concentrations of the muscles when tadpoles were subjected to 

various concentrations of ME from six to one twenty hours. The control tadpoles 

exhibited total protein concentrations of the muscles equivalent to 78.20 ± 0.32, 

78.32 ± 0.36, 78.46 ± 0.42, 78.72 ± 0.36, 79.12 ± 0.47, 79.43 ± 0.32 and 79.71 ± 0.36 
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Table 25 

The changes in the total protein concentrations 
of muscle of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 78.20 78.32 78.46 78.72 79.12 79.43 79.71 

±0.32 ±0.36 ±0.42 ±0.36 ±0.47 ±0.32 ±0.36 
0.01% ME 76.81 76.68 76.42 76.21 76.10 75.98 75.72 

±0.92 ±0.87 ±0.86 ±0.83 ±0.85 ±0.86 ±0.85 
(-1.77) (-2.09) (-2.60) (-3.18) (-3.81) (-4.34) (-5.00) 

0.1% ME 76.63 76.45 76.18 75.93 75.78 75.63 75.43 
±0.86 ±0.85 ±0.83 ±0.87 ±0.86 ±0.82 ±0.87 

(-2.00) (-2.38) (-2.90) (-3.54) (-4.22) (-4.78) (-5.36) 
1% ME 76.42 76.15 75.87 75.60 75.34 75.18 74.96 

±0.83 ±0.84 ±0.85 ±0.83 ±0.86 ±0.87 ±0.82 
(-2.27) (-2.77) (-3.30) (-3.96) (-4.77) (-5.35) (-5.95) 

5% ME 76.25 75.86 75.63 75.32 75.14 74.92 74.76 
±0.83 ±0.83 ±0.82 ±0.84 ±0.86 ±0.86 ±0.85 

(-2.49) (-3.14) (-3.60) (-4.31) (-5.03) (5.67) (-6.21) 
10% ME 76.18 75.73 75.58 75.28 74.86 74.56 74.34 

±0.82 ±0.83 ±0.84 ±0.83 ±0.83 ±0.81 ±0.81 
(-2.58) (-3.30) (-3.67) (-4.36) (-5.38) (-6.13) (-6.73) 

30% ME 75.92 75.84 75.63 74.86 74.70 74.32 74.18 
±0.86 ±0.86 ±0.75 ±0.82 ±0.83 ±0.86 ±0.83 

(-2.91) (-3.16) (-3.60) (-4.90) (-5.58) (-6.43) (-6.93) 

Note : Unit : mg/gm Ww muscle 

: S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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mg/gm Ww muscle by the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Under the influence of 0.01 % ME the reduction in the total protein 

concentrations of the muscles ranged between 1.77 % to 5.00 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the total protein concentrations of muscle were equivalent to 76.81 ± 0.92, 76.68 ± 

0.87, 76.42 ± 0.86, 76.21 ± 0.83, 76.10 ± 0.85, 75.98 ± 0.86 and 75.72 ± 0.85 mg/gm 

Ww of muscle respectively. 

Tadpoles exposed to 0.1 % ME exhibited reduction in the total protein 

concentrations of muscle in the range of 2.00 to 5.36 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the muscles were equivalent to 76.63 ± 0.86, 76.45 ± 0.85, 

76.18 ± 0.83, 75.93 ± 0.87, 75.78 ± 0.86, 75.63 ± 0.82 and 75.43 ± 0.87 mg/gm Ww of 

muscle respectively. 

1.0 % ME promoted decrease in the total protein concentrations of the 

muscles in the range of 2.27 to 5.95 %. The total protein concentrations of muscle 

were equivalent to 76.42 ± 0.83, 76.15 ± 0.84, 75.87 ± 0.55, 75.60 ± 0.83, 75.34 ± 0.86, 

75.18 ± 0.87 and 74.96 ± 0.82 mg/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 5.0 % ME exhibited reduction in the total protein 

concentrations of muscle in the range of 2.49 to 6.21 %. At the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours, the total 

protein concentrations of the muscles were equivalent to 76.25 ± 0.83, 75.86 ± 0.83, 

75.63 ± 0.82, 75.32 ± 0.84, 75.14 ± 0.86, 74.92 ± 0.86 and 74.76 ± 0.85 mg/gm Ww of 

muscle respectively. 

10.0 % ME induced drop in the total protein concentrations of the muscles 

in the range of 2.58 to 6.73 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the total protein concentrations of 

muscle were equivalent to 76.18 ± 0.82, 75.73 ± 0.83, 75.58 ± 0.84, 75.28 ± 0.83, 

74.86 ± 0.83, 74.56 ± 0.81 and 74.34 ± 0.81 mg/gm Ww of muscle respectively. 

Tadpoles treated with 30.0 `)/0 ME exhibited reduction in the total protein 

concentrations of muscle in the range of 2.91 to 6.93 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the total 

protein concentrations of the muscles were equivalent to 75.92 ± 0.86, 75.84 ± 0.86, 

75.63 ± 0.75, 74.86 ± 0.82, 74.70 ± 0.83, 74.32 ± 0.86 and 74.18 ± 0.83 mg/gm Ww of 

muscle respectively. 

GLYCOGEN : 

SKIN : 

STAGE V : 

The alterations in the glycogen content of skin of tadpole stages I to 

V,when exposed to mining effluents were almost similar. Therefore, the changes 

of the glycogen content of skin of tadpole of stage V are mentioned here. The 

alterations of the glycogen content of skin of tadpole stage V are compiled in 
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Table No. 26 

The changes in the glycogen concentration 
of skin of tadpoles (stage V) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 52.10 52.15 52.20 52.40 52.60 53.10 53.70 

±0.70 ±0.65 ±0.45 ±0.58 ±0.65 ±0.45 ±0.58 
0.01% ME 53.36 53.81 54.36 55.26 56.18 57.36 58.17 

±0.65 ±0.45 ±0.60 ±0.58 ±0.65 ±0.45 ±0.65 
(2.41) (3.81) (4.13) (5.45) (6.80) (8.02) (8.32) 

0.1% ME 54.19 54.96 55.12 56.32 57.18 58.72 59.36 
±0.45 ±0.63 ±0.45 ±0.60 ±0.56 ±0.72 ±0.60 
(6.48) (5.38) (5.59) (7.48) (8.70) (10.58) (10.54) 

1% ME 55.48 55.95 56.43 57.36 58.28 59.81 60.18 
±0.70 ±0.65 ±0.60 ±0.65 ±0.63 ±0.65 ±0.65 
(4.01) (7.36) (8.10) (9.46) (10.79) (12.63) (12.06) 

5% ME 56.36 56.85 57.21 58.46 58.72 59.16 60.36 
±0.45 ±0.62 ±0.70 ±0.45 ±0.63 ±0.70 ±0.70 
(6.48) (9.01) (9.59) (11.56) (11.63) (11.41) (12.40) 

10% ME 57.28 57.73 58.18 59.19 60.18 61.15 62.36 
±0.60 ±0.54 ±0.58 ±0.65 ±0.58 ±0.70 ±0.54 
(8.17) (10.69) (11.45) (12.95) (14.41) (15.16) (16.12) 

30% ME 58.16 58.43 59.16 60.08 60.38 61.58 62.81 
±0.65 ±0.60 ±0.63 ±0.70 ±0.54 ±0.63 ±0.70 

(11.63) (12.04) (13.33) (14.65) (14.79) (15.96) (16.96) 

Note : Unit : pg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.01 
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Table No. 26 and represented graphically in Graph No. 26. The alterations of the 

glycogen content of skin of tadpoles are expressed as micrograms (lig) per gram 

wet weight (Ww) of skin. 

From the table and graph it is apparent that the glycogen concentration of 

control tadpoles increased marginally from the end of six hours to the end of one 

twenty hours and ranged between 52.10 and 53.70 µg/gm Ww skin. The control 

tadpoles exhibited glycogen content of skin equivalent to 52.10 ± 0.70, 52.15 ± 

0.65, 52.20 ± 0.45, 52.40 ± 0.58, 52.60 ± 0.65, 53.10 ± 0.45 and 53.70 ± 0.58 µg/gm 

Ww skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours. 

From the table and graph it appears that all the concentrations of ME 

promote concentration dependent increase of the glycogen level of skin from the 

end of six hours to the end of seventy two hours. Also ME concentrations like 

0.01, 10.0 and 30.0 % induced exposure period dependent rise of glycogen 

contents of skin. The minimum of 2.41 % increase in the glycogen concentration 

of skin was induced by 0.01 % ME at the end of six hours while the maximum of 

16.96 % increase was promoted by 30.0 % ME at the end of one twenty hours. 

Under the influence of 0.01 % ME the tadpoles promoted a minimum of 

2.41 % increase of the glycogen concentration of skin at the end of six hours and a 

maximum of 8.32 % increase of the glycogen concentration of skin at the end of 

one twenty hours. The glycogen concentration of skin was equivalent to 53.36 ± 

0.65, 53.81 ± 0.45, 54.36 ± 0.60, 55.26 ± 0.58, 56.18 ± 0.65, 57.36 ± 0.45 and 58.17 ± 
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0.65 µg/gm Ww skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

0.1 % ME promoted increase of the glycogen content which ranged 

between 4.01 % (at the end of six hours) and 10.58 % (at the end of one twenty 

hours). By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the glycogen content of skin was equivalent to 54.19 ± 

0.70, 54.96 ± 0.63, 55.12 ± 0.45, 56.32 ± 0.60, 57.18 ± 0.56, 58.72 ± 0.72 and 59.36 ± 

0.60 µg/gm Ww of skin respectively. 

Tadpoles exposed to 1.0 % ME exhibited 6.48 % increase of the glycogen 

content at the end of six hours and 12.63 % increase of the glycogen content was 

observed at the end of one twenty hours. The glycogen concentration of skin was 

equivalent to 55.48 ± 0.45, 55.99 ± 0.65, 56.43 ± 0.60, 57.36 ± 0.65, 58.28 ± 0.63, 59.81 

± 0.65 and 60.36 ± 0.70 p.g/gm Ww skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME exhibited chronic increase of the glycogen 

concentration of skin from the end of six hours to the end of one twenty hours 

and ranged from 8.17 % to 12.06 %. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty one hours, the glycogen 

concentration of skin was equivalent to 56.36 ± 0.60, 56.85 ± 0.62, 57.21 ± 0.70, 

58.46 ± 0.45, 58.72 ± 0.63, 59.16 ± 0.70 and 60.18 ± 0.65 µg/gm Ww of skin 

respectively. 
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10.0 % ME induced chronic increase of the glycogen concentration of skin 

from the end of six hours to the end of one twenty hours. The glycogen 

concentration of skin was equivalent to 57.28 ± 0.58, 57.73 ± 0.54, 58.18 ± 0.58, 

59.19 ± 0.65, 60.18 ± 0.58, 61.15 ± 0.70 and 62.36 ± 0.54 µg/ gm Ww of skin at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 11.63 % rise in the 

glycogen concentration of skin at the end of six hours and 16.96 % increase of the 

glycogen concentration of skin at the end of one twenty hours. The glycogen 

concentration of skin was equivalent to 58.16 ± 0.65, 58.43 ± 0.60, 59.16 ± 0.63, 

60.08 ± 0.70, 60.38 ± 0.54, 61.58 ± 0.63 and 62.81 ± 0.70 µg/ gm Ww of skin at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE VIII : 

The alterations of the glycogen concentration of skin of tadpoles stages VI 

to VIII exposed to mining effluents were almost similar. Therefore, changes of 

the glycogen concentration of skin of tadpoles (Stage VIII) exposed to ME are 

mentioned here. The alterations of the glycogen concentration of skin of tadpoles 

are given in Table No.27 and represented graphically in Graph No. 27. The 

alterations of the glycogen concentration of skin are expressed as micrograms 

(µg) per gram Wet weight (Ww) of skin. 

From the table and graph it can be noted that the control tadpoles 

promoted rise of the glycogen concentration of skin from the end of six hours to 
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Table No. 27 

The changes in the glycogen concentration 
of skin of tadpoles (stage VIII) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 53.08 

±0.35 
53.12 
±0.42 

53.24 
±0.35 

53.40 
±0.46 

53.82 
±0.46 

54.26 
±0.52 

54.43 
±0.36 

0.01% ME 54.43 54.72 54.91 55.21 55.86 56.12 56.32 
±0.48 ±0.35 ±0.42 ±0.40 ±0.48 ±0.35 ±0.61 
(2.54) (3.01) (3.13) (3.38) (3.79) (3.42) (3.47) 

0.1% ME 54.65 54.92 55.06 55.48 56.05 56.43 56.81 
±0.62 ±0.48 ±0.81 ±0.73 ±0.61 ±0.53 ±0.58 
(2.95) (3.38) (3.41) (3.89) (4.14) (3.99) (4.37) 

1% ME 55.10 55.32 55.63 55.96 56.26 56.72 57.05 
±0.71 ±0.68 ±0.54 ±0.45 ±0.61 ±0.72 ±0.81 
(3.80) (4.14) (4.48) (4.79) (4.53) (4.53) (4.81) 

5% ME 55.43 55.75 55.91 56.32 56.85 57.12 57.36 
±0.63 ±0.62 ±0.71 ±0.81 ±0.73 ±0.65 ±0.72 
(4.42) (4.95) (5.01) (5.46) (5.62) (5.27) (5.38) 

10% ME - 55.96 56.30 56.72 57.08 57.32 57.56 58.12 
±0.48 ±0.71 ±0.51 ±0.73 ±0.61 ±0.81 ±0.84 
(5.42) (5.98) (6.53) (6.89) (6.50) (6.08) (6.77) 

30% ME 56.32 56.81 57.01 57.26 57.45 57.91 58.26 
±0.71 ±0.68 ±0.48 ±0.65 ±0.32 ±0.43 ±0.61 
(6.10) (6.94) (7.08) (7.22) (6.74) (6.72) (7.03) 

Note : Unit : pg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5. 0.01 
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The changes in the glycogen content of skin of 
tadpoles (stage VIII) exposed to mining effluents 
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the end of one twenty hours. The control tadpoles exhibited glycogen 

concentration of skin equivalent to 53.08 ± 0.35, 53.12 ± 0.42, 53.24 ± 0.35, 53.40 ± 

0.46, 53.82 ± 0.46, 54.26 ± 0.52 and 54.43 ± 0.36 µg/gm Ww of skin at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

From the table and graph it is seen that ME promoted concentration 

dependent increase of the glycogen concentration of skin at all the exposure 

periods. The minimum of 2.54 % increase of the glycogen concentration of skin 

was observed at the end of six hours under the influence of 0.01 % ME while the 

maximum of 7.03 `)/0 elevation of the glycogen concentration of skin was observed 

under the influence of 30.0 % ME at the end of one twenty hours. 

0.01 % ME induced a minimum of 2.54 % increase of the glycogen 

concentration of skin at the end of six hours and a maximum of 3.79 % increase of 

the glycogen concentration of skin was observed at the end of seventy two hours. 

The glycogen concentration of skin was equivalent to 54.43 ± 0.48, 54.72 ± 0.35, 

54.91 ± 0.42, 55.21 ± 0.40, 55.86 ± 0.48, 56.12 ± 0.35 and 56.32 ± 0.61 µg/gm Ww of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME exhibited 2.95 `)/0 increase of the glycogen 

concentration of skin at the end of six hours and a maximum of 4.37 `)/0 elevation 

of the glycogen concentration of skin was noticed at the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours glycogen concentration was equivalent to 54.65 ± 0.62, 54.92 ± 0.48, 
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55.06 ± 0.81, 55.48 ± 0.73, 56.05 ± 0.61, 56.43 ± 0.53 and 56.81 ± 0.58 µg/gm Ww of 

skin respectively. 

Tadpoles subjected to 1.0 % ME showed 3.80 % increase of the glycogen 

concentration of skin at the end of six hours and 4.81 % elevation of the glycogen 

concentration of skin at the end of one twenty hours. The glycogen concentration 

of skin was equivalent to 55.10 ± 0.71, 55.32 ± 0.68, 55.63 ± 0.54, 55.96 ± 0.45, 56.26 

± 0.61, 56.72 ± 0.72 and 57.05 ± 0.81 1.1g/gm Ww of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited a minimum of 4.42 

% increase of the glycogen concentration of skin at the end of six hours and a 

maximum of 5.62 % increase of the glycogen concentration of skin at the end of 

seventy two hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours the glycogen concentration of skin was 

equivalent to 55.43 ± 0.63, 55.75 ± 0.62, 55.91 ± 0.71, 56.32 ± 0.81, 56.85 ± 0.73, 57.12 

± 0.65 and 57.36 ± 0.72 µg /gm Ww of skin respectively. 

10.0 % ME promoted a minimum of 5.42 % increase of the glycogen 

concentration of skin of tadpoles at the end of six hours and a maximum of 6.89 % 

elevation of the glycogen concentration of skin of tadpoles was observed at the 

end of forty eight hours. The glycogen concentration of skin of tadpoles was 

equivalent to 55.96 ± 0.48, 56.30 ± 0.71, 56.72 ± 0.51, 57.08 ± 0.73, 57.32 ± 0.61, 57.56 

± 0.81 and 58.12 ± 0.84 µg/gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 
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On exposure to 30.0 % ME the tadpoles exhibited a profound increase of 

the glycogen concentration. It increased by minimum of 6.10 % at the end of six 

hours and increased to a maximum of 7.22 % at the end of fortyeight hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the glycogen concentration of skin was equivalent to 56.32 ± 0.71, 

56.81 ± 0.68, 57.01 ± 0.48, 57.26 ± 0.65, 57.45 ± 0.32, 57.91 ± 0.43 and 58.26 ± 0.61 

1.1g/gm Ww of skin respectively. 

STAGE XIV : 

The alteration of the glycogen concentrations of skin of tadpoles of stages 

IX to XIV, under the influence of mining effluents were almost similar. Therefore, 

the glycogen concentration of skin of tadpoles Stage XIV are mentioned here. The 

alterations of the glycogen concentration of skin of tadpoles (stage XIV) exposed 

to ME are given in Table No. 28 and graphically presented in Graph No. 28. The 

alterations of the glycogen of skin of tadpoles are expressed as µg/gm Ww of 

skin. 

From the table and graph it is noted that the glycogen content of skin of 

control tadpoles increased marginally from the end of six hours to the end of 

twelve hours. The glycogen content of skin of control tadpoles was equivalent to 

54.40 ± 0.65, 54.45 ± 0.70, 54.50 ± 0.63, 54.70 ± 0.65, 54.98 ± 0.72, 55.30 ± 0.65 and 

55.87 ± 0.72 lug/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the glycogen content of skin at all 
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Table No. 28 

The changes in the glycogen concentration 
of skin of tadpoles (stage XIV) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 54.40 

±0.65 
54.45 
±0.70 

54.50 
±0.63 

54.70 
±0.65 

54.98 
±0.72 

55.30 
±0.65 

55.87 
±0.72 

0.01% ME 55.70 56.20 56.82 57.02 57.45 57.86 58.08 
±0.60 ±0.72 ±0.54 ±0.76 ±0.82 ±0.91 ±0.97 

. (2.38) (3.21) (4.25) (4.24) (4.49) (4.62) (3.95) 
0.1% ME 56.08 56.63 57.12 57.65 57.91 58.13 58.45 

±0.65 ±0.54 ±0.65 ±0.76 ±0.82 ±0.97 ±0.87 
(3.08) (4.00) (4.80) (5.39) (5.32) (5.11) (4.61) 

1% ME 56.40 56.93 57.36 57.81 58.20 58.60 58.93 
±0.54 ±0.63 ±0.63 ±0.70 ±0.82 ±0.92 ±0.87 
(3.67) (4.55) (5.24) (5.68) (5.85) (5.96) (5.47) 

5% ME 57.04 57.31 57.64 58.09 58.36 58.85 59.32 
±0.72 ±0.60 ±0.63 ±0.62 ±0.70 ±0.80 ±0.92 
(4.85) (5.25) (5.76) (6.19) (6.14) (6.41) (6.17) 

10% ME 57.30 57.65 57.93 58.26 58.70 59.20 59.65 
±0.82 ±0.70 ±0.86 ±0.93 ±0.87 ±0.83 ±0.80 
(5.33) (5.87) (6.29) (6.50) (6.76) (7.05) (6.76) 

30% ME 58.20 58.72 59.12 59.32 59.67 60.21 60.45 
±0.87 ±0.80 ±0.80 ±0.87 ±0.94 ±0.93 ±0.90 
(6.98) (7.84) (8.47) (8.44) (8.53) (8.87) (8.19) 

Note : Unit : pg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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the exposure periods. All the concentrations of ME promoted profound increase 

of the glycogen concentrations of skin till the end of ninety six hours. 

0.01 % ME promoted excessive increase of the glycogen concentration of 

skin from the end of six (2.38 %) to the end of ninety six hours (4.62 %). The 

glycogen concentration of skin was equivalent to 55.70 ± 0.60, 56.20 ± 0.72, 56.82 

± 0.54, 57.02 ± 0.76, 57.45 ± 0.82, 57.86 ± 0.91 and 58.08 ± 0.97 µg/ gm Ww of skin 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles exhibited 3.08 % increase of the 

glycogen content of skin at the end of six hours and they showed a maximum of 

5.31 % increase of the glycogen content of skin at the end of forty eight hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the glycogen content of skin was equivalent to 56.08 ± 0.65, 56.63 ± 

0.54, 57.12 ± 0.65, 57.65 ± 0.76, 57.91 ± 0.82, 58.13 ± 0.97 and 58.45 ± 0.87 1.1g/ gm 

Ww of skin respectively. 

Tadpoles subjected to 1.0 % ME exhibited a minimum of 3.67 % and a 

maximum of 5.96 % increase of the glycogen concentration of skin at the end of 

six and ninety six hours respectively. The glycogen concentration of skin was 

equivalent to 56.40 ± 0.54, 56.93 ± 0.63, 57.36 ± 0.63, 57.81 ± 0.70, 58.20 ± 0.82, 58.60 

± 0.92 and 58.93 ± 0.87 µg/ gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six'and one twenty hours respectively. 
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Under the influence of 5.0 % ME the tadpoles exhibited 4.85 % and 6.41 % 

increase of the glycogen concentration of skin at the end six and ninety six hours 

respectively. The glycogen concentration of skin was equivalent to 57.04 ± 0.72, 

57.31 ± 0.60, 57.64 ± 0.63, 58.09 ± 0.62, 58.36 ± 0.70, 58.85 ± 0.80 and 59.32 ± 0.92 

µg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

10.0 % ME induced a minimum of 5.33 % increase of the glycogen 

concentration of skin at the end of six hours and a maximum of 7.05 increase of 

the glycogen concentration of skin was observed at the end of ninety six hours. 

At the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the glycogen concentration of skin was equivalent to 57.30 ± 0.82, 

57.65 ± 0.70, 57.93 ± 0.86, 58.26 ± 0.93. 58.70 ± 0.87, 59.20 ± 0.83 and 59.65 ± 0.80 

µg/gm Ww of skin respectively. 

Tadpoles exposed to 30.0 % ME showed a minimum of 6.98 % rise of the 

glycogen concentration of skin at the end of six hourS, while they exhibited a 

maximum of 8.87 % elevation of the glycogen concentration of skin at the end of 

ninety six hours. The glycogen concentration of skin was equivalent to 58.20 ± 

0.87, 58.72 ± 0.80, 59.12 ± 0.80, 59.32 ± 0.87, 59.67 ± 0.94, 60.21 ± 0.93 and 60.45 ± 

0.90 lag/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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STAGE XVIII : 

The alterations of the glycogen concentration of skin of tadpoles of stages 

XV to XVIII exposed to mining effluents were almost identical. Therefore, the 

alterations of the glycogen concentration of skin of tadpoles of stage XVIII are 

reported here and are expressed as microgram per gram wet weight of skin and 

are tabulated in Table No. 29 and presented graphically in Graph No. 29. 

It is obvious from the table and graph that the glycogen concentration of 

skin of control tadpoles marginally increased from the end of six hours to the end 

of one twenty hours. The glycogen concentration of skin of control tadpoles was 

equivalent to 55.48 ± 0.65, 55.52 ± 0.52, 55.56 ± 0.65, 55.70 ± 0.62, 55.98 ± 0.54, 56.43 

± 0.62 and 57.18 ± 0.69 µg/gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the glycogen concentration of skin 

for all the exposure periods. The minimum elevation (1.51 %) of the glycogen 

concentration of skin was observed at the end of six hours under the influence of 

0.01 % ME and the maximum elevation (6.57%) of the glycogen concentration of 

skin was noticed at the end of ninety six hours under the influence of 30.0 % ME. 

0.01 % ME promoted a minimum of 1.34 % to a maximum of 2.65 % rise of 

glycogen concentration of skin. The glycogen concentration of skin was 

equivalent to 56.32 ± 0.62, 56.62 ± 0.72, 56.98 ± 0.71, 57.18 ± 0.54, 57.36 ± 0.62, 57.63 

± 0.69 and 57.95 ± 0.73 µg/gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 
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Tadpoles exposed to 0.1 % ME exhibited 2.25 % increase of the glycogen 

concentration of skin at the end of six hours and they showed a maximum of 3.73 

increase of the glycogen concentration of skin at the end of seventy two hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the glycogen concentration of skin was equivalent to 56.73 ± 0.54, 

57.02 ± 0.63, 57.32 ± 0.60, 57.70 ± 0.62, 58.07 ± 0.65, 58.26 ± 0.73 and 58.45 ± 0.63 

jig/gm Ww of skin respectively. 

Tadpoles subjected to 1.0 % ME exhibited a minimum of 2.90 % increase of 

the glycogen concentration of skin at the end of six hours and they showed a 

maximum of 4.37 % elevation of the glycogen concentration of skin at the end of 

seventy two hours. The glycogen concentration of skin was equivalent to 57.09 ± 

0.61, 57.28 ± 0.52, 57.50 ± 0.50, 58.12 ± 0.54, 58.43 ± 0.65, 58.73 ± 0.69 and 59.12 ± 

0.73 µg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

5.0 % ME induced a minimum of 3.60 `)/0 rise of the glycogen concentration 

of skin at the end of six hours and a maximum of 5.12 % rise of glycogen 

concentration at the end of seventy two and ninety six hours. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the glycogen concentration of skin was equivalent to 57.48 ± 0.60, 57.65 ± 0.67, 

58.03 ± 0.60, 58.37 ± 0.69, 58.55 ± 0.54, 59.32 ± 0.70 and 59.64 ± 0.69 µg/gm Ww of 

skin respectively. 

On exposure to 10.0 % ME the tadpoles showed a minimum of 4.23 % 

increase of the glycogen concentration of skin at the end of six hours while they 
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Table No. 29 

The changes in the glycogen concentration 
of skin of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 55.48 55.52 55.56 55.70 55.98 56.43 57.18 

±0.65 ±0.52 ±0.65 ±0.62 ±0.54 ±0.62 ±0.69 
0.01% ME 56.32 56.62 56.98 57.18 57.36 57.63 57.95 

±0.62 ±0.72 ±0.71 ±0.54 ±0.62 ±0.69 ±0.73 
(1.51) (1.98) (2.55) (2.65) (2.46) (2.12) (1.34) 

0.1% ME 56.73 57.02 57.32 57.70 58.07 58.26 58.45 
±0.54 ±0.63 ±0.60 ±0.62 ±0.65 ±0.73 ±0.63 
(2.25) (2.70) (3.16) (3.59) (3.73) (3.24) (2.22) 

1% ME 57.09 57.28 57.50 58.12 58.43 58.73 59.12 
±0.61 ±0.52 ±0.50 ±0.54 ±0.65 ±0.69 ±0.73 
(2.90) (3.17) (3.49) (4.34) (4.37) (4.07) (3.39) 

5% ME 57.48 57.65 58.03 58.37 58.85 59.32 59.64 
±0.60 ±0.67 ±0.60 ±0.69 ±0.54 ±0.70 ±0.69 
(3.60) (3.83) (4.44) (4.79) (5.12) (5.12) (4.30) 

10% ME 57.83 58.14 58.43 58.91 59.15 59.45 59.96 
±0.69 ±0.62 ±0.67 ±0.73 ±0.62 ±0.69 ±0.54 
(4.23) (4.71) (5.16) (5.76) (5.66) (5.35) (4.86) 

30% ME 58.18 58.36 58.63 59.25 59.60 60.14 60.32 
±0.73 ±0.53 ±0.73 ±0.65 ±0.69 ±0.73 ±0.60 
(4.86) (5.11) (5.52) (6.37) (6.46) (6.57) (5.49) 

Note : Unit : pg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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showed a maximum of 5.76 % rise of the glycogen concentration of skin at the 

end of forty eight hours. The glycogen concentration of skin was equivalent to 

57.83 ± 0.69, 58.14 ± 0.62, 58.43 ± 0.67, 58.91 ± 0.73, 59.15 ± 0.62, 59.45 ± 0.69 and 

59.96 ± 0.54 lag/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 % ME the tadpoles exhibited a minimum of 

4.86 % increase of the glycogen concentration of skin at the end of six hours while 

they showed a maximum of 6.57 % elevation of the glycogen concentration of 

skin at the end of ninety six hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the glycogen concentration 

of skin was equivalent to 58.18 ± 0.73, 58.36 ± 0.53, 58.63 ± 0.73, 59.25 ± 0.65, 59.60 

± 0.69, 60.14 ± 0.73 and 60.32 ± 0.60 p.g/gm Ww of skin respectively. 

STAGE XXII : 

The alterations of the glycogen concentration of skin of tadpoles of stages 

XIX to XXII, exposed to mining effluents were almost similar. Therefore, the 

alterations of the glycogen concentration of skin of tadpoles of stage XXII are 

reported here and are tabulated in Table No. 30 and presented graphically in 

Graph No. 30. The alterations of the glycogen concentration of skin are expressed 

as µg /gm Ww of skin . 

It is seen from the table and graph that the glycogen concentrations of skin 

of control tadpoles increased gradually from the end of six hours to the end of 

one twenty hours. The control tadpoles exhibited glycogen concentration of skin 

equivalent to 56.32 ± 0.65, 56.40 ± 0.53, 56.50 ± 0.60, 56.60 ± 0.65, 56.70 ± 0.60, 57.45 

424 



Table No. 30 

The changes in the glycogen concentration 
of skin of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 56.32 56.40 56.50 56.60 56.70 57.45 57.89 

±0.65 ±0.53 ±0.60 ±0.65 ±0.60 ±0.53 ±0.73 
0.01% ME 57.08 57.26 57.48 57.76 58.06 58.36 58.76 

±0.81 ±0.96 ±0.73 ±0.81 ±0.75 ±1.02 ±0.92 
(1.34) (1.52) (1.73) (2.04) (2.39) (1.58) (1.50) 

0.1% ME 57.36 57.53 57.85 58.13 58.45 58.61 59.03 
±0.79 ±0.93 ±0.85 ±0.75 ±1.02 ±0.92 ±1.02 
(1.84) (2.00) (2.38) (2.70) (3.08) (2.01) (1.96) 

1% ME 57.68 57.91 58.08 58.32 58.78 58.95 59.28 
±0.81 ±0.76 ±0.93 ±0.85 ±0.98 ±1.02 t1.26 
(2.41) (2.67) (2.79) (3.03) (3.66) (2.61) (2.40) 

5% ME 58.06 58.26 58.50 58.81 59.18 59.36 59.45 
±0.86 ±0.93 ±0.76 ±1.02 ±0.85 ±1.08 ±1.31 
(3.08) (3.29) (3.53) (3.90) (4.37) (3.32) (2.69) 

10% ME 58.48 58.76 59.28 59.48 59.76 60.18 60.37 
±0.91 ±0.79 ±0.81 ±0.97 ±1.02 ±1.29 ±1.48 
(3.83) (4.18) (4.92) (5.08) (5.39) (4.75) (4.28) 

30% ME 58.73 59.18 59.53 59.85 60.05 60.30 60.65 
±0.73 ±0.81 ±0.76 ±0.81 ±0.76 ±0.73 ±0.81 
(4.27) (4.92) (5.36) (5.74) (5.90) f4.96) (4.76) 

Note : Unit : pg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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0.53 and 57.89 ± 0.73 [1.g/gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the glycogen concentration of skin 

at all the exposure periods. Under the influence of various concentration of ME 

the tadpoles exhibited successive increase of the glycogen concentration of skin 

from the end of six hours to the end of seventy two hours. However, the 

glycogen levels exhibited by the tadpoles were higher than those observed in the 

control tadpoles. 

0.01 % ME promoted 1.34 % increase of the glycogen concentration of skin 

at the end of six hours while it induced 2.39 % rise of the glycogen concentration 

of skin at the end of seventy two hours. The glycogen concentration of skin of 

tadpoles was equivalent to 57.08 ± 0.81, 57.26 ± 0.96, 57.48 ± 0.73, 57.76 ± 0.81, 

58.06 ± 0.75, 58.36 ± 1.02 and 58.76 ± 0.92 µg/gm Ww of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 0.1 % ME the tadpoles exhibited a minimum of 1.84 % and 

a maximum of 3.08 % rise of the glycogen concentration of skin at the end of six 

and seventy two hours respectively. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours the glycogen concentration of 

skin was equivalent to 57.36 ± 0.79,57.53 ± 0.93, 57.85 ± 0.85, 58.13 ± 0.75, 58.45 

1.02, 58.61 ± 0.92 and 59.03 ± 1.02 µg/gm Ww of skin respectively. 
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Under the influence 1.0 `)/0 ME the tadpoles showed an elevation of 

glycogen concentration by 2.41 % and 3.66 % at the end of six and seventy two 

hours respectively. The glycogen concentration of skin was equivalent to 57.68 ± 

0.81, 57.91 ± 0.76, 58.08 ± 0.93, 58.32 ± 0.85, 58.78 ± 0.98, 58.95 ± 1.02 and 59.28 ± 

1.26 µg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

5.0 % ME induced a minimum of 3.08 % increase of the glycogen 

concentration of skin at the end of six hours while a maximum of 4.37 % elevation 

of the glycogen concentration of skin was observed at the end of seventy two 

hours. By the end of six, twelve,, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the glycogen concentration of skin was equivalent to 58.06 

± 0.86, 58.26 ± 0.93, 58.50 ± 0.76, 58.81 ± 1.02, 59.18 ± 0.85, 59.36 ± 1.08 and 59.45 ± 

1.31 µg/gm Ww of skin respectively. 

Tadpoles exposed to 10.0 % ME showed a minimum of 3.83 % increase of 

the glycogen concentration of skin at the end of six hours while they exhibited a 

maximum of 5.39 % elevation of glycogen concentration of skin at the end of 

seventy two hours. The glycogen concentration of skin was equivalent to 58.48 ± 

0.91, 58.76 ± 0.79, 59.28 ± 0.81, 59.48 ± 0.97, 59.76 ± 1.02, 60.18 ± 1.29 and 60.37 ± 

1.48 µg/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

30.0 % ME promoted a minimum of 4.27 % increase of the glycogen 

concentration of skin at the end of six hours while a maximum of 5.90 % elevation 

of the glycogen concentration of skin was observed at the end of seventy two 
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hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours the glycogen concentration of skin was equivalent to 58.73 

± 0.73, 59.18 ± 0.81, 59.53 ± 0.76, 59.85 ± 0.81, 60.05 ± 0.76, 60.30 ± 0.73 and 60.65 ± 

0.81 µg/gm Ww of skin respectively. 

GLYCOGEN : 

LIVER : 

STAGE V : 

The alterations of the glycogen concentrations of the liver of tadpoles 

exposed. to ME for stages I to V were almost identical. Therefore, changes in the 

glycogen concentrations of the liver of tadpoles for stage V are reported here. 

The alterations of the glycogen concentrations of the liver are given in 

Table No.31 and graphically presented in Graph No.31. The alterations of the 

glycogen concentrations of the liver are expressed as microgram per gram wet 

weight of liver. 

From the graph and table, it is obvious that the control tadpoles exhibited 

a gradual increase of the glycogen content of the liver from the end of six hours to 

the end of one twenty hours. But the glycogen concentrations of the liver 

gradually decreased on exposure to various concentrations of ME for varying 

exposure periods. The maximum reduction (27.88 %) of the glycogen content of 

the liver was seen at the end of one twenty hours under the influence of 30.0 `)/0 

ME, while minimum reduction (6.53 %) was induced by 0.01 % ME at the end of 
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Table No. 31 

The changes in the glycogen concentration 
of liver of tadpoles (stage V) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 50.50 50.72 50.96 51.32 51.62 52.69 53.12 

±1.00 ±1.00 ±1.12 ±1.12 ±1.12 ±1.00 ±1.00 
0.01% ME 47.20 46.80 46.00 45.50 44.10 42.10 40.30 

±1.02 ±1.12 ±1.18 ±1.26 ±1.26 ±1.25 ±1.20 
(-6.53) (-7.72) (-9.73) (-11.34) (-14.56) (-20.09) (-24.13) 

0.1% ME 46.60 46.32 45.72 45.16 44.05 41.76 40.18 
±1.13 ±1.02 ±1.36 ±1.20 ±1.32 ±1.20 ±1.26 

(-7.72) (-8.67) (-10.28) (-12.00) (-14.66) (-20.74) (-24.35) 
1% ME 46.20 46.11 45.56 45.03 43.96 41.26 41.08 

±1.25 ±1.27 ±1.07 ±1.06 ±1.17 ±1.20 ±1.26 
(-8.51) (-9.08) (-10.59) (-12.25) (-12.90) (-21.69) (-22.66) 

5% ME 46.00 45.89 45.26 44.93 43.45 40.96 39.72 
±1.32 ±1.26 ±1.07 ±1.12 ±1.26 ±1.32 ±1.31 

(-8.91) (-9.50) (-11.18) (-12.25) (-13.88) (-22.26) (-25.22) 
10% ME 45.50 45.45 44.21 44.13 42.31 40.17 38.96 

±1.20 ±1.25 ±1.08 ±1.26 ±1.07 ±1.03 ±1.02 
(-9.90) (-10.39) (-13.24) (-14.01) (-16.09) (-23.76) (-26.65) 

30% ME 45.30 4.18 44.06 43.76 42.18 39.76 38.31 
±1.15 ±1.20 ±1.07 ±1.25 ±1.07 ±1.09 ±1.32 

(-10.29) (-10.92) (-13.54) (-14.73) (-16.35) (-24.53) (-27.88) 

Note : Unit : pg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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six hours. However, all the concentrations of ME promoted decrease of the 

glycogen concentrations of the liver for all exposure periods. 

From the table, it is apparent that all the concentrations of ME promoted 

decrease of the glycogen concentrations of the liver upto the end of forty eight 

hours, but such a dose dependent decline of glycogen concentrations of the liver 

was not obtained for seventy two, ninety six and one twenty hours. The glycogen 

content of the liver of control tadpoles was equivalent to 50.50 ± 1.00, 50.72 ± 1.00, 

50.96 ± 1.12, 51.32 ± 1.12, 51.62 ± 1.12, 52.69 ± 1.00 and 53.12 ± 1.00 µg/gm Ww of 

liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

0.01 % ME promoted decrease of the glycogen concentrations of the liver 

in the range of 6.53 to 24.13 %. The glycogen concentrations of the liver was 

equivalent to 47.20 ± 1.02, 46.80 ± 1.12, 46.00 ± 1.18, 45.50 ± 1.26, 44.10 ± 1.26, 42.10 

± 1.25 and 40.30 ± 1.20 µg/gm Ww of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME exhibited decline of glycogen 

concentrations of the liver in the range of 7.72 to 24.35 `)/0. The glycogen 

concentrations of the liver was equivalent to 46.60 ± 1.13, 46.32 ± 1.02, 45.72 ± 1.36, 

45.16 ± 1.20, 44.05 ± 1.32, 41.76 ± 1.20 and 40.18 ± 1.26 gg/gm Ww of liver at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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1.0 % ME induced reduction of the glycogen concentrations of the liver in 

the range of 8.51 to 22.66 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the glycogen concentrations of the 

liver was equivalent to 46.20 ± 1.25, 46.11 ± 1.27, 45.56 ± 1.07, 45.03 ± 1.06, 44.96 ± 

1.17, 41.26 ± 1.20 and 41.08 ± 1.26 µg/gm Ww of liver respectively. 

Tadpoles subjected to 5.0 % ME showed decline of glycogen concentrations 

of the liver in the range of 8.91 to 25.22 %. The glycogen concentrations of the 

liver was equivalent to 46.00 ± 1.32, 45.89 ± 1.26, 45.26 ± 1.07, 44.93 ± 1.12, 44.45 ± 

1.26, 40.96 ± 1.32 and 39.72 ± 1.31 1.1g/ gm Ww of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

10.0 % ME promoted drop of the glycogen content of the liver in the range 

of 9.90 to 26.65 %. At the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the glycogen concentrations of the liver was 

equivalent to 45.50 ± 1.20, 45.45 ± 1.25, 44.21 ± 1.08, 44.13 ± 1.26, 43.31 ± 1.07, 40.17 

± 1.03 and 38.96 ± 1.02 pgm/gm Ww of liver respectively. 

Tadpoles treated with 30.0 % ME exhibited reductions of glycogen 

concentrations of the liver in the range of 10.29 to 27.88 %. The glycogen 

concentrations of the liver was equivalent to 45.30 ± 1.15, 45.18 ± 1.20, 44.06 ± 1.07, 

43.76 ± 1.25, 43.18 ± 1.07, 42.76 ± 1.09 and 38.31 lag/ gm Ww of liver at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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Table No. 32 

The changes in the glycogen concentration 
of liver of tadpoles (stage VIII) 
exposed to mining effluents 

• 6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 50.70 50.90 51.40 51.76 52.65 53.91 54.94 

±0.86 ±0.71 ±0.81 ±0.75 ±0.64 ±0.71 ±0.63 
0.01% ME 49.61 49.06 48.76 47.82 46.93 45.87 44.76 

±0.75 ±0.61 ±0.71 ±0.63 ±0.81 ±0.73 ±0.63 
(-2.14) (-3.72) (-5.13) (-7.61) (-10.86) (-14.91) (-18.52) 

0.1% ME 49.01 48.70 48.18 47.36 46.43 45.36 44.28 
±0.86 ±0.81 ±0.76 ±0.80 ±0.64 ±0.71 ±0.75 

(-3.33) (-4.43) (-6.26) (-8.50) (-11.81) (-15.85) (-19.40) 
1% ME 48.66 48.01 47.93 46.76 45.36 44.48 43.42 

±0.63 ±0.75 ±0.81 ±0.83 ±0.71 ±0.93 ±0.80 
(-4.02) (-5.78) (-6.75) (-9.65) (-13.84) (-17.49) (-20.96) 

5% ME 48.06 47.78 47.12 46.21 44.73 43.81 42.96 
±0.71 ±0.63 ±0.75 ±0.81 ±0.71 ±0.83 ±0.80 

(-5.20) (-6.24) (-8.32) (-10.72) (-13.84) (-18.73) (-21.80) 
10% ME 47.72 46.81 46.25 45.85 43.80 43.32 42.32 

±0.84 ±0.71 ±0.93 ±0.61 ±0.81 ±0.91 ±0.80 
(-5.87) (-8.14) (-10.01) (-11.41) (-16.80) (-19.64) (-22.97) 

30% ME 47.18 46.48 46.08 45.46 42.26 41.32 40.48 
±0.93 ±0.75 ±0.63 ±0.64 ±0.86 ±0.91 ±0.84 

(-6.94) (-8.79) (-10.35) (-12.17) (-19.73) (-23.35) (-26.31) 

Note : Unit : pg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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STAGE VIII : 

The alterations of the glycogen concentrations of the liver of tadpoles of 

stages VI to VIII exposed to mining effluents did not differ significantly. 

Therefore, the changes of the glycogen concentrations of the liver of tadpole stage 

VIII under the influence of ME are described here. 

The alterations of the glycogen concentrations of the liver are tabulated in 

Table No. 32 and graphically expressed in Graph No. 32. The alterations of the 

glycogen concentrations of the liver are expressed as microgram per gram wet 

weight of liver. 

From the table and graph, it is noted that the control tadpoles showed 

marginal increase of the glycogen content of liver from the end of six hours to the 

end of one twenty hours. Exposure of the tadpoles to the various concentrations 

of ME caused decrease of the glycogen concentrations of the liver from six to one 

twenty hours. At the end of six hours under the influnence of 0.01% ME 

minimum reduction (2.14 %) of the glycogen concentrations of the liver was 

noted but at the end of one twenty hours under the influence of 30.0% ME, 

maximum reduction (26.31 %) of the glycogen concentrations of the liver was 

seen. 

From the table, it is seen that all the concentrations of ME promoted dose 

dependent decrease of the glycogen concentrations of liver. The control animals 

exhibited glycogen concentrations equivalent to 50.70 ± 0.86, 50.96 ± 0.71, 51.40 ± 

0.86, 51.76 ± 0.75, 52.65 ± 0.64, 53.91 ± 0.71 and 54.94 ± 0.63 µg/gm Ww of liver at 
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the end of six, twelve, twenty four, forty eight, seventy two, ninty six and one 

twenty hours respectively. 

Under the influence of 0.01% ME the reductions of glycogen 

concentrations of the liver in the range of 2.14 to 18.52 %. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the glycogen concentrations of the liver were equivalent to 49.61 ± 0.75, 49.06 ± 

0.61, 48.76 ± 0.71, 47.82 ± 0.63, 46.93 ± 0.81, 45.87 ± 0.73 and 44.76 ± 0.63 µg/gm 

Ww of liver respectively. 

0.1% ME promoted drop of the glycogen concentrations of liver in the 

range of 3.33 to 19.40 %. The glycogen concentrations of the liver were equivalent 

to 49.01 ± 0.86, 48.70 ± 0.81, 48.18 ± 0.76, 47.36 ± 0.80, 46.43 ± 0.64, 45.36 ± 0.71 and 

44.28 ± 0.75 µg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 1.0% ME showed decrease of the glycogen 

concentrations of the liver in the range of 4.02 to 20.96 %. The glycogen 

concentrations of the liver were equivalent to 48.66 ± 0.63, 48.01 ± 0.75, 47.93 ± 

0.81, 46.76 ± 0.83, 45.36 ± 0.71, 44.48 ± 0.93 and 43.42 ± 0.80 µg/gm of liver at the 

end of six, twelve, twenty four, forty eight, seventy two, ninty six and one twenty 

hours respectively. 

5.0% ME induced decrease of the glycogen concentrations of the liver in 

the range of 5.20 to 21.80 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours glycogen concentrations of the liver 
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were equivalent to 48.06 ± 0.71, 47.78 ± 0.63, 47.12 ± 0.75 , 46.21 ± 0.81, 44.73 ± 

0.71, 43.81 ± 0.83 and 43.96 ± 0.80 µg/gm Ww of liver respectively. 

Tadpoles subjected to 10.0 % ME exhibited decrease of the glycogen 

concentrations of the liver in the range of 47.72 to 42.32 %. The glycogen 

concentrations of the liver were equivalent to 47.72 ± 0.84, 46.81 ± 0.71, 46.25 ± 

0.93, 45.85 ± 0.61, 43.80 ± 0.81, 43.32 ± 0.91 and 42.32 ± 0.80 µg/gm Ww of liver at 

the end of six , twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

30.0% ME promoted fall of glycogen concentrations of the liver in the 

range of 6.94 to 26.31 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the glycogen concentrations of the 

liver were equivalent to 47.18 ± 0.93, 46.48 ± 0.75, 46.08 ± 0.63, 45.46 ± 0.64, 42.26 ± 

0.86, 41.32 ± 0.91, and 40.48 ± 0.84 µg/gm Ww of liver respectively. 

STAGE XIV : 

Alterations of the glycogen concentrations of the liver of tadpoles exposed 

to mining effluents of stages IX to XIV were non significantly different. 

Therefore, changes of the glycogen concentrations of the liver for stage XIV are 

reported here. 

The alternations in the glycogen concentrations of the liver are compiled in 

Table No. 33 and graphically represented in Graph No. 33. The alterations of the 

glycogen concentrations of the liver are expressed as microgram (pig) per gram 

Wet weight (Ww) of liver. 
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Table No. 33 

The changes in the glycogen concentration 
of liver of tadpoles (stage XIV) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 50.82 50.87 50.96 51.21 52.32 53.56 54.76 

±1.26 ±1.18 ±1.20 ±1.18 ±1.26 ±1.20 ±1.20 
0.01% ME 49.46 49.00 48.93 48.40 47.32 46.92 45.43 

±1.18 ±1.20 ±1.26 ±1.32 ±1.26 ±1.20 ±1.18 
(-2.67) (-3.67) (-3.98) (-5.48) (-9.55) (-12.39) (-17.03) 

0.1% ME 48.43 48.21 48.00 47.90 47.50 46.50 44.50 
±1.20 ±1.18 ±1.20 ±1.20 ±1.18 ±1.20 ±1.18 

(-4.70) (-5.22) (-5.80) (-6.46) (-9.21) (-13.18) (-18.73) 
1% ME 48.26 48.00 47.63 47.01 46.92 45.70 44.18 

±1.18 ±1.13 ±1.18 ±1.32 ±1.20 ±1.18 ±1.20 
(-5.03) (-5.64) (-6.53) (-8.20) (-10.32) (-14.67) (-19.32) 

5% ME 47.48 47.00 47.13 46.90 46.50 45.11 43.53 
±1.26 ±1.20 ±1.26 ±1.20 ±1.32 ±1.30 ±1.20 

(-6.57) (-7.60) (-7.51) (-8:41) (-11.12) (-15.77) (-20.50) 
10% ME 47.06 46.83 46.40 46.32 45.80 44.77 43.05 

±1.36 ±1.18 ±1.13 ±1.30 ±1.30 ±1.20 ±1.26 
(-7.39) (-7.94) (-8.94) (-9.54) (-12.46) (-16.41) (-21.38) 

30% ME 46.93 46.50 46.08 45.93 45.20 44.31 42.53 
±1.32 ±1.20 ±1.25 ±1.20 ±1.30 ±1.18 ±1.18 

(-7.65) (-8.59) (-9.57) (-10.31) (-13.57) (-17.27) (-22.33) 

Note : Unit : pg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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From the table it is seen that all the concentration of ME promoted dose 

dependent decrease of the glycogen concentrations of the liver at all the exposure 

periods. The control tadpoles exhibited gradual increase of the glycogen 

concentrations of the liver from the end of six hours to the end of one twenty 

hours. The glycogen concentration of liver of control tadpoles was equivalent to 

50.82 ± 1.26, 50.87 ± 1.18, 50.96 ± 1.20, 51.21 ± 1.18, 52.32 ± 1.26, 53.56 ± 1.20 and 

54.76 ± 1.20 µg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

All the concentrations of ME induced decrease of the glycogen 

concentrations of the liver at all exposure periods. The minimum decrease (2.67 

%) of the glycogen concentrations was noted at the end of six hours under 

influence of 0.01 % ME and maximum reduction (22.33 `)/0) was observed at the 

end of one twenty hours when exposed to 30.0% ME. 

0.01 % ME promoted a minimum decrease of 2.67 % of the glycogen 

content of the liver at the end of six hours while at the end of one twenty hours a 

maximum reduction of 17.03 % was induced. The glycogen contents of liver were 

equivalent to 49.46 ± 1.18, 49.00 ± 1.20, 48.93 ± 1.26, 48.40 ± 1.32, 47.32 ± 1.26, 46.92 

± 1.20 and 45.43 ± 1.18 pgm/ gm Ww of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed a 4.70 % drop of the 

glycogen content of liver at the end of six hours and at the end of one twenty 

hours, a 18.73 % drop of the glycogen content of liver was noticed. At the end of 

six, twelve, twenty four, forty eight , seventy two, ninety six and one twenty 
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hours, the glycogen content of liver was equivalent to 48.43 ± 1.20, 48.21 ± 1.18, 

48.00 ± 1.20 , 47.90 ± 1.20, 47.50 ± 1.18, 46.50 ± 1.20 and 44.50 ± 1.18 µg/gm Ww of 

liver respectively. 

1.0 % ME induced a maximum of 19.32 % decrease of the glycogen 

concentrations of liver at the end of one twenty hours and a minimum of 5.03 % 

at the end of six hours. The glycogen concentrations of liver of tadpoles was 

equivalent to 48.26 ± 1.18, 48.00 ± 1.13, 47.63 ± 1.18, 47.01 ± 1.32, 46.92 ± 1.20, 45.70 

± 1.18 and 44.18 ± µg/gm Ww of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited a minimum 

reduction (6.57 %) of the glycogen concentrations of liver at the end of six hours 

and a maximum reduction (20.50 %) of the glycogen concentration was observed 

at the end of one twenty hours. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the glycogen concentration of the 

liver was equivalent to 47.48 ± 1.26, 47.00 ± 1.20, 47.13 ±-1.26, 46.90 ± 1.20, 46.50 ± 

1.32, 45.11 ± 1.30 and 43.53 ± 1.20 µg/gm Ww of of liver respectively. 

Tadpoles exposed to 10.0 % ME showed 7.39 % drop of the glycogen 

concentrations of the liver at the end of six hours and 21.36 % drop of the 

glycogen concentrations of liver at the end of one twenty hours. The glycogen 

concentrations of liver of tadpoles was equivalent to 47.06 ± 1.36, 46.83 ± 1.18, 

46.40 ± 1.13, 46.32 ± 1.30, 45.80 ± 1.30, 44.77 ± 1.20 and 43.05 ± 1.26 pg/ gm Ww of 

liver respectively. 
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Tadpoles subjected to 30.0 % ME exhibited 7.65 % drop of the glycogen 

concentrations of liver at the end of six hours and 22.33 % reduction of the 

glycogen concentrations of liver was observed at the end of one twenty hours. 

The glycogen concentrations of liver was equivalent to 46.93 ± 1.32, 46.50 ± 1.20, 

46.08 ± 1.25, 45.93 ± 1.20, 45.20 ± 1.30, 44.31 ± 1.18 and 42.53 ± 1.18 .p.g/gm Ww of 

liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

STAGE XVIII : 

The changes in the glycogen concentration of liver of tadpole stages XV to 

XVIII were almost identical, hence changes of the glycogen concentration of the 

liver of tadpole stage XVIII is reported here. The alterations of the glycogen 

concentration of liver of tadpoles belonging to stage XVII are tabulated in Table 

No. 34 and graphically represented in Graph No. 34. The alterations of the 

glycogen concentration of liver are expressed as microgram (pg) per gram Wet 

weight (Ww) of liver. 

From the table and graph it is apparent that the glycogen concentrations of 

control tadpoles increased from the end of six hours to the end of one twenty 

hours. The glycogen concentrations of control tadpoles was equivalent to 51.26 ± 

1.07, 51.28 ± 1.02, 51.30 ± 0.96, 51.35 ± 0.87, 52.37 ± 1.12, 53.46 ± 1.18 and 54.58 ± 

1.07 µg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

It is evident that all the concentrations of ME promote concentration 

dependent decrease of the glycogen concentration of liver at all the exposure 
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Table No. 34 

The changes in the glycogen concentration 
of liver of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 51.26 51.28 51.30 51.35 52.37 53.46 54.58 

±1.07 ±1.02 ±0.96 ±0.87 ±1.12 ±1.18 ±1.07 
0.01% ME 50.18 49.87 49.37 48.73 48.21 47.73 47.21 

±1.07 ±1.07 ±1.11 ±1.18 ±1.20 ±1.09 ±1.20 
(-2.10) (-2.74) (-3.76) (-5.10) (-7.94) (-10.71) (-13.50) 

0.1% ME 49.73 48.81 48.43 47.76 47.24 46.81 45.69 
±1.11 ±1.19 ±1.18 ±1.13 ±1.20 ±1.26 ±1.32 

(-2.98) (-4.81) (-5.59) (-6.99) (-9.79) (-12.43) (-16.28) 
1% ME 49.43 48.62 47.82 46.73 46.10 45.82 44.81 

±1.18 ±1.20 ±1.32 ±1.18 ±1.13 ±1.18 ±1.48 
(-3.57) (-5.18) (-6.78) (-8.99) (-11.97) (-14.29) (-17.90) 

5% ME 49.18 48.43 47.92 46.21 45.73 45.12 44.15 
±1.01 ±1.23 ±1.36 ±1.26 ±1.15 ±1.32 ±1.81 

(-4.05) (-5.55) (-6.58) (-10.00) (-12.67) (-15.60) (-19.10) 
10% ME 48.77 47.93 47.56 46.05 45.30 44.43 43.62 

±1.07 ±1.26 ±1.48 ±1.43 ±1.18 ±1.25 ±1.32 
(-4.85) (-6.53) (-7.29) (-10.32) (-13.50) (-16.89) (-20.08) 

30% ME 48.32 47.65 46.82 45.32 44.18 43.48 42.36 
±1.08 ±1.12 ±1.32 ±1.32 ±1.21 ±1.26 ±1.36 

(-5.73) (-7.15) (-8.73) (-11.74) (-15.63) (-18.66) (-22.38) 

Note : Unit : pg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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periods. A minimum drop of the glycogen concentration of liver was observed at 

the end of six hours under the influence of 0.01 % ME and a maximum decrease 

of the glycogen concentration of liver was noticed at the end of one twenty hours 

under the influence of 30.0 % ME. 

Tadpoles exposed to 0.01 % ME promoted a minimum reduction of 2.10 `)/0 

in the glycogen concentration of liver at the end of six hours while a maximum 

reduction of 13.50 % in the glycogen concentrations of liver was observed at the 

end of one twenty hours. The glycogen concentrations of liver was equivalent to 

50.18 ± 1.07, 49.87 ± 1.07, 49.37 ± 1.11, 48.73 ± 1.18, 48.21 ± 1.20, 47.73 ± 1.09 and 

47.21 ± 1.20 1.1g/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME promoted 2.98 % decrease of the glycogen 

concentrations of liver at the end of six hours and a 16.28 `)/0 decrease was 

observed at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the glycogen 

concentration of liver was equivalent to 49.73 ± 1.11, 48.81 ± 1.19, 48.43 ± 1.18, 

47.76 ± 1.13, 47.24 ± 1.20, 46.81 ± 1.26 and 45.69 ± 1.32 µg/gm Ww of liver 

respectively. 

1.0 % ME promoted a 3.57 % decrease of the glycogen concentration of 

liver at the end of six hours and 17.90 % decrease of the glycogen concentrations 

of liver was observed at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

glycogen concentrations of liver was equivalent to 49.43 ± 1.18, 48.62 ± 1.20, 47.82 
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± 1.32, 46.73 ± 1.18, 46.10 ± 1.13, 45.82 ± 1.18 and 44.81 ± 1.48 µg/gm Ww of liver 

respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited 4.05 % decrease of 

the glycogen concentrations of liver at the end of six hours and they showed 19.10 

reduction of the liver concentrations of glycogen at the end of one twenty 

hours. The glycogen concentrations of liver of tadpoles was equivalent to 49.18 ± 

1.01, 48.43 ± 1.23, 47.92 ± 1.36, 46.21 ± 1.26, 45.73 ± 1.15, 45.12 ± 1.32 and 44.15 ± 

1.81 pg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 10.0 % ME, the tadpoles showed a 4.85 % drop of the 

glycogen concentrations of liver at the end of six hours and they exhibited a 20.08 

% decrease of the glycogen concentrations of liver at the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours the glycogen concentrations of liver was equivalent to 48.77 ± 1.07, 

47.93 ± 1.26, 47.56 ± 1.48, 46.05 ± 1.43, 45.30 ± 1.18, 44.43 ± 1.25 and 43.62 ± 1.32 

µg/gm Ww of liver respectively. 

When the tadpoles were subjected to 30.0 % ME they exhibited a 5.73 % 

drop of the glycogen concentrations of liver at the end of six hours while they 

showed a 22.38 % decrease of the glycogen concentrations of liver at the end of 

one twenty hours. The glycogen concentrations of liver was equivalent to 48.32 ± 

1.08, 47.61 ± 1.12, 46.82 ± 1.32, 45.32 ± 1.32, 44.18 ± 1.21, 43.48 ± 1.26 and 42.36 ± 

1.36 pg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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STAGE XXII : 

The alterations of the glycogen concentration of liver of tadpoles of stages 

XIX to XXII were almost similar. Therefore, changes of the glycogen 

concentrations of liver of tadpoles of stage XXII are given in Table No. 35 and 

expressed graphically in Graph No. 35. The alterations of the glycogen 

concentrations of liver are expressed as microgram (pg)per gram Wet weight 

(Ww) of liver. 

It is clear from the table that the control tadpoles exhibited marginal 

increase of the glycogen concentrations of liver from the end of six hours to the 

end of one twenty hours. The tadpoles exhibited ME concentration dependent 

increase of the glycogen concentration of liver at all the exposure periods. The 

minimum reduction of the glycogen concentration of liver was observed at the 

end of six hours under the influence of 0.01 % ME and the maximum decrease of 

the glycogen concentrations of liver was noticed at the end of one twenty hours 

under the influence of 30.0 `)/0 ME. 

0.01 % ME promoted a minimum of 4.08 % decrease of the glycogen 

concentrations of liver at the end of six hours and a maximum of 19.10 % 

reduction of the glycogen concentrations of liver was observed at the end of one 

twenty hours. The glycogen concentrations of liver were equivalent to 49.36 ± 

1.06, 49.00 ± 1.18, 48.73 ± 1.18, 47.32 ± 1.22, 46.82 ± 1.23, 45.72 ± 1.32 and 44.84 ± 

1.36 µg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
51.46 
±1.08 

51.62 
±1.02 

51.76 
±1.06 

52.26 
±1.02 

53.72 
±1.07 

54.89 
±1.56 

55.43 
±1.32 

Control 

49.36 
±1.06 

(-4.08)  
49.01 
±1.12 

(-4.76)  

49.00 
±1.18 

(-5.07)  
48.76 
±1.26 

(-5.54) 

48.73 
±1.18 
(1.20)  
48.32 
±1.20 

(-6.64) 

47.32 
±1.22 

(-9.45)  
46.86 
±1.26 

(-10.33)  

46.82 
±1.23 

(-12.84)  
46.18 
±1.30 

(-14.03)  

45.72 
±1.32 

(-16.70)  
45.10 
±1.34 

(-17.83)  

44.84 
±1.36 

(-19.10)  
44.32 
±1.32 

(-20.04)  

0.01% ME 

0.1% ME 

1% ME 

5% ME 

10% ME 

30% ME 

48.73 
±1.32 

(-5.30)  
48.32 
±1.18 

(-6.02) 
47.81 
±1.23 

(-7.09)  
47.28 
±1.20 

(-8.12)  

48.26 
±1.28 

(-6.50)  
47.93 
±1.12 

(-7.14)  
47.50 
±1.23 

(-7.98)  
46.80 
±1.23 

(-9.33)  

47.83 
±1.20 

(-7.59)  
47.48 
±1.26 

(-8.26)  
47.18 
±1.42 

(-8.84)  
46.30 
±1.28 

(-10.54)  

46.32 
±1.18 

(-11.36)  
45.93 
±1.20 

(-12.11)  
45.44 
±1.36 

(-13.05)  
44.86 
±1.36 

(-14.15)  

45.76 
±1.40 

(-14.81)  
44.93 
±1.18 

(-16.36)  
44.25 
±1.32 

(-17.62)  
43.36 
±1.48 

(-19.28)  

44.72 
±1.18 

(-18.52)  
43.93 
±1.18 

(-19.96)  
43.36 
±1.30 

(-21.00)  
42.82 
±1.36 

(-21.98)  

43.86 
±1.20 

(-20.87)  
42.84 
±1.20 

(-22.71) 
42.21 
±1.36 

(-23.84)  
41.76 
±1.32 

(-24.66)  

Table No. 35 

The changes in the glycogen concentration 
of liver of tadpoles (stage XXII) 

exposed to mining effluents 

Note : Unit : pg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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Tadpoles exposed to 0.1 % ME showed 4.76 % decrease of the glycogen 

concentrations of liver at the end of six hours and 20.04 `)/0 reduction was 

observed at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the glycogen 

concentrations of liver was equivalent to 49.01 ± 1.12, 48.76 ± 1.26, 48.32 ± 1.20, 

46.86 ± 1.26, 46.18 ± 1.30, 45.10 ± 1.34 and 44.32 ± 1.32 pig/gm wW of liver 

respectively. 

Tadpoles subjected to 1.0 % ME exhibited a minimum decrease of glycogen 

concentrations at the end of six hours and maximum decrease at the end of one 

twenty hours. The glycogen concentrations of liver was equivalent to 48.73 ± 

1.32, 48.26 ± 1.28, 47.83 ± 1.20, 46.32 ± 1.18, 45.76 ± 1.40, 44.72 ± 1.18 and 43.86 ± 

1.20 µg/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

5.0 % ME induced a 6.02 % decreased in the glycogen concentrations of 

liver at the end of six hours and a 22.71 % reduction of the glycogen 

concentrations of liver at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

glycogen concentrations of liver was equivalent to 48.32 ± 1.18, 47.93 ± 1.12, 47.48 

± 1.26, 45.93 ± 1.20, 44.93 ± 1.18, 43.93 ± 1.18 and 42.84 ± 1.20 µg/ gm Ww of liver 

respectively. 

On exposure to 10.0 % ME the tadpoles exhibited 7.09 % reduction of the 

glycogen concentrations of liver at the end of six hours and a 23.84 % reduction of 

the glycogen concentrations of liver at the end of one twenty hours. The 
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glycogen concentrations of liver of tadpoles was equivalent to 47.81 ± 1.23, 47.50 ± 

1.23, 47.18 ± 1.42, 45.44 ± 1.36, 44.25 ± 1.32, 43.36 ± 1.30 and 42.21 ± 1.36 µg/gm 

Ww of liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

Under the influence of 30.0 % ME, a minimum of 8.12 % decrease of the 

glycogen concentrations of liver was observed at the end of six hours while a 

24.66 % reduction of the glycogen concentrations of liver was observed at the end 

of one twenty hours. The glycogen concentrations of liver was equivalent to 47.28 

± 1.20, 46.80 ± 1.23, 46.30 ± 1.28, 44.86 ± 1.36, 43.36 ± 1.48, 42.82 ± 1.36 and 41.76 ± 

1.32 µg/gm Ww of liver by the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

GLYCOGEN : 

MUSCLE : 

STAGE V : 

The alterations of the glycogen concentration of muscle of tadpoles of 

stages I to V under the influence of mining effluents were almost identical, 

therefore, alterations of the glycogen concentration of muscle of tadpole of stage 

V are described here. The alterations of the glycogen concentration of muscle of 

tadpole stage V are tabulated in Table No. 36 and represented graphically in 

Graph No. 36. The alterations of the glycogen concentration of muscle are 

expressed as microgram (gg) per gram Wet weight (Ww) of muscle. 
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Table No. 36 

The changes in the glycogen concentration 
of muscle of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 54.00 54.32 54.62 55.21 56.36 56.82 57.18 

±0.6 ±0.54 ±0.63 ±0.72 ±0.54 ±0.60 ±0.54 
0.01% ME 53.11 52.73 52.13 51.43 50.36 49.72 48.81 

±0.60 ±0.54 ±0.72 ±0.63 ±0.54 ±0.76 ±0.73 
(-1.64) (-2.92) (-4.55) (-6.84) (-10.64) (-12.49) (-14.63) 

0.1% ME 52.36 51.86 51.20 50.36 49.73 48.33 47.45 
±0.63 ±0.60 ±0.65 ±0.54 ±0.76 ±0.73 ±0.65 

(-3.03) (-4.52) (-6.26) (-8.78) (-11.76) (-14.94) (-17.01) 
1% ME 51.81 50.50 49.86 48.48 47.73 46.81 45.56 

±0.54 ±0.72 ±0.63 ±0.60 ±0.54 ±0.54 ±0.63 
(-4.05) (-7.03) (-8.71) (-12.18) (-15.31) (-17.61) (-20.32) 

5% ME 50.43 49.93 49.21 47.38 46.72 45.32 44.65 
±0.72 ±0.76 ±0.70 ±0.73 ±0.65 ±0.54 ±0.60 

(-6.61) (-8.08) (-9.90) (14.18) (-17.10) (-20.23) (-21.91) 
10% ME 49.61 48.86 48.16 46.72 45.63 44.46 43.83 

±0.63 ±0.65 ±0.62 ±0.54 ±0.76 ±0.73 ±0.65 
(-8.12) (-10.05) (-11.82) (-15.37) (-19.03) (-21.75) (-23.34) 

30% ME 48.72 47.91 47.30 45.62 44.56 43.61 42.79 
±0.54 ±0.60 ±0.54 ±0.63 ±0.62 ±0.54 ±0.72 

(-9.77) (-11.80) (-13.40) (-17.37) (-20.93) (-23.24) (-25.16) 

Note : Unit : pg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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It is evident from the table and graph that the control tadpoles exhibited 

marginal increase of the glycogen concentration of muscle from the end of six 

hours to the end of one twenty hours. The glycogen concentration of muscle was 

equivalent to 54.00 ± 0.60, 54.32 ± 0.54, 54.62 ± 0.63, 55.21 ± 0.72, 56.36 ± 0.54, 56.82 

0.60 and 57.18 ± 0.54 µg/gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentration of ME 

promoted concentration dependent decrease of the glycogen concentration of 

muscle for all the exposure periods. A minimum of 1.64 % decrease of the 

glycogen concentrations of muscles was observed at the end of six hours under 

the influence of 0.01 `)/0 ME while a maximum of 25.16 % reduction of the 

glycogen concentrations of muscle was noticed at the end of one twenty hours 

under the influence of 30.0 % ME. Also, all the concentrations of ME promoted 

exposure period dependent progressive decline in the glycogen concentrations of 

muscle. 

Under the influence of 0.01 % ME the tadpoles showed 1.64 % decrease of 

the glycogen concentration of muscle at the end of six hours while they exhibited 

14.63 % reduction of the glycogen concentration of muscle at the end of one 

twenty hours. The glycogen concentration of muscle was equivalent to 53.11 ± 

0.60, 52.73 ± 0.54, 52.13 ± 0.72, 51.43 ± 0.63, 50.36 ± 0.54, 49.72 ± 0.76 and 48.81 ± 

0.73 j.tg/ gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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0.1 % ME promoted 3.03 % drop of the glycogen concentration of muscle at 

the end of six hours, while it induced a drop of 17.01 % in the glycogen 

concentration of muscle at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours the 

glycogen concentration of muscles was equivalent 52.36 ± 0.63, 51.86 ± 0.60, 51.20 

± 0.65, 50.36 ± 0.54, 49.73 ± 0.76, 48.33 ± 0.73 and 47.45 ± 0.65 1.1g/gm Ww of 

muscle respectively. 

On exposure to 1.0 % ME the tadpoles exhibited a 4.05 % drop of the 

glycogen concentration of muscle at the end of six hours while they showed a 

20.32 % reduction of the glycogen concentration of muscle at the end of one 

twenty hours. The glycogen concentration of muscles was equivalent to 51.81 ± 

0.54, 50.50 ± 0.72, 49.86 ± 0.63, 48.48 ± 0.60, 47.73 ± 0.54, 46.81 ± 0.54 and 45.56 ± 

0.63 jig/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME showed a minimum of 6.61 % drop of the 

glycogen concentration of muscle at the end of six hours while they exhibited a 

maximum of 21.91 % drop of the glycogen concentration of muscle at the end of 

one twenty hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the glycogen concentration of muscle was 

equivalent to 50.43 ± 0.72, 49.93 ± 0.76, 49.21 ± 0.70, 47.38 ± 0.73, 46.72 ± 0.65, 45.32 

± 0.54 and 44.65 ± 0.60 µg/gm Ww of muscle respectively. 

10.0 % ME promoted 8.12 % and 23.34 % reduction of the glycogen 

concentration of muscle at the end of six and one twenty hours respectively. The 
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glycogen concentration of muscles was equivalent to 49.61 ± 0.63, 48.86 ± 0.65, 

48.16 ± 0.62, 46.72 ± 0.54, 45.63 ± 0.76, 44.46 ± 0.73 and 43.83 ± 0.65 pig/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles exposed to 30.0 `)/0 ME exhibited 9.77 % and 25.16 % reduction of 

the glycogen concentration of muscle at the end of six and one twenty hours 

respectively. At the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the glycogen concentration of muscle was 

equivalent to 48.72 ± 0.54, 47.91 ± 0.60, 47.30 ± 0.54, 45.62 ± 0.63, 44.56 ± 0.62, 43.61 

± 0.54 and 42.79 ± 0.72 µg/gm Ww of muscle respectively. 

STAGE VIII : 

The alterations of the glycogen concentration of dorsal muscle of tadpoles 

of stages VI to VIII exposed to mining effluents were almost identical. Therefore, 

alterations of the glycogen concentration of dorsal muscle of tadpoles of stage 

VIII are described here. The changes in the glycogen concentration of muscle of 

tadpoles exposed to ME are given in Table No. 37 and presented graphically in 

Graph No. 37. The alterations of the glycogen concentration of muscle are 

expressed as microgram per gram wet weight of muscle. 

From the table and graph it is observed that the control tadpoles exhibited 

marginal increase of the glycogen concentration of muscle from the end of six to 

the end of one twenty hours. The glycogen concentration of muscle was 

equivalent to 55.10 ± 0.86, 55.26 ± 0.75, 55.36 ± 0.65, 56.12 ± 0.54, 56.28 ± 0.71, 56.32 
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Table No. 37 

The changes in the glycogen concentration 
of muscle of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 55.10 55.26 55.36 56.12 56.28 56.32 56.93 

±0.86 ±0.75 ±0.65 ±0.54 ±0.71 ±0.63 ±0.32 
0.01% ME 54.18 53.75 53.25 52.60 51.45 50.72 49.81 

±0.65 ±0.32 ±0.28 ±0.61 ±0.54 ±0.28 ±0.51 
(-1.66) (-2.73) (-3.81) (-6.27) (-8.58) (-9.94) (-12.50) 

0.1% ME 53.75 52.86 52.42 51.63 50.32 49.48 48.18 
±0.43 ±0.54 ±0.32 ±0.46 ±0.32 ±0.65 ±0.32 

(-2.45) (-4.34) (-5.31) (-8.00) (-10.58) (-12.14) (-15.36) 
1% ME 53.13 52.36 51.73 50.81 49.28 48.21 47.35 

±0.32 ±0.28 ±0.43 ±0.65 ±0.43 ±0.32 ±0.54 
(-3.57) (-5.24) (-6.55) (-9.46) (-12.43) (-14.39) (-16.82) 

5% ME 52.62 51.81 51.21 49.45 48.32 47.51 46.81 
±0.54 ±0.61 ±0.54 ±0.32 ±0.54 ±0.81 ±0.63 

(-4.50) (-6.24) (-7.49) (-11.88) (-14.14) (-15.64) (-17.77) 
10% ME 51.81 50.75 50.32 48.36 47.72 46.63 45.40 

±0.32 ±0.54 ±0.43 ±0.65 ±0.71 ±0.63 ±0.54 
(-5.97) (-8.16) (-9.10) (-13.82) (-15.20) (-17.20) (-20.25) 

30% ME 51.50 50.45 49.86 47.73 46.42 45.21 44.54 
±0.28 ±0.48 ±0.28 ±0.32 ±0.54 ±0.45 ±0.60 

(-6.53) (-8.70) (-9.93) (-14.95) (-17.51) (-19.72) (-21.76) 

Note : Unit : pg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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tadpoles (stage XIV) exposed to mining effluents 

60 - 
—16—Control 

—N-0.01% ME 

A 	0.1% ME 

1% ME 

5% ME 

—0-10% ME 

30% ME 

58 

52 

50 - 

g. 48 

46 

44 

Graph No. 37 

The changes in the glycogen content of muscle of 
tadpoles (stage VIII) exposed to mining effluents 

 

   

 

-40—Control 

—R-0.01% ME 

—A-- 0.1% ME 

1% ME 

-9---- 5% ME 

10% ME 

30% ME 

 

  

  

  

  

   

6 	12 	24 	48 	72 	96 
	

120 

- Hours - 

  

Graph No. 38 

6 	12 	24 	48 	72 	96 	120 

- Hours - 



± 0.63 and 56.93 ± 0.32 µg/gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph, it is apparent that all the concentrations of ME 

promoted concentration dependent decrease of the glycogen concentration of 

muscle for all exposure periods. The minimum of 1.66 % reduction of the 

glycogen concentration of muscle was observed at the end of six hours under the 

influence of 0.01 % ME while a maximum of 21.76 % reduction of the glycogen 

concentration of muscle was noticed at the end of one twenty hours under the 

influence of 30.0 % ME. Besides, all the concentration of ME induced exposure 

period dependent progressive decline in glycogen concentrations of muscle. 

0.01 % ME promoted a minimum of 1.66 % decrease of the glycogen 

concentration of muscle at the end of six hours while it induced a maximum of 

12.50 % reduction of the glycogen concentration of muscle at the end of one 

twenty hours. The glycogen concentration of muscle was equivalent to 54.18 ± 

0.65, 53.75 ± 0.32, 53.25 ± 0.28, 52.60 ± 0.61, 51.45 ± 0.54; 50.72 ± 0.28 and 49.81 ± 

0.51 µg/ gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles exhibited 2.45 `)/0 drop of the 

glycogen concentration of muscle at the end of six hours and a 15.36 % reduction 

of the glycogen concentration was observed at the end of one twenty hours. By 

the end of six, twelve, twenty four; forty eight, seventy two, ninety six and one 

twenty hours, the glycogen concentration of muscle was equivalent to 53.75 ± 

444 



0.43, 52.86 ± 0.54, 52.42 ± 0.32, 51.63 ± 0.46, 50.32 ± 0.32, 49.48 ± 0.65 and 48.18 ± 

0.32 gg/gm Ww of muscle respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited 3.57 `)/0 drop of the 

glycogen concentration of muscle at the end of six hours while they showed a 

16.82 `)/0 reduction of the glycogen concentration of muscle at the end of one 

twenty hours. The glycogen concentration of muscle was equivalent to 53.13 ± 

0.32, 52.36 ± 0.28, 51.73 ± 0.43, 50.81 ± 0.65, 49.28 ± 0.43, 48.21 ± 0.32 and 47.32 ± 

0.54 µg/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 `)/0 ME showed 4.50 % decrease of the glycogen 

concentration of muscles at the end of six hours, while they exhibited 17.77 % 

reduction of the glycogen concentration of muscle at the end of one twenty hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the glycogen concentration of muscles was equivalent to 52.62 ± 

0.54, 51.81 ± 0.61, 51.21 ± 0.54, 49.45 ± 0.32, 48.32 ± 0.54; 47.51 ± 0.81 and 46.81 ± 

0.63 µg/gm Ww of muscles respectively. 

Tadpoles exposed to 10.0 % ME showed a minimum of 5.97 % drop of the 

glycogen concentration of muscle at the end of six hours while they exhibited a 

maximum of 20.25 % drop of the glycogen concentration of muscle at the end of 

one twenty hours. The glycogen concentration of muscles was equivalent to 51.81 

± 0.32, 50.75 ± 0.54, 50.32 ± 0.43, 48.36 ± 0.65, 47.72 ± 0.71, 46.63 ± 0.63 and 45.40 ± 

0.54 jig/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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30.0 % ME promoted a minimum of 6.53 % decrease of the glycogen 

concentration of muscles at the end of six hours while it induced a maximum 

reduction of 21.76 `)/0 of the glycogen concentration of muscle at the end of one 

twenty hours. At the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the glycogen concentration of muscle was 

equivalent to 51.50 ± 0.28, 50.45 ± 0.48, 49.86 ± 0.28, 47.73 ± 0.32, 46.42 ± 0.54, 45.21 

± 0.45 and 44.54 ± 0.60 pg / gm Ww of muscle respectively. 

STAGE XIV : 

The alterations of the glycogen concentration of muscles of tadpoles of 

stages IX to XIV exposed to mining effluents were almost identical. Therefore, the 

changes of the glycogen concentration of muscle of tadpoles of stage XIV, 

exposed to ME are reported here. The alteration of the glycogen concentration of 

muscle of stage XIV tadpoles are compiled in Table No. 38 and presented 

graphically in Graph No. 38. The changes in the glycogen concentration of 

muscles are expressed as microgram (.1/g)per gram wet weight (Ww) of muscle. 

It is apparent from the table and graph that the glycogen concentration of 

muscle of control tadpoles increased marginally from the end of six hours to the 

end of one twenty hours. The glycogen concentration of control tadpoles was 

equivalent to 56.30 ± 0.60, 56.62 ± 0.60, 56.80 ± 0.63, 57.10 ± 0.70, 57.50 ± 0.63, 58.10 

± 0.54 and 58.83 ± 0.72 µg/gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

promoted concentration dependent decrease of the glycogen concentration of 
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Table No. 38 

The changes in the glycogen concentration 
of muscle of tadpoles (stage XIV) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 56.30 56.62 56.80 57.10 57.50 58.10 58.83 

±0.60 ±0.60 ±0.63 ±0.70 ±0.63 ±0.54 ±0.72 
0.01% ME 55.10 54.83 54.13 53.63 52.72 51.75 50.86 

±0.70 ±0.63 ±0.54 ±0.72 ±0.63 ±0.50 ±0.72 
(-2.13) (-3.16) (-4.70) (-6.07) (-8.31) (-10.92) (-13.54) 

0.1% ME 54.60 53.92 53.20 52.90 51.73 50.65 49.43 
±0.70 ±0.70 ±0.60 ±0.54 ±0.70 ±0.45 ±0.54 

(-3.01) (-4.76) (-6.33) (-7.35) (-10.03) (-12.82) (-15.97) 
1% ME 53.48 52.36 51.45 50.87 49.70 48.60 47.40 

±0.63 ±0.63 ±0.70 ±0.45 ±0.63 ±0.50 ±0.70 
(-5.0.) (-7.52) (-9.41) (-10.91) (-13.56) (-16.35) (-19.42) 

5% ME 52.83 51.93 50.51 49.91 48.75 47.65 46.47 
±0.54 ±0.60 ±0.54 ±0.72 ±0.70 ±0.45 ±0.54 

(-6.16) (-8.28) (-11.07) (-12.59) (-15.21) (-17.98) (-21.0) 
10% ME 52.26 51.26 50.36 48.97 47.82 46.73 45.56 

±0.45 ±0.45 ±0.72 ±0.60 ±0.65 ±0.72 ±0.65 
(-7.17) (-9.46) (-11.33) (-14.23) (-16.83) (-19.56) (-22.65) 

30% ME 51.32 50.43 49.21 47.83 46.79 45.63 44.45 
. ±0.72 ±0.54 ±0.45 ±0.63 ±0.70 ±0.65 ±0.72 

(-8.84) (-10.93) (-13.36) (-16.23) (-18.62) (-21.46) (-24.44) 

Note : Unit : pg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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muscle for all exposure periods. The tadpoles exhibited the minimum of 2.13 % 

decrease of the glycogen concentration of muscle at the end of six hours under 

the influence of 0.01 `)/0 ME while they showed the maximum of 24.44 % reduction 

of the glycogen concentration of muscle at the end of one twenty hours under the 

influence of 30.0 `)/0 ME. 

On exposure to 0.01 % ME the tadpoles exhibited 2.13 `)/0 to 13.54 % 

reduction of the glycogen concentration of muscle at the end of six and one 

twenty hours respectively. The glycogen concentration of muscle was equivalent 

to 55.10 ± 0.70, 54.83 ± 0.63, 54.13 ± 0.54, 53.63 ± 0.72, 52.72 ± 0.63, 51.75 ± 0.50 and 

50.86 ± 0.72 µg/gm Ww of muscle at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

0.1 % ME promoted 3.01 % decrease of the glycogen concentration of 

muscle at the end of six hours while it promoted a 15.97 % decrease of the 

glycogen concentration of muscle at the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the glycogen concentration was equivalent to 54.60 ± 0.70, 53.92 ± 0.70, 

53.20 ± 0.60, 52.90 ± 0.54, 51.73 ± 0.70, 50.65 ± 0.45 and 49.43 ± 0.54 µg/gm Ww of 

muscle respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a minimum of 5 % 

decrease of the glycogen concentration of muscle at the end of six hours while 

they exhibited a maximum of 19.42•% reduction of the glycogen concentration of 

muscle at the end of one twenty hours. The glycogen concentration of muscle 

was equivalent to 53.48 ± 0.63, 52.36 ± 0.63, 51.45 ± 0.70, 50.87 ± 0.45, 49.70 ± 0.63, 
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48.60 ± 0.50 and 47.40 ± 0.70 .Lg/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 5.0 % ME promoted a minimum of 6.16 % drop of the 

glycogen concentration of muscle at the end of six hours, while they showed a 

maximum of 21.00 % reduction of the glycogen concentration of muscle at the 

end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the glycogen concentration of 

muscle was equivalent to 52.83 ± 0.54, 51.93 ± 0.60, 50.51 ± 0.54, 49.91 ± 0.72, 48.75 

± 0.70, 47.65 ± 0.45 and 46.47 ± 0.54 µg/gm Ww of muscle respectively. 

Tadpoles subjected to 10.0 % ME showed 7.17 % decrease of the glycogen 

concentration of muscle at the end of six hours while they showed a 22.55% 

decrease of the glycogen concentration of muscle at the end of one twenty hours. 

The glycogen concentration of muscle was equivalent to 52.26 ± 0.45, 51.26 ± 0.45, 

50.36 ± 0.72, 48.97 ± 0.60, 47.82 ± 0.65, 46.73 ± 0.72 and 45.56 ± 0.65 µg/ gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles exposed to 30.0 % ME a minimum decrease of 8.84 % of the 

glycogen concentration of muscle at the end of six hours, while the tadpoles 

exhibited a maximum of 24.44 % of glycogen concentration of muscle at the end 

of one twenty hours. The glycogen concentration of muscle was equivalent to 

51.32 ± 0.72, 50.43 ± 0.54, 49.21 ± 0.45, 47.83 ± 0.62, 46.72 ± 0.70, 45.63 ± 0.65 and 
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44.45 ± 0.72 µg/gm Ww of muscle at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XVIII : 

The alterations of the glycogen concentrations of muscle of tadpoles of 

stages XV to XVIII under the influence of mining effluents were almost identical. 

Therefore, alterations of the glycogen concentration of muscle of tadpoles of stage 

XVIII are reported here. The alterations of the glycogen concentration of muscle 

of tadpoles of stage XVIII are tabulated in Table No. 39 and presented graphically 

in Graph No. 39. The changes of the glycogen concentration of muscle are 

expressed as microgram (.1.g/gm) per gram Wet weight (Ww) of muscle. 

From the table and graph it is noted that the control tadpoles exhibited 

gradual increase of the glycogen concentration of muscle from the end of six 

hours to the end of one twenty hours. The glycogen concentration of muscle of 

control tadpoles was equivalent to 58.20 ± 0.65, 58.36 ± 0.65, 58.47 ± 0.54, 58.61 ± 

0.73, 58.83 ± 0.54, 59.36 ± 0.65 and 59.73 ± 0.81 pg/gm Ww of muscle at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

From the table and graph it is clear that all the concentrations of ME 

promoted concentration dependent decrease of the glycogen concentration of 

muscle at all exposure periods. The tadpoles exhibited the minimum of 1.75 % 

decrease of the glycogen concentration of muscle at the end of six hours under 

the influence of 0.01 % ME, while they showed the maximum of 22.23 % 
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Table No. 39 

The changes in the glycogen concentration 
of muscle of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 58.20 58.36 58.47 58.61 58.83 59.36 59.73 

±0.65 ±0.65 ±0.54 ±0.73 ±0.54 ±0.65 ±.0.81 
0.01% ME 57.18 56.86 56.23 55.63 54.52 53.45 52.31 

±0.43 ±0.73 ±0.65 ±0.81 ±0.54 ±0.73 ±0.65 
(-1.75) (-2.57) (-3.83) (-5.08) (-7.32) (-9.95) (-12.42) 

0.1% ME 56.36 55.93 55.30 54.73 53.62 52.60 51.45 
±0.54 ±0.69 ±0.54 ±0.54 ±0.65 ±0.70 ±0.73 

(-3.16) (-4.16) (-5.42) (-6.62) (-8.85) (-11.38) (-13.86) 
1% ME 55.36 54.21 53.45 52.32 51.81 50.72 49.65 

±0.65 ±0.71 ±0.65 ±0.71 ±0.60 ±0.65 ±0.70 
(-4.87) (-7.11) (-8.58) (-10.73) (-11.93) (-14.55) (-16.87) 

5% ME 54.63 53.62 52.86 51.45 50.32 49.36 48.81 
±0.81 ±0.72 ±0.54 ±0.54 ±0.60 ±0.65 ±0.82 

(-6.13) (-8.12) (-9.59) (-12.21) (-14.46) (-16.84) (-18.48) 
10% ME 53.86 52.76 52.26 50.31 49.63 48.47 47.28 

±0.73 ±0.69 ±0.43 ±0.48 ±0.54 ±0.76 ±0.82 
(-7.45) (-9.59) (-10.62) (-14.16) (-15.63) (-18.34) (-20.84) 

30% ME 52.72 51.86 50.93 49.81 48.72 47.63 46.45 
±0.61 ±0.73 ±0.54 ±0.54 ±0.50 ±0.81 ±0.81 

(-9.41) (-11.13) (-12.89) (-15.01) (-17.18) (-19.76) (-22.23) 

Note : Unit : pg/gm Ww muscle 

± -: S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 
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The changes in the glycogen content of muscle of 
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reduction of the glycogen concentration of muscle at the end of one twenty hours 

under the influence of 30.0 % ME. 

Under the influence of 0.01 % ME the tadpoles exhibited a minimum of 

1.75 `)/0 decrease of the glycogen concentration of muscle at the end of six hours 

and a maximum of 12.42 % reduction of the glycogen concentration of muscle at 

the end of one twenty hours. The glycogen concentration of muscles was 

equivalent to 57.18 ± 0.43, 56.86 ± 0.73, 56.23 ± 0.65, 55.63 ± 0.81, 54.52 ± 0.54, 53.45 

± 0.73 and 52.31 ± 0.65 µg/ gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

0.1 `)/0 ME promoted 3.16 `)/0 decrease of the glycogen concentration of 

muscle at the end of six hours while it promoted 13.86 ` )/0 reduction of the 

glycogen concentration of muscle at the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the glycogen concentration of muscle was equivalent to 56.36 ± 0.54, 55.93 

± 0.69, 55.30 ± 0.54, 54.73 ± 0.54, 53.62 ± 0.65, 52.60 ± 0.70 and 51.45 ± 0.73 lig /gm 

Ww of muscle respectively. 

Tadpoles exposed to 1.0 % ME showed a 4.87 % reduction of the glycogen 

concentration of muscle at the end of six hours while they exhibited a 16.87 % 

reduction of glycogen concentration at the end of one twenty hours. The 

glycogen concentration of muscle was equivalent to 55.36 ± 0.65, 54.21 ± 0.71, 

53.45 ± 0.65, 52.32 ± 0.71, 51.81 ± 0.60, 50.72 ± 0.65 and 49.65 ± 0.70 jig/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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Tadpoles subjected to 5.0 % ME exhibited a 6.13 % reduction of the 

glycogen concentration of muscle at the end of six hours while they showed 

18.28% decrease of glycogen concentration of muscle at the end of one twenty 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the glycogen concentration of muscle was equivalent to 

54.63 ± 0.81, 53.62 ± 0.72, 52.86 ± 0.54, 51.45 ± 0.54, 50.32 ± 0.60, 49.36 ± 0.65 and 

48.81 ± 0.82 mg/gm Ww of muscle respectively. 

10.0 % ME induced 7.45 % to 20.84 % decrease of the glycogen 

concentration of muscle. The glycogen concentration of muscle was equivalent to 

53.86 ± 0.73, 52.76 ± 0.69, 52.26 ± 0.43, 50.31 ± 0.43, 49.63 ± 0.54, 48.47 ± 0.76 and 

47.28 ± 0.82 µg/ gm Ww of muscle at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 9.41 % decrease of the 

glycogen concentration of muscle at the end of six hours while they showed 22.23 

% reduction of glycogen concentration at the end of one twenty hours. The 

glycogen concentration of muscle was equivalent to 52.72 ± 0.61, 51.86 ± 0.73, 

50.93 ± 0.54, 49.81 ± 0.54, 48.72 ± 0.50, 47.63 ± 0.81 and 46.45 ± 0.81 µg/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

STAGE XXII : 

The alterations of glycogen concentration of muscle of tadpoles of stages 

XIX to XXII exposed to mining effluents were almost identical. Therefore, the 

alterations of the glycogen concentration of muscle of tadpoles of stage XXII are 
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Table No. 40 

The changes in the glycogen concentration 
of muscle of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 59.60 59.75 59.92 60.10 60.18 60.63 61.06 

±0.65 ±0.54 0.73± ±0.32 ±0.70 ±0.54 ±0.65 
0.01% ME 58.10 57.75 57.26 56.32 55.46 54.81 53.73 

±0.65 ±0.54 ±0.32 ±0.45 ±0.36 ±0.73 ±0.65 
(-2.51) (-3.34) (-4.43) (-6.28) (-7.84) (-9.59) (-12.00) 

0.1% ME 57.86 57.12 56.83 55.18 54.26 53.32 52.36 
±0.73 ±0.32 ±0.45 ±0.63 ±0.71 ±0.45 ±0.83 

(-2.91) (-4.40) (-5.15) (-8.18) (-9.83) (-12.05) (-14.24) 
1% ME 57.21 56.76 56.21 54.32 53.30 52.48 51.53 

±0.54 ±0.45 ±0.61 ±0.73 ±0.81 ±0.37 ±0.32 
(-4.01) (-5.00) (-6.19) (-9.61) (-11.43) (-13.44) (-15.60) 

5% ME 56.75 56.32 55.83 54.05 52.18 51.12 50.81 
±0.70 ±0.65 ±0.45 ±0.32 ±0.37 ±0.45 ±0.73 

(-4.78) (-5.74) (-6.82) (-10.06) (13.29) (-15.68) (-16.78) 
10% ME 56.32 55.76 54.25 53.36 51.23 50.15 49.73 

±0.65 ±0.70 ±0.32 ±0.45 ±0.71 ±0.73 ±0.81 
(-5.50) (-6.67) (-9.46) (-11.21) (14.87) (-17.28) (-18.55) 

30% ME 55.26 54.48 53.70 52.82 50.35 49.61 48.83 
±0.81 ±0.81 ±0.54 ±0.63 ±0.65 ±0.54 ±0.65 

(-7.28) (-8.82) (-10.38) (-12.11) (-16.33) (-18.17) (-20.02) 

Note : Unit : pg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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given here as it is a higher developmental stage. The alterations of the glycogen 

concentration of muscle of tadpoles of stage XXII are tabulated in Table No. 40 

and presented graphically in Graph No. 40. The glycogen concentration of muscle 

are expressed as microgram (.1g) per gram Wet weight (Ww) of muscle. 

From the table and graph it is apparent that the control tadpoles exhibited 

gradual increase of the glycogen concentration of muscle from the end of six 

hours to the end of one twenty hours. The glycogen concentration of muscle was 

equivalent to 59.60 ± 0.65, 59.75 ± 0.54, 59.92 ± 0.73, 60.10 ± 0.32, 60.18 ± 0.70, 60.63 

± 0.54 and 61.06 ± 0.65 µg/ gm Ww of muslce at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is also noted that all the concentrations of ME 

promoted concentration dependent decrease of the glycogen concentration of 

muscle for all exposure periods. It is also observed that all the concentrations of 

ME promoted exposure period dependent progressive decline of glycogen 

concentration. At the end of six hours under the influence of 0.01 % ME the 

minimum of 2.51 % decrease of the glycogen concentration of muscle was 

observed. At the end of one twenty hours under the influence of 30.0 % ME a 

maximum of 20.02 % reduction of the glycogen concentration of muscle was 

noticed. 

0.01 % ME promoted a minimum of 2.51 % reduction of the glycogen 

concentration of muscle at the end' of six hours while it induced a maximum of 

12.20 % reduction at the end of one twenty hours. The glycogen concentration of 

muscle uivalent to 58.10 ± 0.65, 57.75 ± 0.54, 57.26 ± 0.32, 56.32 ± 0.45, 55.46 
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± 0.36, 54.81 ± 0.73 and 53.73 ± 0.65 pg/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 0.1 `)/0 ME the tadpoles exhibited a minimum of 

2.91% decrease of the glycogen concentration of muscle at the end of six hours 

while they exhibited 14.24 % decrease at the end of one twenty hours. The 

glycogen concentration of muscle was equivalent to 57.86 ± 0.73, 57.12 ± 0.32, 

56.83 ± 0.45, 55.18 ± 0.63, 54.26 ± 0.71, 53.32 ± 0.45 and 52.36 ± 0.83 µg/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles showed a minimum of 4.01 % 

reduction of the glycogen concentration of muscle at the end of six hours while 

they exhibited 15.6 % decrease of the glycogen concentration of muscle at the end 

of one twenty hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the glycogen concentration of muscle was 

equivalent to 57.21 ± 0.54, 56.76 ± 0.45, 56.21 ± 0.61, 54.32 ± 0.73, 53.30 ± 0.81, 52.48 

± 0.37 and 51.53 ± 0.32 .Lg/gm Ww of muscle respectively. 

Tadpoles subjected to 5.0 `)/0 ME showed 4.78 `)/0 reduction of the glycogen 

concentration of muscle at the end of six hours while they exhibited 16.78 % 

decrease of the glycogen concentration of muscle at the end of one twenty hours. 

The glycogen concentration of muscle was equivalent to 56.75 ± 0.70, 56.32 ± 0.65, 

55.83 ± 0.45, 54.05 ± 0.32, 52.18 ± 0.37, 51.12 ± 0.45 and 50.81 ± 0.73 lag/gm Ww of 
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muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

10.0 % ME promoted a minimum of 5.50 % reduction of the glycogen 

concentration of muscle at the end of six hours while it induced a maximum of 

18.55 % decrease of the glycogen concentration of muscle at the end of one twenty 

hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the glycogen concentration of muscle was equivalent to 

56.32 ± 0.65, 55.76 ± 0.70, 54.25 ± 0.32, 53.36 ± 0.45, 51.23 ± 0.71, 50.15 ± 0.73 and 

49.73 ± 0.81 1.1g/gm Ww of muscle respectively. 

Tadpoles exposed to 30.0 % ME showed 7.28 `)/0 reduction of the glycogen 

concentration of muscle at the end of six hours while they exhibited 20.02 (Y0 

decrease of the glycogen concentration of muscle at the end of one twenty hours. 

The glycogen concentration of muscle was equivalent to 55.26 ± 0.81, 54.48 ± 0.81, 

53.70 ± 0.54, 52.82 ± 0.63, 50.35 ± 0.65, 49.61 ± 0.54 and 48.83 ± 0.65 µg/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

ACID PHOSPHATASE 

The changes of the AP activities of the tadpoles of stages one to four, 

under the influence of mining effluents were not significant but the alterations in 

the AP activities for the tadpole stage five under the influence of mining effluent 

(ME) were quite significant espeCially for the higher concentrations of ME. 

Therefore, the changes of the AP activities of tadpoles of stage V, under the 

454 



influence of ME are reported here. The AP activities are expressed as micro 

moles p-nitrophenol per gram wet weight of tissue. 

SKIN : 

STAGE V : 

The alterations of the AP activity of the skin of stage five tadpoles under 

the influence of mining effluents (ME) are tabulated in Table No. 41 and are 

expressed grahically in Graph No. 41. It is seen from the table and graph that AP 

activity of the skin of control tadpoles ranged between 63.76 to 69.76 moles per 

gram wet weight of the skin. The AP activity of the skin of control tadpoles was 

equivalent to 63.76 ± 1.82, 63.92 ± 1.06, 64.10 ± 1.32, 66.21 ± 1.21, 67.48 ± 1.36, 68.72 

± 1.06 and 69.76 ±1.21 11 moles per gram Wet weight of skin. 

It is also obvious from the table and graph that ME concentrations like 5.0, 

10.0 and 30.0 % induced concentration dependent elevations of AP activity of skin 

at all the exposure periods while 0.01, 0.1 and 1.0 % ME promoted fluctuations of 

AP activity of skin. It is also revealed by the table and graph that 0.01, 1.0, 10.0 

and 30.0 `)/0 ME promoted chronic elevations of AP activity of skin. 

The tadpoles exposed to 0.01 % ME exhibited a minimum of 2.07 fold 

increase of AP activity of skin at the end of six hours and subsequently AP 

activity kept on increasing to reach a maximum of 10.83 fold increase at the end 

of one twenty hours. Thus at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, AP activity of skin was equivalent 

to 132.46 ±0.09, 331.72 ± 0.07, 373.46 ± 0.07, 408.12 ± 0.09, 482.13 ± 0.13, 596.53 ± 

0.32 and 756.06 ± 0.7311 moles per gram wet weight of skin. 
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Table No. 41 

The changes in the acid phosphatase activity 
of skin of tadpoles (stage V) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 63.76 63.92 64.10 66.21 67.48 68.72 69.76 

±1.82 ±1.06 ±1.32 ±1.21 ±1.36 ±1.06 ±1.21 
0.01% ME 132.46 331.72 373.46 408.12 482.13 596.52 756.06 

±0.09 ±0.07 ±0.07 ±0.09 ±0.13 ±0.32 ±0.73 
(2.07) (5.18) (5.82) (6.16) (7.14) (8.68) (10.83) 

0.1% ME 146.32 346.56 382.76 418.32 396.76 314.36 470.38 
±9.43 ±10.86 ±16.32 ±28.12 ±32.16 ±43.95 ±5.41 
(2.29) (5.42) (5.97) (6.31) (5.87) (4.57) (6.74) 

1% ME 149.62 152.62 163.32 248.46 286.32 346.32 377.28 
±9.36 ±8.42 ±10.12 ±9.26 ±8.46 ±10.81 ±5.43 
(2.34) (2.38) (2.54) (3.75) (4.24) (5.03) (5.40) 

5% ME 362.12 521.62 572.86 721.46 796.92 921.01 760.38 
±8.47 ±7.32 ±7.62 ±7.86 ±9.21 ±18.65 ±9.99 
(5.67) (8.16) (8.93) (10.89) (11.80) (13.40) (10.89) 

10% ME 521.76 786.42 923.16 1017.18 1437.33 2292.46 3574.20 
±9.21 ±8.72 ±7.24 ±10.21 ±9.21 ±22.30 ±372.60 
(8.18) (12.30) (14.40) (15.36) (21.30) (33.35) (51.23) 

30% ME 613.21 672.86 912.72 1172.19 1427.14 2390.43 3678.78 
±8.71 ±10.72 ±9.73 ±14.36 ±112.16 ±119.31 ±142.07 
(9.61) (10.52) (14.23) (17.70) (21.81) (34.78) (52.73) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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The changes in the acid phosphatase of skin of 
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On exposure to 0.1 % ME the tadpoles showed a minimum of 2.29 fold 

increase of AP of skin at the end of six hours and subsequently AP activity 

continued to rise up to the end of forty eight hours. But AP activity of skin 

fluctuated from the end of seventy two hours to the end of one twenty hours. 

Thus AP activity of skin was equivalent to 146.32 ± 9.43, 346.56 ± 10.86, 382.76 ± 

16.32, 418.32 ± 28.12, 396.76 ± 32.16, 314.36 ± 43.95 and 470.38 ± 5.41 IA moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The tadpoles subjected to 1.0 % ME exhibited a minimum of 2.34 fold 

increase of AP Activity of skin at the end of six hours and subsequently AP 

activity kept on increasing up to the end of one twenty hours. At the end of one 

twenty hours AP activity of skin elevated by 5.40 folds. Thus AP activity of skin 

was equivalent to 149.62 ± 9.36, 152.62 ± 8.42, 163.32 ± 10.12, 248.46 ± 9.26, 286.32 

± 8.46, 346.32 ± 10.81 and 377.28 ± 5.43 µ moles per gram wet weight of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited chronic elevations 

of AP activity of skin from the end of six hours to the end of ninety six hours but 

at the end of one twenty hours AP activity dropped a little. A minimum of 5.67 

fold increase of AP activity of skin was observed at the end of six hours while a 

maximum of 13.40 fold increase of AP activity was observed at the end of ninety 

six hours. Thus at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours AP activity of skin was equivalent to 362.12 ± 
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8.47, 521.62 ± 7.32, 572.86 ± 7.62, 721.46 ± 7.86, 796.92 ± 9.21, 921.01 ± 18.65 & 

760.38 ± 9.99 µ moles per gram wet weight of skin respectively. 

When exposed to 10.0 % ME the tadpoles exhibited a minimum of 8.18 fold 

elevation of AP activity of skin at the end of six hours and subsequently AP 

activity increased in an exposure period dependent manner. A maximum of 51.23 

fold increase of AP activity of skin was observed at the end of one twenty hours. 

Thus, at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours. AP activity of skin was equivalent to 521.76 ± 9.21, 786.42 

± 8.72, 923.16 ± 7.24, 1017.18 ± 10.21, 1437.33 ± 9.21, 2292.46 ± 22.30 and 574.20 ± 

372.60 vt. moles per gram wet weight of skin respectively. 

The exposure of tadpoles to 30.0 % ME led to the chronic elevations of AP 

activity of skin. A minimum of 9.61 fold increase of AP activity of skin was 

observed at the end of six hours while a maximum of 52.73 fold elevation of AP 

activity was observed at the end of one twenty hours. Thus at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours AP 

activity of skin was equivalent to 613.21 ± 8.71. 672.86 ± 10.72, 912.72 ± 9.73, 

1172.19 ± 14.36, 1472.14 ± 112.16, 2390 .43 ± 119.31 and 3678.78 ± 142.07 .t moles 

per gram wet weight of skin respectively. 

STAGE VIII : 
The changes of the APactivity of the skin of tadpoles from stages VI to 

VIII, under the influence of mining effluents (ME) were almost identical. 

Therefore the changes of AP activity of skin of tadpoles of stage VIII are 

described here as a representative stage. The changes of AP activity of skin of 

tadpoles (stage VIII) under the influence of ME are tabulated in Table No. 42 and 
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Table No. 42 

The changes in the acid phosphatase activity 
of skin of tadpoles (stage VIII) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40.10 40.28 40.46 41.26 42.43 43.26 44.62 

±1.06 ±2.31 ±1.26 ±1.36 ±1.20 ±1.06 ±1.26 
0.01% ME 58.26 59.16 60.12 64.21 66.78 72.14 77.16 

±6.42 ±8.31 ±4.36 ±7.32 ±5.36 ±5.21 ±6.42 
(1.45) (1.46) (1.48) (1.55) (1.57) (1.66) (1.72) 

0.1% ME 80.12 81.26 83.26 90.16 97.21 104.26 107.28 
±6.83 ±5.96 ±5.03 ±4.36 ±5.21 ±5.03 ±4.36 
(1.99) (2.01) (2.05) (2.18) (2.29) (2.41) (2.40) 

1% ME 90.26 92.43 94.16 99.16 112.13 115.62 118.42 
±5.96 ±4.36 ±7.36 ±5.03 ±6.42 ±6.42 ±5.36 
(2.25) (2.29) (2.32) (2.40) (2.64) (2.67) (2.65) 

5% ME 102.43 106.32 112.43 124.32 132.26 148.14 156.21 
±4.36 ±6.42 ±5.21 ±6.42 ±4.36 ±8.31 ±7.36 
(2.55) (2.63) (2.77) (3.01) (3.11) (3.42) (3.50) 

10% ME 114.16 117.16 120.26 136.24 146.21 172.21 186.14 
±7.32 ±8.31 ±5.96 ±5.21 ±8.31 ±7.36 ±7.36 
(2.84) (2.90) (2.97) (3.30) (3.44) (3.98) (4.17) 

30% ME 115.26 120.12 125.12 142.26 163.16  182.14 202.16 
±5.21 ±6.42 ±4.36 ±6.42 ±5.36 ±4.36 ±6.42 
(2.87) (2.98) pm) (3.44) (3.84) (4.21) (4.53) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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are graphically presented in Graph No. 42. The AP activities of skin are expressed 

as p. moles per gram wet weight of skin. It is seen from the table and the graph 

that AP activity of control tadpoles ranged between 40.10 ± 1.06 and 44.62 ± 1.26 

p. moles per gram wet weight of skin. AP activity of skin of control tadpoles was 

equivalent to 40.10 ± 1.06, 40.28 ± 2.31, 40.46 ± 1.26, 41.26 ± 1.36, 42.43 ± 1.20, 43.26 

± 1.06 and 44.62 ± 1.26 µ moles per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also obvious from the table and graph that all concentrations of ME 

induced concentration dependent significant elevations of AP activity of skin at 

all the exposure periods. Besides this it is also seen that AP activity practically 

increased in an exposure period dependent manner. 

The tadpoles exposed to 0.01 % ME exhibited a minimum of 1.45 fold 

increase of AP activity of skin at the end of six hours while a maximum of 1.72 

fold increase of AP activity of skin was shown at the end of one twenty hours. AP 

activity of skin was equivalent to 58.26 ± 6.42, 59.16 ± 8.31, 60.12 ± 4.36, 64.21 

±7.32, 66.78 ± 5.36, 72.14 ± 5.21 and 77.16 ± 6.42 µ moles per gram wet weight of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

The exposure of tadpoles to 0.1% ME promoted a minimum of 1.99 fold 

elevation of AP activity of skin at the end of six hours while a maximum of 2.40 

folds increment in AP activity was induced at the end of one twenty hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AP activity of skin was equivalent to 80.12 ± 6.83, 81.26 ± 5.96, 83.26 
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± 5.03, 90.16 ± 4.36, 97.21 ± 5.21, 104.26 ± 5.03 and 107.28 ± 4.36 IA moles per gram 

wet weight of skin respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited an exposure period 

dependent elevations of AP activity of skin from the end of six hours to the end of 

ninety six hours. A minimum of 2.22 fold elevation of AP activity of skin was 

observed at the end of six hours while a maximum of 2.67 fold increase of AP 

activity of skin was shown at the end of the ninety six hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours AP 

activity of skin was equivalent to 90.26 ± 5.96, 92.43 ± 4.36, 94.16 ± 7.36, 99.16 ± 

5.03, 112.13 ± 6.42, 115.62 ± 6.42 and 118.42 ± 5.36 u moles per gram wet weight of 

skin respectively. 

On exposure of 5.00 % ME the tadpoles exhibited exposure period 

dependent elevations of AP activity of skin. The elevations of AP activity of skin 

ranged between 2.55 folds and 3.50 folds in comparison with AP activity 

observed in the skin of control tadpoles. AP activity of skin of tadpoles was 

equivalent to 102.43 ± 4.36, 106.32 ± 6.42, 112.43 ± 5.21, 124.32 ± 6.42, 132.26 ± 4.36, 

148.14 ± 8.31 and 156.21 ± 7.36 u. moles per gram wet weight of skin at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

When exposed to 10.0 % ME AP activity of skin of tadpoles increased 

significantly in an exposure period dependent manner. The elevations of AP 

activity of skin ranged between 2.84 folds and 4.17 folds more than that observed 

in the control tadpoles. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours AP activity of skin was equivalent to 114.16 
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± 7.32, 117.16 ± 8.31, 120.26 ± 5.96, 136.24 ± 5.21, 146.21 ± 8.31, 172.21 ± 7.36 and 

186.14 ± 7.36 p moles per gram wet weight of skin respectively. 

The tadpoles exposed to 30.0 % ME showed increases of AP activity of skin 

in an exposure period dependent manner. AP activity of skin ranged between 

115.26 ± 5.21 and 202.16 ± 6.92 IA moles per gram wet weight of skin. Thus AP 

activity of skin was equivalent to 115.26 ± 5.21, 120.12 ± 6.42, 125.12 ± 4.36, 142.26 

± 6.42, 163.16 ± 5.36, 182.14 ± 4.36 and 202.16 ± 6.42 p. moles per gram wet weight 

of tissue at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

STAGE XIV : 

The changes of AP activity of skin of tadpoles of stages IX to XIV under the 

influence of mining effluent were insignificantly different from each other. 

Therefore, alterations of AP activity of skin of tadpoles of stage XIV are reported 

here as it is a higher developmental stage. AP activity of skin is expressed as 

micromoles of p-nitrophenol released per gram weight of tissue/skin. The 

changes of AP activity of skin of tadpoles under the influence of mining effluents 

(ME) are tabulated in Table No. 43 and are graphically expressed in Graph No. 

43. 

It is seen from the table and graph that AP activity of skin of tadpoles 

ranged between 39.10 ± 0.79 and 45.25 ± 1.06 p moles per gram wet weight of 

skin. Thus AP activity of skin of control tadpoles was equivalent to 39.10 ± 0.79, 

39.30 ± 1.06, 39.62 ± 2.31, 40.32 ± 1.26, 42.21 ± 1.36, 43.36 ± 1.20 and 45.25 ± 1.06 p. 

moles per gram wet weight of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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Table No. 43 

The changes in the acid phosphatase activity 
of skin of tadpoles (stage XIV) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 39.10 39.30 39.62 40.32 42.21 43.36 45.25 

±0.79 ±1.06 ±2.31 ±1.26 ±1.36 ±1.20 ±1.06 
0.01% ME 50.23 71.43 141.06 322.64 300.29 565.52 661.02 

±8.31 ±0.62 ±15.70 ±10.88 ±5.03 ±5.96 ±44.32 
(1.28) (1.81) (3.56) (8.00) (7.11) (13.04) (14.60) 

0.1% ME 27.05 64.09 103.50 121.16 190.16 301.39 455.68 
±2.09 ±6.66 ±6.83 ±8.47 ±7.52 ±5.21 ±17.52 
(0.69) (1.63) (2.61) (3.00) (4.50) (6.95) (10.07) 

1% ME 38.92 67.34 111.23 139.38 217.21 295.6 393.58 
±3.95 ±7.58 ±9.08 ±9.90 ±16.94 ±10.61 ±8.54 

(-0.99) (1.71) (2.80) (3.45) (5.14) (6.81) (8.69) 
5% ME 64.48 47.64 86.08 155.11 195.41 290.35 366.25 

±5.89 ±5.72 ±0.75 ±5.30 ±17.36 ±4.21 ±34.54 
(1.64) (1.21) (2.17) (3.84) (4.62) (6.69) (8.09) 

10% ME 83.63 125.86 179.95 224.66 247.3 292.01 364.04 
±9.72 ±11.52 ±5.31 ±8.86 ±10.48 ±6.42 ±22.85 
(2.13) (3.20) (4.54) (5.57) (5.85) (6.73) (8.04) 

30% ME 101.74 137.42 186.43 232.72 258.96 304.06 372.76 
±9.07 ±4.32 ±10.21 ±11.16 ±10.22 ±11.13 ±11.16 
(2.60) (3.49) (4.70) (5.77) (6.13) (7.01) (8.23) 

Note : Unit : pmoleslgm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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The table and graph also reveals that mining effluents could not induce 

concentration dependent elevations of AP activity of skin at any exposure period 

but ME could induce exposure period dependent elevations of AP activity of skin 

of tadpoles for all the concentrations except 0.01 and 5.0 %. A minimum of 0.69 

fold increase of AP activity was induced at the end of six hours by 0.1 % ME 

while a maximum of 14.60 fold increase of AP activity of skin was promoted at 

the end of one twenty hours by 0.01 % ME. 

The tadpoles subjected to 0.01 % ME exhibited a minimum of 1.28 fold 

elevation of AP activity of skin at the end six hours and AP activity increased 

subsequently up to the end of forty eight hours. At the end of seventy two hours 

AP activity of skin dropped a little but increased profusely at the end of ninetysix 

and one twenty hours. A maximum of 14.60 fold elevation of AP activity was 

observed at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours AP activity of skin was 

equivalent to 50.23 ± 8.31, 71.43 ± 0.62, 141.06 ± 15.70, 322.64 ± 10.88, 300 .29 ± 

5.03, 565.52 ± 5.96 and 661.02 ± 44.32 la moles per gram wet weight of skin 

respectively. 

On exposure to 0.01 % ME tadpoles showed a progressive increase AP 

activity of skin from the end of six hours to the end of one twenty hours. A 

minimum of 0.69 fold increment of AP activity was observed at the end of six 

hours while a maximum of 10.07 fold elevation of AP activity was seen at the end 

of one twenty hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours , AP activity of skin was equivalent to 27.05 
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± 2.09, 64.09 ± 6.66, 103.50 ± 6.83, 121.16 ± 8.47, 190.16 ± 7.52, 301.39 ± 5.21 and 

455.68 ± 17.52 IA moles per gram wet weight of skin respectively. 

Under the influence of 1.0 % ME exposure period dependent elevation of 

AP activity was observed. AP activity of skin elevated by 8.69 folds at the end of 

one twenty hours. Thus AP activity of skin was equivalent to 38.92 ± 3.95, 67.34 ± 

7.58, 111.23 ± 9.08, 139 .38 ± 9.90 217.21 ± 16.94, 295.60 ± 10.61 and 393.58 ± 8.54 .t 

moles per gram wet weight of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 5.0 `)/0 ME AP activity of skin elevated by 1.21 to 8.09 

folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours AP activity of skin was equivalent to 64.48 ± 5.89, 47,64 ± 

5.72, 86.08 ± 0.75, 155.11 ± 5.30, 195.41 ± 17.36, 290.35 ± 4.21 and 366.25 ± 34.54 

moles per gram wet weight of skin respectively. 

Exposure of tadpoles to 10.0 % ME promoted exposure period dependent 

elevation of AP activity of skin. A minimum of 2.13 folds increase of AP activity 

of skin was observed at the end of six hours while a maximum of 8.04 folds 

elevation of AP activity was seen at the end of one twenty hours. AP activity of 

skin was equivalent to 83.63 ± 9.72, 125.86 ± 1.52, 179.95 ± 5.31, 224.66 ± 8.86, 

247.30 ± 10.48, 292.01 ± 6.42 and 364.04 ± 22.85 µ moles per gram wet weight of 

tissue at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles subjected to 30.0 `)/0 ME elevated AP activity of skin on 

exposure period dependent manner. AP activity of skin elevated by 2.60 to 8.23 

folds. AP activity of skin was equivalent to 101.74 ±9.07, 137.42 ± 4.32, 186.43 ± 
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10.21, 232.72 ± 11.16, 258.96 ± 10.22. 304 .06 ± 11.13 and 372.76 ± 11.16 11 moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

STAGE XVIII : 

The changes of AP activity of skin of tadpole stages XV to XVIII under the 

influence of mining effluents were almost identical. Therefore, alterations of AP 

activity of skin of tadpoles of stage XVIII are presented here as it is a higher 

representative stage. The changes of AP activity of skin are expressed as 1.1 moles 

per gram wet weight of skin. The alterations of AP activity of skin of tadpoles 

(stage XVIII) are compiled in Table No. 44 and presented graphically in Graph 

No. 44. 

It is clear from the table and graph that AP activity of the skin of control 

tadpoles ranged between 38.18 and 44.61 1.1 moles per gram wet weight of skin. It 

also appears that AP activity of skin of control tadpoles increased gradually from 

the end of six hours to the end of one twenty hours. AP activity of skin of control 

tadpoles was equivalent to 38.18 ± 3.47, 38.32 ± 1.78, 38.64 ± 2.80, 39.12 ± 2.08, 

40.26 ± 2.98, 42.21 ± 3.60 and 44.61 ± 3.47 IA moles per gram wet weight of skin at . 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is evident from the table and graph that mining effluents failed to induce 

concentration dependent elevations of AP activity of skin at all the exposure 

periods but ME could induce chronic elevations of AP activity of skin with ME 

concentrations like 0.1, 10.0 and 30.0 `)/0. ME concentrations like 0.01, 1.0 and 5.0 % 

induced exposure period dependent elevations of AP activity of skin from the 
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Table No. 44 

The changes in the acid phosphatase activity 
of skin of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 38.18 

±3.47 
38.32 
±1.78 

38.64 
±2.80 

39.12 
±2.08 

40.26 
±2.98 

42.21 
±3.60 

44.16 
±3.47 

0.01% ME 
• 

54.04 
±2.98 
(1.41) 

74.55 
±5.44 
(1.94) 

198.99 
±14.29 
(5.14) 

461.75 
±20.18 
(11.80) 

747.41 
±34.66 
(18.56) 

612.17 
±15.17 
(14.50) 

598.37 
±22.54 
(13.41) 

0.1% ME 115.23 120.34 82.52 118.13 145.18 202.03 279.86 
±4.00 ±7.13 ±6.86 ±6.22 ±14.49 ±5.03 ±19.48 
(3.01) (3.14) (2.13) (3.01) (3.60) (4.78) (6.27) 

1% ME 45.49 81.23 100.35 168.91 385.57 252.54 586.50 
±1.78 ±1.97 ±1.33 ±12.71 ±25.74 ±9.56 ±16.47 
(1.19) (2.11) (2.59) (4.31) (9.57) (5.98) (13.14) 

5% ME 62.62 75.65 86.75 121.36 177.19 449.88 318.50 
±2.80 ±3.60 ±2.10 ±7.08 ±15.07 ±14.21 ±14.68 
(1.64) (1.97) (2.24) (3.10) (4.40) (10.65) (7.13) 

10% ME 64.03 81.20 100.71 117.77 166.70 382.26 430.28 
±4.07 ±2.71 ±3.62 ±3.28 ±17.92 ±8.89 ±12.77 
(1.67) (2.11) (2.60) (3.01) (4.14) (9.05) (9.64) 

30% ME 78.19 86.48 197.99 321.46 568.72 721.18 931.81 
±7.02 ±3.62 ±2.96 ±4.28 ±7.86 ±7.09 ±12.77 
(2.04) (2.25) (5.12) (8.21) (14.121) (17.08) (20.87) 

Note : Unit : pmoles/gm Ww skin 
± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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end of six hours to the end of seventy two hours only. A minimum of 1.19 fold 

increase of AP activity of skin was induced by 1.0 % ME at the end of six hours 

while a maximum of 20.87 fold elevation of AP activity was promoted by 30 % 

ME at the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME elevated AP activity of skin by 1.41 to 

18.56 folds. AP activity of skin increased significantly and quickly from the end of 

six hours to the end of seventy two hours where it reached a peak elevation. AP 

activity of the skin was equivalent to 54.04 ± 2.98, 74.55 ± 5.44, 198.99 ± 14.29, 

461.75 ± 20.18, 747.41 ± 34.66, 612.17 ± 15.17 and 598.37 ± 22.56 11 moles per gram 

wet weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME AP activity of skin elevated by 2.13 to 6.27 

folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours AP activity of skin was equivalent to 115.23 ± 4.0, 120.34 ± 

7.13, 82.52 ± 6.86, 118.13 ± 6.22, 145.18 ± 14.49, 202.03 ± 5.03 and 279.86 ± 19.48 II 

moles per gram wet weight of skin respectively. 

When exposed to 1.0 % ME tadpoles showed a steady increase of AP 

activity of skin from the end of six hours to the end of seventy two hours but at 

the end of ninety six hours AP activity dropped a little to raise sharply at the end 

of one twenty hours. Elevations of AP activity of skin were between 1.19 and 

13.14 folds. Thus, AP activity of skin was equivalent to 45.49 ± 1.78, 81.23 ± 1.97, 

100.35 ± 1.33, 168.91 ± 112.71, 385.57 + 25.74, 252.54 ± 9.56 and 586.5 ± 16.47 IA 

moles per gram wet weight of skin by the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

464 



The tadpoles exposed to 5.0 % ME exhibited steady increase of AP activity 

of skin from the end of six hours to the end of ninety six hours but the AP activity 

dropped a little at the end of one twenty hours. However, at all the exposure 

periods AP activity of skin remained above that observed in control. Thus, AP 

activity of the skin was equivalent to 62.62 ± 2.80, 75.65 ± 3.60, 86.75 ± 2.10, 121.36 

± 7.08, 177.19 ± 15.07, 449.88 ± 14.21 and 318.50 ± 14.88 p, moles per gram wet 

weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectiliely. 

Exposure of tadpoles to 10.0 % ME promoted gradual elevation of AP 

activity of skin from the end of six hours to the end of one twenty hours. A 

minimum of 1.67 fold increment of AP activity of skin was observed at the end of 

six hours while a maximum of 9.64 fold elevation of AP activity was noticed at 

the end of one twenty hours. AP activity of skin was equivalent to 64.03 ± 4.07, 

81.20 ± 2.71, 100.71 ± 3.62, 117.72 ± 3.28, 166.70 ± 17.92, 382.26 ± 8.89 and 430.28 ± 

12.77 1.1 moles per gram wet weight of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

After exposure to 30.0 % ME tadpoles showed exposure period dependent 

elevation of AP activity of skin. A minimum of 2.04 fold increment of AP activity 

of skin was observed at the end of six hours while a maximum of 20.87 fold 

elevation of AP activity was seen at the end of one twenty hours. AP activity of 

skin was equivalent to 78.19 ± 7.02, 86.48 ± 3.62, 197.99 ± 0.96, 321.46 ± 4.28, 

568.72 ± 7.86, 721.18 ± 7.09 and 931.81 ± 12.77 µ moles per gram wet weight of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 
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STAGE XXII : 

The alterations of AP activity of skin of tadpoles of stages XIX to XXII, 

under the influence of mining effluents were almost identical, especially the 

differences whenever existed in AP activities of skin at different stages were quite 

insignificant. Therefore, the alterations of AP activities of skin of tadpoles of stage 

XXII under the influence of mining effluents (ME) are presented here. AP 

activity of skin is expressed as micromoles per gram wet weight of skin. The 

changes of AP activity of skin of tadpoles exposed to mining effluent are 

compiled in Table No. 45 and are presented graphically in Graph No. 45. It is 

evident from the table and graph that AP activity of skin of control tadpoles 

ranged between 40.12 ± 357 and 45.26 ± 3.46 11 moles per gram wet weight of skin. 

It also appears that AP activity increased gradually from the end of six hours to 

the end of one twenty hours. Thus, AP activity of the skin of control tadpoles was 

equivalent to 40.12 ± 3.57, 40.36 ± 2.08, 40.68 ± 3.20, 41.82 ± 3.46, 42.96 ± 2.08, 44.18 

± 3.20 and 45.26 ± 3.46 p, moles per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is evident from the table and graph that ME could not induce 

concentration dependent elevations of AP activity of skin at any of the exposure 

periods. But ME could induce chronic elevations of AP activity of skin with 10.0 

and 30.0 % concentrations. AP activity of skin increased in an exposure period 

dependent manner under the influence of 5.0 % ME from the end of six hours to 

the end of ninety six hours. However, all the concentrations of ME at all the 

exposure periods promoted significant elevations of AP activity of skin. A 
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Table No. 45 

The changes in the acid phosphatase activity 
of skin of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40.12 40.36 40.68 41.82 42.96 44.18 45.26 

±3.57 ±2.08 ±3.20 ±3.46 ±2.08 ±3.20 ±3.46 
0.01% ME 56.32 75.32 200.73 460.17 740.46 614.73 600.43 

±4.36 ±4.63 ±10.81 ±18.73 ±30.17 ±15.32 ±10.81 
(1.40) (1.86) (4.93) (11.00) (17.23) (13.92) (13.26) 

0.1% ME 120.26 125.46 143.76 132.36 150.76 221.81 293.17 
±5.21 ±7.32 ±5.36 ±7.32 ±7.81 ±7.36 ±20.46 
(2.99) (3.10) (3.53) (3.16) (3.50) (5.02) (6.46) 

1% ME 80.32 86.36 107.46 173.72 380.46 250.72 590.36 
±3.46 ±4.36 ±2.46 ±10.81 ±20.73 ±8.73 ±7.81 
(2.00) (2.13) (2.64) (4.15) (8.85) (5.67) (13.04) 

5% ME 70.36 80.32 89.36 140.32 180.46 450.12 320.46 
±4.32 ±4.36 ±3.26 ±7.30 ±13.21 ±7.81 ±13.21 
(1.75) (1.99) (2.19) (3.35) (4.20) (10.18) (7.08) 

10% ME 70.32 86.42 100.73 123.46 170.81 400.81 436.46 
±5.21 ±3.21 ±4.36 ±9.81 ±14.32 ±9.22 ±12.81 
(1.75) (2.14) (2.47) (2.95) (3.97) (8.94) (9.64) 

30% ME 80.21 90.32 200.76 332.17 560.82 800.17 940.21 
±7.12 ±4.36 ±4.81 ±8.17 ±8.72 ±12.17 ±10.81 
(1.99) (2.23) (4.93) (7.94) (13.05) (18.11) (20.77) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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minimum of 1.40 fold elevation of AP activity was induced by 0.010 `)/0 ME at the 

end of six hours while a maximum of 20.77 fold elevation of AP activity was 

promoted by 30 `)/0 ME at the end of one twenty hours. 

Under the influence of 0.01% ME significant increase of AP activity of skin 

was observed. AP activity of skin of tadpoles increased gradually from the end of 

six hours to the end of seventy two hours to lower a little at subsequently 

exposure periods. AP activity of skin of tadpoles elevated by 1.40 to 17.23 folds. 

AP activity of skin was equivalent to 56.32 ± 4.36, 75.32 ± 4.63, 200.73 ± 10.81, 

460.17 ± 18.73,740.46 ± 30.17, 614.73 ± 15.32 & 600.43 ± 10.81 p, moles per gram 

wet weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME induced significant elevations of AP 

activity of skin. A minimum of 2.99 fold elevation of AP activity of skin was 

observed at the end of six hours while a maximum of 6.47 fold increment of AP 

activity was noticed at the end of one twenty hours. AP activity of skin was 

equivalent to 120.26 ± 5.21, 125.46 ± 7.32, 143.76 ± 5.36, 132.36 ± 7.32, 150.76 ± 7.81, 

221.81 ± 7.36 and 293.17 ± 20.46 p, moles per gram wet weight of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

When exposed to 1.0 `)/0 ME the tadpoles exhibited exposure period 

dependent elevations of AP activity of skin (i.e, as exposure period increased AP 

activity of skin elevated) from the end of six hours to the end of seventy two 

hours. A minimum of two fold elevation of AP activity of skin was seen at the 

end of six hours while a maximum of 13.04 fold increment of AP activity was 
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noticed at the end of one twenty hours. AP activity of skin was equivalent to 

80.32 ± 3.46, 86.36 ± 4.36, 107.46 ± 2.46, 173.72 ± 10.81, 380.46 ± 20.73, 250.72 ± 8.73 

and 590.36 ± 7.81 1.1 moles per gram wet weight of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles subjected to 5.0 % ME exhibited successive elevation of AP 

activity of skin from the end of six hours to the end of ninety six hours. But at the 

end of one twenty hours AP activity of skin dropped a little. A minimum of 1.75 

fold increase of AP activity of skin was observed at the end of six hours while a 

maximum of 10.18 fold increment of AP activity was noticed at the end of ninety 

six hours. AP activity of skin was equivalent to 70.36 ± 432, 80.32 ± 4.36, 89.36 ± 

3.26, 140.32 ± 7.30, 180.46 ± 13.21, 450.12 ± 7.81 and 320.46 ± 13.21 p. moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

After the exposure to 10.0 % ME, exposure period dependent elevation of 

AP activity of skin were seen from the end of six hours to the end of one twenty 

hours. A minimum of 1.75 fold increase of AP activity was noticed at the end of 

six hours while a maximum of 9.64 fold elevation of AP activity was seen at the 

end of one twenty hours. AP activity of skin was equivalent to 70.32 ± 5.21, 86.42 

± 3.21, 10073 ± 4.36, 123.46 ± 9.81, 170.81 ± 14.32, 400.81 ± 9.22 and 436.46 ± 12.81 

IA moles per gram wet weight of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 30.0 % ME tadpoles exhibited successive elevation of AP 

activity of skin from the end of six hours to the end of one twenty hours. By the 
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end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AP activity of skin was equivalent to 80.21 ± 7.12, 90.32 ± 4.36, 

200.76 ± 4.81, 332.17 ± 8.17, 560.82 ± 8.72, 800.17 ± 12.17 and 940.21 ± 10.81 g moles 

per gram wet weight of skin respectively. 

B) INTESTINE : 

STAGE V : 

The alterations of AP activity of intesstine of tadpoles of stages I to IV 

under the influence of mining effluents were not significant while changes of AP 

activity of intestine of tadpoles of stage V were very significant when subjected to 

mining effluents. Therefore, changes of AP activity of intestine of tadpoles of 

stage V under the influence of mining effluents (ME) are presented here. AP 

activity is expressed as micromoles (µ moles) of p-nitrophenol released per gram 

of wet weight of tissue/intestine. 

The changes of AP activity of the intestine of tadpoles (Stage V) under the 

influence of mining effluents (ME) are compiled in Table No. 46 and are 

graphically presented in Graph No. 46. It is seen from the table and graph that AP 

activity of the intestine of control tadpoles varied between 74.36 ± 0.17 and 78.52 

± 3.46 g moles per gram wet weight of intestine. AP activity of the intestine of 

control tadpoles was equivalent to 74.36 ± 0.17, 74.62 ± 1.08, 74.96 ± 2.68, 75.26 ± 

3.16, 76.21 ± 3.46, 77.48 ± 2.68 and 78.52 ± 3.46 g moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

It is evident from the table and graph that ME induced concentration 

dependent elevations of AP activity of intestine of tadpoles at the end of six hours 
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Table No. 46 

The changes in the acid phosphatase activity 
of intestine of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 74.36 74.62 74.96 75.26 76.21 77.48 78.52 

±0.17 ±1.08 ±2.68 ±3.16 ±3.46 ±2.68 ±3.46 
0.01% ME 111.26 321.46 373.48 521.68 578.72 723.67 749.27 

±0.18 ±3.46 ±5.43 ±7.21 ±7.36 ±12.63 ±4.18 
(1.49) (4.30) (4.98) (6.93) (7.59) (9.34) (9.54) 

0.1% ME 121.72 138.72 218.76 248.76 387.13 332.03 593.97 
±4.21 ±3.46 ±5.49 ±6.43 ±7.46 ±24.83 ±0.61 
(1.63) (1.85) (2.91) (3.30) (5.07) (4.82) (7.56) 

1% ME 132.72 143.16 243.17 221.48 312.76 416.73 432.48 
±7.48 ±4.36 ±4.86 ±3.62 ±7.81 ±4.62 ±3.71 
(1.78) (1.91) (3.24) (2.94) (4.10) (5.37) (5.50) 

5% ME 201.72 248.27 326.16 413.13 473.16 590.73 507.84 
±5.43 ±2.68 ±3.21 ±4.31 ±5.21 ±22.64 ±14.89 
(2.71) (3.32) (4.35) (5.48) (6.20) (7.62) (6.46) 

10% ME 232.16 252.76 340.36 423.16 470.17 229.91 277.25 
±2.96 ±2.81 ±3.76 ±7.46 ±8.17 ±6.80 ±4.09 
(3.12) (3.38) (4.54) (5.62) (6.16) (2.96) (3.53) 

30% ME 320.32 346.17 372.76 443.17 480.76 570.17 613.48 
±6.31 ±4.46 ±3.21 ±4.73 ±5.87 ±3.76 ±4.36 
(4.30) (4.63) (4.97) (5.88) (6.30) (7.35) (7.81) 

Note : Unit : pmoles/gm Ww intestine 

± S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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only. It is also clear that ME concentrations like 0.01 and 30.00 % induced chronic 

elevations of AP activity of intestine. A minimum of 1.49 fold elevation of AP 

activity of intestine was noticed at the end of six hours under the influence of 0.01 

% ME, while a maximum of 9.54 fold increment of AP activity was observed at 

the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited chronic elevations of AP 

activity from the end of six hours to the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AP activity of the intestine was equivalent to 111.26 ± 1.08, 321.46 ± 3.46, 

373.48 ± 5.43, 521.68 ± 7.21, 578.72 ± 7.36, 723.67 ± 12.63 and 749.27 ± 4.18 IA moles 

per gram wet weight of intestine respectively. 

Under the influence of 0.1 `)/0 ME gradual increase of AP activity of 

intestine was observed from the end of six hours to the end of seventy two hours. 

Subsequently AP activity dropped a little to raise significantly to 7.56 fold 

elevation at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours AP activity of the 

intestine of tadpoles was equivalent to 121.72 ± 4.21, 138.72 ± 3.46, 218.76 ± 5.49, 

248.76 ± 6.43, 387.13 ± 7.46, 332.03 ± 24.83 and 593.97 ± 0.61 [t moles per gram wet 

weight of intestine respectively. 

When exposed to 1.0 % ME the tadpoles exhibited 1.78 fold elevation of AP 

activity of intestine at the end of six hours and then it continued to increase up to 

the end of twenty four hours. But subsequently AP activity decreased a little at 

the end of one twenty hours to elevate successively up to the end of the forty 

eight hours. Thus, AP activity of the intestine was equivalent to 132.72 ± 7.48, 
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143.16 ± 4.36, 243. 17 ± 4.86, 221.48 ± 3.62, 312.76 ± 7.81, 416.73 ± 4.62 and 432.48 ± 

3.71 p. moles per gram wet weight of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles showed steady increase of AP 

activity of intestine from the end of six hours to the end of ninety six hours. By 

the end of one twenty hour the AP activity dropped a little. It is also noted that all 

the changes of AP activity of the intestine were very significant. Thus, AP activity 

of the intestine was equivalent to 201.72 ± 5.43, 248.27 ± 2.68, 326.16 ± 3.21, 413.13 

± 4.31, 473.16 ± 5.21, 590.73 ± 22.64 and 507.84 ± 14.89 11 moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

When exposed to 10.0 % ME the tadpoles demonstrated a steady increase 

of AP activity of intestine from the end of six hours to the end of seventy two 

hours. By at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, the AP activity of the intestine was equivalent to 232.16 

± 2.96, 3468.17 ± 4.46, 372.76 ± 3.21, 443.17 ± 4.73, 480.76 ± 5.87, 570.17 ± 3.76 and 

613.48 ± 4.36 1.1 moles per gram wet weight of intestine respectively. 

The tadpoles exposed to 30.0 % ME exhibited a minimum of 4.30 fold 

elevation of AP activity at the end of six hours while a maximum of 7.81 fold 

increment of AP activity was shown at the end of one twenty hours. Thus, AP 

activity of the intestine of tadpoles was equivalent to 320.32 ± 6.31, 346.17 ± 4.46, 

372.76 ± 3.21, 443.17 ± 4.73, 480.76 ± 5.87, 570.17 ± 3.76 and 613.48 ± 4.36 p. moles 

per gram wet weight of intestine at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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STAGE VIII : 

The changes of AP activity of the intestine of tadpoles of stages VI to VIII 

under the influence of mining effluent (ME) were almost identical. Therefore 

changes of AP activity of the intestine under the influence of mining effluents 

(ME) are reported here. AP activity of the intestine is expressed as micromoles (11 

moles) of p-nitrophenol released per gram wet weight of intestine. The changes of 

AP activity of intestine of tadpoles (stage VIII) exposed to ME are compiled in 

Table No. 47 and are presented graphically in Graph No. 47. 

It is seen from the table and graph that AP activity of the intestine of the 

control tadpoles varied between 58.42 ± 4.43 and 64.21 ± 4.21 p, moles per gram 

wet weight of the intestine. AP activity of the intestine of the control tadpoles was 

equivalent to 58.42 ± 4.43, 58.72 ± 2.61, 59.18 ± 2.31, 60.21 ± 3.48, 61.86 ± 3.21, 63.25 

± 4.36 and 64.21 ± 4.21 1.1 moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is evident from the table and graph that ME could not induce 

concentration dependent elevations of AP activity of the intestine at any of the 

exposure periods, while ME concentrations like 5.00, 10.0 and 30.0 % could 

induce chronic elevations of AP activity of intestine. Rest of the ME 

concentrations induced fluctuations of AP activity of the intestine. A minimum of 

1.35 fold elevation of t 	.tivity of intestine was induced by 10.0 % ME at the 

end of six hours wl- 	maximum of 22.33 fold increment of AP activity of the 

intestine was promoted by 0.01 % ME at the end of ninety six hours. 
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Table No. 47 

The changes in the acid phosphatase activity 
of intestine of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 58.42 

±4.43 
58.72 
±2.61 

59.18 
±2.31 

60.21 
±3.48 

61.86 
±3.21 

63.25 
±4.36 

64.21 
±4.21 

0.01% ME 126.88 595.88 595.88 776.39 1073.09 1412.57 102.40 
±0.21 ±21.58 ±21.58 ±20.62 ±20.31 ±60.00 ±6.46 
(2.17) (10.14) (10.06) (12.89) (17.34) (22.33) (1.59) 

0.1% ME 113.44 110.40 130.55 170.02 494.71 616.31 404.89 
±3.15 ±8.06 ±2.31 ±10.34 ±7.21 ±29.71 ±26.04 
(1.94) (1.88) (2.30) (2.82) (7.99) (9.74) (6.30) 

1% ME 113.71 134.96 167.53 211.97 286.49 402.96 392.81 
±10.40 ±10.00 ±9.49 ±11.06 ±7.84 ±20.30 ±8.20 
(1.94) (2.29) (2.83) (3.52) (4.62) (6.30) (6.11) 

5(Y0 ME 101.68 125.47 171.95 189.06 293.11 325.68 408.20 
±5.68 ±9.12 ±8.25 ±12.03 ±9.64 ±19.73 ±11.14 
(1.74) (2.13) (2.90) (3.14) (4.73) (5.14) (6.35) 

10% ME 91.08 120.89 155.39 208.38 257.78 306.08 386.25 
±6.17 ±6.66 ±7.84 ±9.66 ±11.35 ±16.77 ±13.25 
(1.55) (2.05) (2.62) (3.46) (4.16) (4.83) (6.02) 

30% ME 107.58 127.36 163.41 212.46 236.48 403.19 613.48 
±7.63 ±5.63 ±3.48 ±3.21 ±4.36 ±17.12 ±10.16 
(1.84) (2.16) (2.76) (3.52) (3.82) (6.37) (9.55) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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The tadpoles exposed to 0.01 % ME demonstrated significant elevations of 

the intestinal AP activity at all the exposure periods and the elevations of the 

intestinal AP activity ranged between 1.59 and 22.33 folds. AP activity of the 

intestine was equivalent to 126.88 ± 0.21, 595.88 ± 21.88, 595.88 ± 21.58, 776.39 ± 

20.62, 1073.09 ± 20.31, 1412.57 ± 60.0 and 102.40 ± 6.46 la moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

On exposure to 0.1 `)/0 ME the tadpoles showed a steady increase of AP 

activity of the intestine from the end of twelve hours to the end of ninety six 

hours. The intestinal AP activity elevated by 1.88 to 9.74 folds. Thus AP activity of 

the intestine was equivalent to 113.44 ± 3.15, 110.40 ± 8.06, 130.55 ± 2.31, 170.02 ± 

10.34, 494.71 ± 7.21, 616.31 ± 29.71 and 404.89 ± 26.04 p, moles per gram Wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the AP activity of the intestine elevated 

steadily and significantly from the end of six hours to the end of ninety six hours. 

AP activity of the intestine elevated in the range of 1.94 to 6.37 fold. Thus, AP 

activity of the intestine was equivalent to 113.71 ± 10.43, 134.96 ± 10.0, 167.53 ± 

9.49, 211.97 ± 11.06, 286.49 ± 7.84, 402.96 ± 20.30 and 392.81 ± 8.20 p, moles per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The tadpoles subjected to .5.0 % ME showed chronic elevation of AP 

activity of intestine. A minimum of 1.74 fold increase of AP activity was shown at 

the end of six hours, while a maximum of 6.35 fold elevation of AP activity of the 
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intestine was observed at the end of one twenty hours. Thus, AP activity of the 

intestine was equivalent to 101.68 ± 5.68, 125.47 ± 9.12, 171.95 ± 8.25, 189.06 ± 

12.03, 293.11 ± 9.64, 325.68 ± 19.73 and 408.20 ± 11.14 µ moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

On exposure to 10.0 % ME the tadpoles promoted chronic elevations of AP 

activity of the intestine. A minimum of 1.55 fold increase of AP activity of the 

intestine was observed at the end of six hours, while a maximum of 6.02 fold 

elevation of AP activity was noticed at the end of one twenty hours. Thus, AP 

activity of the intestine was equivalent to 91.08 ± 6.17, 120.89 ± 6.66, 155.39 ± 7.84, 

208.38 ± 9.66, 257.78 ± 11.35, 306.08 ± 16.77 and 386.95 ± 13.25 IA moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 % ME the tadpoles elevated intestinal AP 

activity by 1.84 to 9.55 folds. The intestinal AP activity increased gradually from 

the end of six hours to the end of one twenty hours. Thus, intestinal AP activity 

was equivalent to 107.58 ± 7.63, 127.36 ± 5.36, 163.41 ± 3.48, 212.46 ± 3.21, 236.48 

±4.36, 403.18 ± 17.12 and 613.48 ± 10.16 11 moles per gram wet weight of intestine 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XIV : 

The changes of AP activity Of the intestine of tadpoles of stages IX to XIV, 

exposed to mining effluent (ME) were almost identical. Therefore, the changes of 

AP activity of the intestine of tadpoles of stage XIV exposed to mining effluents 
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Table No. 48 

The changes in the acid phosphatase activity 
of intestine of tadpoles (stage XIV) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 37.72 38.12 38.43 39.76 41.21 43.46 45.71 

±2.87 ±3.60 ±1.63 ±2.87 ±3.21 ±3.60 ±3.21 
0.01% ME 45.98 59.81 96.02 161.74 417.59 434.98 536.54 

±3.60 ±5.93 ±1.63 ±5.72 ±14.72 ±10.29 ±30.64 
(1.21) (1.56) (2.49) (4.06) (10.13) (10.00) (11.73) 

0.1% ME 44.16 65.69 84.46 101.30 121.16 313.54 248.68 
±5.07 ±9.39 ±7.58 ±7.21 ±5.63 ±5.72 ±8.47 
(1.17) (1.72) (2.19) (2.54) (2.94) (7.21) (5.44) 

1% ME 52.16 76.18 114.88 134.14 152.08 267.16 330.10 
±8.74 ±10.60 ±9.75 ±9.07 ±4.51 ±19.91 ±17.19 
(1.38) (1.99) (2.72) (3.37) (3.69) (6.14) (7.22) 

5% ME 70.10 91.36 135.52 176.36 252.82 292.79 376.74 
±10.11 ±9.63 ±6.85 ±13.11 ±7.64 ±9.81 ±15.89 
(1.85) (2.39) (3.52) (4.43) (6.13) (6.73) (8.24) 

10% ME 83.63 93.29 126.96 177.79 257.78 317.12 375.91 
±4.63 ±5.03 ±9.90 ±7.38 ±9.22 ±14.08 ±10.80 
(2.21) (2.44) (3.30) (4.47) (6.25) (7.29) (8.22) 

30% ME 92.72 109.49 130.46 182.12 260.42 320.48 380.12 
±4.63 ±4.03 ±9.90 ±7.38 ±9.22 ±17.90 ±9.08 
(2.45) (2.87) (3.39) (4.58) (6.31) (7.37) (8.31) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.001 

ofd - 3 G 

ett -  Iaq C-w-i/t6A,'J )4w/TVAAt 2).54-kr) 



are reported here AP activity of the intestine of tadpoles is expressed as 

micromoles (p, moles) of p-nitrophenol released per gram wet weight of intestine. 

The alterations of AP activity of the intestine of tadpoles exposed to ME are 

compiled in Table. No. 48 and are expressed graphically in Graph No. 48. 

It is seen from the table and graph that intestinal AP activity of the control 

tadpoles varied between 37.72 ± 2.87 and 45.71 ± 3.21 p, moles per gram wet 

weight of the intestine. AP activity of the intestine of the control tadpoles was 

equivalent to 37.72 ± 2.87, 38.12 ± 3.60, 38.43 ± 1.63, 39.76 ± 2.87, 41.21 ± 3.21, 43.46 

± 3.60 and 45.71 ± 3.21 p. moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of intestinal AP activity at the end of 

twelve hours only. While ME concentrations from 0.1 % to 30.0 % promoted 

concentration dependent elevations of AP activity at the end of six, forty eight 

and seventy two hours only. It is also obvious from the table and graph that 1.0 % 

ME induced exposure period dependent elevation of intestinal AP activity from 

the end of six to the end of ninety six hours only, while 1.0 `)/0 to 30.0 % ME 

induced chronic elevations of intestinal AP activity. 

The tadpoles subjected to 0.01 `)/0 ME demonstrated a successive increase of 

AP activity of intestine from the end of six hours to the end of seventy two hours. 

A minimum of 1.21 fold increase of AP activity was shown at the end of six hours 

while a maximum of 11.73 fold elevation of the intestinal AP activity was 

exhibited at the end of one twenty hours. Thus, AP activity of the intestine was 
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equivalent to 45.98 ± 3.60, 59.81 ± 5.93, 96.02 ± 1.63, 161.74 ± 5.72, 417.59 ± 14.72, 

434.98 ± 10.29 and 536.54 ± 30.64 IA moles per gram wet weight of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited a minimum of 1.17 

fold elevation of AP activity of the intestine at the end of six hours while a 

maximum of 7.21 fold increase was demonstrated at the end of ninety six hours. 

Thus, AP activity of the intestine was equivalent to 44.16 ± 5.07, 65.69 ± 9.39, 84.46 

± 7.58, 101.30 ± 7.21, 121.16 ± 5.63, 313.54 ± 5.72 and 248.68 ± 8.47 p. moles per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles showed successive increase if AP 

activity of intestine from the end of six hours to the end of one twenty hours. A 

minimum of 1.85 fold elevation of intestinal AP activity was observed at the end 

of six hours while a maximum of 7.22 fold increment of intestinal AP activity was 

noticed at the end of one twenty hours. AP activity of intestine was equivalent to 

52.16 ± 8.74, 78.18 ± 10.60, 104.88 ± 9.75, 134 .14 ± 9.07, 152.08 ± 4.51, 267.17 ± 19.91 

and 330.10 ± 17.19 1.1 moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

After exposure to 5.0 % ME the tadpoles exhibited progressive elevation of 

intestinal AP activity from the end of six hours to the end of one twenty hours. A 

minimum of 2.21 fold increment of AP activity of the intestine was noticed at the 

end of six hours while a maximum of 8.22 fold elevation of intestinal AP activity 
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was seen at the end of one twenty hours. Thus, AP activity of intestine was 

equivalent to 83.63 ± 4.63, 93.29 ± 5.03, 126.96 ± 9.90, 177 .79 ± 7.38, 257.78 ± 9.22, 

317.12 ± 14.08 and 375.91 ± 10.80 1.1 moles per gram wet weight of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When exposed to 10.0 % ME the tadpoles exhibited exposure period 

dependent progressive elevation of intestinal AP activity from the end of six 

hours to the end of one twenty hours. AP activity of the intestine was equivalent 

to 83.63 ± 4.63, 93.29 ± 5.03, 126.96 ± 9.90, 177 .79 ± 7.38, 257.78 ± 9.22, 317.12 ± 

14.08 and 375.91 ± 10.80 la moles per gram wet weight of intestine at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The exposure of tadpoles to 30.0 % ME promoted chronic elevations of AP 

activity of the intestine. AP activity elevated by 2.45 to 8.31 folds. Thus, AP 

activity of the intestine was equivalent to 92.72 ± 4.63, 109.49 ± 4.03, 130.46 ± 9.90, 

182 .12 ± 7.38, 260.42 ± 9.22, 320.48 ± 17.90 and 380.12 ± 9.08 p. moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

STAGE XVIII : 

The changes of AP activity of the intestine of tadpoles of stages X to XVIII 

under the influence of mining effluents (ME) were almost identical. Therefore, the 

changes of intestinal AP activity under the influence of ME of tadpoles of stage 

XVIII are described here. The changes of intestinal AP activity of tadpoles of stage 

XVIII under the influence of ME are compiled in Table No. 49 and are given 
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Table No. 49 

The changes in the acid phosphatase activity 
of intestine of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 30.82 31.16 31.42 32.48 34.26 36.18 40.21 

±2.87 ±2.18 ±1.70 ±1.47 ±0.93 ±3.85 ±3.96 
0.01% ME 47.98 106.86 202.05 348.86 659.92 861.67 584.57 

±3.96 ±16.05 ±13.72 ±18.58 ±58.09 ±37.55 ±82.18 
(1.55) (3.42) (6.43) (10.74) (19.26) (23.81) (14.53) 

0.1% ME 27.60 34.78 52.16 82.25 198.17 287.32 316.57 
±2.18 ±4.30 ±10.62 ±3.85 ±38.65 ±22.83 ±31.64 
(0.89) (1.11) (1.66) (2.53) (5.78) (7.94) (7.87) 

1% ME 73.20 100.30 127.62 169.74 445.74 529.37 580.15 
±1.70 ±1.47 ±0.93 ±8.89 ±7.43 ±8.59 ±9.83 
(2.37) (3.21) (4.06) (5.22) (13.01) (14.63) (14.42) 

5% ME 97.70 113.43 129.72 173.33 324.30 598.37 628.18 
±8.86 ±7.13 ±4.58 ±10.58 ±16.79 ±18.86 ±27.98 
(3.17) (3.64) (4.12) (5.33) (9.46) (16.53) (15.62) 

10% ME 96.60 120.34 139.38 169.19 297.74 362.94 464.51 
±6.47 ±4.62 ±8.05 ±11.32 ±7.50 ±18.97 ±15.04 
(3.13) (3.86) (4.43) (5.20) (8.69) (10.03) (11.55) 

30% ME 110.82 142.32 372.46 582.17 688.17 821.96 1042.17 
±6.47 ±8.18 ±7.15 ±8.05 ±11.16 ±7.50 ±18.21 
(3.59) (4.56) (11.85) (17.92) (20.08) (22.71) (25.91) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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graphically in Graph No. 49. AP activity of the intestine is expressed as 

micromoles (.t moles) of p-nitrophenol released per gram wet weight of intestine. 

It is clear from the table and graph that intestinal AP activity of control 

tadpoles ranged between 30.82 ± 2.87 and 40.21 ± 3.96 11 moles per gram wet 

weight of the intestine. Intestinal AP activity of control tadpoles increased 

gradually from the end of six hours to the end of one twenty hours. AP activity of 

the intestin of control tadpoles was equivalent to 30.82 ± 2.87, 31.16 ± 2.18, 31.42 ± 

1.70, 32.48 ± 1.47, 34.26 ± 0.93, 36.18 ± 3.85 and 40.21 ± 3.96 p. moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

It is also evident from the table and graph that 0.1 % to 30.0 % ME induced 

concentration dependent elevation of AP activity of the intestine at the end of 

twelve, twenty four and forty eight hours. It is also seen that 10.0 and 30.0 % ME 

promoted chronic elevations of AP activity of the intestine. Rest of the ME 

concentrations promoted exposure period dependent elevations of intestinal AP 

from the end of six hours to the end of ninety six hours. A minimum of 0.89 fold 

elevation of the intestinal AP activity was induced by 0.1 % ME at the end of six 

hours while the maximum of 25.91 folds elevation of intestinal AP activity was 

promoted by 30.0 % ME at the end of one twenty hours. 

The tadpoles subjected to 0.01 `)/0 ME induced significant elevations of AP 

activity of the intestine at all the exposure periods and AP activity increased 

progressively from the end of six hours to the end of ninety six hours. Thus, AP 

activity of the intestine was equivalent to 47.98 ± 3.96, 106.86 ± 16.05, 202.05 ± 

13.72, 348.86 ± 18.58, 659.92 ± 58.09, 861.67 ± 37.55 and 584.57 ± 82.18 p, moles per 
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gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME promoted successive increase of 

intestinal AP activity from the end of six hours to the end of ninety six hours. A 

minimum of 0.89 fold elevation of AP activity was seen at the end of six hours 

while a maximum of 7.94 fold increment of intestinal activity was observed at the 

end of ninety six hours. Thus, AP activity of the intestine was equivalent to 27.60 

± 2.18, 34.78 ± 4.30, 52.16 ± 10.62, 82.25 ± 3.85, 198.17 ± 38.65, 287.32 ± 22.83 and 

316.57 ± 31.64 1.1 moles per gram wet weight of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME a progressive elevation of AP activity of 

the intestine was seen from the end of the six hours to the end of ninety six hours. 

AP activity of the intestine was equivalent to 73.20 ± 1.70, 100.30 ± 1.47, 127.62 ± 

0.93, 169.74 ± 8.89, 445.74 ± 7.43, 529.37 ± 8.59 and 580.15 ± 9.83 1.1, moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

After the exposure to 5.0 % ME the tadpoles exhibited a minimum of 3.17 

fold increase of intestinal AP activity at the end of six hours while a maximum of 

16.33 fold elevation of AP activity was noticed at the end of ninety six hours. The 

intestinal AP activity was equivalent to 97.70 ± 8.86, 113.43 ± 7.13, 129.72 ± 4.58, 

173.33 ± 10.58, 324.30 ± 16.79, 598.37 ± 18.86 and 628.18 ±: 27.98 IA moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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When exposed to 10.0 % ME the tadpoles demonstrated chronic elevation 

of intestinal AP activity. A minimum of 3.13 fold elevation was observed at the 

end of six hours and a maximum of 11.55 fold increment of intestinal AP activity 

was seen at the end of one twenty hours. Thus, intestinal AP activity was 

equivalent to 96.60 ± 6.47, 120.34 ± 4.62, 139.38 ± 8.05, 169.19 ± 11.32, 297.74 ± 7.50, 

362.94 ± 18.97 and 464.51 ± 15.04 11 moles per gram wet weight of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The exposure of tadpoles to 30.0 % ME led to chronic elevation of intestinal 

AP activity. The intestinal AP activity elevated by 3.59 to 25.91 folds. Thus, 

intestinal AP activity was equivalent to 110.82 ± 6.47, 142.32 ± 8.18, 372.46 ± 7.15, 

582.17 ± 8.05, 688.17 ± 11.16, 821.96 ± 7.50 and 1042.17 ± 18.21 p, moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

STAGE XXII : 

The changes of intestinal AP activity of tadpoles of stages XIX to XXII, 

under the influence of mining effluent were almost identical. Therefore, changes 

of intestinal AP activity of tadpoles of stage XXII are reported here. The intestinal 

AP activity is expressed as micromoles ( p. moles) of p-nitrophenol released per 

gram wet weight of intestine. 

The alterations of AP activity of the intestine under the influence of mining 

effluents (ME) are tabulated in Table No. 50 and are graphically expressed in 

Graph No. 50. It is seen from the table and graph that intestinal AP activity of the 

control tadpoles ranged between 34.76 ± 4.36 and 43.41 ± 2.14 II moles per gram 
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Table No. 50 

The changes in the acid phosphatase activity 
of intestine of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 34.76 34.92 35.12 36.72 38.76 40.21 43.41 

±4.36 ±2.14 ±3.19 ±4.91 ±3.47 ±3.21 ±2.14 
0.01% ME 50.73 109.32 204.15 350.76 670.48 863.17 590.76 

±4.91 ±14.32 ±12.76 ±18.23 ±50.17 ±40.12 ±13.43 
(1.45) (3.13) (5.81) (9.55) (17.29) (21.46) (13.60) 

0.1% ME 48.76 57.46 80.17 97.17 204.73 321.43 321.81 
±3.19 ±3.21 ±8.17 ±4.47 ±20.17 ±12.17 ±29.31 
(1.40) (1.64) (2.28) (2.64) (5.28) (7.99) (7.41) 

1% ME 70.16 121.43 143.13 173.26 450.17 532.17 590.17 
±2.14 ±3.47 ±4.36 ±9.21 ±5.46 ±5.81 ±8.46 
(2.01) (3.47) (4.07) (4.71) (11.61) (13.23) (13.59) 

5% ME 99.17 121.46 132.46 180.16 330.72 590.46 640.81 
±6.32 ±8.72 ±5.32 ±9.53 ±15.79 ±6.72 ±5.81 
(2.85) (3.47) (3.77) (4.90) (8.53) (14.68) (14.76) 

10% ME 90.17 126.32 145.46 173.73 301.46 462.17 456.32 
±4.36 ±4.63 ±8.05 ±12.41 ±8.46 ±15.47 ±17.21 
(2.59) (3.61) (4.14) (4.73) (7.77) (29.87) (10.51) 

30% ME 121.72 150.47 380.17 620.17 690.72 840.17 1043.18 
±4.36 ±8.26 ±8.12 ±7.51 ±7.82 ±9.72 ±19.21 
(3.50) (4.30) (10.82) (16.88) (17.82) (20.89) (24.03) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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wet weight of the intestine. It also appears that AP activity of the intestine of the 

control tadpoles increased gradually from the end of six hours to the end of one 

twenty hours. Thus, intestinal AP activity of the control tadpoles was equivalent 

to 34.76 ± 4.36, 34.92 ± 2.14, 35.12 ± 3.19, 36.72 ± 4.91, 38.76 ± 3.47, 40.21 ± 3.21 and 

43.41 ± 2.14 j.t moles per gram wet weight of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and graph that ME could not induced 

concentration dependent elevations of intestinal AP activity at any of the 

exposure periods while it induced chronic elevations of intestinal AP activity at 

concentrations of 1.0, 5.0 and 30.0 %. Also ME concentrations like 0.01, 0.1 and 

10.0 % induced significant and progressive elevations of intestinal AP activity 

from the end of six hours to the end of ninety six hours. A minimum of 1.40 fold 

increment of intestinal AP activity was induced by 0.1 % ME at the end of six 

hours while a maximum of 24.03 folds elevations of intestinal AP activity was 

promoted by 30.0 `)/0 ME at the end of one twenty hours. It is also interesting to 

note that all the elevations of AP activity were very significant. 

Under the influence of 0.01 % ME a progressive elevation of intestinal AP 

activity was observed from the end of six hours to the end of ninety six hours. A 

maximum of 21.46 folds increase of intestinal AP activity was seen at the end of 

ninety six hours. Thus, AP activity of the intestine was equivalent to 50.73 ± 4.91, 

109.32 ± 14.32, 204.15 ± 12.76, 350.76 ± 18.43, 670.48 ± 50.17, 863.17 ± 40.12 and 

590.76 ± 13.43 [t moles per gram wet weight of intestine at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 0.1 % ME intestinal AP activity of tadpoles elevated 

significantly and progressively from the end of six hours to the end of ninety six 

hours and it dropped a little at the end of one twenty hours. AP activity of the 

intestine elevated by 1.40 to 7.99 folds. Thus, AP activity of the intestine was 

equivalent to 218.76 ± 3.19, 57.46 ± 3.21, 80.17 ± 8.17, 97.17 ± 4.47, 204.73 ± 20.17, 

321.43 ± 12.17 and 321.81 ± 29.31 µ moles per gram wet weight of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles subjected to 1.0 % ME showed chronic elevations of intestinal 

AP activity. AP activity elevated by 2.01 % to 13.59 folds. Thus, intestinal AP 

activity was equivalent to 70.16 ± 2.14, 121.43 ± 3.47, 143.13 ± 4.36, 173.26 ±9.21, 

450.17 ± 5.46, 532.17 ± 5.81 and 590.17 ± 8.46 g moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited elevation of intestinal AP 

activity by 2.85 to 14.76 folds. AP activity of the intestine was equivalent to 99.17 

± 6.32, 121.46 ± 8.72, 132.46 ± 5.32, 180. 16 ± 9.53, 330.72 ± 15.79, 590.46 ± 6.72 and 

640.81 ± 5.81 p. moles per gram wet weight of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME promoted a minimum of 2.59 fold 

elevation of intestinal AP activity at the end of six hours while a maximum of 
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29.87 fold increment of AP activity was induced at the end of ninety six hours. 

Thus, AP activity of the intestine was equivalent to 90.17 ± 4.36, 126. 32 ± 4.63, 

145.46 ±8.05, 173.73 ± 12.41, 301.46 ± 8.46, 462.17 ± 15.47 and 456.32 ± 17.21 p, 

moles per gram wet weight of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

After exposure of tadpoles to 30.0 % ME chronic elevations of intestinal AP 

activity were seen. A minimum of 3.50 fold increment of intestinal AP activity 

was seen at the end of six hours and AP activity continued to elevate 

progressively up to the end of one twenty hours. Thus, the AP activity of the 

intestine was equivalent to 121.72 ± 4.36, 150.47 ± 8.26, 380. 17 ± 8.12, 620. 17 ± 

7.51, 690.72 ± 7.82, 840.17 ± 9.72 and 1043.18 ± 19.21 p. moles per gram wet weight 

of intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

LIVER : 

ALKALINE PHOSPHATASE : 

The changes of the liver AP activity of the tadpoles of stages I to IV under 

the influence of mining effluents were non significant. Therefore changes of liver 

AP activity under the influence of mining effluents (ME) are described here. 

STAGE V : 

The alterations of AP activity of the liver of tadpoles of stage V under the 

influence of mining effluents are compiled in Table No. 51 and are graphically 

presented in Graph No. 51. AP activity of liver is expressed as micromoles ( p, 

moles) of p-nitrophenol released per gram wet weight of liver. It is clear from the 

table and graph that the liver AP activity of the control tadpoles ranged between 
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Ta.bLe 
Total No. 51 

The changes in the acid phosphatase activity 
of liver of tadpoles (stage V) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 70.16 72.26 75.26 80.21 85.46 89.56 92.48 

±1.21 ±2.82 ±1.86 ±3.16 ±2.89 ±3.72 ±4.62 
0.01% ME 143.12 256.72 440.16 450.16 611.65 812.27 750.78 

±1.86 ±0.07 ±3.16 ±4.32 ±2.46 ±5.82 ±6.42 
(6.51) (3.55) (5.84) (5.61) - (7.15) (9.06) (8.11) 

0.1% ME 156.32 266.72 450.32 463.17 525.63 113.19 359.70 
±6.51 ±4.39 ±2.89 ±3.72 ±4.62 ±19.06 ±1.79 
(2.22) (3.69) (5.98) (5.77) (6.15) {1.27) (3.88) 

1% ME 172.18 270.16 320.16 482.17 540.73 621.76 640.02 
±3.26 ±4.51 ±3.21 ±3.81 ±4.62 ±5.32 ±5.07 
(2.45) (3.73) (4.25) (6.01) (11.75) (6.94) (6.92) 

5% ME 286.36 348.72 528.32 786.16 801.08 834.90 1276.22 
±1.66 ±2.55 ±3.16 ±3.45 ±8.17 ±5.07 ±8.85 
(4.08) (4.82) (7.01) (9.80) (9.37) (9.32) (13.79) 

10% ME 326.48 376.48 632.16 811.26 1018.12 1255.49 1787.65 
±2.72 ±2.82 ±4.26 ±4.36 ±0.11 ±148.35 ±2.86 
(4.65) (5.21) (8.39) (10.11) (11.91) (14.01) (19.33) 

30% ME 413.48 432.72 590.87 786.48 912.01 1086.72 1132.48 
±4.68 ±0.97 ±0.96 ±8.70 ±8.75 ±9.76 ±10.81 
(5.89) (5.98) (7.85) (9.80) (10.67) (12.13) (12.24) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposu're period interaction significant at p 5 0.001 
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70.16 ± 1.21 and 92.48 ± 4.62 p moles per gram wet weight of liver. AP activity of 

liver elevated progressively from the end of six hours to the end of one twenty 

hours. Thus, AP activity of the liver of control tadpoles was equivalent to 70.16 ± 

1.21, 72.26 ± 2.82, 75.26 ± 1.86, 80.21 ± 3.16, 85.46 ± 2.89, 89.56 ± 3.72 and 92.48 ± 

4.62 p. moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is evident from the table and graph that ME induced concentration 

dependent elevations of AP activity of liver at the end of six and twelve hours. 

ME concentrations ranging from 0.01 to 10.0 % induced concentration dependent 

elevations of AP activity of the liver at the end of forty eight hours while at the 

end of one twenty hours a concentration dependent elevation of liver AP activity 

was promoted by ME concentrations like 0.1, 1.0, 5.0 and 10.0 %. It is also obvious 

from the table and graph that 10.0 and 30.0 % ME induced chronic elevations of 

AP activity of the liver. All the concentrations of ME at all the exposure periods 

induced very significant elevations of AP activity of the liver. A minimum of 1.27 

fold elevation of AP activity was induced by 0.1 % ME at the end of ninety six 

hours while a maximum of 19.33 fold elevation of AP activity of liver was 

promoted by 10.0 % ME at the end of one twenty hours. 

Under the influence of 0.01 % ME the tadpoles exhibited a minimum of 

2.03 fold increase of AP activity of liver at the end of six hours while a maximum 

of 9.06 fold increment of AP activity was observed at the end of ninety six hours. 

Thus, AP activity of liver was equialent to 143.12 ± 1.86, 256.72 ± 0.07, 440.16 ± 

3.16,450.16 ± 4.32, 611.65 ± 2.46, 812. 27 ± 5.82 and 750.78 ± 6.42 p moles per gram 
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wet weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The tadpoles subjected to 0.1 % ME showed a minimum of 1.27 fold 

elevation of AP activity at the end of ninety six hours while a maximum of 6.15 

fold elevation was noticed at the end of seventy two hours. Thus, AP activity of 

liver was equivalent to 156.32 ± 6.51, 266.72 ± 4.39, 450.32 ± 2.89, 463.17 ± 3.72, 

525.63 ± 4.62, 113.99 ± 19.06 and 359.70 ± 1.79 IA moles per gram wet weight of 

liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

When exposed to 1.0 % ME AP activity of the liver elevated by 2.45 to 

11.75 folds. AP activity increased successively from the end of six hours to the 

end of seventy two hours. Thus, AP activity was equivalent to 172.18 ± 3.26, 

270.16 ±4.51, 320.16 ± 3.21, 482.17 ± 3.81, 540.73 ± 4.62, 621.76 ± 5.32 and 640.02 ± 

5.07 p, moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted a minimum of 4.08 fold 

elevation of AP activity at the end of six hours, while a maximum of 13.79 fold 

increase was induced at the end of one twenty hours. Thus, AP activity was 

equivalent to 286.46 ± 1.66, 348.72 ± 2.55, 528.32 ± 3.16, 786.16 ± 3.45, 801.08 ± 8.17, 

834.9 ± 5.07 and 1276.22 ± 8.85 p. moles per gram wet weight of liver at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

When exposed to 10.0 % ME the tadpoles exhibited exuberant and 

progressive increase of AP activity of the liver from the end of six hours to the 
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end of one twenty hours. AP activity elevated by 4.65 to 19.33 folds. Thus, AP 

activity was equivalent to 326.48 ± 2.72, 376.48 ± 2.82, 632.16 ± 4.26, 811.26 ± 4.36, 

1018.12 ± 0.11, 1255.49 ± 148.35 and 1787.65 ± 2.86 pi moles per gram wet weight 

of liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

After the exposure to 30.0 % ME the tadpoles exhibited highly significant 

increase of AP activity of the liver. AP activity elevated by 5.89 to 12.24 folds. 

Thus, AP activity was equivalent to 413.48 ± 4.68, 432.72 ± 0.97, 590.87 ± 0.96, 

786.48 ± 8.70, 912.01 ± 8.75, 086.72 ± 9.76 and 1132.48 ± 10.81 IA moles per gram 

wet weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE : VIII 

The changes of AP activity of the liver of the tadpoles of stages VI to VIII, 

under the influence of mining effluent (ME) were almost identical. Therefore, 

changes of AP activity of the liver of the tadpoles of stage VIII are reported here. 

AP activity expressed as micromoles Oa moles) of p-nitrophenol released per 

gram wet weight of liver. The alterations of AP activity of the liver of tadpoles 

exposed to mining effluents (ME) are tabulated in Table No. 52 and are 

graphically given in Graph No. 52. It is seen from the table and graph that AP 

(AP) activity of the liver of control tadpoles increased gradually from the end of 

six hours to the end of one twenty hours. Thus, AP activity of the liver of control 

tadpoles was equivalent to 70.20 ±' 7.20, 72.46 ± 6.32, 76.21 ± 8.46, 80.72 ± 7.32, 

86.21 ± 8.76, 90.12 ± 4.36 and 95.43 ± 7.36 pt moles per gram wet weight of liver at 
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Table No. 52 

The changes in the acid phosphatase activity 
of liver of tadpoles (stage VIII) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 70.20 70.46 76.21 80.72 86.21 90.12 95.43 

±7.20 ±6.32 ±8.46 ±7.32 ±8.76 ±4.36 ±7.36 
0.01% ME 100.81 160.46 670.46 812.76 1190.17 1432.76 1026.72 

±6.32 ±8.46 ±42.32 ±17.85 ±150.36 ±14.76 ±43.76 
(1.43) (2.21) (8.79) (10.06) (13.80) (15.89) (10.75) 

0.1% ME 106.32 170.46 221.46 326.76 401.76 496.73 673.43 
±4.36 ±7.32 ±9.32 ±14.32 ±12.76 ±8.76 ±20.76 
(1.51) (2.39) (2.90) (4.04) (4.66) (5.51) (7.05) 

1% ME 130.46 180.47 336.76 432.76 580.76 740.76 880.76 
±7.32 ±8.76 ±43.21 ±30.21 ±16.32 ±17.26 ±21.76 
(1.85) (2.49) (4.41) (5.36) (6.73) (8.21) (9.22) 

5% ME 135.76 156.36 207.46 350.76 446.76 690.72 699.34 
±8.17 ±14.32 ±32.17 ±17.46 ±18.21 ±13.21 ±12.36 
(1.93) (2.15) (2.72) (4.34) (5.18) (7.66) (7.32) 

10% ME 130.47 140.76 203.21 350.73 450.07 720.46 743.46 
±3.76 ±4.76 ±10.76 ±12.46 ±5.09 ±13.21 ±13.76 
(1.85) (1.94)  (4.34) (5.22) (7.99) (7.79) 

30% ME 150.36 173.17 193.76 246.73 307.46 436.76 881.46 
±7.36 ±14.32 ±14.43 ±15.76 ±10.82 ±12.48 ±32.17 
(2.14) (2.38) (2.54) (3.05) (3.56) (4.84) (9.23) 

Note : Unit : pmoles/gm 1PJtiv liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of va: -iarl. : 

All data significant 

Concentration and exposPre period interaction significant at p 0.001 
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the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is evident from the table and graph that ME could not induce 

concentration dependent elevations of AP activity of the liver at all the exposure 

periods except at the end of six hours. At the end of six hours all the 

concentrations of ME except 10.0 % induced a relatively concentration dependent 

increase of AP activity. It is also evident that 0.1, 1.0 and 30.0 % ME induced 

chronic elevation of AP activity, while rest of the concentrations of ME induced 

progressive elevations of AP from the end of six hours to the end of ninety six 

hours. A minimum of 1.43 fold increase of AP activity of the liver was induced by 

0.01 % ME at the end of six hours while a maximum of 15.89 fold elevation was 

promoted at the end of ninety six hours. 

The tadpoles subjected to 0.01 % ME exhibited successive d significant 

elevations of AP activity of the liver from the end of six hours to t1 -4 of ninety 

six hours. AP activity elevated by 1.43 to 15.89 folds. Thus, AP activity of the liver 

was equivalent to 100.81 ± 6.32, 160.46 ± 8.46, 6700.46 ± 42.31, 812.76 ± 17.85, 

1190.17 ± 150.36, 1432.76 ± 14.76 and 1026.72 ± 43.76 p. moles per gram wet 

weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME showed chronic elevations of AP 

activity of the liver. AP activity elevated by 1.51 to 7.05 folds. Taus, AP activity 

was equivalent to 106.32 ± 4.36, 173.46 ± 7.32, 221.46 ± 9.32, 326.76 ± 14.32,401.76 ± 

12.76, 496.73 ± 8.76 and 673.43 ± 20.76 11 moles per gram wet weight of liver at the 
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end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles showed chr2- 4 c elevations of 

AP activity of the liver. AP activity increased progressively from the end of six 

hours to the end of one twenty hours. Thus, AP activity was eauivalent to 130.46 

± 7.32, 180.47 ± 8.76, 336.76 ± 43.21, 432.76 ± 30.21, 580.76 ± 16.32, 740.36 ±17.26 

and 880.76 ± 21.76 p. moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 5.0 % ME, AP activity of the liver elevated by 1.93 to 7.66 

folds. AP activity increased successively from the end of six hours to the end of 

ninety six hours. Thus, AP activity was equivalent to 135.76 ± 8.17, 156.36 ± 14.32, 

207.46 ± 32.17, 350.76 ± 17.46, 446.76 ± 18.21, 690.72 ± 13.21 and 6(,, .34 ± 12.36 p, 

moles per gram wet weight of liver at the end of six, twelve, twero- ,7 four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 10.0 % ME led to the elevation of AP activity 

of the liver by 1.85 to 7.99 folds. AP activity increased progressively from the end 

of six hours to the end of ninety six hours. Thus, AP activity was equivalent to 

130.47 ± 3.76, 140.76 ± 4.76, 203.21 ± 10.76, 350.73 ± 12.46, 450.07 ± 5.09, 720.46 ± 

13.21 and 743.46 ± 13.76 p, moles per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles exposed to 30.0 `)/0 ME showed progressive chronic elevations 

of AP activity of the liver. A minimum of 2.14 fold elevation of AP activity was 
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noticed at the end of six hours while a maximum of 9.23 folds elevation of AP 

activity was seen at the end of one twenty hours. Thus, AP activity was 

equivalent to 150.36 ± 7.36, 173.17 ± 14.32, 193.76 ± 14.43, 246.73 ± 15.76, 307.46 ± 

10.82, 436.76 ± 12.48, 881.46 ± 32.17 p. moles per gram wet weight of liver at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE.: XIV 

The alteration of AP activity of the liver of tadpoles of stages IX to XIV 

under the influence of mining effluents were nearly identical and the differences 

of AP activity were quite insignificant. Therefore, changes of AP activity of the 

liver of the tadpoles of stage XIV exposed to mining effluent are described here. 

The changes of AP activity of the liver of tadpoles of stage XIV exposed to mining 

effluents (ME) are compiled in Table No. 53 and are expressed graphically in 

Graph No. 53. AP activity is expressed as micromoles (µ moles) of p-nitrophenol 

released per gram wet weight of the liver. 

It is clear from the table and graph that AP activity of the liver of control 

tadpoles varied between 24.04 ± 2.10 and 39.14 ± 6.52 p. moles per gram wet 

weight of liver. Thus, AP activity of the liver of control tadpoles was equivalent 

to 24.04 ± 2.10, 24.36 ± 2.69, 24.96 ± 3.15, 27.81 ± 4.36, 32.41 ± 5.03, 36.22 ± 3.95 and 

39.14 ± 6.52 1.t. moles per gram wet weight at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from table and graph that all the concentrations of ME 

except 0.01 % induced a relatively concentration dependent elevations of AP 

activity of the liver at all the exposure periods. It is also seen from the table and 
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Table No. 53 

The changes in the acid phosphatase activity 
of liver of tadpoles (stage XIV) 
exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 24.04 24.36 24.96 27.81 32.41 36.22 39.14 

±2.10 ±2.69 ±3.15 ±4.36 ±5.03 ±3.95 ±6.52 
0.01% ME 45.76 64.09 116.99 153.73 405.17 658.26 460.64 

±2.69 ±6.52 ±5.84 ±7.65 ±19.53 ±25.29 ±60.73 
(1.90) (2.63) (4.68) (5.52) (12.50) (18.17) (11.76) 

0.1% ME 25.65 35.88 58.89 73.42 95.50 123.65 66.79 
±3.15 ±4.36 ±5.03 ±3.95 ±7.06 ±7.14 ±5.48 
(1.06) (1.47) (2.39) (2.64) (2.94) (3.41) (1.70) 

1% ME 37.26 63.48 92.46 118.13 152.08 226.04 299.18 
±6.01 ±6.39 ±6.54 ±5.57 ±4.51 ±8.58 ±10.11 
(1.54) (2.60) (3.70) {4.24) (4.69) (6.24) (7.64) 

5% ME 62.60 102.62 124.48 146.83 248.68 316.85 367.23 
±5.19 ±2.84 ±6.99 ±3.72 ±20.66 ±11.15 ±20.31 
(2.60) (4.21) (4.98) (5.27) (7.67) (8.74) (9.38) 

10% ME 77.72 120.34 142.97 176.09 269.65 302.77 389.16 
±7.24 ±11.18 ±6.66 ±12.71 ±12.36 ±4.43 ±8.78 
(3.23) (4.94) (5.72) (6.33) (8.31) (8.35) (9.94) 

30% ME 86.42 132.42 156.48 187.62 279.46 312.78 403.12 
±6.01 ±11.18 ±6.62 ±12.71 ±12.36 ±14.76 ±14.80 
(3.59) (5.43) (6.26) (6.74) (8.62) (8.63) (10.29) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposdre period interaction significant at p 5_ 0.001 
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graph that almost all the concentrations of ME induced chronic elevations of AP 

activity. Only 0.01 and 0.1 % ME promoted a little reduction of AP activity at the 

end of one twenty hours. However, though AP activity reduced a little in these 

cases it was fairly above to that observed at the end of six hours. A minimum of 

1.06 fold elevation of AP activity was induced by 0.1 `)/0 ME at the end of six hours 

while a maximum of 18.17 fold increase of AP activity was induced by 0.01 % ME 

at the end of ninety six hours. 

The exposure of tadpoles to 0.01 % ME promoted exposure period 

dependent elevations of AP activity of the liver from the end of six hours to the 

end of ninety six hours. A minimum of 1.90 fold elevation of AP activity was 

observed at the end of six hours. Thus, AP activity was equivalent to 45.76 ± 2.69, 

64.09 ± 6.52, 116.99 ± 5.84, 153.73 ± 7.65, 405.17 ± 19.53, 658.26 ± 25.29 and 460.64 ± 

60.73 µ moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited elevation of AP 

activity of liver in the range of 1.06 to 3.41 folds. Thus, AP activity was equivalent 

to 25.65 ± 3.15, 35.88 ± 4.36, 59.89 ± 5.03, 73.42 ± 3.95, 95.50 ± 7.06, 123.65 ± 7.14 

and 66.79 ± 5.48 p, moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles exposed to 1.0 % ME showed chronic elevations of AP 

activity, especially AP activity kept on increasing significantly from the end of six 

hours to the end of one twenty hours. AP activity of liver was equivalent to 37.26 

± 6.01, 63.48 ± 6.39, 92.46 ± 6.54, 118.13 ± 5.57, 152.08 ± 4.51, 226.04 ± 8.58 and 
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299.18 ± 10.11 p. moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 5.0 `)/0 ME the tadpoles showed elevations of AP activity 

in the range of 2.60 to 9.38 folds. AP activity increased from the end of six hours 

to the end of one twenty hours. Thus, AP activity of the liver was equivalent to 

62.60 ± 5.19, 102.62 ± 2.84, 124.48 ± 6.99, 146.83 ± 3.72, 248.68 ± 20.66, 316.85 ± 

11.15 and 367.23 ± 20.31 IA moles per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 .% ME led to chronic elevation of AP 

activity of the liver. AP activity elevated by a minimum of 3.23 fold to a 

maximum of 9.94 folds. Thus, AP activity was equivalent to 77.72 ± 7.24, 120.34 ± 

11.18, 142.97 ± 6.66, 176.09 ± 12.71, 269.65 ± 12.36, 302.77 ± 4.43 and 389.16 ± 8.78 

p. moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 30.0 % of ME the tadpoles exhibited chronic elevations of 

AP activity of the liver and AP activity elevated by 3.59 to 10.29 folds. Thus, AP 

activity of liver was equivalent to 86.42 ± 6.01, 132.42 ± 11.18, 156.48 ± 6.62, 187.62 

± 12.71, 279.46 ± 12.36, 312.72 ± 14.76 and 403.12 ± 14.80 1.1 moles per gram wet 

weight of liverat the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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STAGE XVIII: 

The changes of AP activity of the liver of tadpoles of stages XV to XVIII, 

under the influence of mining effluent (ME) were almost identical. Therefore 

changes of AP activity of the liver of the tadpoles exposed to mining effluents are 

described here. The changes of AP activity of liver of tadpoles of stage XVIII 

exposed to mining effluents (ME) are compiled in Table No. 54 and are 

graphically presented in Graph No. 54. AP activity of the liver is expressed as 

micromoles OA moles) of p-nitophenol released per gram wet weight of liver. 

It is clear from the table and graph that AP activity of the liver of control 

tadpoles ranged between 37.12 ± 2.87 and 47.82 ± 6.20 g moles per gram wet 

weight of liver AP activity of the liver increased gradually from the end of six 

hours to the end of one twenty hours. Thus, AP activity of the liver of control 

tadpoles was equivalent to 37.72 ± 2.87, 38.12 ± 2.36, 38.46 ± 2.18, 39.27 ± 4.23, 

42.36 ± 4.74, 45.20 ± 4.51 and 47.82 ± 6.20 1.1 moles per gram wet weight of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME failed to induce concentration dependent elevations except at the end of 

seventy two and one twenty hours where ME concentrations from 0.1 to 30.0 `)/0 

induced relatively concentration dependent elevations of AP activity. It is also 

obvious from the table and the graph that all the concentrations of ME induced 

chronic elevations of AP activity. However a perfect exposure period dependent 

elevations of AP activity were induced by 5.0 `)/0 ME. A minimum of 0.68 fold 
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Table No. 54 

The changes in the acid phosphatase activity 
of liver of tadpoles (stage XVIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 37.72 38.12 38.46 39.27 42.36 45.20 47.82 

±2.87 ±2.36 ±2.18 ±4.23 ±4.74 ±4.51 ±6.20 
0.01% ME 52.07 91.41 172.88 525.23 799.85 816.43 665.71 

±4.51 ±10.92 ±16.42 ±9.84 ±18.11 ±88.42 ±13.19 
(1.38) (2.39) (4.52) (13.37) (18.88) (18.06) (13.92) 

0.1% ME 25.88 26.22 46.64 205.47 272.86 375.64 296.42 
±2.36 ±2.18 ±7.06 ±15.50 ±6.20 ±69.31 ±11.52 
(0.68) (0.68) (1.21) (5.23) (6.44) (8.23) (6.19) 

1% ME 18.59 112.61 165.88 229.36 323.37 456.28 308.84 
±7.78 ±11.02 ±8.58 ±15.19 ±22.37 ±14.13 ±8.75 
(2.13) (2.95) (4.31) (5.84) (7.63) (10.00) (6.45) 

5% ME 85.79 121.16 214.73 281.24 335.89 403.79 447.67 
±7.37 ±9.48 ±15.90 ±8.13 ±19.84 ±15.93 ±13.24 
(2.27) (3.17) (5.58) (7.16) (7.19) (8.93) (9.36) 

10% ME 85.39 121.99 169.19 259.72 337.27 434.70 450.71 
±0.77 ±4.74 ±21.37 ±16.34 ±16.49 ±9.66 ±13.08 
(2.26) (3.20) (4.39) (6.61) (7.96) (9.61) (9.42) 

30% ME 93.24 108.19 473.28 604.16 852.16 1437.82 1439.86 
±0.81 ±4.23 ±10.86 ±7.32 ±8.16 ±10.12 ±11.10 
(2.47) (2.83) (12.30) (15.38) (20.11) (31.81) (30.10) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposui-e period interaction significant at p 5 0.001 
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elevations of AP activity of liver was induced by 0.1 % ME at the end of six hours 

and twelve hours while a maximum of 31.81 fold increase of AP activity was 

induced by 30.0 % ME at the end of ninety six hours. 

The exposure of tadpoles to 0.01 % ME promoted significant elevations of 

AP activity of the liver. AP activity elevated by 1.38 to 18.88 folds. Thus, AP 

activity of the liver was equivalent to 52.07 ± 4.51, 91.41 ± 10.92, 173.88 ± 16.42, 

525.23 ± 9.84, 799.85 ± 18.11, 816.43 ± 88.42 and 665.71 ± 13.19 µ moles per gram 

wet weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited a minimum of 0.68 

fold elevations of AP activity at the end of six and twelve hours while a 

maximum of 8.23 fold elevation of AP activity was observed at the end of ninety 

six hours. Thus, AP activity was equivalent to 25.88 ± 2.36, 26.22 ± 2.18, 46.64 ± 

7.06, 205.47 ± 15.50, 272.96 ± 6.20, 375.64 ± 69.31 and 296.42 ± 11.52 la moles per 

gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME induced profuse increase of AP 

activity of the liver from the end of six hours to the end of ninety six hours. AP 

activity of the liver elevated by 2.13 to 10.00 folds. Thus, AP activity was 

equivalent to 80.59 ± 7.78, 112.61 ± 11.02, 165.88 ± 8.58, 229.36 ± 15.19, 323.37 ± 

22.37, 456.28 ± 14.13 and 308.84 ± 8.75 11 moles per gram wet weight of liver at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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The exposure of tadpoles to 5.0 `)/0 ME induced progressive increase of AP 

activity. AP activity of the liver increased progressively from the end of six hours 

to the end of one twenty hours. AP activity of liver elevated by 2.27 to 9.36 folds. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AP activity of the liver was equivalent to 85.79 ± 7.37, 121.16 ± 9.48, 

214.73 ± 15.9, 281.24 ± 8.13, 335.89 ± 19.84, 403.79 ± 15.93 and 447.67 ± 13.24 IA 

moles per gram wet weight of liver respectively. 

On exposure to 10.0 % ME tadpoles exhibited 2.26 to 9.61 fold increase of 

AP activity. AP activity increased from the end of six hours to the end of ninety 

six hours. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours, AP activity of the liver was equivalent to 85.39 ± 0.77, 

121.99 ± 4.74, 169.19 ± 21.37, 259.72 ± 16.34, 337.27 ± 16.49, 434.70 ± 9.66, and 

450.71 ± 13.08 ja, moles per gram wet weight of liver respectively. 

The exposure of tadpoles to 30.0 % ME induced 2.47 to 31.81 fold 

elevations of AP activity of the liver. Thus, AP activity of the liver was equivalent 

to 93.24 ± 0.81, 108.19 ± 4.23, 473.28 ± 10.86, 604.16 ± 7.32, 852.16 ± 8.16, 1437.82 ± 

10.12 and 1439.86 ± 11.10 p. moles per gram wet weight of liverof liver at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively 

STAGE XXII: 

The changes of AP activity of the liver of tadpoles of stages XIX to XXII 

exposed to mining effluents were nearly identical. A few differences of AP 

activity observed with respect to each other stage were insignificant. Therefore, 

the changes of AP activity of the tadpoles of stage XXII, under the influence of 
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mining effluents (ME) are reported here. The changes of AP activity of the liver of 

tadpoles of stage XXII are presented in Table No. 55 and are given graphically in 

Graph No. 55. AP activity of the liver is expressed as micromoles (1.1 moles) of p-

nitrophenol released per gram wet weight of liver. 

It is seen from the table and graph that AP activity of the liver of control 

tadpoles varied between 40.06 ± 2.85 and 59.14 ± 3.21 11 moles per gram wet 

weight of liver. AP activity increased from the end of six hours to the end of one 

twenty hours. AP activity of the liver of control tadpoles was equivalent to 40.06 

± 2.85, 42.21 ± 3.21, 45.18 ± 4.21, 49.20 ± 4.25, 50.40 ± 5.21, 54.46 ± 4.72 and 59.14 ± 

3.21 11 moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME except 0.01 % induced relatively concentration dependent elevations of AP 

activity at the end of six, twenty four and ninety six hours while all the 

concentrations of ME induced significant elevations of AP activity of the liver. 

The exposure period dependent elevations of AP activity were induced by all the 

concentrations of ME except 0.01 % from the end of six hours to the end of ninety 

six hours. A minimum of one fold elevations of AP activity was induced by 0.1 % 

ME at the end of six hours and twelve hours while the maximum of 15.99 fold 

increase of AP activity was promoted by 0.01 % ME at the end of seventy two 

hours. 

The exposure of tadpoles to 0.01 % ME induced elevations of AP activity of 

liver in the range of 1.54 to 15.99 folds in comparison with the AP activity of 

controls. Thus, AP activity of the liver was equivalent to 62.07 ± 4.25, 102.32 ± 
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Table No. 55 

The changes in the acid phosphatase activity 
of liver of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40.06 42.21 45.18 49.20 50.40 54.46 59.14 

±2.85 ±3.21 ±4.21 ±4.25 ±5.21 ±4.72 ±3.21 
0.01% ME 62.07 102.32 179.96 500.46 806.14 820.76 670.45 

±4.25 ±8.41 ±17.32 ±9.46 ±2.24 ±20.42 ±12.20 
(1.54) (2.42) (3.98) (10.17) (15.99) (15.07) (11.33) 

0.1% ME 40.46 76.48 84.79 198.46 245.32 350.46 329.41 
±10.21 ±11.42 ±12.41 ±12.46 ±10.21 ±8.48 ±9.86 
(1.00) (1.81) (1.87) (4.03) (4.86) (6.43) (5.57) 

1% ME 82.46 124.64 170.48 230.46 327.43 460.45 318.46 
±7.48 ±12.72 ±13.16 ±14.26 ±17.81 ±17.81 ±23.21 
(2.05) (2.95) (3.77) (4.68) (6.49) (8.45) (5.38) 

5% ME 90.79 125.74 182.43 231.47 320.14 461.72 321.47 
±9.81 ±10.96 ±12.16 ±13.21 ±14.32 ±18.16 ±10.32 
(2.26) (2.97) (4.03) (4.70) (6.35) (8.47) (5.43) 

10% ME 91.76 127.48 196.73 260.17 326.17 457.09 462.72 
±4.70 ±10.81 ±14.32 ±15.21 ±10.46 ±14.32 ±11.31 
(2.29) (3.02) (4.35) (5.28) (6.47) (8.39) (7.82) 

30% ME 95.73 120.46 201.76 212.46 234.72 437.46 521.76 
±4.32 ±9.21 ±12.76 ±10.46 ±9.81 ±10.81 ±10.12 
(2.38) (2.85) (4.46) (4.31) (4.65) (8.03) (8.82) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.001 
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The changes in the acid phosphatase of liver of 
tadpoles (stage XXII) exposed to mining effluents 
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8.41, 179.96 ± 17.32, 500.46 ± 9.46, 806.14 ± 2.24, 820.76 ± 20.42 and 670.45 ± 12.20 pt 

moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles exhibited elevation of AP activity of 

the liver in the range of one to 6.43 fold. AP activity increased successively from 

the end of six hours to the end of ninety six hours. Thus, AP activity of the liver 

was equivalent to 40.46 ± 10.21, 76.48 ± 11.42, 84.79 ± 12.41, 198.46 ± 12.46, 245.32 

± 10.21, 350.46 ± 8.48 and 329.41 ± 9.86 R. moles per gram wet weight of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a minimum of 2.05 

fold increase of AP activity at the end of six hours while a maximum of 8.45 fold 

elevation was observed at the end of ninety six hours. AP activity increased 

progressively from the end of six hours to the end of ninety six hours. AP activity 

was equivalent to 82.46 ± 7.48, 124.64 ± 12.72, 170.48 ± 13.16, 230.46 ± 14.26, 327.43 

± 17.81, 460.45 ± 17.81 and 318.46 ± 23.21 pi moles per gram wet weight of liverat 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME led to progressive elevation of AP 

activity of liver from the end of six hours to the end of ninety six hours. A 

minimum of 2.26 fold elevation of AP activity was observed at the end of six 

hours while a maximum of 8.47 fold elevation of AP activity was seen at the end 

of ninety six hours. Thus, AP activity of the liver was equivalent to 90.79 ± 9.81, 

125.72 ± 10.96, 182.43 ± 12.16, 231.47 ± 13.21, 320.14 ± 14.32, 461.72 ± 18.16 and 
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321.47 ± 10.32 p. moles per gram wet weight of liverat the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

After the exposure to 10.0 % ME the AP activity of the liver elevated by 

2.29 to 8.39 folds. AP activity increased progressively from the end of six hours to 

the end of ninety six hours. AP activity of the liver was equivalent to 91.76 ± 4.74, 

127.48 ± 10.81, 196.73 ± 14.32, 260.17 ± 15.21, 326.17 ± 10.46, 457.09 ± 14.32 and 

462.72 ± 11.31 IA moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 30.0 % ME chronic elevations of AP activity of the liver 

was observed. AP activity elevated by 2.38 to 8.82 folds. AP activity increased 

successively from the end of six hours to the end of one twenty hours. AP activity 

of the liver was equivalent to 95.73 ± 4.32, 120.46 ± 9.21, 201.76 ± 12.76, 212.46 ± 

10.46, 234.72 ± 9.81, 437.46 ± 10.81 and 521.76 ± 10.12 1.1 moles per gram wet 

weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

KIDNEY : 

ACID PHOSPHATASE (AP) 

STAGE V : 

The changes of the AP activity of the kidney of the tadpoles of stages I to 

IV were very insignificant while the changes of the AP activity of the kidney of 

tadpoles of stage V were very significant. Therefore, the changes of AP activity of 

the kidney of tadpoles of stage V are reported here. The alterations of AP activity 
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Table No. 56 

The changes in the acid phosphatase activity 
of kidney of tadpoles (stage V) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 72.16 72.42 73.26 75.21 77.21 79.81 81.26 

±2.16 ±1.76 ±2.16 ±3.76 ±4.34 ±5.32 ±7.36 
0.01% ME 132.12 231.16 432.72 470.16 576.15 759.83 488.58 

±0.09 ±1.76 ±3.16 ±3.17 ±32.17 ±32.56 ±50.60 
(1.83) (3.19) (5.90) (6.25) (7.46) (9.52) (6.01) 

0.1% ME 234.26 246.17 440.32 532.47 600.72 360.18 518.60 
±4.32 ±7.36 ±8.43 ±9.86 ±10.73 ±14.70 ±4.85 
(3.24) (3.39) (6.01) (7.07) (7.77) (4.51) (6.38) 

1°/0 ME 250.16 270.76 470.16 560.82 613.76 373.18 531.35 
±3.76 • ±4.34 ±8.74 ±9.21 ±9.24 ±13.21 ±4.41 
(3.46) (3.73) (6.41) (7.45) (7.94) (4.67) (6.53) 

5% ME 276.77 333.14 484.26 572.16 623.47 400.20 595.33 
±5.72 ±5.43 ±6.32 ±7.14 ±8.72 ±12.45 ±1.23 
(3.83) (4.60) (6.61) (7.16) (8.07) (5.01) (7.32) 

10% ME 436.72 521.22 636.14 781.32 832.76 996.64 1166.65 
±4.32 ±8.76 ±9.32 ±10.11 ±10.16 ±22.00 ±4.20 
(6.05) (7.19) (8.68) (10.38) (10.78) (12.48) (14.35) 

30% ME 476.48 536.28 642.76 821.43 928.16 1012.43 1216.32 
±4.36 ±5.32 ±7.36 ±4.86 ±7.32 ±15.62 ±110.43 
(6.60) (7.40) (8.77) (10.92) (12.02) (12.68) (14.96) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposike period interaction significant at p 0.001 
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of the kidney of tadpoles of stage V are compiled in the Table No. 56 and are 

graphically expressed in Graph No. 56. AP activity of the kidney is expressed as 

micromoles (µ moles) of p-nitophenol released per gram wet weight of kidney. 

It is clear from the table and graph that AP activity of the kidney of control 

tadpoles varied between 72.16 ± 2.16 and 81.26 ± 7.36 u g moles per gram wet 

weight of kidney. AP activity of the kidney of control tadpoles was equivalent to 

72.16 ± 2.16, 72.42 ± 1.76, 73.26 ± 2.16, 75.21 ± 3.76, 77.21 ± 4.34, 79.81 ± 5.32 and 

81.26 ± 7.36 g moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME except 0.01 % at the end of six hours induced concentration dependent 

elevations of AP activity of the kidney at all the exposure periods. ME 

concentrations like 10.0 and 30.0 `)/0 promoted chronic elevations of AP activity of 

the kidney. Rest of the concentrations of ME induced gradual increase of the AP 

activity from the end of six hours to the end of seventy two hours. 

The tadpoles subjected to 0.01 % ME exhibited successive increase of the 

AP activity of kidney from the end of six hours to the end of ninety six hours. AP 

activity of the kidney elevated by 1.83 to 9.52 folds. AP activity of the kidney was 

equivalent to 132.12 ± 0.09, 231.16 ± 1.76, 432.72 ± 3.16, 470.16 ± 3.17, 576.15 ± 

32.17, 759.83 ± 32.56 and 488.58 ± 50.60 g moles per gram wet weight of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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On exposure to 0.1 % ME the tadpoles showed significant elevations of AP 

activity of kidney. AP activity elevated successively from the end of six hours to 

the end of seventy two hours. AP activity of the kidney elevated by 3.24 to 7.77 

folds. AP activity of the kidney was equivalent to 234.26 ± 4.32, 246.17 ± 7.36, 

440.32 ± 8.43, 532.47 ± 9.86, 600.17 ± 10.73, 360.18 ± 14.70 and 518.60 ± 4.85 1.t 

moles per gram wet weight of kidney at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles showed gradual increase of 

AP activity of kidney from the end of six hours to the end of seventy two hours. 

AP activity of the kidney elevated by 3.46 to 7.94 folds. AP activity of the kidney 

was equivalent to 250.16 ± 3.76, 270.76 ± 4.34, 470.16 ± 8.74, 560.82 ± 9.21, 613.76 ± 

9.24, 373.18 ± 13.21 and 531.35 ± 4.41 la moles per gram wet weight of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

After exposure to 5.0 % ME the tadpoles showed 3.83 to 8.07 fold increase 

of AP activity of kidney. AP activity was equivalent to 276.77 ± 5.72, 333.14 ± 5.43, 

484.36 ± 6.32, 572.16 ± 7.14, 623.47 ± 8.72, 400.20 ± 12.45 and 595.33 ± 1.23 pi moles 

per gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When exposed to 10.0 `)/0 ME the tadpoles exhibited chronic elevations of 

AP activity of kidney. AP activity elevated by 6.05 to 14.35 folds. AP activity 

increased remarkably at the end of 'six hours and continued to elevate up to the 

end of one twenty hours. Thus, AP activity was equivalent to 436.72 ± 4.32, 521.22 

± 8.76, 636.14 ± 9.32, 781.32 ± 10.11, 832.76 ± 10.16, 996.64 ± 22.00 and 1166.65 ± 
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4.20 µ moles per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Exposure of tadpoles to 30.0 % ME prompted chronic elevation of AP 

activity of kidney. AP activity elevated by 6.60 to 14.96 folds. AP activity kept on 

increasing from the end of six hours and to the end of one twenty hours. Thus, 

AP activity was equivalent to 476.48 ± 4.36, 536.28 ± 5.32, 642.76 ± 7.36, 821.43 ± 

4.86, 928.16 ± 7.32, 1012.43 ± 15.62 and 1216.32 ± 110.43 µ moles per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE VIII: 

The changes of AP activity of the kidney of tadpoles of stages VI to VIII 

were almost identical. Therefore changes of AP activity of the kidney of tadpoles 

of stage VIII are described here. The changes of AP activity of the kidney of 

tadpoles (stage VIII) are compiled in Table No. 57 and are presented graphically 

in Graph No. 57. AP activity of the kidney is exhibited as micromoles (µ moles) of 

p-nitrophenol released per gram wet weight of kidney. 

It is seen from the table and graph that AP activity of the control tadpoles 

ranged between 68.17 ± 2.16 and 76.21 ± 4.36 p. moles per gram wet weight of 

kidney. AP activity of the kidney increased gradually from the end of six hours to 

the end of one twenty hours. AP activity of the kidney of the control tadpoles was 

equivalent to 68.17 ± 2.16, 68.32 ± 1.76, 69.26 ± 2.16, 71.18 ± 3.76, 73.19 ± 4.32, 74.26 

± 5.72 and 76.21 ± 4.36 µ moles per .  gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Table No. 57 

The changes in the acid phosphatase activity 
of kidney of tadpoles (stage VIII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 68.17 68.32 69.26 71.18 73.19 74.26 76.21 

±2.16 ±1.76 ±2.16 ±3.76 ±4.32 ±5.72 ±4.36 
0.01% ME 126.19 321.16 585.42 658.68 121.17 667.01 781.25 

±7.14 ±10.48 ±20.26 ±23.12 ±40.36 ±58.19 ±9.78 
(1.85) (4.70) (8.45) (9.25) (16.56) (22.44) (10.25) 

0.1% ME 132.76 430.18 721.16 660.72 785.17 656.05 730.58 
±4.36 ±7.36 ±10.36 ±20.16 ±20.17 ±24.44 ±0.48 
(1.94) (6.29) (10.41) (9.28) (10.72) (8.83) (9.58) 

1% ME 146.48 521.16 650.17 720.17 740.73 673.07 713.50 
±4.30 ±7.40 ±10.36 ±9.86 ±10.80 ±20.26 ±0.48 
(2.14) (7.62) (9.38) (10.11) (10.12) (9.06) (9.36) 

5% ME 163.16 432.76 601.10 743.36 781.86 664.06 1251.66 
±0.76 ±8.12 ±9.46 ±4.36 ±5.62 ±56.44 ±14.53 
(2.39) (6.33) (8.67) (10.44) (10.68) (8.94) (16.42) 

10% ME 186.21 367.81 621.17 841.76 994.76 176.88 1578.72 
±7.46 ±10.21 ±9.86 ±7.36 ±8.43 ±2.27 ±105.03 
(2.73) (5.38) (8.96) (11.82) (13.59) (23.76) (20.71) 

30% ME 201.46 436.17 629.17 872.73 1014.73 1687.43 1732.17 
±8.72 ±10.43 ±11.43 ±10.96 ±11.97 ±3.26 ±43.41 
(2.95) (6.38) (9.08) (12.26) (13.86) (22.72) (22.72) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of AP activity of the kidney at the 

end of six and forty eight hours only. It is also observed that ME concentrations 

like 0.01, 10.0 and 30.0 % induced exposure period dependent elevations of AP 

activity from the end of six hours to the end of ninety six hours. A minimum of 

1.85 fold elevation of AP activity of the kidney was induced by 0.01 % ME at the 

end of six hours while the maximum of 23.76 fold elevation of AP activity was 

promoted by 10.0 % ME at the end of ninety six hours. 

The tadpoles subjected to 0.01 % ME showed remarkable elevation of AP 

activity of kidney from the end of six hours to the end of ninety six hours. AP 

activity elevated by 1.85 to 22.44 folds. Thus, AP activity was equivalent to 126.19 

± 7.14, 321.16 ± 10.48, 585.42 ± 20.26, 658.68 ± 23.12, 1212.17 ± 40.36, 1667.01 ± 

58.19 and 781.45 ± 09.78 µ moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited fluctuations of AP 

activity. AP activity elevated by a minimum of 1.94 fold to a maximum of 10.72 

folds. AP activity of the kidney was equivalent to 132.76 ± 4.36, 430.18 ± 7.36, 

721.16 ± 10.36, 660.72 ± 20.16, 785.17 ± 20.17, 656.05 ± 24.44 and 730.58 ± 0.48 IA 

moles per gram wet weight of kidney at the end of six, twelve, tw3nty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 1.0 % ME prompted elevation of AP activity of 

kidney in the range of 2.14 to 10.12 folds. Thus, AP activity of the kidney was 

equivalent to 146.48 ± 4.30, 521.16 ± 7.40, 650.17 ± 10.36, 720.17 ± 9.86, 740.73 ± 
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10.80, 673.07 ± 20.26 and 713.50 ± 0.48 p moles per gram wet weight of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles exposed to 5.0 % ME showed successive increase of AP 

activity from the end of six hours to the end of seventy two hours. AP activity 

elevated by 2.39 to 16.42 folds. AP activity of the kidney was equivalent to 163.16 

± 0.76, 432.76 ± 8.12, 601.10 ± 9.46, 743.36 ± 4.36, 781.86 ± 5.62, 664.06 ± 56.44 and 

1251.66 ± 14.53 p. moles per gram wet weight of kidney at the end of six, twelve, 

twenty .four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When subjected to 10.0 % ME the tadpoles demonstrated chronic 

elevations of AP activity, especially AP activity increased continuously from the 

end of six hours to the end of ninety six hours. AP activity elevated by 2.73 to 

23.76 folds. Thus, AP activity of kidney was equivalent to 186.21 ± 7.46, 367.81 ± 

10.21, 621.17 ± 9.86, 841.76 ± 7.36, 994.76 ± 8.43, 1764.88 ± 2.27 and 1578.72 ± 105.03 

p moles per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

After exposure to 30.0 % ME the tadpoles exhibited progressive increase of 

AP activity of kidney from the end of six hours to the end of ninety six hours. AP 

activity of the kidney elevated by 2.95 to 22.72 folds. Thus, at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours AP 

activity of the kidney was equivalent to 201.46 ± 8.72, 436.17 ± 10.43, 629.17 ± 

11.43, 872.73 ± 10.96, 1014.73 ± 11.97, 1687.43 ± 3.26 and 1732.17 ± 43.41 p, moles 

per gram wet weight of kidney respectively. 
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STAGE XIV : 

The changes of AP activity of the kidney of stages IX to XIV under the 

influence of mining effluents were nearly identical and the difference in AP 

activity were quite insignificant. Therefore changes of AP activity of the kidney of 

tadpoles of stage XIV under the influence of mining effluents are described here. 

The elevations of AP activity of the kidney of stage XIV tadpoles under the 

influence of mining effluents (ME) are tabulated in Table No. 58 and are 

graphically given in Graph No. 58. AP activity of the kidney is expressed as 

micromoles ( p, moles) of p-nitrophenol released per gram wet weight of kidney. 

It is clear from the table and graph that AP activity of the kidney of control 

tadpoles varied between 25.08 ± 0.93 and 30.12 ± 2.62 u moles per gram wet 

weight. AP activity of the kidney of the control tadpoles increased gradually from 

the end of six hours to the end of one twenty hours. AP activity of kidney of 

control tadpoles was equivalent to 25.08 ± 0.93, 25.26 ± 1.26, 25.76 ± 1.32, 27.21 ± 

2.48, 28.41 ± 2.62, 29.71 ± 1.32 and 30.12 ± 2.62 µ moles per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

except 0.01% induced relatively concentration dependent increase of AP activity 

of kidney at the end of six, twelve and twenty four hours. But ME concentrations 

like 0.1, 1.0. 10.0 and 30.0 % induced chronic and progressive elevations of AP 

activity of the kidney. A minimum of 1.06 fold elevation of AP activity was 

induced by 0.1 % ME at the end of six hours while the maximum of 28.44 fold 

increase was induced by 0.01 % ME at the end of ninety six hours. 
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Table No. 58 

The alterations in the K +  concentration 
of plasma of tadpoles (stage XIV) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.07 3.12 3.17 3.25 3.3 3.36 

± 0.06 ± 0.02 ± 0.04 ±0.03 ±0.05 ±0.06 ±0.03 
0.01% ME 4.17 4.36 4.45 4.59 4.69 4.86 4.61 

± 0.06 ± 0.07 ± 0.05 ±0.06 ±0.02 ±0.05 ±0.03 
(39.0) (42.01) (42.62) (44.79) (44.30) (47.27) (37.2) 

0.1% ME 4.27 4.36 4.47 4.63 4.79 4.97 4.72 
± 0.05 ± 0.03 ±0.03 ±0.05 ±0.05 ±0.05 ± 0.02 

(42.33) (42.01) (43.26) (46.05) (47.38) (50.60) (40.47) 
1% ME 4.42 4.47 4.59 4.77 4.89 5.1 4.88 

± 0.03 ± 0.03 ±0.04 ±0.04 ±0.06 ±0.06 ± 0.04 
(47.33) (45.60) (47.11) (50.47) (50.46) (54.54) (45.23) 

5% ME 4.5 4.57 4.7 4.9 5.06 5.23 5.06 
± 0.03 ± 0.02 ±0.03 ±0.07 ±0.06 ±0.04 ± 0.04 
(50.0) (48.85) (50.64) (54.57) (55.69) (58.48) (50.59) 

10% ME 4.63 4.61 4.81 5.01 5.19 5.33 5.17 
± 0.04 ± 0.02 ±0.07 ±0.04 ±0.07 ±0.04 ± 0.04 

(54.33) (50.16) (54.16) (58.04) (59.69) (61.51) (53.86) 
30% ME 4.84 4.81 4.89 5.14 5.27 5.52 5.29 

± 0.04 ± 0.04 ±0.06 ±0.04 ±0.04 ±0.06 ± 0.03 
(49.33) (56.67) (59.61) (62.14) (62.15) (67.27) (57.44) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 5 0.01 

df - 36 (AA ,VAdo,,ctAk/vv) 
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Under the influence of 0.01 % ME the tadpoles demonstrated chronic 

elevations of AP activity of kidney. AP activity increased progressively from the 

end of six hours to the end of ninety six hours. AP activity was equivalent to 

72.48 ± 4.22, 103.75 ± 6.86, 147.38 ± 6.12, 288.42 ± 13.09, 585.67 ± 10.40, 845.11 ± 

17.25 and 683.10 ± 22.59 j.J. moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 0.1 % ME the tadpoles showed successive and 

progressive elevations of AP activity of kidney from the end of six hours to the 

end of one twenty hours. AP activity elevated by 1.06 to 14.35 folds. Thus, AP 

activity of kidney was equivalent to 26.77 ± 2.86, 38.36 ± 8.52, 78.11 ± 5.90, 105.43 

± 4.63, 135.52 ± 11.35, 287.32 ± 5.20 and 432.49 ± 8.43 11 moles per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

After exposure to 1.0 % ME the tadpoles exhibited progressive and 

significant increase of AP activity of kidney from the end of six hours to the end 

of one twenty hours. AP activity elevated by 1.59 to 9.74 folds. Thus, at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AP activity of kidney was equivalent to 40.01 ± 7.30, 55.75 ± 5.21, 83.90 ± 

6.70, 113.99 ± 7.72, 152.35 ± 5.39, 258.89 ± 13.57 and 293.66 ± 8.24 11 moles per 

gram wet weight of kidney respectively. 

The tadpoles subjected to 5.0 % ME showed successive elevations of AP 

activity of kidney from the end of six hours to the end of seventy two hours. AP 

activity elevated by 2.27 to 11.20 folds. By the end of six, twelve, twenty four, 
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forty eight, seventy two, ninety six and one twenty hours AP activity of kidney 

was equivalent to 57.13 ± 8.87, 85.84 ± 10.75, 116.20 ± 10.48, 186.85 ± 19.43, 318.23 

± 8.25, 248.12 ± 8.85 and 314.36 ± 17.84 la moles per gram wet weight of kidney 

respectively. 

On exposure to 10.0 % ME the tadpoles exhibited chronic elevations of AP 

activity of kidney. AP activity elevated by 2.81 to 9.74 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours AP 

activity of kidney was equivalent to 70.66 ± 8.01, 89.42 ± 8.36, 122.82 ± 6.76, 166.15 

± 8.54, 198.44 ± 8.30, 247.30 ± 19.98 and 293.66 ± 9.63 p. moles per gram wet weight 

of kidney respectively. 

The exposure of tadpoles to 30 % ME promoted progressive elevations of 

AP activity from the end of six hours to the end of one twenty hours. A minimum 

of 3.28 fold elevation of AP activity was observed at the end of six hours while a 

maximum of 9.96 fold elevation was seen at the end of one twenty hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AP activity of kidney was equivalent to 82.46 ± 8.01, 92.78 ± 8.96, 

124.72 ± 6.76, 170.15 ± 8.54, 200.17 ± 8.30, 252.76 ± 12.44 and 300.16 ± 9.12 IA moles 

per gram wet weight of kidney respectively. 

STAGE XVIII : 

The changes of AP activity of kidney of tadpole stages from XV to XVIII, 

under the influence of mining effluents were almost identical. Therefore, changes 

of stage XVIII under the influence of mining effluents are described here. 

The changes of AP activity of tadpoles of stage XVIII exposed to mining 

effluents are compiled in Table No. 59 and are given graphically in Graph No. 59. 
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Table No. 59 

The alterations in the K .* concentration 
of plasma of tadpoles (stage XVIII) 

under the influence of mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4 4.04 4.06 4.1 4.15 4.21 4.26 

± 0.02 ± 0.01 ± 0.03 ± 0.04 ± 0.01 ± 0.02 ± 0.03 
0.01% ME 5.2 5.28 5.37 5.56 5.83 5.95 5.72 

± 0.03 ± 0.05 ± 0.04 ± 0.03 ± 0.03 ± 0.04 ± 0.03 
(30.00) (30.69) (32.26) (35.60) (40.48) (41.33) (34.27) 

0.1% ME 5.29 5.31 5.37 5.65 6 6.15 5.8 
± 0.02 ± 0.03 ± 0.02 ± 0.04 ± 0.04 ± 0.03 ± 0.02 

(32.25) (31.43) (32.26) (37.80) (44.57) (46.08) (36.15) 
1% ME 5.36 5.4 5.45 5.76 6.12 6.26 5.96 

± 0.03 ± 0.01 ± 0.02 ± 0.03 ± 0.02 ±0.04 ± 0.03 
(34.00) (33.66) (34.23) (40.48) (47.76) (48.69) (39.90) 

5% ME 5.44 5.49 5.51 5.86 6.19 6.38 6.06 
± 0.03 ± 0.02 ± 0.02 ± 0.03 ± 0.02 ± 0.03 ± 0.04 

(36.00) (35.89) (35.71) (42.92) (49.15) (51.54) (42.25) 
10% ME 5.52 5.59 5.62 5.95 6.34 6.5 6.2 

± 0.03 ± 0.02 ± 0.02 ± 0.04 ± 0.03 ± 0.02 ± 0.04 
(38.00) (38.36) (38.42) (45.12) (52.77) (54.39) (45.53) 

30% ME 5.63 5.68 5.71 6.06 6.42 6.61 6.33 
± 0.03 ± 0.02 ± 0.03 ± 0.04 ± 0.02 ± 0.03 ± 0.03 

(40.75) (40.59) (40.64) (47.80) (54.69) (57.00) (48.59) 

Note : Unit : mEq/L 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p s 0.01 
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AP activity of kidney is expressed as micromoles (p. moles) of p-nitrophenol 

released per gram wet weight of kidney. 

It is clear from the table and graph that AP activity of the kidney of control 

tadpoles varied between 23.00 ± 2.11 and 27.21 ± 1.62 IA moles per gram wet 

weight of kidney. AP activity of kidney of control tadpoles was equivalent to 

23.00 ± 2.11, 23.26 ± 1.62, 23.86 ± 2.58, 24.12 ± 2.11, 25.26 ± 0.87, 26.42 ± 1.69 and 

27.21 ± 1.62 µ moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and graph that all the concentrations of ME 

except 0.01 % induced concentration dependent elevations of AP activity of 

kidney at the end of six hours and twelve hours, while ME concentrations like 5.0, 

10.0 and 30.0 % induced chronic & progressive elevations of AP activity of 

kidney. However all the concentrations of ME at all the exposure periods induced 

very significant elevations of AP activity. The minimum of 1.02 fold elevation of 

AP activity was induced by 0.1 % of ME at the end of six hours while the 

maximum of 33.58 fold increase of AP activity was promoted by 0.01 % ME at the 

end of ninety six hours. 

The exposure of tadpoles to 0.01 `)/0 ME induced successive elevation of AP 

activity of kidney from the end of six hours to the end of ninety six hours. AP 

activity of kidney elevated by 1.34 fold to 33.58 folds. Thus, AP activity of the 

kidney was equivalent to 30.89 ± 1.62, 64.28 ± 6.75, 137.53 ± 11.54, 364.32 ± 9.00, 

648.60 ± 14.44, 887.34 ± 33.26 and 618.24 ± 27.37 pt moles per gram wet weight of 
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kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 0.1 `)/0 ME the tadpoles showed fluctuations of AP activity 

of kidney. A minimum of 1.02 fold elevation of AP activity was seen at the end of 

six hours while a maximum of 3.14 fold elevation of AP activity was noticed at 

the end of twenty four hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, AP activity of kidney was 

equivalent to 23.46 ± 2.58, 26.22 ± 1.69, 75.07 ± 20.48, 64.58 ± 12.00, 64.03 ± 4.64, 

71.76 ± 3.78 and 81.70 ± 4.62 p. moles per gram wet weight of kidney respectively. 

Under the influence of 1.0 % ME, AP activity of kidney elevated between 

2.55 to 21.19 folds. AP activity of kidney was equivalent to 58.68 ± 0.84, 93.89 ± 

7.27, 126.77 ± 0.67, 236.81 ± 9.81, 439.39 ± 8.20, 372.88 ± 18.00 and 576.84 ± 10.14 p 

moles per gram wet weight of kidney at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 5.0 % ME the tadpoles demonstrated chronic and 

progressive elevations of AP activity of kidney. AP activity kept on increasing 

remarkably from the end of six hours to the end of one twenty hours. Thus, AP 

activity of kidney was equivalent to 76.18 ± 6.12, 107.92 ± 6.86, 117.88 ± 7.00, 

175.26 ± 8.16, 319.33 ± 11.19, 402.13 ± 17.17 and 438.01 ± 4.94 p, moles per gram 

wet weight of kidney at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

After exposure to 10.0 % ME activity of kidney increased successively from 

the end of six hours to the end of one twenty hours. AP activity elevated by 3.87 

to 16.25 folds. AP activity was equivalent to 89.01 ± 5.49, 115.53 ± 2.36, 131.27± 
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3.63, 172.22 ± 12.77, 288.70 ± 28.40, 362.94 ± 20.37 and 442.43 ± 3.32 p. moles per 

gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When subjected to 30.0 % tadpoles showed profuse increase of AP activity 

of kidney and AP activity increased progressively from the end of six hours to the 

end of one twenty hours. AP activity elevated by 4.44 to 28.56 folds. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AP activity was equivalent to 102.14 ± 5.72, 172.96 ± 4.86, 321.74 ± 13.21, 

528.18 ± 11.21, 621.81 ± 16.21, 720.18 ± 20.12 and 777.28 ± 22.12 p, moles per gram 

wet weight of kidney respectively. 

STAGE XXII : 

The alterations of AP activity of kidney of tadpole stages from XIX to XXII, 

under the influence of mining effluents were almost identical. Therefore, changes 

of AP activity of kidney of tadpole stage XXII under the influence of mining 

effluents (ME)are presented here. The changes of AP activity of tadpoles of stage 

XXII exposed to mining effluents are tabulated in Table No. 60 and are given 

graphically in Graph No. 60. AP activity of kidney is expressed as micromoles ( 

moles) of p-nitrophenol released per gram wet weight of kidney. 

It is clear from the table and graph that AP activity of the kidney of control 

tadpoles varied between 25.16 ± 4.26 and 30.12 ± 3.17 p. moles per gram wet 

weight. AP activity of kidney of control tadpoles was equivalent to 25.16 ± 4.26, 

25.61 ± 1.72, 25.92 ± 3.21, 26.12 ± 3.14, 27.82 ± 1.72, 28.92 ± 3.21 and 30.12 ± 3.17 p. 

moles per gram wet weight of kidney at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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Table No. 60 

The changes in the acid phosphatase activity 
of kidney of tadpoles (stage XXII) 

exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 25.16 25.61 25.92 26.12 27.82 28.92 30.12 

±4.26 ±1.72 ±3.21 ±3.14 ±1.72 ±3.21 ±3.17 
0.01% ME 32.89 66.72 143.46 360.17 650.17 880.17 628.14 

±1.72 ±7.32 ±10.81 ±4.86 ±14.32 ±14.32 ±25.16 
(1.30) (2.60) (5.53) (13.78) (23.37) (30.43) (20.85) 

0.1% ME 29.46 43.16 80.16 169.32 170.43 281.46 297.81 
±3.21 ±8.14 ±20.48 ±8.16 ±9.21 ±8.17 ±4.78 
(1.17) (1.68) (3.09) (6.48) (6.12) (9.73) (9.88) 

1% ME 49.72 95.16 130.16 240.83 450.17 358.96 580.81 
±3.14 ±7.20 ±7.81 ±10.81 ±8.21 ±3.21 ±10.21 
(1.97) (3.71) (5.02) (9.22) (16.18) (12.41) (19.28) 

5°/0 ME 60.81 121.46 129.46 180.46 325.46 413.26 445.32 
±1.72 ±8.17 ±8.00 ±8.26 ±11.21 ±15.17 ±4.31 
(2.41) (4.74) (4.99) (6.90) (11.69) (14.28) (14.78) 

10% ME 72.14 124.17 143.17 193.48 290.16 370.17 450.16 
±3.21 ±3.21 ±14.76 ±10.81 ±18.40 ±14.32 ±12.14 
(2.86) (4.84) (5.52) (7.4) (10.42) (12.79) (14.94) 

30% ME 90.46 170.16 341.82 530.26 632.48 748.19 790.46 
±3.17 ±5.32 ±12.46 ±11.21 ±12.21 ±19.16 ±20.16 
(3.59) (6.64) (13.18) (20.30) (22.73) (25.87) (26.24) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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It is also evident from the table and the graph that all the concentrations of 

ME except 0.01 % induced concentration dependent elevations of AP activity of 

kidney at the end of six and twelve hours, while ME concentrations like 5.0, 10.0 

and 30.0 % induced profound as well as chronic elevations of AP activity of 

kidney. And these elevations were progressive from the end of six hours to the 

end of one twenty hours. The minimum of 1.17 fold elevation of AP activity was 

induced by 0.1 `)/0 of ME at the end of six hours while the maximum of 30.43 fold 

increase was promoted by 0.01 `)/0 ME at the end of ninety six hours. 

The exposure of tadpoles to 0.01 % ME induced progressive and successive 

increase of AP activity of kidney from the end of six hours to the end of one 

twenty hours. AP activity of kidney elevated by 1.30 fold to 30.43 folds. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AP activity of the kidney was equivalent to 32.89 ± 1.72, 66.72 ± 

7.32, 143.46 ± 10.81, 360.17 ± 4.86, 650.17 ± 14.32, 880.17 ± 14.32 and 628.14 ± 25.16 

p, moles per gram wet weight of kidney respectively. 

When exposed to 0.1 % ME the tadpoles exhibited a minimum of 1.17 fold 

elevation of AP activity of kidney at the end of six hours while a maximum of 

9.88 fold increase of AP activity was exhibited at the end of one twenty hours. AP 

activity of the kidney was equivalent to 29.46 ± 3.21, 43.16 ± 8.14, 80.16 ± 20.48, 

1690.32 ± 8.16, 170.43 ± 9.21, 281.46 ± 8.17 and 297.81 ± 4.78 la moles per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited a progressive 

increase of AP activity at all the exposure periods except ninety six hours. AP 
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activity of kidney elevated by 1.97 to 19.28 folds. AP activity of the kidney was 

equivalent to 49.72 ± 3.14, 95.16 ± 7.20, 130.16 ± 7.81, 246.83 ± 10.81, 450.17 ± 8.21, 

58.96 ± 3.21 and 580.91 ± 10.21 p. moles per gram wet weight of kidney at the end 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles showed chronic and progressive 

elevation of AP activity of kidney. AP activity elevated by a minimum of 2.41 to a 

maximum of 14.78 folds. Thus, the AP activity of kidney was equivalent to 60.81 ± 

1.72, 121.46 ± 8.17, 129.46 ± 8.00, 180.46 ± 8.26, 325.46 ± 11.21, 413.26 ± 15.17 and 

445.32 ± 4.31 IA moles per gram wet weight of kidney at the end the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME led to chronic and progressive 

elevations of AP activity of kidney. AP activity elevated by a minimum of 2.86 

fold at the end of six hours while it elevated by a maximum of 14.94 fold at the 

end of one twenty hours. AP activity of kidney was equivalent to 72.14 ± 3.21, 

124.17 ± 3.21, 143.17 ± 14.76, 193.48 ± 10.81, 290.16 ± 18.40, 370.17 ± 14.32 and 

450.16 ± 12.14 IA moles per gram wet weight of kidney at the end the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Exposure of tadpoles to 30.0 % ME promoted profound and chronic 

elevations of AP activity of the kidney. AP activity elevated by 3.59 to 26.24 folds. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, AP activity of kidney was equivalent to 90.46 ± 3.17, 170.16 ± 5.32, 
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341.82 ± 12.46, 530.26 ± 11.21, 632.48 ± 12.21, 748.19 ± 19.16 and 790.46 ± 20.16 p 

moles per gram wet weight of kidney respectively. 

DORSAL MUSCLE : ACID PHOSPHATASE (AP) 

STAGE V : 

The alterations of AP activity of dorsal muscle of tadpole stages I & IV 

under the influence of mining effluents (ME) were non-significant. Therefore 

changes of AP activity of dorsal muscle of tadpole stage V exposed to mining 

effluents are presented here. The changes of AP activity of dorsal muscle of 

tadpoles of stage V exposed to mining effluents are tabulated in Table No. 61 and 

are expressed graphically in Graph No. 61. AP activity of dorsal muscle is 

expressed as micromoles (i.t moles) of p-nitrophenol released per wet weight of 

kidney. 

It is seen from the table and graph that AP activity of dorsal muscle of 

control tadpoles varies between 59.72 ± 0.16 and 64.72 ± 0.72 p, moles per gram 

wet weight of muscle. Thus, AP activity of muscle of control tadpoles was 

equivalent to 59.72 ± 0.16, 60.12 ± 0.63, 60.21 ± 0.09, 61.21 ± 0.07, 62.42 ± 0.80, 

63.62 ± 0.60 and 64.72 ± 0.72 p, moles per gram wet weight of muscle at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced nearly concentration dependent elevations of AP activity of dorsal 

muscle of tadpoles at all the exposure periods. Besides this, 0.1, 1.0 and 5.0 % ME 

induced progressive chronic elevations of AP activity of dorsal muscle, while 

0.01, 10.0 and 30.0 `)/0 ME promoted exposure period dependent elevation of AP 
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Table No. 61 

The changes in the acid phosphatase 
activity of muscle of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs . 96 Hrs 120 Hrs 
Control 59.72 60.12 60.21 61.21 62.42 63.62 64.72 

±0.16 ±0.63 ±0.09 ±0.07 ±0.80 ±0.60 ±0.72 
0.01% ME 63.21 112.12 146.28 173.21 193.86 201.51 142.28 

±0.07 ±0.09 ±0.08 ±0.72 ±0.80 ±0.60 ±0.11 
(1.05) (1.86) (2.42) (2.82) (3.10) (3.16) (2.19) 

0.1% ME 120.43 210.73 313.46 512.76 526.17 794.90 1108.33 
±0.63 ±0.73 ±0.76 ±0.80 ±0.76 ±12.85 ±0.93 
(2.01) (3.50) (5.20) (8.37) (8.42) (12.49) (17.12) 

1% ME 321.46 432.14 525,32 636.14 687.78 846.32 1114.16 
±6.43 ±7.73 ±3.26 ±8.46 ±9.36 ±10.86 ±0.67 
(5.38) (7.18) (8.72) (10.39) (11.01) (13.3) (17.21) 

5% ME 436.71 532.76 631.78 708.17 732.96 1054.45 1278.43 
±5.43 ±3.21 ±4.78 ±7.89 ±10.81 ±0.86 ±1.27 
(7.31) (8.86) (10.49) (11.56) (11.74) (16.57) (19.75) 

10% ME 463.84 556.86 732.81 748.46 841.35 1355.29 1321.26 
±7.86 ±8.43 ±7.36 ±4.76 ±9.36 ±24.33 ±93.23 
(7.76) (9.26) (12.17) (12.23) (13.47) (21.30) (20.41) 

30% ME 532.12 560.70 740.46 780.71 872.58 1386.43 1378.61 
±4.36 ±7.86 ±5:81 ±8.73 ±9.37 ±10.36 ±11.24 
(8.91) (9.32) (12.29) (12.75) (13.97) (21.79) (21.30) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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activity of muscle from the end of six hours to the end of ninety six hours. The 

minimum of 1.05 fold elevation of AP activity of dorsal muscle was promoted by 

0.01 % ME at the end of six hours while the maximum of 21.79 folds elevation of 

AP activity was induced by 30.01 % ME at the end of ninety six hours. 

The tadpoles subjected to 0.01 `)/0 ME showed successive elevations of AP 

activity of dorsal muscle from the end of six hours to the end of ninety six hours. 

AP activity of muscle elevated by 1.05 to 3.16 folds. AP activity of the dorsal 

muscle was equivalent to 63.21 ± 0.07, 112.12 ± 0.09, 146.28 ± 0.08, 173.21 ± 0.72, 

193.86 ± 0.80, 201.51 ± 0.60 and 142.28 ± 0.11 p. moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 0.1 % ME tadpoles exhibited chronic, progressive 

elevations of AP activity of dorsal muscle. AP activity elevated by 2.01 to 17.12 

folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, AP activity of the dorsal muscle was equivalent to 120.43 ± 

0.63, 210.73 ± 0.73, 313.46 ± 0.76, 572.76 ± 0.80, 526.17 ± 0.76, 794.90 ± 12.85 and 

1108.33 ± 0.93 p moles per gram wet weight of muscle respectively. 

On exposure to 1.0 % ME tadpoles showed progressive, chronic elevations 

of AP activity of muscles. AP activity elevated by 5.38 to 17.21 folds. AP activity 

of the dorsal muscle was equivalent to 321.46 ± 6.43, 432.14 ± 7.73, 525.32 ± 3.26, 

636.14 ± 8.46, 687.78 ± 9.36, 846.32 ± 10.86 and 1114.16 ± 0.67 p moles per gram 

wet weight of muscle, at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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After the exposure to 5.0 % ME tadpoles demonstrated progressive 

elevations of AP activity. A minimum of 7.31 fold elevation of AP activity was 

noticed at the end of six hours whole a maximum of 19.75 fold elevation was 

observed at the end of one twenty hours. Thus, the AP activity of dorsal muscle 

was equivalent to 436.71 ± 5.43, 532.76 ± 3.21, 631.78 ± 4.78, 708.17 ± 7.89, 732.96 ± 

10.81, 1054.45 ± 0.86 and 1278.43 ± 1.27 11 moles per gram wet weight of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When treated with 10.0 % ME tadpoles exhibited progressive chronic 

elevations of AP activity of dorsal muscle up to the end of ninety six hours. AP 

activity elevated by 7.76 to 21.30 folds. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours AP activity of dorsal 

muscle was equivalent to 463.84 ± 7.86, 556.86 ± 8.43, 732.81 ± 7.36, 748.76 ± 4.76, 

841.35 ± 9.36, 1355.29 ± 24.33 and 1321.26 ± 93.23 11 moles per gram wet weight of 

muscle respectively. 

On exposure to 30.0 % ME the tadpoles exhibited exposure dependent 

elevations of AP activity of dorsal muscle from the end of six hours to the end of 

ninety six hours. AP activity elevated by 8.91 to 21.79 folds. Thus, AP activity of 

dorsal muscle was equivalent to 532.12 ± 4.36, 560.70 ± 7.86, 740.46 ± 5.81, 780.71 ± 

8.73, 872.58 ± 9.37, 1386.43 ± 10.36 and 1378.61 ± 11.24 1.t moles per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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STAGE VIII : 

The changes of AP activity of dorsal muscle of tadpole stages from VI to 

VIII, under the influence of mining effluents (ME) were almost identical. 

Therefore, changes of AP activity of dorsal muscle of tadpoles of stage VIII 

exposed to mining effluents are described here. The alterations of AP activity of 

muscle of tadpoles of stage VIII under the influence of mining effluents are 

tabulated in Table No. 62 and are given in Graph No. 62. AP activity of muscle is 

expressed as micromoles ( 11 moles) of p-nitrophenol released per gram wet 

weight of muscle. 

It is seen from the table and graph that AP activity of dorsal muscle of 

control tadpoles ranged between 66.24 ± 6.90 and 72.36 ± 1.97 pi moles per gram 

wet weight of muscle. AP activity of dorsal muscle of control tadpoles was 

equivalent to 66.24 ± 6.90, 66.67 ± 2.63, 66.68 ± 4.31, 68.12 ± 1.89, 69.32 ± 1.97, 

71.18 ± 2.63 and 72.36 ± 1.97 p. moles per gram wet weight of muscle at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is also obvious from the table and graph that no concentration of ME 

could induce concentration dependent elevations of AP activity of dorsal muscle 

at any of the exposure periods. But ME concentrations like 1.0, 10.0 and 30.0 

promoted progressive chronic elevations of AP activity while rest of the 

concentrations of ME induced successive increments of AP activity of dorsal 

muscle from the end of six hours to the end of ninety six hours. The minimum of 

1.33 fold elevation of AP activity of dorsal muscle was promoted by 10.0 % ME at 
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Table No. 62 

The changes in the acid phosphatase 
activity of muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 His 72 Hrs 96 Hrs 120 Hrs 
Control 66.24 66.67 66.88 68.12 69.32 71.18 72.36 

±6.90 ±2.63 ±4.31 ±1.89 ±1.97 ±2.63 ±1.97 
f0.01% ME I 96.88 156.77 659.92 805.37 1182.11 1389.66 1023.68 

±5.40 ±9.39 ±39.65 ±15.26 ±146.36 ±6.69 ±35.57 
(1.46) (2.35) (9.86) (11.82) (17.05) (19.52) (14.14) 

0.1% ME 94.13 163.29 211.42 293.66 393.85 579.88 377.02 
±6.11 ±6.30 ±7.89 ±11.01 ±9.08 ±24.23 ±13.00 
(1.42) (2.44) (3.16) (4.31) (5.68) (8.14) (5.21) 

1% ME 123.62 170.29 330.37 411.69 579.88 726.16 875.47 
±7.20 ±8.20 ±35.41 ±39.85 ±5.47 ±13.11 ±21.17 
(1.86) (2.55) (4.93) (6.04) (8.36) (10.20) (12.09) 

5% ME 121.16 138.55 192.65 343.07 438.01 676.20 682.00 
±8.58 ±4.74 ±24.71 ±16.37 ±7.08 ±15.46 ±11.96 
(1.82) (2.07) (2.88) (5.03) (6.31) (9.49) (9.42) 

10% ME 88.40 99.50 114.40 149.87 181.33 315.47 386.09 
±5.57 ±1.89 ±1.97 ±12.67 ±8.71 ±17.14 ±145.93 
(1.33) (1.49) (1.71) (2.20) (2.61) (4.43) (5.33) 

30% ME 120.21 156.21 181.21 236.18 301.82 420.18 870.16 
±5.81 ±4.31 ±7.89 ±5.73 ±10.81 ±11.21 ±35.17 
(1.81) (2.34) (2.70) (3.46) (4.35) (5.90) (12.02) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p‘0.001 
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the end of six hours while the maximum of 19.52 fold elevation of AP activity was 

induced by 0.01 % ME at the end of ninety six hours. 

The tadpoles subjected to 0.01 % ME demonstrated acute elevations of AP 

activity of dorsal muscle. AP activity elevated by 1.46 to 19.52 folds. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AP activity of dorsal muscle was equivalent to 96.88 ± 5.40, 156.77 ± 9.39, 

659.92 ± 39.65, 805.37 ± 15.26, 1182.11 ± 146.36, 1389.66 ± 6.69 and 1023.68 ± 35.57 

11 moles per gram wet weight of muscle respectively. 

When exposed to 0.1 % ME tadpoles exhibited successive increase of AP 

activity of muscle from the end of six hours to the end of ninety six hours. AP 

activity elevated by 1.42 to 8.14 folds. AP activity of dorsal muscle was equivalent 

to 94.13 ± 6.11, 163.29 ± 6.30, 211.42 ± 7.89, 293.66 ± 11.01, 393.85 ± 9.08, 579.88 ± 

24.23 and 377.02 ± 13.00 1.1. moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 1.0 % ME tadpoles showed progressive chronic elevations 

of AP activity of dorsal muscle. AP activity elevated by 1.86 to 12.09 folds. Thus, 

AP activity of dorsal muscle was equivalent to 123.62 ± 7.20, 170.29 ± 8.20, 330.37 

± 35.41, 411.69 ± 39.85, 579.88 ± 5.47, 726.16 ± 13.11 and 875.47 ± 21.17 u ia moles 

per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME induced successive increase of AP 

activity of muscle from the end of six hours to the end of ninety six hours. AP 

activity of dorsal muscle elevated by 1.82 to 9.49 folds. By the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours AP activity 

was equivalent to 121.16 ± 8.58, 138.55 ± 4.74, 192.65 ± 24.71, 343.07 ± 16.37, 

438.01 ± 7.08, 676.20 ± 15.46 and 682.00 ± 11.96 ti moles per gram wet weight of 

muscle respectively. 

After exposure to 10.0 % ME tadpoles showed progressive elevations of 

AP activity of dorsal muscle from the end of six hours to the end of one twenty 

hours. AP activity elevated by 1.33 to 5.33 folds. Thus, AP activity of dorsal 

muscle was equivalent to 88.40 ± 5.57, 99.50 ± 1.89, 114.40 ± 1.97, 149.87 ± 12.67, 

181.33 ± 8.71, 315.47 ± 17.14 and 386.09 ± 145.93 p. moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles treated with 30.0 % ME exhibited progressive chronic 

elevations of AP activity of dorsal muscle. AP activity elevated in the range of 

1.81 to 12.02 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, AP activity of dorsal muscle was equivalent to 

120.21 ± 5.81, 156.21 ± 4.31, 181.21 ± 7.89, 236.18 ± 5.73, 301.82 ± 10.81, 420.18 ± 

11.21 and 870.16 ± 35.17 1-1 moles per gram wet weight of muscle respectively. 

STAGE XIV : 

The changes of AP activity of dorsal muscle of tadpole stages IX to XIV 

exposed to mining effluents were nearly identical. Therefore, alterations of AP 

activity of dorsal muscle of tadpole stage XIV are reported here. The changes of 

AP activity of dorsal muscle of tadpoles of stage XIV, under the influence of 

mining effluents (ME) are compiled in Table No. 63 and are expressed graphically 
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Table No. 63 

The changes in the acid phosphatase 
activity of muscle of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 16.10 16.28 79.06 17.81 18.25 19.26 20.12 

±0.79 ±1.18 ±0.63 ±0.52 ±1.01 ±0.92 ±1.18 
0.01% ME 28.15 54.61 78.66 103.56 127.51 245.09 84.73 

±5.03 ±4.23 ±7.10 ±6.90 ±7.96 ±7.34 ±3.97 
(1.74) (3.35) (4.61) (5.81) (6.98) (12.72) (4.21) 

0.1% ME 43.30 42.51 59.06 107.37 261.65 439.39 725.37 
±1.18 ±7.45 ±12.77 ±10.06 ±3.97 ±5.12 ±14.98 
(2.68) (2.61) (3.46) (6.02) (14.33) (22.81) (36.05) 

1% ME 60.10 49.96 93.56 135.79 184.64 225.77 263.58 
±6.10 ±12.40 ±8.12 ±6.20 ±9.27 ±8.97 ±9.51 
(3.73) (3.06) (5.48) (7.62) (10.11) (11.72) (13.10) 

5% ME 71.65 57.11 88.46 133.61 213.07 281.8 327.06 
±4.79 ±1.34 ±2.80 ±6.83 ±10.12 ±7.06 ±17.61 
(4.45) (3.50) (5.18) (7.50) (11.67) (14.63) (16.25) 

10% ME 86.39 133.61 162.84 221.35 270.20 320.71 391.64 
±7.07 ±7.97 ±4.68 ±12.74 ±14.08 ±13.88 ±6.64 
(5.36) (8.20) (9.54) (12.42) (14.80) (16.65) (19.46) 

30% ME 93.42 142.63 173.46 227.86 280.40 326.48 400.16 
±4.36 ±8.46 ±5.63 ±10.11 ±12.64 ±13.88 ±6.64 
(5.80) (8.76) (10.16) (12.79) (15.36) (16.95) (19.88) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p‘0.001 

d1/44, 3C 	A/tAASk",  

1 02 C) CA A):WAA:v- ,  AA Aft -r4Ait 



a) 700 

S 

• 

600 

3 500 

800 

E  400 

za- 300 
cu 
o 200 

100 

0 

—4—Control 

—M-0.01% ME 

—is— 0.1% ME 

1% ME 

5% ME 

ME 

30% ME 

The changes in the acid phosphatase of muscle of 
tadpoles (stage XIV) exposed to mining effluents 

6 	12 	24 	48 	72 	96 	120 
- Hours - 

1 

- 
u

m
o

le
s/

g
m

  W
w

  t
is

su
e 

 700 
{ 

600 

500 - 

400 

300 

200 

100 - 

0 

—4— Control 

- 0.01% ME 

8-0.1% ME 

1% ME 

5% ME 

- 10% ME 

30% ME 

The changes in the acid phosphatase of muscle of 
tadpoles (stage XVIII) exposed to mining effluents 

Graph No. 63 

Graph No. 64 

6 	12 	24 	48 	72 	96 	120 
- Hours - 



in Graph No. 63. AP activity of dorsal muscle is expressed as micromoles 

moles) of p-nitrophenol released per gram wet weight of muscle. 

It is clear from the table and graph that AP activity of dorsal muscle of 

control tadpoles ranged between 16.10 ± 0.79 and 20.12 ± 1.18 p moles per gram 

wet weight of muscle. AP activity of dorsal muscle of control tadpoles was 

equivalent to 16.10 ± 0.79, 16.28 ± 1.18, 17.06 ± 0.63, 17.81 ± 0.52, 18.25 ± 1.01, 19.26 

± 0.92 and 20.12 ± 1.18 p. moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is evident from the table and the graph that all the concentrations of ME 

induced concentration dependent elevations of AP activity of dorsal muscle at the 

end of six hours while at the end of twelve hours ME concentrations ranging 

from 0.1 to 30.0 % promoted concentration dependent increments of AP activity 

of dorsal muscle. ME concentrations like 10.0 and 30.0 % induced progressive 

chronic elevations of AP activity of dorsal muscle while ME concentrations like 

0.1, 1.0 and 5.0 % promoted progressive chronic elevations of AP from the end of 

twelve hours onwards. The minimum of 1.74 fold elevation of AP activity of 

dorsal muscle was induced by 0.01 % of ME at the end of six hours while the 

maximum of 36.05 fold increment of AP activity was promoted by 0.1 % ME at 

the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME demonstrated significant elevation of 

AP activity of dorsal muscle. AP activity of muscle elevated by 1.79 to 12.72 folds. 

AP activity of dorsal muscle was equivalent to 28.15 ± 5.03, 54.61 ± 4.23, 78.66 ± 

7.10, 103.56 ± 6.90, 127.51 ± 7.96, 245.09 ± 7.34 and 84.73 ± 3.97 p. moles per gram 
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wet weight of muscle at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME induced chronic elevations of AP 

activity of muscle from the end of twelve hours onwards. AP activity of dorsal 

muscle elevated by 2.68 to 36.05 folds. Thus, AP activity of dorsal muscle was 

equivalent to 43.30 ± 1.18, 42.51 ± 7.45, 59.06 ± 12.77, 107.37 ± 10.06, 261.65 ± 3.97, 

439.39 ± 5.12 and 725.37 ± 14.98 pt moles per gram wet weight of muscle at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited progressive 

chronic elevations of AP activity of dorsal muscle from the end of twelve hours 

onwards. AP activity of dorsal muscle elevated by 2.61 to 13.10 folds. Thus, AP 

activity of dorsal muscle was equivalent to 60.10 ± 6.10, 49.96 ± 12.40, 93.56 ± 

8.12, 135.79 ± 6.20, 184.64 ± 9.27, 225.77 ± 8.97 and 263.58 ± 9.51 pi moles per gram 

wet weight of muscle at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Exposure of tadpoles to 5.0 % ME promoted gradual increase of AP 

activity of dorsal muscles from the end of six hours to the end of forty eight hours 

and thereafter it reduced to elevate by 4.44 folds at the end of one twenty hours. 

AP activity of dorsal muscle was equivalent to 56.74 ± 0.76, 77.80 ± 6.15, 91.91 ± 

5.62, 100.77 ± 1.92, 96.66 ± 3.01, 101.49 ± 1.96 and 178.85 ± 15.87 µ moles per gram 

wet weight of muscle at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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After exposure to 10.0 % ME AP activity of dorsal muscle elevated 

continuously from the end of six hours to the end one twenty hours. AP activity 

elevated by 5.36 to 19.46 folds. Thus, AP activity of dorsal muscle was equivalent 

to 86.39 ± 7.07, 133.61 ± 7.97, 162.84 ± 4.68, 221.35 ± 12.74, 270.20 ± 14.08, 320.71 ± 

13.88 and 391.64 ± 6.64 p. moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles exposed to 30.0 % ME showed progressive chronic elevations 

of AP activity of muscle from the end of six hours and the AP activity of dorsal 

muscle elevated by 5.80 to 19.88 folds. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours AP activity of dorsal 

muscle was equivalent to 93.42 ± 4.36, 142.63 ± 8.46, 173.46 ± 5.63, 227.86 ± 10.11, 

280.40 ± 12.64, 326.48 ± 13.88 and 400.16 ± 6.64 p. moles per gram wet weight of 

muscle respectively. 

STAGE : XVIII 

The Alterations of AP activity of dorsal muscle of tadpole stages XV to 

XVIII, exposed to mining effluents (ME) were nearly identical and whatever 

differences they had in AP activity, were quite non-significant. Therefore, the 

changes of AP activity of dorsal muscle of tadpole stage XVIII exposed to ME are 

described here. The alterations of AP activity of dorsal muscle of tadpoles of stage 

XVIII exposed to mining effluents are tabulated in Table No. 64 and are given 

graphically in Graph No. 64. AP activity of dorsal muscle is expressed as 

micromoles (II moles) of p-nitrophenol released per gram wet weight of muscle. 
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Table No. 64 

The changes in the acid phosphatase 
activity of muscle of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 30.82 31.26 31.62 33.12 35.32 37.21 40.26 

±4.85 ±1.79 ±1.21 ±0.89 ±0.69 ±1.52 ±1.67 
0.01% ME 46.85 66.77 56.51 43.75 82.52 161.46 66.41 

±3.46 ±4.74 ±3.15 ±1.52 ±8.01 ±4.36 ±4.34 
(1.52) (2.13) (1.78) (1.32) (2.33) (4.33) (1.64) 

0.1% ME 32.38 49.68 67.07 204.64 329.82 436.08 544.65 
±4.95 ±5.52 ±14.69 ±52.46 ±9.26 ±4.36 ±18.34 
(1.04) (1.58) (2.12) (6.17) (9.33) (11.71) (13.52) 

1% ME 52.3 59.18 80.84 54.37 85.42 99.97 114.54 
±1.79 ±1.21 ±9.93 ±1.67 ±0.69 ±1.64 ±1.37 
(1.69) (1.89) (2.55) (1.64) (2.41) (2.68) (2.84) 

5% ME 56.74 77.8 91.91 100.77 96.66 101.49 178.75 
±0.76 ±6.15 ±5.62 ±1.92 ±3.01 ±1.96 ±15.87 
(1.84) . 	(2.48) (2.90) (3.04) (2.73) (2.72)1 	(4.44) 

10% ME 66.66 74.08 89.23 113 172.67 339.48 	342.24 
±3.72 ±0.88 ±2.89 ±2.40 ±2.54 ±31.81 	±42.13 
(2.16) (2.36) (2.82) (3.41) (4.88) (9.12) (8.50) 

30% ME 74.28 128.16 136.21 234.48 346.52 572.48 648.92 
±0.89 ±3.21 ±4.86 ±3.20 ±2.99 ±2.54 	±30.12 
(2.41) (4.09) (4.30) (7.07) (9.81) (15.38) 	(16.11) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p..0.001 
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It is clear from the table that AP activity of dorsal muscle of control 

tadpoles ranged between 30.82 ± 4.85 and 40.26 ± 1.67 11 moles per gram wet 

weight of muscle. AP activity of dorsal muscle of control tadpoles was equivalent 

to 30.82 ± 4.85, 31.26 ± 1.79, 31.62 ± 1.21, 33.12 ± 0.89, 35.32 ± 0.69, 37.21 ± 1.52 and 

40.26 ± 1.67 11 moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME except 0.01 % induced concentration dependent elevations of AP activity of 

dorsal muscle at the end of six while at the end of twelve and twenty four hours 

also all concentrations of ME except 10.0 % promoted concentration dependent 

elevations of AP activity. 0.1 and 30.0 % ME induced progressive chronic 

elevations of AP activity of dorsal muscle and 10.0 % ME induced progressive 

elevations of AP activity from the end of six hours to the end of ninety six hours. 

The minimum of 1.04 fold elevation of AP activity was induced by 0.1 % of ME at 

the end of six hours while the maximum of 16.11 folds increment of AP activity of 

dorsal muscle was promoted by 30.0 % ME at the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited fluctuation of AP activity of 

dorsal muscle from the end of six hours to the end of one twenty hours. AP 

activity of muscle elevated by 1.52 to 4.33 folds. AP activity of dorsal muscle was 

equivalent to 46.85 ± 3.46, 66.77 ± 4.74, 56.51 ± 3.15, 43.75 ± 1.52, 82.52 ± 8.01, 

161.46 ± 4.36 and 66.41 ± 4.34 p. moles per gram wet weight of muscle at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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The exposure of tadpoles to 0.1 % ME induced progressive elevations of 

AP activity from the end of six hours to the end of one twenty hours. AP activity 

of dorsal muscle elevated by 1.04 to 13.52 folds. Thus, AP activity was equivalent 

to 32.28 ± 4.95, 49.68 ± 5.52, 67.07 ± 14.69, 204.64 ± 52.46, 329.82 ± 9.26, 436.08 ± 

4.36 and 544.55 ± 18.34 11 moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 1.0 % ME showed elevations of AP activity of 

dorsal muscle by 1.69 to 2.84 folds. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, AP activity of dorsal muscle 

was equivalent to 52.30 ± 1.79, 59.18 ± 1.21, 80.84 ± 9.93, 54.37 ± 1.67, 85.42 ± 0.69, 

99.97 ± 1.64 and 114.54 ± 1.37 µ moles per gram wet weight of muscle 

respectively. 

Exposure of tadpoles to 5.0 % ME promoted gradual increase of AP 

activity of dorsal muscle from the end of six hours to the end of forty eight hours 

and thereafter it reduced a little to elevate by 4.44 folds at the end of one twenty 

hours. AP activity of dorsal muscle was equivalent to 56.74 ± 0.76, 77.80 ± 6.15, 

91.91 ± 5.62, 100.77 ± 1.92, 96.66 ± 3.01, 101.49 ± 1.96 and 178.85 ± 15.87 p, moles 

per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

After exposure to 10.0 % ME the tadpoles demonstrated elevations of AP 

activity of dorsal muscle in the range of 2.16 to 9.12 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

AP activity of dorsal muscle was equivalent to 66.66 ± 3.72, 74.08 ± 0.88, 89.23 ± 
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2.89, 113.00 ± 2.40, 172.67 ± 2.54, 339.48 ± 31.81 and 342.24 ± 42.13 11 moles per 

gram wet weight of muscle respectively. 

The tadpoles treated with 30.0 % ME showed progressive chronic 

elevations of AP activity of dorsal muscle. AP activity elevated by 2.41 to 16.11 

folds. Thus, AP activity of dorsal muscle was equivalent to 74.28 ± 0.89, 128.16 ± 

3.21, 136.21 ± 4.86, 234.48 ± 3.20, 346.52 ± 2.99, 572.48 ± 2.54 and 648.92 ± 30.12 p. 

moles per gram wet weight of muscle at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XXII : 

The alteration of AP activity of dorsal muscle of tadpole stages XIX 

to XXII under the influence of mining effluents were almost identical. Therefore, 

changes of AP activity of dorsal muscle of tadpoles of stage XXII under the 

influence of mining effluents (ME) are compiled in Table No. 65 and are 

expressed graphically in Graph No. 65. AP activity of dorsal muscle is expressed 

as micromoles (IA moles) of p-nitrophenol released per gram wet weight of 

muscle. 

It is clear from the table and graph that AP activity of dorsal muscle of 

control tadpoles ranged between 33.97 ± 5.32 and 43.25 ± 4.36 IA moles per gram 

wet weight of muscle. AP activity of dorsal muscle of control tadpoles was 

equivalent to 33.97 ± 5.32, 34.12 ± 3.21, 34.48 ± 3.17, 35.12 ± 4.72, 37.26 ± 5.21, 40.12 

± 3.21 and 43.25 ± 4.36 IA moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Table No. 65 

The changes in the acid phosphatase 
activity of muscle of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 His 120 Hrs 
Control 33.97 34.12 34.48 35.12 37.26 40.12 43.25 

±5.32 ±3.21 ±3.17 ±4.72 ±5.21 ±3.21 ±4.36 
0.01% ME 47.32 69.70 60.17 45.46 85.17 170.17 156.32 

±4.72 ±5.21 ±4.32 ±3.21 ±9.21 ±5.32 ±4.36 
(1.39) (2.04) (1.74) (1.29) (2.28) (4.24) (3.61) 

0.1% ME 36.81 50.73 69.17 213.17 333.17 440.17 521.56 
±4.32 ±4.36 ±13.17 ±43.21 ±4.81 ±10.97 ±19.21 
(1.08) (1.48) (2.00) (6.06) (8.94) (3.21) (12.05) 

1% ME 55.46 60.73 87.46 60.32 90.17 102.46 120.73 
±3.72 ±4.32 ±9.46 ±3.17 ±4.32 ±3.46 ±2.46 
(1.63) (1.77) (2.53) (1.71) (2.42) (2.55) (2.79) 

5% ME 57.46 80.32 99.36 104.73 121.76 143.82 180.46 
±3.21 ±5.36 ±4.34 ±2.46 ±8.26 ±9.46 ±10.81 
(1.69) (2.35) (2.88) (2.98) (3.26) (3.58) (4.17) 

10% ME 69.46 80.72 90.43 114.72 170.82 340.81 350.81 
±4.32 ±4.36 ±4.36 ±6.36 ±4.36 ±4.76 ±10.82 
(2.04) (2.36) (2.62) (3.26) (4.58) (8.49) (8.11) 

30% ME 77.32 130.21 140.33 250.17 356.32 570.46 650.76 
±9.32 ±4.72 ±5.46 ±4.32 ±4.39 ±4.36 ±31.26 
(2.27) (3.81) (4.06) (7.12) (9.56) (14.21) (15.04) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p‘0.001 
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It is also obvious from the table and the graph that all the concentrations of 

ME except 0.01 % produced nearly concentration dependent elevations of AP 

activity of dorsal muscle at the end of six and twelve hours. Also, ME 

concentrations like 0.1, 5.0 and 30.0 % induced progressive chronic elevations of 

AP activity of dorsal muscle while 10.0 % ME promoted successive increase of AP 

activity from the end of six hours to the end of ninety six hours. The minimum of 

1.08 fold elevation of AP activity was promoted by 0.1 % ME at the end of six 

hours while the maximum of 15.04 fold increment of AP activity was induced by 

30.0 % ME at the end of one twenty hours. 

The exposure of tadpoles to 0.01 % ME promoted fluctuations of AP 

activity of dorsal muscle. AP activity of dorsal muscle elevated in the range of 

1.39 to 4.24 folds. Thus, AP activity of dorsal muscle was equivalent to 47.32 ± 

4.72, 69.70 ± 5.21, 60.17 ± 4.32, 45.46 ± 3.21, 85.17 ± 9.21, 170.17 ± 5.32 and 156.32 ± 

4.36 p. moles per gram wet weight of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME, AP activity of dorsal muscle increased 

profoundly and progressively from the end of six hours to the end of one twenty 

hours. AP activity elevated by 1.08 to 12.05 folds. Thus, AP activity of dorsal 

muscle was equivalent to 36.81 ± 4.32, 50.73 ± 4.36, 69.17 ± 13.21, 213.17 ± 43.21, 

333.17 ± 4.81, 440.17 ± 3.21 and 521.56 ± 19.21 11 moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles treated with 1.0 % ME showed elevations of AP activity at all 

the exposure periods and AP activity of dorsal muscle elevated by 1.63 to 2.79 
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folds. AP activity of the dorsal muscle was equivalent to 55.46 ± 3.72, 60.73 ± 4.32, 

87.46 ± 9.46, 60.32 ± 3.17, 90.17 ± 4.32, 102.46 ± 3.46 and 120.73 ± 2.46 µ moles per 

gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively 

When exposed to 5.0 % ME tadpoles exhibited progressive elevation of AP 

activity of dorsal muscle from the end of six hours to the end of one twenty 

hours. AP activity of muscle elevated by 1.69 to 4.17 folds. Thus, AP activity of 

dorsal muscle was equivalent to 57.46 ± 3.21, 80.32 ± 5.36, 99.36 ± 4.34, 104.73 ± 

2.46, 121.76 ± 8.26, 143.82 ± 9.46 and 180.46 ± 10.81 IA moles per gram wet weight 

of muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

On exposure to 10.0 `)/0 ME the tadpoles exhibited successive increase of AP 

activity of dorsal muscle from the end of six hours to the end of ninety six hours. 

AP activity of dorsal muscle elevated in the range of 2.04 to 8.49 folds. Thus, AP 

activity of dorsal muscle was equivalent to 69.46 ± 4.32, 80.72 ± 4.36, 90.43 ± 4.36, 

114.72 ± 6.36, 170.82 ± 4.36, 340.81 ± 4.76 and 350.81 ± 10.82 1.1 moles per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure of tadpoles to 30.0 % ME led to progressive chronic 

elevations of AP activity of dorsal muscle. AP activity elevated by 2.27 to 15.04 

folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, AP activity of dorsal muscle was equivalent to 77.32 ± 

9.32, 130.21 ± 4.72, 1' 33 ± 5.46, 250.17 ± 4.32, 356.32 ± 4.39, 570.46 ± 4.36 and 

650.76 ± 31.26 µ moles per gram wet weight of muscle respectively. 
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NON-SPECIFIC ESTERASE (NSE): 

The changes of the NSE activities of the tadpole stages one to four, under 

the influence of mining effluents were not significant but the alterations of the 

NSE activities for the tadpole stage V under the influence of ME were quite 

significant, especially for the higher concentrations of ME. Therefore, the 

changes of the NSE activities of tadpole stage V under the influence of ME are 

reported here. The NSE activities is expressed as micromoles (1 moles) per gram 

wet weight of of tissue. 

SKIN : 

STAGE V : 

The alterations of the NSE activity of skin of tadpoles of stage V under the 

influence of ME is given in Table No.66 and the same is expressed graphically in 

Graph No.66. From the table and graph, it is seen that the NSE activity of the skin 

of control tadpoles ranged from 1.30 to 2.20 µ moles per sgram wet weight of skin. 

The control tadpoles exhibited NSE activity of skin equivalent to 1.30 ± 0.04, 1.40 

± 0.20, 1.50 ± 0.10, 1.70 ± 0.20, 1.90 ± 0.30, 2.10 ± 0.40 and 2.20 ± 0.30 1.1 moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is noticed that ME induced fluctuations of the 

NSE activity of skin at all the exposure periods. On exposure to 0.01 % ME the 

tadpoles exhibited chronic elevations of the NSE activity from the end of six to 
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Table No. 66 

The changes in the non - specific esterase 
activity of skin of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.30 1.40 1.50 1.70 1.90 2.10 2.20 

±0.04 ±0.20 ±0.10 ±0.20 ±0.30 ±0.40 ±0.30 
0.01% ME 4.10 8.20 12.10 14.00 16.00 18.00 10.50 

±0.04 ±0.04 ± 0.10 ±2.00 ±1.69 ±2.23 ±0.02 
(3.15) (5.85) (8.06) (8.23) (8.42) (8.57) (4.77) 

0.1% ME 6.10 8.40 10.20 11.00 12.00 14.70 13.50 
±0.10 ±0.10 ±0.26 ±1.00 ±1.72 ±0.67 ±1.83 
(4.69) (6.00) (6.80) (6.47) (6.31) (7.00) (6.13) 

1% ME 5.20 6.80 4.20 3.98 4.00 3.00 9.70 
±0.20 ±0.20 ±0.26 ±0.10 ±0.17 ±0.04 ±0.67 
(4.00) (4.85) (2.80) (2.34) (2.10) (1.42) (4.40) 

5% ME 6.20 7.80 8.20 11.20 13.40 17.60 19.30 
±0.20 ±0.20 ±0.20 ±0.20 ±0.20 ±0.82 ±2.53 
(4.76) (5.57) (5.46) (6.58) (7.05) (8.38) (8.77) 

10% ME 6.40 7.20 7.80 8.40 9.20 10.40 17.90 
±0.20 ±0.20 ±0.17 ±0.18 ±0.22 ±0.22 ±0.82 
(4.92) (5.14) (5.20) (4.94) (4.84) (4.95) (8.13) 

30% ME 7.20 7.70 8.10 8.70 9.40 11.60 14.40 
±0.10 ±0.19 ±1.08 ±1.07 ±1.02 ±1.10 ±1.26 
(5.53) (5.50) (5.40) (5.11) (4.94) (5.52) (6.54) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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the end of one twenty hours. All the concentrations of ME induced significant 

elevations of the NSE activity at almost all the exposure periods. 

Under the influence of 0.01 % ME the tadpoles exhibited 3.15 fold increase 

of the NSE activity of skin at the end of six hours and 8.57 folds elevation at the 

end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours the non-specific activity of skin was 

equivalent to 4.10 ± 0.04, 8.20 ± 0.04, 12.10 ± 0.10, 14.00 ± 2.00, 16.00 ± 1.69, 18.00 ± 

2.23 and 10.50 ± 0.02 IA moles/gm Ww of skin respectively. 

When exposed to 0.1 % ME the tadpoles exhibited 4.69 to 7.00 fold increase 

of the NSE activity of skin. The NSE activity of skin was equivalent to 6.10 ± 

0.10, 8.40 ± 0.10, 10.20 ± 0.26, 11.00 ± 1.00, 12.00 ± 1.72, 14.70 ± 0.67 and 13.50 ± 1.83 

moles/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 1.0 % ME showed elevations of the non-specific 

activity of the skin in the range of 1.42 to 4.85 folds. The NSE activity of skin was 

equivalent to 5.20 ± 0.20, 6.80 ± 0.20, 4.20 ± 0.26, 3.98 ± 0.10, 4.00 ± 0.17, 3.00 ± 0.00 

and 9.70 ± 0.67 11 moles per gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

5.0 `)/0 ME promoted rise of the NSE activity of the skin by 1.70 to 9.32 folds. 

The tadpoles showed profound increase of the activity from the end of seventy 

two hours to the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours the NSE activity of skin 
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was equivalent to 6.20 ± 0.20, 7.80 ± 0.20, 8.20 ± 0.20, 11.20 ± 0.20, 13.40 ± 0.20, 

17.60 ± 0.82 and 19.30 ± 2.53 1.t moles per gm Ww of skin respectively. 

On exposure to 10.0 `)/0 ME the tadpoles exhibited profound increase of the 

NSE activity of skin from the end of six hours to the end of twenty four hours. At 

the end of six hours 4.92 fold increase of the NSE activity of skin was observed 

while at the end of one twenty hours, a maximum of 8.13 fold increase of the NSE 

activity of skin was noticed. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity was equivalent to 

6.40 ± 0.20, 7.20 ± 0.20, 7.80 ± 0.17, 8.40 ± 0.18, 9.20 ± 0.22, 10.40 ± 0.22 and 17.90 ± 

0.82 IA moles per/gm Ww of skin respectively. 

When subjected to 30.0 `)/0 ME the NSE activity of skin exhibited 4.94 to 6.54 

fold increase. The NSE activity of skin was equivalent to 7.20 ± 0.10, 7.70 ± 0.19, 

8.10 ± 1.08, 8.70 ± 1.07, 9.40 ± 1.02, 11.60 ± 1.10 and 14.40 ± 1.26 IA moles/gm Ww 

of skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

STAGE VIII : 

The alterations of the NSE activity of skin of tadpoles of stages VI to VIII 

exposed to mining effluents were almost similar, therefore, alterations of the NSE 

activity of skin of tadpole stage VIII are described here. The changes of the NSE 

activity of skin of tadpoles in stage VIII are given in Table No. 67 and presented 

graphically in Graph No. 67. The changes of the NSE activity of skin are 

expressed as micromoles/gm Ww of skin. 
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Table No. 67 

The changes in the non - specific esterase 
Activity of skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.20 2.30 2.40 2.60 2.80 2.90 3.00 

±0.07 ±0.04 ±0.10 ±0.10 ±0.20 ±0.10 ±0.20 
0.01% ME 3.80 4.10 4.70 5.20 5.80 6.10 6.30 

±0.09 ±0.07 ±0.09 ±0.10 ±0.20 ±0.10 ±0.07 
(1.72) (1.78) (1.95) (2.00) (2.07) (2.10) (2.10) 

0.1% ME 4.00 4.30 4.90 5.40 6.20 6.50 6.90 
±0.10 ±0.09 ±0.10 ±0.20 ±0.07 ±0.09 ±0.07 
(1.81) (1.86) (2.04) (2.07) (2.21) (2.24) (2.30) 

1% ME" 4.10 4.50 5.20 5.90 6.70 7.20 7.50 
±0.20 ±0.07 ±0.09 ±0.10 ±0.20 ±.0.09 ±0.07 
(1.86) (1.95) (2.16) (2.26) (2.39) (2.48) (2.50) 

5% ME 4.30 4.70 5.30 6.40 7.30 7.90 8.10 
±0.09 ±0.10 ±0.07 ±0.09 ±0.10 ±0.20 ±0.20 
(1.95) (2.04) (2.20) (2.46) (2.60) (2.72) (2.70) 

10% ME 4.50 4.90 5.40 7.20 7.70 8.70 9.10 
±0.10 ±0.09 ±0.10 ±0.07 ±0.10 ±0.09 ±0.10 
(2.04) (2.13) (2.25) (2.76) (2.75) (3.00) (3.03) 

30% ME 4.60 5.10 5.70 7.70 8.40 9.40 10.20 
±0.10 ±0.07 ±0.20 ±0.10 ±0.09 ±0.10 ±0.20 
(2.09) (2.21) (2.37) (2.96) (3.00) (3.24) (3.40) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant atp0.001 
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It is evident from the table and graph that the control tadpoles exhibited 

variations in the non-specific activity of skin in a range of 2.20 to 3.00 µ moles/gm 

Ww of skin. The NSE activity of skin of the control tadpoles was equivalent to 

2.20 ± 0.07, 2.30 ± 0.04, 2.40 ± 0.10, 2.60 ± 0.10, 2.80 ± 0.20, 2.90 ± 0.10 and 3.00 ± 

0.20 11 moles per gram Ww of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is also obvious from the table and graph that the various concentrations 

of ME promoted concentration dependent rise of the NSE activity from the end of 

six to the end of ninety six hours. A minimum of 1.72 fold rise of the NSE 

activity of skin was observed at the end of six hours under the influence of 0.01 

ME, while a maximum of 3.4 fold increase of the NSE activity of skin was 

noticed at the end of one twenty hours on exposure to 30.0 % ME. 

Under the influence of 0.01 % ME the tadpoles exhibited elevations of the 

NSE activity by 1.72 to 2.10 folds. The NSE activity of skin was equivalent to 3.80 

± 0.09, 4.10 ± 0.07, 4.70 ± 0.09, 5.20 ± 0.10, 5.80 ± 0.20, 6.10 ± 0.10 and 6.30 ± 0.07 pt 

mole/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

0.1 % ME elevated the NSE activity of skin of tadpoles by 1.81 to 2.30 folds. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity of skin was equivalent to 4.00 ± 0.10, 4.30 ± 0.09, 

4.90 ± 0.10, 5.40 ± 0.20, 6.20 ± 0.07, 6.50 ± 0.09 and 6.90 ± 0.07 m. moles/gm Ww of 

skin respectively. 

528 



When subjected to 1.0 % ME the tadpoles exhibited exposure period 

dependent elevations of the NSE activity of skin from the end of six hours (1.86 

folds) to the end of one twenty hours (2.50 folds). The NSE activity of skin was 

equivalent to 4.10 ± 0.20, 4.50 ± 0.07, 5.20 ± 0.09, 5.90 ± 0.10, 6.70 ± 0.20, 7.20 ± 0.09 

and 7.50 ± 0.07 IA. moles per gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 5.0 % ME exhibited 1.95 fold increase of the NSE 

activity of skin at the end of six hours and 2.70 fold increase of the NSE activity of 

skin at the end of one twenty hours. The NSE activity of skin was equivalent to 

4.30 ± 0.09, 4.70 ± 0.10, 5.30 ± 0.07, 6.40 ± 0.09, 7.30 ± 0.10, 7.90 ± 0.20 and 8.10 ± 

0.20 11 moles/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 10.0 ` )/0 ME showed 2.04 and 3.03 fold increase of the 

NSE activity of skin at the end of six and one twenty hours respectively. The NSE 

activity of skin was equivalent to 4.50 ± 0.10, 4.90 ± 0.09, 5.40 ± 0.10, 7.20 ± 0.07, 

7.70 ± 0.10, 8.70 ± 0.09 and 9.10 ± 0.10 ja moles/gm Ww of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 2.09 fold increase of the 

NSE activity of skin at the end of six hours while they showed 3.40 fold elevation 

of the NSE activity of skin at the end of one twenty hours. The NSE activity of 

skin was equivalent to 4.60 ± 0.10, 5.10 ± 0.07, 5.70 ± 0.20, 7.70 ± 0.10, 8.40 ± 0.09, 

9.40 ± 0.10 and 10.20 ± 0.20 pi moles per gm Ww of skin at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XIV : 

The alterations of the NSE activity of skin of tadpoles of stages IX to XIV 

under the influence of mining effluents (ME) were almost similar. Therefore, the 

alterations of the NSE activity of skin of tadpoles Stage XIV are described here, 

and are tabulated in Table No. 68 and represented graphically in Graph No. 68. 

The changes of the NSE activity of skin are expressed as micromoles GI moles) per 

gram wet weight (Ww) of the skin. 

It is obvious from the table and graph that 0.1 and 1.0 % concentrations of 

ME promoted increase of NSE activity from the end of six hours to the end of 

forty eight hours. The higher concentrations of ME (5.0 to 30.0 %) promoted 

chronic increase of the NSE activity of skin from the end of six to the end of one 

twenty hours. The minimum of 1.13 fold elevation of NSE was induced by 0.01 To 

ME while the maximum of 14.87 fold increase of NSE activity was promoted by 

5.0 % ME at the end of one twenty hours. 

Tadpoles exposed to 0.01 % ME showed a minimum of 1.13 fold increase 

of the NSE activity of skin at the end of six hours while they showed a maximum 

of 5.63 fold increase of the NSE activity of skin at the end of ninety six hours. The 

NSE activity of skin was equivalent to 3.40 ± 0.89, 5.90 ± 0.82, 8.50 ± 0.01, 10.30 ± 

0.27, 13.80 ± 0.67, 21.40 ± 0.82 and 11.70 ± 1.64 p, moles/gm Ww of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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Table No. 68 

The changes in the non - specific esterase 
Activity of skin of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.10 3.20 3.40 3.60 3.80 4.00 

±0.03 ±0.05 ±0.20 ±0.40 ±0.50 ±0.20 ±0.30 
0.01% ME 3.40 5.90 8.50 10.30 13.80 21.40 11.70 

±0.89 ±0.82 ±0.10 ±0.27 ±0.67 ±0.82 ±1.64 
(1.13) (1.90) (2.65) (3.02) (3.83) (5.63) (2.92) 

0.1% ME 7.30 9.70 10.30 13.50 13.50 15.80 20.40 
±1.09 ±0.67 ±0.27 ±0.05 ±0.02 ±1.09 ±1.24 
(2.43) (3.12) (3.21) (3.97) (3.75) (4.15) (5.10) 

1% ME 9.90 15.90 19.30 29.50 25.90 36.10 40.40 
±0.82 ±1.59 ±1.09 ±2.20 ±3.09 ±1.24 ±2.68 
(3.30) (5.12) (6.03) (8.67) (7.19) (9.50) (10.10) 

5% ME 10.90 15.50 22.10 31.20 40.90 51.70 59.50 
±1.47 ±1.50 ±2.77 ±1.44 ±1.34 ±1.99 ±1.50 
(3.63) (5.00) (6.90) (9.17) (11.36) (13.60) (14.87) 

10% ME 10.50 15.10 18.90 27.70 41.30 48.10 57.80 
±0.05 ±1.24 ±0.89 ±1.44 ±2.16 ±1.67 ±1.25 
(3.50) (4.87) (5.90) (8.14) (11.47) (12.65) (14.45) 

30% ME 12.50 13.00 19.90 22.10 27.70 38.70 52.10 
±1.09 ±1.24 ±0.89 ±1.72 ±1.44 ±1.43 ±1.72 
(4.16) (4.19) (6.21) (6.50) (7.69) (10.18) (13.02) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p<  0.001 
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Tadpoles subjected to 0.1 % ME showed 2.43 fold increase of the NSE 

activity of skin at the end of six hours while they exhibited 5.10 fold increase of 

the NSE activity of skin at the end of one twenty hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the NSE activityof skin was equivalent to 7.30 ± 1.09, 9.70 ± 0.67, 10.30 ± 0.27, 

13.50 ± 0.05, 13.50 ± 0.02, 15.80 ± 1.09 and 20.40 ± 1.24 pi moles/gm Ww of skin 

respectively. 

Under the influence of 1.0 % ME, the tadpoles exhibited chronic increase of 

the NSE activity of skin from the end of six hours (3.30 fold) to the end of one 

twenty hours (10.10 fold). The NSE activity of skin was equivalent to 9.90 ± 0.82, 

15.90 ± 1.59, 19.30 ± 1.09, 29.50 ± 2.20, 25.90 ± 3.09, 36.10 ± 1.24 and 40.40 ± 2.68 p. 

moles/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

5.0 % ME promoted chronic increase of the NSE activity of skin and NSE 

activity elevated by 3.63 to 14.87 folds. The NSE activity of skin was equivalent to 

10.90 ± 1.47, 15.50 ± 1.50, 22.10 ± 2.77, 31.20 ± 1.44, 40.90 ± 1.34, 51.70 ± 1.99 and 

59.50 ± 1.50 p moles per gm Ww of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 10.0 % ME the tadpoles showed the chronic increase of the 

NSE activity of skin ranging from 3.50 fold increase to 14.45 fold increase. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity of skin was equivalent to 10.50 ± 0.05, 15.10 ± 1.24, 
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18.90 ± 0.89, 27.70 ± 1.44, 41.30 ± 2.16, 48.10 ± 1.67 and 57.80 ± 1.25 11 moles/gm 

Ww of skin respectively. 

When tadpoles were subjected to 30.0 % ME they exhibited chronic 

increase of the NSE activity of skin from the end to six hours (4.16 fold) to the end 

of one twenty hours (13.02 fold). The NSE activity of skin was equivalent to 12.50 

± 1.09, 13.00 ± 1.24, 19.90 ± 0.89, 22.10 ± 1.72, 27.70 ± 1.44, 38.70 ± 1.43 and 52.10 ± 

1.72 II moles/gm Ww of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

STAGE XVIII : 

The alterations of the NSE activity of skin of tadpoles stages XV to XVIII, 

under the influence of mining effluents (ME), were almost similar. Therefore, the 

alterations of NSE activity of the tadpoles of stage XVIII, under the influence of 

ME are described here. The NSE activity is expressed as p moles per gm Ww of 

skin. The changes of NSE activity are tabulated in Table No. 69 and presented 

graphically in Graph No. 69. 

It is seen from the table and graph that the NSE activity of skin of control 

tadpoles increased gradually from the end of six hours to the end of one twenty 

hours and ranged between 5.60 to 6.50 p. moles per gm Ww of skin. The NSE 

activity of the control tadpoles was equivalent to 5.60 ± 0.82, 5.70 ± 0.40, 5.80 ± 

0.30, 6.00 ± 0.20, 6.10 ± 0.40, 6.30 ± 0.50 and 6.50 ± 0.30 IA moles/gm Ww of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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Table No. 69 

The changes in the non - specific esterase 
activity of skin of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 5.60 5.70 5.80 6.00 6.10 6.30 6.50 

±0.82 ±0.40 ±0.30 ±0.20 ±0.40 ±0.50 ±0.30 
0.01% ME 8.30 10.00 11.00 12.90 14.40 16.60 20.30 

±0.40 ±0.03 ±1.41 ±1.34 ±0.82 ±0.89 ±1.75 
(1.48) (1.75) (1.89) (2.15) (2.36) (2.63) (3.12) 

0.1% ME 8.80 9.30 10.20 13.80 13.80 17.60 23.90 
±0.67 ±1.57 ±0.27 ±0.67 ±0.67 ±0.82 ±1.24 
(1.57) (1.63) (1.75) (2.30) (2.26) (2.79) (3.67) 

1% ME 10.30 14.10 15.40 18.20 24.20 38.00 44.50 
±0.27 ±0.82 ±0.89 ±0.67 ±1.44 ±1.41 ±2.40 
(1.83) (2.47) (2.65) (3.03) (3.96) (6.03) (6.84) 

5% ME 12.50 17.60 22.10 28.50 35.70 40.90 51.00 
±1.64 ±0.82 ±1.24 ±1.54 ±0.67 ±0.82 ±2 42 
(2.23) (3.08) (3.81) (4.75) (5.85) (6.49) (7.84) 

10% ME 14.80 20.30 26.30 30.90 38.40 44.20 49.60 
±1.44 ±1.75 ±1.09 ±1.24 ±1.67 ±1.09 ±1.60 
(2.64) (3.56) (4.53) (5.15) (6.29) (7.01) (7.63) 

30% ME 16.80 20.40 22.60 24.80 30.09 37.09 42.00 
±1.44 ±0.82 ±0.40 ±0.67 ±1.67 ±2.42 ±1.44 
(3.00)j 	(3.57) (3.89) (4.13) (4.93) (5.88) (6.46) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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From the table is noted that all the concentrations of ME promoted 

concentration dependent rise of NSE activity at the end of six hours only. Also 

ME concentration like 0.01 to 30.0 % induced concentration dependent elevations 

of NSE activity at the end of ninety six hours. All the concentrations of ME except 

0.1 % promoted exposure period dependent increase of the NSE activity of skin 

from the end of six hours to the end of one twenty hours. 

Under the influence of 0.01 `)/0 ME the tadpoles exhibited a minimum of 

1.48 fold increase of the NSE activity of skin at the end of six hours while they 

showed a maximum of 3.12 fold rise of the NSE activity of skin at the end of one 

twenty hours. The NSE activity of skin was equivalent to 8.30 ± 0.40, 10.00 ± 0.03, 

11.00 ± 1.41, 12.90 ± 1.34, 14.40 ± 0.82, 16.60 ± 0.89 and 20.30 ± 1.75 la moles/gm 

Ww of skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

0.1 % ME promoted a gradual increase of the NSE activity of skin from the 

end of six to the end of forty eight hours, then at the end of seventy two hours it 

slightly declined and by the end of ninety six and one twenty hours, the NSE 

activity of skin increased further. The NSE activity of skin was equivalent to 8.80 

± 0.67, 9.30 ± 1.57, 10.20 ± 0.27, 13.80 ± 0.67, 9.30 ± 1.57, 10.20 ± 0.27, 13.80 ± 0.67, 

13.80 ± 0.67, 17.60 ± 0.82 and 23.90 ± 1.24 pt moles/gm Ww of skin at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and • one twenty 

hours respectively. 

Tadpoles exposed to 1.0 % ME showed a maximum of 6.84 folds increase 

of non specific esterase activity at the end of one twenty hours while they 
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exhibited a minimum of 1.83 fold elevation of NSE activity at the end of six hours. 

The NSE of skin was equivalent to 10.30 ± 0.27, 14.10 ± 0.82, 15.40 ± 0.89, 18.20 ± 

0.67, 24.20 ± 1.44, 38.00 ± 1.41 and 44.50 ± 2.40 ti moles/gm Ww of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles subjected to 5.0 % ME exhibited 2.23 fold increase of the NSE 

activity of skin at the end of six hours, while they showed a 7.84 fold increase of 

the NSE activity of skin at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity was equivalent to 12.50 ± 1.64, 17.60 ± 0.82, 22.10 ± 1.24, 28.50 ± 1.54, 35.70 

± 0.67, 40.90 ± 0.82 and 51.00 ± 2.4212 moles/gm Ww of skin respectively. 

Under the influence of 10.0 % ME the tadpoles showed 2.64 fold increase of 

the NSE activity of skin at the end of six hours while they showed 7.63 fold 

increase of the NSE activity of skin at the end of one twenty hours. The NSE 

activity of skin was equivalent to 14.80 ± 1.44, 20.30 ± 1.75, 26.30 ± 1.09, 30.90 ± 

1.24, 38.40 ± 1.67, 44.20 ± 1.09 and 49.60 ± 1.60 p. moles/gm Ww of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 3.00 fold increase of the NSE 

activity of skin at the end of six hours while they showed a 6.46 fold increase of 

the NSE activity of skin at the end of one twenty hours. The NSE activity of skin 

was equivalent to 16.80 ± 1.44, 20.40 ± 0.82, 22.60 ± 0.40, 24.80 ± 0.67, 30.09 ± 1.67, 

37.09 ± 2.42 and 42.00 ± 1.44 µ moles/gm Ww of skin at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XXII : 

The alterations of the NSE activity of skin of tadpoles of stages XIX to XXII 

were almost identical. Therefore the ME induced alterations of the NSE activity of 

skin of tadpoles of stage XXII expressed as p moles/gm Ww of skin are tabulated 

in Table No. 70 and presented graphically in Graph No.70. 

From the table and graph it is apparent that the control tadpoles exhibited 

gradual increase in the NSE activity of skin from the end of six to the end of one 

twenty hours. The NSE activity of skin was equivalent to 5.60 ± 0.84, 5.70 ± 0.50, 

5.80 ± 0.40, 6.00 ± 0.60, 6.20 ± 0.40, 6.40 ± 0.50 and 6.70 ± 0.60 p. moles/gm Ww of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

From the table and graph it appears that all the concentrations of ME 

promoted concentration dependent increase of the NSE activity of skin at the end 

of six, twelve, seventy two and one twenty hours only. ME concentration like 

0.01, 0.1, 10.0 and 30.0 % induced exposure period dependent elevations of NSE 

activity from the end of six hours to the end of one twenty hours. 

On exposure to 0.01 % ME the tadpoles showed a minimum of 1.30 fold 

increase of the NSE activity of skin at the end of six hours while they exhibited a 

maximum of three fold increase of the NSE activity of skin at the end of one 

twenty hours. The NSE activity of skin was equivalent to 7.40 ± 0.50, 8.70 ± 0.50, 
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Table No. 70 

The changes in the non - specific esterase 
activity of skin of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 5.60 5.70 5.80 6.00 6.20 6.40 6.70 

±0.84 ±0.50 ±0.40 ±0.60 ±0.40 ±0.50 ±0.60 
0.01% ME 7.40 8.70 10.10 12.10 14.10 16.10 20.10 

±0.50 ±0.50 ±0.60 ±0.70 ±0.90 ±1.00 ±0.90 
(1.32) (1.52) (1.74) (2.01) (2.27) (2.51) (3.00) 

0.1% ME 8.10 9.40 10.10 12.10 15.20 17.10 21.40 
±0.70 ±0.70 ±0.50 ±0.70 ±0.70 ±0.90 ±0.50 
(1.44) (1.64) (1.74) (2.01) (2.45) (2.67) (3.19) 

1% ME 10.10 14.10 15.10 19.10 22.30 28.30 29.10 
±0.60 ±0.90 ±0.70 ±1.00 ±1.70 ±1.90 ±1.00 
(1.80) (2.47) (2.60) (3.18) (3.59) (4.42) (4.34) 

5% ME 11.10 16.40 20.10 26.10 26.70 29.20 30.10 
±0.40 ±1.00 ±0.90 ±2.00 ±1.70 ±2.00 ±2.10 
(1.98) (2.87) (3.46) (4.35) (4.30) (4.56) (4.49) 

10% ME 13.30 21.20 24.20 28.20 32.10 38.10 46.20 
±0.30 ±1.20 ±1.20 ±1.70 ±2.10 ±1.70 ±2.70 
(2.37) (3.71) (4.17) (4.70) (5.17) (5.95) (6.89) 

30% ME 17.20 22.20 24.30 29.20 34.20 38.10 46.40 
±1.00 ±1.20 ±1.50 ±0.90 ±1.70 ±2.10 ±2.40 
(3.07) (3.89) (4.18) (4.85) (5.51) (5.95) (6.92) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p‘ 0.001 
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10.10 ± 0.60, 12.10 ± 0.70, 14.10 ± 0.90, 16.10 ± 1.00 and 20.10 ± 0.90 11 moles/gm 

Ww of skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

0.1 % ME promoted exposure period dependent increase of the NSE 

acitivity of skin from the end of six hours (1.44 fold) to the end of one twenty 

hours (3.19 fold). The NSE activity of skin was equivalent to 8.10 ± 0.70, 9.40 ± 

0.70, 10.10 ± 0.50, 12.10 ± 0.70, 15.20 ± 0.70, 17.10 ± 0.90 and 21.40 ± 0.50 u. 

moles/gm Ww of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 1.0 % ME exhibited a minimum increase (1.80 fold) in 

the NSE activity of skin at the end of six hours, while they showed a maximum 

elevation of 4.42 folds in the NSE activity of skin at the end of ninety six hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity of skin was equivalent to 10.10 ± 0.60, 14.10 ± 0.90, 

15.10 ± 0.70, 19.10 ± 1.00, 22.30 ± 1.70, 28.30 ± 1.90 and '29.10 ± 1.00 µ moles/gm 

Ww of skin respectively. 

Tadpoles subjected to 5.0 % ME exhibited 1.98 fold increase of the NSE 

activity at the end of six hours and 4.56 folds elevation of NSE activity at the end 

of ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity of skin was equivalent to 

11.10 ± 0.40, 16.40 ± 1.00, 20.10 ± 0.90, 26.10 ± 2.00, 26.70 ± 1.70, 29.20 ± 2.00 and 

30.10 ± 2.10 µ moles per gram Ww of skin respectively. 
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10.0 `)/0 ME induced chronic increase of the NSE activity of skin from the 

end of six hours (2.37 folds). By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the non specific esterase activity of 

skin was equivalent to 13.30 ± 0.30, 21.20 ± 1.20, 24.20 ± 1.20, 28.20 ± 1.70, 32.10 ± 

2.10, 38.10 ± 1.70 and 46.20 ± 2.70 grnoles/gm Ww of skin respectively. 

Under the influence of 30.0 % ME the tadpoles exhibited 3.07 fold increase 

of the NSE activity of skin at the end of six hours while they showed 6.92 fold 

increase of the NSE activity of skin at the end of one twenty hours. The NSE 

activity of skin was equivalent to 17.20 ± 1.00, 22.20 ± 1.20, 24.30 ± 1.50, 29.10 ± 

0.90, 34.20 ± 1.70, 38.10 ± 2.10 and 46.40 ± 2.40 1.1 moles/gm Ww of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

INTESTINE : 

STAGE V : 

The alterations of the NSE activity of intestine of tadpoles of stages I to IV 

were non significant. Therefore, alterations of the NSE activity of intestine of 

tadpoles of stage V exposed to ME are mentioned here as they were significant. 

NSE activity is expressed asµ moles/gm Ww of intestine. The changes of the 

NSE acitivity of intestine of stage V tadpoles are compiled in Table No.71 and 

presented graphically in Graph No.71. 

From the table and graph it is obvious that the control tadpoles exhibited 

gradual increase of the NSE activity of intestine from the end of six hours to the 
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Table No. 71 

The changes in the non - specific esterase 
activity of intestine of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 His 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 	1.80 	1.90 

	

±0.10 	±0.12 
2.00 

±0.20 
2.20 

±0.22 
2.40 

±0.32 
2.60 

±0.21 
2.80 

±0.22 
0.01% ME I 	3.101 5.20 7.501 	8.10 9.40 10.40 6.50 

±0.12 ±0.72 ±0.22 	±0.12 ±0.22 ±0.22 ±0.02 
(1.72) (2.73) (3.75) 	(3.68) (3.91) (4.00) (2.32) 

0.1% ME 3.40 4.30 6.30 	8.10 7.40 8.10 8.00 
±0.24 ±0.16 ±0.32 	±0.62 ±0.42 ±0,89 ±4.16 
(1.88) (2.26) (3.15) 	(3.68) (3.08) (3.11) (2.85) 

1% ME 4.30 5.80 6.30 	8.10 9.40 10.40 10.10 
±0.42 ±0.46 ±0.52 	±0.22 ±0.26 ±0.22 ±0.22 
(2.38) (3.05) (3.15) 	(3.68) (3.91) (4.00) (3.60) 

5% ME 4.20 5.20 4.40 	5.40 7.30 9.70 17.00 
±0.62 ±0.20 ±0.10 	±0.20 ±0.65 ±0.67 ±0.05 
(2.33) (2.73) (2.20) 	(2.45) (3.04) (3.73) (6.07) 

10% ME 5.10 5.70 6.10 	8.20 9.40 10.20 7.3.0 
±0.42 ±0.32 ±0.26 	±0.25 ±0.22 ±0.27 ±1.09 
(2.83) (3.00) (3.05) 	(3.72) (3.91) (3.92) (2.60) 

30% ME 5.80 6.20 7.20 	8.40 9.20 10.00 8.46 
±0.86 ±0.42 ±0.46 	±0.36 ±0.45 ±0.12 ±0.19 
(3.22) (3.26) (3.60) 	(3.81) (3.83) (3.84) (3.02) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 

0(1) , 36 Ctir,tA,Ckietk;3,1") 

- 1.201 (AA-kzu:/v„ )44A-rut  v,5\AA,) 



The changes in the non - specific esterase of 
intestine of tadpoles (stage V) exposed to mining 

effluents 
19 - 
17 - 
15 
13 - 
11 
9 
7 - 
5 - 
3 - 
1 

24 	48 	72 	96 	120 
- Hours - 

6 

-*-Control 

- W-0.01% ME 

-is-0.1% ME 

- 1% ME 

5% ME 

-40-10% ME 

30% ME 

The changes in the non - specific esterase of 
intestine of tadpoles (stage VIII) exposed to mining 

effluents 

Control 

-m-0.01% ME 

0.1% ME 

1% ME 

5% ME 

-8,-10% ME 

30% ME 

150 - 

E 
Z.3? 

a.t100 en = a) 

E 
50 

Graph No. 71 

Graph No. 72 

6 	12 	24 	48 	72 	96 	120 
- Hours - 



end of one twenty hours. The NSE activity of intestine of control tadpoles was 

equivalent to 1.80 ± 0.10, 1.90 ± 0.12, 2.00 ± 0.20, 2.20 ± 0.22, 2.40 ± 0.32, 2.60 ± 0.10 

and 2.80 ± 0.22 p. moles/gm Ww of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that all the concentrations of ME 

except 0.1 and 5.0 `)/0 promoted exposure period dependent increase of the NSE 

activity of intestine from the end of six hours to the end of ninety six hours. The 

activity dropped at the end of one twenty hours for all concentrations of ME 

except 5.0 % ME. However, at the end of all the exposure periods the NSE 

activity remained above that observed in the control tadpoles. 

Tadpoles exposed to 0.01 % ME exhibited gradual increase of the NSE 

activity of intestine upto the end of twenty four hours. The NSE activity of 

intestine was equivalent to 3.10 ± 0.12, 5.20 ± 0.72, 7.50 ± 0.22, 8.10 ± 0.12, 9.40 ± 

0.22, 10.40 ± 0.22 and 6.50 ± 0.02 p, moles/gm Ww of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 0.1 % ME the tadpoles showed gradual increase of 

the non-specific activity of intestine from the end of six hours (1.88 fold increase) 

to the end of forty eight hours (3.68 fold increase). The NSE activity decreased a 

little at the end of seventy two hours to elevate upto the end of one twenty hours. 

The NSE activity of intestine was equivalent to 3.40 ± 0.24, 4.30 ± 0.16, 6.30 ± 0.32, 

8.10 ± 0.62, 7.40 ± 0.42, 8.10 ± 0.89 and 8.00 ± 4.16 µ moles/gm Ww of intestine at 
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the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles subjected to 1.0 `)/0 ME the tadpoles showed exposure period 

dependent increase of the NSE of intestine from the end of six hours (2.38 folds) 

to the end of ninety six hours (4.00 folds). The NSE activity of intestine was 

equivalent to 4.30 ± 0.42, 5.80 ± 0.46, 6.30 ± 0.52, 8.10 ± 0.22, 9.40 ± 0.26, 10.40 ± 

0.22 and 10.10 ± 0.22 p, moles/gm Ww of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

5.0 % ME promoted successive increase of NSE activity from the end of 

forty eight hours to the end of one twenty hours and the elevation of NSE activity 

of intestine ranged from 2.33 fold to 6.07 folds. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the NSE activity 

of intestine was equivalent to 4.20 ± 0.62, 5.20 ± 0.20, 4.40 ± 0.10, 5.40 ± 0.20, 7.30 ± 

0.65, 9.70 ± 0.67 and 17.00 ± 0.05 p, mole nitrophenol/gm Ww of intestine 

respectively. 

On exposure to 10.0 % ME the tadpoles exhibited exposure period 

dependent increase of the NSE activity from the end of six hours (2.83 folds) to 

the end of ninety six hours (3.92 folds). By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the NSE activity of 

intestine was equivalent to 5.10 ± 0.42, 5.70 ± 0.32, 6.10 ± 0.26, 8.20 ± 0.25, 9.40 ± 

0.22, 10.20 ± 0.27 and 7.30 ± 1.09 IA moles/gm Ww of intestine respectively. 
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When the tadpoles were subjected to 30.0 % ME they showed marginal 

increase of the NSE activity of intestine from the end of six hours (3.22 folds) to 

the end of ninety six hours (3.84 folds). The non-specific esterase activity of 

intestine was equivalent to 5.80 ± 0.86, 6.20 ± 0.42, 7.20 ± 0.46, 8.40 ± 0.36, 9.20 ± 

0.45, 10.00 ± 0.12 and 8.46 ± 0.19 pi moles/gm Ww of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE VIII : 

The alterations of the NSE activity of intestine of tadpoles of stages VI to 

VIII under the influence of mining effluents were almost similar. Therefore the 

alterations of NSE activity of intestine of tadpole stage VIII exposed to mining 

effluents (ME) and expressed as IA moles/gm Ww of intestine are reported here 

and these are compiled in Table No. 72 and presented graphically in Graph No. 

72. 

From the table and graph it is seen that the control tadpoles exhibited 

gradual increase of the NSE activity of intestine from the end of six hours to the 

end of one twenty hours. The NSE activity of intestine of control tadpoles was 

equivalent to 3.00 ± 0.04, 3.10 ± 0.89, 3.20 ± 0.67, 3.50 ± 0.38, 3.70 ± 0.22, 4.00 ± 0.67 

and 4.20 ± 0.38 pi moles/gm Ww of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is noted that all the concentrations of ME 

except 0.01 % and 5.0 % promoted exposure period dependent increase of the 

NSE activity of intestine from the end of six hours to the end of one twenty hours. 
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Table No. 72 

The changes in the non - specific esterase 
activity of intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.10 3.20 3.50 3.70 4.00 4.20 

±0.04 ±0.89 ±0.67 ±0.38 ±0.22 ±0.67 ±0.38 
0.01% ME 3.40 5.00 6.50 8.50 10.00 10.20 14.10 

±0.89 ±0.04 ±0.03 ±0.04 ±0.03 ±0.27 ±0.82 
(1.13) (1.61) (2.03) (2.42) (2.70) (2.55) (3.35) 

0.1% ME 4.60 5.60 9.40 78.20 124.60 148.96 191.38 
±0.89 ±0.82 ±0.82 ±3.21 ±4.72 ±21.19 ±14.50 
(1.53) (1.80) (2.93) (22.34) (33.67) (37.24) (45.56) 

1% ME 5.00 10.80 17.20 21.10 57.20 90.40 120.80 
±0.04 ±1.36 ±1.44 ±2.04 ±1.25 ±4.72 ±3.83 
(1.66) (3.48) (5.37) (6.02) (15.45) (22.60) (28.76) 

5% ME 8.30 13.20 17.30 30.10 91.80 73.60 124.40 
±1.75 ±2.97 ±0.67 ±8.31 ±1.64 ±1.63 ±1.34 
(2.76) (4.25) (5.40) (8.60) (24.81) (18.40) (29.61) 

10% ME 9.10 12.60 16.90 25.70 40.20 54.40 76.20 
±0.82 ±2.01 ±1.24 ±3.43 ±1.44 ±1.67 ±1.95 
(3.03) (4.06) (5.28) (7.34) (10.86) (13.60) (18.14) 

30% ME 10.23 14.32 25.42 46.72 75.26 123.48 148.26 
±0.84 ±0.76 ±1.26 ±3.24 ±4.36 ±4.37 ±10.92 
(3.41) (4.61) (7.94) (13.24) (20.34) (30.87) (35.30) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p4 0.001 
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0.1 % ME promoted excessive increase of the NSE activity of intestine from the 

end of forty eight hours to the end of one twenty hours. 

0.01 % ME induced a maximum increase of the NSE activity of intestine 

(3.35 folds) at the end of one twenty hours while it promoted a minimum increase 

of the NSE activity of intestine (1.13 folds) at the end of six hours. The NSE 

activity of intestine was equivalent to 3.40 ± 0.89, 5.00 ± 0.04, 6.50 ± 0.03, 8.50 ± 

0.04, 10.00 ± 0.03, 10.20 ± 0.27 and 14.10 ± 0.82 IA moles/gm Ww of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles exposed to 0.1 % ME exhibited 1.53 fold increase of the NSE 

activity at the end of six hours while they showed 45.56 fold increase at the end of 

one twenty hours. The NSE activity of intestine was equivalent to 4.60 ± 0.89, 5.60 

± 0.82, 9.40 ± 0.82, 78.20 ± 3.21, 124.60 ± 4.72, 148.96 ± 21.90 and 191.38 ± 14.50 11 

moles/gm Ww of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 1.0 % ME showed chronic increase of the NSE 

activity of intestine from the end of six hours (1.66 folds) to the end of one twenty 

hours (28.76 folds). At the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity of intestine was equivalent 

to 5.00 ± 0.04, 10.80 ± 1.36, 17.20 ± 1.44, 21.10 ± 2.04, 57.20 ± 1.25, 90.40 ± 4.72 and 

120.80 ± 3.83 la moles/gm Ww of intestine respectively. 
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5.0 % ME promoted 2.76 fold increase of the NSE activity of intestine at the 

end of six hours while it induced 29.61 fold elevation of the NSE activity of 

intestine at the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the NSE activity was 

equivalent to 8.30 ± 1.75, 13.20 ± 2.97, 17.30 ± 0.67, 30.10 ± 8.31, 91.80 ± 1.64, 73.60 

± 1.63 and 124.40 ± 1.34 g moles/gm Ww of intestine respectively. 

On exposure to 10.0 % ME the tadpoles showed chronic increase of the 

NSE activity of intestine from the end of six hours (3.03 folds) to the end of one 

twenty hours (18.14 folds). The NSE activity of intestine was equivalent to 9.10 ± 

0.82, 12.60 ± 2.01, 16.90 ± 1.24, 25.70 ± 3.43, 40.20 ± 1.44, 54.40 ± 1.67 and 76.20 ± 

1.95 g moles /gm Ww of intestine at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 30.0 % ME the tadpoles exhibited chronic increase 

of the NSE activity of intestine from the end of six hours (3.41 folds) to the end of 

one twenty hours (35.30 folds). The NSE activity of intestine was equivalent to 

10.23 ± 0.84, 14.32 ± 0.76, 25.42 ± 1.26, 46.72 ± 3.24, 75.26 ± 4.36, 123.48 ± 4.37 and 

148.26 ± 10.92 g moles/gm Ww of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The alterations of the NSE activity of intestine of tadpoles of stages IX to 

XIV under the influence of mining effluents (ME) were almost similar. Therefore, 

the alterations of the NSE activity of intestine under the influence of ME of stage 
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XIV are presented here and are expressed as micromoles (µ moles) per gram wet 

weight (Ww) of intestine and are tabulated in Table No. 73 and presented 

graphically in Graph No. 73. 

From the table and graph it is noted that the control tadpoles exhibited 

gradual increase of the NSE activity of intestine. The NSE activity was equivalent 

to 3.00 ± 0.04, 3.10 ± 0.38, 3.20 ± 0.82, 3.40 ± 0.67, 3.60 ± 0.22, 3.90 ± 0.67 and 4.10 ± 

0.38 µ moles/gm Ww of intestine at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent elevations of the NSE activity at the end of six 

hours and ME concentrations ranging from 0.01 to 10.0 % induced concentration 

dependent increase of the NSE activity of intestine at the end of twelve, ninety six 

and one twenty hours. But concentrations of ME like 1.0 % , 10.0 `)/0 and 30.0 `)/0 

ME promoted exposure period dependent elevations of the NSE acitivity of 

intestine. A minimum of 1.40 folds increase of NSE activity was observed at the 

end of six hours under the influence of 0.01 0/0 ME. A maximum elevation of 

12.63 folds was observed in the non-specific activity of intestine at the end of one 

twenty hours when the tadpoles were exposed to 10.0 % ME. 

Under the influence of 0.01 % ME, the tadpoles showed a maximum 

increase of the NSE activity of intestine at the end of ninety six hours. The NSE 

activity of intestine was equivalent' to 4.20 ± 1.09, 6.20 ± 0.67, 8.10 ± 0.89, 7.70 ± 

1.10, 10.10 ± 0.22, 13.20 ± 1.64 and 9.70 ± 0.67 pi moles/gm Ww of intestine at the 
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Table No. 73 

The changes in the non - specific esterase 
activity of intestine of tadpoles 

(stageXlV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.10 3.20 3.40 3.60 3.90 4.10 

±0.04 ±0.38 ±0.82 ±0.67 ±0.22 ±0.67 ±0.38 
0.01% ME 4.20 6.20 8.10 7.70 10.10 13.20 9.70 

±1.09 ±0.67 ±0.89 ±1.10 ±0.22 ±1.64 ±0.67 
(1.40) (2.00) (2.53) (2.26) (2.80) (3.38) (2.36) 

0.1% ME 6.05 9.10 13.80 17.00 23.50 15.80 24.50 
±0.38 ±0.82 ±0.67 ±0.03 ±1.50 ±1.09 ±2.40 
(2.01) (2.93) (4.31) (5.00) (6.52) (4.05) (5.97) 

1% ME 8.00 10.90 15.10 16.20 20.80 25.60 31.90 
±I.50 ±1.47 ±1.24 ±1.95 ±1.88 ±2.25 ±2.04 
(2.66) (3.51) (4.71) (4.76) (5.77) (6.56) (7.78) 

5% ME 9.50 13.90 17.60 18.50 24.30 31.90 37.20 
±0.93 ±2.38 ±8.20 ±0.04 ±0.67 ±2.04 ±1.79 
(3.16) (4.48) (5.50) (5.44) (6.75) (8.17) (9.07) 

10% ME 10.40 14.40 17.60 23.20 - 33.30 39.10 51.80 
±0.22 ±0.82 ±0.82 ±1.09 ±3.11 ±2.13 ±1.44 
(3.46) (4.64) (5.50) (6.82) (9.25) (10.02) (12.63) 

30% ME 12.20 14.40 19.60 24.20 30.10 38.20 50.10 
±1.50 ±0.92 ±0.82 ±0.92 ±0.96 ±0.74 ±0.82 
(4.06) (4.64) (6.12) (7.11) (8.36) (9.79) (12.21) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p‘. 0.001 
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end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed exposure period dependent 

increase of the NSE activity of intestine from the end of six hours (2.01 folds) to 

the end of seventy two hours (6.52 folds). The NSE activity of intestine was 

equivalent to 6.05 ± 0.38, 9.10 ± 0.82, 13.80 ± 0.67, 17.00 ± 0.03, 23.50 ± 1.50, 15.80 ± 

1.09 and 24.50 ± 2.40 p moles per gram Ww of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

1.0 `X) ME induced profound increase of the NSE activity of intestine from 

the end of six hours (2.66 folds) to the end of one twenty hours (7.78 folds). By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity was equivalent to 8.00 ± 1.50, 10.90 ± 1.47, 15.10 ± 

1.24, 16.20 ± 1.95, 20.80 ± 1.98, 25.60 ± 2.25 and 31.90 ± 2.04 p. moles/gm Ww of 

intestine respectively. 

Tadpoles exposed to 5.0 % ME showed exposure period dependent 

increase of the NSE activity of intestine from the end of six hours (3.16 folds) to 

the end of one twenty hours (9.07 folds) except at the end of forty eight hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity was equivalent to 9.50 ± 0.93, 13.90 ± 2.38, 17.60 ± 

8.20, 18.50 ± 0.04, 24.30 ± 0.67, 31.90 ± 2.04 and 37.20 ± 1.79 p moles/gm Ww of 

intestine respectively. 
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Tadpoles subjected to 10.0 `)/0 ME showed chronic increase of the NSE 

activity of intestine ranging from 3.46 folds to 12.63 folds. The NSE activity of 

intestine was equivalent to 10.40 ± 0.22, 14.40 ± 0.82, 17.60 ± 0.82, 23.20 ± 1.09, 

33.30 ± 3.11, 39.10 ± 2.13 and 51.80 ± 1.44 pt moles/gm Ww of intestine at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Under the influence of 30.0 % ME, the tadpoles exhibited chronic increase 

of the NSE activity ranging from 4.06 folds to 12.21 folds. The NSE activity of 

intestine was equivalent to 12.20 ± 1.50, 14.40 ± 0.92, 19.60 ± 0.82, 24.20 ± 0.92, 

30.10 ± 0.96, 38.20 ± 0.74 and 50.10 ± 0.82 p. moles Ww of intestine at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

STAGE XVIII : 

The alterations of the NSE activity of intestine of tadpoles of stages XV to 

XVIII under the influence of mining effluents were almost identical. Therefore, 

the changes of the NSE activity of intestine of stage XVIII exposed to ME are 

reported here and are expressed as micromoles per gram wet weight of intestine 

and are tabulated in Table No. 74 and presented graphically in Graph No. 74. 

It is evident from the table that the control tadpoles exhibited gradual 

increase of the NSE activity of intestine from the end of six hours to the end of 

one twenty hours. The NSE activity of intestine was equivalent to 2.60 ± 0.89, 2.70 

± 0.67, 2.80 ± 0.89, 3.00 ± 0.82, 3.10 ± 0.22, 3.30 ± 0.82 and 3.50 ± 0.67 g moles/gm 
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Table No. 74 

The changes in the non - specific esterase 
activity of intestine of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.60 

±0.89 
2.70 

±0.67 
2.80 

±0.89 
3.00 

±0.82 
3.10 

±0.22 
3.30 

±0.82 
3.50 

±0.67 
0.01% ME 4.20 

±1.00 
(1.61) 

3.40 

6.20 
±0.67 
(2.29) 

5.00 

6.90 
±0.89 
(2.46) 

8.40 

9.10 
±0.82 
(0.03) 

7.70 

9.40 
±0.82 
(3.03) 

8.70 

10.10 
±0.22 
(3.06) 
10.30 

11.10 
±1.34 
(3.17) 
11.10 0.1% ME 

• ±0.89 ±0.04 ±1.24 ±1.09 ±1.44 ±0.27 ±1.34 
(1.30) (1.85) (3.00) (2.56) (2.80) (3.12) (3.17) 

1% ME 1 	5.00 6.50 11.101 	17.00 10.20 13.80 11.10 
±0.04 ±0.03 ±1.34 	±0.03 ±0.27 ±0.67 ±1.34 
(1.82) (2.40) (3.96) (5.56) (3.29) (4.18) (3.17) 

5% ME 6.50 8.80 10.50 10.50 13.50 11.10 22.50 
±0.03 ±0.67 ±0.03 ±0.03 ±0.04 ±1.34 ±1.50 
(2.50) (3.25) (3.75) (3.50) (4.35) (3.36) (6.42) 

10% ME 9.10 10.10 12.30 16.50 23.90 42.50 19.30 
±0.82 ±0.22 ±1.64 ±1.50 ±1.24 ±4.77 ±1.09 
(3.50) (3.74) (4.39) (5.50) (7.70) (12.87) (5.51) 

30% ME 10.20 12.10 14.80 16.70 20.90 24.70 28.10 
±0.67 ±1.06 ±1.34 ±1.09 ±1.34 ±1.67 ±2.77 
(3.92)1 	(4.48) (5.28)1 	(5.56) (6.74) (7.48)1 	(8.02) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 
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Ww of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

except 0.1 % promoted concentration dependent elevations of the NSE activity of 

intestine at the end of six hours while ME concentrations from 0.1 % to 30.0 % 

induced concentration dependent elevations of NSE activity at the end of twelve 

hours. Similarly all the concentrations of ME except 5.0 `)/0 promoted 

concentration dependent elevations of NSE activity of intestine while 30.0 `)/0 ME 

induced chronic elevations of intestinal NSE activity. 

On exposure to 0.01 % ME the tadpoles exhibited exposure period 

dependent increase of the NSE activity of intestine from the end of six hours to 

the end of forty eight hours then it steadied till the end of seventy two hours and 

increased further at the end of ninety six and one twenty hours. The NSE activity 

of intestine was equivalent to 4.20 ± 1.00, 6.20 ± 0.67, 6.90 ± 0.89, 9.10 ± 0.82, 9.40 ± 

0.82, 10.10 ± 0.22 and 11.10 ± 1.34 µ moles/gm Ww of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 `)/0 ME promoted steady increase of the NSE activity of intestine upto 

the end of twenty four hours and it decreased slightly at the end of forty eight 

hours to elevate further upto the end of one twenty hours. At all the exposure 

periods the NSE activity remained above that observed in the control. The NSE 

activity was equivalent to 3.40 ± 0.89, 5.00 ± 0.04, 8.40 ± 1.24, 7.70 ± 1.09, 8.70 ± 

1.44, 10.30 ± 0.27 and 11.10 ± 1.34 µ moles per gram Ww of intestine at the end of 
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six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles subjected to 1.0 `)/0 ME showed steady increase of the NSE activity 

of intestine from the end of six hours to the end of forty eight horus. The NSE 

activity of intestine fluctuated from the end of seventy two hours to the end of 

one twenty hours. The NSE activity of intestine was equivalent to 5.00 ± 0.04, 6.50 

± 0.03, 11.10 ±134, 17.00 ± 0.03, 10.20 ± 0.27, 13.80 ± 0.67 and 11.10 ± 1.34 p, 

moles/gm Ww of intestine at the end of six, twelve, twenty .four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 5.0 % ME showed fluctuations of the NSE activity of 

intestine from the end of six hours to the end of one twenty hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours the NSE activity of intestine was equivalent to 6.50 ± 0.03, 8.80 ± 0.67, 10.50 

± 0.03, 10.50 ± 0.03, 13.50 ± 0.00, 11.10 ± 1.34 and 22.50 ± 1.50 11 moles/gm Ww of 

intestine respectively. 

10.0 % ME induced a profound increase of the NSE activity of intestine 

from the end of six hours to the end of ninety six hours and then it promoted a 

drastic decrease of the activity at the end of one twenty hours. The NSE activity 

elevated by 3.50 to 12.87 folds. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity was equivalent to 

9.10 ± 0.82, 10.10 ± 0.22, 12.30 ± 1.64, 16.50 ± 1.50, 23.90 ± 1.24, 42.50 ± 4.77 and 

19.30 ± 1.09 p moles/gm Ww of intestine respectively. 
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Under the influence of 30.0 `)/0 ME the tadpoles exhibited chronic increase 

of the NSE activity of intestine from the end of six hours to the end of one twenty 

hours. The NSE activity of intestine was equivalent to 10.20 ± 0.67, 12.10 ± 1.06, 

14.80 ± 1.34, 16.70 ± 1.09, 20.90 ± 1.34, 24.70 ± 1.67 and 28.10 ± 2.77 la moles/gm 

Ww of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE XXII : 

The alterations of the NSE activity of intestine of tadpoles of stages XIX to 

XXII under the influence of mining effluents (ME) were almost similar. 

Therefore, alterations of the NSE activity of intestine of stage XXII tadpoles 

exposed to ME are described here and are expressed as micromoles (p. moles) per 

gram wet weight (Ww)of intestine. The alterations of the NSE activity of intestine 

of Stage XXII tadpoles exposed to ME are compiled in Table No. 75 and presented 

graphically in Graph No. 75. 

It is obvious from the table and graph that the NSE activity of intestine of 

control tadpoles varied between 2.70 ± 0.89 p. moles/gm Ww of intestine and 3.10 

± 0.30 la moles/gm Ww of intestine. The NSE activity of intestine was equivalent 

to 2.70 ± 0.89, 2.70 ± 0.50, 2.80 ± 0.40, 2.90 ± 0.40, 3.00 ± 0.20 and 3.10 ± 0.30 p 

moles/gm Ww of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that the various concentrations of 

ME did not promote concentration dependent changes nor exposure period 

dependent changes of the NSE activity. 0.01 and 5.0 `)/0 ME promoted chronic 
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Table No. 75 

The changes in the non - specific esterase 
activity of intestine of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control. 2.70 2.70 2.80 2.80 2.90 3.00 3.10 

±0.89 ±0.50 ±0.20 ±0.40 ±0.40 ±0.20 ±0.30 
0.01% ME 4.10 6.20 6.80 9.40 9.80 10.20 11.80 

±0.70 ±0.50 ±0.40 ±0.30 ±0.30 ±0.20 ±0.30 
(1.51) (2.29) (2.42) (3.35) (3.37) (3.40) (3.80) 

0.1% ME 4.80 6.80 8.40 7.20 8.70 10.70 11.40 
±0.70 ±0.40 ±1.00 ±0.70 ±0.70 ±0.50 ±1.00 
(1.77) (2.51) (3.00) (2.57) (3.00) (3.56) (3.67) 

1% ME 5.40 6.70 10.20 13.40 15.40 9.80 12.20 
±0.50 ±0.30 ±0.90 ±0.90 ±1.20 ±0.90 ±0.90 
(2.00) (2.48) (3.64) (4.78) (5.31) (3.26) (3.93) 

5% ME 5.90 8.40 12.40 15.20 17.40 19.20 20.10 
±0.50 ±0.20 ±0.50 ±1.02 ±0.70 ±1.00 ±1.00 
(2.18) (3.11) (4.42) (5.42) (6.00) (6.40) (6.48) 

10% ME 7.20 9.40 11.40 16.80 14.30 19.80 22.70 
±0.70 ±0.70 ±0.90 ±1.00 ±0.50 ±1.40 ±1.50 
(2.66) (3.48) (4.07) (6.00) (4.93) (6.60) (7.32) 

30% ME 7.30 13.10 17.20 18.40 17.90 24.30 26.80 
±0.70 ±0.80 ±0.70 ±1.70 ±0.40 ±1.30 ±1.20 
(2.70) (4.85) (6.14) (6.57) (6.17) (8.10) (8.64) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p0.001 
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increase of the NSE activity of intestine. A minimum increase of 1.15 fold of the 

NSE activity of intestine was noticed at the end of six hours under the influence 

of 0.01 % ME. A maximum elevation of 8.64 folds in the NSE activity of intestine 

was observed at the end of one twenty hours under the influence of 30.0 `)/0 ME. 

Tadpoles subjected to 0.01 % ME showed exposure period dependent 

increase of the NSE activity of intestine from the end of six hours (1.51 folds) to 

the end of one twenty hours (3.80 folds). The NSE activity of intestine was 

equivalent to 4.10 ± 0.70, 6.20 ± 0.50, 6.80 ± 0.40, 9.40 ± 0.30, 9.80 ± 0.30, 10.20 ± 

0.20 and 11.80 ± 0.30 it moles/gm Ww of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 % ME promoted gradual increase of the NSE activity of intestine from 

the end of six hours to the end of twenty four hours, then it dropped a little at the 

end of forty eight hours to rise back at the end of seventy two hours to the level of 

activity observed at the end of twenty four hours. Then, the activity gradually 

increased upto the end of one twenty hours. The NSE activity of intestine was 

equivalent to 4.80 ± 0.70, 6.80 ± 0.40, 8.40 ± 1.00, 7.20 ± 0.70, 8.70 ± 0.70, 10.70 ± 

0.50 and 11.40 ± 1.00 p, moles per gm Ww of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 1.0 % 'ME exhibited 2.00 fold increase of the NSE 

activity of intestine at the end of six hours while they showed a maximum of 5.31 

fold elevation of the NSE activity of intestine at the end of seventy two hours. By 
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the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the NSE activity was equivalent to 5.40 ± 0.50, 6.70 ± 0.30, 10.20 ± 

0.90, 13.40 ± 0.90, 15.40 ± 1.20, 9.80 ± 0.90 and 12.20 ± 0.90 µ moles/gm Ww of 

intestine respectively. 

On exposure to 5.0 `)/0 ME the tadpoles showed 2.18 fold increase of the 

NSE activity of intestine at the end of six hours while they exhibited 6.48 fold 

elevation of the NSE activity of intestine at the end of one twenty hours. The NSE 

activity of intestine was equivalent to 5.90 ± 0.50, 8.40 ± 0.20, 12.40 ± 0.50, 15.20 ± 

1.02, 17.40 ± 0.70, 19.20 ± 1.00 and 20.10 ± 1.00 pL moles gm Ww of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 10.0 % ME, the tadpoles exhibited gradual increase 

of the NSE activity of intestine from the end of six hours to the end of forty eight 

hours. The NSE activity dropped at the end of seventy two hours. By the end of 

ninety six and one twenty hours the non-specific eterase activity of intestine 

elevated sharply. The NSE activity of intestine was equivalent to 7.20 ± 0.70, 9.40 

± 0.70, 11.40 ± 0.90, 16.80 ± 1.00, 14.30 ± 0.50, 19.80 ± 1.40 and 22.70 ± 1.50 11 

moles/gm Ww of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When the tadpoles were subjected to 30.0 % ME they exhibited gradual 

increase of the NSE activity of intestine from the end of six hours to the end of 

forty eight hours. The NSE activity dropped at the end of seventy two hours but 

subsequently the activity increased till the end of one twenty hours. The NSE 
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activity of intestine was equivalent to 7.30 ± 0.70, 13.10 ± 0.80, 17.20 ± 0.70, 18.40 ± 

1.70, 17.90 ± 0.40, 24.30 ± 1.30 and 26.80 ± 1.20 p. moles/gm Ww of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

LIVER : 

STAGE V : 

The alterations of the NSE activity of liver of tadpoles of stages I to V 

under the influence of mining effluents (ME) were almost similar. Therefore, the 

changes of NSE activity of liver of tadpoles of stage V under the influence of ME 

mentioned here as a representative of a group and expressed as micromoles/gm 

Ww of liver. The changes of the NSE activity of liver of tadpole stage V are 

compiled in Table No. 76 and presented graphically in Graph No. 76. 

From the table and graph it appears that the control tadpoles exhibited 

gradual increase of the NSE activity of liver from the end of six hours to the end 

of one twenty hours. The NSE activity of liver of control tadpoles was equivalent 

to 1.50 ± 0.03, 1.60 ± 0.07, 1.70 ± 0.05, 1.90 ± 0.03, 2.20 ± 0.07, 2.40 ± 0.05 and 2.60 ± 

0.03 .t moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is clear that ME did not promote concentration 

dependent increase of the NSE activity of liver of tadpoles. 0.01, 0.1, 1.0 and 10.0 

% ME promoted exposure period dependent increase till the end of ninety six 

hours while ME concentrations like 5.0 `)/0 and 30.0 % promoted chronic increase 
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Table No. 76 

The changes in the non - specific esterase 
activity of liver of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.50 1.60 1.70 1.90 2.20 2.40 2.60 

±0.03 ±0.07 ±0.05 ±0.03 ±0.07 ±0.05 ±0.03 
0.01% ME 3.60 7.20 18.10 22.90 28.70 35.90 8.38 

±0.12 ±0.36 ±0.48 ±0.32 ±0.72 ±3.02 ±1.75 
(2.40) (4.50) (10.64) (12.05) (13.04) (14.95) (3.22) 

0.1% ME 4.30 8.40 17.30 25.80 32.90 38.00 4.60 
±0.32 ±0.35 ±0.36 ±0.40 ±0.40 ±0.04 ±0.89 
(2.86) (5.25) (10.17) (13.57) (14.95) (15.83) (1.76) 

1% M E 7.20 18.10 22.90 28.90 34.90 42.00 17.30 
±0.42 ±0.72 ±1.26 ±1.43 ±1.32 ±0.17 ±0.67 
(4.80) (11.31) (13.47) (15.21) (15.86) (17.50) (6.65) 

5% ME 3.20 3.80 4.10 4.70 6.30 7.00 18.20 
±0.16 ±0.54 ±0.07 ±0.32 ±0.12 ±1.50 ±0.67 
(2.13) (2.37) (2.41) (2.47) (2.86) (2.91) (7.00) 

10% ME 6.40 7.80 9.30 11.20 14.30 19.70 21.00 
±0.26 ±0.72 ±1.73 ±1.46 ±1.26 ±1.09 ±0.93 
(4.26) (4.87) (5.47) (5.89) (6.50) (8.20) (8.07) 

30% ME 7.20 8.10 14.30 17.30 20.10 25.30 28.00 
±0.36 ±0.52 ±1.32 ±1.72 ±1.42 ±0.32 ±0.42 
(4.80) (5.06) (8.41) (9.10) (9.13) (10.54) (10.76) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at ID.0.001 
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of the NSE activity of liver upto the end of one twenty hours. A minimum of 1.76 

fold increase of the NSE activity of liver was observed at the end of one twenty 

hours under the influence of 0.1 % ME. A maximum of 17.50 fold elevation of the 

NSE activity of liver was noticed at the end of ninety six hours when the tadpoles 

were exposed to 1.0 % ME. 

0.01 % ME promoted profound increase of the NSE activity of liver from 

the end of six hours (2.40 fold) to the end of ninety six hours (14.95 folds). The 

NSE activity of liver was equivalent to 3.60 ± 0.12, 7.20 ± 0.36, 18.10 ± 0.48, 22.90 ± 

0.32, 28.70 ± 0.72, 35.90 ± 3.02 and 8.38 ± 1.75 p. moles/gm ww of liver at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles exposed to 0.1 `)/0 ME showed profuse increase of the NSE activity 

of liver from the end of six hours (2.86 folds) to the end of ninety six hours (15.83 

folds). By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the NSE activity of liver was equivalent to 4.30 ± 0.32, 8.40 

± 0.35, 17.30 ± 0.36, 25.80 ± 0.40, 32.90 ± 0.40, 38.00 ± 0.04 and 4.60 ± 0.89 

moles/gm Ww of liver respectively. 

Tadpoles subjected to 1.0 % ME exhibited 4.80 folds increase of the NSE 

activity of liver at the end of six horus, while it elevated by 17.50 folds by the end 

of ninety six hours. The NSE activity of liver was equivalent to 7.20 ± 0.42, 18.10 ± 

0.72, 22.90 ± 1.26, 28.90 ± 1.43, 34.90 ± 1.32, 42.00 ± 0.17 and 17.30 ± 0.67 11 

moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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5.0 `)/0 ME induced only 2.13 fold rise of the NSE activity of liver at the end 

of six hours and continued to increase marginally upto the end of ninety six 

hours while the activity shot up at the end of one twenty hours to 7.00 folds. The 

NSE activity of liver was equivalent to 3.20 ± 0.16, 3.80 ± 0.54, 4.10 ± 0.07, 4.70 ± 

0.32, 6.30 ± 0.12, 7.00 ± 1.50 and 18.20 ± 0.67 p moles/gm Ww of liver at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Under the influence of 10.0 `)/0 ME, the tadpoles showed 4.26 fold increase 

of the NSE activity of liver at the end of six hours while they exhibited 8.20 fold 

rise of the activity at the end of ninety six hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the NSE activity 

of liver was equivalept to 6.40 ± 0.26, 7.80 ± 0.72, 9.30 ± 1.73, 11.20 ± 1.46, 14.30 ± 

1.26, 19.70 ± 1.09 and 21.00 ± 0.93 µ moles/gm Ww of liver respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 4.80 fold increase of the 

NSE activity of liver at the end of six hours while they showed 10.76 fold increase 

of the NSE activity of liver at the end of one twenty hours. The NSE activity of 

liver was equivalent to 7.20 ± 0.36, 8.10 ± 0.52, 14.30 ± 1.32, 17.30 ± 1.72, 20.10 ± 

1.42, 25.30 ± 0.32 and 28.00 ± 0.42 µ moles/gm Ww of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE VIII : 

The alterationis of the NSE activity of liver of tadpoles of stages VI to VIII 

under the influence of mining effluents were almost similar, therefore the changes 
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Table No. 77 

The changes in the non - specific esterase 
activity of liver of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4.00 4.10 4.20 4.40 4.60 4.80 5.10 

±0.12 ±0.20 ±0.30 ±0.20 ±0.12 ±0.20 ±0.40 
0.01% ME 5.20 5.40 7.10 8.10 9.20 11.20 13.20 

±0.80 ±0.50 ±0.40 ±0.50 ±0.30 ±0.40 ±0.40 
(1.30) (1.31) (1.69) (1.84) (2.00) (2.33) (2.58) 

0.1% ME 5.40 7.40 7.40 9.20 10.10 11.30 14.30 
±0.90 ±0.80 ±0.40 ±0.12 ±0.20 ±0.70 ±1.20 
(1.35) (1.80) (1.76) (2.09) (2.19) (2.35) (2.80) 

11% ME 5.70 8.20 10.10 14.20 17.30 19.30 20.10 
±0.50 ±0.80 ±0.30 ±0.40 ±1.70 ±1.50 ±1.40 
(1.42) (2.00) (2.40) (3.22) (3.76) (4.02) (3.94) 

5% ME 7.10 13.20 14.50 17.10 18.10 19.20 21.40 
±0.40 ±0.40 ±0.30 ±0.20 ±1.80 ±1.80 ±1.90 
(1.77) (3.21) (3.45) (3.88) (3.93) (4.00) (4.19) 

10% ME 10.10 14.60 22.10 25.60 38.20 40.10 49.10 
±0.30 ±0.30 ±1.50 ±1.50 ±1.60 ±1.70 ±1.70 
(2.52) (3.56) (5.26) (5.81) (8.30) (8.35) (9.62) 

30% ME 11.30 17.20 23.10 24.20 37.10 42.70 50.10 
±0.40 ±0.30 ±1.50 ±1.20 ±1.80 ±1.90 ±2.00 
(2.82)1 	(4.19)1 	(5.50)1 	(5.50)1 	(8.06) (8.89) (9.82) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p< 0.001 
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of the NSE activity of tadpoles of stage VIII are described here as it is a relatively 

higher stage in the group. The alterations of the NSE activity of liver is expressed 

as micromoles (g moles) per gram Wet weight (Ww) of liver and compiled in 

Table No. 77 and presented graphically in Graph No. 77. 

The table and graph reveal that the control tadpoles exhibited marginal 

increase of the NSE activity of liver from the end of six hours to the end of one 

twenty hours. The control tadpoles exhibited NSE activity equivalent to 4.00 ± 

0.12, 4.10 ± 0.20, 4.20 ± 0.30, 4.40 ± 0.20, 4.60 ± 0.12, 4.80 ± 0.20 and 5.10 ± 0.40 g 

moles per gram Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is evident from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the NSE activity of liver at six, 

twelve, twenty four and one twenty hours. Under the influence of 0.01 % ME, 

1.30 fold increase of the NSE activity of liver was observed at the end of six hours, 

while 9.82 fold increase of the activity was noticed at the end of one twenty hours 

when the tadpoles were exposed to 30.0 % ME. ME concentration like 0.01, 5.0 

and 10.0 % induced exposure dependent increase of NSE activity. 

Under the influence of 0.01 % ME, the tadpoles showed progressive 

increase of the NSE activity of liver from the end of six hours to the end of one 

twenty hours. The NSE activity of liver was equivalent to 5.20 ± 0.80, 5.40 ± 0.50, 

7.10 ± 0.40, 8.10 ± 0.50, 9.20 ± 0.30, 11.20 ± 0.40 and 13.20 ± 0.40 g moles/gm Ww 

of liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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Tadpoles exposed to 0.1 % ME showed a successive increase of the NSE 

activity of liver except at the end of twenty four hours and NSE activity 

elevations ranged between 1.35 folds to 2.80 folds. The NSE activity of liver was 

equivalent to 5.40 ± 0.90, 7.40 ± 0.80, 7.40 ± 0.40, 9.20 ± 0.12, 10.10 ± 0.20, 11.30 ± 

0.70 and 14.30 ± 1.20 p, moles/gm Ww of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

1.0 `)/0 ME promoted profound increase of the NSE activity of liver from the 

end of six hours (1.42 folds) to the end of ninety six hours (4.02 folds). By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the NSE activity of liver was equivalent to 5.70 ± 0.50, 8.20 ± 0.80, 10.10 ± 

0.30, 14.20 ± 0.40, 17.30 ± 1.70, 19.30 ± 1.50 and 20.10 ± 1.40 la moles/gm Ww of 

liver respectively. 

Tadpoles subjected to 5.0 % ME exhibited progressive increase of the NSE 

activity of liver from the end of six hours (1.77 folds) to the end of one twenty 

hours (4.19 folds). The NSE activity of liver was equivalent to 7.10 ± 0.40, 13.20 ± 

0.40, 14.50 ± 0.30, 17.10 ± 0.20, 18.10 ± 1.80, 19.20 ± 1.80 and 21.40 ± 1.90 

moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

On exposure to 10.0 % ME the tadpoles showed 2.52 fold increase of the 

NSE activity of liver at the end of six hours while they exhibited 9.62 fold increase 

at the end of one twenty hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the NSE activity was 
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Table No. 78 

The changes in the non - specific esterase 
activity of liver of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 5.60 5.70 5.80 6.10 6.40 6.60 6.80 

±0.82 ±0.10 ±0.27 ±0.22 ±0.09 ±0.82 ±0.89 
0.01% ME 6.50 8.50 10.30 10.50 15.40 59.50 11.0 

±0.02 ±0.09 ±0.27 ±0.02 ±0.89 ±0.68 ±1.41 
(1.16) (1.49) (1.77) (1.72) (2.40) (9.01) (1.61) 

0.1% ME 10.20 12.60 28.10 36.50 49.70 53.20 66.90 
±0.27 ±2.01 ±0.82 ±1.50 ±1.09 ±1.09 ±2.13 
(1.82) (2.21) (4.84) (5.98) (7.76) (8.06) (9.83) 

1% M E 10.10 14.80 20.70 23.20 41.10 56.40 68.40 
±0.22 ±1.44 ±1.44 ±1.09 ±3.09 ±2.68 ±8.89 
(1.80) (2.59) (3.56) (3.80) (6.42) (8.54) (10.05) 

5% ME 12.901 	16.20 21.50 30.90 36.40 42.20 55.60 
±2.27 	±1.09 ±1.54 ±1.24 ±0.89 ±1.89 ±0.89 
(2.30) 	(2.84) (3.70) (5.06) (5.68) (6.39) (8.17) 

10% ME 13.20 	15.50 20.70 26.40 31.90 36.40 42.50 
±1.64 	±1.50 ±1.44 ±1.60 ±0.82 ±0.89 ±1.87 
(2.35) 	(2.71) (3.56) (4.32) (4.98) (5.51) (6.25) 

30% ME 15.10 	20.20 27.00 32.10 36.40 39.70 44.40 
±0.09 	±1.21 ±2.05 ±1.09 ±4.32 ±0.92 ±1.11 
(2.69) 	(3.54) (4.65) (5.26) (5.68) (6.01) (6.52) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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equivalent to 10.10 ± 0.30, 14.60 ± 0.30, 22.10 ± 1.50, 25.60 ± 1.50, 38.20 ± 1.60, 40.10 

± 1.70 and 49.10 ± 1.70 p moles/gm Ww of liver respectively. 

30.0 % ME induced 2.82 fold increase of the NSE activity of liver at the end 

of six hours while it promoted 9.82 fold elevation of the NSE activity of liver at 

the end of one twenty hours. The NSE activity of liver was equivalent to 11.30 ± 

0.40, 17.20 ± 0.30, 23.10 ± 1.50, 24.20 ± 1.20, 37.10 ± 1.80, 42.70 ± 1.90 and 50.10 ± 

2.00 p. moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The alterations of the NSE activity of liver of tadpoles of stages IX to XIV 

under the influence to mining effluents (ME) were almost similar. Therefore, the 

alterations of the NSE activity of liver of tadpoles of stage XIV exposed to ME are 

described here and are expressed as micromoles/gm Ww of liver. These changes 

of NSE activity are tabulated in Table No. 78 and presented graphically in Graph 

No. 78. 

From the table and graph it is obvious that the control tadpoles showed 

gradual increase of the NSE activity from the end of six hours to the end of one 

twenty hours and NSE activity ranged between 5.60 ± 0.82 and 6.80 ± 0.82 IA 

moles/gm Ww of liver. The NSE activity of liver of control tadpoles was 

equivalent to 5.60 ± 0.82, 5.70 ± 0.10, 5.80 ± 0.27, 6.10 ± 0.22, 6.40 ± 0.09, 6.60 ± 0.82 

and 6.80 ± 0.89 p, moles/gm Ww of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 
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It is also evident from the table and graph that all the concentrations of ME 

except 1.0 % produced concentration dependent elevations of the NSE activity of 

liver at the end of six hours while at the end of twelve hours all the 

concentrations of ME except 10.0 % induced concentration dependent elevations 

of NSE activity of liver but 0.1, 5.0, 10.0 and 30.0 (}/0 concentrations of ME 

promoted exposure period dependent elevation of the NSE activity of liver. 

0.01 % ME induced 1.16 fold increase of the NSE activity of liver at the end 

of six hours while it promoted 9.01 fold increase of the NSE activity of liver at the 

end of ninety six hours. The .NSE activity of liver was equivalent to 6.50 ± 0.02, 

8.50 ± 0.09, 10.30 ± 0.27, 10.50 ± 0.02, 15.40 ± 0.89, 59.50 ± 0.68 and 11.00 ± 1.41 

moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME showed 1.82 fold increase of the NSE 

activity of liver at the end of six hours while they exhibited 9.83 fold elevation of 

the NSE activity of liver at the end of one twenty hours. -By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity of liver was equivalent to 10.20 ± 0.27, 12.60 ± 2.01, 28.10 ± 0.82, 36.50 ± 

1.50, 49.70 ± 1.09, 53.20 ± 1.09 and 66.90 ± 2.13 p, moles/gm Ww of liver 

respectively. 

Under the influence of 1.0 `)/0 ME the tadpoles showed 1.80 fold increase of 

the NSE activity of liver at the end of six hours while they exhibited 10.05 fold 

elevation of the NSE activity of liver at the end of one twenty hours. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 
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hours, the NSE activity of liver was equivalent to 10.10 ± 0.22, 14.80 ± 1.44, 20.70 ± 

1.44, 23.20 ± 1.09, 41.10 ± 3.09, 56.40 ± 2.68 and 68.40 ± 0.89 p. moles/gm Ww of 

liver respectively. 

Tadpoles subjected to 5.0 % ME exhibited 2.30 fold elevation of the NSE 

activity of liver at the end of six hours, while they showed 8.17 fold increase of 

the NSE activity of liver by the end of one twenty hours. The NSE activity of liver 

was equivalent to 12.90 ± 2.27, 16.20 ± 1.09, 21.50 ± 1.54, 30.90 ± 1.24, 36.40 ± 0.89, 

42.20 ± 1.89 and 55.60 ± 0.89 p, moles/gm Ww of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

10.0 % ME promoted 2.35 fold increase of the NSE activity of liver at the 

end of six hours while it induced 6.25 fold elevation of the NSE activity of liver at 

the end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of liver was 

equivalent to 13.20 ± 1.64, 15.50 ± 1.50, 20.70 ± 1.44, 26.40 ± 1.60, 31.90 ± 0.82, 36.40 

± 0.89 and 42.50 ± 1.87 p, moles/gm Ww of liver respectively. 

On exposure to 30.0 % ME the tadpoles showed 2.69 fold increase of the 

NSE activity of liver at the end of six hours while they exhibited 6.52 fold increase 

of the NSE activity of liver at the end of one twenty hours. The NSE activity of 

liver was equivalent to 15.10 ± 0.09, 20.20 ± 1.21, 27.00 ± 2.05, 32.10 ± 1.09, 36.40 ± 

4.32, 39.70 ± 0.92 and 44.40 ± 1.11 .t moles/gm Ww of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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STAGE XVIII : 

The alterations of the NSE activity of liver of tadpoles of stages XV to XVIII 

exposed to mining effluents were almost similar. Therefore, the alterations of the 

NSE activity of liver of tadpoles of stage XVIII exposed to ME are reported here 

and are expressed as micromoles/gm Ww of liver. The changes of the NSE 

activity of liver of stage XVIII tadpoles are tabulated in Table No. 79 and 

presented graphically in Graph No. 79. 

From the table and graph it is clear that the control tadpoles exhibited 

gradual increase of the NSE activity of liver from the end of six hours to the end 

of one twenty hours. The NSE activity of liver of control tadpoles was equivalent 

to 6.50 ± 0.05, 6.60 ± 0.08, 6.70 ± 0.27, 6.90 ± 0.32, 7.10 ± 0.36, 7.40 ± 0.27 and 7.60 ± 

0.32 µ moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is revealed by the table and graph that ME did not promote 

concentration dependent rise of the non-specific activity of liver, except at the 

end of six hours where 0.01 `)/0 to 5.0 % ME produced concentration dependent 

elevation of NSE activity of liver. But all the concentrations of ME except 1.0 % 

and 5.0 % promoted exposure period dependent elevations of the NSE activity of 

liver. 

Under the influence of 0.01 % ME the tadpoles exhibited 1.56 fold increase 

of the NSE activity of liver at the end of six hours while they showed 11.91 folds 

elevations of the NSE activity of liver at the end of one twenty hours. The NSE 

activity of liver was equivalent to 10.20 ± 0.27, 17.00 ± 0.05, 24.70 ± 1.56, 45.00 ± 
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Table No. 79 

The changes in the non - specific esterase 
activity of liver of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 6.50 

±0.05 
6.60 

±0.08 
6.70 

±0.27 
6.90 

±0.32 
7.10 

±0.36 
7.40 

±0.27 
7.60 

±0.32 
0.01% ME 10.20 17.00 24.70 45.00 57.60 74.80 90.52 

±0.27 ±0.05 ±1.56 ±3.77 ±2.04 ±1.44 ±1.40 
(1.56) (2.57) (3.68) (6.52) (8.11) (10.10) (11.91) 

0.1% ME 10.50 18.30 37.30 66.80 74.00 81.94 90.60 
±0.08 ±1.44 ±2.11 ±1.09 ±2.92 ±3.06 ±1.34 
(1.61) (2.77) (5.56) (9.68) (10.42) (11.07) (11.92) 

1% ME 15.00 17.00 21.00 56.60 39.80 58.20 75.50 
±0.03 ±0.03 ±1.54 ±0.82 ±1.75 ±1.89 ±1.50 
(2.30) (2.57) (3.13) (8.20) (5.60) (7.86) (9.93) 

5% ME 21.50 31.30 40.40 51.00 58.50 56.60 74.40 
±1.54 ±2.56 ±3.49 ±1.54 ±1.54 ±0.82 ±0.82 
(3.30) (4.74) (6.02) (7.39) (8.23) (7.64) (9.78) 

10% ME 19.60 30.90 45.30 51.10 55.10 61.60 70.10 
±1.60 ±2.77 ±4.34 ±0.82 ±1.60 ±2.04 ±2.38 
(3.01) (4.68) (6.76) (7.40) (7.76) (8.32) (9.22) 

30% ME 21.50 28.90 39.40 44.10 57.00 63.60 80.10 
±1.72 ±1.60 ±2.11 ±1.54 ±1.60 ±0.82 ±2.83 
(3.30) (4.37) (5.88) (6.39) (8.02) (8.59) (10.53) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p:0.001 
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3.77, 57.60 ± 2.04, 74.80 ± 1.44 and 90.52 ± 1.40 11 moles/gm Ww of liver at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

0.1 `)/0 ME promoted 1.61 fold increase of the NSE activity of liver at the 

end of six hours while it induced 11.92 fold elevation of the NSE activity of liver 

at the end of one twenty hours. The NSE activity was equivalent to 10.50 ± 0.08, 

18.30 ± 1.44, 37.30 ± 2.11, 66.80 ± 1.09, 74.00 ± 2.92, 81.94 ± 3.06 and 90.60 ± 1.34 11 

moles/gm Ww of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles showed 2.30 fold increase of the 

NSE activity of liver at the end of six hours while they exhibited 9.93 fold increase 

of the NSE activity of liver at the end of one twenty hours. The NSE activity of 

liver was equivalent to 15.00 ± 0.03, 17.00 ± 0.03, 21.00 ± 1.54, 56.60 ± 0.82, 39.80 ± 

1.75, 58.20 ± 1.89 and 75.50 ± 1.50 µ moles/gm Ww of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 5.0 % ME showed 3.30 fold increase of the NSE 

activity of liver at the end of six hours while they exhibited 9.78 fold elevation of 

the NSE activity of liver at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity of liver was equivalent to 21.50 ± 1.54, 31.30 ± 2.56, 40.40 ± 3.49, 51.00 ± 

1.54, 58.50 ± 1.54, 56.60 ± 0.82 and 74.40 ± 0.82 II moles per gm Ww of liver 

respectively. 
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10.0 % ME induced 3.01 fold rise of the NSE activity of liver at the end of 

six hours while it produced 9.22 fold increase of the NSE activity of liver at the 

end of one twenty hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of liver was 

equivalent to 19.60 ± 1.60, 30.90 ± 2.77, 45.30 ± 4.34, 51.10 ± 0.82, 55.10 ± 1.60, 61.60 

± 2.04 and 70.10 ± 2.38 p. moles /gm Ww of liver respectively. 

On exposure to 30.0 % ME the tadpoles showed 3.30 fold increase of the 

NSE activity of liver at the end of six hours while they exhibited 10.53 folds 

elevation of the NSE activity of liver at the end of one twenty hours. The NSE 

activity of liver was equivalent to 21.50 ± 1.72, 28.90 ± 1.60, 39.40 ± 2.11, 44.10 ± 

1.54, 57.00 ± 1.60, 63.60 ± 0.82 and 80.10 ± 2.38 g moles/gm Ww of liver at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

STAGE XXII : 

The alterations of the NSE activity of liver of tadpoles of stages XIX to XXII 

under the influence of mining effluents were almost similar. Therefore, the 

alterations of the NSE activity of liver of tadpoles of stage XXII exposed to ME are 

presented here and are expressed as micromoles/gm Ww of liver. The changes 

of the NSE activity of liver are tabulated in Table No. 80 and presented 

graphically in Graph No. 80. 

It is revealed by the table and graph that the control tadpoles exhibited 

gradual increase of the NSE activity of liver from the end of six hours to the end 

of one twenty hours. The NSE activity of liver of control tadpoles was equivalent 
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Table No. 80 

The changes in the non - specific esterase 
activity of liver of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 	24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 6.50 6.70 	6.80 6.90 7.10 7.30 7.40 

±0.03 ±0.76 	±0.81 ±0.92 ±0.76 ±0.72 ±0.86 
0.01% ME 10.36 17.50 	25.00 46.00 57.30 75.40 90.72 

±1.36 ±2.52 	±1.36 ±3.72 ±2.14 ±2.76 ±1.45 
(1.59) (2.61) 	(3.67) (6.66) (8.07) (10.32) (12.25) 

0.1% ME 10.56 19.46 	38.40 67.20 73.16 82.76 90.72 
±0.76 ±1.76 	±3.12 ±2.07 ±2.46 ±3.12 ±2.76 
(1.62) (2.90) 	(5.64) (9.73) (10.3) (11.33) (12.25) 

1% ME 16.20 17.40 	22.50 57.40 40.50 59.20 76.20 
±1.09 ±1.54 	±0.09 ±2.00 ±2.70 ±2.70 ±2.90 
(2.49) (2.59) 	(3.30) (8.31) (5.70) (8.10) (10.29) 

5% ME 20.50 32.40 	41.20 52.00 60.40 62.50 74.50 
±1.90 ±1.50 	±1.20 ±1.70 ±1.80 ±2.40 ±2.50 
(3.15) (4.83) 	(6.05) (7.53) (8.50) (8.56) (10.06) 

10% ME 22.70 34.70 	46.30 53.70 57.10 63.40 70.40 
±1.70 ±1.50 	±1.70 ±1.20 ±2.40 ±3.20 ±2.00 
(3.49) (5.17) 	(6.80) (7.78) (8.04) (8.68) (9.51) 

30% ME 23.40 30.40 	45.40 49.70 56.40 64.20 79.80 
±1.70 ±1.70 	±1.90 ±2.00 ±2.10 ±2.10 ±2.80 
(3.6) (4.53)1 	(6.67) (7.20) (7.94) (8.79) (10.781 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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to 6.50 ± 0.03, 6.70 ± 0.76, 6.80 ± 0.81, 6.90 ± 0.92, 7.10 ± 0.76, 7.30 ± 0.72 and 7.40 ± 

0.86 p. moles per gm Ww of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations promoted 

concentration dependent elevations of the NSE activity of liver at the end of six 

hours only but all concentrations of ME except 1.0 % ME promoted exposure 

period dependent increase of the NSE activity of liver. 

0.01 % ME promoted chronic alterations of the NSE activity of liver from 

the end of six hours (1.59 folds) to the end of one twenty hours (12.25 folds). The 

NSE activity of liver was equivalent to 10.36 ± 1.36, 17.50 ± 2.52, 25.00 ± 1.36, 46.00 

± 3.72, 57.30 ± 2.14, 75.40 ± 2.76 and 90.72 ± 1.45 p. moles/gm Ww of liver at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed 1.62 fold increase of the 

NSE activity of liver at the end of six hours while they exhibited 12.25 fold 

elevation of the NSE activity of liver at the end of one twenty hours. At the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the NSE activity of liver was equivalent to 10.56 ± 0.76, 19.46 ± 1.76, 38.40 ± 

3.12, 67.20 ± 2.07, 73.16 ± 2.46, 82.76 ± 3.12 and 90.72 ± 2.76 p moles/gm Ww of 

liver respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited 2.49 fold rise of the 

NSE activity of liver at the end of six hours while they showed 10.29 fold increase 
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of the NSE activity of liver at the end of one twenty hours. The NSE activity of 

liver was equivalent to 16.20 ± 1.09, 17.40 ± 1.54, 22.50 ± 0.09, 57.40 ± 2.00, 40.50 ± 

2.70, 59.20 ± 2.70 and 76.20 ± 2.90 µ moles/gm Ww of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 5.0 % ME showed 3.15 fold increase of the NSE 

activity of liver while they exhibited 10.06 fold elevation of the NSE activity of 

liver at the end of one twenty hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the NSE was equivalent to 

20.50 ± 1.90, 32.40 ± 1.50, 41.20 ± 1.20, 52.00 ± 1.70, 60.40 ± 1.80, 62.50 ± 2.40 and 

74.50 ± 2.50 p. moles/gm Ww of liver respectively. 

10.0 `)/0 ME promoted 3.49 fold increase of the NSE activity of liver at the 

end of six hours while it induced 9.51 fold elevation of the NSE activity at the end 

of one twenty hours. At the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity of liver was equivalent to 

22.70 ± 1.70, 34.70 ± 1.50, 46.30 ± 1.70, 53.70 ± 1.20, 57.10 ± 2.40, 63.40 ± 3.20 and 

70.40 ± 2.00 la moles/gm Ww of liver respectively. 

Tadpoles exposed to 30.0 % ME showed 3.60 fold rise of the NSE activity 

of liver at the end of six hours while they exhibited 10.78 fold increase of the NSE 

activity of liver at the end of one twenty hours. The NSE activity of liver was 

equivalent to 23.40 ± 1.70, 30.40 ± 1.70, 45.40 ± 1.90, 49.70 ± 2.00, 56.40 ± 2.10, 64.20 

± 2.10 and 79.80 ± 2.80 p. moles/gm Ww of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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KIDNEY : 

STAGE V : 

The alterations of the NSE activity of kidney of tadpoles of stages I to IV 

under the influence of mining effluents (ME) were non significant. Therefore, the 

alterations of the NSE activity of kidney of tadpoles of stage V exposed to ME 

described here as the changes of NSE activity were quite significant. The 

alterations of the NSE activity of kidney of tadpoles of stage V are expressed as 

micromoles (II moles) per gram wet weight (Ww) of kidney and are tabulated in 

Table No. 81 and presented graphically in Graph No. 81. 

The table and graph reveals that the control tadpoles exhibited gradual 

elevation of the NSE activity of kidney from the end of six hours to the end of one 

twenty hours. The NSE activity of kidney of control tadpoles was equivalent to 

1.70 ± 0.06, 1.80 ± 0.04, 1.90 ± 0.07, 2.10 ± 0.06, 2.30 ± 0.08, 2.50 ± 0.09 and 2.70 ± 

0.06 .t moles/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

except 0.01, 0.1 and 1.0 `)/0 could not promote exposure dependent changes of the 

NSE activity of kidney. 0.01, 0.1 and 1.0 `)/0 ME promoted profound increases in 

NSE activity of kidney from the end of six hours upto the end of ninety six hours. 

However, 1.0 to 30.0 % ME induced nearly concentration dependent elevations of 

NSE activity at the end of six hours only. 
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Table No. 81 

The changes in the non - specific esterase 
activity of kidney of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.70 1.80 1.90 2.10 2.30 2.50 2.70 

±0.06 ±0.04 ±0.07 ±0.06 *0.08 ±0.09 ±0.06 
0.01% ME 5.00 12.10 16.10 20.10 25.10 29.10 24.80 

±0.82 ±0.36 ±0.42 ±0.32 ±0.33 ±2.25 ±6.26 
(2.94) (6.72) (8.47) (9.57) (10.91) (11.64) (9.18) 

0.1% ME 1.40 2.10 8.72 16.40 26.20 29.50 16.90 
±0.12 ±0.02 ±0.36 ±0.42 ±0.02 ±0.03 ±1.24 
(0.82) (1.16) (4.58) (7.80) (11.39) (11.80) (6.25) 

11% ME 7.30 11.701 	15.20 19.10 22.40 29.00 24.20 
±0.40 ±0.12 	±0.72 ±0.36 ±0.40 ±0.10 ±0.44 
(4.29) (6.50) (8.00) (9.09) (9.73) (11.6) (8.96) 

5% ME 8.20 9.10 16.40 12.10 10.70 11.10 20.70 
±0.50 ±0.70 ±0.34 ±1.26 ±1.32 ±1.34 ±2.58 
(4.82) (5.05) (8.63) (5.76) (4.65) (4.44) (7.66) 

10% ME 10.40 8.10 14.50 17.30 18.10 21.40 33.70 
±0.56 ±0.36 ±0.25 ±0.26 ±0.56 ±0.82 ±1.09 
(6.11) (4.50) (7.63) (8.23) (7.86) (8.56) (12.48) 

30% ME 11.20 14.10 13.20 10.10 15.10 20.10 30.80 
±0.36 ±0.25 ±0.36 ±1.26 ±1.22 ±1.25 ±2.10 
(6.58){ 	(7.83) (6.94) (4.80) (6.56)1 	(8.04)1 (11.4)1 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p ■ 0.001 
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Tadpoles exposed to 0.01 `1/0 ME showed 2.94 fold increase of the NSE 

activity of kidney at the end of six hours while at the end of ninety six hours there 

was 11.64 fold increase of the NSE activity of kidney. The NSE activity of kidney 

was equivalent to 5.00 ± 0.82, 12.10 ± 0.36, 16.10 ± 0.42, 20.10 ± 0.32, 25.10 ± 0.33, 

29.10 ± 2.25 and 24.80 ± 6.26 11 moles/gm Ww of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 0.1 % ME showed reduction (17.64 %) of NSE 

activity which mathematically appears as 0.82 fold increase at the end of six hours 

while they exhibited 11.80 fold increase of the NSE activity of kidney at the end 

ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of kidney was equivalent to 

1.40 ± 0.12, 2.10 ± 0.02, 8.72 ± 0.36, 16.40 ± 0.42, 26.20 ± 0.02, 29.50 ± 0.03, 16.90 ± 

1.24 IA moles/gm Ww of kidney respectively. 

1.0 % ME induced 4.29 fold increase of the NSE' activity of kidney at the 

end of six hours while it promoted 11.60 fold increase of the NSE activity of 

kidney at the end of ninety six hours. The NSE activity of kidney was equivalent 

to 7.30 ± 0.40, 11.70 ± 0.12, 15.20 ± 0.72, 19.10 ± 0.36, 22.40 ± 0.40, 29.00 ± 0.10 and 

24.20 ± 0.44 11 moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 % 'ME the tadpoles showed 4.82 fold increase of 

the NSE activity of kidney at the end of six hours while they exhibited a 

maximum of 8.63 fold increase of the NSE activity of kidney at the end of twenty 
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four hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of kidney was equivalent to 

8.20 ± 0.50, 9.10 ± 0.70, 16.40 ± 0.34, 12.10 ± 1.26, 10.70 ± 1.32, 11.10 ± 1.34 and 20.70 

± 2.58 µ moles/gm Ww of kidney respectively. 

On exposure to 10.0 % ME the tadpoles showed a minimum 4.50 fold 

increase of the NSE activity of kidney at the end of twelve hours while at the end 

of one twenty hours the tadpoles exhibited a maximum of 12.48 fold increase of 

the NSE activity of kidney. The NSE activity of kidney was equivalent to 10.40 ± 

0.56, 8.10 ± 0.36, 14.50 ± 0.25, 17.30 ± 0.26, 18.10 ± 0.56, 21.40 ± 0.82 and 33.70 ± 

1.09 µ moles/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

30.0 % ME induced a minimum of 4.80 fold increase of the NSE activity of 

kidney at the end of forty eight hours while it promoted a maximum of 11.40 fold 

increase of the NSE activity of kidney at the end of one twenty hours. The NSE 

activity of kidney was equivalent to 11.20 ± 0.36, 14.10 ± 0.25, 13.20 ± 0.36, 10.10 ± 

1.26, 15.10 ± 1.22, 20.10 ± 1.25 and 30.80 ± 2.10 IA moles/gm Ww of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE VIII : 

The alterations of the NSE activity of kidney of tadpoles of stages VI to 

VIII under the influence of mining effluents (ME) were almost identical. 

Therefore, the alterations of stage VIII tadpoles exposed to ME are described here 
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Table No. 82 

The changes in the non - specific esterase 
activity of kidney of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.20 1.30 1.40 1.70 1.90 2.20 2.40 

±0.04 ±0.06 ±0.02 ±0.04 ±0.07 ±0.04 ±0.07 
0.01% ME 1.50 2.10 4.50 5.50 7.50 10.00 10.50 

±0.10 ±0.03 ±0.02 ±0.03 ±0.10 ±0.02 ±0.02 
(1.25) (1.61) (3.21) (3.23) (3.94) (4.54) (4.37) 

0.1% ME 1.40 2.26 3.30 4.20 4.76 5.00 5.00 
±0.10 ±0.03 ±0.10 ±0.04 ±0.02 ±0.03 ±0.04 
(1.16) (1.73) (2.35) (2.47) (2.50) (2.27) (2.08) 

1% ME 2.20 3.20 3.40 4.10 3.20 1.00 3.00 
±0.10 ±0.04 ±0.10 ±0.10 ±0.03 ±0.03 ±0.02 
(1.83) (2.46) (2.42) (2.41) (1.68) (0.45) (1.25) 

5% ME 4.00 4.20 3.20 3.80 4.40 5.00 10.50 
±0.04 ±0.10 ±0.03 ±0.20 ±0.10 ±0.02 ±0.04 
(3.33) (3.23) (2.28) (2.23) (2.31) (2.27) (4.37) 

10% ME 6.00 6.50 5.00 4.80 4.60 5.00 6.50 
±0.10 ±0.20 ±0.10 ±0.03 ±0.10 ±0.04 ±0.03 
(5.00) (5.00) (3.57) (2.82) (2.42) (2.27) (2.7) 

30% ME 7.00 7.20 8.10 8.40 9.20 9.40 8.20 
±0.02 ±0.20 ±0.20 ±0.10 ±0.02 ±0.10 ±0.10 
(5.83) (5.53) (5.78) (4.94) (4.84) (4.27) (3.41) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant atp. 0.001 
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and are expressed as .t moles/gm Ww of kidney and are compiled in Table No. 

82 and presented graphically in Graph No. 82. 

From the table and graph it is observed that the control tadpoles exhibited 

gradual increase of the NSE activity of kidney from the end of six hours to the 

end of one twenty hours and NSE activity ranged between 1.20 ± 0.04 and 2.40 ± 

0.07 IA moles/gm Ww of kidney. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the NSE activity of kidney 

was equivalent to 1.20 ± 0.04, 1.30 ± 0.06, 1.40 ± 0.02, 1.70 ± 0.04, 1.90 ± 0.07, 2.20 ± 

0.04 and 2.40 ± 0.07 IA moles/gm Ww of kidney respectively. 

From the table and graph it is noted that all the concentrations of ME 

promoted concentration dependent elevations of the NSE activity at the end of 

twelve hours while at the end of six hours 0.1 to 30.0 % ME produced 

concentration dependent elevations of NSE activity. A minimum of 1.16 fold 

increase of the NSE activity of kidney was noticed at the end of six hours under 

the influence of 0.1 % ME. A maximum of 5.83 folds increase of the NSE activity 

of kidney was observed at the end of six hours under the influence of 30.0 % ME. 

However, 0.01 % ME promoted exposure period dependent elevation of NSE 

activity from the end of six hours to the end of ninety six hours. 

When the tadpoles were exposed to 0.01 % ME they exhibited exposure 

period dependent increase of the NSE activity of kidney from the end of six hours 

(1.25 folds) to the end of ninety six (4.54 folds). The NSE activity of kidney was 

equivalent to 1.50 ± 0.10, 2.10 ± 0.03, 4.50 ± 0.02, 5.50 ± 0.03, 7.50 ± 0.10, 10.00 ± 
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0.02 and 10.50 ± 0.02 IA moles/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited 1.16 fold increase 

of the NSE activity of kidney at the end of six hours while they exhibited a 

maximum of 2.50 fold elevation of the NSE activity of kidney at the end of 

seventy two hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity of kidney was equivalent 

to 1.40 ± 0.10, 2.26 ± 0.03, 3.30 ± 0.10, 4.20 ± 0.04, 4.76 ± 0.02, 5.00 ± 0.03 and 5.00 ± 

0.04 [1. moles/gm Ww of kidney respectively. 

1.0 % ME induced 0.45 fold rise (which in reality is 54.54 % reduction of 

NSE activity) in the NSE activity of kidney at the end of ninety six hours while it 

produced a maximum of 2.46 fold increase of the NSE activity of kidney at the 

end of twelve hours. The NSE activity of kidney was equivalent to 2.20 ± 0.10, 

3.20 ± 0.04, 3.40 ± 0.10, 4.10 ± 0.10, 3.20 ± 0.03, 1.00 ± 0.03 and 3.00 ± 0.02 11 

moles/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited a minimum of 2.23 folds 

increase of the NSE activity of kidney at the end of forty eight hours while they 

showed a maximum of 4.37 folds increase of the NSE activity of kidney at the end 

of one twenty hours. At the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the non-esterase activity of kidney was 

equivalent to 4.00 ± 0.04, 4.20 ± 0.10, 3.20 ± 0.03, 3.80 ± 0.20, 4.40 ± 0.10, 5.00 ± 0.02 

and 10.50 ± 0.04 1.1 moles/gm Ww of kidney respectively. 
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Tadpoles subjected to 10.00 % ME showed a minimum of 2.27 fold increase 

of the NSE activity of kidney at the end of ninety six hours while they exhibited a 

maximum of 5.00 folds increase at the end of six and twelve hours. The NSE 

activity of kidney was equivalent to 6.00 ± 0.10, 6.50 ± 0.20, 5.00 ± 0.10, 4.80 ± 0.03, 

4.60 ± 0.10, 5.00 ± 0.04 and 6.50 ± 0.03 m. moles/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

30.0 `)/0 ME promoted a minimum of 3.41 fold increase of the NSE activity 

of kidney at the end of one twenty hours while it produced a maximum of 5.83 

fold increase of the NSE activity of kidney at the end of six hours. The NSE 

activity of kidney at the end of six hours. The NSE activity of kidney was 

equivalent to 7.00 ± 0.02, 7.20 ± 0.20, 8.10 ± 0.20, 8.40 ± 0.10, 9.20 ± 0.02, 9.40 ± 0.10 

and 8.20 ± 0.10 µ moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The alterations of the NSE activity of kidney of tadpoles of stages IX to XIV 

under the influence of mining effluents (ME) were almost similar. Therefore, the 

alterations of the NSE activity of kidney of tadpole Stage XIV exposed to ME are 

described here. The changes of the NSE activity of kidney are expressed as 

micromoles/gm Ww of kidney and are compiled in Table No. 83 and Graph No. 

83. 

It is apparent from the table and graph that the control tadpoles exhibited 

gradual increase of the NSE activity of kidney from the end of six hours to the 
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Table No. 83 

The changes in the non - specific esterase 
activity of kidney of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.10 3.20 3.50 3.70 4.20 4.40 

±0.02 ±0.04 ±0.07 ±0.09 ±0.10 ±0.06 ±0.07 
0.01% ME 3.00 5.00 11.60 13.80 14.70 31.20 24.60 

±0.03 ±0.03 ±1.75 ±0.67 ±0.67 ±1.44 ±2.04 
(1.00) (1.61) (3.62) (3.94) (3.97) (7.42) (5.59) 

0.1% ME 7.70 9.70 10.20 10.20 14.40 15.80 19.00 
±1.09 ±0.67 ±0.27 ±0.27 ±0.82 ±1.09 ±1.50 
(2.56) (3.12) (3.18) (2.91) (3.89) (3.76) (4.31) 

1% ME 6.20 10.20 13.80 20.40 27.40 30.40 40.50 
±0.67 ±0.27 ±0.67 ±2.04 ±2.04 ±1.92 ±1.87 
(2.06) (3.29) (4.31) (5.82) (7.40) (7.23) (9.20) 

5% ME 9.70 13.90 17.60 22.00 28.70 36.40 46.60 
±0.67 ±2.38 ±2.04 ±0.03 ±0.67 ±0.89 ±2.29 
(3.23) (4.48) (5.50) (6.28) (7.75) (8.66) (10.59) 

10% ME 10.10 13.80 20.40 27.40 38.80 47.10 54.00 
±0.22 ±1.95 ±2.77 ±2.04 ±1.09 ±2.38 ±1.41 
(3.36) (4.45) (6.37) (7.82) (10.48) (11.21) (12.27) 

30% ME 12.10 14.40 16.60 24.40 32.00 48.10 52.00 
±0.67 ±1.95 ±2.77 ±1.93 ±1.09 ±1.66 ±1.50 
(4.03) (4.64) (5.18) (6.97) (8.64) (11.45) (11.81) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p< 0.001 
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end of one twenty hours. The NSE activity of kidney of control tadpoles was 

equivalent to 3.00 ± 0.02, 3.10 ± 0.04, 3.20 ± 0.07, 3.50 ± 0.09, 3.70 ± 0.10, 4.20 ± 0.06 

and 4.40 ± 0.07 µ moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that concentrations of ME like 5.0, 

10.0 and 30.0 `)/0 ME promoted exposure period dependent elevations of NSE 

activity. ME concentration from 1.0 to 30.0 % induced concentration dependent, 

elevations of NSE activity at the end of six and ninety six hours. 0.01 % ME 

promoted profound increase of the NSE activity of kidney from the end of six 

hours to the end of ninety six hours. 1.0 `)/0 ME promoted successive increase of 

the NSE activity upto the end of seventy two hours. 5.0, 10.0 and 30.0 `)/0 ME 

promoted chronic increase of the NSE activity of kidney from the end of six hours 

to the end of one twenty hours. 

Tadpoles exposed to 0.01 `)/0 ME showed no change in the NSE activity of 

kidney at the end of six hours while they showed 7.42-fold increase of the NSE 

activity of kidney at the end of ninety six hours. The NSE activity of kidney was 

equivalent to 3.00 ± 0.03, 5.00 ± 0.03, 11.60 ± 1.75, 13.80 ± 0.67, 14.70 ± 0.67, 31.20 ± 

1.44 and 24.60 ± 2.04 IA moles/gm Ww of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME showed 2.56 fold increase of the NSE 

activity of kidney at the end of six hours while at the end of one twenty hours 

they showed a 4.31 fold increase of the NSE activity of kidney. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 
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the NSE activity esterase activity of kidney was equivalent to 7.70 ± 1.09, 9.70 ± 

0.67, 10.20 ± 0.27, 10.20 ± 0.27, 14.40 ± 0.82, 15.80 ± 1.09 and 19.00 ± 1.50 IA 

moles/gm Ww of kidney respectively. 

1.0 % ME induced a minimum of 2.06 fold increase of the NSE activity of 

kidney at the end of six hours while it promoted a maximum of 9.20 fold rise of 

the NSE activity of kidney at the end of one twenty hours. The NSE activity of 

kidney was equivalent to 6.20 ± 0.67, 10.20 ± 0.27, 13.80 ± 0.67, 20.40 ± 2.04, 27.40 ± 

2.04, 30.40 ± 1.92, 40.50 ± 1.87 IA moles/gm Ww of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 5.0 % ME the tadpoles showed 3.23 fold increase of 

the NSE activity of kidney at the end of six hours while they exhibited 10.59 fold 

increase of the NSE activity of kidney at the end of one twenty hours. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the NSE activity of kidney was equivalent to 9.70'± 0.67, 13.90 ± 2.38, 17.60 

± 2.04, 22.00 ± 0.03, 28.70 ± 0.67, 36.40 ± 0.89 and 46.60 ± 2.29 .t moles/gm Ww of 

kidney respectively. 

On exposure to 10.0 `)/0 ME the tadpoles exhibited 3.36 fold increase of the 

NSE activity of kidney at the end of six hours while they showed 12.27 fold rise of 

the NSE activity of kidney at the end of one twenty hours. The NSE activity of 

kidney was equivalent to 10.10 ± 0.22, 13.80 ± 1.95, 20.40 ± 2.77, 27.40 ± 2.04, 38.80 

± 1.09, 47.10 ± 2.38 and 54.00 ± 1.41 µ moles/gm Ww of kidney at the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

30.0 % ME produced a minimum of 4.03 fold increase of the NSE activity 

of kidney at the end of six hours while it promoted a maximum of 11.81 fold 

increase of the NSE activity of kidney at the end of one twenty hours. The NSE 

activity of kidney was equivalent to 12.10 ± 0.67, 14.40 ± 1.95, 16.60 ± 2.77, 24.40 ± 

1.93, 32.00 ± 1.09, 48.10 ± 1.66 and 52.00 ± 1.50 .t moles/gm Ww of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE XVIII : 

The alterations of the NSE activity of kidney of tadpole stages XV to XVIII 

exposed to mining effluents were almost similar. Therefore the alterations of the 

NSE activity of kidney of tadpoles of stage XVIII exposed to ME are described 

here and are expressed as micromoles/gm Ww of kidney and are compiled in 

Table No. 84 and presented graphically in Graph No. 842 

From the table and graph it is noted that the control tadpoles exhibited 

gradual increase of the NSE activity of kidney from the end of six hours to the 

end of one twenty hours. The NSE activity of kidney exhibited by the control 

tadpoles was equivalent to 3.40 ± 0.89, 3.50 ± 0.12, 3.60 ± 0.24, 3.80 ± 0.36, 4.10 ± 

0.24, 4.30 ± 0.36 and 4.50 ± 0.12 µ moles/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Table No. 84 

The changes in the non - specific esterase 
activity of kidney of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.40 3.50 3.60 3.80 4.10 4.30 4.50 

±0.89 ±0.12 ±0.24 ±0.36 ±0.24 ±0.36 ±0.12 
0.01% ME 6.20 7.70 11.00 15.80 22.80 31.90 41.40 

±0.67 ±1.09 ±1.41 ±1.09 ±1.95 ±2.04 ±3.60 
(1.82) (2.20) (3.05) (4.15) (5.56) (7.41) (9.20) 

0.1% ME 7.70 9.10 14.80 27.40 30.20 39.10 48.50 
±1.09 ±0.82 ±1.44 ±5.18 ±1.09 ±1.60 ±0.89 
(2.26) (2.60) (4.11) (7.21) (7.36) (3.09) (10.77) 

1% ME 8.80 10.00 10.50 13.50 34.30 43.50 22.90 
±0.67 ±0.02 ±0.02 ±0.02 ±0.65 ±1.50 ±2.46 
(2.58) (2.85) (2.91) (3.55) (8.36) (10.11) (5.08) 

5% ME 10.00 10.50 13.50 15.00 15.00 19.30 27.00 
±0.02 ±0.03 ±0.03 ±0.02 ±0.03 ±1.09 ±1.50 
(2.94) (3.00) (3.75) (3.94) (3.65) (4.48) (6.00) 

10% ME 10.90 16.80 15.80 17.70 23.80 26.10 41.10 
±1.47 ±1.75 ±1.09 ±1.56 ±1.75 ±1.24 ±2.13 
(3.20) (4.80) (4.38) (4.65) (5.80) (8.39) (9.13) 

30% ME 12.40 14.30 16.70 23.00 26.40 32.00 38.10 
±1.47 ±1.75 ±2.46 ±1.50 ±0.07 ±0.09 ±1.32 
(3.64) (4.08) (4.63) (6.05) (6.43) (7.44) (8.46) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and expoSure period interaction significant at p< 0.001 
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It is noted from the table and graph that under the influence of ME, a 

concentration dependent increase of the NSE activity of kidney was observed at 

the end of six hours and at the end of twelve hours 0.1 to 10.0 % ME produced 

concentration dependent elevation of NSE activity whereas for the rest of the 

exposure periods, the activity of fluctuated. 0.01, 0.1 and 30.0 % ME promoted 

exposure period dependent increase of the NSE activity of kidney. 

0.01 `)/0 ME promoted 1.82 fold rise of the NSE activity of kidney at the end 

of six hours while it induced 9.20 fold increase of the NSE activity of kidney at the 

end of one twenty hours. The NSE activity of kidney was equivalent to 6.20 ± 

0.67, 7.70 ± 1.09, 11.00 ± 1.41, 15.80 ± 1.09, 22.80 ± 1.95, 31.90 ± 2.04 and 41.40 ± 3.60 

4 moles/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles showed a minimum of 2.26 

fold increase of the NSE activity of kidney at the end of six hours while they 

exhibited a maximum of 10.77 fold elevation of the NSE activity of kidney at the 

end of one twenty hours. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of kidney was 

equivalent to 7.70 ± 1.09, 9.10 ± 0.82, 14.80 ± 1.44, 27.40 ± 5.18, 30.20 ± 1.09, 39.10 ± 

1.60 and 48.50 ± 0.89 4 moles/gm Ww of kidney respectively. 

On exposure to 1.0 % ME the tadpoles showed a minimum of 2.58 fold 

increase of the NSE activity of kidney at the end of six hours while at the end of 

ninety six hours they exhibited a maximum 10.11 fold increase of the NSE activity 

of kidney. The NSE activity was equivalent to 8.80 ± 0.67, 10.00 ± 0.02, 10.50 ± 
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0.02, 13.50 ± 0.02, 34.30 ± 0.65, 43.50 ± 1.50 and 22.90 ± 2.46 p moles/gm Ww of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

5.0 % ME promoted 2.94 fold increase of the NSE activity of kidney at the 

end of six hours while it induced 6.00 fold elevation of the NSE activity of kidney 

at the end of one twenty hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the NSE activity of kidney 

was equivalent to 10.00 ± 0.02, 10.50 ± 0.03, 13.50 ± 0.03, 15.00 ± 0.02, 15.00 ± 0.03, 

19.30 ± 1.09 and 27.00 ± 1.50 p. moles/gm Ww of kidney respectively. 

Tadpoles exposed to 10.0 % ME showed a 3.20 fold rise of the NSE activity 

of kidney at the end of six hours while they exhibited 9.13 fold increase of the 

NSE activity of kidney at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity of kidney was equivalent to 10.90 ± 1.47, 16.80 ± 1.09, 17.70 ± 1.56, 23.80 ± 

1.75, 36.10 ± 1.24 and 41.10 ± 2.13 p moles/gm Ww of kidney respectively. 

Tadpoles subjected to 30.0 % ME exhibited 3.64 fold increase of the NSE 

activity of kidney at the end of six hours while they showed 8.46 fold elevation of 

the NSE activity of kidney at the end of one twenty hours. The NSE activity of 

kidney was equivalent to 12.40 ± 1.47, 14.30 ± 1.75, 16.70 ± 2.46, 23.00 ± 1.50, 26.40 

± 0.07, 32.00 ± 0.09 and 38.10 ± 1.32 p moles/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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STAGE XXII : 

The alterations of the NSE activity of kidney of tadpoles of stages XIX to 

XXII under the influence of mining effluents (ME) were almost similar, therefore 

the alterations of the NSE activity of kidney of tadpoles of stage XXII exposed to 

ME are mentioned here. The alterations of the NSE activity of kidney expressed 

as micromoles/gm Ww of kidney are tabulated in Table No. 85 and expressed 

graphically in Graph No. 85. 

It is observed from the table and graph that the control tadpoles exhibited 

gradual increase of the NSE activity of kidney from the end of six hours to the 

end of one twenty hours. The NSE activity of kidney of control tadpoles was 

equivalent to 3.50 ± 0.89, 3.60 ± 0.09, 3.70 ± 0.05, 3.90 ± 0.09, 4.10 ± 0.10, 4.30 ± 0.12 

and 4.50 ± 0.10 p. moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the NSE activity of kidney at the 

end of six and twelve hours only. All the concentrations of ME promoted 

exposure period dependent increase of the NSE activity of kidney. The minimum 

of 1.71 folds increase of the NSE activity of kidney was observed at the end of six 

hours under the influence of 0.01 % ME, while the maximum of 9.49 folds 

elevation of the NSE activity of kidney was noticed at the end of one twenty 

hours when tadpoles were exposed 'to 0.01 % ME. 

Under the influence of 0.01 % ME the NSE activity of kidney elevated from 

1.71 folds to 9.44 folds. Thus, the NSE activity of kidney was equivalent to 6.00 ± 
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Table No. 85 

The changes in the non - specific esterase 
activity of kidney of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.50 3.60 3.70 3.90 4.10 4.30 4.50 

±0.89 ±0.09 ±0.05 ±0.09 ±0.10 ±0.12 ±0.10 
0.01% ME 6.00 7.40 11.20 14.40 20.40 32.40 42.50 

±0.09 ±0.50 ±0.60 ±0.90 ±1.00 ±1.20 ±1.20 
(1.71) (2.05) (3.02) (3.69) (4.97) (7.53) (9.44) 

0.1% ME 7.50 8.60 12.40 19.20 25.40 30.70 36.70 
±0.90 ±0.50 ±0.90 ±1.20 ±1.40 ±1.20 ±1.20 
(2.14) (2.38) (3.35) (4.92) (6.19) (7.13) (8.15) 

1% ME 8.40 10.20 11.40 13.40 20.40 36.70 42.40 
±0.80 ±0.40 ±0.80 ±1.40 ±1.20 ±1.50 ±2.10 
(2.40) (2.83) (3.08) (3.43) (4.97) (8.53) (9.42) 

5% ME 10.20 11.40 14.30 17.20 23.20 30.40 38.90 
±0.70 ±0.70 ±0.70 ±1.20 ±1.10 ±1.50 ±1.90 
(2.91) (3.16) (3.86) (4.41) (5.65) (7.06) (8.64) 

10% ME 11.20 14.20 16.80 19.40 24.40 30.20 36.90 
±0.70 ±0.90 ±0.60 ±1.20 ±1.10 ±1.50 ±1.80 
(3.20) (3.94) (4.54) (4.97) (5.95) (7.02) (8.20) 

30% ME 12.40 16.80 20.20 24.80 29.80 36.40 40.80 
±0.90 ±0.80 ±1.20 ±1.20 ±1.00 ±1.30 ±2.10 
(3.54) (4.66) (5.45) (6.35) (7.26) (8.46) (9.061 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p0.001 
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0.09, 7.40 ± 0.50, 11.20 ± 0.60, 14.40 ± 0.90, 20.40 ± 1.00, 32.40 ± 1.20 and 42.50 ± 1.20 

IA moles/gm Ww of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

0.1 % ME promoted 2.14 fold increase of the NSE activity of kidney at the 

end of six hours while at the end of one twenty hours the NSE activity increased 

by 8.15 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of kidney was equivalent to 

7.50 ± 0.90, 8.60 ± 0.50, 12.40 ± 0.90, 19.20 ± 1.20, 25.40 ± 1.40, 30.70 ± 1.20 and 36.70 

± 1.20 IA moles/gm Ww of kidney respectively. 

Tadpoles exposed to 1.0 % ME exhibited increase of the NSE activity of 

kidney from 2.40 folds to 9.42 folds. The NSE activity of kidney was equivalent to 

8.40 ± 0.80, 10.20 ± 0.40, 11.40 ± 0.80, 13.40 ± 1.40, 20.40 ± 1.20, 36.70 ± 1.50 and 

42.40 ± 2.10 µ moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME exhibited elevation of the NSE activity of 

kidney from 2.91 folds to 8.46 folds. The NSE activity of kidney was equivalent to 

10.20 ± 0.70, 11.40 ± 0.70, 14.30 ± 0.70, 17.20 ± 1.20, 23.20 ± 1.10, 30.40 ± 1.50 and 

38.90 ± 1.90 )1 moles/gm Ww of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

10.0 % ME induced increase of the NSE activity of kidney in the range of 

3.20 folds to 8.20 folds. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the NSE activity of kidney was equivalent 
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to 11.20 ± 0.70, 14.20 ± 0.90, 16.80 ± 0.60, 19.40 ± 1.20, 24.40 ± 1.10, 30.20 ± 1.50 and 

36.90 ± 1.80 p moles/gm Ww of kidney respectively. 

On exposure to 30.0 % ME the tadpoles exhibited elevation of the NSE 

activity of kidney in the range of 3.54 folds to 9.06 folds. The NSE activity of 

kidney was equivalent to 12.40 ± 0.90, 16.80 ± 0.80, 20.20 ± 1.20, 24.80 ± 1.20, 29.80 

± 1.00, 36.40 ± 1.30 and 40.80 ± 2.10 p. moles/gm Ww of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

DORSAL MUSCLE : 

STAGE V : 

The alterations of the NSE activity of dorsal muscle of tadpoles of stages I 

to V under the influence of mining effluents (ME) were almost similar. Therefore, 

the alterations of the NSE activity of dorsal muscle of tadpole. stage V exposed to 

ME are described here and are expressed as micromoles (p. moles) per gram Wet 

weight (Ww) of muscle. The changes of the NSE activity of dorsal muscle of 

stage V tadpole are compiled in Table No. 86 and presented graphically in Graph 

No. 86. 

From the table and graph it is obvious that the control tadpoles exhibited 

NSE activity of dorsal muscle equivalent to 1.10 ± 0.06, 1.20 ± 0.02, 1.30 ± 0.02, 1.50 

± 0.20, 1.70 ± 0.10, 1.90 ± 0.10 and 2.20 ± 0.20 p moles/gm Ww of muscle at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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Table No. 86 

The changes in the non - specific esterase 
activity of muscle of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.10 1.20 1.30 1.50 1.70 1.90 2.20 

±0.06 ±0.02 ±0.02 ±0.20 ±0.10 ±0.10 ±0.20 
0.01% ME 1.20 2.20 3.60 4.20 5.70 6.50 1.00 

±0.02 ±0.02 ±0.02 ±1.40 ±1.40 ±0.02 ±0.02 
(1.09) (1.83) (2.76) (2.80) (3.35) (3.42) (0.45) 

0.1% ME 1.30 2.40 3.70 5.20 5.90 6.30 3.00 
±0.10 ±0.10 ±0.02 ±1.02 ±1.04 ±1.44 ±0.02 
(1.18) (2.00) (2.84) (3.46) (3.47) (3.31) (1.36) 

1% ME 1.5.0 2.10 2.70 4.10 4.70 5.30 4.60 
±0.10 ±.0.02 ±0.86 ±0.75 ±1.02 ±0.67 ±0.89 
(1.36) (1.75) (2.07) (2.73) (2.76) (2.78) (2.09) 

5% ME 3.10 3.80 4.10 4.70 6.10 8.50 5.30 
±0.10 ±0.03 ±0.42 ±0.67 ±0.63 ±0.03 ±0.67 
(2.81) (3.16) (3.15) (3.13) (3.58) (4.47) (2.40) 

10% ME 3.30 3.50 4.10 4.90 5.20 6.20 5.30 
±0.10 ±1.02 ±0.32 ±0.16 ±0.72 ±0.67 ±0.67 
(3.00) (2.91) (3.15) (3.26) (3.05) (3.26) (2.40) 

30% ME 4.20 4.70 5.20 5.80 6.20 7.20 7.401;.' 
±0.20 ±0.10 ±0.10 ±0.12 ±0.24 ±0.36 ±0.24 
(3.81) (3.91) (4.00) (3.86) (3.64)1 (3.78) (3.36) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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It is apparent from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the NSE activity of dorsal muscle 

only at the end of six hours. The lower concentrations of ME like 0.01 and 1.0 % 

ME promoted progressive increase of the NSE activity of dorsal muscle upto the 

end of six hours, similarly 0.1 % ME promoted successive increase of the NSE 

activity of dorsal muscle upto the end of seventy two hours. 

On exposure to 0.01 % ME the tadpoles showed increase of the NSE 

activity of dorsal muscle in a range of 0.45 to 3.42 folds. The NSE activity of 

dorsal muscle was equivalent to 1.20 ± 0.02, 2.20 ± 0.02, 3.60 ± 0.02, 4.20 ± 1.40, 

5.70 ± 1.40, 6.50 ± 0.02 and 1.00 ± 0.0211 moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 % ME promoted increase of the NSE activity of dorsal muscle in a 

range of 1.18 to 3.47 folds. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of dorsal muscle 

was equivalent to 1.30 ± 0.10, 2.40 ± 0.10, 3.70 ± 0.02, 5.20 ± 1.02, 5.90 ± 1.04, 6.30 ± 

1.44 and 3.00 ± 0.02 p. moles /gm Ww of muscle respectively. 

Under the influence of 1.0 % ME the elevated levels of NSE activity of 

dorsal muscle ranged from 1.36 folds to 2.78 folds. The NSE activity of dorsal 

muscle was equivalent to 1.50 ± 0.10, 2.10 ± 0.02, 2.70 ± 0.86, 4.10 ± 0.75, 4.70 ± 

1.02, 5.30 ± 0.67 and 4.60 ± 0.89 p. moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Tadpoles exposed to 5.0 % ME exhibited elevation of NSE activity of 

dorsal muscle in a range of 2.81 folds to 4.47 folds. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity of dorsal muscle was equivalent to 3.10 ± 0.10, 3.80 ± 0.03, 4.10 ± 0.42, 4.70 

± 0.67, 6.10 ± 0.63, 8.50 ± 0.03 and 5.30 ± 0.67 p. moles/gm Ww of muscle 

respectively. 

Tadpoles subjected to 10.0 % ME showed elevation of the NSE activity of 

dorsal muscle in a range of 2.91 to 3.26 folds. The NSE activity of dorsal muscle 

was equivalent to 3.30 ± 0.10, 3.50 ± 1.02, 4.10 ± 0.32, 4.90 ± 0.16, 5.20 ± 0.72, 6.20 ± 

0.67 and 5.30 ± 0.67 p moles/gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

30.0 % ME induced elevation of the NSE activity of dorsal muscle in a 

range of 3.36 to 4.00 folds. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, NSE activity of dorsal muscle was 

equivalent 4.20 ± 0.20, 4.70 ± 0.10, 5.20 ± 0.10, 5.80 ± 0.12, 6.20 ± 0.24, 7.20 ± 0.36 

and 7.40 ± 0.24 p moles/gm Ww of muscle respectively. 

STAGE VIII : 

The alterations of the NSE activity of dorsal muscle of tadpoles of stages VI 

to VIII under the influence of mining effluents (ME) were almost identical, 

therefore the changes of the NSE activity of dorsal muscle are reported here and 

are expressed as micromoles per gram wet weight of muscles. The alterations of 

the NSE activity of dorsal muscle are tabulated in Table No. 87 and presented 

graphically in Graph No. 87. 
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Table No. 87 

The changes in the non - specific esterase 
activity of muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 	72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.10 3.20 3.40 3.60 3.80 4.10 

±0.02 ±0.20 ±0.10 ±0.10 ±0.02 ±0.10 ±0.20 
0.01% ME 5.00 5.60 8.10 8.50 10.00 11.70 14.70 

±0.02 ±0.82 ±0.89 ±0.02 ±0.02 ±1.64 ±0.67 
1.66 1.80 2.53 2.50 2.77 3.07 3.58 

0.1% ME 6.20 5.60 7.70 9.40 9.40 10.20 11.10 
±0.67 ±0.82 ±1.09 ±0.82 ±0.82 ±0.27 ±1.34 
2.06 1.80 2.40 2.76 2.61 2.68 2.70 

1% ME 6.20 9.10 13.80 20.40 16.50 20.70 39.10 
±0.67 ±0.82 ±0.67 ±1.24 ±1.50 ±1.44 ±1.60 
2.06 2.93 4.31 6.00 4.58 5.44 9.53 

5% ME 8.00 13.50 16.50 14.40 20.40 26.30 37.20 
±1.50 ±1.84 ±3.69 ±0.82 ±1.24 ±1.09 ±1.09 
2.66 4.35 5.15 4.23 5.66 6.92 9.07 

10% ME 9.00 14.40 20.00 24.60 37.20 44.20 54.80 
±1.54 ±0.82 ±2.21 ±2.04 ±1.09 ±2.71 ±1.09 
3.00 4.64 6.25 7.23 10.33 11.63 13.36 

30% ME 11.20 14.10 18.00 24.70 39.6 48.10 56.20 
±1.24 ±0.80 ±1.20 ±1.90 ±2.01 ±2.01 ±1.09 
3.73 4.54 5.62 7.26 11.00 12.65 13.70 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

AU data significant 

Concentration and exposure period interaction significant at 	0.001 
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From the table and graph it is obvious that the control tadpoles exhibited 

increase of the NSE activity of dorsal muscle from the end of six hours upto the 

end of one twenty hours. The NSE activity of dorsal muscle was equivalent to 

3.00 ± 0.02, 3.10 ± 0.20, 3.20 ± 0.10, 3.40 ± 0.10, 3.60 ± 0.02, 3.80 ± 0.10 and 4.10 ± 

0.20 µ moles/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is evident that ME concentrations from 0.1 to 

30.0 `)/0 ME induced concentration dependent elevations of the NSE activity of 

dorsal muscle at the end of seventy two and ninety six hours. 10.0 `)/0 and 30.0 `)/0 

ME promoted exposure period dependent increase of the NSE activity of dorsal 

muscle 0.1 % and 5.0 `)/0 ME promoted successive increase of NSE activity of 

dorsal muscle at all the exposure periods except forty eight hours. The minimum 

of 1.66 fold increase of the NSE activity of dorsal muscle was observed at the end 

of six hours under the influence of 0.01 % ME while the maximum of 13.70 fold 

increase of the NSE activity of dorsal muscle was noticed at the end of one 

twenty hours under the influence of 30.0 % ME. 

Tadpoles exposed to 0.01 `)/0 ME exhibited rise of the NSE activity of dorsal 

muscle in the range of 1.66 to 3.58 folds. The NSE activity of dorsal muscle was 

equivalent to 5.00 ± 0.02, 5.60 ± 0.82, 8.10 ± 0.89, 8.50 ± 0.02, 10.00 ± 0.02, 11.70 ± 

1.64 and 14.70 ± 0.67 IA moles/gm Ww of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME showed increase of the NSE activity of 

dorsal muscle between 1.80 folds and 2.76 folds. By the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours, the NSE 

activity of dorsal muscle was equivalent to 6.20 ± 0.67, 5.60 ± 0.82, 7.70 ± 1.09, 9.40 

± 0.82, 9.40 ± 0.82, 10.20 ± 0.27 and 11.10 ± 1.34 1.1 moles/gm Ww of muscle 

respectively. 

1.0 % ME promoted elevation of the NSE activity of dorsal muscle in a 

range of 2.06 and 9.53 folds. The NSE activity of dorsal muscle was equivalent to 

6.20 ± 0.67, 9.10 ± 0.82, 13.80 ± 0.67, 20.40 ± 1.24, 16.50 ± 1.50, 20.70 ± 1.44 and 39.00 

± 1.60 p. moles/gm Ww of muscle at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 `)/. ME, the tadpoles showed increase of the NSE 

activity of dorsal muscle between 2.66 folds and 9.07 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the NSE activity of dorsal muscle was equivalent to 8.00 ± 1.50, 13.50 ± 1.84, 16.50 

± 3.69, 14.40 ± 0.82, 20.40 ± 1.24, 26.30 ± 1.09 and 37.20 ± 1.09 µ moles/gm Ww of 

muscle respectively. 

On exposure to 10.0 `)/0 ME the tadpoles exhibited increase of the NSE 

activity of dorsal muscle which ranged between 3.00 folds to 13.36 folds. The 

NSE activity of dorsal muscle was equivalent to 9.00 ± 1.54, 14.40 ± 0.82, 20.00 ± 

2.21, 24.60 ± 2.04, 37.20 ± 1.09, 44.20 ± 2.71 and 54.80 ± 1.09 µ moles/gm Ww of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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30.0 % ME promoted elevation of the NSE activity of dorsal muscle in a 

range of 3.73 and 13.70 folds. The NSE activity of dorsal muscle was equivalent 

to 11.20 ± 1.24, 14.10 ± 0.80, 18.00 ± 1.20, 24.70 ± 1.90, 39.60 ± 2.01, 48.10 ± 2.01 and 

56.20 ± 1.09 1.1 moles/gm Ww of muscle at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XIV : 

The alterations of the NSE activity of dorsal muscle of tadpoles of stages IX 

to XIV under the influence of mining effluents (ME) were almost, similar, 

therefore the alterations of the NSE activity of dorsal muscle of tadpoles of stage 

XIV expressed as micromoles per gram wet weight of muscle are described here. 

The changes of the NSE activity of dorsal muscle of tadpoles of stage XIV 

exposed to ME are tabulated in Table No. 88 and presented graphically in Graph 

No. 88. 

From the table and graph it is clear that the control tadpoles exhibited NSE 

activity of dorsal muscle in a range of 1.00 to 2.20 1.t moles/gm Ww of muscle. 

The NSE activity of dorsal muscle of control tadpoles was equivalent to 1.00 ± 

0.03, 1.20 ± 0.20, 1.30 ± 0.10, 1.50 ± 0.20, 1.70 ± 0.10, 1.90 ± 0.10 and 2.20 ± 0.20 II 

moles/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is noted that ME promoted concentration 

dependent increase of the NSE activity of dorsal muscle at the end of six and 

twelve hours. Only 5.0 `)/0 ME induced exposure period dependent increase of the 

NSE activity of dorsal muscle the maximum of 19.45 folds increase of the NSE 
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Table No. 88 

The changes in the non - specific esterase 
activity of muscle of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.00 1.20 1.30 1.50 1.70 1.90 2.20 

±0.03 ±0.20 ±0.10 ±0.20 ±0.10 ±0.10 ±0.20 
0.01% ME 3.00 5.90 5.00 6.20 4.60 7.30 3.80 

±0.02 ±0.82 ±0.02 ±0.67 ±0.89 ±1.09 ±1.09 
(3.00) (4.91) (3.84) (4.13) (2.70) (3.84) (1.72) 

0.1% ME 9.40 10.20 7.70 10.20 11.10 14.80 26.10 
±0.82 ±0.27 ±1.09 ±0.27 ±1.34 ±1.44 ±1.92 
(9.40) (8.50) (5.92) (6.80) (6.52) (7.78) (11.86) 

1% ME 10.10 13.90 17.901 22.80 29.00 26.30 34.30 
±0.22 ±2.38 ±0.82 	±1.09 ±4.28 ±1.09 ±1.75 

(10.10) (11.58) (13.76) 	(15.20) (17.05) (13.84) (15.59) 
5% ME 10.40 15.00 18.70 	23.80 31.60 36.10 54.70 

±0.22 ±0.02 ±1.75 	±2.56 ±2.60 ±1.24 ±1.56 
(10.4) (12.50) (14.38) 	(15.86) (18.58) (19.00) (24.86) 

10% ME 12.60 18.60 22.40 	29.50 33.70 36.00 40.80 
±2.01 ±1.24 ±0.89 	±1.50 ±1.09 ±0.02 ±1.56 

(12.60) (15.50) (17.23) 	(19.66) (19.82) (18.94) (18.54) 
30% ME 14.40 20.20 24.80 	28.40 32.10 36.70 42.80 

±0.22 ±1.09 ±0.09 	±1.60 ±1.50 ±1.09 ±1.91 
(14.4) (11.83) (19.07) 	(18.93) (18.88) (19.31) (19.45) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control. 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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activity of dorsal muscle was observed at end of one twenty hours under the 

influence of 30.0 % ME. A minimum of 1.72 folds increase of the NSE activity of 

dorsal muscle was noticed at the end of one twenty hours under the influence of 

0.01 % ME. 

On exposure to 0.01 % ME the tadpoles showed increase of the NSE 

activity of dorsal muscle in the range of 1.72 to 4.91 folds. The NSE activity of 

dorsal muscle was equivalent to 3.00 ± 0.02, 5.90 ± 0.82, 5.00 ± 0.02, 6.20 ± 0.67, 

4.60 ± 0.89, 7.30 ± 1.09 and 3.80 ± 1.09 p. moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 % ME induced increase of the NSE activity of dorsal muscle 5.92 and 

11.86 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of dorsal muscle was 

equivalent to 9.40 ± 0.82, 10.20 ± 0.27, 7.70 ± 1.09, 10.20 ± 0.27, 11.10 ± 1.34, 14.80 ± 

1.44 and 26.10 ± 1.92 p. moles/gm Ww of muscle respectively. 

Tadpoles exposed to 1.0 % ME showed increase of the NSE activity of 

dorsal muscle by .10.10 to 17.05 folds. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the NSE activity of 

dorsal muscle was equivalent to 10.10 ± 0.22, 13.90 ± 2.38, 17.90 ± 0.82, 22.80 ± 

1.09, 29.00 ± 4.28, 26.30 ± 1.09 and 34.30 ± 1.75 p moles/gm Ww of muscle 

respectively. 
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Tadpoles subjected to 5.0 % ME exhibited rise of the NSE activity of dorsal 

muscle by 10.40 to 24.86 folds. The NSE activity of dorsal muscle was equivalent 

to 10.40 ± 0.22, 15.00 ± 0.00, 18.70 ± 1.75, 23.80 ± 2.56, 31.60 ± 2.60, 36.10 ± 1.24 and 

54.70 ± 1.56 µ moles/gm Ww of muscle at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

10.0 % ME promoted elevation of the NSE activity of dorsal muscle in the 

range of 12.60 folds to 19.82 folds. At the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the NSE activity of dorsal 

muscle was equivalent to 12.60 ± 2.01, 18.60 ± 1.24, 22.40 ± 0.89, 29.50 ± 1.50, 33.70 

± 1.09, 36.00 ± 0.02 and 40.80 ± 1.56 g moles/gm Ww of muscle respectively. 

Under the influence fo 30.0 % ME the NSE activity of dorsal muscle 

elevated by 14.40 folds to 19.45 folds. The NSE activity of dorsal muscle was 

equivalent to 14.40 ± 0.22, 20.20 ± 1.09, 24.80 ± 0.09, 28.40 ± 1.60, 32.10 ± 1.50, 36.70 

± 1.09 and 42.80 ± 1.91 p. moles/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six 'and one twenty hours 

respectively. 

STAGE XVIII : 

The alterations of the NSE activity of dorsal muscle of tadpoles of stages 

XV to XVIII under the influence of mining effluents (ME) were almost identical. 

Therefore, the alterations of the NSE activity of dorsal muscle of tadpoles of stage 

XVIII (exposed to ME) expressed as micromoles wet weight of muscle are 

described here. The alterations of the NSE activity of dorsal muscle are compiled 

in Table No. 89 and presented graphically in Graph No. 89. 
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Table No. 89 

The changes in the non - specific esterase 
activity of muscle of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.00 2.20 2.30 2.50 2.70 2.90 3.20 

±0.02 ±0.20 ±0.10 ±0.10 ±0.20 ±0.20 ±0.10 
0.01% ME 3.00 5.00 6.90 9.10 12.30 17.60 39.50 

±0.02 ±0.03 ±0.89 ±0.82 ±1.64 ±2.04 ±1.50 
(1.50) (2.27) (3.00) (3.64) (4.55) (6.06) (12.34) 

0.1% ME 3.80 5.00 5.90 9.70 11.70 16.20 35.10 
±1.10 ±0.04 ±0.82 ±0.67 ±1.64 ±1.09 ±2.04 
(1.90) (2.27) (2.56) (3.88) (4.33) (5.58) (10.96) 

1% ME 5.00 6.50 9.40 10.00 10.50 13.50 15.00 
±0.03 ±0.05 ±0.82 ±0.02 ±0.04 ±0.05 ±0.06 
(2.50) (2.95) (4.08) (4.00) (3.88) (4.65) (4.68) 

5% ME 6.50 8.50 11.10 13.50 13.50 23.20 49.70 
±0.03 ±0.04 ±1.34 ±0.03 ±0.05 ±2.71 ±1.09 
(3.25) (3.86) (4.82) (5.40) (5.00) (8.00) (15.53) 

10% ME 6.50 10.90 15.00 19.60 29.20 41.00 33.70 
±0.04 ±1.47 ±0.05 ±1.60 ±1.75 ±3.08 ±1.09 
(3.25) (4.95) (6.52) (7.84) (10.81) (14.31) (10.53) 

30% ME 8.50 11.50 13.00 20.70 29.50 46.80 48.70 
±0.05 ±1.47 ±0.03 ±1.34 ±2.71 ±3.08 ±1.09 
(4.25) (5.22) (5.65) (8.28) (10.92) (16.31) (15.21) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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From the table and graph it is evident that the control tadpoles exhibited a 

gradual increase of the NSE activity of dorsal muscle from the end of six hours to 

the end of one twenty hours. The NSE activity of dorsal muscle was equivalent to 

2.00 ± 0.02, 2.20 ± 0.20, 2.30 ± 0.10, 2.50 ± 0.10, 2.70 ± 0.20, 2.90 ± 0.20 and 3.20 ± 

0.10 IA moles/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is revealed from the table and graph that all the concentrations of ME 

could produce concentration dependent in the NSE activity of dorsal muscle at 

the end of forty eight hours. 0.01 and 0.1 `)/0 ME produced exposure period 

dependent increase of NSE activity from the end of six hours to the end of one 

twenty hours. 10.0 % and 30.0 % ME induced profound increase of the NSE 

activity of dorsal muscle from the end of six hours to the end of ninety six hours. 

Minimum increase of 1.50 folds in the NSE activity of dorsal muscle was observed 

at the end of six hours under the influence of 0.01 `)/0 ME. The maximum of 16.13 

folds increase of the NSE activity of dorsal muscle was induced by 30.0 % ME at 

the end of ninety six hours. 

Tadpoles exposed to 0.01 `)/0 ME showed elevated levels of NSE activity of 

dorsal muscle in the range of 1.50 folds to 12.34 folds. The NSE activity of dorsal 

muscle was equivalent to 3.00 ± 0.02, 5.00 ± 0.03, 6.90 ± 0.89, 9.10 ± 0.82, 12.30 ± 

1.64, 17.60 ± 2.04 and 39.50 ± 1.50 11 moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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0.1 % ME promoted 1.90 folds to 10.96 folds elevation of the NSE activity 

of dorsal muscle. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of dorsal muscle was 

equivalent to 3.80 ± 1.10, 5.00 ± 0.04, 5.90 ± 0.82, 9.70 ± 0.67, 11.70 ± 1.64, 16.20 ± 

1.09 and 35.10 ± 2.04 g moles/gm Ww of muscle respectively. 

tadpoles subjected to 1.0 % ME showed elevations of NSE activity of 

dorsal muscle in the range of 2.50 folds to 4.68 folds. The NSE activity of dorsal 

muscle was equivalent to 5.00 ± 0.03, 6.50 ± 0.05, 9.40 ± 0.82, 10.00 ± 0.02, 10.50 ± 

0.04, 13.50 ± () '5 and 15.00 ± 0.06 g moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited elevation of the 

NSE activity of dorsal muscle from 3.25 folds to 15.53 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the NSE activity of dorsal muscle was equivalent to 6.50 s-± 0.03, 8.50 ± 0.04, 11.10 ± 

1.34, 13.50 ± 0.03, 13.50 ± 0.05, 23.20 ± 2.71 and 49.70 ± 1.09 g moles/gm Ww of 

muscle respectively. 

10.0 % ME induced increase of the NSE activity of dorsal muscle by 3.25 to • 

14.13 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of dorsal muscle was 

equivalent to 6.50 ± 0.04, 10.9: ± 1.47, 15.00 ± 0.05, 19.60 ± 1.60, 29.20 ± 1.75, 41.00 

± 3.08 and 33.70 ± 1.09 g mole m Ww of muscle respectively. 
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On exposure to 30.0 `)/0 ME the tadpoles showed increase of the NSE 

activity of dorsal muscle by 4.25 to 16.13 folds. The NSE activity of dorsal muscle 

was equivalent to 8.50 ± 0.05, 11.50 ± 1.47, 13.00 ± 0.03, 20.70 ± 1.34, 29.50 ± 2.71, 

46.80 ± 3.08 and 48.70 ± 1.09 g moles/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XXII : 

The alterations of the NSE activity of dorsal muscle of tadpoles of stages 

XIX to XXII under the influence of mining effluents were almost identical, 

therefore the alterations of the NSE activity of dorsal muscle of tadpoles of stage 

XXII expressed as micromoles per gram wet weight of muscle are mentioned 

here. The changes of the NSE activity of dorsal muscle of tadpoles of stage XXII 

exposed to ME are given in Table No. 90 and presented graphically in Graph No. 

90. 

From the table and graph it is obvious that the Control tadpoles exhibited 

marginal increase of the NSE activity of dorsal muscle from the end of six hours 

upto the end of one twenty hours. The NSE activity of dorsal muscle of control 

tadpoles was equivalent to 2.00 ± 0.12, 2.20 ± 0.40, 2.30 ± 0.20, 2.50 ± 0.30, 2.70 ± 

0.20, 2.90 ± 0.40 and 3.20 ± 0.30 p. moles/gm Ww of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

From the table and gr, ' h it is revealed that all the concentrations of ME 

promoted concentration dependent increase of the NSE activity of dorsal muscle 
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Table No. 90 

The changes in the non - specific esterase 
activity of muscle of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.00 2.20 2.30 2.50 2.70 2.90 3.20 

±0.12 ±0.40 ±0.20 ±0.30 ±0.20 ±0.40 ±0.30 
0.01% ME 2.00 4.00 6.30 7.40 9.40 12.70 16.40 

±0.40 ±0.30 ±0.40 ±0.50 ±0.70 ±0.90 ±0.90 
(1.00) (1.81) (2.73) (2.96) (3.48) (4.37) (5.12) 

0.1% ME 3.40 4.20 5.20 6.80 10.20 13.10 20.10 
±0.60 ±0.20 ±0.40 ±0.20 ±0.70 ±0.90 ±1.00 
(1.70) (1.90) (2.26) (2.72) (3.77) (4.51) (6.28) 

1% ME 4.20 7.20 9.40 12.10 13.10 17.20 22.10 
±0.40 ±0.70 ±0.70 ±0.40 ±0.40 ±0.70 ±0.90 
(2.10) (3.27) (4.08) (4.84) (4.85) (5.93) (6.90) 

5% ME 6.20 10.40 13.20 15.10 17.10 22.10 26.10 
±0.60 ±0.90 ±0.70 ±0.40 ±0.70 ±0.70 ±0.90 
(3.10) (4.72) (5.73) (6.04) (6.33) (7.62) (8.15) 

10% ME 6.50 10.70 14.40 17.20 20.10 23.10 29.10 
±0.30 ±0.80 ±0.70 ±0.60 ±0.60 ±1.20 ±1.10 
(3.25) (4.86) (6.26) (6.88) (7.44) (7.96) (9.09) 

30% ME 7.20 14.30 17.20 19.20 22.10 29,10 30.40 
±0.30 ±0.70 ±0.90 ±0.60 ±0.6 ±1.20 ±1.10 
(3.60) (6.50) (7.47) (7.68) (8.18) (10.03) (9.501 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p. 0.001 

- 	Cvv,ttAANA,V.Orv,) 

0(6 - h2c7 	 A-ta- r out  vo,.6)A,) 



at all the exposure periods except twenty four and forty eight hours. Also, all the 

concentrations of ME except 1.0 and 30.0 `)/0 induced exposure period dependent 

increase of the NSE activity of dorsal muscle. Minimum increase of 1.00 fold in 

the NSE activity of dorsal muscle was observed at the end of six hours under the 

influence of 0.01 % ME, while the maximum at 10.03 folds increase of the NSE 

activity of dorsal muscle was noticed at the end of ninety six hours under the 

influence of 30.0 % ME. 

0.01 `1/0 ME promoted progressive increase of the NSE activity of dorsal 

muscle and the rise of NSE activity ranged between 1.00 and 5.12 folds. The NSE 

activity of dorsal muscle was equivalent to 2.00 ± 0.40, 4.00 ± 0.30, 6.30 ± 0.40, 7.40 

± 0.50, 9.40 ± 0.70, 12.70 ± 0.90 and 16.40 ± 0.90 p, moles/gm Ww of muscle at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 0.1 % ME the tadpoles showed elevation of the NSE 

activity of dorsal muscle and the elevation ranged between 1.70 folds to 6.28 

folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the NSE activity of dorsal muscle was equivalent to 3.40 ± 

0.60, 4.20 ± 0.20, 5.20 ± 0.40, 6.80 ± 0.20, 10.20 ± 0.70, 13.10 ± 0.90 and 20.10 ± 1.00 p 

moles /gm Ww of muscle respectively. 

Tadpoles subjected to 1.0 % ME showed 2.10 to 6.90 fold increase of the 

NSE activity of dorsal muscle. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the NSE activity of dorsal muscle 
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was equivalent to 4.20 ± 0.40, 7.20 ± 0.70, 9.40 ± 0.70, 12.10 ± 0.40, 13.10 ± 0.40, 

17.20 ± 0.70 and 22.10 ± 0.90 p. moles/gm Ww of muscle respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited 3.0 fold to 8.15 fold 

elevation of the NSE activity of dorsal muscle. The NSE activity of dorsal muscle 

was equivalent to 6.20 ± 0.60, 10.40 ± 0.90, 13.20 ± 0.70, 15.10 ± 0.40, 17.10 ± 0.70, 

22.10 ± 0.70 and 26.10 ± 0.90 1.1 moles/gm Ww of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

10.0 % ME induced 3.25 fold to 9.09 fold increase of the NSE activity of 

dorsal muscle. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the NSE activity of dorsal muscle was 

equivalent to 6.50 ± 0.30, 10.70 ± 0.80, 14.40 ± 0.70, 17.20 ± 0.60, 20.10 ± 0.60, 23.10 

± 1.20 and 29.10 ± 1.10 µ moles/gm Ww of muscle respectively. 

Tadpoles exposed to 30.0 ()/0 ME exhibited 3.60 fold to 10.03 fold increase of 

the NSE activity of dorsal muscle. The NSE activity was equivalent to 7.20 ± 0.30, 

14.30 ± 0.70, 17.20 ± 0.90, 19.20 ± 0.60, 22.10 ± 0.60, 29.10 ± 1.20 and 30.40 ± 1.10 p. 

moles/gm Ww of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

ALKALINE PHOSPHATASE (AIP) : 

SKIN : 

STAGE V : 

The changes of alkaline phosphatase (A1P) activity of skin of tadpole stages 

I to IV under the influence of mining effluents (ME) were statistically 
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Table No. 91 

The changes in the alkaline phosphatase 
activity of skin of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.32 0.35 0.39 0.43 0.48 0.54 0.58 

±0.03 ±0.01 ±0.03 ±0.02 ±0.03 ±0.01 ±0.03 
0.01% ME 0.82 1.36 1.85 2.26 2.73 3.53 3.80 

±0.01 ±0.01 ±0.02 ±0.02 ±0.04 ±0.07 ±0.03 
(2.56) (3.88) (4.74) (5.25) (5.68) (6.53) (0.80) 

0.1% ME 0.63 0.84 1.32 1.86 1.02 0.90 2.29 
±0.02 ±0.02 ±0.02 ±0.02 ±0.01 ±0.23 ±0.08 
(1.96) (2.40) (3.38) (4.32) (2.12) (1.66) (3.94) 

1% ME 1.32 2.42 2.72 3.06 3.70 4.33 2.93 
±0.01 ±0.03 ±0.04 ±0.02 ±0.02 ±0.10 ±0.16 
(4.12) (6.91) (6.97) (7.11) (7.70) (8.01) (5.05) 

5% ME 0.56 1.32 1.72 2.08 2.16 3.40 2.55 
±0.03 ±0.02 ±0.04 ±0.01 ±0.02 ±0.15 ±0.02 
(1.75) (3.77) (4.41) (4.83) (4.50) (6.29) (4.39) 

10% ME 3.26 5.72 8.21 10.46 12.46 24.52 28.20 
±0.02 ±0.13 ±0.7 ±0.82 ±0.56 ±1.70 ±0.06 

(10.18) (16.34) (21.05) (24.32) (25.95) (45.40) (48.62) 
30% ME 4.21 8.26 9.24 12.14 14.36 17.18 19.46 

±0.43 ±0.13 ±0.46 ±0.21 ±0.81 ±0.32 ±0.46 
(13.15) (23.6) (23.69) (28.23) (29.91) (31.81) (33.55) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p<  0.001 
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. insignificant. Therefore changes of AlP activity of skin of tadpoles of stage V 

exposed to ME are described here. The changes of AlP activity of skin of tadpoles 

of stage V are compiled in Table No. 91 and are expressed graphically in Graph 

No. 91. AlP activity is expressed as micromoles ( p, moles) of p-nitrophenol 

released per gram wet weight of skin. 

It is clear from the table and graph that AlP activity of skin of control 

tadpoles ranges between 0.32 ± 0.03 and 0.58 ± 0.03 1.1 moles per gram wet weight 

of skin. AlP activity of skin of control tadpoles was equivalent to 0.32 ± 0.03, 0.35 

± 0.01, 0.39 ± 0.03, 0.43 ± 0.02, 0.48 ± 0.03, 0.54 ± 0.01 and 0.58 ± 0.03 .t moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that ME concentrations like 10.0 

and 30.0 % induced profound elevations of A1P activity of skin at all the exposure 

periods. ME concentrations like 0.01, 10.0 and 30.0 `)/0 produced progressive 

chronic elevations of AlP activity of skin. The minimum of 1.66 fold elevation of 

AlP activity of skin was produced by 0.1 % ME at the end of ninety six hours 

while the maximum of 48.62 fold increase of AlP activity was promoted by 10.0 `)/0 

ME at the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited progressive elevations of 

AlP activity of skin from the end of six hours to the end of one twenty hours. AlP 

activity of skin elevated by 2.56 to 6.53 folds. Thus, AlP activity of skin was 

equivalent to 0.82 ± 0.01, 1.36 ± 0.01, 1.85 ± 0.02, 2.26 ± 0.02, 2.73± 0.04 and 3.53 ± 

0.07 µ moles per gram wet weight of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 
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The exposure of tadpoles to 0.1 % ME promoted successive increase of AlP 

activity of skin from the end of six hours to the end of seventy two hours. AlP 

activity of skin elevated in the range of 1.96 to 2.12 folds. Thus, AlP activity of 

skin was equivalent to 0.63 ± 0.02, 0.84 ± 0.02, 1.32 ± 0.02, 1.86 ± 0.02, 1.02 ± 0.01, 

0.90 ± 0.23 and 2.29 ± 0.08 p moles per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME the tadpoles demonstrated successive 

elevations of AlP activity of skin from the end of six hours to the end of ninety six 

hours. AlP activity of skin elevated by 4.12 to 8.001 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

AlP activity of skin was equivalent to 1.32 ± 0.01, 2.42 ± 0.03, 2.72 ± 0.04, 3.06 ± 

0.02, 3.70 ± 0.02, 4.33 ± 0.10 and 2.93 ± 0.16 p moles per gram wet weight of skin 

respectively. 

When exposed to 5.0 % ME tadpoles showed a gradual elevation of AlP 

activity of skin from the end of six hours to the end of forty eight hours. AlP 

activity elevated in the range of 1.75 to 6.29 folds. AlP activity of skin was 

equivalent to 0.56 ± 0.03, 1.32 ± 0.02, 1.72 ± 0.04, 2.08 ± 0.01, 2.16 ± 0.02, 3.40 ± 0.15 

and 2.55 ± 0.02 p. moles per gram wet weight of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 10.0 % ME exhibited profound and 

progressively chronic elevations of AlP activity of skin. AlP activity elevated by 

10.18 to 48.62 folds. By the end of six, twelve, twenty four, forty eight, seventy 
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two, ninety six and one twenty hours AlP activity of skin was equivalent to 3.26 ± 

0.02, 5.72 ± 0.13, 8.21 ± 0.70, 10.46 ± 0.82, 12.46 ± 0.56, 24.52 ± 1.70 and 28.20 ± 0.06 

moles per gram wet weight of skin respectively. 

After exposure of tadpoles to 30.0 `)/0 AlP activity of skin increased 

profusely and progressively from the end of six hours to the end of one twenty 

hours. AlP activity of skin elevated in the range of 13.15 to 33.55 folds. AlP 

activity of skin was equivalent to 4.21 ± 0.43, 8.26 ± 0.13, 9.24 ± 0.46, 12.14 ± 0.21, 

14.36 ± 0.81, 17.18 ± 0.32 and 19.46 ± 0.46 j.1 moles per gram wet weight of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

STAGE VIII : 

The alterations of AlP activity of skin of tadpoles of stages VI to VIII 

exposed to mining effluents (ME) were nearly identical. Therefore changes of AlP 

activity of skin of tadpoles of stage VIII exposed to ME are presented here as a 

representative and a higher developmental stage. The alteration of A1P activity of 

skin of tadpoles of stage VIII under the influence of ME are presented in Table 

No. 92 and are given graphically in Graph No. 92. AlP activity is expressed as 

micromoles OA moles) of p-nitrophenol liberated per gram wet weight of skin. 

It is seen from the table and graph that AlP activity of skin of control 

tadpoles ranged between 0.40 ± 0.02 and 0.54 ± 0.08 1.1 moles per gram wet weight 

of skin. AlP activity of the skin of control tadpoles was equivalent to 0.40 ± 0.02, 

0.42 ± 0.06, 0.43 ± 0.04, 0.46 ± 0.02, 0.48 ± 0.06, 0.52 ± 0.04 and 0.54 ± 0.08 11 moles 

per gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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Table No. 92 

The changes in the alkaline phosphatase 
activity of skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.40 0.42 0.43 0.46 0.48 0.52 0.54 

±0.02 ±0.06 ±0.04 ±0.02 ±0.06 ±0.04 ±0.08 
0.01% ME 0.62 0.71 0.84 1.26 1.63 1.84 2.01 

±0.04 ±0.06 ±0.08 ±0.04 ±0.09 ±0.12 ±0.08 
(1.55) (1.69) (1.95) (2.73) (3.39) (3.53) (3.72) 

0.1% ME 0.65 0.76 0.92 1.32 1.79 1.96 2.13 
±0.06 ±0.04 ±0.04 ±0.09 ±0.06 ±0.13 ±0.12 
(1.62) (1.8) (2.13) (2.86) (3.72) (3.76) (3.94) 

1% ME 0.69 0.80 1.06 1.49 1.80 2.04 2.26 
±0.08 ±0.08 ±0.06 ±0.08 ±0.12 ±0.13 ±0.12 
(1.72) (1.9) (2.46) (3.23) (3.75) (3.92) (4.18) 

5% ME 0.71 0.86 1.20 1.78 3.16 5.21 7.26 
±0.12 ±0.04 ±0.06 ±0.06 ±0.13 ±0.12 ±0.13 
(1.77) (2.04) (2.79) (3.86) (6.58) (10.01) (13.44) 

10% ME 0.73 0.92 1.32 2.36 4.28 6.18 7.76 
±0.13 ±0.12 ±0.08 ±0.12 ±0.12 ±0.06 ±0.06 
(1.82) (2.19) (3.06) (5.13) (8.91) (11.88) (14.37) 

30% ME 0.77 0.96 1.38 3.21 5.46 7.24 8.18 
±0.08 ±0.08 ±0.12 ±0.08 ±0.06 ±0.08 ±0.08 
(1.92) (2.28) (3.20) (6.97) (11.37) (13.92) (15.14) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 1:0.001 
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It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of AlP activity of skin at all the 

exposure periods. It is also obvious that all the concentrations of ME induced 

exposure period dependent progressive elevations of AlP activity of skin from 

the end of six hours to the end of one twenty hours. The minimum of 1.55 fold 

elevation of A1P activity of skin was promoted by 0.01 % ME at the end of six 

hours while the maximum of 15.14 fold elevations was induced by 30.0 `)/0 ME at 

the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited progressive elevations of 

AlP activity of skin and AlP activity elevated by 1.55 to 3.72 folds. AlP activity of 

skin was equivalent to 0.62 ± 0.04, 0.71 ± 0.06, 0.84 ± 0.08, 1.26 ± 0.04, 1.63 ± 0.09, 

1.84 ± 0.12 and 2.01 ± 0.08 µ moles per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted exposure period 

dependent progressive increase of AlP activity of skin. AlP activity of skin 

elevated in the range of 1.62 to 3.94 folds. AlP activity of skin was equivalent to 

0.65 ± 0.06, 0.76 ± 0.04, 0.92 ± 0.04, 1.32 ± 0.09, 1.79 ± 0.06, 1.96 ± 0.13 and 2.13 ± 

0.12 [i moles per gram wet weight of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited elevations of AlP 

activity of skin in the range of 1.72 to 4.18 folds. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours AlP activity of 
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skin was equivalent to 0.69 ± 0.08, 0.80 ± 0.08, 1.06 ± 0.06, 1.49 ± 0.08, 1.80 ± 0.12, 

2.04 ± 0.13 and 2.26 ± 0.12 1_1 moles per gram wet weight of skin respectively. 

When exposed to 5.0 `)/0 ME A1P activity of skin elevated chronically and 

the elevations of A1P activity ranged between 1.77 to 13.44 folds. AlP activity of 

skin was equivalent to 0.71 ± 0.12, 0.86 ± 0.04, 1.20 ± 0.06, 1.78 ± 0.06, 3.16 ± 0.13, 

5.21 ± 0.12 and 7.26 ± 0.13 p. moles per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 10.0 % ME the tadpoles exhibited profound and exposure 

period dependent elevations of A1P activity of skin. AlP activity of skin elevated 

by 1.82 to 14.37 folds. Thus, AlP activity of skin was equivalent to 0.73 ± 0.13, 0.92 

± 0.12, 1.32 ± 0.08, 2.36 ± 0.12, 4.28 ± 0.12, 6.18 ± 0.06 and 7.76 ± 0.06 IA moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

After exposure to 30.0 `)/0 ME the tadpoles exhibited exuberant elevations 

of A1P activity of skin and AlP activity of skin increased progressively from the 

end of six hours to the end of one twenty hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours AlP activity of 

skin was equivalent to 0.77 ± 0.08, 0.96 ± 0.08, 0.96 ± 0.08, 1.38 ± 0.12, 3.21 ± 0.08, 

5.46 ± 0.06, 7.24 ± 0.08 and 8.18 ± 0.08 IA moles per gram wet weight of skin 

respectively. 

STAGE XIV : 

The changes of AlP activity of skin of tadpoles of stages IX to XIV exposed 

to of mining effluents (ME) were almost identical. Therefore, changes of A1P 
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6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.25 

±0.02 
0.27 

±0.02 
0.32 

±0.03 
0.37 

±0.02 
0.43 

±0.03 
0.47 

±0.02 
0.56 

±0.03 
0.34 

±0.08 
(1.36) 

0.49 
±0.08 
(1.81) 

0.77 
±0.06 
(2.40) 

1.36 
±0.09 
(3.67) 

1.62 
±0.12 
(3.76) 

3.49 
±0.55 
(7.42) 

1.16 
±0.08 
(2.07) 

0.01% ME 

0.59 
±0.05 
(2.36) 

0.71 
±0.08 
(2.62) 

0.86 
±0.08 
(2.68) 

0.66 
±0.09 
(1.78) 

0.92 
±0.06 
(2.13) 

1.01 
±0.08 
(2.14) 

2.17 
±0.12 
(3.87) 

0.1% ME 

1% ME 0.98 
±0.12 
(3.92) 

1.27 
±0.04 
(4.70) 

2.62 
±0.07 
(8.18) 

2.84 
±0.08 
(7.67) 

	

3.34 	3.91 

	

±0.10 	±0.10 

	

(7.76)1 	(8.31) 

4.30 
±0.03 
(7.67) 

1.01 
±0.08 
(4.04) 

1.56 
±0.20 
(5.77) 

2.09 
±0.11 
(6.53) 

2.62 
±0.07 
(7.08) 

3.26 
±0.54 
(7.58) 

3.91 
±0.10 
(8.31) 

4.49 
±0.08 
(8.01) 

5% ME 

1.10 
±0.11 
(4.40) 

1.36 
±0.11 
(5.44) 

2.35 
±0.21 
(8.70) 

1.98 
±0.21 
(7.33) 

1.74 
±0.08 
(5.43) 

2.06 
±0.08 
(6.43) 

2.46 
±0.10 
(6.64) 

3.12 
±0.08 
(7.25) 

3.93 
±0.30 
(8.36) 
4.00 

±0.30 
(8.51) 

4.50 
±0.11 
(8.03) 

4.64 
±0.11 
(8.28) 

10% ME 

	

2.68 	2.99 

	

±0.10 	±0.08 

	

(7.24) 	(6.95) 
30% ME 

Table No. 93 

The changes in the alkaline phosphatase 
activity of skin of tadpoles 

(stage XIV) exposed to mining effluents 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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activity of skin of tadpoles of stage XIV, under the influence of ME are presented 

here. The changes of AlP activity of skin of tadpoles of stage XIV exposed to 

mining effluents are compiled in Table No. 93 and are presented graphically in 

Graph No. 93. AlP activity of skin is expressed as micromoles OA moles) of p-

nitrophenol liberated per gram wet weight of skin. 

It is clear from the table and graph that AlP activity of skin of control 

tadpoles ranged between 0.25 ± 0.02 and 0.56 ± 0.03 11 moles per gram wet weight 

of skin. AlP activity of the skin of control tadpoles was equivalent to 0.25 ± 0.02, 

0.27 ± 0.02, 0.32 ± 0.03, 0.37 ± 0.02, 0.43 ± 0.03, 0.47 ± 0.02 and 0.56 ± 0.03 11 moles 

per gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of A1P activity of skin at the end of 

six and one twenty hours only. Also, 5.0 % ME induced chronic and progressive 

elevations of AlP activity of skin. The minimum of 1.36 fold elevation of AlP 

activity of skin was promoted by 0.01 % ME at the end of six hours while the 

maximum of 8.70 fold increase of AlP activity of skin was induced by 10.0 % ME 

at the end of twelve hours. 

The tadpoles subjected to 0.01 ` 1/0 ME exhibited progressive elevations of 

AlP activity of skin from the end of six hours to the end of ninety six hours. A1P 

activity elevated by 1.36 to 7.42 folds. AlP activity of skin was equivalent to 0.34 ± 

0.08, 0.49 ± 0.08, 0.77 ± 0.06, 1.36 ± 0.09, 1.62 ± 0.12, 3.49 ± 0.55 and 1.16 ± 0.08 

moles per gram wet weight of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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Under the influence of 0.1 % ME the tadpoles demonstrated elevations of 

AlP activity of skin in the range of 1.78 to 3.87 folds. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours AlP 

activity of skin was equivalent to 0.59 ± 0.05, 0.71 ± 0.08, 0.86 ± 0.08, 0.66 ± 0.09, 

0.92 ± 0.06, 1.01 ± 0.08 and 2.17 ± 0.12 p moles per gram wet weight of skin 

respectively. 

The tadpoles exposed to 1.0 % ME demonstrated profuse elevations of AlP 

activity of skin at all the exposure periods. AlP activity elevated in the range of 

3.92 to 8.31 folds. AlP activity of skin was equivalent to 0.98 ± 0.12, 1.27 ± 0.04, 

2.62 ± 0.07, 2.84 ± 0.08, 3.34 ± 0.10, 3.91 ± 0.10 and 4.30 ± 0.03 p moles per gram 

wet weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles showed progressive chronic 

elevations of AlP activity of skin. The elevations of AlP activity of skin ranged 

between of 4.04 to 8.31 folds. AlP activity of skin as equivalent to 1.01 ± 0.08, 1.56 

± 0.20, 2.09 ± 0.11, 2.62 ± 0.07, 3.26 ± 0.54,3.91 ± 0.10 and 4.49 ± 0.08 p. moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

After the exposure of tadpoles to 10.0 % ME AlP activity of skin fluctuated. 

AlP activity of skin elevated by 4.40 to 8.70 folds. AlP activity of skin was 

equivalent to 1.10 ± 0.11, 2.35 ± 0.21, 1.74 ± 0.08, 2.68 ± 0.10, 2.99 ± 0.08, 3.93 ± 0.30 

and 4.50 ± 0.11 p moles per gram wet weight of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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When exposed to 30.0 % ME tadpoles exhibited profound increase of AlP 

activity of skin at all the exposure periods. AlP activity of skin elevated by 5.44 to 

8.51 folds. AlP activity of skin was equivalent to 1.36 ± 0.11, 1.98 ± 0.21, 2.06 ± 

0.08, 2.46 ± 0.10, 3.12 ± 0.08, 4.0 ± 0.30 and 4.64 ± 0.11 p, moles per gram wet 

weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

STAGE XVIII : 

The alterations of AlP activity of skin of tadpoles of stages XV to XVIII 

under the influence of mining effluents (ME) were almost identical. Therefore, the 

changes of AlP activity of skin of tadpoles of stage XVIII exposed to ME are 

reported here. The alterations of AlP activity of skin of tadpoles of stage XVIII 

exposed to mining effluents are given in Table No. 94 and are given graphically 

in Graph No. 94. AlP activity of skin is expressed as micromoles Oa moles) of p-

nitrophenol liberated per gram wet weight of skin i.e. p moles per gram wet 

weight of skin. 

It is seen from the table and graph that AlP activity of skin of control 

tadpoles ranged between 0.40 ± 0.02 and 0.64 ± 0.04 p, moles per gram wet weight 

of skin. AlP activity of the skin of control tadpoles was equivalent to 0.40 ± 0.02, 

0.42 ± 0.03, 0.45 ± 0.02, 0.48 ± 0.03, 0.54 ± 0.04, 0.57 ± 0.03 and 0.64 ± 0.04 p. moles 

per gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of AlP activity of skin at the end of 

forty eight and seventy two hours only. It is also noticed that all the 
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Table No. 94 

The changes in the alkaline phosphatase 
activity of skin of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.4 0.42 0.45 0.48 0.54 0.57 0.64 

±0.02 ±0.03 ±0.02 ±0.03 ±0.04 ±0.03 ±0.04 
0.01% ME 0.46 0.63 0.71 1.01 1.16 1.42 1.71 

±0.08 ±0.04 ±0.08 ±0.08 ±0.08 ±0.16 ±0.17 
(1.15) (1.5) (1.57) (2.1) (2.14) (2.49) (2.67) 

0.1% ME 0.59 0.71 0.8 1.04 1.27 2.43 2.75 
±0.05 ±0.08 ±0.11 ±0.13 ±0.04 ±0.21 ±0.11 
(1.47) (1.69) (1.77) (2.16) (2.35) (4.26) (4.29) 

1% ME 0.52 0.71 0.98 1.19 1.29 1.56 2.49 
±0.07 ±0.08 ±0.07 ±0.08 ±0.05 ±0.08 ±0.16 
(1.3) (1.69) (2.17) (2.47) (2.38) (2.73) (3.89) 

5% ME 0.59 0.77 0.95 1.27 1.82 1.9 3.11 
±0.05 ±0.07 ±0.05 ±0.04 ±0.18 ±0.17 ±0.08 
(1.47) (1.83) (2.11) (2.64) (3.37) (3.33) (4.85) 

10% ME 0.65 0.77 1.16 1.46 2.12 2.91 3.63 
±0.03 ±0.16 ±0.08 ±0.07 ±0.16 ±0.11 ±0.22 
(1.62) (1.83) (2.57) (3.06) (3.92) (5.1) (5.67) 

30% ME 0.69 0.82 1.26 1.72 2.46 3.21 3.96 
±0.05 ±0.16 ±0.08 ±0.07 ±0.11 ±0.22 ±0.08 
(1.72) (1.95) (2.8) (3.58) (4.55) (5.63) (5.761 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at ID0.001 
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concentrations of ME except 5.0 % promoted exposure period dependent 

progressive elevations of AlP activity of skin. The minimum of 1.15 fold elevation 

of AlP activity of skin was induced by 0.01 % ME at the end of six hours while the 

maximum of 5.76 fold elevation was promoted by 30.0 % ME at the end of one 

twenty hours. 

The tadpoles subjected to 0.01 `)/0 ME exhibited successive elevations of AlP 

activity of skin from the end of six hours to the end of one twenty hours. AlP 

activity of skin elevated by minimum of 1.15 fold at the end of six hours while a 

maximum of 2.67 fold increase of AlP activity was seen at the end of one twenty 

hours. AlP activity of skin was equivalent to 0.46 ± 0.08, 0.63 ± 0.04, 0.71 ± 0.08, 

1.01 ± 0.08, 1.16 ± 0.08, 1.42 ± 0.16 and 1.71 ± 0.17 u moles per gram wet weight of 

skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME led to progressive increase of AlP 

activity of skin from the end of six hours to the end of one twenty hours. AlP 

activity of skin elevated by 1.47 to 4.29 folds. AlP activity of skin was equivalent 

to 0.59 ± 0.05, 0.71 ± 0.08, 0.80 ± 0.11, 1.04 ± 0.13, 1.27 ± 0.04, 2.43 ± 0.21 and 2.75 ± 

0.11 la moles per gram wet weight of skin at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited exposure period 

dependent elevations of AlP activity from the end of six hours to the end of one 

twenty hours. AlP activity elevated by 1.30 to 3.89 folds. AlP activity of skin was 

equivalent to 0.52 ± 0.07, 0.71 ± 0.08, 0.98 ± 0.07, 1.19 ± 0.08, 1.29 ± 0.05, 1.56 ± 0.08 

and 2.49 ± 0.16 1.1 moles per gram wet weight of skin at the end of six, twelve, 

598 



twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 5.0 % ME A1P activity successively increased from the end 

of six hours to the end of seventy two hours, then subsequently it dropped a little 

to elevate considerably by the end of one twenty hours. AlP activity elevated in 

the range of 1.47 to 4.85 folds. A1P activity of skin as equivalent to 0.59 ± 0.05, 0.77 

± 0.07, 0.95 ± 0.05, 1.27 ± 0.04, 1.82 ± 0.18, 1.90 ± 0.17 and 3.11 ± 0.08 [1. moles per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy.  two, ninety six and one twenty hours respectively. 

After exposure to 10.0 % ME the tadpoles exhibited chronic elevations of 

AlP activity. A1P activity of skin elevated by 1.62 to 5.67 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

A1P activity of skin was equivalent to 0.65 ± 0.03, 0.77 ± 0.16, 1.16 ± 0.08, 1.46 ± 

0.07, 2.12 ± 0.16, 2.91 ± 0.11 and 3.63 ± 0.22 m. moles per gram wet weight of skin 

respectively. 

When exposed to 30.0 % ME the tadpoles showed chronic elevations of 

AlP activity which increased progressively. AlP activity of skin elevated by 1.72 

to 5.76 folds. At the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours A1P activity of skin was equivalent to 0.69 ± 0.00, 

0.82 ± 0.16, 1.26 ± 0.08, 1.72 ± 0.07, 2.46 ± 0.11, 3.21 ± 0.22 and 3.96 ± 0.08 µ moles 

per gram wet weight of skin respectively. 

STAGE XXII : 

The changes of AlP activity of skin of tadpoles of stages XIX to XXII under 

the influence of mining effluents (ME) were nearly identical. Therefore, the 
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Table No. 95 

The changes in the alkaline phosphatase 
activity of skin of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.36 0.39 0.44 0.47 0.52 0.56 0.59 

±0.12 ±0.04 ±0.05 ±0.06 ±0.07 ±0.09 ±0.02 
0.01% ME 0.43 0.65 0.78 1.07 1.26 1.73 2.22 

±0.05 ±0.07 ±0.07 ±0.05 ±0.62 ±0.63 ±0.52 
(1.19) (1.66) (1.77) (2.27) (2.42) (3.08) (3.76) 

0.1% ME 0.63 0.74 0.86 1.24 1.37 2.56 2.93 
±0.13 ±0.12 ±0.14 ±0.13 ±0.12 ±0.36 ±0.75 
(1.75) (1.89) (1.95) (2.63) (2.63) (4.57) (4.96) 

1% ME 0.63 0.82 0.95 1.09 1.32 1.64 2.59 
±0.12 ±0.13 ±0.43 ±0.44 ±0.36 ±0.63 ±0.76 
(1.75) (2.10) (2.15) (2.31) (2.53) (2.92) (4.38) 

5% ME 0.59 0.86 1.12 1.46 2.36 2.46 3.12 
±0.07 ±0.26 ±0.1 ±0.26 ±0.46 ±0.33 ±0.45 
(1.63) (2.2) (2.54) (3.1) (4.53) (4.39) (5.28) 

10% ME 0.73 0.86 1.26 1.76 2.42 3.12 3.46 
±0.5 ±0.32 ±0.32 ±0.43 ±0.59 ±0.63 ±0.73 

(2.02) (2.2) (2.86) (3.74) (4.65) (5.57) (5.86) 
30% ME 0.86 0.93 1.32 1.83 2.53 3.42 4.21 

±0.26 ±0.14 ±0.42 ±0.34 ±0.32 ±0.36 ±0.46 
(2.38) (2.38) (3.0) (3.89) (4.86) (6.10) (7.13) 

Note : Unit : pmoles/gm Ww skin 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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changes of AlP activity of skin of tadpoles of stage XXII under the influence of 

mining effluents are presented here. The alterations of AlP activity of skin of 

tadpoles of stage XXII under the influence of mining effluents are tabulated in 

Table No. 95 and are expressed graphically in Graph No. 95. AlP activity of skin 

is expressed as micromoles (II moles) of p-nitrophenol liberated per gram wet 

weight of skin. 

It is clear from the table and graph that AlP activity of skin of control 

tadpoles ranged between 0.36 ± 0.12 and 0.59 ± 0.02 p, moles per gram wet weight 

of skin. The AlP activity of the skin of control tadpoles was equivalent to 0.36 ± 

0.12, 0.39 ± 0.04, 0.44 ± 0.05, 0.47 ± 0.06, 0.52 ± 0.07, 0.56 ± 0.09 and 0.59 ± 0.02 1.t 

moles per gram wet weight of skin at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of AlP activity at the end of twenty 

four hours only while ME concentrations like 1.0, 5.0, 10.0 and 30.0 % induced 

concentration dependent elevations of AlP activity of skin at the end of forty 

eight, seventy two, ninety six and one twenty hours respectively. Besides this it is 

also obvious that 0.01, 1.0 and 10.0 % ME promoted exposure period dependent 

increase of AlP activity. 

The tadpoles subjected to 0.01 % ME exhibited chronic elevations of AlP 

activity. A1P activity elevated in the range of 1.19 to 3.76 folds. A1P activity of skin 

was equivalent to 0.43 ± 0.05, 0.65 ± 0.07, 0.78 ± 0.07, 1.07 ± 0.05, 1.26 ± 0.62, 1.73 ± 

0.63 and 2.22 ± 0.52 µ moles per gram wet weight of skin at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 0.1 % ME the AlP activity increased successively 

from the end of six hours to the end of forty eight hours and then remained 

unchanged up to the end of seventy two hours to elevate further through ninety 

six and one twenty hours. AlP activity elevated by 1.75 to 4.96 folds. Thus, AlP 

activity was equivalent to 0.63 ± 0.13, 0.74 ± 0.12, 0.86 ± 0.14, 1.24 ± 0.13, 1.37 ± 

0.12, 2.56 ± 0.36 and 2.93 ± 0.75 p, moles per gram wet weight of skin at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The tadpoles exposed to 1.0 % ME -exhibited chronic elevations of AlP 

activity of skin and AlP activity of skin elevated 1.75 to 4.38 folds. Thus, AlP 

activity of skin was equivalent to 0.63 ± 0.12, 0.82 ± 0.13, 0.95 ± 0.43, 1.09 ± 0.44, 

1.32 ± 0.36, 1.64 ± 0.63 and 2.59 ± 0.76 .t moles per gram wet weight of skin at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted progressive elevations of 

AlP activity from the end of six hours to the end of seventy two hours and 

subsequently AlP activity lowered a little to rise once again at the end of one 

twenty hours. AlP activity elevated by 1.63 to 5.28 folds. Thus, AlP activity of skin 

was equivalent to 0.59 ± 0.07, 0.86 ± 0.26, 1.12 ± 0.10, 1.46 ± 0.26, 2.36 ± 0.46, 2.46 ± 

0.33 and 3.12 ± 0.45 p. moles per gram wet weight of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

601 



When exposed to 10.0 % ME the tadpoles exhibited progressively chronic 

elevations of AlP activity. AlP activity elevated in the range of 2.02 to 5.86 folds. 

AlP activity was equivalent to 0.73 ± 0.50, 0.86 ± 0.32, 1.26 ± 0.32, 1.76 ± 0.43, 2.42 

± 0.59, 3.12 ± 0.63 and 3.46 ± 0.73 la moles per gram wet weight of skin at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

After exposure to 30.0 % ME the tadpoles showed progressive increase of 

AlP activity from the end of twelve hours to the end of one twenty hours. AlP 

activity of skin increased chronically. AlP activity elevated by 2.38 to 7.13 folds. 

AlP activity of skin was equivalent to 0.86 ± 0.26, 0.93 ± 0.14, 1.32 ± 0.42, 1.83 ± 

0.34, 2.53 ± 0.32, 3.42 ± 0.36 and 4.21 ± 0.46 p. moles per gram wet weight of skin 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

INTESTINE ALKALINE PHOSPHATASE (AIP) : 

STAGE V : 

The changes of alkaline phosphatase (A1P) activity of the intestine of 

tadpoles of stages I to IV under the influence of mining effluents (ME) were non-

significant. But the changes of AlP activity of the intestine of tadpole stage V 

exposed to ME were significant. Hence changes of AlP activity of the intestine of 

tadpoles of stage V are described here. 

The alteration of AlP activity of intestine of tadpoles of stage V exposed to 

mining effluents are compiled in Table No. 96 and are given graphically in Graph 
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Table No. 96 

The changes in the alkaline phosphatase 
activity of intestine of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.4 0.42 0.45 0.5 0.54 0.58 0.62 

±0.03 ±0.05 ±0.05 ±0.06 ±0.07 ±0.04 ±0.02 
0.01% ME 0.46 0.57 0.77 1.07 0.89 1.26 1.5 

±0.08 ±0.04 ±0.16 ±0.06 ±0.08 ±0.1 ±0.1 
(1.15) (1.35) (1.71) (2.14) (1.64) (2.17) (2.41) 

0.1% ME 0.95 0.8 1.1 1.5 1.71 3.6 4.07 
±0.05 ±0.03 ±0.1 ±0.03 ±0.08 ±0.33 ±0.27 
(2.37) (1.9) (2.44) (3.0) (3.16) (6.2) (6.56) 

1% ME 1.07 1.16 1.85 2.34 3.15 3.78 4.23 
±0.06 ±0.13 ±0.15 ±0.22 ±0.13 ±0.13 ±0.16 
(2.67) (2.76) (4.11) (4.68) (5.83) (6.51) (6.82) 

5% ME 1.21 1.47 1.88 2.53 2.9 3.48 4.12 
±0.11 ±0.07 ±0.16 ±0.1 ±0.04 ±0.13 ±0.12 
(3.02) (3.5) (4.17) (5.06) (5.37) (6.00) (6.64) 

10% ME 0.86 1.39 1.91 2.61 2.93 3.80 4.4 
±0.08 ±0.11 ±0.15 ±0.08 ±0.13 ±0.68 ±0.13 
(2.15) (3.3) (4.24) (5.22) (5.42) (6.55) (7.09) 

30% ME 1.46 1.67 1.99 2.4 3.09 4 4.73 
±0.11 ±0.07 ±0.15 ±0.08 ±0.13 ±0.68 ±0.13 
(3.65) (3.97) (4.42) (4.8) (5.72) (6.89j (7.62) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 1:),0.001 
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No. 96. A1P activity is expressed as micromoles ( p, moles) of p-nitrophenol 

liberated per gram wet weight of intestine i.e. p. moles per/g. wet weight. 

It is clear from the table and the graph that AlP activity of the intestine of 

control tadpoles ranged between 0.40 ± 0.03 and 0.62 ± 0.02 p moles per gram wet 

weight of intestine. AlP activity of the control tadpoles was equivalent to 0.40 ± 

0.03, 0.42 ± 0.05, 0.45 ± 0.05, 0.50 ± 0.06, 0.54 ± 0.07, 0.58 ± 0.04 and 0.62 ± 0.02 p 

moles per gram wet weight of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also seen from the table and the graph that all the concentrations of 

ME induced concentration dependent elevations of the A1P activity of the 

intestine at the end of twenty four hours. Similarly ME concentrations from 0.1 to 

10.0 `)/0 promoted concentration dependent elevations of A1P activity of intestine 

at the end of forty eight hours. It is also obvious from the table and the graph that 

ME concentrations like 1.0, 5.0, 10.0 and 30.0 % promoted progressively chronic 

elevations of AlP activity of the intestine. The minimum of 1.15 fold elevation of 

A1P activity of the intestine was induced by 0.01 `)/0 ME at the end of six hours 

while the maximum of 7.62 folds elevations of intestinal AlP activity was 

promoted by 30.0 % ME at the end of one twenty hours. All the concentrations of 

ME at all the exposure periods promoted significant elevations of intestinal A1P 

activity. 

The tadpoles subjected to 0.01 `)/0 ME exhibited successive increase of AlP 

activity of the intestine from the end of six hours to the end of forty eight hours 

and subsequently A1P activity lowered a little to elevate through ninety six and 

one twenty hours. AlP activity of intestine elevated by 1.15 to 2.41folds. Thus, 
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intestinal AlP activity was equivalent to 0.46 ± 0.08, 0.57 ± 0.04, 0.77 ± 0.16, 1.07 ± 

0.06, 0.89 ± 0.08, 1.26 ± 0.10 and 1.50 ± 0.1 p. moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles exposed to 0.1 `)/0 ME showed progressive and profound 

elevations of intestinal AlP activity from the end of twelve to one twenty hours. 

AlP activity of intestine elevated by 1.90 to 6.56 folds. AlP activity of the intestine 

was equivalent to 0.95 ± 0.05, 0.80 ± 0.03, 1.10 ± 0.10, 1.50 ± 0.03, 1.71 ± 0.08, 3.60 ± 

0.33 and 4.07 ± 0.27 µ moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 1.0 % ME promoted progressively chronic 

elevations of intestinal AlP activity. AlP activity of intestine elevated by 2.67 to 

6.82 folds. Thus, intestinal AlP activity was equivalent to 1.07 ± 0.06, 1.16 ± 0.13, 

1.85 ± 0.15, 2.34 ± 0.22, 3.15 ± 0.13, 3.78 ± 0.13 and 4.23 ± 0.16 p. moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

When exposed to 5.0 % ME the tadpoles showed progressively chronic 

elevations of intestinal AlP activity. AlP activity of intestine elevated by 3.02 to 

6.64 folds. The intestinal AlP activity was equivalent to 1.21 ± 0.11, 1.47 ± 0.07, 

1.88 ± 0.16, 2.53 ± 0.10, 2.90 ± 0.04, 3.48 ± 0.13 and 4.12 ± 0.12 µ moles per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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On exposure to 10.0 % ME the tadpoles exhibited profound and 

progressive elevations of intestinal AlP activity from the end of six hours to the 

end of one twenty hours. AlP activity elevated by 2.15 to 7.09 folds. AlP activity 

of the intestine was equivalent to 0.86 ± 0.08, 1.39 ± 0.11, 1.91 ± 0.15, 2.61 ± 0.08, 

2.93 ± 0.13, 3.80 ± 0.68 and 4.40 ± 0.13 p, moles per gram wet weight of intestine at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

After exposure to 30.0 % ME the intestinal AlP activity of tadpoles raised 

exuberantly from the end of six hours to the end of one twenty hours. AlP activity 

elevated by 3.65 to 7.62 folds. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours AlP activity of the intestine was 

equivalent to 1.46 ± 0.11, 1.67 ± 0.07, 1.99 ± 0.15, 2.40 ± 0.08, 3.09 ± 0.13, 4.00 ± 0.68 

and 4.73 ± 0.13 p moles per gram wet weight of intestine respectively. 

STAGE VIII : 

The alterations of intestinal AlP activity of tadpoles of stages VI to VIII 

under the influence of mining effluents (ME) were almost identical. Therefore the 

changes of intestinal AlP activity of tadpoles of stage VIII are reported here. The 

alteration of AlP activity of intestine of tadpoles of stage VIII under the influence 

of mining effluents (ME) are tabulated in Table No. 97 and are presented 

graphically in Graph No. 97. AlP activity of intestine is expressed as micromoles 

(p moles) of p-nitrophenol liberated per gram wet weight of intestine i.e. g moles 

per /g wet weight of intestine. 

It is clear from the table and the graph that the intestinal AlP activity of the 

control tadpoles ranged between 0.63 ± 0.04 and 0.85 ± 0.02 p moles per gram wet 
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Table No. 97 

The changes in the alkaline phosphatase 
activity of intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.63 0.65 0.68 0.73 0.79 0.82 0.85 

±0.04 ±0.06 ±0.02 ±0.05 ±0.04 ±0.02 ±0.02 
0.01% ME 9.24 10.96 18.16 28.26 32.16 48.3 0.64 

±0.43 ±0.12 ±2.14 ±1.62 ±0.26 ±0.05 ±0.17 
(14.66) (16.86) (26.7) (38.71) (40.7) (58.9) (-0.75) 

0.1% ME 7.43 9.43 11.16 13.26 15.16 17.88 4.22 
±0.24 ±0.12 ±0.09 ±1.26 ±0.26 ±1.08 ±0.74 

(11.79) (14.5) (16.41) (18.16) (19.18) (21.8) (4.96) 
1% ME 3.14 3.46 3.96 4.82 15.16 6.51 4.71 

±0.12 ±0.11 ±0.11 ±0.12 ±0.03 ±0.40 ±0.36 
(4.98) (5.32) (5.82) (6.6) (6.53) (7.93) (5.54) 

5% ME 9.64 15.17 22.46 28.24 30.12 35.82 42.6 
±0.62 ±0.72 ±0.62 ±1.26 ±1.12 ±1.11 ±1.04 
(15.3) (23.33) (33.02) (38.68) (38.12) (43.68) (50.11) 

10% ME 12.14 19.16 22.17 28.72 30.16 32.58 45.23 
±0.02 ±0.73 ±0.52 ±0.62 ±0.72 ±0.49 ±0.45 

(19.26) (29.47) (32.6) (39.34) (38.17) (39.73) (53.21) 
30% ME 16.24 21.81 24.65 32.16 34.72 36.12 38.72 

±0.73 ±0.16 ±1.72 ±0.98 ±0.85 ±1.82 ±0.92 
(25.77) (33.55) (36.25) (44.05) (43.94) (44.04) (45.55) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p;0.001 
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The changes in the alkaline phosphatase of intestine 
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weight of intestine. AlP activity of intestine of the control tadpoles was equivalent 

to 0.63 ± 0.04, 0.65 ± 0.06, 0.68 ± 0.02, 0.73 ± 0.05, 0.79 ± 0.04, 0.82 ± 0.02 and 0.85 ± 

0.02 IA moles per gram wet weight of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is evident from the table and the graph that mining effluents could not 

induced concentration dependent elevations of intestinal AlP activity at any 

exposure period. But ME concentrations like 0.01 and 0.1 % promoted profound 

and progressive elevations of intestinal AlP activity from the end of six hours to 

the end of one twenty hours. It is also observed that ME promoted exuberant 

elevations of AlP activity at all the exposure periods barring a few where 

elevations of AlP were of lower magnitude. AlP activity reduced under the 

influence of 0.01 % at the end of one twenty hours the maximum of 58.90 folds 

elevation of AlP activity was promoted by 0.01 % ME at the end of ninety six 

hours. 

The tadpoles exposed to 0.01 % ME exhibited exuberant and progressive 

elevations of intestinal AlP activity from the end of six hours to the end of ninety 

six hours. AlP activity of intestine elevated by 14.66 to 58.90 folds. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AlP activity of the intestine was equivalent to 9.24 ± 0.43, 10.96 ± 0.12, 18.16 

± 2.14, 28.26 ± 1.62, 32.16 ± 0.26, 48.30 ± 0.05 and 0.64 ± 0.17 IA moles per gram wet 

weight of intestine respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited elevations of 

intestinal AlP activity in the range of 4.96 to 21.80 folds. AlP activity of intestine 

elevated progressively from the end of six hours to the end of ninety six hours. 
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AlP activity of intestine was equivalent to 7.43 ± 0.24, 9.43 ± 0.12, 11.16 ± 0.09, 

13.26 ± 1.26, 15.16 ± 0.26, 17.88 ± 1.08 and 4.22 ± 0.74 p moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The tadpoles exposed to 1.0 `)/0 ME exhibited gradual increase of intestinal 

AlP activity from the end of six hours to the end of forty eight hours but 

subsequently AlP activity fluctuated. AlP activity of intestine elevated by 4.96 to 

7.93 folds. Thus, AlP activity of the intestine was equivalent to 3.14 ± 0.12, 3.46 ± 

0.11, 3.96 ± 0.11, 4.82 ± 0.12, 5.16 ± 0.03, 6.51 ± 0.40 and 4.71 ± 0.36 IA moles per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 5.0 % ME promoted exuberant elevations of 

intestinal AlP activity at all exposure periods. AlP activity of intestine increased 

successively from the end of six hours to the end of forty eight hours. 

Subsequently AlP activity decreased a little at the end of seventy two hours to 

elevate successively up to the end of one twenty hours. AlP activity of intestine 

elevated by 15.30 to 50.11 folds. Thus, intestinal AlP activity was equivalent to 

9.64 ± 0.62, 15.17 ± 0.72, 22.46 ± 0.62, 28.24 ± 1.26, 30.12 ± 1.12, 35.82 ± 1.11 and 

42.60 ± 1.04 p. moles per gram wet weight of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 10.0 % ME intestinal AlP activity elevated successively 

from the end of six hours to the end of forty eight hours and then decreased a 

little at the end of seventy two hours to rise through ninety six and one twenty 
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hours. A1P activity of intestine raised by 19.26 to 53.21 folds. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

intestinal AlP activity was equivalent to 12.14 ± 0.02, 19.16 ± 0.73, 22.17 ± 0.52, 

28.72 ± 0.62, 30.16 ± 0.72, 32.58 ± 0.49 and 45.23 ± 0.45 p moles per gram wet 

weight of intestine respectively. 

After the exposure of tadpoles to 30.0 % ME exuberant elevations of 

intestinal AlP activity were observed at all the exposure periods. AlP activity of 

the intestine increased successively from the end of six hours to the end of forty 

eight hours but AlP activity dropped a little at the end of seventy two hours to 

elevate subsequently. AlP activity of intestine elevated by 25.77 to 45.55 folds. The 

intestinal AlP activity was equivalent to -16.24 ± 0.73, 21.81 ± 0.16, 24.65 ± 1.72, 

32.16 ± 0.98, 34.72 ± 0.85, 36.12 ± 1.82 and 38.72 ± 0.92 p moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, respectively. 

STAGE XIV : 

The changes of AlP activity of the intestine of tadpoles of stages XIX to XIV 

under the influence of mining effluents (ME) were almost identical. Therefore, 

changes of intestinal A1P activity of tadpoles of stage XIV under the influence of 

ME are presented and these changes are tabulated in Table No. 98 and are given 

graphically in Graph No. 98. A1P activity is expressed as micromoles (.t moles) of 

p-nitrophenol liberated per gram wet weight of intestine i.e. p, moles per / g wet 

weight of intestine. 

It is seen from the table and graph that A1P activity of intestine of control 

tadpoles ranged between 0.75 ± 0.08 and 0.95 ± 0.07 pr moles per gram wet weight 
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Table No. 98 

The changes in the alkaline phosphatase 
activity of intestine of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.75 0.78 0.82 0.84 0.87 0.92 0.95 

#0.08 #0.06 ±0.04 ±0.03 ±0.03 ±0.04 ±0.07 
0.01% ME 1.04 1.28 1.21 2.54 3.29 6 7.36 

±0.08 ±0.05 #0.11 ±0.2 #0.1 #0.12 ±0.19 
(1.38) (1.65) (1.47) (3.02) (3.78) (6.52) (7.74) 

0.1% ME 5.98 7.59 8 9.88 11.34 17.76 13.14 
±0.11 ±0.13 ±0.2 ±0.16 ±0.13 ±0.43 ±0.54 
(7.97) (9.73) (9.75) (11.76) (13.03) (19.3) (13.83) 

1% ME 5.71 6.22 7.8 9.94 11.82 13.14 7.89 
#0.1 ±0.12 #0.11 ±0.13 ±0.5 ±0.31 ±0.08 

(7.61) (7.97) (9.51) (11.83) (13.58) (14.28) (8.3) 
5% ME 5.98 6.04 7.04 9.33 12.08 12.86 13.8 

±0.11 ±0.05 ±0.3 ±0.52 #0.95 ±0.37 ±0.22 
(7.97) (7.74) (8.58) (11.1) (13.88) (13.97) (14.52) 

10% ME 6.44 9.58 10.46 12.4 10.44 13.18 20.52 
±0.05 ±0.16 10.55 ±0.56 ±0.25 ±0.67 ±0.95 
(8.58) (12.28) (12.75) (14.76) (12.0) (14.32) (21.6) 

30% ME 6.64 10.06 10.72 13.1 13.48 17.21 20.72 
±0.1 ±0.11 ±0.09 ±0.3 ±0.56 ±0.67 ±0.95 

(8.85) (13.58) (13.07) (15.59) (15.49) (18.7) (21.81) 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance 

All data significant 

Concentration and exposure period interaction significant at p 0.001 

- /a9 	 AAA,errAt 



of intestine. A1P activity of intestine of the control tadpoles was equivalent to 0.75 

± 0.08, 0.78 ± 0.06, 0.82 ± 0.04, 0.84 ± 0.03, 0.87 ± 0.03, 0.92 ± 0.04 and 0.95 ± 0.07 IA 

moles per gram wet weight of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced significant elevations of intestinal A1P activity. ME concentrations 

like 1.0, 5.0, 10.0 and 30.0 % promoted concentration dependent elevations of 

intestinal A1P activity at the end of six and one twenty hours only while 0.1 and 

1.0 `)/0 ME induced exposure period dependent elevations of intestinal AlP 

activity from the end of six hours to the end of ninety six hours. The minimum of 

1.38 fold elevation of A1P activity was induced by 0.01 % ME at the end of six 

hours while the maximum of 21.81 folds increase of AlP activity was promoted 

by 30.0 % ME at the end of one twenty hours. 

The tadpoles exposed to 0.01 % ME showed progressive elevations of 

intestinal AlP activity from the end of twenty four hours to the end of one twenty 

hours. AlP activity elevated by 1.38 to 7.74 folds. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours intestinal AlP 

activity was equivalent to 1.04 ± 0.08, 1.29 ± 0.05, 1.21 ± 0.11, 2.54 ± 0.20, 3.29 ± 

0.10, 6.00 ± 0.12 and 7.36 ± 0.19 µ moles per gram wet weight of intestine 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted progressive elevations of 

intestinal A1P activity from the end of six hours to the end of ninety six hours. 

AlP activity elevated by 7.97 to 19.30 folds. AlP activity of the intestine was 

equivalent to 5.98 ± 0.11, 7.59 ± 0.13, 8.00 ± 0.20, 9.88 ± 0.16, 11.34 ± 0.13, 17.76 ± 
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0.43 and 13.14 ± 0.54 p, moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited successive increase 

of intestinal AlP activity from the end of six hours to the end of ninety six hours. 

AlP activity elevated in the range of 7.61 to 14.28 folds. A1P activity of the 

intestine was equivalent to 5.71 ± 0.10, 6.22 ± 0.12, 7.80 ± 0.11, 9.94 ± 0.13, 11.82 ± 

0.50, 13.14 ± 0.31 and 7.89 ± 0.08 p. moles per gram wet weight of intestine at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles subjected to 5.0 % ME _promoted progressive elevations of 

AlP activity from the end of twelve hours to the end of one twenty hours. 

Intestinal AlP activity elevated by 7.74 to 14.52 folds. A1P activity of the intestine 

was equivalent to 5.98 ± 0.11, 6.04 ± 0.05, 7.04 ± 0.30, 9.33 ± 0.52, 12.08 ± 0.95, 12.86 

± 0.37 and 13.80 ± 0.22 IA moles per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 10.0 % ME the tadpoles exhibited successive elevations of 

intestinal AlP activity from the end of six hours to the end of forty eight hours 

and AlP activity reduced a little at the end of seventy two hours to elevate 

through ninety six and one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours intestinal AlP activity 

was equivalent to 6.44 ± 0.05, 9.58 ± 0.16, 10.46 ± 0.55, 12.40 ± 0.56, 10.44 ± 0.25, 
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13.18 ± 0.67 and 20.52 ± 0.95 11 moles per gram wet weight of intestine 

respectively. 

When exposed to 30.0 `)/0 ME the tadpoles showed fluctuations of the 

intestinal AlP activity. AlP activity of the intestine fluctuated between 6.64 ± 0.10 

and 20.72 ± 0.95 IA moles per gram wet weight of intestine. A1P activity elevated in 

the range of 8.85 to 21.81 folds. Thus, AlP activity of the intestine was equivalent 

to 6.64 ± 0.10, 10.06 ± 0.11, 10.72 ± 0.09, 13.10 ± 0.30, 13.48 ± 0.56, 17.21 ± 0.67 and 

20.72 ± 0.95 p. moles per gram wet weight of intestine respectively. 

STAGE XVIII : 

The changes of AlP activity of the intestine of tadpoles of stages XV to 

XVIII under the influence of mining effluents (ME) were nearly similar. 

Therefore, alterations of AlP activity of the intestine of tadpoles of stage XVIII 

exposed to ME are described here and these changes are compiled in Table No. 99 

and are given graphically in Graph No. 99. AlP activity is expressed as 

micromoles (11 moles) of p-nitrophenol liberated per gram wet weight of intestine 

i.e. 11 moles per/g wet weight of intestine. 

It is clear from the table and the graph that intestinal AlP activity of the 

control tadpoles ranged between 1.20 ± 0.08 and 1.42 ± 0.07 la moles per gram wet 

weight of intestine. AlP activity of intestine of the control tadpoles was equivalent 

to 1.20 ± 0.08, 1.22 ± 0.04, 1.24 ± 0.09, 1.28 ± 0.08, 1.32 ± 0.09, 1.36 ± 0.08 and 1.42 ± 

0.07 p, moles per gram wet weight of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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Table No. 99 

The changes in the alkaline phosphatase 
activity of intestine of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.2 1.22 1.24 1.28 1.32 1.36 1.42 

±0.08 ±0.04 ±0.09 ±0.08 ±0.09 ±0.08 ±0.07 
0.01% ME 1.57 3.35 4.52 7.65 10.22 12.12 12.84 

±0.07 ±0.35 ±0.2 ±0.28 ±0.18 ±0.11 ±0.09 
(1.3) (2.74) (3.64) (5.97) (7.74) (8.91) (9.04) 

0.1% ME 2.99 3.75 6.38 10 11.84 11.44 13.96 
±0.08 ±0.15 ±0.22 ±0.05 ±1.34 ±0.09 ±0.13 
(2.49) (3.07) (5.14) (7.81) (8.96) (8.41) (9.83) 

1% ME 2.57 2.93 3.9 4.41 5.23 3.95 4.22 
±0.23 ±0.07 ±0.28 ±0.09 ±0.14 ±0.21 ±0.04 
(2.14) (2.4) (3.14) (3.44) (3.96) (2.9) (2.97) 

5% ME 1.22 1.56 2.42 3.08 3.24 3.81 4.4 
±0.07 ±0.08 ±0.29 ±0.07 ±0.28 ±0.13 ±0.03 
(1.01) (1.27) (1.95) (2.4) (2.45) (2.8) (3.09) 

10% ME 1.24 2.02 2.72 3.4 4.39 4.44 5.94 
±0.09 ±0.18 ±0.07 ±0.19 ±0.1 ±0.11 ±0.13 
(1.03) (1.65) (2.19) (2.65) (3.32) (3.26) (4.18) 

30% ME 2.63 4.97 7.32 10.89 12.96 13.48 15.72 
±0.09 ±0.18 ±0.07 ±0.19 ±0.1 ±0.13 ±0.21 
(2.19) (4.07) (5.9) (8.5) (9.81) (9.91) (11.071 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p. 4.- 0.001 
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It is also obvious from the table and the graph that ME could not induce 

concentration dependent changes of the intestinal AlP activity. However 0.01, 5.0 

and 30.0 % ME could induce chronic elevations of AlP activity. 0.1 and 1.0 % ME 

promoted successive elevations of AlP activity from the end of six hours to the 

end of seventy two. The minimum of 1.01 fold increase of intestinal AlP activity 

was induced by 5.0 `)/0 ME while the of maximum of 11.07 fold elevation of AlP 

activity was promoted by 30.0 % ME at the end of one twenty hours. 

The tadpoles subjected to 0.01 % ME exhibited chronic elevations of 

intestinal AlP activity. Intestinal AlP activity elevated in the range of 1.30 to 9.04 

folds. AlP activity of the intestine was equivalent to 1.57 ± 0.07, 3.35 ± 0.35, 4.52 ± 

0.20, 7.65 ± 0.28, 10.22 ± 0.18, 12.12 ± 0.11 and 12.84 ± 0.09 la moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME led to successive elevations of 

intestinal AlP activity from the end of six hours to the end of seventy two hours 

but subsequently AlP activity dropped a little to elevate once again at the end of 

one twenty hours. AlP activity of the intestine elevated by 2.49 to 9.83 folds. 

Intestinal AlP activity was equivalent to 2.99 ± 0.08, 3.75 ± 0.15, 6.38 ± 0.22, 10.00 ± 

0.05, 11.84 ± 1.34, 11.44 ± 0.09 and 13.96 ± 0.13 p. moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 1.0 % ME intestinal AlP activity increased gradually 

from the end of six hours to the end of seventy two hours. AlP activity of the 

intestine elevated by 2.14 to 3.96 folds. AlP activity of the intestine was equivalent 
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to 2.57 ± 0.23, 2.93 ± 0.07, 3.90 ± 0.28, 4.41 ± 0.09, 5.23 ± 0.14, 3.95 ± 0.21 and 4.22 ± 

0.04 p. moles per gram wet weight of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % the tadpoles exhibited successive elevations of 

intestinal AlP activity from the end of six hours to the end of one twenty hours. 

AlP activity elevated in the range of 1.01 to 3.09 folds. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours AlP 

activity of the intestine was equivalent to 1.22 ± 0.07, 1.56 ± 0.08, 2.42 ± 0.29, 3.08 ± 

0.07, 3.24 ± 0.28, 3.81 ± 0.13 and 4.40 ± 0.03 ti moles per gram wet weight of 

intestine respectively. 

The tadpoles treated with 10.0 %- ME exhibited successive elevations of 

intestinal AlP activity from the end of six hours to the end of seventy two hours 

and subsequently AlP activity decreased a little to elevate once again at the end of 

one twenty hours. AlP activity of the intestine elevated in the range of 1.03 to 4.18 

folds. Thus, intestinal AlP activity was equivalent to 1.24 ± 0.09, 2.02 ± 0.18, 2.72 ± 

0.07, 3.40 ± 0.19, 4.39 ± 0.10, 4.44 ± 0.11 and 5.94 ± 0.13 IA moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

When exposed to 30.0 % ME the tadpoles showed progressively chronic 

elevations of intestinal AlP activity. AlP activity elevated in the range of 2.19 to 

11.07 folds. By the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours intestinal AlP activity was equivalent to 2.63 ± 0.09, 4.97 

± 0.18, 7.32 ± 0.07, 10.89 ± 0.19, 12.96 ± 0.10, 13.48 ± 0.13 and 15.72 ± 0.21 IA moles 

per gram wet weight of intestine respectively. 

613 



STAGE XXII : 

The changes of intestinal AlP activity of tadpoles of stages XIX to XXII 

under the influence of mining effluents (ME)were almost identical. Therefore, 

alterations of intestinal AlP activity of tadpoles of stage XXII under the influence 

of ME are reported here and these alterations are given in Table No. 100 and are 

presented in Graph No.100. All' activity is expressed as micromoles (i moles) of 

p-nitrophenol liberated per gram wet weight of intestine i.e. µ moles per / g wet 

weight of intestine. 

It is clear from the table and the graph that intestinal AlP activity of the 

control tadpoles ranged between 1.36 ± 0.09 and 1.58 ± 0.12 11 moles per gram wet 

weight of intestine. AlP activity of intestine of the control tadpoles was equivalent 

to 1.36 ± 0.09, 1.38 ± 0.09, 1.43 ± 0.12, 1.47 ± 0.12, 1.52 ± 0.10, 1.55 ± 0.09 and 1.58 ± 

0.12 IA moles per gram wet weight of intestine at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also obvious from the table and the graph that ME failed to induce 

concentration dependent elevations of the intestinal AlP activity. However all the 

concentrations of ME except 1.0 % promoted increasing elevations of intestinal 

AlP activity. The minimum of zero `)/0 (mathematical one fold) elevation of 

intestinal AlP activity was induced by 5.0 % ME at the end of six hours while the 

maximum of 10.58 fold elevation of intestinal AlP activity was promoted by 30.0 

ME at the end of one twenty hours. 

The tadpoles exposed to 0.01 % ME showed chronic elevations of intestinal 

AlP activity. AlP activity elevated in the range of 1.22 to 8.20 folds. Thus, 
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Table No. 100 

The changes in the alkaline phosphatase 
activity of intestine of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.36 1.38 1.43 1.47 1.52 1.55 1.58 

±0.09 ±0.09 ±0.12 ±0.12 ±0.1 ±0.09 ±0.12 
0.01% ME 1.67 3.46 4.63 7.74 10.42 12.14 12.96 

±0.09 ±0.43 ±0.43 ±0.36 ±0.73 ±0.26 ±0.12 
(1.22) (2.5) (3.23) (5.26) (6.85) (7.83) (8.2) 

0.1% ME 3.03 3.81 6.73 10.32 11.96 12.17 14.32 
±0.12 ±0.36 ±0.36 ±0.93 ±0.97 ±1.76 ±1.46 
(2.22) (2.76) (4.7) (7.02) (7.86) (7.85) (9.06) 

1% ME 3.12 3.34 4.12 4.57 5.36 4.36 4.76 
±0.17 ±0.76 ±0.54 ±0.65 ±0.76 ±0.93 ±0.72 
(2.29) (2.42) (2.88) (3.10) (3.52) (2.81) (3.01) 

5% ME 1.36 1.73 2.56 3.09 3.46 4.12 4.76 
±0.17 ±0.36 ±0.43 ±0.17 ±0.76 ±0.36 ±0.17 
(1.0) (1.25) (1.79) (2.10) (2.27) (2.65) (3.01) 

10% ME 1.43 2.17 2.93 3.56 4.76 4.96 6.23 
±0.32 ±0.32 ±0.76 ±0.72 ±0.36 ±0.32 ±0.31 
(1.05) (1.57) (2.04) (2.42) (3.13) (3.2) (3.94) 

30% ME 2.76 4.96 7.76 11.21 12.76 13.76 16.73 
±0.32 ±0.17 ±0.26 ±0.13 ±0.2 ±0.17 ±0.46 
(2.02) (3.59) (5.42) (7.62) (8.39) (8.87) (10.5i3 

Note : Unit : pmoles/gm Ww intestine 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at r3 ■ 0.001 
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intestinal AlP activity was equivalent to 1.67 ± 0.09, 3.46 ± 0.43, 4.63 ± 0.42, 7.74 ± 

0.36, 10.42 ± 0.73, 12.14 ± 0.26 and 12.96 ± 0.12 .t moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 `)/0 ME promoted chronic elevations of 

intestinal AlP activity. AlP activity of intestine elevated minimally by 2.22 folds to 

maximally by 9.06 folds. Thus, intestinal AlP activity was equivalent to 3.03 ± 

0.12, 3.81 ± 0.36, 6.73 ± 0.36, 10.32 ± 0.93, 11.96 ± 0.97, 12.17 ± 1.76 and 14.32 ± 1.46 

m. moles per gram wet weight of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles subjected to 1.0 `)/0 ME demonstrated successive elevations of 

intestinal AlP activity from the end of six hours to the end of seventy two hours 

and then reduced a little to elevate once again at the end of one twenty hours. AlP 

activity of intestine elevated minimally by 2.29 folds and maximally by 3.52 folds. 

Thus, intestinal AlP activity was equivalent to 3.12 ± 0.17, 3.34 ± 0.76, 4.12 ± 0.54, 

4.57 ± 0.65, 5.36 ± 0.76, 4.36 ± 0.93 and 4.76 ± 0.72 la moles per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles treated with 5.0 % ME showed successive elevations of 

intestinal AlP activity from the end of six hours to the end of one twenty hours. 

AlP activity of the intestine elevated minimally by one fold and maximally by 

3.01 folds. AlP activity of intestine was equivalent to 1.36 ± 0.17, 1.73 ± 0.36, 2.56 ± 

0.43, 3.09 ± 0.17, 3.46 ± 0.76, 4.12 ± 0.36 and 4.76 ± 0.17 µ moles per gram wet 
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weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

When exposed to 10.0 `)/0 ME the tadpoles showed successive elevations of 

intestinal A1P activity from the end of six hours to the end of one twenty hours. 

AlP activity of the intestine elevated minimally by 1.05 folds and maximally by 

3.94 folds. AlP activity of intestine was equivalent to 1.43 ± 0.32, 2.17 ± 0.32, 2.93 ± 

0.76, 3.56 ± 0.72, 4.76 ± 0.36, 4.96 ± 0.32 and 6.23 ± 0.31 11 moles per gram wet 

weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

After exposure to 30.0 `)/0 ME intestinal AlP activity showed chronic 

elevations. A1P activity of the intestine elevated minimally by 2.02 folds to 

maximally by 10.18 folds. Thus, intestinal AlP activity was equivalent to 2.76 ± 

0.32, 4.96 ± 0.17, 7.76 ± 0.26, 11.21 ± 0.12, 12.76 ± 0.20, 13.76 ± 0.17 and 16.73 ± 10.46 

p, moles per gram wet weight of intestine at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

LIVER ALKALINE PHOSPHATASE (A1P) 

STAGE V: 

The changes of the liver AlP activity of tadpoles of stages I to IV, under the 

influence of mining effluents (ME) were statistically insignificant but the changes 

of AlP activity of liver of tadpoles of stage V exposed to ME were very significant. 

Therefore, alterations of AlP activity of liver of tadpole stage V under the 

influence of ME are presented here and these are compiled in Table No. 101 and 

are given graphically in Graph No.101. AlP activity is expressed as micromoles (pi 
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Table No. 101 

The changes in the alkaline phosphatase 
activity of liver of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.6 0.63 0.65 0.70 0.75 0.80 0.90 

±0.03 ±0.05 ±0.07 ±0.05 ±0.0.90 ±0.09 ±0.07 
0.01% ME 1.03 2.04 2.63 3.12 3.68 4.32 3.00 

±0.10 ±0.13 ±0.14 ±0.12 ±0.22 ±0.04 ±0.13 
(1.71) (3.23) (4.04) (4.45) (4.90) (5.40) (10.15) 

0.1% ME 1.26 1.16 3.12 5.14 8.16 9.25 7.76 
±0.12 ±0.12 ±0.13 ±0.12 ±0.90 ±1.07 ±0.26 
(2.10) (1.84) (4.80) (7.34) (10.88) (11.56) (8.62) 

1% ME 2.25 3.16 4.32 5.43 6.46 7.63 5.69 
±0.16 ±0.12 ±0.11 ±0.12 ±0.19 ±0.18 ±0.61 
(3.75) (5.01) (6.64) (7.75) (8.61) (9.53) (6.32) 

5% ME 2.48 3.26 4.36 5.32 7.24 9.80 7.20 
±0.12 ±0.12 ±0.12 ±0.16 ±0.11 ±1.34 ±0.04 
(4.13) (5.17) (6.70) (7.60) (9.65) (12.25) (8.00) 

10% ME 3.81 4.16 5.24 7.14 9.16 10.46 8.63 
±0.36 ±0.42 ±0.36 ±0.56 ±0.72 ±4.55 ±0.07 
(6.35) (6.60) (8.06) (10.20) (12.21) (13.07) (9.58) 

30% ME 4.46 5.21 6.81 8.12 10.12 8.12 4.17 
±0.14 ±0.17 ±0.41 ±0.32 ±0.76 ±0.36 ±0.18 
(7.43) (8.26) (10.47) (11.60) (13.49) (10.15) (4.63) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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moles) of p-nitrophenol liberated per gram wet weight of liver i.e. p. moles gram 

wet weight of liver. 

It is seen from the table and the graph that AlP activity of liver of control 

tadpoles ranged between 0.60 ± 0.03 and 0.90 ± 0.07 p moles per gram wet weight 

of liver. Thus, A1P activity of the liver of control tadpoles was equivalent to 0.60 ± 

0.03, 0.63 ± 0.05, 0.65 ± 0.07, 0.70 ± 0.05, 0.75 ± 0.09, 0.80 ± 0.09 and 0.90 ± 0.07 p 

moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is also clear from the table and the graph that all the concentrations of 

ME induced relatively concentration dependent elevations of A1P activity of liver 

at the end of six and twenty four hours exposure. While 0.01 % ME induced 

progressive elevations of A1P activity of liver from the end of six hours to the end 

of one twenty hours. ME concentrations like 1.0, 5.0 and 10.0 % promoted 

successive elevations of AlP activity of liver from the end of six hours to the end 

of ninety six hours and these elevations of A1P activity were chronic. It is also 

evident that AlP activity of the liver elevated minimally by 1.71 folds under the 

influence of 0.01 % ME at the end of six hours while it elevated maximally by 

13.49 folds under the influence of 30.0 % ME at the end of seventy two hours. 

The tadpoles subjected to 0.01 `)/0 ME showed progressive elevations of AlP 

activity of the liver from the end of six hours to the end of one twenty hours. AlP 

activity of liver elevated minimally by 1.71 folds at the end of six hours and 

maximally by 10.15 folds at the end of one twenty hours. AlP activity of the liver 

was equivalent to 1.03 ± 0.10, 2.04 ± 0.13, 2.63 ± 0.14, 3.12 ± 0.12, 3.68 ± 0.22, 4.32 ± 

0.04 and 3.00 ± 0.13 p. moles per gram wet weight of liver at the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted successive elevations of 

AlP activity of liver from the end of twenty four to the end of ninety six hours. 

AlP activity elevated minimally by 2.1 folds at the end of six hours while it 

increased maximally by 11.56 folds at the end of ninety six hours. AlP activity of 

the liver was equivalent to 1.26 ± 0.12, 1.16 ± 0.12, 3.12 ± 0.13, 5.14 ± 0.12, 8.16 ± 

0.90, 9.25 ± 1.07 and 7.76 ± 0.26 p. moles per gram wet weight of liver at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Under the influence of 1.0 % -ME AlP activity of liver increased 

progressively from the end of six hours to the end of ninety six hours. AlP 

activity elevated by 3.75 to 9.53 folds. AlP activity of the liver was equivalent to 

2.25 ± 0.16, 3.16 ± 0.12, 4.32 ± 0.11, 5.43 ± 0.12, 6.46 ± 0.19, 7.63 ± 0.18 and 5.69 ± 

0.61 la moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited chronic elevations of AlP 

activity of the liver and AlP activity elevated continuously from the end of six 

hours to the end of ninety six hours. AlP activity elevated by 4.13 to 12.25 folds. 

AlP activity of the liver was equivalent to 2.48 ± 0.12, 3.26 ± 0.12, 4.36 ± 0.12, 5.32 

± 0.16, 7.24 ± 0.11, 9.80 ± 1.34 and 7.20 ± 0.04 la moles per gram wet weight of liver 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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The tadpoles treated with 10.0 % ME exhibited profound elevations of AlP 

activity of the liver. A1P activity elevated progressively from the end of from the 

end of six hours to the end of ninety six hours. AlP activity elevated in the range 

of 6.35 to 13.07 folds. AlP activity of the liver was equivalent to 3.81 ± 0.36, 4.16 ± 

0.42, 5.24 ± 0.36, 7.14 ± 0.56, 9.16 ± 0.72, 10.46 ± 4.55 and 8.63 ± 0.07 IA moles per 

gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When exposed to 30.0 % ME the tadpoles showed exuberant elevations of 

AlP activity of the liver. AlP activity increased successively from the end of six 

hours to the end of seventy two hours. A1P activity elevated by 7.43 to 13.49 folds. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AlP activity of the liver was equivalent to 4.46 ± 0.14, 5.21 ± 0.17, 

6.81 ± 0.41, 8.12 ± 0.32, 10.12 ± 0.76, 8.12 ± 0.36 and 4.17 ± 0.18 p. moles per gram 

wet weight of liver respectively. 

STAGE VIII: 

The changes of AlP activity of the liver of tadpoles of stages VI to VIII 

exposed to mining effluents (ME) are almost identical. Therefore, changes of AlP 

activity of the tadpoles of stage VIII under the influence of ME are given here 

and these changes of AlP activity are tabulated in Table No. 102 and are 

expressed graphically in Graph No.102. AlP activity of the liver is expressed as 

micromoles (µ moles) of p-nitrophenol liberated per gram wet weight of liver i.e. 

moles/g wet weight of liver. 

It is observed from the table and the graph that AlP activity of liver of 

control tadpoles ranged between 0.69 ± 0.09 and 0.97 ± 0.05 p moles per gram wet 
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Table No. 102 

The changes in the alkaline phosphatase 
activity of liver of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.69 0.72 0.76 0.84 0.87 0.93 0.97 

±0.09 ±0.07 ±1.08 ±0.05 ±0.06 ±0.06 ±0.05 
0.01% ME 0.82 0.84 0.96 1.36 1.72 2.12 2.46 

±0.07 ±0.07 ±0.03 ±0.21 ±0.32 ±0.31 ±0.32 
(1.18) (1.16) (1.26) (1.61) (1.97) (2.37) (2.53) 

0.1% ME 0.8 0.83 0.96 1.24 1.73 3.12 3.82 
±0.09 ±0.10 ±0.12 ±0.17 ±0.12 ±0.32 ±0.23 
(1.15) (1.15) (1.26) (1.47) (1.98) (3.35) (3.93) 

1% ME 0.93 0.96 1.06 1.32 1.84 2.21 2.76 
±0.10 ±0.12 ±0.31 ±0.21 ±0.21 ±0.21 ±0.26 
(1.34) (1.33) (1.39) (1.57) (2.11) (5.37) (2.84) 

5% ME 0.98 1.13 1.46 1.97 2.20 3.56 2.76 
±0.10 ±0.10 ±0.12 ±0.14 ±0.21 ±0.21 ±0.26 
(1.42) (1.56) (1.92) (2.33) (2.52) (3.82) (2:84) 

10% ME 1.27 1.43 1.76 2.48 2.96 3.46 3.12 
±0.12 ±0.13 ±0.13 ±0.26 ±0.25 ±0.21 ±0.17 
(1.84) (1.98) (2.31) (2.95) (3.40) (3.72) (3.21) 

30% ME 1.27 1.39 1.73 2.56 3.12 3.72 3.56 
±0.14 ±0.13 ±0.12 ±0.45 ±0.76 ±0.57 ±0.63 
(1.84) (1.93) (2.37) (3.04) (3.58) (4.00) (4 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at V_ 0.001 
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weight of liver. Thus, AlP activity of the liver of control tadpoles was equivalent 

to 0.69 ± 0.09, 0.72 ± 0.07, 0.76 ± 0.08, 0.84 ± 0.05, 0.87 ± 0.06, 0.93 ± 0.07 and 0.97 ± 

0.05 la moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also seen from the table and the graph that all the concentrations of 

ME could not induced a perfect concentration dependent elevations of A1P 

activity. However, ME concentrations like 0.1, 1.0, 5.0, 10.0 and 30.0 % promoted 

apparently concentration dependent elevations of AlP activity of the liver at the 

end of six and forty eight hours. ME concentrations like 0.01, 0.1 and 1.0 % 

induced exposure period dependent elevations of AlP activity of the liver from 

the end of twelve hours to the end of one twenty hours while rest of the ME 

concentrations promoted exposure period dependent elevations of A1P activity 

from the end of six hours to the end of ninety six hours. A1P activity of the liver 

elevated minimally by 1.15 folds at the end of six and twelve hours under the 

influence of 0.1 % ME while it elevated maximally by 4.00 folds at the end of 

ninety six under the influence of 30.0 % ME. 

The tadpoles subjected to 0.01 % ME exhibited progressive increase of AlP 

activity of the liver from the end of twelve hours to the end of one twenty hours. 

AlP activity elevated in the range of 1.16 to 2.53 folds. A1P activity of the liver was 

equivalent to 0.82 ± 0.07, 0.84 ± 0.07, 0.96 ± 0.03, 1.36 ± 0.21, 1.72 ± 0.32, 2.12 ± 0.31 

and 2.46 ± 0.32 µ moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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The exposure of tadpoles to 0.1 % ME promoted successive increase of AlP 

activity of the liver from the end of twelve hours to the end of one twenty hours. 

AM activity elevated by 1.15 to 3.93 folds. AlP activity of the liver was equivalent 

to 0.80 ± 0.09, 0.83 ± 0.10, 0.96 ± 0.12, 1.24 ± 0.17, 1.73 ± 0.12, 3.12 ± 0.32 and 3.82 ± 

0.23 µ moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles demonstrated gradual 

increase of AlP activity of the liver from the end of twelve hours to the end of one 

twenty hours. AlP activity of the liver elevated in the range of 1.33 to 2.84 folds. 

AlP activity of the liver was equivalent to 0.93 ± 0.10, 0.96 ± 0.12, 1.06 ± 0.31, 1.32 

± 0.21, 1.84 ± 0.21, 2.21 ± 0.21 and 2.76 ± 0.26 p, moles per gram wet weight of 

liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 5.0 % ME the tadpoles exhibited progressive elevations of 

AlP activity from the end of six hours to the end of ninety six hours. AlP activity 

elevated by 1.42 to 3.82 folds. AlP activity of the liver was equivalent to 0.98 ± 

0.10, 1.13 ± 0.10, 1.46 ± 0.12, 1.96 ± 0.14, 2.20 ± 0.21, 3.56 ± 0.21 and 2.76 ± 0.26 

moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 10.0 `)/0 ME led to progressive elevations of AlP 

activity from the end of six to the end of ninety six hours. AlP activity elevated by 

1.84 to 3.72 folds. Thus, AlP activity of the liver was equivalent to 1.27 ± 0.12, 1.43 

± 0.13, 1.76 ± 0.13, 2.48 ± 0.26, 2.96 ± 0.25, 3.46 ± 0.21 and 3.12 ± 0.17 la moles per 
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gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

When exposed to 30.0 % ME the tadpoles showed successive elevations of 

AlP activity of liver from the end of six to the end of ninety six hours. AlP activity 

increased by 1.84 to 4.00 folds. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours AlP activity of the liver was 

equivalent to 1.27 ± 0.14, 1.39 ± 0.13, 1.73 ± 0.12, 2.56 ± 0.45, 3.12 ± 0.76, 3.72 ± 0.57 

and 3.56 ± 0.63 p moles per gram wet weight of liver respectively. 

STAGE XIV: 

The changes of AlP activity of the liver of tadpoles of stages IX to XIV were 

nearly similar. Therefore, the changes of AlP activity of the liver of tadpoles of 

stage XIV are described here and these changes of A1P activity are tabulated in 

Table No. 103 and are presented graphically in Graph No.103. AlP activity is 

expressed as micromoles (p moles) of p-nitrophenol liberated per gram wet 

weight of liver i.e p moles/g wet weight of liver. 

It is clear from the table and graph that A1P activity of liver of control 

tadpoles ranged between 1.06 ± 0.02 and 1.42 ± 0.09 p, moles per gram wet weight 

of liver and AlP activity of control tadpoles was equivalent to 1.06 ± 0.02, 1.13 ± 

0.04, 1.23 ± 0.06, 1.27 ± 0.07, 1.32 ± 0.05, 1.37 ± 0.07 and 1.42 ± 0.09 p moles per 

gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced nearly concentration dependent elevations of AlP activity of liver at 

the end of six, twelve, twenty four and forty eight hours' exposure. ME 
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Table No. 103 

The changes in the alkaline phosphatase 
activity of liver of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.06 

±0.02 
1.13 

±0.04 
1.23 

±0.06 
1.27 

±0.07 
1.32 

±0.05 
1.37 

±0.07 
1.42 

±0.09 
0.01% ME 1.25 1.29 1.31 1.68 3.43 5.25 3.21 

±0.05 ±0.03 ±0.05 ±0.06 ±0.27 ±0.10 ±0.61 
(1.17) (1.14) (1.06) (1.32) (2.59) (3.83) (2.26) 

0.1% ME 1.29 1.6 2.3 2.64 2.98 3.11 3.32 
±0.65 ±0.88 ±0.97 ±0.25 ±0.20 ±0.34 ±0.98 
(1.21) (1.41) (1.86) (3.07) (2.25) (2.27) (2.33) 

1% ME 1.98 2.16 2.41 2.89 3.31 3.91 4.13 
±0.12 ±0.08 ±0.08 ±0.08 ±0.23 ±0.10 ±0.25 
(1.86) (1.91) (1.95) (2.27) (2.50) (2.85) (2.90) 

5% ME 2.25 2.37 2.47 3.07 3.71 3.97 4.13 
±0.06 ±0.19 ±0.13 ±0.03 ±0.14 ±0.35 ±0.14 
(2.12) (2.09) (2.00) (2.41) (2.81) (2.89) (2.90) 

10% ME 2.46 2.89 2.99 3.62 3.91 4.32 4.82 
±0.13 ±0.11 ±0.15 ±0.07 ±0.08 ±0.13 ±0.04 
(232) (2.55) (2.43) (2.85) (3.02) (3.15) (3.39) 

30% ME 2.86 2.96 3.01 3.74 4.03 4.74 4.9 
±0.13 ±0.12 ±0.15 ±0.07 ±0.08 ±0.04 ±0.13 
(2.69) (2.61) (2.44) (2.94) (3.05) (3.45) (3.45) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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concentrations from 0.1 to 30.0 % induced concentration dependent elevations of 

AlP activity at the end of seventy two and ninety six hours, while 0.1 and 1.0 `)/0 

ME promoted exposure period dependent elevations from the end of six hours to 

the end of one twenty hours and 5.0 % ME promoted nearly exposure period 

dependent elevations of AlP activity from the end of twenty four hours to the end 

of one twenty hours. The minimum of 1.06 fold elevation of AlP activity was 

induced by 0.01 % ME at the end of twenty four hours while the maximum of 3.83 

folds elevation was induced at the end of ninety six hours by 0.01 % ME. 

The exposure of tadpoles to 0.01 % ME promoted fluctuations of AlP 

activity of the liver and AlP activity elevated in the range of 1.06 to 3.83 folds. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours AlP activity of control tadpoles was equivalent to 1.25 ± 0.05, 1.29 ± 

0.03, 1.31 ± 0.05, 1.68 ± 0.06, 3.43 ± 0.27, 5.25 ± 0.10 and 3.21 ± 0.61 la moles per 

gram wet weight of liver respectively. 

The tadpoles exposed to 0.1 % ME showed progressive elevations of AlP 

activity from the end of six hours to the end of one twenty hours. AlP activity of 

the liver elevated by 1.21 to 2.33 folds. Thus, AlP activity of the liver was 

equivalent to 1.29 ± 0.65, 1.60 ± 0.88, 2.30 ± 0.97, 2.64 ± 0.25, 2.98 ± 0.20, 3.11 ± 0.34 

and 3.32 ± 0.98 µ moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 1.0 % ME exhibited progressive elevations of 

AlP activity from the end of six hours to the end of one twenty hours. AlP activity 

of the liver elevated in the range of 1.86 to 2.90 folds. By the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours AlP 

activity of the liver was equivalent to 1.98 ± 0.12, 2.16 ± 0.08, 2.41 ± 0.08, 2.89 ± 

0.08, 3.31 ± 0.23, 3.91 ± 0.10 and 4.13 ± 0.25 11 moles per gram wet weight of liver 

respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited successive 

elevations of AlP activity from the end of twenty four hours to end of one twenty 

hours. AlP activity elevated by 2.00' to 2.90 folds. AlP activity of the liver was 

equivalent to 2.25 ± 0.06, 2.37 ± 0.19, 2.47 ± 0.13, 3.07 ± 0.03, 3.71 ± 0.14, 3.92 ± 0.35 

and 4.13 ± 0.14 p. moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 10.0 % ME the tadpoles exhibited successive elevations 

of AlP activity from the end of twenty four hours to end of one twenty hours. AlP 

activity elevated in the range of 2.32 to 3.39 folds. AlP activity of the liver was 

equivalent to 2.46 ± 0.13, 2.89 ± 0.11, 2.99 ± 0.15, 3.62 ± 0.07, 3.99 ± 0.08, 4.32 ± 0.13 

and 4.82 ± 0.04 p. moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

After the treatment with 30.0 % ME the tadpoles showed successive 

elevations of AlP activity of the liver from the end of twenty four hours to end of 

one twenty hours. AlP activity elevated by 2.44 to 3.45 folds. Thus, AlP activity of 

the liver was equivalent to 2.86 ± 0.13, 2.96 ± 0.12, 3.01 ± 0.15, 3.74 ± 0.07, 4.03 ± 

0.08, 4.74 ± 0.04 and 4.90 ± 0.13 p. moles per gram wet weight of liver at the end of 
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Table No. 104 

The changes in the alkaline phosphatase 
activity of liver of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.52 1.55 1.58 1.61 1.66 1.71 1.77 

±0.02 ±0.04 ±0.08 ±0.09 ±0.12 ±0.11 ±0.09 
0.01% ME 2.58 2.74 2.86 3.19 3.28 3.49 6.17 

±0.04 ±0.08 ±0.08 ±0.08 ±0.18 ±0.16 ±0.27 
(1.69) (1.76) (1.81) (1.98) (1.97) (2.04) (3.48) 

0.1% ME 2.63 2.8 3.04 3.83 4.05 4.43 7.74 
±0.04 ±0.03 ±0.08 ±0.07 ±0.06 ±0.51 ±0.22 
(1.73) (1.80) (1.92) (2.37) (2.43) (2.59) (4.37) 

1% ME 2.86 3.13 3.33 4.3 4.5 5.41 8.4 
±0.17 ±0.07 ±0.04 ±0.74 ±1.10 ±1.52 ±0.55 
(1.88) (2.01) (2.10) (2.67) (2.71) (3.16) (4.74) 

5% ME 2.95 3.27 3.46 5.12 7.5 7.88 8.08 
±0.02 ±0.07 ±0.08 ±0.16 ±0.30 ±0.55 ±0.18 
(1.94) (2.10) (2.18) (3.18) (4.51) (4.60) (4.56) 

10% ME 2.86 3.01 3.1 4.47 8.24 11.08 14.08 
±0.08 ±0.08 ±0.04 ±0.22 ±0.51 ±1.02 ±0.16 
(1.88) (1.94) (1.96) (2.77) (4.96) (6.47) (7.95) 

30% ME 3.09 3.14 3.27 7.16 8.19 13.21 15.08 
±0.08 ±0.07 ±0.07 ±0.74 ±0.22 ±2.16 ±1.16 
(2.03) (2.02) (2.06) (4.44) (4.93) (7.72) (8.511 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

STAGE XVIII: 

The changes of AlP activity of the liver of tadpoles of stages XV to XVIII 

under the influence of mining effluents were almost identical. Therefore, the 

changes of A1P activity of the liver of tadpoles of stage XVIII under the influence 

of mining effluents are reported heie and these changes of AlP activity of liver 

are presented in Table No.104 and are given graphically in Graph No.104. AlP 

activity is expressed as micromoles (µ moles) of p-nitrophenol liberated per gram 

wet weight of liver i.e µ moles/g wet weight of liver. 

It is clear from the table and the graph that AlP activity of liver of control 

tadpoles ranged between 1.52 ± 0.02 and 1.77 ± 0.09 p moles per gram wet weight 

of liver and AlP activity of liver of control tadpoles was equivalent to 1.52 ± 0.02, 

1.55 ± 0.04, 1.58 ± 0.08, 1.61 ± 0.09, 1.66 ± 0.12, 1.71 ± 0.11 and 1.77 ± 0.09 p moles 

per gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that ME concentrations from 

0.01 to 5.0 % induced concentration dependent elevations of AlP activity of liver 

at the end of six, twelve, twenty flour, forty eight and seventy two hours while all 

the concentrations of ME promoted nearly concentration dependent increments 

of AlP activity of the liver at the end of ninety six hours only. ME concentrations 

like 0.1, 1.0 and 10.0 % induced exposure period dependent elevations of AlP 

activity of the liver from the end of six hours to the end of one twenty hours. 

While 5.0 `)/0 ME induced progressive elevations of AlP activity from the end of 
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six hours to the end of ninety six hours. The minimum of 1.69 fold elevation of 

AlP activity of liver was promoted by 0.01 % ME at the end of six hours while the 

maximum of 8.51 folds increment of AlP activity of the liver was induced by 30.0 

% ME at the end of one twenty hours. 

The tadpoles exposed to 0.01 % ME induced successive elevation of AlP 

activity of the liver from the end of six hours to the end of forty eight hours and 

then AlP activity dropped insignificantly to elevate through ninety six and one 

twenty hours. AlP activity elevated by 1.69 to 3.48 folds. Thus, AlP activity of the 

liver was equivalent to 2.58 ± 0.04, 2.74 ± 0.08, 2.86 ± 0.08, 3.19 ± 0.08, 3.28 ± 0.18, 

3.49 ± 0.16 and 6.17 ± 0.27 g moles per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles subjected to 0.1 % ME exhibited exposure period dependent 

increments of AlP activity from the end of six hours to the end one twenty hours. 

AlP activity elevated in the range of 1.73 to 4.37 folds. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours AlP 

activity was equivalent to 2.63 ± 0.04, 2.80 ± 0.03, 3.04 ± 0.08, 3.83 ± 0.07, 4.05 ± 

0.06, 4.43 ± 0.51 and 7.14 ± 0.22 g moles per gram wet weight of liver 

respectively. 

The exposure of tadpoles to 1.0 `)/0 ME led to progressive elevations of AlP 

activity of the liver from the end of six hours to the end of one twenty hours. AlP 

activity elevated by 1.88 to 4.74 folds. AlP activity of the liver was equivalent to 

2.86 ± 0.17, 3.13 ± 0.07, 3.33 ± 0.04, 4.30 ± 0.74, 4.50 ± 1.10, 5.41 ± 1.52 and 8.40 ± 
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0.55 p. moles per gram wet weight of liver at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 % ME AlP activity increased successively from 

the end of six hours to the end of ninety six hours. AlP activity elevated 

minimally by 1.94 folds and maximally by 4.60 folds. AlP activity of the liver was 

equivalent to 2.95 ± 0.02, 3.27 ± 0.07, 3.46 ± 0.08, 5.12 ± 0.16, 7.50 ± 0.36, 7.88 ± 0.55 

and 8.08 ± 0.18 la moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 10.0 % ME showed successive elevations of AlP 

activity of the liver from the end of six hours to the end of one twenty hours. AlP 

activity elevated by 1.88 to 7.95 folds. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours AlP activity of the liver was 

equivalent to 2.86 ± 0.08, 3.01 ± 0.08, 3.10 ± 0.04, 4.47 ± 0.22, 8.24 ± 0.51, 11.08 ± 

1.02 and 14.08 ± 0.16 u moles per gram wet weight of liver respectively. 

When exposed to 30.0 % ME the tadpoles demonstrated successive 

increase of AlP activity of the liver from the end of twenty four hours to the end 

of one twenty hours. AlP activity elevated in the range of 2.02 to 8.51 folds. Thus, 

AlP activity of the liver was equivalent to 3.09 ± 0.08, 3.14 ± 0.07, 3.27 ± 0.07, 7.16 

± 0.74, 8.19 ± 0.22, 13.21 ± 2.16 and 15.08 ± 1.16 u moles per gram wet weight of 

liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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STAGE XXII: 

The changes of AlP activity of the liver of tadpoles from stages XIX to XXII 

were nearly similar under the influence of mining effluents. Therefore, the 

alterations of AlP activity of the liver of tadpoles of stage XXII under the 

influence of mining effluents are presented here and these changes are compiled 

in Table No.105 and are expressed graphically in Graph No.105. AlP activity is 

expressed as micromoles (p moles) of p-nitrophenol liberated per gram wet 

weight of liver i.e µ moles/g wet weight of liver. 

It is clear from the table and the graph that AlP activity of liver of control 

tadpoles ranged between 1.85 ± 0.03 and 2.13 ± 0.10 IA moles per gram wet weight 

of liver . AlP activity of the liver of the control tadpoles was equivalent to 1.85 ± 

0.03, 1.87 ± 0.05, 1.91 ± 0.09, 1.97 ± 0.05, 2.02 ± 0.05, 2.07 ± 0.07 and 2.13 ± 0.10 p, 

moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced concentrations dependent elevations of AlP activity of the liver at 

the end of ninety six and one twenty hours. At the end of seventy two hours ME 

concentrations like 0.01 to 10.0 % promoted nearly concentration dependent 

increments of the AlP activity of the liver. ME concentrations like 0.01, 1.0, 5.0 

and 30.0 % promoted exposure dependent elevations of AlP activity. The 

minimum of 1.45 fold elevation of AlP activity was induced by 0.01 `)/0 ME at the 

end of six hours while the maximum of 8.44 folds increments of AlP activity was 

induced by 30.0 `)/0 ME at the end of one twenty hours. 
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Table No. 105 

The changes in the alkaline phosphatase 
activity of liver of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.85 1.87 1.91 1.97 2.02 2.07 2.13 

±0.03 ±0.05 ±0.09 ±0.05 ±0.05 ±0.07 ±0.10 
0.01% ME 2.69 2.77 2.87 3.24 3.36 3.71 5.36 

±0.03 ±0.09 ±0.08 ±0.09 ±0.12 ±0.13 ±0.17 
(1.45) (1.48) (1.50) (1.64) (1.66) (1.79) (2.50) 

0.1% ME 2.73 2.82 3.07 3.96 4.07 4.47 6.72 
±0.04 ±0.06 ±0.12 ±0.07 ±0.04 ±0.73 ±0.46 
(1.47) (1.50) (1.60) (2.01) (2.01) (2.15) (3.15) 

1% ME 2.87 2.14 3.37 4.46 4.72 5.42 8.46 
±0.17 ±1.17 ±0.73 ±1.76 ±1.21 ±1.72 ±1.72 
(1.55) (1.67) (1.76) (2.26) (2.33) (2.61) (3.97) 

5% ME 2.97 3.12 3.21 4.36 8.36 9.46 10.72 
±0.12 ±0.09 ±0.16 ±0.36 ±2.17 ±3.21 ±2.76 
(1.60) (1.66) (1.68) (2.21) (4.13) (4.57) (5.13) 

10% ME 2.9 3.2 3.23 4.52 8.46 9.66 15.12 
±0.09 ±0.09 ±0.17 ±0.36 ±0.36 ±3.26 ±2.17 
(1.56) (1.71) (1.69) (2.29) (4.18) (4.66) (7.09) 

30% ME 3.12 3.17 3.77 4.86 6.46 10.82 17.99 
±0.07 ±0.09 ±0.71 ±0.84 ±0.82 ±3.21 ±0.46 
(1.68) (1.69) (1.97) (2.46) (3.19) (5.22) (8.44) 

Note : Unit : pmoles/gm Ww liver 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 

- 3 6 C.:(AoLthvo-vv 

4,),UVAA/v- )4A,t4ro (A/•• Q1V'vVS, 



i3,)) 8  
2 6 -0 
E 4 

2 - 

0 

6 	12 	24 	48 
	

72 
	

96 
	

120 
- Hours - 

-4—Control 

-ii-0.01% ME 

0.1% ME 

1% ME 

0 5% ME 

—*--- 10% ME 

-30% ME 

8 -

m 7 
N 
10  6 

3 5 

E 4  
CD 
"a 3  
o 2 
E 
m-1 

0 

The changes in the alkaline phosphatase of kidney 
(stage V) exposed to mining effluents 

Control 

—*--0.01% ME 

	

A 	0.1% ME 

1% ME 

5% ME 

	

—4) 	10% ME 

30% ME 

Graph No. 105 

The changes in the alkaline phosphatase of liver 
(stage XXII) exposed to mining effluents 

Graph No. 106 

6 	12 	24 	48 	72 	96 	120 
- Hours - 



The exposure of tadpoles to 0.01 % ME promoted successive elevations of 

AlP activity from the end of six hours to the end of one twenty hours. AlP activity 

elevated minimally by 1.45 folds at the end of six hours and elevated maximally 

by 2.51 folds at the end of one twenty hours. Thus, AlP activity of the liver was 

equivalent to 2.69 ± 0.03, 2.77 ± 0.09, 2.87 ± 0.08, 3.24 ± 0.09, 3.36 ± 0.12, 3.71 ± 0.13 

and 5.36 ± 0.17 11 moles per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy • two, ninety six and one twenty hours 

respectively. 

The tadpoles exposed to 0.1 % ME showed gradual increase of AlP activity 

from the end of six hours to the end of forty eight hours and subsequently AlP 

activity remained unchanged up to the end of seventy two hours and then elevate 

through ninety six and one twenty hours. AlP activity elevated in the range of 

1.47 to 3.15 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours AlP activity of the liver was equivalent to 2.73 ± 

0.04, 2.82 ± 0.06, 3.07 ± 0.12, 3.96 ± 0.07, 4.07 ± 0.04, 4.47 ± 0.73 and 6.72 ± 0.46 IA 

moles per gram wet weight of liver respectively. 

The tadpoles treated with 1.0 % ME exhibited progressive elevations of 

AlP activity from the end of six hours to the end of one twenty hours. AlP activity 

elevated minimally by 1.55 folds at the end of six hours while it elevated 

maximally by 3.97 folds. Thus, AlP activity of the liver was equivalent to 2.87 ± 

0.17, 3.14 ± 1.17, 3.37 ± 0.73, 4.46 ± 1.76, 4.72 ± 1.21, 5.42 ± 1.71 and 8.46 ± 1.72 IA 

moles per gram wet weight of liver at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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Under the influence of 5.0 % ME the tadpoles showed successive 

elevations of AlP activity from the end of six hours to the end of one twenty 

hours. AlP activity elevated in the range of 1.60 to 5.03 folds. Thus, AlP activity of 

the liver was equivalent to 2.97 ± 0.12, 3.12 ± 0.09, 3.21 ± 0.16, 4.36 ± 0.36, 8.36 ± 

2.17, 9.46 ± 3.21 and 10.72 ± 2.16 µ moles per gram wet weight of liver at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

On exposure to 10.0 % ME the tadpoles showed successive increase of AlP 

activity from the end of twenty four hours to the end of one twenty hours. AlP 

activity elevated minimally by 1.56 folds at the end of six hours while it elevated 

maximally by 7.09 folds at the end of one twenty hours. AlP activity of the liver 

was equivalent to 2.90 ± 0.09, 3.20 ± 0.09, 3.23 ± 0.17, 4.52 ± 0.36, 8.46 ± 0.36, 9.66 ± 

3.26 and 15.12 ± 2.17 pt moles per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

When exposed to 30.0 % ME AlP activity elevated progressively from the 

end of twenty six hours to the end of one twenty hours. AlP activity elevated by 

1.68 to 8.44 folds. Thus, AlP activity of the liver was equivalent to 3.12 ± 0.07, 3.17 

± 0.09, 3.77 ± 0.71, 4.86 ± 0.84, 6.46 ± 0.82, 10.82 ± 3.21 and 17.99 ± 0.46 µ moles per 

gram wet weight of liver at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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KIDNEY ALKALINE PHOSPHATASE (AlP) 

STAGE V: 

The alterations of AlP activity of the kidney of the tadpoles of stages I to IV 

under the influence of mining effluents (ME) were quite insignificant while those 

observed in the kidney of the stage V tadpoles were quite significant. Therefore, 
• 

the changes of AlP activity of the .kidney of tadpoles of stage V under the 

influence of ME are described here and these are compiled in Table No.106 and 

are expressed graphically in Graph No.106. A1P activity of kidney is expressed as 

micromoles (p, moles) of p-nitrophenol liberated per gram wet weight of kidney 

i.e µ moles/g wet weight of kidney. 

It is seen from the table and the graph that AlP activity of kidney of control 

tadpoles ranged between 0.60 ± 0.02 and 0.87 ± 0.09 p, moles per gram wet weight 

of kidney. AlP activity of the kidney of the control tadpoles was equivalent to 

0.60 ± 0.92, 0.62 ± 0.05, 0.65 ± 0.07, 0.72 ± 0.08, 0.77 ± 0.09, 0.82 ± 0.07 and 0.87 ± 

0.09 p, moles per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that ME failed to induce 

concentration dependent elevations of AlP activity of the kidney but 0.1 and 1.0 

To ME produced exposure period dependent elevations of AlP activity of kidney 

from the end of six hours to the end of one twenty hours. ME concentrations like 

5.0 and 10.0 % promoted successive elevations of AlP activity of kidney from the 

end of six hours to the end of ninety six hours. The minimum of 1.05 fold 

elevation of AlP activity was induced by 0.01 % ME at the end of six hours while 
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Table No. 106 

The changes in the alkaline phosphatase 
activity of kidney of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 His 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.60 0.62 0.65 0.72 0.77 0.82 0.87 

±0.02 ±0.05 ±0.07 ±0.08 ±0.09 ±0.07 ±0.09 
0.01% ME 0.63 0.92 1.18 1.26 1.84 2.12 2.60 

±0.11 ±0.12 ±0.32 ±0.32 ±0.17 ±0.15 ±0.11 
(1.05) (1.48) (1.81) (1.26) (2.38) (2.58) (2.98) 

0.1% ME 1.32 1.72 2.32 2.76 3.12 3.72 4.29 
±0.16 ±0.13 ±0.17 ±0.232 ±0.21 ±0.18 ±0.26 
(2.20) (2.77) (3.56) (3.83) (4.05) (4.53) (5.04) 

1% ME 1.30 1.52 2.21 2.53 3.25 3.56 4.30 
±0.13 ±0.12 ±0.03 ±0.05 ±0.07 ±0.04 ±0.05 
(2.16) (2.45) (3.40) (3.51) (4.22) (4.34) (4.94) 

5% ME 1.26 1.63 2.36 2.64 3.01 3.25 2.31 
±0.12 ±0.24 ±0.22 ±0.12 ±0.09 ±0.38 ±0.42 
(2.10) (2.62) (3.63) (3.66) (3.90) (3.96) (2.65) 

10% ME 2.46 3.12 3.78 4.32 5.36 6.43 2.84 
±0.13 ±0.12 ±0.13 ±0.16 ±0.72 ±0.41 ±0.08 
(4.10) (5.003) (5.81) (6.00) (6.96) (7.84) (3.26) 

30% ME 3.14 4.36 4.86 5.16 5.73 6.48 7.20 
±0.12 ±0.16 ±0.12 ±0.17 ±0.18 ±0.72 ±0.13 
(5.23) (7.03) (7.47) (7.16) (7.44) (7.90) (8.27) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant atiD0.001 
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the maximum of 8.27 fold elevations of AlP activity was induced by 30.0 % ME at 

the end of one twenty hours. 

The exposure of tadpoles to 0.01 `)/0 ME promoted gradual increase of AlP 

activity of kidney from the end of six hours to the end of twenty four hours and 

then it lowered a little at the end of forty eight hours to rise once again gradually 

from the end of seventy two hours to the end of one twenty hours. AlP activity 

elevated by 1.05 to 2.98 folds. Thus, AlP activity of the kidney was equivalent to 

0.63 ± 0.11, 0.92 ± 0.12, 1.18 ± 0.32, 1.26 ± 0.32, 1.84 ± 0.17, 2.12 ± 0.15 and 2.60 

0.11 j.t. moles per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

The tadpoles exposed to 0.1 % ME demonstrated progressive increase of 

AlP activity of the kidney from the end of six hours to the end of one twenty 

hours. AlP activity elevated by 2.2 to 5.04. Thus, AlP activity of the kidney was 

equivalent to 1.32 ± 0.16, 1.72 ± 0.13, 2.32 ± 0.17, 2.76 ± 0.23, 3.12 ± 0.21, 3.72 ± 0.18 

and 4.39 ± 0.26 [.L moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 1.0 % ME exhibited progressive elevations of 

AlP activity of the kidney from the end of six hours to the end of one twenty 

hours. AlP activity elevated minimally by 2.16 folds at the end of six hours and 

increased maximally by 4.94 folds at the end of one twenty hours. Thus, AlP 

activity of the kidney of tadpoles was equivalent to 1.30 ± 0.13, 1.52 ± 0.12, 2.21 ± 

0.03, 2.53 ± 0.05, 3.25 ± 0.07, 3.56 ± 0.04 and 4.30 ± 0.05 p. moles per gram wet 
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weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited successive increase 

of AlP activity of the kidney from the end of six hours to the end of ninety six 

hours. AlP activity elevated in the range of 2.10 to 3.96 folds. AlP activity of the 

kidney of the tadpoles was equivalent to 1.26 ± 0.12, 1.63 ± 0.24, 2.36 ± 0.22, 2.64 ± 

0.12, 3.01 ± 0.09, 3.25 ± 0.38 and 2.31 ± 0.42 IA moles per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

When exposed to 10.0 % ME the tadpoles exhibited successive elevations 

of AlP activity from the end of six hours to the end of ninety six hours. AlP 

activity elevated minimally by 3.26 folds at the end of one twenty hours while it 

elevated maximally by 7.84 folds at the end of ninety six hours. AlP activity of the 

kidney was equivalent to 2.46 ± 0.13, 3.12 ± 0.12, 3.78 ± 0.13, 4.32 ± 0.16, 5.36 ± 

0.72, 6.43 ± 0.41 and 2.84 ± 0.08 IA moles per gram wet weight of kidney at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

On exposure to 30.0 `)/0 ME AlP activity increased gradually from the end 

of six hours to the end of one twenty hours and then marginally lowered at the 

end of forty eight hours to elevate successively from the end of seventy two hours 

to the end of one twenty hours. AlP activity of the kidney was equivalent to 3.14 

± 0.12, 4.36 ± 0.16, 4.86 ± 0.12, 5.16 ± 0.17, 5.73 ± 0.18, 6.48 ± 0.72 and 7.20 ± 0.13 p. 

moles per gram wet weight of kidney at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 
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STAGE VIII: 

The changes of AlP activity of the kidney of tadpoles of stages VI to VIII 

under the influence of mining effluents (ME) were almost identical. Therefore, the 

changes of AlP activity of the kidney of tadpoles of stage VIII under the influence 

of ME are reported here and these are tabulated in Table No.107 and are given 

graphically in Graph No.107. AlP activity is expressed as micromoles (1 moles) of 

p-nitrophenol liberated per gram wet. weight of kidney i.e µ moles/g wet weight 

of kidney. 

It is clear from the table and the graph that AlP activity of kidney of 

control tadpoles ranged between 0.82 ± 0.04 and 1.07 ± 0.06 µ moles per gram wet 

weight of kidney. AlP activity of the kidney of the control tadpoles was 

equivalent to 0.82 ± 0.04, 0.84 ± 0.02, 0.86 ± 0.04, 0.92 ± 0.04, 0.97 ± 0.06, 1.03 ± 0.05 

and 1.07 ± 0.06 µ moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that ME failed to produce 

concentrations dependent elevations of AlP activity of the kidney but all the 

concentrations of ME except 0.01 and 1.0 % promoted exposure period dependent 

elevations of AlP activity of kidney from the end of six hours to the end of one 

twenty hours. The minimum of 1.06 fold elevation of AlP activity was induced by 

0.01 `)/0 ME at the end of six hours while the maximum of 4.40 fold elevations of 

AlP activity was induced by 5.0 % ME at the end of one twenty hours. 

Under the influence of 0.01 `)/0 ME AlP activity of kidney reduced by about 

7.6 `)/0 at the end of forty eight hours. The exposure of tadpoles to 0.01 `)/0 ME 
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Table No. 107 

The changes in the alkaline phosphatase 
activity of kidney of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.82 0.84 0.86 0.92 0.97 1.03 1.07 

±0.04 ±0.02 ±0.04 ±2.04 ±0.06 ±0.05 ±0.06 
0.01% ME 0.87 0.92 0.95 1.06 1.09 1.19 1.20 

±0.02 ±0.02 ±0.02 ±0.01 ±0.02 ±0.08 ±0.06 
(1.06) (1.09) (1.10) (1.15) (1.12) (1.15) (1.12) 

0.1% ME 0.95 1.32 1.87 2.26 2.76 3.48 3.70 
±0.04 ±0.07 ±0.04 ±0.03 ±0.02 ±0.06 ±0.03 
(1.15) (1.57) (2.17) (2.45) (2.84) (3.37) (3.45) 

1% ME 0.93 0.93 0.94 0.85 0.96 1.20 1.80 
±0.03 ±0.02 ±0.01 ±0.03 ±0.02 ±0.17 ±0.05 
(1.13) (1.10) (1.09) (0.92) (0.98) (1.16) (1.68) 

5 1% ME 1.02 1.26 1.87 2.2 2.48 3.45 4.71 
±0.02 ±0.01 ±0.02 ±0.03 ±0.04 ±0.04 ±0.08 
(1.24) (1.50) (2.17) (2.39) (2.55) (3.34) (4.40) 

10% ME 1.09 1.43 1.63 1.89 2.06 2.23 3.45 
±0.02 ±0.06 ±0.03 ±0.02 ±0.02 ±0.07 ±0.06 
(1.32) (1.70) (1.87) (2.05) (2.12) (2.16) (3.22) 

30% ME 1.26 1.46 2.08 2.46 2.81 3.16 3.46 
±0.02 ±0.03 ±0.17 ±0.04 ±0.02 ±0.04 ±0.02 
(1.53) (1.73) (2.41) (2.67) (2.89) (3.06) (3.22) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p<0.001 
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The changes in the alkaline phosphatase of kidney 
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promoted marginal increase of AlP activity from the end of six hours to the end 

of forty eight hours and subsequently AlP activity fluctuated a little. AlP activity 

of the kidney was equivalent to 0.87 ± 0.02, 0.92 ± 0.02, 0.95 ± 0.02, 1.06 ± 0.01, 1.09 

± 0.02, 1.19 ± 0.08 and 1.20 ± 0.06 p moles per gram wet weight of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles exposed to 0.1 % ME showed successive elevations of AlP 

activity of the kidney from the end of six hours to the end of one twenty hours. 

AlP activity elevated by 1.15 to 3.45 folds. Thus, AlP activity of the kidney was 

equivalent to 0.95 ± 0.04, 1.32 ± 0.07, 1.87 ± 0.04, 2.26 ± 0.03, 2.76 ± 0.02, 3.48 ± 0.06 

and 3.70 ± 0.03 p, moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The treatment of tadpoles with 1.0 % ME induced marginal elevation of 

AlP activity at the end of six hours followed by marginal/gradual reduction of 

AlP activity up to the end of forty eight hours and subsequently marginal 

increment of AlP activity was observed. AlP activity of the kidney was equivalent 

to 0.93 ± 0.03, 0.93 ± 0.02, 0.94 ± 0.01, 0.85 ± 0.03, 0.96 ± 0.02, 1.20 ± 0.17 and 1.80 ± 

0.05 p, moles per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 5.0 `)/0 ME AlP activity of the kidney increased 

progressively from the end of six hours to the end of one twenty hours. AlP 

activity increased minimally by 1.24 folds at the end of six hours while it elevated 

maximally by 4.40 folds at the end of one twenty hours. AlP activity of the kidney 
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was equivalent to 1.02 ± 0.02, 1.26 ± 0.01, 1.87 ± 0.02, 2.20 ± 0.03, 2.48 ± 0.04, 3.45 ± 

0.04 and 4.71 ± 0.08 1.1 moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME promoted successive elevations of 

AlP activity of kidney from the end of six hours to the end of one twenty hours. 

AlP activity elevated in the range of •.32 to 3.22 folds. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours AlP 

activity of the kidney was equivalent to 1.09 ± 0.02, 1.43 ± 0.06, 1.63 ± 0.03, 1.89 ± 

0.02, 2.06 ± 0.02, 2.23 ± 0.07 and 3.45 ± 0.06 p. moles per gram wet weight of 

kidney respectively. 

When exposed to 30.0 % ME the tadpoles exhibited successive elevations 

of AlP activity from the end of six hours to the end of one twenty hours. A1P 

activity elevated by 1.53 to 3.23 folds. AlP activity of the kidney was equivalent to 

1.26 ± 0.02, 1.46 ± 0.03, 2.08 ± 0.17, 2.46 ± 0.04, 2.81 ± 0.02, 3.16 ± 0.04 and 3.46 ± 

0.02 p. moles per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

STAGE XIV: 

The alterations of AlP activity of the kidney of the tadpoles of stages IX to 

XIV under the influence of mining effluents (ME) were nearly identical. 

Therefore, the changes of AlP activity of the kidney of tadpoles of stage XIV 

under the influence of ME are described here and these changes are compiled in 

Table No.108 and are given graphically in Graph No.108. AlP activity of kidney is 
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expressed as micromoles 	moles) of p-nitrophenol liberated per gram wet 

weight of kidney i.e µ moles/g wet weight of kidney. 

It is seen from the table and graph that AlP activity of kidney of control 

tadpoles ranged between 1.05 ± 0.02 and 1.29 ± 0.04 p. moles per gram wet weight 

of kidney. AlP activity of the kidney of the control tadpoles was equivalent to 

1.05 ± 0.02, 1.07 ± 0.04, 1.12 ± 0.06, 1.15 ± 0.05, 1.19 ± 0.04, 1.24 ± 0.02 and 1.29 ± 

0.04 p, moles per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that ME did not induce 

concentrations dependent elevations of AlP activity of the kidney, but ME 

concentrations like 5.0 and 10.0 `)/0 increased A1P activity successively from the 

end of twelve hours to the end of one twenty hours. 30.0 % ME produced 

successive increase of A1P activity from the end of six hours to the end of one 

twenty hours. AlP activity of kidney of tadpoles exposed to 1.0 % ME showed 

34.28 % reduction at the end of six hours, while AlP activity increased maximally 

by 7.33 folds under the influence of 0.1 % ME at the end of one twenty hours. 

Under the influence of 0.01 % ME, AlP activity reduced by 36.19, 22.42 and 

1.78 (:)/0 at the end of six, twelve and twenty four hours respectively. Subsequently 

A1P activity elevated successively. AlP activity elevated minimally by 1.08 folds 

at the end of forty eight hours while it elevated maximally 2.13 folds at the end of 

one twenty hours. AlP activity of the kidney was equivalent to 0.71 ± 0.08, 0.89 ± 

0.08, 1.10 ± 0.00, 1.25 ± 0.05, 1.46 ± 0.20, 2.41 ± 0.16 and 2.75 ± 0.10 11 moles per 

gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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Table No. 108 

The changes in the alkaline phosphatase 
activity of kidney of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.05 1.07 1.12 1.15 1.19 1.24 1.29 

±0.02 ±0.04 ±0.06 ±0.05 ±0.04 ±0.02 ±0.04 
0.01% ME 0.71 0.89 1.10 1.25 1.46 2.41 2.75 

±0.08 ±0.08 ±0.03 ±0.05 ±0.20 ±0.16 ±0.10 
(-0.67) (-0.83) (-0.98) (1.08) (1.22) (1.94) (2.13) 

0.1% ME 3.85 4.62 5.56 5.69 7.20 8.41 9.46 
±0.45 ±0.49 ±0.19 ±0.09 ±0.04 ±0.26 ±0.25 
(3.66) (4.31) (4.96) (4.94) (6.05) (6.78) (7.33) 

1% ME 0.69 1.07 1.68 3.18 4.58 6.30 7.22 
±0.11 ±0.13 ±0.13 ±0.16 ±0.16 ±0.51 ±0.16 

(-0.65) (1.00) (1.50) (2.76) (3.84) (5.08) (5.59) 
5% ME 0.86 1.22 1.56 2.12 3.32 5.06 5.60 

±0.08 ±0.07 ±0.08 ±0.12 ±0.58 ±0.20 ±0.68 
(0.81) (1.14) (1.39) (1.84) (2.78) (4.08) (4.34) 

10% ME 0.89 1.26 1.88 2.79 4.03 4.36 5.56 
±0.13 ±0.10 ±0.16 ±0.34 ±0.23 ±0.35 ±0.13 

(-0.84) (1.17) (1.67) (2.42) (3.38) (3.51) (4.31) 
30% ME 1.09 1.36 1.96 2.82 4.13 4.46 5.62 

±0.08 ±0.20 ±0.16 ±0.34 ±0.23 ±0.35 ±0.13 
(1.03) (1.27) (1.75) (2.45) (3.47) (3.59) (4.35) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 

at - 3 6 ( "t~ttAiOdc,tikAvt") 

oLt - / 02,c) C.-tAy0S,:"L- AtkAt-ito  



11M t.141.41.0 	
- 

activity of kidney from the end of six hours to the end of twenty four hours and 

then reduced insignificantly at the end of forty eight hours to elevate 

progressively from the end of seventy two hours to the end of one twenty hours. 

AlP activity of the kidney was equivalent to 3.85 ± 0.45, 4.62 ± 0.49, 5.56 ± 0.19, 

5.69 ± 0.09, 7.20 ± 0.04, 8.41 ± 0.26 and 9.46 ± 0.25 IA moles per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. . 

The exposure of tadpoles to 1.0 % ME promoted successive elevations of 

AlP activity of kidney from the end of twelve hours to the end of one twenty 

hours. AlP activity elevated maximally by 5.59 folds. AlP activity of the kidney 

was equivalent to 0.69 ± 0.11, 1.07 ± 0.13, 1.68 ± 0.13, 3.18 ± 0.16, 4.58 ± 0.16, 6.30 ± 

0.51 and 7.22 ± 0.16 p, moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 5.0 % ME demonstrated successive elevations of 

AlP activity of kidney from the end of twelve hours to the end of one twenty 

hours. AlP activity elevated by 1.14 to 4.34 folds and it reduced by 18.09 % at the 

end of six hours when compared with the AlP activity of the control tadpoles at 

the end of six hours. AlP activity of the kidney was equivalent to 0.86 ± 0.08, 1.22 

± 0.07, 1.56 ± 0.08, 2.12 ± 0.12, 3.32 ± 0.58, 5.06 ± 0.20 and 5.60 ± 0.68 p moles per 

gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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When treated with 10.0 `)/0 ME the tadpoles demonstrated successive 

elevations of AlP activity from the end of twelve hours to the end of one twenty 

hours. A1P activity elevated by 1.17 to 4.31 folds. At the end of six hours AlP 

activity reduced by 15.23 `)/0 as compared with the control. A1P activity of the 

kidney was equivalent to 0.89 ± 0.13, 1.26 ± 0.10, 1.88 ± 0.16, 2.79 ± 0.34, 4.03 ± 

0.23, 4.36 ± 0.35 and 5.36 ± 0.13 pi moles per gram wet weight of kidney at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The treatment of tadpoles with 30.0 % ME induced successive elevations of 

AlP activity of kidney from the end of six hours to the end of one twenty hours. 

A1P activity increased by 1.03 to 4.35 folds. Thus, A1P activity of the kidney was 

equivalent to 1.09 ± 0.08, 1.36 ± 0.20, 1.96 ± 0.16, 2.82 ± 0.34, 4.13 ± 0.23, 4.46 ± 0.35 

and 5.62 ± 0.13 µ moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XVIII : 

The changes of A1P activity of the kidney of the tadpoles of stages XV to 

XVIII under the influence of mining effluents (ME) were almost identical. 

Therefore, the changes of A1P activity of the kidney of tadpoles of stage XVIII 

under the influence of ME are presented here and these are presented in Table 

No.109 and are expressed graphically in Graph No.109. AlP activity is expressed 

as micromoles (p. moles) of p-nitrophenol liberated per gram wet weight of 

kidney i.e µ moles/g wet weight of kidney. 
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Table No. 109 

The changes in the alkaline phosphatase 
activity of kidney of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.55 1.57 1.60 1.63 1.67 1.72 1.77 

±0.02 ±0.02 ±0.04 ±0.06 ±0.08 ±0.06 ±0.09 
0.01% ME 0.63 0.86 2.86 1.01 2.52 3.77 5.12 

±0.04 ±0.13 ±0.08 ±0.08 ±0.10 ±0.23 ±0.32 
(-0.40) (-0.54) (0.53) 0.61) (1.50) (2.19) (2.89) 

0.1% ME 0.71 0.92 1.01 1.07 1.36 4.36 5.87 
±0.08 ±0.16 ±0.08 ±0.13 ±0.09 ±0.05 ±0.37 

(-0.45) (-0.58) -0.63 0.65) 9.81) (2.53) (3.31) 
1% ME 0.95 1.19 	17.36 27.44 39.40 40.25 25.20 

±0.11 ±0.13 	±1.31 ±0.80 ±1.36 ±0.68 ±1.46 
(-0.61) (-0.75)1 	(10.85) (16.83) (23.59) (23.40) (14.23) 

5% ME 1.13 1.31 	1.59 6.32 10.08 12.92 15.48 
±0.13 ±0.05 	±0.08 ±0.58 ±0.11 ±0.11 ±0.16 

(-0.72) (-0.83) 	(-0.99) (3.87) (6.03) (7.51) (8.74) 
10% ME 1.10 1.50 	2.01 4.28 5.82 8.19 11.44 

±0.16 ±0.02 	±0.15 ±0.21 ±0.16 ±0.67 ±0.09 
(-0.76) (-0.95) 	(1.25) (2.62) (3.48) (4.76) (6.46) 

30% ME 2.36 2.72 	4.21 8.42 10.21 14.63 17.81 
±0.16 ±0.01 	±0.21 ±0.22 ±0.16 ±0.67 ±0.09 
(1.52) (1.73) 	(2.63) (5.17) (6.11) (8.50) (10.06) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at ic:„ 0.001 
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The changes in the alkaline phosphatase of kidney 
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It is seen from the table and the graph that A1P activity of kidney of control 

tadpoles ranged between 1.55 ± 0.02 and 1.77 ± 0.09 11, moles per gram wet weight 

of kidney. A1P activity of the kidney of the control tadpoles was equivalent to 

1.55 ± 0.02, 1.57 ± 0.02, 1.60 ± 0.04, 1.63 ± 0.06, 1.67 ± 0.08, 1.72 ± 0.06 and 1.77 ± 

0.09 1.1 moles per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that ME could not induce 

concentration dependent elevations of AlP activity of the kidney at any of the 

exposure periods, but ME concentrations from 0.01 to 10.0 % induced reduction 

of A1P activity of kidney at the end of six and twelve hours and lower order 

concentrations of ME promoted higher reduction of A1P activity at these 

exposure periods. Only 30.0 % ME promoted progressively chronic elevations of 

AlP activity of kidney. The maximum reduction of AlP activity was induced by 

0.01 % ME at the end of six hours while the minimum reduction of AlP activity 

was promoted by 5.0 % ME at the end of twenty four hours. The minimum of 1.25 

fold elevation of AlP activity was promoted by 10.0 % ME at the end of twenty 

four hours while the maximum of 23.59 folds increase of AlP activity was 

introduced by 1.0 % ME at the end of seventy two hours. 

The tadpoles exposed to 0.01 % ME demonstrated reduction of AlP activity 

of the kidney at the end of six, twelve, twenty four and forty eight hours, while 

they showed elevations of AlP activity from the end of seventy two hours 

onwards. AlP activity of the kidney reduced by about sixty, forty six, forty seven 

and thirty nine percent at the end of six, twelve, twenty four and forty eight 

hours respectively. AlP activity of kidney elevated by 1.50 to 2.89 folds. Thus, AlP 
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activity of the kidney was equivalent to 0.63 ± 0.04, 0.86 ± 0.13, 0.86 ± 0.08, 1.01 ± 

0.08, 2.52 ± 0.10, 3.77 ± 0.23 and 5.12 ± 0.32 µ moles per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME promoted decrease of AlP activity of 

kidney at the end of six„ twelve, twenty four, forty eight and seventy two hours. 

AlP activity reduced by about fifty five, forty two, thirty seven, thirty five and 

nineteen percent at the end of six, twelve, twenty four, forty eight and seventy 

two hours respectively. AlP activity elevated sharply at the end of ninety six and 

one twenty hours. AlP activity of the kidney was equivalent to 0.71 ± 0.08, 0.92 ± 

0.16, 1.01 ± 0.08, 1.07 ± 0.13, 1.36 ± 0.09, 4.36 ± 0.05 and 5.87 ± 0.037 p moles per 

gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited reduction of AlP 

activity of the kidney by about thirty nine and twenty five percent at the end of 

six and twelve hours respectively. AlP activity of kidney elevated very sharply at 

the end of twenty four hours and continued to elevate up to the end of seventy 

two hours but subsequently AlP activity reduced a little. AlP activity of kidney 

elevated in the range of 10.85 to 23.59 folds. Thus, AlP activity of the kidney was 

equivalent to 0.95 ± 0.11, 1.19 ± 0.13, 17.36 ± 1.31, 27.44 ± 0.80, 39.40 ± 1.36, 40.25 ± 

0.68 and 25.20 ± 1.46 p. moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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The tadpoles treated with 5.0 % ME demonstrated reduction of AlP 

activity by about 0.72, 0.83 and 0.99 folds at the end of six, twelve and twenty 

four hour. But subsequently AlP activity raised sharply at the end of forty eight 

hours and continued to elevate progressively up to the end of one twenty hours. 

AlP activity of kidney elevated by 6.03 to 8.74 folds. AlP activity of the kidney 

was equivalent to 1.13 ± 0.13, 1.31± 0.05, 1.59 ± 0.08, 6.32 ± 0.58, 10.08 ± 0.11, 12.92 

± 0.11 and 15.48 ± 0.16 la moles per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 10.0 % ME promoted reduction of AlP activity 

by about 24.0 and 0.05 % at the end of six and twelve hours. But subsequently AlP 

activated progressively from the end of twenty four hours to the end of one 

twenty hours. AlP activity elevated by 1.25 to 6.46 folds. Thus, AlP activity of the 

kidney was equivalent to 1.18 ± 0.16, 1.50 ± 0.02, 2.01 ± 0.15, 4.28 ± 0.21, 5.82 ± 

0.16, 8.19 ± 0.67 and 11.44 ± 0.09 11 moles per gram wet weight of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When subjected to 30.0 % ME the tadpoles exhibited progressive 

elevations of AlP activity from the end of six hours to the end of one twenty 

hours. Thus, AlP activity of the tadpoles was equivalent to 2.36 ± 0.16, 2.72 ± 0.01, 

4.21 ± 0.21, 8.43 ± 0.22, 10.21 ± 0.16, 14.63 ± 0.67 and 17.81 ± 0.09 [.1 moles per gram 

wet weight of kidney at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 
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STAGE XXII: 

The alterations of AlP activity of the kidney of the tadpoles of stages XIX 

to XXII under the influence of mining effluents (ME) were nearly similar. 

Therefore, the changes of AlP activity of the kidney of tadpoles of stage XXII 

under the influence of mining effluents are described here and these are 

presented in Table No.110 and are expressed graphically in Graph No. 110. AlP 

activity of kidney is expressed as micromoles (p moles) of p-nitrophenol liberated 

per gram wet weight of kidney p moles/g wet weight of kidney. 

It is clear from the table and the graph that AlP activity of kidney of 

control tadpoles ranged between 1.77 ± 0.04 and 2.19 ± 0.13 p. moles per gram wet 

weight of kidney and the AlP activity of the kidney of the control tadpoles was 

equivalent to 1.77 ± 0.04, 1.83 ± 0.04, 1.87 ± 0.03, 1.95 ± 0.09, 2.09 ± 0.10, 2.15 ± 0.12 

and 2.19 ± 0.13 p moles per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that ME concentrations from 

0.01 to 5.0 `)/0 promoted reductions of AlP activity at the end of six and twelve 

hours. ME concentration like 0.01 % could reduce AlP activity of the kidney from 

the end of six hours to the end of forty eight hours, while 0.1 % ME promoted 

reduction of the AlP activity of the kidney from the end of six hours to the end of 

seventy two hours. It is also clear that 30.0 % ME induced progressive elevations 

of AlP activity from the end of six hours to the end of one twenty hours. The 

minimum of one to 1.26 fold elevation of AlP activity was induced by 10.0 % ME 

at the end of twelve and twenty four hours respectively, while the maximum of 
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Table No. 110 

The changes in the alkaline phosphatase 
activity of kidney of tadpoles 

(stage XXI1) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 1.77 1.83 1.87 1.95 2.09 2.15 2.19 

±0.04 ±0.04 ±0.03 ±0.09 ±0.10 ±0.12 ±0.13 
0.01% ME 0.67 0.87 0.89 1.12 2.56 3.96 5.14 

±0.09 ±0.23 ±0.12 ±0.12 ±0.13 ±0.76 ±0.32 
0.370 (0.47) (0.47) (0.57) (1.22) (1.84) (2.34) 

0.1% ME 0.83 0.97 1.21 1.47 1.73 4.73 5.89 
±0.16 ±0.12 ±0.23 ±0.73 ±0.26 ±0.17 ±0.46 
(0.46) (0.53) (0.64) (0.75) (0.82) (2.20) (2.68) 

1% ME 0.96 1.26 18.46 28.45 39.76 41.36 26.43 
±0.12 ±0.17 ±0.41 ±3.21 ±2.81 ±1.73 ±1.76 
(0.54) (0.68) (9.87) (14.50) (19.02) (19.23) (12.06) 

5% ME 1.26 1.73 2.73 6.53 10.21 12.94 16.72 
±0.21 ±0.73 ±0.12 ±0.72 ±1.21 ±1.31 ±2.43 
(0.71) (0.94) (1.45) (3.34) (4.88) (6.01) (7.63) 

10% ME 1.37 1.84 2.36 4.93 6.93 8.76 11.56 
±0.43 ±0.36 ±0.43 ±0.32 ±0.43 ±0.32 ±2.32 
(0.77) (1.00) (1.26) (2.52) (3.31) (4.07) (5.27) 

30% ME 2.76 2.87 5.36 8.73 10.48 15.63 18.36 
±1.32 ±1.32 ±1.46 ±1.36 ±2.73 ±1.73 ±1.32 
(1.55) (1.56) (2.86) (4.47) (5.01) (7.26) (8.38) 

Note : Unit : pmoles/gm Ww kidney 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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19.23 folds elevation of AlP activity of kidney was promoted by 1.0 `)/0 ME at the 

end of ninety six hours. 

The tadpoles exposed to 0.01 % ME demonstrated reductions of AlP 

activity by about sixty three, fifty three, fifty three and forty three percent at the 

end of six, twelve, twenty dour and forty eight hours respectively. But AlP 

activity of the kidney elevated successively from the end of seventy two hours to 

the end of one twenty hours. AlP activity of the kidney was equivalent to 0.67 ± 

0.09, 0.87 ± 0.23, 0.89 0.12, 1.12 ± 0.12, 2.56 ± 0.13, 3.96 ± 0.76 and 5.14 ± 0.32 la 

moles per gram wet weight of kidney at the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles 0.1 % ME promoted reductions of AlP activity of 

kidney by about fifty four, forty seven, thirty six, twenty five and eighteen 

percent at the end of six, twelve, twenty four and forty eight hours respectively. 

AlP activity of the kidney elevated by 2.20 and 2.68 folds at the end of ninety six 

and one twenty hours. AlP activity of the kidney was equivalent to 0.83 ± 0.16, 

0.97 0.12, 1.21 0.23, 1.47 ± 0.73, 1.73 ± 0.26, 4.73 0.17 and 5.89 ± 0.46 pi moles 

per gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

On exposure of tadpoles to 1.0 % ME AlP activity of the kidney reduced by 

about forty six and thirty two percent at the end of twelve hours while it elevated 

profoundly from the end of twenty four hours to the end of ninety six hours. AlP 

activity of kidney elevated by 9.87 to 19.23 folds. AlP activity of the kidney was 

equivalent to 0.96 ± 0.12, 1.26 ± 0.17, 18.46 ± 0.41, 28.45 ± 3.21, 39.76 ± 2.81, 41.36 ± 

1.73 and 26.43 ± 1.76 p. moles per gram wet weight of kidney at the end of six, 
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twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles subjected to 5.0 % ME showed reduction of AlP activity of 

kidney by about twenty nine and six percent at the end of six and twelve percent 

but subsequently AlP activity increased progressively up to the end of one 

twenty hours. AlP activity elevated by 1.45 to 7.63 folds. Thus, AlP activity of the 

kidney was equivalent to 1.26 ± 0.21, 1.73 ± 0.73, 2.73 ± 0.12, 6.53 ± 0.72, 10.21 ± 

1.21, 12.94 ± 1.31 and 16.72 ± 2.43 p. moles per gram wet weight of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 10.0 % ME AlP activity of kidney reduced by about 

twenty three percent at the end of six hours while it increased progressively from 

the end of twenty four hours to the end of one twenty hours. AlP activity 

elevated by 1.26 to 5.27 folds. Thus, AlP activity of the kidney was equivalent to 

1.37 ± 0.43, 1.84 ± 0.36, 2.36 ± 0.43, 4.93 ± 0.32, 6.93 ± 0.43, 8.76 ± 0.32 and 11.56 ± 

2.32 u moles per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

When exposed to 30.0 % ME AlP activity increased progressively from the 

end of six hours to the end of one twenty hours. AlP activity elevated in the range 

of 1.55 to 8.32 folds. AlP activity was equivalent to 2.76 ± 1.32, 2.87 ± 1.32, 5.36 ± 

1.46, 8.73 ± 1.36, 10.48 ± 2.73, 15.63 ± 1.73 and 18.36 ± 1.32 IA moles per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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DORSAL MUSCLE : ALKALINE PHOSPHATASE (Alf') 

STAGE V: 

The alterations of AlP activity of dorsal muscle of tadpole stages I to IV 

under the influence of mining effluents (ME) were non-significant. Therefore, 

changes of AlP activity of dorsal muscle of tadpoles of stage V under the 

influence of ME are reported here and these changes are compiled in Table No. 

111 and are given graphically in Graph No. 111. AlP activity is expressed as 

micromoles ( IA moles) of p-nitrophenol released per gram wet weight of muscle 

moles/g wet weight of muscle. 

It is seen from the table and graph that AlP activity of dorsal muscle of 

control tadpoles ranged between 0.46 ± 0.02 and 0.62 ± 0.06 IA moles per gram wet 

weight of muscle. Thus, AlP activity of dorsal muscle of control tadpoles was 

equivalent to 0.46 ± 0.02, 0.48 ± 0.02, 0.52 ± 0.03, 0.55 ± 0.04, 0.57 ± 0.02, 0.60 ± 0.06 

and 0.62 ± 0.06 la moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that ME failed to induce 

concentration dependent elevations of AlP activity of dorsal muscle at all the 

exposure periods. But 0.1 and 30.0 `)/0 ME promoted profound and exposure 

period dependent elevations of AlP activity. The minimum of 3.27 fold elevation 

of AlP activity was induced by 0.01 `)/0 ME at the end of one twenty hours while 

the maximum of 16.04 folds increment of AlP activity was promoted by 10.0 

percent ME at the end of one twenty hours. 
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Table No. 111 

The changes in the alkaline phosphatase 
activity of muscle of tadpoles 

(stage V) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.46 

±0.02 
0.48 

±0.02 
0.52 

±0.03 
 0.55 

±0.04 
0.57 

±0.02 
0.60 

±0.06 
0.62 

±0.06 
0.01% 2.07 3.12 3.62 4.23 5.16 7.95 2.03 
ME ±0.12 ±0.22 ±0.24 ±0.32 ±0.42 ±0.02 ±0.02 

(4.50) (6.50) (6.96) (7.69) (9.05) (13.25) (3.27) 
0.1% 1.86 2.07 2.63 3.21 3.72 4.78 6.08 
ME ±0.21 ±0.32 ±0.42 ±0.20 ±0.09 ±0.28 ±0.04 

(4.04) (4.31) (5.05) (5.83) (6.521 (7.96) (9.80) 
1% ME 3.21 4.26 6.12 7.18 8.12 9.4 7.16 

±0.14 ±0.12 ±0.21 ±0.10 ±0.01 ±0.05 ±0.08 
(6.97) (8.87) (11.76) (13.05) (14.31) (15.66) (11.54) 

5% ME 3.46 4.21 4.48 5.16 5.46 6.06 3.98 
±0.26 ±0.10 ±0.08 ±0.16 ±0.08 ±0.05 ±0.04 
(7.52) (8.77) (8.61) (9.38) (9.57) (10.10) (6.41) 

10% ME 2.48 3.36 4.52 5.62 6.78 7.1 9.95 
±0.02 ±0.02 ±0.01 ±0.12 ±0.14 ±0.06 ±0.03 
(5.39) (7.00) (8.69) (10.21) (11.89) (11.38) (16.04) 

30% ME 3.26 4.46 5.16 6.21 7.32 8.48 9.42 
±0.04 ±0.12 ±0.12 ±0.32 ±0.26 ±0.33 ±0.16 
(7.08) (9.29) (9.92) (11.29) (12.84) (14.13) (15.19) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p< 0.001 
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The tadpoles exposed to 0.01 % ME showed progressive and profound 

elevations of AlP activity from the end of six hours to the end of ninety six hours. 

But AlP activity dropped a little at the end of one twenty hours. AlP activity 

elevated by 3.27 to 13.25 folds. Thus, AlP activity of the dorsal muscle was 

equivalent to 2.07 ± 0.12, 3.12 ± 0.22, 3.62 ± 0.24, 4.23 ± 0.32, 5.16 ± 0.42, 7.95 ± 0.02 

and 2.03 ± 0.02 1.1 moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy . two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted profound and progressive 

elevations of AlP activity of the dorsal muscle from the end of six to the end of 

one twenty hours. AlP Activity elevated in the range of 4.04 to 9.80 folds. Thus, 

AlP activity of the dorsal muscle was equivalent to 1.86 ± 0.21, 2.07 ± 0.32, 2.63 ± 

0.42, 3.21 ± 0.20, 3.72 ± 0.09, 4.78 ± 0.28 and 6.08 ± 0.04 11 moles per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

The treatment of tadpoles with 1.0 % ME promoted successive elevations 

of AlP activity of the dorsal muscle from the end of six hours to the end of ninety 

six hours and then it lowered a little at the end of one twenty hours. AlP activity 

elevated by 6.97 to 15.66 folds. Thus, overall significant increase of AlP activity 

was noted. Thus, AlP activity of the dorsal muscle was equivalent to 3.21 ± 0.14, 

4.26 ± 0.12, 6.12 ± 0.21, 7.18 ± 0.10, 8.16 ± 0.01, 9.40 ± 0.05 and 7.16 ± 0.08 µmoles 

per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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The tadpoles subjected to 5.0 % ME showed a minimum of 6.41 fold 

elevation of AlP activity at the end of one twenty hours while a maximum of 

10.10 folds elevations was exhibited at the end of ninety six hours. AlP activity of 

the dorsal muscle was equivalent to 3.46 ± 0.26, 4.21 ± 0.10, 4.48± 0.08, 5.16 ± 0.16, 

5.46 ± 0.08, 6.06 ± 0.05 and 3.98 ± 0.04 pi moles per gram wet weight of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Under the influence of 10.0 % ME, AlP activity of the dorsal muscle 

elevated successively from the end of six hours to the end of seventy two hours 

and then lowered marginally at the end of ninety six hours to elevate exuberantly 

at the end of one twenty hours. AlP activity elevated in the range of 5.39 to 16.04 

folds. AlP activity of the dorsal muscle was equivalent to 2.48 ± 0.02, 3.36 ± 0.02, 

4.52 ± 0.01, 5.62 ± 0.12, 6.78 ± 0.14, 7.10 ± 0.06 and 9.95 ± 0.03 µ moles per gram 

wet weight of muscle at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

The tadpoles treated with 30.0 % ME demonstrated chronic elevations of 

AlP activity of the dorsal muscle. AlP activity elevated in the range of 7.08 to 

15.19 folds. AlP activity of the dorsal muscle was equivalent to 3.26 ± 0.04, 4.46 ± 

0.12, 5.16 ± 0.12, 6.21 ± 0.32, 7.32 ± 0.26, 8.48 ± 0.33 and 9.42 ± 0.16 µ moles per 

gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 
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STAGE VIII : 

The alterations of AlP activity of dorsal muscle of tadpoles of stages VI & 

VIII under the influence of mining effluents (ME) were nearly identical. Therefore 

changes of AlP activity of dorsal muscle of tadpole stage VIII under the influence 

of ME are presented here and these changes are tabulated in Table No. 112 and 

are given graphically in Graph No. 112. AlP activity is expressed as micromoles ( 

p. moles) of p-nitrophenol released per gram wet weight of muscle i.e p. moles / g 

wet weight of muscle. 

It is seen from the table and graph that AlP activity of dorsal muscle of 

control tadpoles ranged between 0.15 ± 0.08 and 0.43 ± 0.09 la moles per gram wet 

weight of muscle. AlP activity of muscle of control tadpoles was equivalent to 

0.15 ± 0.08, 0.20 ± 0.06, 0.25 ± 0.05, 0.30 ± 0.04, 0.35 ± 0.08, 0.39 ± 0.06 and 0.43 ± 

0.09 11 moles per gram wet weight of muscle at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced nearly concentration dependent elevations of AlP activity of dorsal 

muscle at the end of seventy two hours only, while ME concentrations ranging 

from 1.0 to 30.0 % promoted nearly concentration dependent elevations of AlP 

activity of the doral muscle at the end of six, twelve, twenty four, forty eight, 

seventy two and ninety six hours. The minimum of 2.26 fold elevation of AlP 

activity of dorsal muscle was induced by 0.01 % ME at the end of six hours while 

the maximum of 9.53 folds increment of AlP activity was promoted by 10.0 

percent ME at the end of ninety six hour. 
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Table No. 112 

The changes in the alkaline phosphatase 
activity of muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.15 0.2 0.25 0.30 0.35 0.39 0.43 

±0.08 ±0.06 ±0.05 ±0.04 ±0.08 ±0.06 ±0.09 
0.01% 0.34 0.55 0.89 1.20 1.35 1.92 2.29 
ME ±0.08 ±0.03 ±0.08 ±0.14 ±0.05 ±0.07 ±0.13 

(2.26) (2.75) (3.56) (4.00) (3.85) (4.92) (5.32J 
0.1% 0.52 0.61 0.83 1.17 1.5 3.02 1.27 
ME ±0.07 ±0.05 ±0.12 ±0.18 ±0.11 ±0.13 ±0.14 

(3.46) (3.05) (3.32) (3.90) (4.28) (7.74) (2.95) 
1% ME 0.52 0.58 0.86 1.24 1.79 2.29 2.64 

±0.07 ±0.05 ±0.08 ±0.09 ±0.27 ±0.08 ±0.10 
(3.46) (2.95) (3.44) (4.13) (5.11) (5.87) (6.13) 

5% ME 0.68 1.1 1.27 1.88 2.19 3.51 2.57 
±0.07 ±0.05 ±0.04 ±0.16 ±0.35 ±0.17 ±0.14 
(4.53) (5.50) (5.08) (6.26) (6.25) (9.00) (5.97) 

10% ME 0.8 1.13 1.38 2.2 2.77 3.72 3.63 
±0.04 ±0.07 ±0.07 ±0.15 ±0.15 ±0.25 ±0.13 
(5.33) (5.65) (5.52) (7.33) (7.91) (9.53) (8.44) 

30% ME 0.92 1.14 1.69 2.48 2.96 3.56 3.79 
±0.02 ±0.15 ±0.26 ±0.14 ±0.17 ±0.36 ±0.42 
(6.13) (5.70) (6.76) (8.26) (8.45) (9.12) (8.81) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 
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The tadpoles exposed to 0.01 % ME showed successive elevations of AlP 

activity of dorsal muscle from the end of six hours to the end of forty eight hours 

and subsequently from the end of ninety six hours to the end of one twenty 

hours. AlP activity elevated by 2.26 to 5.32 folds. AlP activity of the dorsal muscle 

was equivalent to 0.34 ± 0.08, 0.55 ± 0.03, 0.89 ± 0.08, 1.20 ± 0.14, 1.35 ± 0.05, 1.92 ± 

0.07 and 2.29 ± 0.13 p. moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The exposure of tadpoles to 0.1 % ME promoted progressive elevations of 

AlP activity of dorsal muscle from the end of twelve hours to the end of ninety six 

hours. AlP activity elevated in the range of 2.95 to 7.74 folds. Thus, AlP activity of 

the dorsal muscle was equivalent to 0.52 ± 0.07, 0.61 ± 0.05, 0.83 ± 0.12, 1.17 ± 

0.18, 1.50 ± 0.11, 3.02 ± 0.13 and 1.27 ± 0.14 11 moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles treated with 1.0 % ME demonstrated progressive elevations 

of AlP activity from the end of twelve hours to the end of one twenty hours. AlP 

activity of the dorsal muscle elevated in the range of 2.95 to 6.13 folds. AlP 

activity of the dorsal muscle was equivalent to 0.52 ± 0.07, 0.59 ± 0.05, 0.86 ± 0.08, 

1.24 ± 0.09, 1.79 ± 0.27, 2.29 ± 0.08 and 2.64 ± 0.10 µ moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

The tadpoles subjected to 5.0 `)/0 ME showed fluctuations of the AlP activity 

of the dorsal muscle. AlP activity elevated in the range of 4.53 to 9.00 folds. AlP 
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activity of the dorsal muscle was enuivalent to 0.6S + 0 07, 1.10 ± 0 0q, 1 '")7 ± 0.04, 

1.88 ± 0.16, 2.19 ± 0.35, 3.51 ± 0.17 and 2.57 ± 0.14 p moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Under the influence of 10.0 % ME the tadpoles demonstrated successive 

elevations of A1P activity from the end of twenty four hours to the end of ninety 

six hours. AlP activity elevated minimally by 5.33 folds at the end of six hours 

and maximally by 9.53 folds at the end of ninety six hours. Thus, AlP activity of 

the dorsal muscle was equivalent to 0.80 ± 0.04, 1.13 ± 0.07, 1.38 ± 0.07, 2.20 ± 0.15, 

2.77 ± 0.15, 3.72 ± 0.25 and 3.65 ± 0.63 1.1, moles per gram wet weight of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

When exposed to 30.0 % ME the tadpoles exhibited successive elevations 

of AlP activity from the end of twelve hours to the end of ninety six hours. AlP 

activity elevated minimally by 5.7 folds at the end of twelve hours and maximally 

by 9.12 folds at the end of ninety six hours. AlP activity of the dorsal muscle was 

equivalent to 0.92 ± 0.02, 1.14 ± 0.15, 1.69 ± 0.26, 2.48 ± 0.14, 2.96 ± 0.17, 3.56 ± 0.36 

and 3.79 ± 0.42 p, moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XIV: 

The alterations of AlP activity of dorsal muscle of tadpoles of stages IX & 

XIV were almost similar, when exposed to mining effluents (ME). Therefore 
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changes of AlP activity of dorsal muscle of tadpole stage XIV under the influence 

of ME are described here and these changes are compiled in Table No. 113 and 

are expressed graphically in Graph No. 113. AlP activity is expressed as 

micromoles (µ moles) of p-nitrophenol released per gram wet weight of muscle 

i.e 1.1 moles/g wet weight of muscle. 

It is seen from the table and graph that AlP activity of dorsal muscle of 

control tadpoles ranged between 0.55.± 0.02 and 0.73 ± 0.07 la moles per gram wet 

weight of muscle. AlP activity of control tadpoles was equivalent to 0.55 ± 0.02, 

0.57 ± 0.02, 0.59 ± 0.01, 0.63 ± 0.02, 0.65 ± 0.04, 0.70 ± 0.04 and 0.73 ± 0.07 p. moles 

per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME failed to induce concentration dependent elevations of AlP activity of dorsal 

muscle at any of the exposure periods. ME concentrations like 5.0, 10.0 and 30.0 

promoted progressive elevations of AlP activity from the end of six hours to the 

end one twenty hours. The minimum of 1.10 fold elevation of AlP activity was 

induced by 0.1 % ME at the end of six hours while the maximum of 12.32 folds 

increment of AlP activity was promoted by 0.01 `)/0 percent ME at the end of 

ninety six hours. 

The tadpoles exposed to 0.01 `)/0 ME showed successive elevations of AlP 

activity of dorsal muscle from the end of six hours to the end of ninety six hours. 

AlP activity elevated in the range of 1.23 to 12.32 folds. AlP activity of the dorsal 

muscle was equivalent to 0.68 ± 0.07, 0.98 ± 0.06, 1.44 ± 0.26, 4.24 ± 0.08, 6.60 ± 

0.73, 8.63 ± 0.06 and 7.32 ± 0.14 p, moles per gram wet weight of muscle at the end 
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Table No. 113 

The changes in the alkaline phosphatase 
activity of muscle of tadpoles 

(stage XIV) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.55 0.57 0.59 0.63 0.65 0.70 0.73 

±0.02 ±0.02 ±0.01 ±0.02 ±0.04 ±0.04 ±0.07 
0.01% 0.68 0.98 1.44 4.24 6.6 8.63 7.32 
ME ±0.07 ±0.06 ±0.26 ±0.08 ±0.73 ±0.06 ±0.14 

(1.23) (1.71) (2.44) (6.73) (10.15) (12.32) (10.02) 
0.1% 0.61 1.04 4.40 5.78 7.29 5.34 6.08 
ME ±0.05 ±0.08 ±0.05 ±0.04 ±0.08 ±0.08 ±0.04 

(1.10) (1.82) (7.45) (9.17) (11.21) (7.26) (8.32) 
1% ME 0.98 1.51 2.24 1.99 2.90 4.81 6.25 

±0.12 ±0.58 ±0.21 ±0.15 ±0.10 ±0.43 ±0.44 
(1.74) (2.64) (3.79) (3.15) (4.46) (6.87) (8.56) 

5% ME 0.92 1.19 1.88 2.45 2.77 4.67 6.02 
±0.06 ±0.08 ±0.16 ±0.17 ±0.18 ±0.19 ±0.04 
(1.67) (2.08) (3.18) (3.88) (4.26) (6.67) (8.24) 

10% ME 1.01 1.17 1.71 2.09 3.49 4.62 5.75 
±0.08 ±0.20 ±0.08 ±0.11 ±0.51 ±0.21 ±0.16 
(1.83) (2.05) (2.89) (3.31) (5.36) (6.60) (7.87) 

30% ME 1.13 1.43 2.08 2.56 3.52 4.72 5.8 
±0.09 ±0.58 ±0.21 ±0.15 ±0.18 ±0.21 ±0.16 
(2.05) (2.50) (3.52) (4.06) (5.41) (6.74) (7.941 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at v0.001 
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of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The exposure of tadpoles to 0.1 % ME promoted successive increments of 

AlP activity of dorsal muscle from the end of six hours to the end of seventy two 

hours. AlP activity elevated in the range of 1.10 to 11.21 folds. AlP activity of the 

dorsal muscle was equivalent to 0.61 ± 0.05, 1.04 ± 0.08, 4.40 ± 0.05, 5.78 ± 0.04, 

7.29 ± 0.08, 5.34 ± 0.08 and 6.08 ± 0.04 p, moles per gram wet weight of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

The tadpoles subjected to 1.0 % ME demonstrated successive elevations of 

AlP activity from the end of six hours to the end of twenty four hours and 

thereafter AlP activity lowered a little at the end of forty eight hours to elevate 

progressively up to the end of one twenty hours. AlP activity increased 

minimally by 1.74 folds at the end of six hours and increased maximally by 8.56 

folds at the end of one twenty hours. AlP activity of the dorsal muscle was 

equivalent to 0.98 ± 0.12, 1.51 ± 0.58, 2.24 ± 0.21, 1.99 ± 0.15, 2.90 ± 0.10, 4.81 ± 0.43 

and 6.25 ± 0.44 µ moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 5.0 % ME the tadpoles exhibited progressive elevations of 

AlP activity from the end of six hours to the end of one twenty hours. AlP activity 

elevated minimally by 1.67 folds at the end of six hours and it increased 

maximally by 8.24 folds at the end of one twenty hours. Thus, AlP activity was 

equivalent to 0.92 ± 0.06, 1.19 ± 0.08, 1.88 ± 0.16, 2.45 ± 0.17, 2.77 ± 0.18, 4.67 ± 0.19 
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and 6.02 ± 0.04 p. moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles treated with 10.0 % ME demonstrated progressive elevations 

of AlP activity from the end of six hours to the end of one twenty hours. AlP 

activity elevated by 1.83 to 7.87 folds. AlP activity was equivalent to 1.01 ± 0.08, 

1.17 ± 0.20, 1.71 ± 0.08, 2.09 ± 0.11, 3.49 ± 0.51, 4.62 ± 0.21 and 5.75 ± 0.16 p. moles 

per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The tadpoles treated with 30.0 % ME showed progressive elevations of AlP 

activity from the end of six hours to the end of one twenty hours. AlP activity 

elevated minimally by 2.05 folds at the end of six hours while it elevated 

maximally by 7.94 folds at the end of one twenty hours. AlP activity of the dorsal 

muscle was equivalent to 1.13 ± 0.09, 1.43 ± 0.58, 2.08 ± 0.21, 2.56 ± 0.15, 3.52 ± 

0.18, 4.72 ± 0.21 and 5.80 ± 0.16 p. moles per gram wet weight of muscle at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

STAGE XVIII: 

The alterations of AlP activity of dorsal muscle of tadpoles of stages XV & 

XVIII were almost identical, when exposed to mining effluents (ME). Therefore 

changes of A1P activity of dorsal muscle of tadpole stage XVIII under the 

influence of ME are described here and these changes of A1P activity are 

compiled in Table No. 114 and are given graphically in Graph No.114. AlP 
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Table No. 114 

The changes in the alkaline phosphatase 
activity of muscle of tadpoles 

(stage XVIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.25 0.28 0.32 0.35 0.39 0.42 0.45 

±0.02 ±0.06 ±0.02 ±0.05 ±0.07 ±0.05 ±0.07 
0.01% 0.31 0.4 0.55 0.69 1.16 1.62 3.29 
ME ±0.08 ±0.05 ±0.03 ±0.11 ±0.08 ±0.13 ±0.17 

(1.24) (1.42) (1.71) (1.97) (2.97) (3.85) (7.31) 
0.1% 0.46 0.43 0.34 0.63 1.44 2.81 5.71 
ME ±0.08 ±0.13 ±0.08 ±0.04 ±0.08 ±0.17 ±0.10 

(1.84) (1.53) (1.06) (1.80) (3.69) (6.69) (12.68) 
1% ME 0.44 0.49 0.64 0.98 1.38 1.89 3.13 

±0.06 ±0.08 ±0.10 ±0.13 ±0.07 ±0.08 ±0.12 
(1.76) (1.75) (2.00) (2.80) (3.53) (4.50) (6.95) 

5% ME 0.51 0.8 1.04 1.27 1.68 2.11 2.81 
±0.11 ±0.11 ±0.08 ±0.04 ±0.20 ±0.08 ±0.08 
(2.04) (2.85) (3.25) (3.62) (4.30) (5.02) (6.24) 

10% ME 0.61 1.04 1.36 1.86 2.47 3.29 4.13 
±0.05 ±0.08 ±0.09 ±0.13 ±0.11 ±0.10 ±0.23 
(2.44) (3.71) (4.25) (5.31) (6.33) (7.83) (9.17) 

30% ME 0.75 0.96 1.42 1.93 2.23 3.49 4.12 
±0.05 ±0.07 ±0.09 ±0.13 ±0.17 ±0.17 ±0.19 
(3.00) (3.42) (4.43) (5.51) (5.71) (8.30) (9.15) 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p01001 
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activity is expressed as micromoles (µ moles) of p-nitrophenol released per gram 

wet weight of muscle i.e µ moles/g wet weight of muscle. 

It is observed from the table and graph that AlP activity of dorsal muscle 

of control tadpoles ranged between 0.25 ± 0.02 and 0.45 ± 0.07 g moles per gram 

wet weight of muscle. AlP activity of dorsal muscle of control tadpoles was 

equivalent to 0.25 ± 0.02, 0.28 ± 0.06, 0.32 ± 0.02, 0.35 ± 0.05, 0.39 ± 0.07, 0.42 ± 0.05 

and 0.45 ± 0.07 g moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also evident from the table and the graph that ME concentrations like 

0.01 to 10.0 % induced concentration dependent elevations of AlP activity of the 

dorsal muscle at the end of twelve hours, while 0.1. 1.0, 5.0, 10.0 and 30.0 percent 

ME promoted ME concentration dependent elevations of A1P activity at the end 

of twenty four and forty eight hours. At the end of ninety six hours ME 

concentrations ranging from 1.0 to 30.0 % induced concentration dependent 

elevations of AlP activity. But ME concentrations like 0.01, 5.0, 10.0 and 30.0 

percent promoted exposure period dependent progressive elevations of A1P 

activity of the dorsal muscle. The minimum of 1.06 fold elevation of AlP activity 

was induced by 0.1 % ME at the end of twenty four hours, while the maximum of 

12.68 folds elevation of A1P activity was produced by 0.1 % ME at the end of one 

twenty hours. 

The tadpoles exposed to 0.01 % ME exhibited exposure dependent 

progressive elevations of A1P activity. AlP activity of the dorsal muscle elevated 

minimally by 1.24 folds at the end of six hours while it increased maximally by 
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7.31 folds at the end of one twenty hours. AlP activity of dorsal muscle of control 

tadpoles was equivalent to 0.31 ± 0.08, 0.40 ± 0.05, 0.55 ± 0.03, 0.69 ± 0.11, 1.16 ± 

0.08, 1.62 ± 0.13 and 3.29 ± 0.17 p moles per gram wet weight of muscle at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

The exposure of tadpoles to 0.1 % ME promoted successive elevations of 

AlP activity of the dorsal muscle from the end of twenty four hours to the end of 

one twenty hours. AlP activity elevated by 1.06 to 12.68 folds. Thus, AlP activity 

was equivalent to 0.46 ± 0.08, 0.43 ± 0.13, 0.34 ± 0.08, 0.63 ± 0.04, 1.44 ± 0.08, 2.81 ± 

0.17 and 5.71 ± 0.10 p moles per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

The tadpoles subjected to 1.0 % ME demonstrated progressive elevations 

of AlP activity from the end of twelve hours to the end of one twenty hours. AlP 

activity elevated by 1.75 to 6.95 folds. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours AlP activity of the dorsal 

muscle was equivalent to 0.44 ± 0.06, 0.49 ± 0.08, 0.64 ± 0.10, 0.98 ± 0.13, 1.38 ± 

0.07, 1.89 ± 0.08 and 3.13 ± 0.12 p. moles per gram wet weight of muscle 

respectively. 

The tadpoles treated with 5.0 % ME exhibited progressive elevations of 

AlP activity of the dorsal muscle from the end of six hours to the end of one 

twenty hours. AlP activity elevated minimally by 2.04 folds at the end of six 

hours while it elevated maximally by 6.24 folds at the end of one twenty hours. 

AlP activity of the tadpoles was equivalent to 0.51 ± 0.11, 0.80 ± 0.11, 1.04 ± 0.08, 
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1.27 ± 0.04, 1.68 ± 0.20, 2.11 ± 0.08 and 2.81 ± 0.08 p moles per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

When exposed to 10.0 % ME the tadpoles exhibited progressive and 

chronic elevations of A1P activity. A1P activity elevated minimally by 2.44 folds at 

the end of six hours, while it elevated maximally by 9.17 folds at the end of one 

twenty hours. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours AlP activity of the dorsal muscle was equivalent 

to 0.61± 0.05, 1.04 ± 0.08, 1.36 ± 0.09, 1.86 ± 0.13, 2.47 ± 0.11, 3.29 ± 0.10 and 4.13 ± 

0.23 p moles per gram wet weight of muscle respectively. 

On exposure to 30.0 % ME the tadpoles demonstrated progressively 

chronic elevations of AlP activity of the dorsal muscle. AlP activity elevated 

minimally by 3.00 folds at the end of six hours while it elevated maximally by 

9.15 folds at the end of one twenty hours. AlP activity of the dorsal muscle was 

equivalent to 0.75 ± 0.05, 0.96 ± 0.07, 1.42 ± 0.09, 1.93 ± 0.13, 2.23 ± 0.17, 3.49 ± 0.17 

and 4.12 ± 0.19 12 moles per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

STAGE XXII: 

The alterations of AlP activity of dorsal muscle of tadpoles of stages XIX 

and XXII were nearly identical when exposed to mining effluents (ME). Therefore 

the changes of AlP activity of dorsal muscle of tadpole stage XXII exposed to ME 

are described here and these are tabulated in Table No.115 and given graphically 

in Graph No.115. AlP activity is expressed as micromoles (µ moles) of p- 
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Table No. 115 

The changes in the alkaline phosphatase 
activity of muscle of tadpoles 

(stage XXII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 0.36 0.39 0.40 0.45 0.52 0.57 0.67 

±0.12 ±0.09 ±0.12 ±0.12 ±0.09 ±0.09 ±0.12 
0.01% 0.37 0.46 0.59 0.73 1.26 1.73 3.46 
ME ±0.07 ±0.06 ±0.04 ±0.12 ±0.14 ±0.12 ±0.17 

(1.02) (1.17) (1.47) (1.62) (2.42) (3.03) (5.16) 
0.1% 0.49 0.56 0.63 0.84 1.73 2.96 5.81 
ME ±0.13 ±0.121 ±0.09 ±0.07 ±0.09 ±0.13 ±0.14 

(1.36) (1.43) (1.57) (1.86) (3.32) (5.19) (8.67) 
1% ME 0.53 0.63 0.73 0.84 0.96 1.46 2.93 

±0.13 ±0.12 ±0.16 ±0.17 ±0.21 ±0.97 ±0.86 
(1.47) (1.61) (1.82) (1.86) (1.84) (2.56) (4.37) 

5% ME 0.53 0.93 1.07 1.37 1.76 2.46 3.12 
±0.10 ±0.12 ±0.12 ±0.25 ±0.36 ±0.45 ±0.26 
(1.47) (2.38) (2.67) (3.04) (3.38) (4.31) (4.65) 

10% ME 0.69 1.32 1.57 1.98 2.57 3.39 4.19 
±0.20 ±0.26 ±0.21 ±0.19 ±0.16 ±0.15 ±0.77 
(1.91) (3.38) (3.92) (4.40) (4.94) (5.94) (6.25) 

30% ME 0.79 1.32 1.73 2.16 2.46 4.32 4.46 
±0.12 ±0.18 ±0.19 ±0.71 ±0.36 ±0.42 ±0.32 
(2.19) (3.38) (4.32) (4.80) (4.73) (7.57) (6.65J 

Note : Unit : pmoles/gm Ww muscle 

± : S.D. 

Figures in parantheses : Fold variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at pi0.001 
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nitrophenol released per gram wet weight of muscle i.e µ moles/gram wet 

weight of muscle. 

It is seen from the table and graph that AlP activity of dorsal muscle of 

control tadpoles ranged between 0.36 ± 0.12 and 0.67 ± 0.12 p, moles per gram wet 

weight of muscle. AlP activity of control tadpoles was equivalent to 0.36 ± 0.12, 

0.39 ± 0.09, 0.40 ± 0.12, 0.45 ± 0.12, 0.52 ± 0.09, 0.57 ± 0.09 and 0.67 ± 0.12 µ moles 

per gram wet weight of muscle at the.  end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is also evident from the table and the graph that all the concentrations of 

ME induced concentration dependent elevations of A1P activity of the dorsal 

muscle at the end of twenty four hours, while ME concentrations like 1.0, 5.0, 10.0 

and 30.0 % promoted concentration dependent elevations of AlP activity at the 

end of twenty four, forty eight, ninety six and one twenty hours. ME 

concentrations like 0.01, 0.1, 5.0 and 10.0 percent promoted exposure period 

dependent elevations of AlP activity of the dorsal muscle. The minimum of 1.02 

fold elevation of AlP activity was induced by 0.01 % ME at the end of six hours, 

while the maximum of 8.67 folds elevation was induced by 0.1 % ME at the end of 

one twenty hours. 

The tadpoles exposed to 0.01 `)/0 ME demonstrated exposure period 

dependent elevations of AlP activity. A1P activity elevated minimally by 1.02 

folds at the end of six hours and it elevated maximally by 5.16 folds at the end of 

one twenty hours. AlP activity of dorsal muscle was equivalent to 0.37 ± 0.07, 

0.46 ± 0.06, 0.59 ± 0.04, 0.73 ± 0.12, 1.26 ± 0.14, 1.73 ± 0.12 and 3.46 ± 0.17 ti moles 
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per gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

The exposure of tadpoles to 0.1 % ME led to progressive elevations of AlP 

activity from the end of six hours to the end of one twenty hours. AlP activity 

elevated in the range of 1.36 to 8.67 folds. Thus, AlP activity was equivalent to 

0.49 ± 0.13, 0.56 ± 0.12, 0.63 ± 0.09, 0.84 ± 0.07, 1.73 ± 0.09, 2.96 ± 0.13 and 5.81 ± 

0.14 p moles per gram wet weight of muscle at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles exhibited successive elevations of 

AlP activity from the end of six hours to the end of forty eight hours and 

subsequently AlP activity dropped marginally at the end of seventy two hours to 

elevate at the end of ninety six and one twenty hours. AlP activity elevated by 

1.47 to 4.37 folds. Thus, AlP activity was equivalent to 0.53 ± 0.13, 0.63 ± 0.12, 0.73 

± 0.16, 0.84 ± 0.17, 0.96 ± 0.21, 1.46 ± 0.97 and 2.93 ± 0.86 p moles per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 5.0 % ME the tadpoles showed progressive 

elevations of AlP activity from the end of six hours to the end of one twenty 

hours. AlP activity elevated by 1.47 to 4.65 folds. Thus, AlP activity of the dorsal 

muscle was equivalent to 0.53 ± 0.10, 0.93 ± 0.12, 1.07 ± 0.12, 1.37 ± 0.25, 1.76 ± 

0.36, 2.46 ± 0.45 and 3.12 ± 0.26 p. moles per gram wet weight of muscle at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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The treatment of tadpoles with 10.0 % ME promoted progressive 

elevations of AlP activity of the dorsal muscle from the end of six hours to the 

end of one twenty hours. AlP activity elevated by 1.91 to 6.25 folds. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours AlP activity of the dorsal muscle was equivalent to 0.69 ± 0.20, 1.32 ± 0.26, 

1.57 ± 0.21, 1.98 ± 0.19, 2.57 ± 0.16, 3.39 ± 0.15 and 4.19 ± 0.77 µ moles per gram 

wet weight of muscle respectively. . 

When exposed to 30.0 `)/0 ME the tadpoles exhibited successive elevations 

of AlP activity from the end of six hours to the end of forty eight hours but 

thereafter AlP activity dropped marginally to elevate and drop again at the end 

of ninety six and one twenty hours. AlP activity elevated by 2.19 to 7.57 folds. AlP 

activity was equivalent to 0.79 ± 0.12, 1.32 ± 0.18, 1.73 ± 0.19, 2.16 ± 0.71, 2.46 ± 

0.36, 4.32 ± 0.42 and 4.46 ± 0.32 p. moles per gram wet weight of muscle at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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BIOCHEMICAL 

ANALYSIS 

SECTION B 



SKIN - Na+ : 

STAGE VIII : 

The alterations of the Na+ concentrations of skin of tadpoles of stages I to V 

exposed to mining effluents (ME) were non significant. The changes of the Na+ 

concentration of skin of tadpoles of stages VI to VIII exposed to ME were almost 

alike, therefore, the changes in the Na÷ concentration of skin of tadpoles of stage 

VIII are described here. Tadpoles of stages IX to XXII exhibited a pattern of 

alteration of Na+ concentration similar to that observed for stage VIII. 

The alterations of the Na+ concentration of skin under the influence of ME 

are expressed as milliequivalence per gram wet weight of skin. The alterations of 

the Na+ concentrations of skin of tadpoles of stage VIII are tabulated in Table No. 

116 and represented graphically in Graph No. 116. 

From the table and graph it is evident that the control tadpoles exhibited 

marginal rise of the Na+ concentrations of skin. The Na+ concentration of skin of 

control tadpoles was equivalent to 47.50 ± 1.81, 48.00 ± 1.27, 48.50 ± 1.13, 49.50 ± 

1.32, 50.40 ± 1.36, 51.40 ± 1.82 and 52.40 ± 1.13 milliequivalence per gram wet 

weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

It is evident from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Na+ concentration of skin at all 

the exposure periods. 0.01 % ME induced marginal decrease of the Na+ 

concentration of skin at the end of six and twelve hours. 0.1 % ME promoted 
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Table No. 116 

The changes in the Na +  concentration of 
skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 47.50 48.00 48.50 49.50 50.40 51.40 52.40 

±1.81 ±1.27 ±1.13 ±1.32 ±1.36 ±1.82 ±1.13 
0.01% ME 47.20 47.70 49.00 49.80 51.00 52.00 52.90 

±1.81 ±1.13 ±1.43 ±1.17 ±1.02 ±1.08 ±1.21 
(-0.63) (-0.62) (1.03) (0.60) (1.19) (1.16) (0.95) 

0.1% ME 47.80 48.30 49.30 50.20 51.30 52.50 53.40 
±1.42 ±1.27 ±1.21 ±1.76 ±2.05 ±1.31 ±1.13 
(0.63) (0.62) (1.64) (1.41) (1.78) (2.14) (1.90) 

1% ME 48.30 48.80 49.80 50.90 51.90 53.00 54.00 
±1.21 ±1.36 ±1.13 ±1.32 ±1.21 ±1.72 ±1.32 
(1.68) (1.66) (2.68) (2.82) (2.97) (3.11) (3.05) 

5% ME 48.80 49.40 50.40 51.40 52.70 53.60 54.70 
±1.32 ±1.13 ±1.72 ±1.32 ±1.21 ±1.96 ±1.46 
(2.73) (2.91) (3.91) (3.83) (4.56) (4.28) (4.38) 

10% ME 49.40 50.40 51.00 52.50 53.50 54.50 55.90 
±1.27 ±1.81 ±1.96 ±1.76 ±1.72 ±1.31 ±1.82 
(4.00) (5.00) (5.15) (6.06) (6.15) (6.03) (6.67) 

30% ME 49.70 50.90 52.00 53.40 54.50 54.90 56.50 
±1.13 ±1.36 ±1.86 ±1.96 ±1.96 ±2.11 ±2.17 
(4.63) (6.04) (7.21) (7.87) (8.13) (6.80) (7.32) 

Note : Unit : mEq/gm Ww muscle 

±: S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at pl.0.001 
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marginal increase of the Na+ concentration of skin at the end of six and twelve 

hours and the Na+ level continued to increase upto the end of ninety six hours. 

1.0 % ME induced progressive increase of the Na+ concentration from the end of 

six hours to the end of ninety six hours. 5.0 % ME promoted gradual increase of 

the Na+ concentration from the end of six hours to the end of twenty four hours 

and subsequently the Na+ concentration fluctuated till the end of one twenty 

hours. 10.0 % ME induced progressive increase of the Nal -  concentration from the 

end of six hours to the end of seventy two hours. 30.0 % ME promoted 

progressive increase of the Nal -  concentration from the end of six hours upto the 

end of seventy two hours. At the end of twelve hours under the influence of 0.1 

% ME the minimum of 0.62 % increase of the Nal -  concentration of skin was 

observed, while the maximum of 8.13 % increase of the Na+ concentration of skin 

was noticed at the end of seventy two hours under the influence of 30.0 % ME. 

On exposure to 0.01 % ME minimum of 0.60 % increase of the Na+ 

concentration of skin was observed at the end of forty eight hours, while 

maximum of 1.19 % increase of the Na+ concentration of skin was noticed at the 

end of seventy two hours. The Na÷ concentration of skin was equivalent to 47.20 

± 1.81, 47.70 ± 1.13, 49.00 ± 1.43, 49.80 ± 1.17, 51.00 ± 1.02, 52.00 ± 1.08 and 52.90 ± 

1.21 milliequivalence per gram wet weight of skin at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

0.1 % ME promoted a minimum of 0.62 % increase of the Na+ concentration 

of skin at the end of six hours while it induced a maximum of 2.14 % elevation of 

662 



the Na+ concentration of skin at the end of ninety six hours. At the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

Na+ concentration of skin was equivalent to 47.80 ± 1.42, 48.30 ± 1.27, 49.30 ± 1.21, 

50.20 ± 1.76, 51.30 ± 2.05, 52.50 ± 1.31 and 53.40 ± 1.13 milliequivalence per gram 

wet weight of skin respectively. 

Under the influence of 1.0 % ME the tadpoles showed 1.66 increase of the 

Na+ concentration of skin at end of twelve hours while they exhibited 3.11 % 

elevation of the Na+ concentration of skin at the end of ninety six hours. The 

Na+ concentration of skin was equivalent to 48.30 ± 1.21, 48.80 ± 1.36, 49.80 ± 1.13, 

50.90 ± 1.32, 51.90 ± 1.21, 53.00 ± 1.72 and 54.00 ± 1.32 milliequivalence per gram 

wet weight of of skin at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 5.0 % ME showed 2.73 % increase of the Na+ 

concentration of skin at the end of six hours while they exhibited 4.56 % elevation 

of the Na+ concentration of skin at the end of seventy two hours. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the Na+ concentration of skin was equivalent to 48.80 ± 1.32, 49.40 ± 1.13, 

50.40 ± 1.72, 51.40 ± 1.32, 52.70 ± 1.21, 53.60 ± 1.96 and 54.70 ± 1.46 

milliequivalence per gram wet weight of skin respectively. 

Tadpoles subjected to 10.0 % ME exhibited 4.00 % increase of the Na+ 

concentration of skin at the end of six hours while they showed 6.67 % elevation 

of the Na+ concentration of skin at the end of one twenty hours. The Na+ 

concentration of skin was equivalent to 49.40 ± 1.27, 50.40 ± 1.81, 51.00 ± 1.96, 

663 



52.50 ± 1.76, 53.50 ± 1.72, 54.50 ± 1.31 and 55.90 ± 1.82 milliequivalence per gram 

wet weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

30.0 `)/0 ME promoted 4.63 `)/0 rise of the Nal -  concentration of skin at the end 

of six hours while it induced 8.13 % increase of the Na+ concentration of skin at 

the end of seventy two hours. The Na+ concentration of skin was equivalent to 

49.70 ± 1.13, 50.90 ± 1.36, 52.00 ± 1.86, 53.40 ± 1.96, 54.50 ± 1.96, 54.90 ± 2.11 and 

56.50 ± 2.17 milliequivalence per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

INTESTINE - Na+ 

STAGE VIII : 

The alterations of the Na+ concentration of intestine of tadpoles of stages I 

to V exposed to ME were non-significant. The changes of the Na+ concentration 

of intestine of tadpoles of stages VI to VIII exposed to ME were almost similar, 

therefore the changes of the Na+ concentration of intestine stage VIII is described 

here as a representative. Rest of the stages from stage IX to XXII showed patterns 

similar, to that observed for stage VIII under the influence of mining effluents. 

The alterations of the Na+ concentration of intestine are expressed as 

milliequivalence per gram wet weight of intestine. The alterations of the Na+ 

concentration of intestine of tadpoles of stage VIII are compiled in Table No. 117 

and presented graphically in Graph No. 117. 
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Table No. 117 

The changes in the Na+  concentration of 
intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 50.00 51.00 52.00 54.00 56.20 58.10 60.00 

±2.32 ±1.85 ±2.06 ±1.82 ±1.36 ±2.09 ±1.82 
0.01% ME 51.30 52.10 53.40 55.10 57.20 59.10 60.10 

±2.06 ±1.85 ±1.36 ±1.43 ±1.02 ±1.17 ±1.08 
(2.60) (2.15) (2.69) (2.03) (1.77) (1.72) (0.16) 

0.1% ME 52.00 52.90 53.70 56.20 57.40 59.70 58.40 
±2.05 ±1.76 ±1.76 ±1.21 ±1.07 ±1.13 ±1.31 
(4.00) (3.72) (3.26) (4.07) (2.13) (2.75) (-2.66) 

1% ME 53.10 54.60 55.10 57.10 58.20 60.10 59.20 
±1.96 ±1.81 ±1.81 ±1.21 ±1.08 ±1.21 ±1.26 
(6.20) (7.05) (5.96) (5.74) (3.55) (3.44) (-1.33) 

5% ME 54.30 55.90 56.30 58.40 59.40 61.20 60.10 
±1.87 ±1.96 ±1.76 ±1.11 ±1.07 ±1.07 ±1.12 
(8.60) (9.60) (8.26) (8.14) (5.69) (5.33) (0.16) 

10% ME 55.10 56.40 56.70 59.10 60.30 62.80 61.40 
±2.11 ±1.21 ±1.81 ±1.21 ±1.05 ±1.09 ±1.09 

(10.20) (10.58) (9.03) (9.44) (7.29) (8.08) (2.33) 
30% ME 56.30 57.20 57.90 60.40 62.40 63.70 62.40 

±2.10 ±1.36 ±1.76 ±1.36 ±1.08 ±1.17 ±1.36 
(12.60) (12.15) (11.34) (11.85) (11.03) (9.63) (4.00) 

Note : Unit : mEq/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at to0.001 
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The changes in the Ni+  concentration of intestine of 
tadpoles (stage VIII) exposed to mining effluents 
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From the table and graph, it is obvious that the control tadpoles exhibited 

Na+ concentration of intestine in the range of 50.00 to 60.00 milliequivalence per 

gram wet weight of intestine from the end of six hours to the end of one twenty 

hours. The Na+ concentration of intestine of control tadpoles was equivalent to 

50.00 ± 2.32, 51.00 ± 1.85, 52.00 ± 2.06, 54.00 ± 1.82, 56.20 ± 1.36, 58.10 ± 2.09 and 

60.00 ± 1.82 milliequivalence per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is also clear from the table and graph, that all the concentrations of ME 

promoted concentration dependent increase of the Na+ concentration of intestine 

at all the exposure periods except one twenty hours. The minimum increase of 

the Na+ concentration of intestine was 0.16 % at the end of one twenty hours, 

under the influence of 0.01 % and 5.0 % ME while the maximum elevation of the 

Na+ concentration of intestine was 12.60 % at the end of six hours under the 

influence of 30.0 `)/0 ME. 

The tadpoles exposed to 0.01 `)/0 ME showed 2.60 `)/0 increase of Na+ 

concentration of intestine at the end of six hours and subsequently it dropped a 

little to elevate by 2.69 `)/0 at the end of twenty four hours. Thereafter the Na+ 

concentrations of continued to decline upto the end of one twenty hours. 

However, Na+ level remained above the control level. The Na+ concentration of 

intestine was equivalent to 51.30 ± 2.06, 52.10 ± 1.85, 53.40 ± 1.36, 55.10 ± 1.43, 

57.20 ± 1.02, 59.10 ± 1.17 and 60.10 ± 1.08 milliequivalence per gram wet weight 
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of intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

Tadpoles subjected to 0.1 % ME exhibited 4.00 % increase of the Na+ 

concentration of intestine at the end of six hours while at the end of seventy two 

hours a 2.13 % increase was observed. At the end of one twenty hours, the Na+ 

concentration of intestine dropped by 2.66 % below that of the control. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, Na+ concentration of intestine was equivalent to 52.00 ± 2.05, 52.90 

± 1.76, 53.70 ± 1.76, 56.20 ± 1.21, 57.40 ± 1.07, 59.70 ± 1.13, 58.40 ± 1.31 

milliequivalence per gram Ww of intestine respectively. 

1.0 % ME promoted 3.44 % increase of the Na+ concentration of intestine at 

the end of ninety six hours while it induced a maximum of 7.05 % rise of the 

Neconcentration of intestine at the end of twelve hours. At the end of one 

twenty hours the Na+ concentration of intestine dropped by 1.33 % below the 

level observed in the control. The Na+ concentration of intestine was equivalent 

to 53.10 ± 1.96, 54.60 ± 1.81, 55.10 ± 1.81, 57.10 ± 1.21, 58.20 ± 1.08, 60.10 ± 1.21 and 

59.20 ± 1.26 milliequivalence per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 5.0 % ME the tadpoles showed elevation of Na+ 

concentration of intestine in the range of 0.16 % to 9.60 %. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

the Na+ concentration of intestine was equivalent to 54.30 ± 1.87, 55.90 ± 1.96, 
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56.30 ± 1.76, 58.40 ± 1.11, 59.40 ± 1.07, 61.20 ± 1.07 and 60.10 ± 1.12 

milliequivalence per gram Ww of intestine respectively. 

On exposure to 10.0 % ME the tadpoles exhibited increase of the Na+ 

concentration of intestine in a range of 2.33 % to 10.58 % . The Na+ concentration 

of intestine was equivalent to 55.10 ± 2.11, 56.40 ± 1.21, 56.70 ± 1.81, 59.10 ± 1.21, 

60.30 ± 1.05, 62.80 ± 1.09 and 61.40 ± 1.09 milliequivalence per gram wet weight 

of intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 

30.0 % ME induced a 4.00 % to 12.60 % elevation of the Na+ concentration 

of intestine. The Nal -  concentration of intestine was equivalent to 56.30 ± 2.10, 

57.20 ± 1.36, 57.90 ± 1.76, 60.40 ± 1.36, 62.40 ± 1.08, 63.70 ± 1.17 and 62.40 ± 1.36 

milliequivalence per gram wet weight of intestine at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

LIVER : 

STAGE VIII : 

The alterations of the Na+ concentration of liver of tadpoles of stages I to V 

under the influence of mining effluents were insignificant. The changes of the Na+ 

concentration of liver of tadpoles of stages VI to VIII exposed to ME were almost 

alike, therefore the changes of the Na+ concentration of liver of tadpoles of stage 

VIII are described here. The tadpoles of stages IX to XXII showed a pattern of 

alterations of Na+ concentration of liver similar to that observed for stage VIII. 
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Table No. 118 

The changes in the Na +  concentration of 
liver of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 40.00 40.20 40.60 40.90 41.10 41.30 41.50 

±1.00 ±0.47 ±0.63 ±0.81 ±0.87 ±0.83 ±0.96 
0.01% ME 38.20 37.90 42.00 44.00 48.00 52.00 50.00 

±0.96 ±0.63 ±0.64 ±0.61 ±0.58 ±0.76 ±0.91 
(-4.50) (-5.72) (3.44) (7.57) (16.78) (25.90) (20.48) 

0.1% ME 39.10 39.10 43.00 45.00 49.00 53.00 51.00 
±0.87 ±0.64 ±0.31 ±0.72 ±0.92 ±1.00 ±1.12 

(-2.25) (-2.73) (5.91) (10.02) (19.22) (28.32) (22.89) 
1% ME 41.30 42.00 44.00 47.00 50.00 55.00 53.00 

±0.93 ±0.81 ±0.47 ±0.41 ±1.00 ±0.84 ±0.96 
(3.00) (4.47) (8.37) (14.91) (21.65) (33.17) (27.71) 

5% ME 42.00 44.00 47.00 49.00 53.00 57.00 55.00 
±0.84 ±0.76 ±0.48 ±0.32 ±1.12 ±0.85 ±0.87 
(5.00) (9.45) (15.76) (19.80) (28.95) (38.01) (32.53) 

10% ME 44.00 45.00 48.00 50.00 55.00 59.00 57.00 
±0.76 ±0.84 ±0.76 ±0.72 ±1.11 ±1.03 ±1.03 

(10.00) (11.94) (18.22) (22.24) (33.81) (42.85) (37.34) 
30% ME 47.00 49.00 52.00 53.00 56.00 61.00 59.00 

±0.82 ±0.83 ±0.89 ±0.76 ±1.09 ±1.08 ±1.12 
(17.50) (21.89) (28.07) (29.58) (36.25) (47.69) (42.16) 

Note : Unit : mEq/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p-0.001 
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The alterations of the Na+ concentration of liver are expressed as 

milliequivalence per gram wet weight of liver. The alterations of the Na+ 

concentration of liver of Stage VIII are compiled in Table No. 118 and represented 

graphically in Graph No. 118. 

It is clear from the table and graph that the control tadpoles exhibited 

gradual increase of the Na+ concentration of liver. The Na+ concentration of liver 

of control tadpoles was equivalent to 40.00 ± 1.00, 40.20 ± 0.47, 40.60 ± 0.63, 40.90 

± 0.81, 41.10 ± 0.87, 41.30 ± 0.83 and 41.50 ± 0.96 milliequivalence per gram wet 

weight of liver at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

From the table and graph it is evident that all the concentrations of ME 

(except 0.01 and 0.1 at the end of six and twelve hours) promoted concentration 

dependent increase of the Na+ concentration of liver at all the exposure periods. 

At the end of six and twelve hours under the influence of 0.01 % and 0.1 % ME 

the Na+ concentration of liver was observed to be belo14 that observed for control. 

Minimum of 3.0 % increase of the Na+ concentration of liver was observed at the 

end of six hours under the influence of 1.0 % ME while maximum of 47.69 % 

increase of the Na+ concentration of liver was noticed at the end of ninety six 

hours under the influence of 30.0 % ME. 

On exposure to 0.01 % ME the tadpoles exhibited 3.44 % to 25.90 `)/0 

increase of the Na+ concentration of liver. The Na+ concentration of liver was 

equivalent to 38.20 ± 0.96, 37.90 ± 0.63, 42.00 ± 0.64, 44.00 ± 0.61, 48.00 ± 0.58, 52.00 

± 0.76 and 50.00 ± 0.91 milliequivalence per gram wet weight of liver at the end 
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of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

Tadpoles subjected to 0.1 % ME showed rise of the Na+ concentration of 

liver in the range of 5.91 % to 28.32 To. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the Na+ concentration 

of liver was equivalent to 39.10 ± 0.87, 39.10 ± 0.64, 43.00 ± 0.31, 45.00 ± 0.72, 49.00 

± 0.92, 53.00 ± 1.00 and 51.00 ± 1.12 milliequivalence per gram wet weight of liver 

respectively. 

1.0 % ME induced 3.0 % to 33.17 % rise of the Na+ concentration of liver 

from the end of six hours to the end of ninety six hours. The Na+ concentration of 

liver was equivalent to 41.30 ± 0.93, 42.00 ± 0.81, 44.00 ± 0.47, 47.00 ± 0.41, 50.00 ± 

1.00, 55.00 ± 0.84 and 53.00 ± 0.96 milliequivalence per gram wet weight of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles exposed to 5.0 % ME showed an increase of the Na+ 

concentration of liver in the range of 5 % to 38.01 %. At the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the Na+ 

concentration of liver was equivalent to 42.00 ± 0.84, 44.00 ± 0.76, 47.00 ± 0.48, 

49.00 ± 0.32, 53.00 ± 1.12, 57.00 ± 0.85 and 55.00 ± 0.87 milliequivalence per gram 

wet weight of liver respectively. 

Under the influence of 10.0 % ME the tadpoles exhibited 10.0 % to 42.85 % 

elevation of the Na+ concentration of liver from six to ninety six hours. The Na+ 
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Table No. 119 

The changes in the Na +  concentration of 
kidney of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 45.00 45.10 45.30 45.70 45.90 46.10 46.40 

±0.97 ±0.81 ±0.76 ±0.84 ±0.63 ±0.93 ±1.03 
0.01% ME 41.00 40.00 39.00 47.00 49.30 51.20 51.80 

±0.81 ±0.76 ±0.71 ±0.84 ±0.87 ±0.87 ±0.81 
(-8.8) (-11.30) (-13.90) (2.84) (7.40) (11.06) (11.63) 

0.1% ME 43.00 42.20 43.00 49.20 51.30 53.10 51.40 
±0.86 ±0.59 ±0.76 ±0.81 ±0.92 ±0.86 ±0.91 

(-4.44) (-6.43) (-5.07) (7.65) (11.76) (15.18) (10.77) 
1% ME 44.00 44.10 45.20 49.80 52.10 54.30 52.40 

±0.76 ±0.59 ±0.81 ±0.76 ±1.73 ±0.96 ±0.76 
(-2.22) (-2.21) (-0.22) (8.97) (13.50) (17.78) (12.93) 

5% ME 47.00 44.40 45.60 50.10 53.70 56.10 55.30 
±0.81 ±0.93 ±0.56 ±0.81 ±1.76 ±1.36 ±1.25 
(4.44) (-1.55) (0.66) (9.62) (16.99) (21.69) (19.18) 

10% ME 49.30 50.10 51.20 54.20 55.10 57.40 56.10 
±0.84 ±0.94 ±0.75 ±0.73 ±1.08 ±1.81 ±1.31 
(1.09) (11.08) (13.02) (18.51) (20.04) (24.51) (20.90) 

30% ME 51.20 51.90 52.10 55.30 54.30 58.70 57.70 
±0.73 ±0.76 ±0.87 ±0.96 ±1.87 ±1.36 ±1.61 

(13.77) (15.07) (15.01) (21.00) (18.30) (27.33) (24.35) 

Note : Unit : mEq/gm Ww kidney 

±: S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant ati:•0.001 
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concentration of liver was equivalent to 40.00 ± 0.76, 45.00 ± 0.84, 48.00 ± 0.76, 

50.00 ± 0.72, 55.00 ± 1.11, 59.00 ± 1.03 and 57.00 ± 1.03 milliequivalence per gram 

wet weight of liver at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

30.0 % ME promoted increase of the Na+ concentration of liver in the range 

of 17.50 % to 47.69 %. The Na+ concentration of liver was equivalent to 47.00 ± 

0.82, 49.00 ± 0.83, 52.00 ± 0.89, 53.00 ± 0.76, 56.00 ± 1.09, 61.00 ± 1.08 and 59.00 ± 

1.12 milliequivalence per gram wet weight of liver at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

KIDNEY : 

STAGE VIII : 

The alterations of the Na+ concentration of kidney of tadpoles of stages I 

to V under the influence of mining effluents (ME) were insignificant. The 

alterations of the Na+ concentration of kidney of tadpoles of stages VI to VIII 

exposed to ME were almost identical, therefore the changes of the Na+ 

concentration of kidney of tadpoles of stage VIII are described here. Tadpoles of 

stages IX to XXII showed pattern of alterations of Na+ concentration similar to 

that observed for stage VIII. 

The changes of the Na+ concentration of kidney of tadpoles of stage VIII 

expressed as milliequivalence per gram wet weight of kidney are compiled in 

Table No. 119 and expressed graphically_in Graph No. 119. 
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The table and graph show that the control tadpoles exhibited marginal 

increase of the Nal -  concentration of kidney. The Na+ concentration of kidney of 

control tadpoles was equivalent to 45.00 ± 0.97, 45.10 ± 0.81, 45.30 ± 0.76, 45.70 ± 

0.84, 45.90 ± 0.63, 46.10 ± 0.93 and 46.40 ± 1.03 milliequivalence per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

From the table and graph it is obvious that all the concentrations of ME 

promoted concentration dependent increase of the Na+ concentration of kidney at 

the end of forty eight hours and ninety six hours only. At the end of seventy two 

hours ME concentrations like 0.01 % to 10.0 % promoted concentration dependent 

elevations of Na+ concentration of kidney: Fiom the end of six hours to the end of 

twenty four hours under the influence of 0.01, 0.1 and 1.0 % ME as well as under 

the influence of 5.0 % upto the end of twelve hours, the Na+ concentration of 

kidney were observed to be below those seen in the controls. 

On exposure to 0.01 % ME the tadpoles showed 2.84 % to 11.63 % increase 

of the Na+ concentration of kidney from the end of forty eight to the end of one 

twenty hours. The Na+ concentration of kidney was equivalent to 41.00 ± 0.81, 

40.00 ± 0.76, 39.00 ± 0.71, 47.00 ± 0.84, 49.30 ± 0.87, 51.20 ± 0.87, 51.80 ± 0.81 

milliequivalence per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles showed 7.65 % to 15.18 % 

rise of the Na+ concentration of kidney from the end of forty eight to the end of 

ninety six hours. The Na+ concentration of kidney was equivalent to 43.00 ± 0.86, 
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42.20 ± 0.59, 43.00 ± 0.76, 49.20 ± 0.81, 51.30 ± 0.92, 53.10 ± 0.86, 51.40 ± 0.91 

milliequivalence per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

1.0 % ME promoted increase of the Na+ concentration of kidney in the 

range of 8.97 % to 17.78 %. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, Na+ concentration of kidney was 

equivalent to 44.00 ± 0.76, 44.10 ± 0.63, 45.20 ± 0.81, 49.80 ± 0.76, 52.10 ± 1.73, 54.30 

± 0.96 and 52.40 ± 0.76 milliequivalence per gram wet weight of kidney 

respectively. 

Tadpoles exposed to 5.0 % ME showed 0.66 % to 21.69 % increase of the 

Na+ concentration of kidney. The Na+ concentration of kidney was equivalent to 

47.00 ± 0.81, 44.40 ± 0.93, 45.60 ± 0.56, 50.10 ± 0.81, 53.70 ± 1.76, 56.10 ± 1.36 and 

55.30 ± 1.25 milliequivalence per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 10.0 % ME exhibited 1.09 % to 24.51 % elevation of 

Na+ concentration of kidney. The Na+ concentration of kidney was equivalent to 

49.30 ± 0.84, 50.10 ± 0.94, 51.20 ± 0.75, 54.20 ± 0.73, 55.10 ± 1.08, 57.40 ± 1.81 and 

56.10 ± 1.31 milliequivalence per gram wet weight of kidney at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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30.0 % ME induced 13.77 % to 27.33 % elevation of the Na+ concentration 

of kidney. The Na+ concentration of kidney was equivalent to 51.20 ± 0.73, 51.90 ± 

0.76, 52.10 ± 0.87, 55.30 ± 0.96, 54.30 ± 1.87, 58.70 ± 1.36 and 57.70 ± 1.61 

milliequivalence per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

DORSAL MUSCLE : 

STAGE VIII : 

The alterations of the Na+ concentration of dorsal muscle of tadpoles of 

stages I to V exposed to mining effluents (ME) were non-significant. The changes 

of the Na+ concentration of dorsal muscle of tadpoles of stages VI to VIII exposed 

to ME were almost similar, therefore the changes of the Na+ concentration of 

dorsal muscle of tadpoles of stage VIII are mentioned here as a representative of 

the group. Rest of the stages (stage IX to XXII) exhibited pattern of alterations of 

Na+ concentration similar to that observed for stage VIII. 

The alterations of the Na+ concentration of dorsal muscle of tadpoles of 

stage VIII expressed as milliequivalence per gram wet weight of muscle are 

tabulated in Table No. 120 and presented graphically in Graph No. 120. 

It is revealed by the table and graph that the control tadpoles exhibited 

marginal increase of the Na+ concentration of dorsal muscle. The Na+ 

concentration of dorsal muscle was equivalent to 46.00 ± 1.00, 46.10 ± 0.81, 46.30 ± 

0.76, 46.60 ± 1.00, 46.80 ± 1.32, 47.10 ± 1.08 and 47.40 ± 1.00 milliequivalence per 
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Table No. 120 

The changes in the Na +  concentration of 
muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 46.00 46.10 46.30 46.60 46.80 47.10 47.40 

±1.00 ±0.81 ±0.76 ±1.00 ±1.32 ±1.08 ±1.00 
0.01% ME 47.00 48.20 49.10 51.20 53.10 55.70 52.10 

±1.07 ±1.32 ±1.07 ±0.71 ±0.81 ±0.76 ±0.83 
(2.17) (4.55) (6.04) (9.87) (13.46) (18.25) (9.91) 

0.1% ME 48.00 49.30 50.20 52.40 54.20 56.40 53.40 
±1.08 ±1.84 ±1.01 ±0.81 ±0.73 ±0.81 ±0.32 
(4.34) (6.94) (8.42) (12.44) (15.81) (19.74) (12.65) 

1% ME 48.90 49.80 51.30 53.60 55.10 57.80 54.50 
±1.03 ±1.86 ±1.07 ±0.73 ±0.65 ±0.81 ±0.73 
(6.30) (8.02) (10.79) (15.02) (17.73) (22.71) (14.97) 

5% ME 50.70 51.20 53.10 54.10 56.30 59.40 55.70 
±0.97 ±1.32 ±1.16 ±0.76 ±0.75 ±0.63 ±0.61 

(10.21) (11.06) (14.68) (16.09) (20.29) (26.11) (17.51) 
10% ME 51.20 52.50 55.70 57.20 59.10 61.20 58.10 

±1.08 ±1.46 ±0.17 ±0.57 ±0.61 ±0.62 ±0.73 
(11.30) (13.88) (20.30) (22.74) (26.28) (29.93) (22.57) 

30% ME 52.40 53.60 57.40 59.40 62.10 63.80 59.70 
±1.13 ±1.08 ±1.81 ±0.97 ±1.20 ±1.46 ±1.31 

(13.91) (16.26) (23.97) (27.46) (62.10) (35.45) (25.94) 

Note : Unit : mEq/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 0.001 

dt - 3 6 C,CA,SA,0LekAii.,,, 

6) 	 4-4ALro-tyv 4AK0A, 



gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Na+ concentration of dorsal 

muscle for all the exposure periods. All the concentration of ME promoted a 

chronic increase of the Na+ concentration of dorsal muscle from the end of six 

hours to the end of ninety six hours. 

Under the influence of 0.01 % ME the tadpoles exhibited increase of the 

Na+ concentration of dorsal muscle ranging from 2.17 % and 18.25 %. The Na+ 

concentration of dorsal muscle was equivalent to 47.00 ± 1.07, 48.20 ± 1.32, 49.10 ± 

1.07, 51.20 ± 0.71, 53.10 ± 0.81, 55.70 ± 0.76 and 52.10 ± 0.83 milliequivalence per 

gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

0.1 % ME promoted 4.34 % to 19.74 % rise of the Na+ concentration of 

dorsal muscle. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the Na+ concentration of dorsal muscle was 

equivalent to 48.00 ± 1.08, 49.30 ± 1.84, 50.20 ± 1.01, 52.40 ± 0.81, 54.20 ± 0.73, 56.40 

± 0.81 and 53.40 ± 0.32 milliequivalence per gram wet weight of muscle at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

Tadpoles exposed to 1.0 % ME showed elevations of Na' concentration of 

dorsal muscle in the range of 6.30 % to 22.71 %. The Na+ concentration of dorsal 

muscle was equivalent to 48.90 ± 1.03, 49.80 ± 1.86, 51.30 ± 1.07, 53.60 ± 0.73, 55.10 
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+ 0.65, 57.80 ± 0.81 and 54.50 ± 0.73 milliequivalence per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME showed increase of the Na+ concentration 

of dorsal muscle in a range of 10.21 % to 26.11 %. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the Na+ 

concentration of dorsal muscle was equivalent to 50.70 ± 0.97, 51.20 ± 1.32, 53.10 ± 

1.16, 54.10 ± 0.76, 56.30 ± 0.75, 59.40 ± 0.63 and 55.70 ± 0.61 milliequivalence per 

gram wet weight of muscle respectively. 

10.0 % ME promoted 11.30 % to 29.93 `)/0 increase of the Nal -  concentration 

of dorsal muscle. The Na+ concentration of dorsal muscle was equivalent to 51.20 

± 1.08, 52.50 ± 1.46, 55.70 ± 0.17, 57.20 ± 0.57, 59.10 ± 0.61, 61.20 ± 0.62 and 58.10 ± 

0.73 milliequivalence per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 30.0 % ME the tadpoles exhibited elevation of the Na+ 

concentration of dorsal muscle in the range of 13.91 % to 35.45 `)/0. By the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the Na+ concentration of dorsal muscle was equivalent to 52.40 ± 1.13, 

53.60 ± 1.08, 57.40 ± 1.81, 59.40 ± 0.97, 62.10 ± 1.20, 63.80 ± 1.46 and 59.70 ± 1.31 

milliequivalence per gram wet weight of muscle respectively. 
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SKIN - K+ : 

STAGE VIII : 

The alterations of the K+ concentrations of skin of tadpoles of stages I to V 

exposed to mining effluents (ME) were non-significant. The alterations of the K+ 

concentration of skin of tadpoles of stages VI to VIII exposed to ME were almost 

identical, therefore the changes of the K+ concentrations of skin of tadpoles of 

stage VIII are described here. The alterations of the K+ concentrations of skin of 

tadpoles of stages IX to XXII were similar in pattern to that observed in stage VIII. 

The alterations of the K+ concentrations of skin of tadpoles of stage VIII 

under the influence of mining effluents are compiled in Table No. 121 and 

expressed graphically in Graph No. 121. The alterations of the K+ concentration of 

skin are expressed as milliequivalence per gram wet weight of skin 

From the table and graph, it is evident that the control tadpoles exhibited 

marginal increase of the K+ concentrations of skin from the end of six hours to the 

end of one twenty hours. The K+ concentrations of skin of control tadpoles were 

equivalent to 2.53 ± 0.21, 2.56 ± 0.36, 2.63 ± 0.18, 2.69 ± 0.12, 2.74 ± 0.18, 2.81 ± 0.21 

and 2.91 ± 0.36 milliequivalence per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is obvious from the table and graph that all the concentrations of ME 

promoted concentration dependent decrease of the K+ concentration of skin at 

the end of six, twelve and twenty four hours while it promoted ME concentration 
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Table No. 121 

The changes in the W concentration of 
skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.53 2.56 2.63 2.69 2.74 2.81 2.91 

±0.21 ±0.36 ±0.18 ±0.12 ±0.18 ±0.21 ±0.36 
0.01% ME 2.51 2.54 2.61 2.71 2.77 2.85 2.96 

±0.13 ±0.18 ±0.36 ±0.32 ±0.41 ±0.61 ±0.51 
(-0.79) (-0.78) (-0.76) (0.74) (1.09) (1.42) (1.71) 

0.1% ME 2.49 2.52 2.59 2.73 2.80 2.89 3.00 
±0.41 ±0.12 ±0.21 ±0.36 ±0.39 ±0.41 ±0.26 

(-1.58) (-1.56) (-1.52) (1.48) (2.18) (2.84) (3.09) 
1% ME 2.48 2.50 2.58 2.75 2.83 2.92 3.03 

±0.32 ±0.32 ±0.46 ±0.65 ±0.65 ±0.46 ±0.43 
(-1.97) (-2.34) (-1.90) (2.23) (3.28) (3.91) (3.03) 

5% ME 2.46 2.48 2.56 2.78 2.87 2.99 3.10 
±0.36 ±0.46 ±0.37 ±0.59 ±0.32 ±0.51 ±0.61 

(-2.76) (-3.12) (-2.66) (3.34) (4.74) (6.40) (6.52) 
10% ME 2.44 2.47 2.54 2.80 2.92 3.04 3.15 

±0.46 ±0.32 ±0.46 ±0.36 ±0.39 ±0.61 ±0.59 
(-3.55) (-3.51) (-3.42) (4.08) (6.56) (8.18) (8.24) 

30% ME 2.42 2.45 2.53 2.82 2.95 3.08 3.20 
±0.59 ±0.21 ±0.13 ±0.41 ±0.32 ±0.36 ±0.46 

(-4.34) (-4.29) (-3.80) (4.83) (7.66) (9.60) (9.96) 

Note : Unit : mEq/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at v0.001 
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dependent increase of the K+ concentration of skin at the end of forty eight, 

seventy two, ninety six and one twenty hours. All the concentrations of ME 

promoted exposure period dependent increase of the K+ concentration of skin 

from the end of forty eight hours to the end of one twenty hours. respectively. 

Under the influence of 0.01 % ME the tadpoles exhibited 0.74 % increase of 

the K+ concentration of skin at the end of forty eight hours, while 1.71 `)/0 increase 

of the K+ concentration of skin was noticed at the end of one twenty hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the K+ concentration of skin was equivalent to 2.51 ± 0.13, 2.54 ± 

0.18, 2.61 ± 0.36, 2.71 ± 0.32, 2.77 ± 0.41, 2.85 ± 0.61 and 2.96 ± 0.51 

milliequivalence per gram wet weight of skin respectively. 

0.1 % ME promoted 1.48 `)/0 increase of the K+ concentration of skin at the 

end of forty eight hours while it induced 3.09 `)/0 elevation of the K+ concentration 

of skin at the end of one twenty hours. The K+ concentrations of skin were 

equivalent to 2.49 ± 0.41, 2.52 ± 0.12, 2.59 ± 0.21, 2.73 ± 0:36, 2.80 ± 0.39, 2.89 ± 0.41 

and 3.00 ± 0.26 milliequivalence per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 1.0 % ME the tadpoles showed 2.23 % increase of the K+ 

concentration of skin at the end of forty eight hours while they exhibited 4.12 % 

elevation of the K+ concentration of skin at the end of one twenty hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the K+ concentration of skin were equivalent to 2.48 ± 0.32, 2.50 ± 
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0.32, 2.58 ± 0.46, 2.75 ± 0.65, 2.83 ± 0.65, 2.92 ± 0.46 and 3.03 ± 0.43 

milliequivalence per gram wet weight of skin respectively. 

Tadpoles subjected to 5.0 % ME showed 3.34 % increase of the K+ 

concentration of skin at the end of forty eight hours, while they exhibited 6.52 % 

increase of K+ concentration of skin at the end of one twenty hours. The K+ 

concentration of skin was equivalent to 2.46 ± 0.36, 2.48 ± 0.46, 2.56 ± 0.37, 2.78 ± 

0.59, 2.87 ± 0.32, 2.99 ± 0.51 and 3.10 ± 0.61 milliequivalence per gram wet weight 

of skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

10.0 % ME induced 4.08 % increase of the K+ concentration of skin at the 

end of forty eight hours while it promoted 8.24 % elevation of the K+ 

concentration of skin at the end of one twenty hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the K+ 

concentration of skin was equivalent to 2.44 ± 0.46, 2.47 ± 0.32, 2.54 ± 0.46, 2.80 ± 

0.36, 2.92 ± 0.39, 3.04 ± 0.61 and 3.15 ± 0.59 milliequivalence per gram wet weight 

of skin respectively. 

Tadpoles exposed to 30.0 % ME showed 4.83 % increase of the K+ 

concentration of skin at the end of forty eight hours while they exhibited 9.96 % 

elevation of the K+ concentration of skin at the end of one twenty hours. The K+ 

concentration of skin was equivalent to 2.42 ± 0.59, 2.45 ± 0.21, 2.53 ± 0.13, 2.82 ± 

0.41, 2.95"± 0.32, 3.08 ± 0.36 and 3.20 ± 0.46 milliequivalence per gram wet weight 

of skin at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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INTESTINE - K+ : 

STAGE VIII : 

The alterations of the K+ concentration of intestine of tadpoles of stages I to 

V exposed to mining effluents (ME) were non-significant. The alterations of the 

K+ concentration of intestine of tadpoles of stages VI to VIII exposed to ME were 

almost identical, therefore the changes of the K+ concentration of intestine of 

tadpoles of stage VIII are mentioned here. The changes of the intestinal K+ 

concentration of tadpoles of stages IX to XXII were similar in pattern to that 

oberved for stage VIII. 

The alterations of the K+ concentration of intestine of tadpoles of stage VIII 

under the influence of mining effluents are tabulated in Table No. 122 and 

presented graphically in Graph No. 122. The alterations of the K+ concentration of 

intestine are expressed as milliequivalence per gram wet weight of intestine. 

From the table and graph it is obvious that the control tadpoles exhibited 

gradual increase of the K+ concentration of intestine from , the end of six hours to 

the end of one twenty hours. The K+ concentration of intestine of control tadpoles 

was equivalent to 4.00 ± 0.13, 4.02 ± 0.06, 4.06 ± 0.12, 4.18 ± 0.07, 4.27 ± 0.18, 4.32 ± 

0.20 and 4.45 ± 0.12 milliequivalence per gram wet weight of intestine at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is evident from the table and graph that all the concentrations of ME 

induced concentration dependent elevation of the K+ concentration of intestine at 
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Table No. 122 

The changes in the IcE  concentration of 
intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4.00 4.02 4.06 4.18 4.27 4.32 4.45 

±0.13 ±0.06 ±0.12 ±0.07 ±0.18 ±0.20 ±0.12 
0.01% ME 4.21 4.32 4.42 4.72 4.92 5.12 5.03 

±0.26 ±0.34 ±0.32 ±0.31 ±0.36 ±0.31 ±0.26 
(5.25) (7.46) (8.86) (12.91) (15.22) (18.51) (13.03) 

0.1% ME 4.30 4.41 4.52 4.84 5.14 5.34 5.14 
±0.25 ±0.27 ±0.39 ±0.41 ±0.32 ±0.31 ±0.25 
(7.50) (9.70) (11.33) (15.78) (20.37) (23.61) (15.50) 

1% ME 4.40 4.56 4.68 5.10 5.31 5.43 5.26 
±0.26 ±0.18 ±0.42 ±0.43 ±0.45 ±0.46 ±0.51 

(10.00) (13.43) (15.27) (22.00) (24.35) (25.69) (18.20) 
5% ME 4.53 4.63 4.79 5.24 5.51 5.60 5.55 

±0.31 ±0.27 ±0.41 ±0.31 ±0.31 ±0.32 ±0.51 
(13.25) (15.17) (17.98) (25.35) (29.03) (29.62) (24.71) 

10% ME 4.67 4.75 4.92 5.43 5.72 5.81 5.61 
±0.32 ±0.32 ±0.43 ±0.39 ±0.32 ±0.43 ±0.32 

(16.75) (18.15) (21.18) (29.90) (33.95) (34.49) (26.06) 
30% ME 4.73 4.81 5.07 5.63 5.94 6.03 5.93 

±0.41 ±0.36 ±0.63 ±0.46 ±0.45 ±0.32 ±0.36 
(18.25) (19.65) (24.87) (34.68) (39.11) (39.58) (33.25) 

Note : Unit : mEq/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at V 0.001 
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all the exposure periods. The minimum of 5.25 % increase of the K+ concentration 

of intestine was observed at the end of six hours under the influence of 0.01 % ME 

while the maximum of 39.58 % increase of the K+ concentration of intestine was 

noticed at the end of ninety six hours under the influence of 30.0 `)/0 ME. 

0.01 % ME promoted excessive increase of the K+ concentration of intestine 

in the range of 5.25 % to 18.51 % from the end of six hours to the end of ninety six 

hours. The K+ concentration of intestine was equivalent to 4.21 ± 0.26, 4.32 ± 0.34, 

4.42 ± 0.32, 4.72 ± 0.31, 4.92 ± 0.36, 5.12 ± 0.31 and 5.03 ± 0.26 milliequivalence per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME exhibited profound elevation of the K+ 

concentration of intestine from the end of six to the end of ninety six hours and 

ranged between 7.5 % to 23.61 %. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the K+ concentration of 

intestine was equivalent to 4.30 ± 0.25, 4.41 ± 0.27, 4.52 , ± 0.39, 4.84 ± 0.41, 5.14 ± 

0.32, 5.34 ± 0.31 and 5.14 ± 0.25 milliequivalence per gram wet weight of intestine 

respectively. 

Tadpoles subjected to 1.0 % ME showed progressive increase of the K+ 

concentration of intestine in the range of 10.0 % to 25.69 % from the end of six 

hours to the end of ninety six hours. The K+ concentration of intestine was 

equivalent to 4.40 ± 0.26, 4.56 ± 0.18, 4.68 ± 0.42, 5.10 ± 0.43, 5.31 ± 0.45, 5.43 ± 0.46 

and 5.26 ± 0.51 milliequivalence per gram wet weight of intestine at the end of 
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six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

5.0 % ME promoted exuberant elevation of the K+ concentration of 

intestine and it ranged between 13.25 % to 29.62 % from the end of six hours to 

the end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the K+ concentration of intestine 

was equivalent to 4.53 ± 0.31, 4.63 ± 0.27, 4.79 ± 0.41, 5.24 ± 0.31, 5.51 ± 0.31, 5.60 ± 

0.32 and 5.55 ± 0.51 milliequivalence per gram wet weight of intestine 

respectively. 

On exposure to 10.0 % ME the tadpoles showed profound progression in 

K+ concentration of intestine. The tadpoles showed 16.75 % increase of K+  

concentration at the end of six hours while they exhibited 34.49 % elevation of the 

K+ concentration of intestine at the end of ninety six hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the K+ concentration of intestine was equivalent to 4.67. ± 0.32, 4.75 ± 0.32, 4.92 ± 

0.43, 5.43 ± 0.39, 5.72 ± 0.32, 5.81 ± 0.43 and 5.61 ± 0.32 milliequivalence per gram 

wet weight of intestine respectively. 

Under the influence of 30.0 `)/0 ME the increase of the K+ concentration of 

intestine ranged between 18.25 `)/0 at the end of six hours to 39.58 % at the end of 

ninety six hours. The K+ concentration of intestine was equivalent to 4.73 ± 0.41, 

4.81 ± 0.36, 5.07 ± 0.63, 5.63 ± 0.46, 5.94 ± 0.45, 6.03 ± 0.32 and 5.93 ± 0.36 

milliequivalence per gram wet weight of intestine at the end of six, twelve, 
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twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

LIVER - K-  : 

STAGE VIII : 

The alterations of the K+ concentration of liver of tadpoles of stages I to V 

exposed to mining effluents (ME), were non significant. The alterations of the K+ 

concentration of liver of tadpoles of stages V to VIII exposed to ME were almost 

identical, therefore the changes of the K+ concentration of liver of tadpole in Stage 

VIII are described here. The changes of the K+ concentrations of liver of tadpoles 

of stages IX to XXII were in similar in pattern to that observed for stage VIII. 

The alterations of the K+ concentration of liver of tadpoles of stage VIII 

under the influence of mining effluents are tabulated in Table No. 123 and 

presented graphically in Graph No. 123. The changes of the K+ concentration of 

liver of tadpole are expressed as milliequivalence per gram wet weight of liver. 

From the table and graph it is clear that the control tadpoles exhibited 

gradual increase of the K+ concentration of liver from the end of six hours to the 

end of one twenty hours. The K+ concentration of liver of control tadpoles was 

equivalent to 3.00 ± 0.61, 3.04 ± 0.08, 3.06 ± 0.02, 3.12 ± 0.04, 3.18 ± 0.06, 3.21 ± 0.05 

and 3.36 ± 0.06 milliequivalence per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 
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Table No. 123 

The changes in the K+  concentration of 
liver of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.04 3.06 3.12 3.18 3.21 3.36 

±0.61 ±0.08 ±0.02 ±0.04 ±0.06 ±0.05 ±0.06 
0.01% ME 0.82 0.92 1.08 1.32 2.07 2.36 1.87 

±0.07 ±0.03 ±0.14 ±0.15 ±0.17 ±0.61 ±0.59 
(-72.66) (-69.73) (-64.70) (-57.69) (-34.90) (-26.47) (-44.34) 

0.1% ME 0.85 0.99 1.12 1.46 2.17 2.43 1.92 
±0.03 ±0.06 ±0.17 ±0.21 ±0.14 ±0.63 ±0.61 

(-71.66) (-67.43) (-63.39) (-53.20) (-31.76) (-24.29) (-42.85) 
1% ME 0.92 1.03 1.17 1.53 2.21 2.56 2.01 

±0.04 ±0.07 ±0.18 ±0.26 ±0.31 ±0.59 ±0.62 
(-69.33) (-66.11) (-61.76) (-50.96) (-30.50) (-20.24) (-40.17) 

5% ME 0.94 1.12 1.26 1.63 2.37 2.66 2.12 
±0.07 ±0.09 ±0.19 ±0.21 ±0.42 ±0.63 ±0.62 

(-68.66) (-63.15) (-58.82) (-47.75) (-25.47) (-17.13) (-36.90) 
10% ME 0.99 1.23 1.39 1.76 2.55 2.72 2.34 

±0.07 ±0.09 ±0.12 ±0.24 ±0.43 ±0.61 ±0.79 
(-67.00) (-59.53) (-54.57) (-43.58) (-19.81) (-15.26) (-30.35) 

30% ME 1.07 1.32 1.63 1.85 2.65 2.82 2.56 
±0.07 ±0.13 ±0.13 ±0.21 ±0.46 ±0.63 ±0.32 

(-64.33) (-56.57) (-56.57) (-40.70) (-16.66) (-12.14) (-23.80) 

Note : Unit : mEq/gm Ww liver 

± : S.D. 

Figures in parantheses : °A) variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p0.001 
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The table and the graph reveal that all the concentrations of ME promoted 

decrease of the K+ concentration of liver at all the exposure periods. Maximum 

decrease of the K+ concentration of liver was observed at the end of six hours 

under the influence of 0.01 % ME, while the minimum decrease of the K+ 

concentration of liver was noticed at the end of ninety six hours under the 

influence of 30.0 % ME. 

Tadpoles subjected to 0.01 % ME showed a maximum of 72.66 % decrease 

of the K+ concentration of liver at the end of six hours, while a minimum of 26.47 

% decrease of the K+ concentration of liver was observed at the end of ninety six 

hours. The K+ concentration of liver was equivalent to 0.82 ± 0.007, 0.92 ± 0.03, 

1.08 ± 0.14, 1.32 ± 0.15, 2.07 ± 0.17, 2.36 ± 0.61 and 1.87 ± 0.59 milliequivalence per 

gram wet weight of liver at the end of six, twelve, twenty four, forty, eight, 

seventy two, ninety six and one twenty hours respectively. 

0.1 % ME promoted 71.66 % decrease of the K+ concentration of liver at the 

end of six hours while it induced 24.29 % decrease of the K+ concentration of liver 

at the end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the K+ concentration of liver was 

equivalent to 0.85 ± 0.003, 0.99 ± 0.06, 1.12 ± 0.17, 1.46 ± 0.21, 2.17 ± 0.14, 2.43 ± 

0.63 and 1.92 ± 0.61 milliequivalence per gram wet weight of liver respectively. 

Tadpoles exposed to 1.0 % ME showed a maximum of 69.33 % reduction of 

the K+ concentration of liver at the end of six hours while they exhibited a 

minimum of 20.24 % reduction of the K+ concentration of liver at the end of 

ninety six hours. The K+ concentration of liver was equivalent to 0.92 ± 0.04, 1.03 
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± 0.07, 1.17 ± 0.18, 1.53 ± 0.26, 2.21 ± 0.31, 2.56 ± 0.59 and 2.01 ± 0.62 

milliequivalence per gram wet weight of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Under the influence fo 5.0 % ME the tadpoles exhibited a maximum of 

68.66 % decrease of the K+ concentration of liver at the end of six hours while 

they showed a minimum of 17.13 % reduction of the K+ concentration of liver at 

the end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the K+ concentration of liver were 

equivalent to 0.94 ± 0.07, 1.12 ± 0.009, 1.26 ± 0.19, 1.63 ± 0.21, 2.37 ± 0.42, 2.66 ± 

0.63 and 2.12 ± 0.62 milliequivalence per gram wet weight of liver respectively. 

10.0 % ME induced a maximum of 67.00 % decrease of the K+ 

concentration of liver at the end of six hours while it promoted a 15.26 % 

reduction of the K+ concentration of liver at the end of ninety six hours. The K+ 

concentration of liver was equivalent to 0.99 ± 0.07, 1.23 ± 0.09, 1.39 ± 0.12, 1.76 ± 

0.24, 2.55 ± 0.43, 2.72 ± 0.61 and 2.34 ± 0.79 milliequivalence per gram wet weight 

of liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

On exposure to 30.0 % ME the tadpoles showed 64.33 % reduction of the 

K+ concentration of liver at the end of six hours while they exhibited 12.14 

decrease of the K+ concentration of liver at the end of ninety six hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the K+ concentration of liver was equivalent to 1.07 ± 0.07, 1.32 ± 
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0.13, 1.63 ± 0.13, 1.85 ± 0.21, 2.65 ± 0.46, 2.82 ± 0.63 and 2.56 ± 0.32 

milliequivalence per gram wet weight of liver respectively. 

KIDNEY - K+ : 

STAGE VIII : 

The alterations of the K+ concentration of kidney of tadpoles of stages I to 

V exposed to mining effluents (ME) were non-significant. The changes of the K+ 

concentration of kidney of tadpoles of stages VI to VIII exposed to ME were 

almost alike, therefore the changes of the K+ concentration of kidney of tadpoles 

of stage VIII are described here. The alterations of the K+ concentration of 

kidney of tadpoles of stages IX to XXII were similar in pattern to that observed 

for stage VIII. 

The changes of the K+ concentration of kidney of tadpoles of stage VIII 

under the influence of mining effluents are compiled in Table No. 124 and are 

presented graphically in Graph No. 124 and are expressed as milliequivalence per 

gram wet weight of kidney. 

From the table and graph it is noted that the control tadpoles exhibited 

marginal elevation of the K+ concentration of kidney from the end of six hours to 

the end of one twenty hours. The K+ concentration of kidney of control tadpoles 

was equivalent to 3.00 ± 0.87, 3.02 ± 0.76, 3.04 ± 0.91, 3.07 ± 0.73, 3.09 ± 0.56, 3.13 ± 

0.81 and 3.17 and 0.84 milliequivalence per gram wet weight of kidney at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 
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Table No. 124 

The changes in the K+  concentration of 
kidney of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.02 3.04 3.07 3.09 3.13 3.17 

±0.87 ±0.76 ±0.91 ±0.73 ±0.56 ±0.81 ±0.84 
0.01% ME 2.00 2.17 2.26 2.46 2.68 2.93 2.76 

±0.91 ±0.87 ±0.76 ±0.82 ±0.81 ±0.93 ±0.91 
(-33.33) (-28.14) (-25.65) (-19.86) (-13.26) (-6.38) (-12.93) 

0.1% ME 2.46 2.57 2.76 2.93 3.14 3.46 3.12 
±0.97 ±0.81 ±0.73 ±0.84 ±0.84 ±0.56 ±0.71 

(-18.00) (-14.90) (-9.21) (-4.56) (1.61) (10.54) (-1.57) 
1% ME 2.63 2.70 2.85 3.12 3.36 3.72 3.36 

±0.86 ±0.85 ±0.71 ±0.81 ±0.76 ±0.57 ±0.81 
(-12.33) (-10.59) (-6.25) (1.62) (8.73) (18.84) (5.99) 

5% ME 2.81 2.96 3.06 3.26 3.56 3.99 3.53 
±0.76 ±0.83 ±0.82 ±0.82 ±0.70 ±0.61 ±0.64 

(-6.33) (-1.98) (0.65) (6.18) (15.21) (27.47) (11.35) 
10% ME 2.91 3.12 3.24 3.48 3.86 4.12 3.76 

±0.71 ±0.76 ±0.81 ±0.79 ±0.81 ±0.64 ±0.81 
(-3.00) (3.31) (6.57) (13.35) (24.91) (31.62) (18.61) 

30% ME 3.06 3.21 3.43 3.76 4.04 4.36 3.94 
±0.81 ±0.71 ±0.76 ±0.75 ±0.80 ±0.81 ±0.83 
(2.00) (6.29) (12.82) (22.47) (30.74) (39.29) (24.29) 

Note : Unit : mEq/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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It is also clear from the table and graph that the ME concentrations like 1.0, 

5.0, 10.0 and 30.0 % promoted concentration dependent profoundly progressive 

increase of the K+ concentration of kidney at the end of forty eight hours to the 

end of one twenty hours. However 0.01 % to 30.0 % of ME induced reduction of 

the K+ concentration of kidney at the end of six hours. Similarly 0.01 to 5.0 % ME 

produced decrease of the K+ concentration of kidney at the end of twelve hours 

while 0.01 to 1.0 % ME promoted decline in K+ concentration of kidney at the end 

of twenty four hours. Minimum increase of 0.65 % in the K+ concentration of 

kidney was observed at the end of twenty four hours under the influence of 5.0 % 

ME and the maximum of 39.29 % increase of the K+ concentration of kidney was 

noticed at the end of ninety six hours under the influence of 30.0 % ME. 

0.01 % ME promoted decrease of the K+ concentration of kidney 

throughout the exposure period and the decrease ranged between 6.38 % to 33.33 

%. The K+ concentration of kidney was equivalent to 2.00 ± 0.91, 2.17 ± 0.87, 2.26 

± 0.76, 2.46 ± 0.82, 2.68 ± 0.81, 2.93 ± 0.93 and 2.76 ±,0.91 milliequivalence per 

gram wet weight of kidney at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Tadpoles exposed to 0.1 % ME showed 1.61 % increase of the K+ 

concentration of kidney at the end of seventy two hours while they exhibited 

10.54 % increase of the K+ concentration of kidney at the end of ninety six hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours, the K+ concentration of kidney was equivalent to 2.46 ± 0.97, 
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2.57 ± 0.81, 2.76 ± 0.73, 2.93 ± 0.84, 3.14 ± 0.84, 3.46 ± 0.56 and 3.12 ± 0.71 

milliequivalence per gram wet weight of kidney respectively. 

Tadpoles subjected to 1.0 % ME exhibited 1.62 % increase of the K+ 

concentration of kidney at the end of forty eight hours while they showed 18.84 `)/0 

increase of the K+ concentration of kidney at the end of ninety six hours. The K+ 

concentration of kidney was equivalent to 2.63 ± 0.86, 2.70 ± 0.85, 2.85 ± 0.71, 3.12 

± 0.81, 3.36 ± 0.76, 3.72 ± 0.57 and 3.36 ± 0.81 milliequivalence per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

5.0 % ME promoted 0.65 % increase of the K+ concentration of kidney at 

the end of twenty four hours while it induced 27.47 % elevation of the K+ 

concentration of kidney at the end of ninety six hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, K+ 

concentration of kidney was equivalent to 2.81 ± 0.76, 2.96 ± 0.83, 3.06 ± 0.82, 3.26 

± 0.82, 3.56 ± 0.70, 3.99 ± 0.61 and 3.53 ± 0.64 milliequivalence per gram wet 

weight of kidney respectively. 

Under the influence of 10.0 % ME the K+ concentration of kidney elevated 

by 3.31 % to 31.62 %. At the end of six hours the K+ concentration of kidney 

dropped by 3.0 %. The K+ concentration of kidney was equivalent to 2.91 ± 0.71, 

3.12 ± 0.76, 3.24 ± 0.81, 3.48 ± 0.79, 3.86 ± 0.81, 4.12 ± 0.64 and 3.76 ± 0.81 

milliequivalence per gram wet weight of kidney at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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On exposure to 30.0 % ME the tadpoles exhibited 2.0 % rise of the K+ 

concentration of kidney at the end of six hours while they showed 39.29 `)/0 

increase of the K+ concentration of kidney at the end of ninety six hours. By the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the K+ concentration of kidney was equivalent to 3.06 ± 0.81, 3.21 

± 0.71, 3.43 ± 0.76, 3.76 ± 0.75, 4.04 ± 0.80, 4.36 ± 0.81 and 3.94 ± 0.83 

milliequivalence per gram wet weight of kidney respectively. 

MUSCLE - K+ : 

STAGE VIII : 

The alterations of the K+ concentration of kidney of dorsal muscle of 

tadpoles of stages I to V exposed to mining effluents (ME) were non-significant. 

The alterations of the K+ concentration of dorsal muscle of tadpoles of stages VI 

to VIII were almost similar therefore, the changes of the K+ concentration of 

dorsal muscle of tadpoles of stage VIII are described here. The alterations of K+ 

concentration of dorsal muscle of tadpoles of stages 15( to XXII were similar in 

pattern to that observed for stage VIII. 

The alterations of the K+ concentration of dorsal muscle of tadpoles of 

stage VIII under the influence of mining effluents expressed as milliequivalence 

per grim wet weight of muscle are compiled in Table No. 125 and presented 

graphically in Graph No. 125. 

From the table and graph, it is evident that the control tadpoles exhibited 

marginal rise of the K+ concentration of dorsal muscle from the end of six hours 
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Table No. 125 

The changes in the Ic+  concentration of 
muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 4.00 4.06 4.12 4.28 4.37 4.49 4.65 

±0.06 ±0.04 ±0.02 ±0.06 ±0.09 ±0.06 ±0.07 
0.01% ME 4.04 4.08 4.16 4.23 4.36 4.43 4.31 

±0.02 ±0.06 ±0.03 ±0.07 ±0.06 ±0.05 ±0.07 
(1.00) (0.49) (0.97) (-1.16) (-0.22) (-1.33) (-7.31) 

0.1% ME 4.08 4.12 4.20 4.26 4.39 4.49 4.42 
±0.02 ±0.05 ±0.04 ±0.06 ±0.07 ±0.08 ±0.07 
(2.00) (1.47) (1.94) (-0.46) (0.45) (0.00) (-4.94) 

1% ME 4.16 4.20 4.25 4.34 4.42 4.56 4.48 
±0.04 ±0.03 ±0.05 ±0.05 ±0.05 ±0.07 ±0.09 
(4.00) (3.44) (3.15) (1.40) (1.14) (1.55) (-3.65) 

5% ME 4.20 4.28 4.32 4.39 4.48 4.63 4.50 
±0.04 ±0.03 ±0.03 ±0.07 ±0.07 ±0.10 ±0.11 
(5.00) (5.41) (4.85) (2.57) (2.51) (3.11) (-3.22) 

10% ME 4.26 4.36 4.40 4.46 4.52 4.75 4.56 
±0.07 ±0.08 ±0.02 ±0.06 ±0.09 ±0.13 ±0.17 
(6.50) (7.38) (6.79) (4.20) (3.43) (5.79) (-1.93) 

30% ME 4.32 4.39 4.48 4.56 4.63 4.83 4.66 
±0.05 ±0.06 ±0.03 ±0.05 ±0.08 ±0.14 ±0.16 
(8.00) (8.12) (8.73) (6.54) (5.94) (7.57) (0.21) 

Note : Unit : mEq/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p<  0.001 
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to the end of one twenty hours. The K+ concentration of dorsal muscle of control 

tadpoles was equivalent to 4.00 ± 0.06, 4.06 ± 0.04, 4.12 ± 0.02, 4.28 ± 0.06, 4.37 ± 

0.09, 4.49 ± 0.06 and 4.65 ± 0.07 milliequivalence per gram wet weight of muscle at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is revealed by the table and graph that the various concentrations of ME 

promoted concentration dependent increase of the K+ concentration of dorsal 

muscle at the six, twelve and twenty four hours. However, at the end of forty 

eight hours 0.01 and 0.1 % ME promoted drop of the K+ concentration of dorsal 

muscle 0.01 % ME also promoted drop of the K+ concentration of dorsal muscle 

from the end of seventy two hours to the end of one twenty hours. All the 

concentrations of ME except 30.0 % induced decrease of the K+ concentration of 

dorsal muscle at the end of one twenty hours. 

0.01 % ME promoted no change in the K+ concentration of dorsal muscle at 

the end of six hours while it induced a slight reduction of the K+ concentration of 

dorsal muscle at the end of twenty four hours. By the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the K+ 

concentration of dorsal muscle was equivalent to 4.04 ± 0.04, 4.08 ± 0.06, 4.16 ± 

0.03, 4.23 ± 0.07, 4.36 ± 0.06, 4.43 ± 0.5 and 4.31 ± 0.07 milliequivalence per gram 

wet weight of muscle respectively. 

Under the influence of 0.1 `)/0 ME the tadpoles showed 2.0 % increase of the 

K+ concentration of dorsal muscle at the end of six hours while the K+ 

concentration of dorsal muscle was equal to that observed in the control at the 

689 



end of ninety six hours. The K+ concentration of dorsal muscle was equivalent to 

4.08 ± 0.02, 4.12 ± 0.05, 4.20 ± 0.04, 4.26 ± 0.06, 4.39 ± 0.07, 4.49 ± 0.08 and 4.42 ± 

0.07 milliequivalence per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

On exposure to 1.0 % ME the tadpoles exhibited a minimum of 1.14 % 

increase of the K+ concentration of dorsal muscle at the end of seventy two hours 

while they showed a maximum of 4.00 % elevation of the K+ concentration of 

dorsal muscle at the end of six hours. The K+ concentration of dorsal muscle was 

equivalent to 4.16 ± 0.04, 4.20 ± 0.03, 4.25 ± 0.05, 4.34 ± 0.05, 4.42 ± 0.05, 4.56 ± 0.07 

and 4.48 ± 0.09 milliequivalence per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

5.0 % ME induced a minimum of 2.51 % increase of the K+ concentration of 

dorsal muscle at the end of seventy two hours while it 'promoted a maximum of 

5.41 % elevation of the K+ concentration of dorsal muscle at the end of twelve 

hours. At the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, the K+ concentration of dorsal muscle was equivalent to 

4.20 ± 0.04, 4.28 ± 0.03, 4.32 ± 0.03, 4.39 ± 0.07, 4.48 ± 0.07, 4.63 ± 0.10 and 4.50 ± 

0.11 milliequivalence per gram wet weight of muscle respectively. 

Tadpoles subjected to 10.0 `)/0‘ ME showed a minimum of 3.43 `)/0 increase of 

the K+ concentration of dorsal muscle at the end of seventy two hours while they 

exhibited a maximum of 7.38 % elevation of the K+ concentration of dorsal muscle 
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at the end of twelve hours. The K+ concentration of dorsal muscle was equivalent 

to 4.26 ± 0.07, 4.36 ± 0.08, 4.40 ± 0.02, 4.46 ± 0.06, 4.52 ± 0.09, 4.75 ± 0.13 and 4.56 ± 

0.17 milliequivalence per gram wet weight of muscle at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 30.0 % ME exhibited a minimum of 0.21 % increase of the 

K+ concentration of dorsal muscle at the end of one twenty hours while they 

showed a maximum of 8.73 % elevation of the K+ concentration of dorsal muscle 

at the end of twenty four hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the K+ concentration of 

dorsal muscle was equivalent to 4.32 ± 0.05; 4.39 ± 0.06, 4.48 ± 0.03, 4.56 ± 0.05, 

4.63 ± 0.08, 4.83 ± 0.14 and 4.66 ± 0.16 milliequivalence per gram wet weight of 

muscle respectively. 

SKIN - ca++ : 

STAGE VIII : 

The alterations of the ca++ concentration of skin of tadpoles of stages I to V 

exposed to mining effluents (ME) were non significant. The changes of the Ca++ 

concentration of skin of tadpoles of stages VI to VIII exposed to ME were almost 

similar, therefore, the changes of the ca++ concentration of skin of tadpoles of 

stage VIII are described here. The alterations of the ca++ concentration of skin of 

tadpoles of stages IX to XXII were similar in pattern to that observed for Stage 

VIII. 
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Table No. 126 

The changes in the Ca' concentration of 
skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.03 3.05 3.05 3.08 3.10 3.14 3.19 

±0.05 ±0.09 ±0.06 ±0.11 ±0.13 ±0.09 ±0.06 
0.01% ME 3.05 3.07 3.09 3.14 3.19 3.23 3.25 

±0.11 ±0.13 ±0.13 ±0.18 ±0.10 ±0.09 ±0.11 
(0.66) (0.65) (1.31) (1.94) (2.90) (2.86) (1.88) 

0.1% ME 3.07 3.09 3.12 3.18 3.23 3.28 3.32 
±0.09 ±0.06 ±0.09 ±0.11 ±0.13 ±0.17 ±0.13 
(1.32) (1.31) (2.29) (3.24) (4.19) (4.45) (4.07) 

1% ME 3.10 3.12 3.15 3.22 3.28 3.34 3.39 
±0.11 ±0.06 ±0.06 ±0.11 ±0.18 ±0.20 ±0.11 
(2.31) (2.29) (3.27) (4.54) (5.80) (6.36) (6.26) 

5% ME 3.13 3.15 3.19 3.25 3.32 3.37 3.44 
±0.07 ±0.09 ±0.05 ±0.09 ±0.11 ±0.13 ±0.19 
(3.30) (3.27) (4.59) (5.51) (7.09) (7.32) (7.83) 

10% ME 3.15 3.17 3.22 3.30 3.39 3.46 3.52 
±0.13 ±0.17 ±0.13 ±0.07 ±0.09 ±0.11 ±0.20 
(3.96) (3.93) (5.57) (7.41) (9.35) (10.19) (10.34) 

30% ME 3.17 3.20 3.25 3.34 3.44 3.50 3.60 
±0.20 ±0.18 ±0.20 ±0.18 ±0.11 ±0.13 ±0.18 
(4.62) (4.91) (6.55) (8.44) (10.96) (11.46) (12.85) 

Note : Unit : mg/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p, 0.001 
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The alterations of the Ca++ concentration of skin of tadpoles of stage VIII 

under the influence of mining effluents are tabulated in Table No. 126 and 

represented in Graph No. 126. The alterations of Ca++ concentration of skin of 

tadpoles of stage VIII are expressed as milligrams per gram wet weight of skin. 

From the table and graph it is seen that the control tadpoles exhibited 

marginal elevation of the Ca++ concentration of skin from the end of six hours to 

the end of one twenty hours. The ca++ concentration of skin of control tadpoles 

was equivalent to 3.03 ± 0.05, 3.05 ± 0.09, 3.05 ± 0.06, 3.08 ± 0.11, 3.10 ± 0.13, 3.14 ± 

0.09 and 3.19 ± 0.06 milligrams per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is obvious from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Ca++ concentration of skin 

from the end of six hours to the end of one twenty hours. The minimum of 0.65 

% increase of the Ca++ level of skin was observed at -the end of twelve hours 

under the influence of 0.01 % ME while the maximum of 12.85 % elevation of the 

Ca++ concentration of skin was noticed at the end of one twenty hours under the 

influence of 30.0 % ME. 

Under the influence of 0.01 % ME the tadpoles exhibited a minimum of 

0.65 % increase of the Ca++ concentration of skin at the end of twelve hours while 

they showed a maximum of 2.90 % .elevation of the Ca++ level of skin at the end 

of seventy two hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the Ca++ level of skin was equivalent to 
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3.05 ± 0.11, 3.07 ± 0.13, 3.09 ± 0.13, 3.14 ± 6.18, 3.19 ± 0.10, 3.23 ± 0.09 and 3.25 ± 

0.11 milligrams per gram wet weight of skin respectively. 

0.1 % ME induced 1.31 % increase of the Ca++ concentration of skin at the 

end of twelve hours, while it promoted 4.45 % elevation of the ca++ level of skin 

at the end of ninety six hours. The Ca++ level of skin was equivalent to 3.07 ± 0.09, 

3.09 ± 0.06, 3.12 ± 0.09, 3.18 ± 0.11, 3.23 ± 0.13, 3.28 ± 0.17 and 3.32 ± 0.13 

milliequivalence per gram wet weight of skin at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles exhibited a minimum of 2.29 % 

increase of the Ca++ concentration of skin at the end of twelve hours, while they 

showed a maximum of 6.36 % elevation of the Ca++ concentration of skin at the 

end of ninety six hours. By the end of six, twelve, twenty four, forty eight, 

seventy . two, ninety six and one twenty hours, the ca++ level of skin was 

equivalent to 3.10 ± 0.11, 3.12 ± 0.06, 3.15 ± 0.06, 3.22 ± 0.11, 3.28 ± 0.18, 3.34 ± 0.20 

and 3.39 ± 0.11 milligrams per gram wet weight of skin respectively. 

Tadpoles subjected to 5.0 % ME showed a minimum of 3.27 % increase of 

the ca++ level of skin at the end of twelve hours while they exhibited a maximum 

of 7.83 % elevation of the ca++ concentration of skin at the end of one twenty 

hours. The ca++ concentration of skin was equivalent to 3.13 ± 0.07, 3.15 ± 0.09, 

3.19 ± 0.05, 3.25 ± 0.09, 3.32 ± 0.11, 3.37 ± 0.13 and 3.44 ± 0.19 milligrams per gram 

wet weight of skin at the end of six;twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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10.0 % ME induced 3.93 % increase of the Ca++ concentration of skin at the 

end of twelve hours while it promoted a maximum of 10.34 % increase of the 

Ca++ concentration of skin at the end of one twenty hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the Ca++ concentration of skin was equivalent to 3.15 ± 0.13, 3.17 ± 0.17, 3.22 ± 

0.13, 3.30 ± 0.07, 3.39 ± 0.09, 3.46 ± 0.11 and 3.52 ± 0.20 milligrams per gram wet 

weight of skin respectively. 

Tadpoles exposed to 30.0 % ME showed 4.62 % increase of the Ca++ 

concentration of skin at the end of six hours while they exhibited 12.85 % 

elevation of the Ca++ concentration of skin at the end of one twenty hours. The 

Ca++ level of skin was equivalent to 3.17 ± 0.20, 3.20 ± 0.18, 3.25 ± 0.20, 3.34 ± 0.18, 

3.44 ± 0.11, 3.50 ± 0.13 and 3.60 ± 0.18 milligrams per gram wet weight of skin at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

INTESTINE - Ca++ : 

STAGE VIII : 

The alterations of the Ca++ concentration of intestine of tadpoles of stages I 

to V exposed to mining effluents were non-significant. The changes of the Ca++ 

concentration of intestine of tadpoles of stages VI to VIII exposed to ME were 

almost identical and significant, therefore the alterations of the Ca++ 

concentration of intestine of tadpoles of stage VIII are presented here. The 

changes of the Ca++ concentrations of intestine of tadpoles of stages IX to XXII 

were similar in a pattern to that observed for stage VIII. 
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Table No. 127 

The changes in the Ca ++  concentration of 
intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.00 2.04 2.09 2.14 2.26 2.35 2.47 

±0.05 ±0.03 ±0.09 ±0.11 ±0.13 ±0.09 ±0.18 
0.01% ME 4.18 4.24 4.31 4.63 4.48 4.91 4.67 

±0.09 ±0.11 ±0.10 ±0.13 ±0.09 ±0.13 ±0.13 
(2.09) (2.07) (2.06) (2.16) (1.98) (2.08) (1.89) 

0.1% ME 4.32 4.46 4.58 4.85 4.65 5.28 4.81 
±0.10 ±0.13 ±0.17 ±0.18 ±0.11 ±0.09 ±0.20 
(2.16) (2.18) (2.19) (2.26) (2.05) (2.24) (1.94) 

1% ME 4.90 5.01 5.13 5.46 5.32 5.63 5.04 
±0.09 ±0.11 ±0.09 ±0.17 ±0.13 ±0.21 ±0.21 
(2.45) (2.45) (2.45) (2.55) (2.35) (2.39) (2.04) 

5% ME 5.18 5.27 5.39 5.71 5.50 5.85 5.21 
±0.13 ±0.10 ±0.17 ±0.10 ±0.10 ±0.13 ±0.18 
(2.59) (2.58) (2.57) (2.66) (2.43) (2.48) (2.10) 

10% ME 5.45 5.53 5.67 5.91 5.72 6.21 5.46 
±0.10 ±0.17 ±0.13 ±0.13 ±0.17 ±0.18 ±0.21 
(2.72) (2.71) (2.71) (2.76) (2.53) (2.64) (2.21) 

30% ME 5.71 5.84 5.96 6.21 6.08 6.41 5.87 
±0.13 ±0.18 ±0.17 ±0.18 ±0.20 ±0.21 ±0.18 
(2.85) (2.86) (2.85) (2.90) (2.69) (2.72) (2.37) 

Note : Unit : mg/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at v.- 0.001 
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The changes of the ca++ concentration of intestine of tadpoles of stage VIII 

under the infuence of mining effluents are compiled in Table No. 127 and 

presented graphically in Graph No. 127. The changes of the Ca++ concentration of 

intestine are expressed as milligrams per gram wet weight of intestine. 

From the table and graph it is clear that the control tadpoles showed a 

marginal increase of the Ca++ concentration of intestine from the end of six to the 

end of one twenty hours. The ca++ concentration of intestine of control tadpoles 

was equivalent to 2.00 ± 0.05, 2.04 ± 0.03, 2.09 ± 0.09, 2.14 ± 0.11, 2.26 ± 0.13, 2.35 ± 

0.09 and 2.47 ± 0.18 milligrams per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

It is revealed by the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the ca++ level of intestine for all 

the exposure periods. A minimum increase of 1.89 folds was observed in the 

ca++ level of intestine of the tadpoles at the end of one twenty hours under the 

influence of 0.01 % ME and the maximum increase of 2.90 folds was noticed in the 

Ca++ level of intestine at the end of fortyeight hours under the influence of 30.0 % 

ME. 

On exposure to 0.01 % ME the tadpoles exhibited 1.89 fold increase of the 

Ca++ level of intestine at the end of one twenty hours while a maximum of 2.16 

fold increase of the Ca++ level of intestine was observed at the end of forty eight 

hours. The Ca++ level of intestine was equivalent to 4.18 ± 0.09, 4.24 ± 0.11, 4.31 ± 

0.10, 4.63 ± 0.13, 4.48 ± 0.09, 4.91 ± 0.13 and 4.67 ± 0.13 milligrams per gram wet 
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weight of intestine at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

0.1 % ME promoted a minimum of 1.94 fold increase of the ca++ level of 

intestine at the end of one twenty hours while it induced a maximum of 2.26 fold 

elevation of the Ca++ level of intestine at the end of forty eight hours. By the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the ca++ level of intestine was equivalent to 4.32 ± 0.10, 4.46 ± 0.13, 4.58 ± 

0.17, 4.85 ± 0.18, 4.65 ± 0.11, 5.28 ± 0.09 and 4.81 ± 0.20 milligrams per gram wet 

weight of intestine respectively. 

Under the influence of 1.0 % ME the ca++ level of intestine increased by 

2.04 fold at the end of one twenty hours while 2.55 fold elevation of the ca++ level 

of intestine was noticed at the end of forty eight hours. The Ca++ level of intestine 

was equivalent to 4.90 ± 0.09, 5.01 ± 0.11, 5.13 ± 0.09, 5.46 ± 0.17, 5.32 ± 0.13, 5.63 ± 

0.21 and 5.04 ± 0.21 milligrams per gram wet weight of intestine at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 5.0 % ME showed a minimum of 2.10 fold increase of 

the Ca++ level of intestine at the end of one twenty hours while they exhibited 

2.66 fold elevation of the Ca++ level of intestine at the end of forty eight hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours, the Ca++ level of 'intestine was equivalent to 5.18 ± 0.13, 5.27 ± 

0.10, 5.39 ± 0.17, 5.71 ± 0.10, 5.50 ± 0.10, 5.85 ± 0.13 and 5.21 ± 0.18 milligrams per 

gram wet weight of intestine respectively. 
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Tadpoles subjected to 10.0 % ME showed 2.21 fold increase of the Ca++ 

level of intestine at the end of one twenty hours while they exhibited 2.72 fold 

elevation of the Ca++ level of intestine at the end of six hours. The Ca++ level of 

intestine was equivalent to to 5.45 ± 0.10, 5.53 ± 0.17, 5.67 ± 0.13, 5.91 ± 0.13, 5.72 ± 

0.17, 6.21 ± 0.18 and 5.46 ± 0.21 milligrams per gram wet weight of intestine at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

30.0 % ME promoted a minimum of 2.37 fold increase of the Ca++ level of 

intestine at the end of one twenty hours while it induced a maximum of 2.90 fold 

elevation of the ca++ level of intestine at the end of forty eight hours. The Ca++ 

level of intestine was equivalent to 5.71 ± 0.13, 5.84 ± 0.18, 5.96 ± 0.17, 6.21 ± 0.18, 

6.08 ± 0.20, 6.41 ± 0.21 and 5.87 ± 0.18 milligrams per gram wet weight of intestine 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

LIVER - ca++ : 

STAGE VIII : 

The alterations of the ca++ concentration of liver of tadpoles of stages I to 

V exposed to mining effluents (ME) were non-significant. The changes of the Ca++ 

concentration of liver of tadpoles of stage VI to VIII exposed to ME were almost 

identical and significant, therefore the alterations of the Ca++ concentration of 

liver of tadpoles of stage VIII are described here. The alterations of the ca++ 

concentration of liver of tadpoles of stages IX to XXII were similar in pattern to 

that observed for Stage VIII. 
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Table No. 128 

The changes in the Ca++  concentration of 
liver of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 2.00 2.04 2.06 2.10 2.14 2.18 2.21 

±0.20 ±0.16 ±0.12 ±0.20 ±0.10 ±0.15 ±0.12 
0.01% ME 4.10 4.15 4.26 4.73 4.56 5.10 4.76 

±0.18 ±0.21 ±0.20 ±0.18 ±0.21 ±0.18 ±0.10 
(2.05) (2.03) (2.06) (2.25) (2.13) (2.33) (2.15) 

0.1% ME 4.50 4.53 4.61 4.91 4.71 5.30 5.03 
±0.12 ±0.10 ±0.12 ±0.10 ±0.18 ±0.21 ±0.10 
(2.25) (2.22) (2.23) (2.33) (2.20) (2.43) (2.27) 

1% ME 4.90 4.97 5.03 5.53 5.49 6.12 5.76 
±0.10 ±0.18 ±0.10 ±0.18 ±0.21 ±0.10 ±0.18 
(2.45) (2.43) (2.44) (2.63) (2.56) (2.80) (2.60) 

5% ME 5.10 5.13 5.24 5.76 5.51 6.43 5.81 
±0.15 ±0.12 ±0.21 ±0.15 ±0.18 ±0.20 ±0.12 
(2.55) (2.51) (2.54) (2.74) (2.57) (2.94) (2.62) 

10% ME 5.30 5.33 5.41 5.81 5.61 6.72 5.79 
±0.10 ±0.21 ±0.18 ±0.10 ±0.21 ±0.10 ±0.15 
(2.65) (2.61) (2.62) (2.76) (2.62) (3.08) (2.61) 

30% ME 5.40 5.45 5.61 6.12 6.01 6.93 5.45 
±0.12 ±0.15 ±0.10 ±0.18 ±0.18 ±0.21 ±0.10 
(2.75) (2.67) (2.72) (2.91) (2.80) (317) (2.46) 

Note : Unit : mg/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p< 0.001 
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The changes of the Ca++ concentration of liver of tadpoles of stage VIII 

under the influence of mining effluents are tabulated in Table No. 128 and 

presented graphically in Graph No. 128. The alterations of the Ca++ concentration 

of liver are expressed as milligrams per gram wet weight of liver. 

It is revealed by the table and graph that the control tadpoles exhibited 

marginal increase of the Ca++ concentration of liver from the end of six hours to 

the end of one twenty hours. The Ca++ concentration of liver of control tadpoles 

was equivalent to to 2.00 ± 0.20, 2.04 ± 0.16, 2.06 ± 0.12, 2.10 ± 0.02, 2.14 ± 0.10, 2.18 

± 0.15 and 2.21 ± 0.12 milligrams per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

From the table and graph it is evident that all the concentrations of ME 

except 10.0 % and 30.0 `)/0 at the end of one twenty hours promoted concentration 

dependent increase of the ca++ concentration of liver for all exposure periods. 

The minimum of 2.03 % increase of the Ca++ concentration of liver was observed 

at the end of twelve hours under the influence of 0.01 % ME while the maximum 

of 3.17 % increase of the Ca++ concentration of liver was observed at the end of 

ninety six hours under the influence of 30.0 % ME. 

On ex . , osure to 0.01 % ME, the tadpoles showed elevations of Ca++ 

concentration of liver in a range between 2.03 to 2.33 folds. The Ca++ 

concentration of liver was equivalent to 4.10 ± 0.18, 4.15 ± 0.21, 4.26 ± 0.20, 4.73 ± 

0.18, 4.56 ± 0.21, 5.10 ± 0.18 and 4.76 ± 0.10 milligrams per gram wet weight of 
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liver at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

0.1 % ME promoted elevation of the ca++ concentration of liver by 2.20 

fold to 2.43 folds. By the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours, the ca++ concentration of liver was equivalent to 

4.50 ± 0.12, 4.53 ± 0.10, 4.61 ± 0.12, 4.91 ± 0.10, 4.71 ± 0.18, 5.31 ± 0.21 and 5.03 ± 

0.10 milligrams per gram wet weight of liver respectively. 

Under the influence of 1.0 % ME the tadpoles showed 2.44 folds to 2.80 

folds increase of the Ca++ concentration of liver. The Ca++ concentration of liver 

was equivalent to 4.90 ± 0.10, 4.97 ± 0.18, 5.03 ± 0.10, 5.53 ± 0.18, 5.49 ± 0.21, 6.12 ± 

0.10 and 5.76 ± 0.18 milligrams per gram wet weight of liver at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles exposed to 5.0 % ME showed 2.51 fold to 2.94 fold elevation of 

the Ca++ concentration of liver. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the Ca++ concentration of liver was 

equivalent to 5.10 ± 0.15, 5.13 ± 0.12, 5.24 ± 0.21, 5.76 ± 0.15, 5.51 ± 0.18, 6.43 ± 0.20 

and 5.81 ± 0.12 milligrams per gram wet weight of liver respectively. 

10.0 % ME induced 2.61 fold to 3.08 fold increase of the ca++ concentration 

of liver. By the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours, Ca++ concentration of liver was equivalent to 5.30 ± 0.10, 
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5.33 ± 0.21, 5.41 ± 0.18, 5.81 ± 0.10, 5.61 ± 0.21, 6.72 ± 0.10 and 5.79 ± 0.15 

milligrams per gram wet weight of liver respectively. 

Tadpoles subjected to 30.0 % ME exhibited 2.46 fold to 2.91 fold increase of 

the ca++ concentration of liver. The ca++ concentration of liver was equivalent to 

5.40 ± 0.12, 5.45 ± 0.15, 5.61 ± 0.10, 6.12 ± 0.18, 6.01 ± 0.18, 6.93 ± 0.21 and 5.45 ± 

0.10 milligrams per gram wet weight of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

KIDNEY - ca++ : 

STAGE VIII : 

The alterations of the ca++ concentration of kidney of tadpoles of stages I 

to V exposed to mining effluents (ME) were non-significant. The alterations of the 

Ca++ concentration of kidney of tadpoles of stages VI to VIII exposed to ME were 

almost identical and significant, therefore, the changes of the ca++ concentration 

of kidney of tadpoles of stage VIII are reported here. The alterations Ca++ 

concentration of the kidney of tadpoles of stages IX to XXII were similar in 

pattern to that observed for stage VIII. 

The changes of the ca++ concentration of kidney of tadpoles of stage VIII 

under the influence of mining effluents are compiled in Table No.129 and 

presented graphically in Graph No. 129. The alterations of the ca++ concentration 

of kidney are expressed as milligrams per gram wet weight of kidney. 

The table and graph show a marginal increase of the ca++ concentration of 

kidney of control tadpoles from the end of six hours to the end of one twenty 
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Table No. 129 

The changes in the Ca++  concentration of 
kidney of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.02 3.04 3.07 3.12 3.18 3.21 

±0.03 ±0.07 ±0.06 ±0.07 ±0.05 ±0.03 ±0.06 
0.01% ME 3.32 3.41 3.56 3.84 3.61 3.93 2.86 

±0.07 ±0.03 ±0.03 ±0.07 ±0.03 ±0.03 ±0.07 
(10.66) (12.91) (17.10) (25.08) (15.70) (23.58) (-10.90) 

0.1% ME 3.46 3.58 3.67 3.97 3.48 4.01 2.92 
±0.03 ±0.07 ±0.03 ±0.07 ±0.03 ±0.07 ±0.03 

(15.33) (18.54) (20.72) (29.31) (11.53) (26.10) (-9.03) 
1% ME 2.72 3.84 3.92 4.12 3.82 4.26 3.48 

±0.10 ±0.03 ±0.07 ±0.07 ±0.07 ±0.07 ±0.03 
(24.00) (27.15) (28.94) (34.20) (22.43) (33.96) (8.41) 

5% ME 3.86 3.97 4.08 4.34 3.97 4.48 3.26 
±0.07 ±0.07 ±0.03 ±0.03 ±0.04 ±0.10 ±0.03 

(28.66) (31.45) (34.21) (41.36) (27.24) (40.88) (1.55) 
10% ME 3.93 4.03 4.15 4.76 4.21 4.72 3.78 

±0.10 ±0.03 ±0.10 ±0.10 ±0.10 ±0.09 ±0.07 
(31.00) (33.44) (36.51) (51.04) (24.93) (48.42) (17.75) 

30% ME 4.26 4.38 4.48 4.95 4.68 4.96 3.95 
±0.07 ±0.07 ±0.07 ±0.09 ±0.10 ±0.07 ±0.10 

(42.00) (45.03) (47.36) (61.23) (50.00) (55.97) (23.05) 

Note : Unit : mg/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at v0.001 
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hours. The ca++ concentration of kidney of control tadpoles was equivalent to 

3.00 ± 0.03, 3.02 ± 0.07, 3.04 ± 0.06, 3.07 ± 0.07, 3.12 ± 0.05, 3.18 ± 0.03 and 3.21 ± 0.6 

milligrams per gram wet weight of kidney at the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours respectively. 

From the table and graph it is clear that all the concentrations of ME 

promoted concentration dependent increase of the ca++ concentration of kidney 

at all the exposure periods except seventy two and one twenty hours. The 

minimum of 1.55 % increase was seen at the end of one twenty hours under the 

influence of 5.0 % ME, while the maximum of 55.97 % elevation of Ca++ 

concentration was noticed at the end of ninety six hours under the influence of 

30.0 % ME. 

Under the influence of 0.01 % ME the tadpoles exhibited 10.66 % increase 

of the ca++ concentration of kidney at the end of six hours while 25.08 % elevation 

of the ca++ concentration of kidney was noticed at the end of one twenty hours. 

The ca++ concentration of kidney was equivalent to 3.32 ± 0.07, 3.41 ± 0.03, 3.56 ± 

0.03, 3.84 ± 0.07, 3.61 ± 0.03, 3.93 ± 0.03 and 2.86 ± 0.07 milligrams per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

0.1 % ME promoted 11.53 % increase of the Ca++ concentration of kidney at 

the end of seventy two hours while 29.31 % elevation of the ca++ concentration of 

kidney was observed at the end of twenty four hours. By the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours, the ca++ 

concentration of kidney was equivalent to 3.46 ± 0.03, 3.58 ± 0.07, 3.67 ± 0.03, 3.97 
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± 0.07, 3.48 ± 0.03, 4.01 ± 0.07 and 2.92 ± 0.03 milligrams per gram wet weight of 

kidney respectively. 

On exposure to 1.0 % ME the tadpoles exhibited 8.41 % increase of the Ca++ 

concentration of kidney at the end of one twenty hours while at the end of forty 

eight hours 34.20 `)/0 elevation of the Ca++ concentration of kidney was noticed. 

The Ca++ concentration of kidney was equivalent to 3.72 ± 0.10, 3.84 ± 0.03, 3.92 ± 

0.07, 4.12 ± 0.07, 3.82 ± 0.07, 4.26 ± 0.07 and 3.48 ± 0.03 milligrams per gram wet 

weight of kidney at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME showed 1.55 % rise of the ca++ 

concentration of kidney at the end of one twenty hours while at the end of forty 

eight hours 41.36 % elevation of the ca++ concentration of kidney was observed. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hours, the Ca++ concentration of kidney was equivalent to 3.86 ± 0.07, 

3.97 ± 0.07, 4.08 ± 0.03, 4.34 ± 0.03, 3.97 ± 0.04, 4.48 ± 0.10 and 3.26 ± 0.03 

milligrams per gram wet weight of kidney respectively. 

10.0 % ME induced 17.75 % increase of the ca++ concentration of kidney at 

the end of one twenty hours while it promoted 55.04 % elevation of the Ca++ 

concentration of kidney at the end of forty eight hours. The Ca++ concentration of 

kidney was equivalent to 3.93 ± 0.10, 4.03 ± 0.03, 4.15 ± 0.10, 4.76 ± 0.10, 4.21 ± 

0.10, 4.72 ± 0.09 and 3.78 ± 0.07 milligrams per gram wet weight of kidney at the 

end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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Table No. 130 

The changes in the Ca ++  concentration of 
muscle of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 3.00 3.08 3.14 3.26 3.32 3.48 3.76 

±0.06 ±0.04 ±0.06 ±0.08 ±0.10 ±0.12 ±0.18 
0.01% ME 3.46 3.53 3.69 4.21 4.46 4.63 4.31 

±0.04 ±0.06 ±0.10 ±0.06 ±0.04 ±0.10 ±0.06 
(1.15) (1.14) (1.17) (1.29) (1.34) (1.33) (1.14) 

0.1% ME 3.82 3.91 4.08. 4.41 4.72 4.97 4.53 
±0.06 ±0.07 ±0.10 ±0.10 ±0.18 ±0.18 ±0.10 
(1.27) (1.26) (1.29) (1.35) (1.42) (1.42) (1.20) 

1% ME 4.12 4.24 4.37 4.63 4.93 5.22 4.73 
±0.10 ±0.10 ±0.18 ±0.27 ±0.20 ±0.27 ±0.18 
(1.37) (1.37) (1.39) (1.42) (1.48) (1.50) (1.25) 

5% ME 4.56 4.67 4.79 5.13 5.26 5.43 5.13 
±0.18 ±0.18 ±0.10 ±0.20 ±0.27 ±0.18 ±0.10 
(1.52) (1.51) (1.52) (1.57) (1.58) (1.56) (1.36) 

10% ME 4.93 5.08 5.18 5.34 5.46 5.61 5.31 
±0.06 ±0.10 ±0.20 ±0.10 ±0.18 ±0.27 ±0.20 
(1.64) (1.64) (1.65) (1.63) (1.64) (1.61) (1.41) 

30% ME 5.21 5.36 5.49 5.63 5.73 5.85 5.43 
±0.10 ±0.18 ±0.27 ±0.18 ±0.20 ±0.27 ±0.18 
(1.73) (1.74) (1.74) (1.72) (1.72) (1.68) (1.44) 

Note : Unit : mg/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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Tadpoles exposed to 30.0 % ME showed 23.05 % increase of the ca++ 

concentration of kidney at the end of one twenty hours while they exhibited 61.23 

% elevation of the ca++ concentration of kidney at the end of forty eight hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the ca++ concentration of kidney was equivalent to 4.26 ± 0.07, 4.38 

± 0.07, 4.48 ± 0.07, 4.95 ± 0.09, 4.68 ± 0.10, 4.96 ± 0.07 and 3.95 ± 0.10 milligrams 

per gram wet weight of kidney respectively. 

DORSAL MUSCLE - Ca++ : 

STAGE VIII : 

The alterations of the ca++ concentration of dorsal muscle of tadpoles of 

stages I to V exposed to mining effluents (ME) were non-significant. The changes 

of the ca++ concentration of dorsal muscle of tadpoles of stages VI to VIII exposed 

to ME were almost identical and significant, therefore, the changes of the Ca++ 

concentration of dorsal muscle of tadpoles of stage VIII are described here. The 

alterations of the ca++ concentration of dorsal muscle of tadpoles of stages IX to 

XXII were similar in pattern to that observed in stage VIII. 

The alterations of the Ca++ concentration of dorsal muscle of tadpoles of 

stage VIII under the influence of mining effluents are tabulated in Table No. 130 

and expressed graphically in Graph No. 130. The alterations of the Ca++ 

concentration of dorsal muscle are expressed as milligrams per gram wet weight 

of muscle. 
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From the table and graph it is obvious that the control tadpoles subjected 

to ME showed marginal increase of the Ca++ concentration of dorsal muscle from 

the end of six hours to the end of one twenty hours. The Ca++ concentration of 

dorsal muscle of control tadpoles was equivalent to 3.00 ± 0.06, 3.08 ± 0.04, 3.14 ± 

0.06, 3.26 ± 0.08, 3.32 ± 0.10, 3.48 ± 0.12 and 3.76 ± 0.18 milligrams per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

It is revealed by the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Ca++ concentration of dorsal 

muscle for all the exposure periods. The minimum of 1.14 fold increase of the 

Ca++ concentration of dorsal muscle was observed at the end of twelve and one 

twenty hours under the influence of 0.01 % ME while the maximum of 1.74 fold 

increase of the Ca++ concentration of dorsal muscle was noticed at the end of 

twelve and twenty four hours under the influence of 30.0 % ME. 

0.01 % ME promoted a successive increase of the Ca++ concentration of 

dorsal muscle from the end of six hours upto the end of seventy two hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, the Ca++ concentration of dorsal muscle was equivalent to 3.46 ± 

0.04, 3.53 ± 0.06, 3.69 ± 0.10, 4.21 ± 0.06, 4.46 ± 0.04, 4.63 ± 0.10 and 4.31 ± 0.06 

milligrams per gram wet weight of muscle respectively. 

Tadpoles exposed to 0.1 % ME promoted 1.20 fold increase of the Ca++ 

concentration of dorsal muscle at the end of one twenty hours while it induced 

1.42 fold elevation of the Ca++ concentration of dorsal muscle at the end of 
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seventy two and ninety six hours. The Ca++ concentration of dorsal muscle was 

equivalent to 3.82 ± 0.06, 3.91 ± 0.07, 4.08 ± 0.10, 4.41 ± 0.10, 4.72 ± 0.18, 4.97 ± 0.18 

and 4.53 ± 0.10 milligrams per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Tadpoles subjected to 1.0 % ME showed a 1.25 fold increase of the Ca++ 

concentration of dorsal muscle at the end of one twenty hours while they 

exhibited 1.50 fold elevation of the ca++ concentration of dorsal muscle at the end 

of ninety six hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the ca++ concentration of dorsal muscle 

was equivalent to 4.12 ± 0.10, 4.24 ± 0.10, 4.37 ± 0.18, 4.63 ± 0.27, 4.93 ± 0.20, 5.22 ± 

0.27 and 4.73 ± 0.18 milligrams per gram wet weight of muscle respectively. 

5.0 % ME induced 1.36 fold increase of the Ca++ concentration of dorsal 

muscle at the end of one twenty hours while it promoted 1.58 fold increase of the 

Ca++ concentration of dorsal muscle at the end of seventy two hours. The Ca++ 

concentration of dorsal muscle was equivalent to 4.56 ± 0.18, 4.67 ± 0.18, 4.79 ± 

0.10, 5.13 ± 0.20, 5.26 ± 0.27, 5.43 ± 0.18 and 5.13 ± 0.10 milligrams per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Under the influence of 10.0 `)/0 ME the tadpoles showed 1.41 fold rise of the 

Ca++ concentration of dorsal muscle at the end of one twenty hours while they 

exhibited 1.65 fold increase of the ca++ concentration of dorsal muscle at the end 

of twenty four hours. By the end of six, twelve, twenty four, forty eight, seventy 
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two, ninety six and one twenty hours, the Ca++ concentration of dorsal muscle 

was equivalent to 4.93 ± 0.06, 5.08 ± 0.10, 5.19 ± 0.20, 5.34 ± 0.10, 5.46 ± 0.18, 5.61 ± 

0.27 and 5.31 ± 0.20 milligrams per gram wet weight of muscle respectively. 

On exposure to 30.0 % ME the tadpoles exhibited 1.44 fold increase of the 

Ca++ concentration of dorsal muscle at the end of one twenty hours while they 

showed 1.74 fold elevation of the Ca++ concentration of dorsal muscle at the end 

of twelve and twenty four hours. The ca++ concentration of dorsal muscle was 

equivalent to 5.21 ± 0.10, 5.36 ± 0.18, 5.49 ± 0.27, 5.63 ± 0.18, 5.73 ± 0.20, 5.85 ± 0.27 

and 5.43 ± 0.18 milligrams per gram wet weight of muscle at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

SKIN - Cl-

STAGE VIII : 

The alterations of the Cl -  concentration of skin of tadpoles of stages I to V 

exposed to mining effluents (ME) were non-significant. The changes of the Cl -

concentration of skin of tadpoles of stages VI to VIII exposed to ME were almost 

similar, therefore, the changes of Cl -  concentration of skin of tadpoles of stage 

VIII are described here. The alterations of the CP concentration of the skin of 

tadpoles of stages IX to XXII were similar in pattern to that observed for tadpoles 

of stage VIII. 

The alterations of the Cl -  concentration of skin of tadpoles of stage VIII 

under the influence of mining effluents are compiled in Table No. 131 and 
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Table No. 131 

The changes in the CE level of 
skin of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 18.00 18.10 18.40 18.90 19.30 20.00 20.40 

±0.39 ±0.31 ±0.43 ±0.37 ±0.45 ±0.39 ±0.51 
0.01% ME 18.50 18.60 18.90 19.50 20.00 20.50 21.00 

±0.69 ±0.57 ±0.51 ±0.54 ±0.38 ±0.31 ±0.71 
(2.77) (2.76) (2.71) (3.17) (3.62) (2.50) (2.94) 

0.1% ME 19.00 19.30 20.40 20.40 21.00 21.50 22.60 
±0.41 ±0.39 ±0.43 ±0.37 ±0.45 ±0.39 ±0.51 
(5.55) (6.62) (10.86) (7.93) (8.80) (7.50) (10.78) 

1% ME 19.80 20.00 21.00 21.00 22.00 23.00 24.00 
±0.38 ±0.41 ±0.37 ±0.51 ±0.45 ±0.31 ±0.45 

(10.00) (10.49) (14.13) (11.11) (13.98) (15.00) (17.64) 
5% ME 20.50 20.90 21.20 22.00 23.00 24.00 25.10 

±0.41 ±0.31 ±0.43 ±0.51 ±0.31 ±0.71 ±0.51 
(13.88) (15.46) (15.21) (16.40) (19.17) (20.00) (23.03) 

10% ME 21.00 21.50 22.00 22.90 24.10 25.20 26.20 
±0.45 ±0.38 ±0.37 ±0.21 ±0.38 ±0.45 ±0.71 

(16.66) (-18.78) (19.56) (21.16) (24.87) (26.00) (28.43) 
30% ME 21.50 22.00 22.70 23.80 24.90 26.50 27.60 

±0.37 ±0.27 ±0.21 ±0.45 ±0.71 ±0.51 ±0.31 
(19.44) (21.54) (23.36) (25.92) (29.01) (32.50) (35.29) 

Note : Unit : mEq/gm Ww skin 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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represented graphically in Graph No. 131. The alterations of the Cl -

concentration of skin are expressed as milliequivalence per gram wet weight of 

skin. 

It is revealed by the table and graph that the control tadpoles exhibited 

marginal elevations of Cl-  concentration of skin from the end of six hours to the 

end of one twenty hours. The concentration of skin of control tadpoles were 

equivalent to 18.00 ± 0.39, 18.10 ± 0.31, 18.40 ± 0.43, 18.90 ± 0.37, 19.30 ± 0.45, 20.00 

± 0.39 and 20.40 ± 0.51 milliequivalence per gram wet weight of skin at the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

It is evident from the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Cl -  concentration of skin for all 

the exposure periods. 10.0 % and 30.0 `)/0 ME promoted progressive increase of 

the Cl-  concentrations of skin from the end of six hours to the end of one twenty 

hours. 0.01 % ME promoted negligible decrease of the Cl -  concentration from the 

end of six hours to the end of twenty four hours, while it induced a sharp increase 

of the Cl-  concentration at the end of forty eight hours but thereafter Cl -

concentration fluctuated. 0.1 `)/0 ME promoted successive increase of the Cl -

concentration from the end of six hours to the end of twenty four hours, then the 

Cl-  concentration dropped at the end of forty eight hours while at the end of 

seventy two hours the Cl -  concentration increased slightly and at the end of 

ninety six hours the Cl -  concentration dropped a little to increase at the end of one 
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twenty hours. 5.0 % ME promoted a marginal drop of the Cl -  concentration at the 

end of twenty four hours. 

Tadpoles exposed to 0.01 % ME showed a minimum of 2.50 % increase of 

the Cl-  concentration of skin at the end of ninety six hours while they exhibited a 

maximum of 3.62 % elevation of the Cl -  concentration of skin at the end of 

seventy two hours. By the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours, the CP concentration of skin were 

equivalent to 18.50 ± 0.69, 18.60 ± 0.57, 18.90 ± 0.51, 19.50 ± 0.54, 20.00 ± 0.38, 20.50 

± 0.31 and 21.00 ± 0.71 milliequivalence per gram wet weight of skin respectively. 

0.1 % ME promoted 5.55 % increase of the Cl -  concentration of skin at the 

end of six hours while it induced 10.86 % elevation of the Cl -  concentration of skin 

at the end of twenty four hours. The Cl -  concentration of skin were equivalent to 

19.00 ± 0.41, 19.30 ± 0.39, 20.40 ± 0.43, 20.40 ± 0.37, 21.00 ± 0.45, 21.50 ± 0.39 and 

22.60 ± 0.51 milliequivalence per gram wet weight of skin at the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME the tadpoles showed 10.0 % increase of 

the Cl-  concentration of skin at the end of six hours while they exhibited 17.64 % 

elevation of the CP concentration at the end of one twenty hours. At the end of 

six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, Cl-  concentrations of skin were equivalent to 19.80 ± 0.38, 20.00 ± 0.41, 

21.00 ± 0.37, 21.00 ± 0.51, 22.00 ± 0.45, 23.00 ± 0.31 and 24.00 ± 0.45 

milliequivalence per gram wet weight of skin respectively. 
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Tadpoles exposed to 5.0 % ME showed 13.88 % increase of the Cl -

concentration of skin at the end of six hours while they exhibited 23.03 

elevation of the Cl-  concentration of skin at the end of the one twenty hours. The 

Cl-  concentrations of skin were equivalent to 20.50 ± 0.41, 20.90 ± 0.31, 21.20 ± 

0.43, 22.00 ± 0.51, 23.00 ± 0.31, 24.00 ± 0.71 and 25.10 ± 0.51 milliequivalence per 

gram wet weight of skin at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

10.0 % ME promoted 16.66 % increase of the Cl -  concentration of skin at the 

end of six hours while it induced 28.43 % elevation of the Cl -  concentration of skin 

at the end of one twenty hours. By the end of six, twelve, twenty four, forty 

eight, seventy two, ninety six and one twenty hours, the Cl -  concentration of skin 

was equivalent to 21.00 ± 0.45, 21.50 ± 0.38, 22.00 ± 0.37, 22.90 ± 0.21, 24.10 ± 0.38, 

25.20 ± 0.45 and 26.20 ± 0.71 milliequivalence per gram wet weight of skin 

respectively. 

Tadpoles subjected to 30.0 % ME showed 19.44 % increase of the Cl -

concentration of skin at the end of six hours while they exhibited 35.29 % 

elevation of the Cl -  concentration of skin at the end of one twenty hours. The Cl -

concentrations of skin were equivalent to 21.50 ± 0.37, 22.00 ± 0.27, 22.70 ± 0.21, 

23.80 ± 0.45, 24.90 ± 0.71, 26.50 ± 0.51 and 27.60 ± 0.31 milliequivalence per gram 

wet weight of skin at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 
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INTESTINE Cl-

STAGE VIII : 

The alterations of the Cl -  concentration of intestine of tadpoles of stages I 

to V exposed to mining effluents (ME) were non-significant. The changes of the 

Cl concentrations of intestine of tadpoles of stages VI to VIII, exposed to ME, 

were almost identical, therefore, the changes of the Cl -  concentration of intestine 

of tadpoles of stage VIII are described here. The alterations of the Cl -

concentrations of intestine of tadpoles of stages IX to XXII were similar in 

pattern to that observed in tadpoles of stage VIII. 

The changes of the Cl -  concentration of intestine of tadpoles of stage VIII 

under the influence of mining effluents are given in Table No. 132 and presented 

graphically in Graph No. 132. The changes of the Cl -  concentrations of intestine 

are expressed as milliequivalence per gram wet weight of intestine. 

It is obvious from the table and graph that the control tadpoles exhibited 

gradual elevation of the Cl -  concentration of intestine from the end of six hours to 

the end of one twenty hours. The Cl -  concentrations of intestine of control 

tadpoles were equivalent to 15.00 ± 0.63, 15.07 ± 0.37, 15.14 ± 0.71, 15.28 ± 0.41, 

15.36 ± 0.43, 15.56 ± 0.51 and 15.82 ± 0.37 milliequivalence per gram wet weight of 

intestine at the end of six, twelve, twenty four, forty eight, seventy two, ninety 

six and one twenty hours respectively. 
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Table No. 132 

The changes in the CI" level of 
intestine of tadpoles 

(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 15.00 15.07 15.14 15.28 15.36 15.56 15.82 

±0.63 ±0.37 ±0.71 ±0.41 ±0.43 ±0.51 ±0.37 
0.01% ME 15.21 15.45 15.63 15.81 16.05 16.21 16.43 

±0.59 ±0.61 ±0.37 ±0.45 ±0.46 ±0.45 ±0.37 
(1.40) (2.52) (3.23) (3.46) (4.49) (6.17) (3.85) 

0.1% ME 15.37 15.51 15.75 15.95 16.18 16.31 16.57 
±0.51 ±0.48 ±0.42 ±0.31 ±0.31 ±0.41 ±0.42 
(2.46) (2.91) (4.02) (4.38) (5.33) (4.82) (4.74) 

1% ME 15.75 16.21 16.53 16.76 16.95 17.08 17.31 
±0.32 ±0.36 ±0.35 ±0.35 ±0.32 ±0.27 ±0.31 
(5.00) (7.56) (9.18) (9.68) (10.35) (9.76) (9.41) 

5% ME 15.89 16.31 16.61 16.88 17.12 17.27 17.53 
±0.28 ±0.45 ±0.38 ±0.49 ±0.61 ±0.51 ±0.27 
(5.93) (8.22) (9.70) (10.47) (11.45) (10.98) (10.80) 

10% ME 16.13 16.57 16.81 16.93 17.24 17.46 17.67 
±0.37 ±0.32 ±0.37 ±0.51 ±0.57 ±0.56 ±0.61 
(7.53) (9.95) (11.03) (10.79) (12.23) (12.21) (11.69) 

30% ME 16.32 16.61 16.92 17.03 17.31 17.53 17.76 
±0.38 ±0.47 ±0.39 ±0.40 ±0.45 ±0.59 ±0.61 
(8.80) (10.21) (11.75) (11.45) (12.69) (12.66) (12.26) 

Note : Unit : mEq/gm Ww intestine 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at 	0.001 
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From the table and graph it is clear that all the concentrations of ME 

promoted concentration dependent increase of the Cl -  concentration of intestine 

at all the exposure periods. It is of interest to note that 1.0 % ME promoted about 

2 fold increase of the Cl -  concentration of intestine over those observed for 0.1 % 

ME. The tadpoles exhibited profound increase of the Cl -  concentration of 

intestine from the end of six hours upto the end of seventy two hours. 

Tadpoles exposed to 0.01 % ME showed 1.40 % increase of the Cl-

concentration of intestine at the end of six hours while they exhibited 4.49 % 

increase of the Cl -  concentration of intestine at the end of seventy two hours. The 

Cl-  concentrations of intestine were equivalent to 15.21 ± 0.59, 15.45 ± 0.61, 15.63 ± 

0.37, 15.81 ± 0.45, 16.05 ± 0.46, 16.21 ± 0.45 and 16.43 ± 0.37 milliequivalence per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

Under the influence of 0.1 % ME the tadpoles showed 2.46 % increase of 

the Cl-  concentration of intestine at the end of six hours while they exhibited 5.33 

% elevation of the Cl-  concentration of intestine at the end of seventy two hours. 

By the end of six, twelve, twenty four, forty eight, seventy two, ninety six and 

one twenty hoi irs the Cl-  concentration were equivalent to 15.37 ± 0.51, 15.51 ± 

0.48, 15.75 ± 0.42, 15.95 ± 0.31, 16.18 ± 0.31, 16.31 ± 0.41 and 16.57 ± 0.42 

milliequivalence per gram wet weight of intestine respectively. 

1.0 % ME promoted 5.00 % ME increase of the Cl -  concentration of 

intestine at the end of six hours while it induced 10.35 % elevation of the Cl-

concentration of intestine at the end of seventy two hours. The Cl- 
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concentrations of intestine were equivalent to 15.75 ± 0.32, 16.21 ± 0.36, 16.53 ± 

0.35, 16.76 ± 0.35, 16.95 ± 0.32, 17.08 ± 0.27, 17.31 ± 0.31 milliequivalence per gram 

wet weight of intestine at the end of six, twelve, twenty four, forty eight, seventy 

two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 5.0 % ME exhibited 5.93 % increase of the Cl -

concentration of intestine at the end of six hours while they showed 11.45 % 

elevation of the Cl -  concentration of intestine at the end of seventy two hours. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, Cl-  concentrations of intestine were equivalent to 15.89 ± 0.28, 16.31 

± 0.45, 16.61 ± 0.38, 16.88 ± 0.49, 17.12 ± 0.61, 17.27 ± 0.57 and 17.53 ± 0.27 

milliequivalence per gram wet weight of intestine respectively. 

On exposure to 10.0 % ME the tadpoles showed 7.53 % increase of the Cl -

concentration of intestine at the end of six hours while they exhibited 12.23 `)/0 

elevation of the Cl -  concentration of intestine at the end of seventy two hours. The 

Cl-  concentrations of intestine were equivalent to 16.13 ± 0.37, 16.57 ± 0.32, 16.81 ± 

0.37, 16.93 ± 0.51, 17.24 ± 0.57, 17.46 ± 0.56 and 17.67 ± 0.61 milliequivalence per 

gram wet weight of intestine at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

30.0 % ME induced an increase of 8.80 % in the Cl -  concentration of 

intestine at the end of six hours while it promoted 12.69 % elevation of the Cl -

concentration of intestine at the end of seventy two hours. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, Cl -

concentrations of intestine were equivalent to 16.32 ± 0.38, 16.61 ± 0.47, 16.92 ± 
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0.39, 17.03 ± 0.40, 17.31 ± 0.45, 17.53 ± 0.59 and 17.76 ± 0.61 milliequivalence per 

gram wet weight of intestine respectively. 

LIVER Cl-

STAGE VIII : 

The alterations of the Cl- concentration of liver of tadpoles of stages I to V 

under the influence of mining effluents (ME) were insignificant. The changes of 

the Cl- concentration of liver of tadpoles of stages VI to VIII exposed to ME were 

almost identical, therefore, the changes of the Cl- concentration of liver of 

tadpoles of stage VIII are described here. The alterations of the Cl -  concentration 

of the liver of tadpoles of stages IX to XXII were similar in pattern with respect to 

that observed in tadpoles of stage VIII. 

The changes of the Cl- concentration of liver of tadpoles of stage VIII 

under the influence of mining effluents are given in Table No. 133 and presented 

graphically in Graph No. 133. The changes of the Cl- concentration of liver are 

expressed as milliequivalence per gram wet weight of liver. 

It is evident from the table and graph that the control tadpoles showed 

marginal elevation of the Cl- concentration of liver from the end of six hours to 

the end of one twenty hours. The Cl- concentrations of liver of control tadpoles 

were equivalent to 12.00 ± 1.00, 12.10 ± 1.02, 12.20 ± 1.06, 12.40 ± 1.00, 12.80 ± 

0.98,13.10 ± 0.86 and 13.30 ± 1.00 milliequivalence per gram wet weight of liver at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 
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Table No. 133 
The changes in the CI" level of 

liver of tadpoles 
(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 12.00 12.10 12.20 12.40 12.80 13.10 13.30 

±1.00 ±1.02 ±1.06 ±1.00 ±0.98 ±0.86 ±1.00 
0.01% ME 12.00 12.40 12.80 13.60 14.20 16.40 17.20 

±1.00 ±0.98 ±0.86 ±0.75 ±0.92 ±0.96 ±0.76 
(0.00) (2.47) (4.91) (9.67) (10.93) (25.19) (29.32) 

0.1% ME 12.60 12.90 13.20 14.00 14.80 16.90 17.90 
±0.86 ±0.85 ±0.87 ±0.92 ±0.85 ±0.65 ±0.72 
(5.00) (6.61) (8.19) (12.90) (15.62) (29.00) (34.58) 

1% ME 13.00 13.40 13.80 14.30 15.20 17.30 18.30 
±0.81 ±0.71 ±0.82 ±0.92 ±0.81 ±0.54 ±0.81 
(8.33) (10.74) (13.11) (15.32) (18.75) (32.06) (37.59) 

5% ME 13.60 14.20 14.80 15.60 16.30 18.10 18.70 
±0.63 ±0.69 ±0.84 ±0.82 ±0.61 ±0.63 ±0.72 

(13.33) (17.35) (21.31) (35.80) (27.34) (38.16) (40.60) 
10% ME 14.00 14.40 15.20 15.90 16.80 18.30 19.10 

±0.54 ±0.78 ±0.75 ±0.63 ±0.75 ±0.93 ±0.91 
(16.66) (19.00) (24.59) (28.22) (31.25) (39.69) (43.60) 

30% ME 14.70 15.10 15.60 16.30 17.40 18.90 19.60 
±0.78 ±0.71 ±0.86 ±0.75 ±0.84 ±0.92 ±0.85 

(22.50) (24.79) (27.86) (31.45) (35.93) (44.27) (47.36) 

Note : Unit : mEq/gm Ww liver 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p 
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From the table and graph it is clear that all the concentrations of ME 

promoted concentration dependent elevation of the Cl -  concentrations of liver for 

all the exposure periods. All the concentrations of ME induced chronic increase 

of the Cl-  concentrations of liver from the end of six hours to the end of one 

twenty hours. The minimum of 2.47 % increase of the Cl -  concentration of liver 

was noticed at the end of twelve hours under the influence of 0.01 % ME, while 

the maximum elevation (47.36 %) of the Cl -  concentration of liver was noticed at 

the end of one twenty hours under the influence of 30.0 % ME. 

0.01 % ME promoted a maximum of 29.32 % elevation of the Cl -

concentration of liver at the end of one twenty hours while at the end of six hours 

the Cl-  concentration of liver was equivalent to that observed in the control. By 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours, Cl -  concentrations of liver were equivalent to 12.00 ± 1.00, 12.40 ± 

0.98, 12.80 ± 0.86, 13.60 ± 0.75, 14.20 ± 0.92, 16.40 ± 0.96 and 17.20 ± 0.76 

milliequivalence per gram wet weight of liver respectively. 

Under the influence of 0.1 % ME the tadpoles exhibited increase of the Cl -

concentrations of liver in the range between 5 % to 34.58 %. The Cl -  concentration 

of liver was equivalent to 12.60 ± 0.86, 12.90 ± 0.85, 13.20 ± 0.87, 14.00 ± 0.92, 14.80 

± 0.85, 16.90 ± 0.65 and 17.90 ± 0.72 milliequivalence per gram wet weight of liver 

at the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

On exposure to 1.0 % ME the tadpoles showed increase of the Cl -

concentrations of liver which ranged between 8.33 % to 37.59 %. By the end of 
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six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours, the Cl-  concentrations of liver were equivalent to 13.00 ± 0.81, 13.40 ± 0.71, 

13.80 ± 0.82, 14.30 ± 0.92, 15.20 ± 0.81, 17.30 ± 0.54 and 18.30 ± 0.81 

milliequivalence per gram wet weight of liver respectively. 

5.0 % ME induced increase of the Cl -  concentration of liver in the range of 

13.33 % to 40.60 %. The Cl -  concentration of liver were equivalent to 13.60 ± 0.63, 

14.20 ± 0.69, 14.80 ± 0.84, 15.60 ± 0.82, 16.30 ± 0.61, 18.10 ± 0.63 and 18.70 ± 0.72 

milliequivalence per gram wet weight of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 

Tadpoles subjected to 10.0 % ME showed elevation of the chloride 

concentrations of the liver in a range of 16.66 % to 43.60 % from the end of six 

hours to the end of one twenty hours. By the end of six, twelve, twenty four, 

forty eight, seventy two, ninety six and one twenty hours, the Cl -  concentration 

of liver were equivalent to 14.00 ± 0.54, 14.40 ± 0.78, 15.20 ± 0.75, 15.90 ± 0.63, 

16.80 ± 0.75, 18.30 ± 0.93 and 19.10 ± 0.91 milliequivalence per gram wet weight of 

liver respectively. 

Tadpoles exposed to 30.0 % ME exhibited 22.50 % to 47.36 % increase of 

the Cl-  concentration of liver from the end of six hours to the end of one twenty 

hours. The Cl-  concentration of liver were equivalent to 14.70 ± 0.78, 15.10 ± 0.71, 

15.60 ± 0.86, 16.30 ± 0.75, 17.40 ± 0.84, 18.90 ± 0.92 and 19.60 ± 0.85 

milliequivalence per gram wet weight of liver at the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours respectively. 
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KIDNEY - Cl-  : 

STAGE VIII : 

The changes of the Cl -  concentration of kidney of tadpoles of stages I to V 

under the influence of mining effluents (ME) were non-significant. The changes of 

the Cl-  concentrations of kidney of tadpole stages VI to VIII exposed to ME were 

similar, therefore, the changes of the Cl -  concentrations of kidney of tadpoles of 

stage VIII are reported here. The alterations of the Cl -  concentrations of the 

kidney of tadpoles of stages IX to XXII were similar in pattern with respect to that 

observed for stage VIII. 

The changes of the Cl -  concentration of kidney of tadpoles of stage VIII 

under the influence of mining effluents are given in Table No. 134 and expressed 

graphically in Graph No. 134. The changes of the Cl -  concentrations of kidney are 

expressed as milliequivalence per gram wet weight of kidney. 

From the table and graph it is clear that the control tadpoles showed 

gradual increase of the Cl -  concentrations of kidney from the end of six hours to 

the end of one twenty hours. The Cl -  concentrations of kidney of control tadpoles 

were equivalent to 16.00 ± 1.00, 16.04 ± 0.63, 16.09 ± 0.71, 16.18 ± 0.82, 16.23 ± 0.65, 

16.37 ± 0.91 and 16.42 ± 0.71 milliequivalence per gram wet weight of kidney at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

twenty hours respectively. 

It is obvious from the table and graph that all the concentrations of ME 

induced concentration dependent elevations of the Cl -  concentrations of kidney 
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Table No. 134 
The changes in the cr level of 

kidney of tadpoles 
(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 16.00 16.04 16.09 16.18 16.23 16.37 16.42 

±1.00 ±0.63 ±0.71 ±0.82 ±0.65 ±0.91 ±0.71 
0.01% ME 16.15 16.32 16.56 16.85 17.1 17.32 17.56 

±0.86 ±0.71 ±0.75 ±0.76 ±0.81 ±0.81 ±0.63 
(093) (1.74) (2.92) (4.14) (5.36) (5.80) (6.94) 

0.1% ME 16.31 16.84 16.92 17.30 17.81 18.21 18.76 
±0.75 ±0.65 ±0.85 ±0.79 ±0.83 ±0.75 ±0.71 
(1.93) (4.98) (5.15) (6.92) (9.73) (11.24) (14.25) 

1% ME 16.53 16.93 17.10 17.56 18.11 18.65 18.92 
±0.81 ±0.84 ±0.83 ±0.76 ±0.81 ±0.76 ±0.81 
(3.31) (5.54) (6.27) (8.52) (11.58) (13.92) (15.22) 

5% ME 16.81 16.97 17.18 17.65 18.21 18.76 19.18 
±0.63 ±0.81 ±0.75 ±0.81 ±0.76 ±0.81 ±0.76 
(5.06) (5.79) (6.77) (9.08) (12.19) (14.59) (16.80) 

10% ME 17.23 17.31 17.56 17.89 18.43 18.91 19.36 
±0.59 ±0.79 ±0.80 ±0.81 ±0.75 ±0.86 ±0.71 
(7.68) (7.91) (9.13) (10.86) (13.55) (15.51) (17.90) 

30% ME 17.56 17.93 18.32 18.56 18.93 19.18 19.57 
±0.60 ±0.76 ±0.61 ±0.61 ±0.58 ±0.43 ±0.63 
(9.75) (11.78) (13.85) (14.70) (16.63) (17.16) (19.18) 

Note : Unit : mEq/gm Ww kidney 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p<0.001 
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for all exposure periods. All the concentrations of ME promoted chronic increase 

of the Cl-  concentrations of kidney from the end of six hours to the end of one 

twenty hours. The minimum of 0.93 % increase of the Cl -  concentration of kidney 

was observed at the end of six hours under the influence of 0.01 % ME, while the 

maximum of 19.18 % elevation of the Cl -  concentration of kidney was noticed at 

the end of one twenty hours under the influence of 30.0 `)/0 ME. 

On exposure to 0.01 % ME the tadpoles showed increase of the Cl -

concentration of kidney in the range of 0.93 % to 6.94 %. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the Cl-  concentrations of kidney were equivalent to 16.15 ± 0.86, 16.32 ± 0.71, 16.56 

± 0.75, 16.85 ± 0.76, 17.10 ± 0.81, 17.32 ± 0.81 and 17.56 ± 0.63 milliequivalence per 

gram wet weight of kidney respectively. 

0.1 % ME promoted increase of the Cl -  concentrations of kidney in a range 

of 1.93 % to 14.25 %. The Cl -  concentrations of kidney were equivalent to 16.31 ± 

0.75, 16.84 ± 0.65, 16.92 ± 0.85, 17.30 ± 0.79, 17.81 ± 0.83; 18.21 ± 0.75 and 18.76 ± 

0.71 milliequivalence per gram wet weight of kidney at the end of six, twelve, 

twenty four, forty eight, seventy two, ninety six and one twenty hours 

respectively. 

Under the influence of 1.0 % ME the tadpoles exhibited increase of the Cl -

concentrations of kidney in a range of 3.31 % to 15.22 %. By the end of six, 

twelve, twenty four, forty eight, seventy two, ninety six and one twenty hours, 

the Cl -  concentrations of kidney were equivalent to 16.53 ± 0.81, 16.93 ± 0.84, 17.10 
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± 0.83, 17.56 ± 0.76, 18.11 ± 0.81, 18.65 ± 0.76 and 18.92 ± 0.81 milliequivalence per 

gram wet weight of kidney respectively. 

Tadpoles exposed to 5.0 % ME showed elevation of the Cl -  concentrations 

of kidney in a range of 5.06 `)/0 to 16.80 %. The Cl -  concentrations of kidney were 

equivalent to 16.81 ± 0.63, 16.97 ± 0.81, 17.18 ± 0.75, 17.65 ± 0.81, 18.21 ± 0.76, 18.76 

± 0.81 and 19.18 ± 0.76 milliequivalence per gram wet weight of kidney at the end 

of six, twelve, twenty four, forty eight, seventy two, ninety six and one twenty 

hours respectively. 

10.0 % ME induced elevation of the 	concentration of kidney in the 

range of 7.86 % to 17.90 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the Cl -  concentrations of kidney 

were equivalent to 17.23 ± 0.59, 17.31 ± 0.79, 17.56 ± 0.80, 17.89 ± 0.81, 18.43 ± 0.75, 

18.91 ± 0.86 and 19.36 ± 0.71 milliequivalence per gram wet weight of kidney 

respectively. 

Tadpoles subjected to 30.0 % ME exhibited increase of the Cl -

concentrations of kidney in the range of 9.75 to 19.18 %. The Cl -  concentrations 

of kidney were equivalent to 17.56 ± 0.60, 17.93 ± 0.76, 18.32 ± 0.61, 18.56 ± 0.61, 

18.93 ± 0.58, 19.18 ± 0.43 and 19.57 ± 0.63 milliequivalence per gram wet weight of 

kidney at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 
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MUSCLE Cl-

STAGE VIII : 

The changes of the Cl -  concentration of dorsal muscle of tadpoles of stages 

I to V under the influence of mining effluents were non-significant. The changes 

of the Cl-  concentration of dorsal muscle of tadpoles of stages VI to VIII exposed 

to ME were almost similar, therefore, the alterations of the Cl -  concentration of 

dorsal muscle of tadpoles of stage VIII are reported here. The alterations of the 

Cl-  concentration of the dorsal muscle of tadpoles of stages IX to XXII were 

similar in pattern with respect to that observed for tadpoles of stage VIII. 

The changes of the Cl -  concentration of dorsal muscle of tadpoles of stage 

VIII under the influence of mining effluents are given in Table No. 135 and 

expressed graphically in Graph No. 135. The changes of the Cl -  concentration of 

dorsal muscle are expressed as milliequivalence per gram wet weight of muscle. 

From the table and graph it is obvious that the control tadpoles exhibited 

marginal rise of the Cl -  concentration of dorsal muscle from the end of six hours 

to the end of one twenty hours. The Cl -  concentrations of dorsal muscle of control 

tadpoles were equivalent to 20.00 ± 0.97, 20.08 ± 0.63, 20.19 ± 0.57, 20.26 ± 0.92, 

20.35 ± 0.63, 20.47 ± 0.57 and 20.58 ± 0.97 milliequivalence per gram wet weight of 

muscle at the end of six, twelve, twenty four, forty eight, seventy two, ninety six 

and one twenty hours respectively. 

It is revealed by the table and graph that all the concentrations of ME 

promoted concentration dependent increase of the Cl-  concentrations of dorsal 
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Table No. 135 
The changes in the CI" level of 

muscle of tadpoles 
(stage VIII) exposed to mining effluents 

6 Hrs 12 Hrs 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 
Control 20.00 20.08 20.19 20.26 20.35 20.47 20.58 

±0.97 ±0.63 ±0.57 ±0.92 ±0.63 ±0.57 ±0.97 
0.01% ME 20.13 20.24 20.39 20.51 20.73 20.97 21.03 

±0.81 ±0.71 ±0.64 ±0.75 ±0.7 ±0.61 ±0.65 
(0.65) (0.79) (0.99) (1.23) (1.86) (2.44) (2.18) 

0.1% ME 20.25 20.36 20.47 20.68 20.81 21.05 21.18 
±0.86 ±0.81 ±0.76 ±0.81 ±0.71 ±0.81 ±0.81 
(1.25) (1.39) (1.38) (2.07) (2.26) (2.83) (2.91) 

1% ME 20.37 20.45 20.58 20.75 20.98 21.28 21.31 
±0.83 ±0.75 ±0.81 ±0.75 ±0.87 ±0.91 ±0.87 
(1.85) (1.84) (1.93) (2.41) (3.09) (3.95) (3.54) 

5% ME 20.59 20.63 20.73 20.93 21.15 21.39 21.56 
±0.75 ±0.91 ±0.87 ±0.87 ±0.91 ±0.81 ±0.87 
(2.95) (2.73) (2.67) (3.30) (3.93) 14.49) (4.76) 

10% ME 20.81 20.91 21.07 21.21 21.43 21.48 21.73 
±0.91 ±0.87 ±0.81 ±0.81 ±0.87 ±0.91 ±0.87 
(4.05) (4.13) (4.35) (4.68) (5.30) (4.93) (5.58) 

30% ME 20.93 21.01 21.15 21.36 21.58 21.61 21.95 
±0.87 ±0.76 ±0.81 ±0.75 ±0.87 ±0.91 ±0.87 
(4.65) (4.63) (4.75) (5.42) (6.04) (5:56) (6.65) 

Note : Unit : mEq/gm Ww muscle 

± : S.D. 

Figures in parantheses : % variation over control 

Two way analysis of variance : 

All data significant 

Concentration and exposure period interaction significant at p < 0.001 
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Graph No. 135 

The changes in the Cl -  level of muscle of tadpoles 
(stage VIII) exposed to mining effluents 
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muscle at the end of all the exposure periods. 0.1 % ME induced progressive 

increase of the Cl -  concentration of dorsal muscle from the end of six hours upto 

the end of one twenty hours. The minimum of 0.65 % increase of the Cl -

concentration of dorsal muscle was observed at the end of six hours under the 

influence of 0.01 % ME while the maximum of 6.65 % increase of the Cl -

concentration of dorsal muscle was noticed at the end of one twenty hours under 

the influence of 30.0 % ME. 

0.01 % ME induced an increase of the Cl -  concentration of dorsal muscle in 

a range of 0.65 % to 2.44 % . By the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, Cl -  concentration of dorsal muscle 

were equivalent to 20.13 ± 0.81, 20.24 ± 0.71, 20.39 ± 0.64, 20.51 ± 0.75, 20.73 ± 0.70, 

20.97 ± 0.61 and 21.03 ± 0.65 milliequivalence per gram wet weight of muscle 

respectively. 

Tadpoles exposed to 0.1 % ME showed increase of the Cl -  concentration of 

dorsal muscle which ranged between 1.25 % and 2.91 %. The Cl concentrations 

of dorsal muscle were equivalent to 20.25 ± 0.86, 20.36 ± 0.81, 20.47 ± 0.76, 20.68 

0.81, 20.81 ± 0.71, 21.05 ± 0.81 and 21.18 ± 0.81 milliequivalence per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

Tadpoles subjected to 1.0 % ME exhibited elevation of the Cl -  concentration 

of dorsal muscle in a range of 1.84 % to 3.95 %. At the end of six, twelve, twenty 

four, forty eight, seventy two, ninety six and one twenty hours, the Cl -

concentrations of dorsal muscle were equivalent to 20.37 ± 0.83, 20.45 ± 0.75, 20.58 
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± 0.81, 20.75 ± 0.75, 20.98 ± 0.87, 21.28 ± 0.91 and 21.31 ± 0.87 milliequivalence per 

gram wet weight of muscle respectively. 

Under the influence of 5.0 % ME the tadpoles exhibited 2.67 % to 4.76 % 

elevation of the Cl -  concentration of dorsal muscle. The Cl -  concentrations of 

dorsal muscle were equivalent to 20.59 ± 0.75, 20.63 ± 0.91, 20.73 ± 0.87, 20.93 ± 

0.87, 21.15 ± 0.91, 21.39 ± 0.81 and 21.56 ± 0.87 milliequivalence per gram wet 

weight of muscle at the end of six, twelve, twenty four, forty eight, seventy two, 

ninety six and one twenty hours respectively. 

10.0 `)/0 ME promoted elevation of Cl-  concentration of dorsal muscle in a 

range of 4.05 % to 5.58 %. At the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours, the Cl -  concentrations of dorsal 

muscle were equivalent to 20.81 ± 0.91, 20.91 ± 0.87, 21.07 ± 0.81, 21.21 ± 0.81, 

21.43 ± 0.87, 21.48 ± 0.91 and 21.73 ± 0.87 milliequivalence per gram wet weight of 

muscle respectively. 

On exposure to 30.0 % ME the tadpoles exhibited increase of the Cl -

concentration of dorsal muscle in a range of 4.63 % to 6.65 %. The Cl -

concentrations of dorsal muscle were equivalent to 20.93 ± 0.87, 21.01 ± 0.76, 21.15 

± 0.81, 21.36 ± 0.75, 21.58 ± 0.87, 21.61 ± 0.91 and 21.95 ± 0.87 milliequivalence per 

gram wet weight of muscle at the end of six, twelve, twenty four, forty eight, 

seventy two, ninety six and one twenty hours respectively. 

721 



DISCUSSIONS 



The survey of the existing literature reveals that a few frog species have 

been used to study : the toxic actions of heavy metals such as iron, cadmium, 

nickel, copper, cobalt, aluminium, magnesium, lead and zinc; pesticide actions; 

actions of pH shifts of water bodies on the fertilization; development and 

metabolism; action of mine drainage; teratogenic effects of different 

contaminants; effect of water quality on mortality rate; ion up takes by the 

respiratory surfaces; effects of contaminants on growth. 

Many researchers have used African frog Xenopus laevis to study the 

actions of different pesticides and heavy metals for FETAX (Frog Embryo 

Tetratogenic Assay : Xenopus) studies. A few have used other amphibians like 

salamanders and toad species for environmental monitoring studies. Now it is 

known that environmental deterioration is causing wide spread decline of 

amphibian species as these have been proved to be very sensitive to the slightest 

change in the environment. As the frogs are mostly found in the wet lands and 

aquatic bodies they are more susceptible to even subtle changes in the habitat. 

Especially the frog's developmental stages have to live for a longer duration in 

water bodies thereby making them most vulnerable to the contaminants entering 

into the aquatic systems/habitats. Besides being constantly in water during 

development they are likely to get exposed to different contaminants through 

food. Because of the vulnerability to subtle to moderate changes in the 

environment the Amphibian Decline Task Force has been established to study the 

decline of amphibian population and to save the endangered amphibian species. 
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Goa has been experiencing the degradation of environment, especially due 

to extensive mining activities and stock piling of iron ore rejects. These stockpiles 

become the constant source of mining effluents which contaminate the receiving 

water bodies. The water quality of these mining effluents has been already 

assessed (Desai, 1990; Bandiwdekar and Desai, 1998). The present study confirms 

the deteriorating actions of these mining effluents originating from the iron ore 

stockpiles. The heavy metal analysis of these mining effluents generated through 

simulated rainfalls clearly show the presence of heavy metals like barium (0.65 

mg/1), cadmium (0.71 mg/1), cobalt (0.022 mg/1), chromium (0.037 mg/1), copper 

(0.014 mg/1), iron (1.91 mg/1), magnesium (0.21 mg/1), manganese (0.85 mg/1), 

nickel (0.11 mg/1), lead (0.005 mg/1), strontium (0.01 mg/1) and zinc (0.081 mg/1). 

Besides this the physico-chemical characteristics show that mining 

effluents have high load of total solids, total phosphorous, organic phosphorous, 

sulphates and nitrates. The large quantity of such mining effluents if mixed with 

natural water body would definitely pollute it and pose danger to the aquatic 

forms. Similar observations on the mining effluents have been reported by Desai 

(1990). 

There are reports of toxic actions of heavy metals on frog eggs (Birge et al., 

1979; Kaplan et al., 1967; Berisha and Rozhaja, 1989; Hopfer et al., 1991) with 

reference to mortality, teratogenesis, hatching, early larval developments. But 

there is hardly any report of toxic actions of mining effluents or actions of heavy 

metal mixtures on the development of tadpoles and deformities, 

histopathological changes, haematological changes and biochemical alterations 

with reference to total proteins, glycogen, AP, NSE, AlP, electrolyte 
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concentrations in different organs like skin, liver, kidney, intestine and muscles of 

tadpoles of any frog species. 

A steady decline of amphibian species and specially estuarine fauna is 

observed by Parulekar et al., (1986). The present investigation clearly indicates the 

contribution of mining effluents in the decline of frog species; especially how the 

tadpoles are affected by mining contaminants resulting in the development of 

deformities, histopathological lesions of skin, intestine, liver and kidney as well 

as the changes in a few biochemical profiles of these organs. 

It is clear from the present study that mining effluents ranging from 0.1 to 

30.0 % reduce the amplexuses of adult frogs and the spawning of female frogs. It 

is also seen that mining effluents do not produce teratogenic changes in the 

embryo. It appears that all the stages of R. tigerina are equally vulnerable to 30 % 

ME as LC 50 remains unchanged. The study of NOEC (no observable effective 

concentrations), LOEC (lowest observable effective concentration) indicates that 

ME concentrations from 0.001 to 0.008 % are relatively safe while at 0.009 `)/0 

concentrations of ME, the tadpoles get slightly irritated as indicated by excessive 

wriggling. But ME concentrations ranging from 0.01 to 30.0 % do not interfere 

into the embryonic development leading to the formation of limb bud stages, and 

also they do not develop deformities in the limb bud stages from Ito IV. 

DEFORMITIES IN THE TADPOLES : 

0.01 to 30.0 % ME induced deformities in the various tadpoles'stages and 

these deformities are kinking of tail, loosening of gut coil, flexure of the 

notochord and an abnormality like stunted growth. 

STAGE V : 
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The present study indicates that 5.0 % ME is comparatively least effecting 

in producing deformities, while 30.0 `)/0 ME is more effective as it produced the 

maximum of 51 % deformities and the number of deformities depend on the 

concentration and exposure period. 

STAGE VIII : 

The deformities produced in tadpoles of stages VI to VIII are similar with 

respect to the nature and percentages of deformities which indicates that ME is 

equally effective at this stages. Like stage V thirty percent ME is most effective in 

producing deformities. The number of deformities produced depend upon ME 

concentration and exposure period but 0.01 `)/0 ME is not effective up to the end of 

forty eight hours, 0.1 `)/0 ME up to twenty four hours, 1.0 % ME up to twelve hours 

while 5.0 `)/0 ME is not effective up to six hours. 

STAGE XIV : 

ME produces identical pattern of deformities in the tadpoles of stages from 

IX to XIV indicating equal effectiveness. 0.01 % ME is not effective up to the end 

of seventy two hours, while 0.1 % ME is not effective up to the end of twelve 

hours. ME concentrations like 1.0, 5.0 and 10.0 % are not effective up to the end of 

six hours and 30.0 % ME is the most effective concentration. It seems that 

percentages of deformities developed in the tadpoles are not exclusively 

exposure period or ME concentration dependent. 

STAGE XVIII and VCII : 

As seen in previous stages, ME is equally effective in producing 

deformities in tadpoles of stages XV to XVIII and stages XIX to XXV. The present 

study shows that 0.01 % ME is not effective upto the end of forty eight hours and 
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rest of the concentrations of ME are not effective upto the end of twenty four 

hours indicating the resistance to deformities of these stages at these exposure 

periods. 

The present study establishes the intolerance of tadpoles to mining 

effluents of moderate to higher concentrations and also to very low 

concentrations if exposed chronically. Birge et al., (1979) reported the most toxic 

metals tested with the toad (Gastrophryne carolinensis) were mercury, silver, zinc, 

chromium, lead, cadmium, copper and arsenic and showed that acute LC5os for 

these heavy metals ranged from 1 to 100 ppb for the toad which indicates greater 

sensitivity relative to Xenopus laevis. Barinaga (1990) has summarized the 

mounting evidence that frog population are rapidly declining on a world-wide 

basis, possibly caused by acid rain, environmental toxins, climatic change and 

nickel contamination of surface waters could be contributory factor. 

In the present investigation mining effluents are inducing deformities and 

abnormalities like kinking, malrotation/loosening of intestine, flexing and 

stunted growth. As the mining effluents contain heavy metals like barium, 

cadmium, cobalt, chromium, copper, iron, magnesium, manganese, nickel, lead, 

strontium and zinc it is possible that the deformities and abnormalities produced 

in different tadpoles of stages could be due to the actions of heavy metals 

depending upon their absorption during the development of tadpoles by 

different tissues. Similarly have reported heavy metal induced deformities in 

some frog species (Miller and Landesman, 1978; Abbasi and Soni, 1984; Dawson 

et al., 1988; Berisha and Rozhaja, 1989; Plowman et al., 1991; Hopffer et al., 1991; 

Sunderman et al., 1991; Luo et al., 1993a,b; Read and Taylor,1994; Home and 
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Dunson, 1995). All the heavy metals might not have worked synergestically as 

magnesium and zinc could have decreased the severity, as they are known to 

antagonize the action of chromium and nickel (Herkovits and Perez-Coll, 1990; 

Luo et al., 1993). 

In the present work, the physico-chemical analysis of mining effluents has 

revealed that ME bears acicdic pH and lower hardness level. These conditions 

may have aggrevated the toxic actions of heavy metals as suggested by Home 

and Dunson (1995). It needs further investigation to find out which of the heavy 

metals have been absorbed and whether magnesium and zinc have antagonised 

the action of some heavy metals. Gosner and Black (1957), Pough (1976), Pough 

and Wilson (1977), Schlichter (1981) are of the opinion that acidification of water 

alone can impair larval developments. 

HISTOLOGICAL ALTERATIONS : 

The histological studies of skin, intestine, liver and kidney of different 

larval stages of Rana tigerina exposed to different concentrations of mining 

effluents (0.01 to 30.0 %) for exposure periods ranging between 6 hours to one 

hundred and twenty hours revealed histopathological alterations in the tissue 

architecture indicating deleterius actions of mining effluents. The nature and 

acuteness of damage of these tissues depend upon the strength of the mining 

effluents and the length of the exposure period. 

HISTOPATHOLOGY OF SKIN : 

The sections of the skin of tadpoles exposed to various concentrations of 

mining effluents for different time periods when stained with haematoxylin and 

eosin revealed the distortion of normal architecture of the skin. ME induces 
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disruption of the epidermal and dermal region. Mining effluents induce in a 

concentration and exposure period dependent manner necrosis of sensory 

papillae, vertical muscle, stratum spongiosum, stratum compactum and lesions of 

stratum Malpighii and stratum corneum. The low concentration of ME like 0.01 

and 0.1 do not have any effect up to the period less than forty eight hours for 

tadpoles of stages V and VIII which indicates that the tadpoles skins at early 

stages would escape damage while those of stage XIV could be escaping damage 

up to twelve hours and these up to stage XVIII to XXV could escape damage of 

the skin up to the end of twenty four hours when exposed to 0.01 % ME. The 

present study indicates that the low concentrations of ME could be toxic to the 

skin after twenty four to forty eight hours exposure while those above 0.1 `)/0 

could have pronounced damaging effect. The necrosis of sensory papillae could 

lead to the loss of tactile sensations. The lesions of stratum Malipighii could 

obstruct formation of new cells which may impair normal regeneration or repair 

of the skin layers and eventually formation of stratum corneum which could open 

the gates for infectious germs. The lesions of stratum spongiosum vis-à-vis of 

vertical muscle would disturb the basic architecture of skin leading to the 

loosening of tadpole skin which normally is closely fitted to the body of tadpoles. 

The loosening of tadpole skin could impair, disturb the dermal blood supply, 

thereby making the whole affected portion of the skin dead. Physiologically the 

tadpole skin does act as an endocrine organ (Wassersug, 1997). Anuran skin 

contains a vast pharmocopeia of neuroactive and vasoactive peptides (Erspamer, 

1994). As tadpole skin is an endocrine organ, it could release its hormonal 

products into the circulatory system in direct response to external influences on 
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the skin. The most obvious of these influences is water it self, which is absorbed 

through the skin. A great many peptides (tachykinins, bradykinins) bearing 

vascular and renal effects could act through feed back loops to regulate overall 

hydration. One possibility is that these compounds are washed from the skin into 

anurans as water comes in through skin itself. It is also known that during 

metamorphosis into a froglet which hops out of water, the skin gets irreversibly 

dried out (Wassersug, 1997). The lesions of the skin could lead to impairments of 

endocrine functions of skin leading to the disturbed vascular and renal functions. 

Besides this the tadpole skin is known to regulate ionic balance and is involved in 

passive and active transport of ions (Wassersug, 1997). The lesions, necrosis of 

skin could even lead to the disturbances of ion transports. Cadmium effects 

epithelial cells by inhibiting active ion transport by combining with sulfhydryl 

groups in the cell membrane and decreasing membrane potential (Kanno et al., 

1978; Arita et al., 1979; Arhem, 1989; Takada and Hayashi, 1981 a, b). Binding of 

lead in amphibian skin is reported by Ireland et al., (1979) and they attributed this 

binding to the affinity of the melanin to the metals. Binding of lead to the 

sulfhydryl groups and disruption of sulphur bridges is reported by Celentano et 

al., (1979); Kanno et al., (1978) reported zinc combining with sulfhydryl groups in 

the amphibian cell membranes and have shown the tendency of zinc to form 

complexes with certain ligands. Lana and Guttman (1973) reported iron, zinc 

and copper toxicity to tadpoles and Arhem (1980) reported nickel, zinc, copper 

and cobalt binding with sufhydryl groups in cell membrane. Metals are not only 

toxic to amphibians but are also readily accumulated in body tissues and can be 

concentrated as they are passed up the food web (Byrne et al., 1975; Baudo, 1976; 
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Browne and Dumont,1779). Metals can be concentrated in amphibian tissues 

many times environmental levels and in some instances the metals are retained 

for long period of time (Ireland, 1977; Browne and Dumont. 1779; Canton and 

Sloof, 1982). As many of the above cited heavy metals are present in the mining 

effluents, it is possible that the heavy metals are absorbed by the skin and may 

have bound to the sulfhydryl groups to get accumulated. The degree of 

absorption and accumulation could decide the severity of the lesions caused to 

the tadpole skin. Such tadpoles would fail to metamorphose normally. 

HISTOPATHOLOGY OF INTESTINE : 

The histopatholgical studies of intestine of tadpole stages from one to 

twenty two exposed to mining effluents ranging from 0.1 % to 30.0 % revealed 

that ME induce minor histopathological changes of the intestine of early tadpole 

stages like one to four in the form of swelling of villi of cells. The number of cells 

showing early necrotic changes depend upon the concentrations of ME and 

exposure period. The histopathological study of intestines of tadpoles of stages 

five to twenty two indicate ME induce necrotic lesions. The present study clearly 

shows that ME induced necrosis of villi cells, goblet cells, lesions of villi, lesions 

in the serosal layers, disruptions of lamina propria, muscularis mucosa as well as 

loss of villi, sloughing off of cells, ME induce these changes of concentrations and 

exposure period dependent manner. Every concentration of ME at every 

exposure period has induced lesions of villi, especially low concentrations of ME 

induce patchy necrosis of the intestine along with the lesions of villi. Only 

tadpoles of stage V escape significant damage up to twenty four hours but do 

show signs of beginning of necrosis as evidence by swelling of cells. The loss or 
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lesions, and necrosis of villi cells would disturb the normal functioning of villi i.e. 

absorption of solutes and electrolytes from the digested food along with the 

disturbances of process of digestion. The loss of cells of villi, their swelling would 

definitely disturb the secretory activities of intestine leading to the decrease in the 

secretions of intestinal hormones and enzymes. The necrosis of goblet cells would 

disturb the mucous secretions and the lesions of the muscularis mucosa would 

disturb the intestinal motility. If intestinal motility is disturbed the digestion and 

movement of the chyme in the intestine is likely to hamper. Besides this a 

putative hormone villi-kinin secreted by the mucosal layer is responsible for the 

movement of villi. If mucosal layer is disturbed/damaged it could lead to the loss 

or decrement of the motility of the villi. The lesions of the lamina propria would 

result into the loss of core of the villus, loss of lymphocytes, loose connective 

tissue and isolated smooth cells. These histopathological changes of villa in 

general would lead to serious disturbances in the digestion and absorption of 

food by the tadpoles which may affect the normal development and 

metamorphosis in general. 

The intestinal histopathological changes could be attributed to the 

different heavy metals present in the mining effluents. The tadpoles take in water 

through the mouth and pass it over the internal gills for respiration. During this 

process a little water/mining effluent is likely to pass into the gut. Besides this 

the intake of food could also promote entry of mining effluents into the gut. The 

heavy metals from this could be absorbed by the intestine and depending upon 

the absorption and accumulation of heavy metals the necrosis and lesions of the 

intestinal parts get effected. It is also possible that the heavy metals like nickel 
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could induce damage to the intestine by inducing oxygen free radical reactions 

(Sunderman, 1985; 1987; Hopfer et al., 1991). The present study also reveals the 

involment of lysosomal enzymes like AP and NSE as these enzymes' activities 

have been found to elevate during the bioassays of enzymes of intestine. 

Therefore the activities of lysosomes by the heavy metals or heavy metals 

associated reactions could lead to necrosis/lesions of intestinal villi or lamina 

propria, muscularis mucosa and there is a possibility of activation of the process 

of apoptosis by heavy metals which could promote death of intestinal cells. There 

are reports of cadmium induced inhibition of active transport by ephithelial cells 

by combining with sulfhydryl groups in the cell membranes and decreasing 

membrane potential (Kanno et al., 1978, Takada and Hayashi, 1981a,b). Also lead 

is known to bind to sulfhydryl groups and disruption of sulphur bridges leading 

to the change in structure of membrane proteins leading to changes of ionic 

channels (Celentano et al., 1979). The acute changes of the proteins of membranes 

could lead to lesions of membrane which eventually would promote loss of cells. 

The acuiety of protein alterations and membrane lesions, cell necrosis would 

depend upon the quantity of heavy metals entering the intestine, its absorption 

and accumulation. 

HISTOPATHOLOGY OF LIVER : 

The liver of the tadpoles of stages I to IV exposed to mining effluents 

ranging from 0.01 to 30.0 % undergo minor changes like paling of liver or 

discoloration of liver and the liver sections show the swelling of a few 

hepatocytes. The number of hepatocytes getting affected depend upon the ME 

concentration and exposure period. However, the livers of the tadpoles of stages 
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V to XXII undergo necrotic changes under the influence of mining effluents. 

Mining effluents induce histopathological changes like widening of sinusoids, 

increase of the number of Kupffer cells, necrosis of endothelial cells, decrease in 

pigmentation/pigment granules, necrosis of hepatocytes, pycnosis of nuclei of 

hepatocytes and accumulation of debris in the sinusoids. The degree of necrosis 

and acuiety of the changes depend upon the concentrations of mining effluents 

and the length of exposure of tadpoles to ME. 

The enlargement of sinusoids could be due to the stepping up of blood 

supply to the interlobular vein which pours it into the sinusoids and enlargement 

of sinusoids could subsequently reduce the blood pressure. The first phase of 

enlargement indicates excessive blood supply which could be the result of over 

accumulation and absorption of heavy metals which are taken to the liver for 

detoxification. Liver is known to be the seat of detoxification, especially the centre 

for the synthesis of metalloproteins which could bind to the heavy metals 

brought into the liver for detoxification. For these activities more blood need to 

be supplied to the liver. The over accumulation of heavy metals in the liver could 

result in the necrosis of hepatocytes which may be due to the formation of oxygen 

free radical reactions as suggested by Hopfer et al., (1991) or due to the activation 

of lysosomes. In the present investigation increase of the AP and NSE of liver is 

noted. The increases in these enzymes are known to be associated with necrosis of 

cells and tissues (Dingle and Fell, 1969). Kupffer cells are phagocytic, therefore 

increase of the number of Kupffer cells could be for phagocytosis of debris 

accumulated in the sinusoids due to the loss, necrosis of hepatocytes as well as 

endothetial cells and blood cells. Endothelial cells are known for pinocytosis and 
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accumulation of heavy metals in them could lead to their necrosis. The decrease 

in the pigmentation of liver could be due to decrease in number of hepatocytes or 

decrease in the synthesis of pigments by the hepatocytes as they are known to 

synthesize bile pigments like bilirubin. Discoloration of the liver of Necturus 

reported by Dawson (1933), in R.catesbeiana by Barrett, (1947) and in R. pipiens by 

Kaplan et al., (1967). These authors have attributed this to accumulation and 

metabolism of lead as well as phagocytosis of red blood cells. As mining effluents 

has lead in it along with other metals, it could be assumed that the discoloration 

of liver of tadpoles of stages I to IV and of higher stages is due to the lead or other 

heavy metal metabolism and also due to phagocytosis of blood cells by Kupffer 

cells when their number rises significantly. The damage/necrosis of hepatocytes 

under the influence of heavy metals from the mining effluents may lead to 

impairment of fat digestion since bile acids produced by hepatocytes act as 

cofactors in fat break down (Buchan, 1989). Also damage to the liver could lead to 

decrease in the glycogenesis as well as glycogenolysis. In short metabolism of the 

tadpoles would be affected under the influence of mining effluents leading to 

disturbances in the metamorphosis of tadpoles. 

HISTOPATHOLOGY OF KIDNEY : 

The routine haematoxylin-eosin stained sections of the kidneys taken at 

the end of six, twelve, twenty four, forty eight, seventy two, ninety six and one 

hundred and twenty hours after exposure of tadpoles of stage V to XXII to 0.01, 

0.1, 1.0, 5.0, 10.0 and 30.0 % mining effluents (ME) exhibited ME concentration 

dependent and up to a large extent exposure period dependent necrosis of 

glomeruli, proximal, distal and collecting tubules. The kidney of tadpoles of 
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stage I to IV some how appear to escape severe damage but the ME induce early 

necrotic changes of them as evidence by swelling of glomeruli, proximal and 

distal convoluted tubule. But the tadpoles of higher stages do not get affected by 

the mining effluents right from the end of six hours. 

The tadpoles exposed to a lower concentration of ME (0.01 %) show the 

renal damage as early as six hours in the form of widening of interstitium in all 

stages and swelling or necrosis of glomeruli, widening of Bowman's space in the 

higher stages of tadpoles up to the end of one hundred and twenty hours. Thus, 

in a large water body if mining effluents mix to such an extent that the water 

body possesses/reaches the heavy metal concentrations equivalent to that found 

in 0.01 % ME or even little less the renal tissues of the developing tadpoles of frog 

getting exposed for a period of few hours could get progressively damaged. On 

the other hand the heavy metal concentrations of the water body keeps on rising 

as the mining effluents keep on mixing in it during monsoon, especially in the 

areas adjacent or away from the mines. The tadpoles metamorphosing in them 

would get affected adversely. 

From the present investigation it appears that the glomerular changes of 

general are beginning with glomerular swelling and then progress towards 

distortion which include diruption of glomerular walls, vacuolisation, release of 

glomerular exudents into the Bowman's space, breaking of capillaries, exudation 

of glomerulus resulting in emptying of Bowman's capsule. The alteration in 

Bowman's capsule are like the widening of Bowman's space and disruption of 

Bowman's inner and outer walls. The number of glomeruli affected depend upon 

ME concentration and exposure period. In the stage where glomeruli are not 
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developed, the damage to the renal tubules is induced by ME. As the 

concentration of ME increases, more and more glomeruli become necrotic. 

The necrotic changes of the proximal and distal convoluted tubules are 

identical under the influence of various concentrations of mining effluents. The 

early necrotic changes of the proximal and distal tubules include swelling of 

tubule cells seen as early as twelve to twenty four hours. The prominent features 

of necrosis of proximal and distal tubules are : swelling of tubule cells, disruption 

of tubules, vacuolisation of tubule cells, loss of brush, luminal border, loss of 

basal membranes, pycnosis of nuclei of tubule cells, widening of interstitium and 

accumulation of debris in interstitium of the cytoplasmic or nuclear origin. 

Similarly different concentraions of ME induce necrosis of collecting 

tubules depending upon the concentration of ME and exposure period. Most of 

the necrotic changes of the collecting tubules are similar to those observed in the 

proximal and distal tubules. The causes of glomerular, proximal, distal and 

collecting tubules' necrosis could be the toxicity caused by the accumulation of 

heavy metals in the kidney. The tadpoles actively absorb water through skin 

(Wassersug, 1997) and the water coming through food into the intestine would 

bring in the heavy metals present in the water into the body of tadpoles. In the 

present case the mining effluents mixed in water could find their way through 

above mentioned routes into the tadpole body. The tadpoles may try to eliminate 

some of the heavy metals through kidney and in the process may accumulate 

some of the heavy metals which may cause renal necrosis depending upon the 

accumulation of heavy metals and the metals load of the kidney and body in 

general. There is hardly any report on the renal lesions caused by the heavy 
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metals in the tadpoles of frogs. However Bandiwdekar (1996) has studied the 

deleterious effects of mining effluents on the kidney of ducks and has attributed 

these renal necrotic changes to the accumulation of heavy metals in the kidney 

and blood as well. Similarly Nicholson and Osborn (1983) hold high tissue levels 

of cadmium and mercury responsible for kidney lesions of pelagic sea birds while 

Muirhead and Furness (1988) correlate kidney lesions of sea birds to the 

concentrations of mercury, cadmium, copper and zinc. Besides these, there are 

several reports on the heavy metal induced lesions in the fish kidney (Sobodash, 

1974; Rosenthal and Sperling, 1974; Benoit et al., 1976; Wong et al., 1977; Zit Ko 

and Carson, 1977; Kumar and Pant, 1981; Singh, 1983; Mukhopadhyay and 

Konar,1985; Sharma and Sharma ,1995). 

In the present work kidney necrosis of tadpoles could be due to the 

accumulation of heavy metals as mentioned earlier but it is difficult to correlate 

any single heavy metal to the renal damage and hence the combination of the 

various metals could be considered as factors responsible for renal damage, 

though up to certain extent a limited contribution of a specific metal's highest 

accumulation at specific time interval could also be admitted. Even, accumulation 

of lead or cadmium could also induce nephrotoxicity as suggested by some 

researchers. The renal necrosis may partly be also due to the altered blood supply 

as proposed by Tomera et al., (1991). 

HAEMATOLOGICAL CHANGES : 

Haemoglobin : 

The present study clearly shows that haemoglobin concentrations of the 

tadpoles of stages V to XIV increase under the influence of mining effluents in the 
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range of 2.59 to 2.95 grams per decilitre, especially the lower concentrations of 

ME produce more increase of haemoglobin concentration at the end of six hours 

and as the concentrations of ME increase the haemoglobin concentration drops 

but it remains quite above that observed in the controls till the end of seventy two 

hours. Thus, ME promotes inverse relationship of ME concentration and 

haemoglobin elevation. Elevations of haemoglobin concentrations at the end of 

one twenty hours are not so pronounced. In tadpoles of stage XIV, ME 

concentrations like 10.0 and 30.0 percent induce decrease in haemoglobin level 

from the end of over ninety six to one hundred and twenty hours. This typical 

pattern of alterations of haemoglobin concentrations of the blood of tadpoles of 

stages V to XIV under the influence of ME appears to be exclusively due to the 

identical pattern of changes of erythrocyte counts/numbers under the influence 

of mining effluents. Thus, the present work indicates that the elevations and the 

declines of haemoglobin levels in the blood of tadpoles are due to the elevations 

and declines in the erythropoiesis vis-à-vis erythrocyte counts under the 

influence of mining effluents. 

The mining effluents induce nearly concentration and exposure period 

dependent decline in the haemoglobin levels of tadpoles of stages XV to XVIII 

and the haemoglobin level falls below those exhibited by the control tadpoles. 

The mining effluents promote a perfect concentration and exposure period 

dependent decline in the haemoglobin levels of the tadpoles of stages XIX to XXII. 

The decline of haemoglobin in these stages of tadpoles is pronounced and 

progressive especially after twenty four hours exposure to ME. 
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The changes of the haemoglobin levels of the blood of tadpoles of stages 

XV to XXII under the influence of ME are significantly parallel to those changes 

observed in the erythrocyte counts of those tadpoles of stages exposed to mining 

effluents. There is hardly any report on the heavy metal induced alterations 

decline in the haemoglobin levels of tadpoles. However, Mathew et al., (1997) 

have reported lead nitrate induced reduction of haemoglobin contents of fish, 

Cyprinus carpio. There are also other reports of heavy metals induced reduction of 

Hb contents of fishes (Rai and Qayyam, 1984; Singh and Bhati, 1994). Therefore, 

the decline in haemoglobin of the late stages of the tadpoles could be considered 

due to the toxic actions of heavy metals from the mining effluents as observed in 

fishes. Dhanekar et al., (1985) reported increase of the haemoglobin contents of 

juvenile fishes (Heteropneustes fossilis and Channa punctatus) due to zinc toxicity. In 

the present investigation elevations in the haemoglobin levels of early tadpole 

stages (V to XIV) is seen. These elevations also run parallel to elevations of 

erythrocyte counts indicating direct relationship between the haemoglobin 

contents and erythrocyte number. Hence, it can safely be assumed that some 

heavy metals like zinc from ME with a possibility of involvement of other 

materials, might be influencing haemoglobin synthesis as well as erythropoiesis 

in the tadpoles. 

ALTERATIONS OF RBC COUNT : 

The present investigation reveals that the control tadpoles exhibit steady 

increase of the RBC count from the end of six hours to the end of one twenty 

hours but the tadpoles of stage XXII to XXV show sharp increase of the 

erythrocyte count from the end of forty eight hours onwards. 
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Mining effluents (ME) induce increase of the RBC count of tadpoles of 

stages V to VIII at the end of six hours and erythrocyte number ranges between 

0.87 to 2.56 millions per cubic millimeter. Lower concentrations of ME induce 

more increase of erythrocyte number while the higher concentrations of ME 

promote comparatively lesser elevations of RBC count at the end of six hours and 

subsequently the RBC count declines steadily up to the end of one twenty hours 

but it remains above that seen in control tadpoles. ME induce sharp increase of 

RBC counts of tadpoles of stages XIV to XVIII and the RBC count elevates to a 

range of 2.3 to 2.8 millions per cubic millimeter. Here also elevations of RBC 

counts are inversely proportional to the concentrations of mining effluents i.e. 

lower the concentration of ME higher is the elevation of RBC count. The RBC 

count is declined by ME subsequently. Ten and thirty percent concentrations of 

ME appear to decline RBC count at the end of one twenty hours while remaining 

concentrations of ME though decline the RBC count steadily, it remains above the 

control levels. 

The present investigation reveals that mining effluents promote decline of 

RBC count in tadpoles of stages XVIII to XXV. ME induces concentration and 

exposure period dependent decline of the erythrocyte count. Higher 

concentrations of ME induce sharp declines of RBC counts. The increase of the 

RBC count i.e. erythrocyte count in the tadpoles of stages I to XIV under the 

influence of mining effluents indicate the stimulating actions of ME on the 

erythropoiesis, especially low concentrations of ME appear to stimulate 

erythropoiesis more effectively than the higher concentrations and subsequently 

more absorption and retentions of heavy metals by the tadpole tissues from Me 
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could be suppressing erythropoiesis and destructions of RBCs, leading to the 

decline of RBC count. It is already known that erythropoiesis depends upon 

several factors, especially the formation of erythropoiesis-stimulating hormone 

(ESH) i.e. erythroprotein/erythropoietin plays significant role in induction of 

erythropoiesis. There are several factors which stimulate erythropoiesis, 

sysnthesis and release. They are : hypoxia /oxygen deficiency, bleeding, 

vasopressin, haemolysates, corticotropins. In the present work the skin and other 

organs receive injury which leads to bleeding and eventually the blood cells get 

destroyed. The products of blood cell destruction are called lysates. Therefore the 

bleeding and lysates could have promoted the erythropoietin release causing 

enhanced erythropoiesis. The skin of frog works as an endocrine organ and 

contains a vast pharmacopoeia of neuroactive and vasoactive peptides 

(Erspamer, 1994). One of these peptides is sauvagine (Corticotropin releasing 

hormone) and is found in high concentration in frog/tadpole skin and Wassersug 

(1997) opines that any perturbations of skin (i.e. injury) may lead to its release 

into the blood stream. As the skin of tadpoles is found to be injured due to the 

exposure to mining effluents even in early stages, the first batch of sauvagine 

could be released in circulation which could promote release of corticotropin and 

under the influence of corticotropin the erythropoiesis could be stepped up 

(Wassersug, 1997). This might be the reason for shooting up of RBC counts in 

early tadpole stages and as the tadpoles keep on growing to late metamorphic 

stages this sauvagine mechanism might not be working effectively but it needs 

further investigation to throw adequate light on this aspect. There is hardly any 

report on heavy metal induced changes of RBC counts of tadpoles. Dhanekar et 
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al., (1985) reported increase of the RBC count of juveniles of fishes like 

Heteropneustes fossilis and Channa punctatus due to zinc toxicity. May be zinc 

present in the mining effluents could be contributing to the elevation of RBC 

counts. The higher stages of tadpoles show sharp reductions of RBC counts at the 

end of six hours and these reductions progress further up to the end of one 

twenty hours. Similarly the tadpoles stages from I to XIV show reduction of RBC 

count as the length of exposure periods to ME increases. Kaplan et al., (1967) 

reported reduction of red and white blood cells of R. pipiens exposed to lead 

nitrates. Mining effluents contain lead along with other heavy metals which could 

also be contributing to the reduction of RBC counts. 

At present it is very difficult to say which of the heavy metal alone is 

influencing erythropoiesis. It is also possible that some of the metals from mining 

effluents are reducing the RBC count depending upon the absorption and 

retention/accumulation of heavy metals in the body which is also likely to 

depend upon the concentration of mining effluents and exposure period. Mining 

effluent has iron as a predominant metal and the lower concentration of ME 

when presented to tadpoles the iron absorbed by the skin and intestine in low 

concentration could elevate haemoglobin concentration and erythropoiesis to 

step up RBC count. Hence there could be increase of RBC count of some tadpole 

stages up to certain extent but it is difficult to know why the same fails in tadpole 

stages ranging from XIX to XXII. The reduction of total RBC count may also be 

due to the synergistic actions of heavy metals from mining effluents affecting 

erythropoiesis. Unfortunately there is hardly any work reported on the heavy 

metal induced alterations in the erythropoiesis of tadpoles. But the reductions of 
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the count of tadpoles are well in agreement with the findings of several 

researchers in the fishes, under the heavy metal toxicity. Banerjee and Kumari 

(1988) reported reduction of total RBC count in Anabas under the influence of 

zinc, mercury and cadmium. Shandilya and Banerjee (1989) reported 

erythropenia (decrease in erythropoiesis/RBC count) in Heteropneustes under the 

influence of zinc and chromium. Rao et al., (1990) reported decrease of total RBC 

count of fishes inhabiting polluted waters of Vishakhapatnam harbour. Allen 

(1993) reported lead induced reduction of total RBC counts in Oreochromis. 

Mukherjee and Sinha (1993) showed lead induced decrease of total RBC count of 

Labeo. Wepener et al., (1992) opined that the use of haematological methods as 

indicators of sublethal stress can supply valuable information concerning the 

physiological reactions to the changing environment. Saravanan and Natarajan 

(1991) argued that haematological parameter changes under metal toxication, are 

indicators of metallic stress. Therefore the reduction of total erythrocyte count of 

tadpoles under the influence of mining effluents may be considered as an 

indication of stress. The degree of renal necrosis would disturb the release of 

renal erythropoietic factor, thereby decreasing erythropoiesis (Ersler, 1975). 

ALTERATIONS OF WBC COUNT : 

The mining effluents induce concentration dependent increase of total 

WBC count of tadpoles of stages I to V and further they promote fluctuations at a 

few time intervals but elevate WBC count significantly at the end of one twenty 

hours. Mining effluents promote concentration dependent but steady increase of 

WBC count of tadpoles of stages VI to VIII but WBC count, almost levels of a six 

hour level at the end of twelve and twenty four hours and then steadily increases. 
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But mining effluents induce very sharp elevations of WBC counts of tadpoles of 

stages IX to XIV at the end of forty eight hours under the influence of 5.0, 10.0 

and 30.0 `)/0 ME. No other concentration of ME could induce such a sharp 

elevation while ME concentrations from 0.01 to 5.0 `)/0 induce elevation of WBC 

count in the concentration dependent manner at the end of six hours and 

subsequently ME induced steady elevation of WBC count. But ten and thirty 

percent ME induced pronounced and sharp increase of WBC counts at the end of 

seventy two hours. WBC counts increased in a ME concentration dependent 

manner, in tadpoles of stages from Xa to XXII and it slightly fluctuated at some 

time intervals but at the end of one twenty hours raised significantly. The WBC 

count was very high as compared with that observed in the control tadpoles. 

There is hardly any report on the actions of heavy metals or mining 

effluents on the leucocyte counts of tadpoles. Kaplan et al., (1967) reported decline 

of leucocyte count of adult frogs exposed to lead nitrate. The elevations of 

leucocyte count (WBC counts) are well in agreement with the observations made 

by several researchers on the action of heavy metals in the fish leucocyte counts 

(Shandilya and Banerjee, 1989; Rao et al., 1990; Gill and Epple, 1993; Alkahem, 

1994; Allen, 1994). The fluctuation of leucocyte count at few intervals could be 

due to the variations of plasma heavy metal levels and variations in 02 supplies 

as well as due to the variations in depositions of heavy metals in the skin, kidney, 

liver. Menkin (1955) isolated two polypeptides, thermolabile and thermostable in 

the protein fractions of cell exudants and showed that these were the leucocytosis 

producing factors. In the present research the cellular exudents are released as a 

result of necrosis and these exudents may contain the leucopoietic . factors to 
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promote leucopoiesis. The sudden rise in these factors along with other 

leucopoietic factors could lead to a sudden spurt of WBC count at a few intervals. 

But it needs further investigation to find out how mining effluents induce 

elevation of leucopoiesis in tadpoles. 

ALTERATIONS OF WBC DIFFERENTIAL COUNT: 

The mining effluents induce significant changes of the lymphocyte and 

neutrophil counts of the tadpoles of various stages. 

LYMPHOCYTE : 

Mining effluents (ME) induce concentration dependent and to a certain 

extent exposure period dependent rise of lymphocyte counts of tadpoles of stage 

V. Especially at the end of one twenty hours all the concentrations of ME induce 

sharp rise of lymphocyte counts. ME induces concentration dependent and 

moreover exposure period dependent elevations of lymphocyte counts of 

tadpoles of stages VI to VIII but all the concentrations of ME except 10.0 % 

promote a slight decrease of lymphocyte. count at the end of twenty four hours. 

All the concentrations of ME induce concentration dependent elevations of 

lymphocyte counts but 0.01, 0.1 and 5.0 `)/0 ME induce fluctuations of lymphocyte 

numbers, of tadpoles of stages from XIX to XIV. But Me induces sharp elevations 

of lymphocyte count. 0.01 % ME induces progressive increase of lymphocyte 

count up to the end of forty eight hours but subsequently drops the lymphocyte 

count sharply up to the end of one twenty hours. Similarly 0.1 % ME reduces 

lymphocyte counts sharply at the end of one twenty hours. ME induces 

concentration dependent elevations of lymphocyte counts of tadpoles of stages 
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from XIX to XXII at the end of six hours but subsequently all the concentrations of 

ME except 10.0 and 30.0 `)/0 promote fluctuations of lymphocyte counts. 

NEUTROPHIL COUNTS: 

ME induces concentration and exposure dependent decrease of the 

neutrophil counts of the tadpoles from stages I to XIV, especially the neutrophil 

counts drop sharply up to the end of one twenty hours. But in tadpole stages 

from IX to XIV ME induces sharp decline of neutrophil counts at the end of forty 

eight hours to elevate steadily up to the end of ninety six hours. However though 

neutrophil counts are elevated they are far below to those observed in control 

tadpoles. Similarly 0.01 % ME induces drop in neutrophil count upto forty eight 

hours in tadpoles of stage VIII, and then the neutrophil counts increase steadily 

up to the end of one twenty hours, however the neutrophil count remains quite 

below the normal level. Rest of the ME concentrations induce steady decrease of 

neutrophil counts in an exposure and concentration dependent manner. 

Interestingly 0.01 % ME induces slight increase of neutrophil counts of tadpoles 

of stages XIX to XXII at the end of twenty four hours only. ME concentrations like 

0.01 to 5.0 `)/0 promote fluctuations but reductions of neutrophil counts. ME 

concentrations like 10.0 and 30.0 % induce sharp reduction of neutrophil counts at 

the end of six hours and then steadily decline further. 

Interestingly all the stages of tadpoles show the presence of lymphocytes 

and neutrophils only. There is hardly any report on the heavy metal induced 

alterations of the tadpoles' differential count but the heavy metal induced 

alterations of the WBC differential counts have been reported for fishes. 

Shandilya and Banerjee (1989) reported increase of lymphocytes of fishes exposed 
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to zinc and chromium. Rao et al., (1990) have observed increase of lymphocyte 

count and leucocytosis under the synergistic action of Pb, Cd, Cu, Fe, Zn and Mn 

in fishes inhabiting polluted waters. Therefore, rise of lymphocyte count could be 

considered as the effect of heavy metals on the leucopoietic tissue as mining 

effluents bear heavy metals but it is difficult to judge which of the heavy metal/s 

are promoting lymphocytosis. The drop in neutrophil counts be considered as a 

negative reaction to lymphocyte count or a compensatory action. It may also be 

due to the decrease of neutropoietin, a factor responsible for neutrophil 

formation, under the influence of mining effluents. A sudden spurt in neutrophil 

counts could be due to the sudden release of neutropoietic factors during necrosis 

(Chatterjee, 1977). The fluctuations of lymphocytes/neutrophil numbers could be 

due to the fluctuations in blood retentions of heavy metals and degree of necrosis 

as well as release of leucopoietic factors. 

However, it needs further investigation to throw more light on the actions 

of mining effluents on the leucopoietic tiisue of tadpoles and differntiation of 

leucocytes. 

ALTERATIONS OF BLOOD PLATELETS : 

ME induces increase of blood platelet counts independent of ME 

concentration and exposure periods in tadpoles from stage I to V. But 0.1 `)/0 ME 

induces decrease of blood platelet count at the end of twelve hours while at the 

end of twenty four hours 0.01. 0.1, 1.0 and 30.0 % ME induce decrease of blood 

platelet counts. At the end of forty eight, seventy two and one twenty hours 0.01 

% ME induces decrease of blood platelets counts while rest of the doses induce 

rise and fluctuations of blood platelet counts. ME induces concentration 
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dependent (except 0.01 %) and exposure period dependent elevations of blood 

platelet counts in the tadpole stages from VI to VIII. Only 0.01 % ME induces 

reduction of blood platelets counts at the end of one twenty hours. However all 

the concentrations of ME (except 0.01 %, 0.1 %) induce reductions and 

fluctuations in blood platelets counts of tadpoles of stages from IX to XIV but 0.1 

% ME induces elevations of blood platelets counts at the end of twelve, twenty 

four, forty eight and ninety six hours. But ME induces significant elevations of 

blood platelet counts above the normal level at almost all the exposure periods in 

tadpole stages from XV to XVIII. Only 0.01 and 0.1 % ME induce decline of blood 

platelet counts at the end of one twenty hours. Interestingly all the concentrations 

of ME induce concentration and exposure period dependent sharp elevation of 

blood platelet counts of the tadpoles of stages from XIX to XXII. 

It is known that the blood platelets are useful for repairs of capillary 

endothelium, initiation of blood clotting and assisting haemostatic mechanism. 

The ME induces necrosis of the kidney, skin, liver, intestine, glomerular 

capillaries and may also be causing injuries to some other tissues which result in 

bleeding. The increase of the production of blood platelets may be in response to 

the necrosis and bleeding in order to effectively clot the blood, repair the 

capillary endothelia of glomeruli. Therefore, the rise and fluctuations of the blood 

platelet number may be considered due to the variations in the degree of necrosis 

and bleeding as well as partly due to the variations in the activation of 

megakaryocytes like tissues of tadpoles responsible for the formation of blood 

platelets. The decrease of the blood platelets could be due to the increased 

absorption and deposition of heavy metals from the mining effluents in the tissue 
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responsible for the formations of megakaryocytes like cells. Deposition and toxic 

action of heavy metals may inhibit the process of blood platelet formation which 

result in the decrease of blood platelet numbers. The fluctuations of blood platelet 

counts could be due to the fluctuations in the depositions of heavy metals, their 

elimination from the blood and the degree of inhibition of haemopoietic tissues 

related to the megakaryocyte formations, especially the stem cells like cells. There 

is hardly any report on the heavy metal induced alteration of the blood platelet 

counts of any animal. However, Bandiwdekar (1996) studied the effect of mining 

effluents on the blood platelet counts of mallard-ducks where in he observed rise 

in fluctuations in blood platelet counts under the influence of various 

concentrations of ME and these changes were independent of ME concentrations 

but were dependent on necrosis of kidney and other tissues. The kidney is known 

to haemopoietic tissue of tadpoles (Wassersug, 1997) and the degree of necrosis of 

Kidney would affect the platelet count as in the present work, ME is found to 

induce necrosis of kidney. 

BIOASSAY OF PLASMA : 

ALTERATIONS OF TOTAL PROTEIN CONCENTRATIONS : 

All the stages of tadpoles get equally influenced by the mining effluents. 

Mining effluents (ME) induce concentration and exposure period dependent 

elevations of the total protein concentrations of the plasma. Low concentrations 

of ME induce comparatively less elevations of plasma protein concentrations if 

compared with the elevations promoted by higher concentrations of ME but if 

compared with the total protein concentrations of the plasma of control tadpoles 

the elevations of the plasma protein levels induced by 0.01 % ME are highly 
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significant and as exposure period increases there is successive increase of plasma 

total protein levels. 

In the present investigation mining effluents (ME) are found to induce 

necrosis of skin, intestine, liver and kidney and may also be inducing injury to the 

other organs. The rise of plasma total protein concentrations may be considered 

as due to the necrosis of skin, intestine, liver and kidney as well as due to the 

injury to other organs and the proteins from the necrotic tissues may be passed 

down the blood as per Merill's hypothesis (1956), thereby increasing the plasma 

protein levels. All the concentrations of ME induce necrosis and the degree of 

necrosis depended upon the exposure period, therefore the plasma protein levels 

elevate for all concentrations of ME and increase progressively as the exposure 

period increases. Slight variations observed in the plasma protein levels at a few 

exposure periods and tadpole stages could be due to the related variations in the 

degree of necrosis, number of cells under going necrosis and passing of some 

proteins against the concentration gradient into the extra cellular spaces. 

Unfortunately there is hardly any report on the heavy metal induced or mining 

effluents induced alterations of the plasma proteins of the tadpoles and frogs in 

general. Kaplan et al., (1967) recorded reduction in erythrocyte count of R. pipiens 

under the influence of lead and in the present investigation the decrease in the 

red blood cell count is observed under the influence of ME as the exposure period 

increases. Thus the destruction/degeneration of RBCs could also contribute to the 

exposure period dependent elevations of plasma proteins. Bandiwdekar (1996) 

has observed mining effluents induced elevations of total proteins of the plasma 

of ducks and the elevations were reported to be concentration dependent. 
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ALTERATIONS OF ACID PHOSPHATASE : 

The control tadpoles exhibit successive increase of AP activity from the 

end of six hours to the end of one twenty hours but mining effluents induce 

concentration and exposure period dependent significant increase of the AP 

activity of the plasma of all the stages of tadpoles. All the stages of tadpoles 

except VI to VIII exhibit a distinct ME concentration effect on the AP activity of 

the plasma but the plasma of the tadpoles stages VI to VIII exhibit a narrow 

difference of the AP activity under the influence of various concentrations of ME 

though ME concentration effect is evident. The tadpoles of stages XV to XVIII 

exhibit a very pronounced elevation of AP activity under the influence of 30.0 

percent ME. 

The rises of the plasma AP activity may be occurring due to the 

progressive necrosis during which AP passes down to the blood, thereby 

increasing plasma AP levels (Merin et al., 1956). In the present investigation ME 

induced necrosis of skin, intestine, liver and kidney of all the tadpole stages has 

been observed and these necrosis are ME concentration and exposure period 

dependent. Role of AP in necrosis of tissues is well documented. During necrosis 

AP gets released from the injured tissues. Many researchers have shown that the 

increase of plasma/serum AP are due to the damage to the cells of an organ. 

Therefore, the ME concentration and exposure period dependent elevations of the 

plasma AP of the various stages of tadpoles could be due to the release of AP 

from the necrotic tissue and its subsequent passing down into the blood. Rees et 

al., (1961); Fox et al., (1962); Rees and Schotlander, (1963); Slater and Greenbaum, 

(1965) have shown that the carbon tetrachloride induced liver necrosis promoted 
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rapid elevations in the serum enzyme activities due to the leakage from damaged 

tissues. Dingle and Fell (1968) suggested the scavenging action of AP during 

necrosis. The liver ischemia releases lysosomal enzymes into the plasma/serum 

(Duved and Beaufay, 1959; Bassi and Barnelli Zazzera, 1964; Kerr, 1965). Baccino 

et al., (1965), Alpers and Isselbacher (1967) have reported the release of lysosomal 

enzymes during liver injury. Clinical studies have shown correlation between the 

severity of the diseases and the degree of enzyme activities in the serum. 

Elevations of AP levels in the blood circulation after the tissue injury have been 

reported by Janoff et al., (1962). Badiwdekar (1996) observed increase of serum AP 

activity of the ducks under the influence of mining effluents and attributed it to 

the degree of necrosis induced by ME to the liver and kidney. Therefore, on the 

basis of above reports, it can be inferred that the progressive elevations of plasma 

AP activity could be due to the leakage of AP activity from the necrotic tissues of 

the tadpoles under the influence of mining effluents. It is worth to note that 

several researchers have identified the AP activities in the blood and other tissues 

of amphibians and frog tadpoles in particular (Ponz, 1947; Krugelis, 1949-1951; 

Cafiero et al., 1950; Kind and Macchi, 1952; Burgos, 1955; de Cesaris-Coromaldi, 

1955; Longley, 1955). However, none of them has studied AP activity of tadpoles 

under the influence of either heavy metals or mining effluents. 

ALTERATIONS OF NON-SPECIFIC-ESTERASE : 

The control tadpoles showed a very low activity of NSE of plasma and 

NSE activity slightly elevates as the tadpoles grow. Mining effluents (ME) induce 

concentration and exposure period dependent significant increase of the NSE 

activity of the plasma of all the stages of tadpoles. However, ME fails to induce a 
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vast difference in the NSE activity under the influence of successive 

concentrations of ME though ME concentrations effect is promoted. 

The ME concentration and exposure period dependent progressive 

elevations of the plasma NSE activity of all the stages of the tadpoles could be 

explained on the basis of acuiety of necrosis as well as progress of necrosis along 

with the involvement of number of cells/tissues in necrosis. Like AP, NSE is also 

a lysosomal enzyme. During necrosis, the NSE being lysosomal be getting 

released or leaked from the necrotic skin, intestine, liver and kidney of the 

tadpoles, thereby passing down into the blood circulation (Merill et al., 1956) 

causing elevation of plasma NSE activity. Other researchers have also suggested 

the release of lysosomal enzymes from the necrotic tissues to the blood (Zelman et 

al., 1959; janoff et al., 1962; Alpers and Isselbacher, 1967). Bandiwdekar (1996) 

observed progressive elevations of NSE activity of the serum of ducks exposed to 

mining effluents. 

Interestingly, the pattern of changes of the NSE activity of plasma of 

tadpoles exposed to ME is almost identical to that observed for the AP. As both 

the AP and NSE are lysosomal enzyme and lysosomal enzyme activities are 

known to elevate during necrosis (Dingle and Fell, 1968-1973), it can be inferred 

that elevations of NSE activity and its progression observed in the plasma of 

tadpoles are due to the necrosis of different tissues of tadpoles under the 

influence of heavy metals from the mining effluents as these enzyme gets 

released from the necrotic tissue into the blood. 

ALTERATIONS OF ALKALINE PHOSPHATASE ACTIVITY (A1P) : 
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The mining effluents induce concentration and exposure period dependent 

elevations in the AlP activity of the plasma of tadpoles of all the stages i.e. from I 

to XXII. Interestingly the pattern of alterations of A1P activity of plasma of 

various tadpole stages exposed to mining effluents was almost identical. 

However, ME could not induce pronounced elevations of the AlP activity of the 

plasma at the end of six hours in all the tadpoles of different stages but at the end 

of one twenty hours, AlP activity of the plasma elevated considerably in all the 

tadpoles. At every exposure period, though ME induced concentration 

dependent elevations of the plasma A1P activity, the differences in AlP activity 

under the regimen of different ME concentrations were very narrow. 

The present investigation has shown the induction of ME concentration 

and exposure period dependent necrosis of skin, intestine, liver and kidney as 

well as reduction of the erythrocyte number which partly could be due to the 

destruction/degeneration of some erythrocytes. The rise in the AlP activity of 

plasma is well documented (Keele et al., 1992). Ponz (1947) reported ALP activity 

from the liver, pancreas, lung, intestine and bile of embryonic to larval stages of 

Bufo vulgaris. Krugelis (1949-1951) showed AlP activity in all the tissues of A. 

mexicanum and X. laevis. Cafiero et al., (1950) demonstrated AlP activity in 

different tissues of Triton cristatus. Kind and Macchi (1952) studied the AlP 

activity from kidney, heart, liver, spleen and muscle of R. pipiens while de 

Cesaris-Coromaldi (1955) studied AlP activity from the embryonic tissues and 

from tadpoles of Bufo vulgaris and showed that AlP activity is more in caudal 

than in cephalic regions. Similarly Burgos (1955) showed the AlP activity in Rana 

pipiens, histochemically. Therefore the elevations of the A1P activity of the plasma 
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of all the tadpole stages of R. tigerina could be considered due to the necrosis of 

skin, intestine, liver and kidney as well as other organs under the influence of ME 

and several researchers have clearly demonstrated the presence of AlP activity in 

several tissues of many frog species. The progressive increase of AlP activity of 

plasma could be due to the progressive necrosis induced in different organs of 

tadpoles by ME in accordance with different concentrations and exposure 

periods. Bandiwdekar (1996) has demonstrated elevations of the AlP activity of 

the serum of ducks exposed to mining effluents. Hence successive rises of plasma 

AlP activity could be due to the release of AlP from the necrotic tissues of 

tadpoles into the blood circulation as suggested by Merin et al., (1956). 

ALTERATIONS IN ELECTROLYTES : 

SODIUM : 

Mining effluents induce concentration and exposure period dependent 

elevations of the plasma sodium concentrations of the tadpoles of stages I to V. 

Especially elevations of the sodium levels reach peak levels at the end of ninety 

six hours to decline sharply at the end of one twenty hours. Almost similar 

pattern of changes of the plasma sodium levels are promoted by ME in rest of the 

tadpole stages but in the stages VI to VIII 0.01 to 1.0 percent ME induce decrease 

of plasma sodium levels at the end of six hours while at the end of one twenty 

hours sodium plasma level drops under the influence of 0.01 and 0.1 % ME. ME 

induce concentration dependent increase of the plasma sodium levels of the 

tadpoles of stages from IX to XVIII at the end of six hours but subsequently it 

reduces slightly or elevates slightly at the end of twelve hours and then generally 

elevates successively up to the end of ninety six hours to reduce once again 
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sharply. Low concentrations of ME induce comparatively sharp decline than the 

larger concentrations of ME. However plasma Na + levels are seen above the 

control levels. ME promote concentration dependent elevations of the sodium 

concentrations of plasma of tadpoles of stages from XIV to XXII at the end of six 

hours. Then the pattern of changes of the sodium concentrations of plasma of 

tadpoles remain nearly same. Kanno et al. (1978) have reported altered 

permeability of epithelial cells of newt stomach under the influence of zinc. 

Arhem (1980) observed altered permeability of sodium ions in myelinated nerve 

fibres of Xenopus laevis. Fromm (1981) examined osmoregulation across Rana 

pipiens skin in vitro at various pH levels and observed decreased flux of sodium 

ions into the skin, reducing overall transport. However, in the present 

investigation the necrosis of skin, intestine, liver and kidney has been observed 

and as a result the sodium ions from the necrotic tissues would be released into 

the blood as per Merill's (1956) hypothesis. The number of ions leaking or 

releasing from the necrotic tissues into the blood would depend upon the degree 

of necrosis and not upon the altered permeability of epithelial cells or 

integument/skin of tadpoles. Therefore, the ME concentration dependent 

elevations of the plasma sodium levels could be considered due to the release of 

sodium ions into the blood depending upon the degree of necrosis of tissues 

which has been observed to be dependent upon the concentrations of ME and 

exposure periods. The decrease of the sodium concentration of the plasma could 

be attributed to the leakage of some sodium ions into the extra cellular spaces as 

well as their elimination by the kidney of tadpoles due to the impairment of renal 
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functions and renal regulations of ions by the skin which acts as an endocrine 

organ in tadpoles (Wassersug, 1997). 

POTASSIUM : 

The potassium levels of the plasma of control tadpoles of stages from I to 

XXII show steady increase while potassium levels in the plasma of control 

tadpoles of stages XXII to XXV shoot up from the end of forty eight hours to the 

end of one twenty hours. 

Interestingly mining effluents induce concentration and exposure 

dependent elevations in the potassium levels of plasma of all the stages of 

tadpoles and only at the end of one twenty hours ME induce decline of potassium 

levels of plasma. Tadpoles of only stages XXII to XXV promote decline of 

potassium levels of plasma below the control level at the end of one twenty hours 

under the influence of 0.01 % ME. Rest of the concentrations of ME though 

decline potassium levels of plasma at the end of one twenty hours, they fail to 

bring the potassium level below the control levels and the decline of potassium 

levels is such that relatively higher doses decline K+ concentrations more than the 

higher concentrations of ME indicating the decline in effectiveness of lower 

concentrations of ME at the end of one twenty hours. In case of tadpoles of stages 

I to V, 0.01 % ME can induce elevations of potassium level of plasma at the end of 

six hours to decline it slightly at the end of twelve hours and subsequently it 

shoots up K+ concentration steadily up to the end of forty eight hours to remain 

unchanged up to the end of one twenty hours. 

The present investigation shows that ME induces almost identical pattern 

of potassium concentration changes of the plasma of all tadpole stages of Rana 
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tigerina. Arhem (1980) has reported zinc induced decrease in the kinectics of 

potassium system of alterations of K+ levels in myelinated fibres of Xenopus laevis 

while Kanno et al. (1978) reported alterations of potassium kinetics of epithelial 

cell membranes of the newt stomach and he attributed it to zinc combining with 

sulfhydryl groups. As mining effluents contain several heavy metals, they are 

likely to alter the postassium permeability of the epithelial cells of several 

organs/tissues by combining with sulfhydryl groups of the membranes. It may 

lead to alterations in potassium permeability. Based on the changes of potassium 

permeability the plasma potassium levels may elevate or decline. Besides this 

mining effluents (ME) are inducing progressive necrosis of the skin, intestine, 

liver and kidney which may result in progressive release of potassium from the 

necrotic tissues depending upon the degree of necrosis induced. It is also 

observed in the present investigation that ME induces necrosis of these organs in 

a concentration and exposure period dependent manner. The elevations of the 

potassium levels of plasma are also showing dependency on the ME 

concentrations and exposure periods. Therefore, elevations of the potassium 

levels of plasma of tadpoles could be considered due to the necrosis of tissues 

which releases/leaks potassium ions that get down to the blood circulation as per 

Merill's (1956) hypothesis. The contribution of disturbed membrane permeability 

in elevating potassium levels of plasma cannot be ruled out. The decreases in 

potassium concentrations of plasma could partly be due to the elimination of 

potassium ions by the injured kidney, its failure to reabsorb potassium ions, 

insufficient operations of ion regulatory mechanism and partly due to lesser 

leakages of necrotic tissues as the time passes as well as due to the release of some 
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potassium ions in the extra cellular spaces. Thus, it can be concluded that mining 

effluents induced necrosis plays a major role in the elevations of plasma 

potassium concentrations of the tadpoles. Bandiwdekar (1996) observed ME 

induced elevations of serum potassium levels of ducks. 

ALTERATIONS OF PLASMA CALCIUM CONCENTRATIONS : 

The present investigation shows that all the control tadpoles of all the 

stages except VI to VIII promote steady and marginal elevations of the plasma 

calcium concentrations. Only in case of tadpoles of stages VI to VIII promote 

sharp progressive increases of the plasma calcium levels from the end of twelve 

hours to the end of one twenty hours. It is also clear from the present 

investigation that mining effluents induce ME concentration and exposure period 

dependent manner elevations in calcium levels of plasma of all the tadpole stages. 

Though, calcium concentrations of the plasma of tadpoles elevate in ME 

concentraion and exposure period dependent manner, the differences in the 

elevated calcium levels induced by different concentrations of ME are narrow 

with respect to each other. 0.01 ME fails to induce increase of plasma calcium 

level beyond the level found in control tadpoles at the end of seventy two to one 

twenty hours. In general 30.0 % ME induces highest elevations in the calcium 

concentrations of plasma of all the tadpole stages. 

Unfortunately, there is hardly any report on the heavy metal induced or 

mining effluent induced changes of the calcium levels of tadpoles or frogs. 

However Bandiwdekar (1996) observed mining effluent induced elevations of the 

serum calcium levels of the ducks and he attributed these elevations to the 

leakage/release of calcium by the necrotic kidneys into the blood. 
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Therefore, the elevations of calcium levels of plasma of different tadpole 

stages under the influence of mining effluents could be attributed to the necrosis 

of skin, intestine, liver and kidney. In the present investigation the necrosis of 

skin, intestine, liver and kidney has been observed to depend upon the exposure 

period and mining concentrations. As a result of such necrosis cytoplasmic 

calcium ions, calcium bound to the proteins, calcium of mitochondrial and 

endoplasmic reticular origin are likely to be swept/released into the tadpole 

blood circulation (Merill et al., 1956) thereby elevating the plasma calcium level. 

Calcium is stored by Amphibians in unique structures, the paravertebral 

lime sacs (Schlumberger and Burk, 1953). These gland like structures envelope the 

spinal ganglia and contain calcium to the extent of over 90 `)/0 calcium carbonate in 

the form of the mineral, aragonite. Studies with intact Bufo bufo larvae and Ca-

lactate have shown that the calcareous deposits of the lime sacs are used for 

ossification and a decrease in the CaCO3 in these sacs occurs during growth and 

mineralizaiton of the skeleton which acompanies metamorphis (Guardabassi, 

1960). Therefore, the necrosis of these lime sacs under the influence of mining 

effluents may release more calcium into the blood circulation which could elevate 

plasma calcium level depending upon the degree of necrosis. 

ALTERATIONS OF PLASMA CHLORIDE LEVELS : 

The present investigation shows that the chloride levels of the plasma of 

control tadpoles of stages I to VIII and XV to XVIII remain almost unchanged up 

to the end of seventy two hours and then elevate marginally up to the end of one 

twenty hours, while the chloride levels of the control tadpoles of stages IX to XIV 

and XIX to )0(V remain almost unchanged up to the end of twenty four hours but 
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subsequently keep on rising up to the end of one twenty hours. The present 

investigation clearly shows that mining effluents induce nearly concentration 

dependent and exposure period dependent elevations of plasma chloride levels 

of almost all the stages of tadpoles except stages VI to VIII where 0.01 % Me 

induces decrease of chloride concentrations of plasma from the end of six to 

twenty four hours only. It is also revealed that all the concentrations of ME 

induce sharp elevations of the concentrations of chloride of plasma from the end 

of forty eight hours to the end of one twenty hours in all the stages of tadpoles. 

The present investigation also reveals that all the concentrations of ME induce 

almost identical pattern of plasma chloride elevations in almost all the tadpole 

stages. 

There is hardly any report on the heavy metal induced or mining effluent 

induced changes of the chloride concentrations of tadpoles. However, 

Bandiwdekar (1996) observed elevations in the chloride concentrations of the 

plasma of ducks exposed to mining effluents and he attributed these elevations to 

the leakage of chlorides from the necrotic tissues in to the blood circulation. 

Chlorides have been known as chief anions of extracellular fluid, esophageal 

secretions, gastric HC1 and several tissues and are known to be associated with 

water, acid-base balance and neuromuscular activity (Brown, 1964). 

The elevations in the chloride concentrations of the plasma of different 

tadpole stages under the influence of mining effluents could be due to the 

necrosis of skin, intestine, liver and kidney. The present investigation shows that 

mining effluents induce concentration and exposure period dependent 

progressive necrosis of skin, muscle associated with skin, liver, intestine and 
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kidney and the chlorides present in these tissues could be released/leaked in the 

blood circulation thereby elevating plasma concentrations of Cl -  ions. As the 

necrosis progresses there could be progressive release in the Cl -  ions from the 

tissue to the blood. Besides this the failure of the injured kidney/necrotic tubules 

to absorb enough Cl -  ions could result in elevating the Cl -  ion concentrations from 

the plasma. Also, the necrotic tubules may promote more elimination of Cl -  ions 

through urine as well as some Cl -  ions may be passed in to extracellular spaces 

resulting in the decrease in chloride ions at some time intervals/exposure 

periods. Thus, it is concluded that the mining effluents can induce elevations in 

the chloride concentrations of the plasma of different stages of tadpoles. 

BIOCHEMICAL ANALYSIS : 

PROTEINS : 

The present investigation shows that the protein levels in the skin, 

intestine, liver, kidney and muscles of the control tadpoles of all the stages exhibit 

a steady and progressive increase from the end of six hours to the end of one 

twenty hours. It is obvious that the protein levels in these organs would steadily 

increase as the tadpoles are developing rapidly in volume, size and weight which 

is possible due to the increased protein synthesis and addition of new proteins to 

carry out normal metabolic activities. The present investigation reveals that 

mining effluents induce reduction of the total protein levels of the skin, intestine, 

liver, kidney and muscles of all the stages of tadpoles in accordance with the 

concentrations of mining effluents and the length of exposure periods. The ME 
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can induce progressive decrements of the total protein levels of all the organs 

mentioned above of all the tadpoles stage as the length of exposure period 

increases. The mining effluents like 0.01 % can induce minimum reduction in the 

total protein levels of skin, intestine, liver, kidney and muscles of all the tadpole 

stages (I to XXV) at the end of six hours and the decline of total protein levels 

successively increase thereafter till the end of one twenty hours, while 30.0 % ME 

induces maximum reduction of the total protein levels of skin, intestine, liver, 

kidney and muscles of all the tadpole stages at the end of one twenty hours. 

These changes i.e. reductions of the total protein levels of skin, intestine, liver, 

kidney and muscles of all the tadpole stages could be attributed to the 

progressive necrosis of these tissues. In the present investigation the necrosis of 

the skin, muscles associated with the skin, liver, intestine and kidneys are 

observed and the degree of necrosis is observed to be dependent upon the 

concentration of mining effluents and the length of exposure periods. As the 

above referred tissues are getting mild to acutely necrotic, the cells of the effective 

tissues lose their integrity and some are sloughed off. Their cytoplasmic 

constituents gets broken down by the action of lysosomal enzymes as evidenced 

by the biochemical assays. Besides this the cytoplasmic debris is exuded in the 

lumina or interstitial spaces or interstitium (kidney) and the proteins pass down 

the tissue into blood circulation. The progressive increase of plasma protein levels 

substantiates this. Thus, the necrosis of skin, intestine, liver, kidney and muscles 

of different tadpole stages, probable loss of proteins through urine and faeces, its 

passing down the concentration gradient into the extracellualar spaces as well as 

blood may be responsible for the decline of total protein levels. Similar findings 
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have been reported by Bandiwdekar (1996) while working on actions of mining 

effluents on the ducks. 

GLYCOGEN : 

The present investigation shows that the glycogen contents of the skin of 

the control tadpoles of different stages increase successively and marginally from 

the end of six hours to the end of one twenty hours. The elevation of glycogen 

concentration of skin of tadpoles from the end of six hours to the end of forty 

eight hours is quite insignificant. The present research reveals that mining 

effluents induce concentration and exposure period dependent manner, 

progressive increase of the glycogen concentrations of skin of all the tadpoles 

stages under investigation. Therefore ME concentration like 0.01 % can induce 

minimum elevation of the glycogen concentration of the skin of all the stages of 

tadpoles at the end of six hours and it continues to elevate glycogen cocentration 

up to the end of one twenty hours, while 30.0 % ME induces maximum increase 

of the glycogen concentrations of the skin of all the stages of tadpoles at the end 

of one twenty hours. It is known that anuran skin contains a vast pharmacopoeia 

of neuroactive and vasoactive peptides (Erspamer, 1994). As anuran skin is an 

endocrine organ it could release its hormonal products into the circulatory 

system in direct response to external influences on the skin. Also it is known that 

sauvagine (Corticotropin- releasing hormone) in the central nervous system of 

tadpoles plays a key role in regulating metamorphosis (Denver, 1996-1997). But 

sauvagine is also found in high concentration in the skin of some anurans 

(Erspamer, 1994). Wassersug (1997) suggests that the possibility of the release of 

sauvagine from the injured skin of the anurans need to be tested. It is well 
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documented that tadpole skins are sensitive to the chemicals in their 

surroundings (Relya, 1995; Wassersug 1997). Recent work has shown that 

tadpoles in response to chemicals or stress signals suppress the feeding. 

Therefore, it is possible that under mining effluent stress, the endocrine activities 

of the skin of tadpoles gets activated to produce several hormonal products to 

cope up with the disturbances in ion regulation. Skin permeability, electrical 

potential, ion kinetics and changes of the structural units of membrane protein or 

skin protein, reported in amphibians by several authors under metal toxicity or 

pH stress (Kanno et al., 1978; Celentano et al., 1979; Fromm, 1981). This stepping 

up of endocrine activities of skin would require elevation of metabolic rate and to 

meet the energy demand or elevation of metabolic rate ample elevation of 

nutrient sources is essential. Therefore, such high demand of nutrient source (i.e. 

glucose) could elevate mobilisation of glucose/glycogen from different organs 

which may result in accumulation/elevation of glycogen contents of the skin 

which could result in the depletion of glycogen levels from the natural glycogen 

stores like liver and muscle. In the present investigation the depletion of liver and 

muscle glycogen of all the tadpole stages is observed which substantiates this 

possibility. Misyura (1996) also has reported elevation of glycogen levels of skin 

of amphibians exposed to heavy metal pollution. Therefore, the progressive 

elevations of glycogen concentrations of skin of tadpoles may be considered as a 

stress response to mining effluents as mining effluents induce progressive 

necrosis of skin and other organs. 

The glycogen concentrations of the liver and muscles of the control 

tadpoles of all the stages show steady increase from the end of six hours to the 
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end of one twenty hours. This increase of glycogen levels in control tadpoles 

could be considered as a measure of step up glycogenesis in liver or muscle as 

well as mobilisation of carbohydrates in order to increase its glycogen 

stores/stocks for the future growth and metamorphosis as both these events 

require huge energy budget . 

The present investigation reveals that mining effluents reduce the 

glycogen levels of both the liver and muscles of all the tadpole stages in a ME 

concentration and length of exposure period dependent manner. Therefore, the 

depletion of glycogen concentrations in these tissues could be due to the necrosis 

of these tissues induced by mining effluents and partly due to the mobilisation of 

glycogen from these organs to the skin which acts as an important endocrine 

organ demanding more cellular fuels like glucose/glycosyl units to cope up with 

mining effluent induced stress. Misyura (1996) has reported depletion of liver 

glycogen contents of amphibians under the stress of heavy metals. Thus it can be 

concluded that the ME concentration dependent and exposure period dependent 

reductions in the glycogen levels of the liver and the muscle could be due to the 

progressive necrosis of these organs and the mobilisation of glycogen from these 

organs to skin. The elevation of skin glycogen contents substantiate this. 

ALTERATION OF AP ACTIVITY : 

The present work shows that the control tadpoles of all the stages have 

very low AP activity in skin, liver, intestine, kidney and muscle, at all the 

exposure periods but as the tadpoles get exposed to varying concentrations of 

mining effluents (ME) for various lengths of time the AP activity from the 

different organs of the various stages of tadpoles shoot up. ME could induce 
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concentration dependent and exposure period dependent elevations of the AP 

activities of skin, intstine, liver, kidney and muscles of the tadpoles of stage V at 

the end of six and twelve hours or in few organs for a period ranging from six to 

one twenty hours. However, the different organs of all the tadpole stages except 

V could not show ME concentration dependent and exposure period dependent 

elevations of AP activity. In most of the tadpole stages the AP activity elevated 

sharply at the end of one hundred and twenty hours under the influence of 0.01 

or 30.0 % ME in general and in a few cases under the influence of 10.0 or 0.1 `)/0 

ME. 

The elevations of the AP activity of different organs of different tadpole 

stages under the mining effluents could be attributed to the induction of necrosis 

in these organs. The apparent variations in the degree of elevations of AP activity 

in different organs of various tadpole stages under the influence of ME could be 

due to the variations in : the degreee of necrosis, progress of necrosis, release of 

AP from these organs in to the blood circulation as well as into the extracellular 

spaces and the elimination of AP through urine. Generally necrosis once set in it 

progresses gradually and also keeps on involving more cells but in order to 

protect the other unaffected tissue the body tries to flush out/eliminate the AP or 

other proteolytic enzymes from the site of injuries. These processes would result 

in depletion of AP activity but as the exposure of organs to ME continues some 

other tissues may begin to undergo necrosis and depending upon the stage of 

necrosis, AP activity would appear to be elevated. Hence, concentration and 

exposure dependent rises in AP activity in these organs could not be observed 

though the AP activity increases as the necrosis progresses. 30.0 % ME elevates 
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AP activity very significantly and alarmingly as it can induce necrosis in 

relatively large number of tissues/cells as the exposure length increases. But the 

excessive rise of AP activity under the influence of 0.01 % ME is more puzzling. 

Bandiwdekar (1996) observed similar rise of AP activity under the influence of 

0.01 % ME in the kidney of ducks. The association of AP activity and necrosis is 

well established (Slater and Greenbaum, 1963). Slater and 

Greenbaum,(1963)observed that increase of AP activity of the kidney is 

proportional to the degreee of necrosis. Under the influence of ME, AP activity 

increases in proportion with the progress of necrosis as evidenced by its elevation 

of the blood plasma. Several researchers have reported the role of AP in necrosis 

of several tissues. Becker and Barron (1961) reported increase of AP activity in 

injured neurons. Gould and Holt (1961), Kawai (1963), Holtzman and Novikoff 

(1965) and Friede (1966) have reported increase of AP activity in the injured 

axons. Dianzani (1963) reported increased AP activity in the injured liver. The 

elevations of AP activity during necrosis and the role played by AP in necrosis 

are well documented and a vast literature is available on this aspect (Lysosomes 

in Biology and Pathology. Vol. 1 to 5 edited by Dingle and Fell Dean, Vol. I - 1969, 

Vol. II - 1969, Vol. III - 1973, Vol. IV - 1975 and Vol. V -1976). Sztriha et al., (1975) 

have opined that AP activity elevates to destroy the damaged cell/constituents. 

Dingle and Fell (1969) have shown the scavenging role of AP activity in diseased 

tissues. Kobayashi et al., (1971) reported high level of AP activity in 

damaged/injured tissues. 

It may possibly be that during necrosis some of the lysosomes get lost or 

the lysosomal enzymes from the cytoplasm may get passed on to the lumen 
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(intestine and renal tubules) along with the cytoplasmic debris, or washed into 

the surrounding water bodies or internal tissue fluid from the skin as skin of 

tadpoles is in direct contact with water and also is known to absorb water 

continuously. This continuous flow of water may wash off the necrotic tissues up 

to a large extent thereby decreasing or fluctuating the AP activity of skin and 

muscles as well. Merin et al., (1956) put up a hypothesis of passing down of 

enzymes against the concentration gradient into the extra cellular space and 

blood. The elevation of AP activity of the blood plasma substantiates this 

possibility, therefore it may also reduce the AP activity of different organs at 

different time intervals depending upon this release into the extra cellular space 

as well as blood, renal elimination and flushing of different organs by incoming 

water from the skin, faecal elimination through gut etc. 

ALTERATIONS OF NON SPECIFIC ESTERASE (NSE) : 

The present investigation reveals that the control tadpoles of different 

stages bear a marginal level of NSE activity at all the times. This work also shows 

that mining effluents induce concentration dependent elevations in the NSE 

activity of the skin of tadpoles of : stage V at the end of six hours, stage W to VIII 

at all the exposure periods, stage IX to XIV at the end of six hours, stage XV to 

XVIII at the end of six hours, stage XIX to XXV at all the exposure periods. 

During rest of the exposure periods of all the tadpole stages ME does not show 

concentration and exposure period effects on the NSE of skin. But at the end of 

one twenty hours the maximum NSE activity is induced by 0.01, 5.0, 10.0 % ME. 

Mining effluents' induce concentration dependent and exposure period 

dependent elevations in the NSE activity of the intestine of the tadpoles of : stage 
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VI to VIII at the end of six and twelve hours, stage IX to XIV from the end of six 

to forty eight hours, stage XIX to XXII at the end of six and twelve hours. 

During rest of the exposure periods of all the tadpole stages, mining 

effluents do not show concentration and exposure period effect on the intestinal 

NSE activity and ME induces maximum elevations of intestinal NSE activity 

under the influence of 0.01, 0.1 , 1.0, 5.0, 10.0 and 30.0 % concentrations at the end 

of one twenty hours. But mostly, 30.0 % ME induces maximum elevations in the 

intestinal NSE activity. 

Similarly, mining effluents induce concentration and exposure period 

dependent elevations of the NSE activity of the liver of the following tadpole 

stages: stage VI to VIII at the end of six, twelve and one twenty hours, stage XV to 

XVIII at the end of six hours. Mining effluents do not show ME concentration and 

exposure period effects on the NSE activity of the liver but induce maximum 

elevations of the NSE activity of the liver under the influence of 0.1, 1.0, 10.0 and 

30.0 % concentrations at the end of one twenty hours. 

The present investigation shows that mining effluents induce 

concentration and exposure period dependent elevations of the NSE activity of 

the kidney of the follwong stages of tadpoles: stage IX to XIV at the end of twelve 

hours, stage XV to XVIII at the end of six hours and stage XIX to XXV at the end 

of six, twelve and twenty four hours. The remaining stages of tadpoles do not 

show ME concentration and exposure period effects but ME induces maximum 

elevations of NSE activity of the kidney under the influence of 0.01, 0.1, 1.0, 10.0 

and 30.0 % concentrations at the end of one twenty hours. 
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The study of muscle NSE activity of the different tadpoles stages indicate 

that mining effluents induce concentration and exposure period dependent 

elevations. The following stages of tadpoles show ME concentration and 

exposure period dependent elevations of the NSE activity of the muscle : stage I 

to V at the end of six and one twenty hours, stage VI to VIII at the end of six to 

twelve hours, stage IX to XIV at the end of six, twelve and twenty four hours, 

stage XV to XVIII at the end of six, twelve, forty eight, seventy two hours and 

stage XIX to XXV at the end of six, twelve, seventy two, ninety six and one twenty 

hours. The remaining stages of tadpoles do not show the concentration and 

exposure period effects of ME on the NSE activity of muscle. However, ME 

induces maximum elevations of NSE activity of muscle under the influence of 5.0, 

10.0 and 30.0 % concentrations at the end of one twenty hours. 

The concentration dependent increments in the NSE activity could be 

considered as a result of progressive necrosis of skin, intestine, liver, kidney and 

muscles. The histological observations of necrosis support this. The association of 

lysosomes with necrosis and elevation of lysosomal enzyme actions are well 

documented (Becker and Barrom, 1961; Gould and Holt, 1961; Kawai, 1963; 

Holtzman and Novikoff, 1965; Friede, 1966; Diazani, 1963 and Dingle and Fell, 

1969). The NSE is a lysosomal enzyme, therefore, the elevations of the NSE 

activity in a progressive necrosis of tissue is well in agreement with earlier 

reports. The fluctuations in the NSE activity could be due to the variation in the 

degree of necrosis, progress of necrosis, the number of cell/area getting involved 

in necrosis under a particular concentration of mining effluent and also partly 

due to the number of enzyme molecules getting flushed by the incoming water 
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from the skin, the number of enzyme molecules passing down the concentration 

gradient into the extracellular space and blood (Merill et al., 1956) as well as on 

the number of enzyme molecules getting eliminated through cytoplasmic debris 

of kidney and intestine as they accumulate in the lumina. All these factors could 

be responsible for the apparent/virtual ME concentration independent elevations 

of the NSE activity in the tissues at various time intervals. 

ALTERATIONS OF ALKALINE PHOSPHATASE ACTIVITY (At,P): 

The present investigation reveals that the AlP activity in the skin, intestine, 

liver, kidney and muscles of control tadpoles of all the stages exhibit a steady 

elevation from the end of six to one hundred and twenty hours which is well in 

agreement with Krugelis' (1951) observations on Xenopus laevis and Amblystoma 

mexicanum. The liver and kidney of tadpoles bear relatively higher levels of AlP 

(A1P) activity and generally these organs are known to have higher AlP activity 

(Varley, 1976). 

It is clear from the present work that AlP activity of the skin of the 

following tadpole stages elevate in a mining effluents (ME) concentration and 

exposure period dependent manner: stage VI to VIII from the end of six hours to 

the end of one twenty hours, stage IX to XIV at the end of six hours, stage XV to 

XVIII at the end of six, twenty four, forty eight and seventy two hours, stage XIX 

to XXII at the end of twelve and twenty four hours. In rest of the stages AlP 

activity elevated maximally at the end of one twenty hours under the influence of 

1.0, 10.0 and 30.0 % ME but mostly 30.0 % ME induced maximum elevations of 

AlP activity at many occasions. At rest of the time intervals AlP activity 

elevations are not ME concentration dependent. 
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Mining effluents (ME) cannot induce ME concentration and exposure 

period dependent elevations of AlP activity of the intestine of all the tadpole 

stages, however a little exposure period effect is observed in a few cases. Mostly 

30.0 `V° ME induces maximum elevations of AlP activity of the intestine of all the 

stages of tadpoles at the end of one twenty hours and in a few occasions at a few 

intervals/exposure periods ME concentrations like 0.1, 1.0, 5.0 and 10.0 % induce 

hike of AlP activity of intestine of a few tadpoles stages. 

ME induces concentration and exposure dependent elevations of AlP 

activity of liver of the following stages of tadpoles: stage V from the end of six to 

twenty four hours, stage IX to XIV at the end of six, twelve and forty eight hours, 

stage XV to XVIII at the end of ninety six hours, stage XIX to XXII at the end of 

forty eight, ninety six and one twenty hours. Rest of the tadpole stages promote 

elevations of ALP activity independent of the strength of mining effluents. 

However, maximum elevations of AlP activity of liver of different tadpole stages 

is induced by 0.01, 0.1, 5.0, 10.0 and 30.0 % ME at the end of one twenty hours. 

ME induces reduction of AlP activity of kidney below the control levels in 

a concentration dependent manner, except for one or two concentrations in few 

cases in the following stages of tadpoles: stage IX to XIV at the end of six hours, 

stage XV to XVIII at the end of six hours and twelve hours, stage XIX to XXII at 

the end of six and twelve hours. Rest of the stages promote elevations of AlP 

activity of kidney irrespective of the strength of ME. However at the end of one 

twenty hours a maximum elevation of AlP activity is induced by 0.1, 1.0, 10.0 and 

30.0 % ME. 
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The ME concentration and exposure period dependent elevations of AlP 

activity and in general all the elevations of AlP activity of skin, intestine, liver, 

kidney and muscle of all the tadpole stages could be due to the progressive 

necrosis or state of necrosis promoted in these tissues as AlP activity in 

pathological conditions elevate in effected organs (Varley, 1976; Keele et al., 1992). 

Besides this the variations/fluctuations and even reductions of AlP activity of 

skin, intestine, liver, kidney and muscle of different stages of tadpoles could be 

due to the flushing of organs by incoming water, passing down of the enzyme 

molecules against the concentration gradient in to the extracellular space and 

blood (Merin et al., 1956) elimination of enzyme molecules through urine and 

excreta. Bandiwdekar (1996) observed similar changes of the ducks exposed to 

mining effluents. 

CHANGES IN ELECTROLYTES : 

SODIUM : 

SKIN : 

The present investigation reveals that the skin of control tadpoles of all the 

stages promote gradual but marginal increase of sodium concentrations from the 

end of six hours to the end of one twenty hours. The skin of the tadpoles of all the 

stages promote reduction in sodium concentrations under the influence of 0.01 ( 3/. 

ME at the end of six and twelve hours, while at the rest of the exposure periods 

the mining effluents induce concentration and exposure period dependent 

elevations of the sodium levels. The reductions of the sodium concentrations 

could be due to the necrosis of the skin and the altered permeability under the 

influence of heavy metals in mining effluents as observed by many researchers 
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while studying heavy metals toxicity to amphibians (Gosner and Black, 1957; 

Pough, 1976; Kanno et al., 1978; Celentano et al., 1979; Arhem, 1980; Fromm, 1981). 

However, the progressive necrosis and altered permeability if considered, there 

should be ME concentration and exposure period dependent decrease of skin 

sodium concentration but in the present work the sodium level appears to elevate 

from the end of twenty four hours to the end of one twenty hours. This could 

probably be due to the compensatory stepping up of homeostatic ion regulatory 

mechanism as sodium loss would disturb the several metabolic activities and 

cause an osmotic stress resulting in the death of tissue. Therefore, the skin must 

be stepping up the sodium transport/influx through it and also be trying to 

retain more sodium in the intact, non necrotic portions of the skin. 

INTESTINE : 

Mining effluents induce concentration and exposure period dependent 

increase of the sodium concentration of the intestine of all the tadpoles of all 

stages at the end of six to ninety six hours while at the end of one twenty hours 

0.1 and 1.0 % ME induce decrease of sodium levels of intestine. The elevation of 

intestinal sodium level of all the tadpole stages in spite of progressive necrosis 

could be viewed as a compensatory sodium influx or active transport to 

counteract loss of sodium from the necrotic tissues to avoid osmotic crisis and 

ionic imbalance. Also it should be noticed that sodium is an important ion 

involved in several metabolic processes and physiological process like nerve 

impulse transmission leading to heart ion homeostasis and also active transport 

of solutes by the intestine. Therefore by promoting influx of sodium/active 
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transport or by opening sodium channel of the membranes, the tadpoles could be 

trying to avoid ionic crisis. 

LIVER : 

0.01 and 0.1 % ME induce reduction of sodium concentration of the liver of 

all the tadpoles stages at the end of six and twelve hours while rest of the ME 

concentrations induce elevation of Na+ concentration of liver. From the end of 

twenty four to one twenty hours all the concentrations of ME induce 

concentration and exposure period dependent elevations of sodium concentration 

of the liver of all tadpole stages. As ME induces concentration and exposure 

period dependent necrosis, one should expect concomitant/proportionate loss of 

sodium ions. However, though there could be continuous loss of sodium ions 

hepatic cells of the liver must be stepping up the ion transport by activating 

active transport of sodium ions, opening of sodium channels, to counteract the 

loss of ions to avoid osmotic stress, water distribution between cells, plasma and 

intestinal fluid (Varley, 1976). The reduction of sodium ion concentration in the 

early phase could be due to the altered permeability and necrotic loss of ions 

under the influence of ME till ion regulatory mechanism starts operating. 

KIDNEY : 

At the end of six, twelve, twenty four hours 0.01 and 0.1 % ME induce 

reduction of the sodium ions while 5.0, 10.0 and 30.0 % ME promote elevations of 

sodium concentration of kidney. However, from the end of forty eight hours to 

the end of one twenty hours all the concentrations of ME induce concentration 

and exposure period dependent elevations of sodium levels of kidney of all the 

stages of tadpoles. The loss/reduction of sodium concentration of the kidney 
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could be attributed to the necrotic loss of ions into the blood and urine and 

extracellular spaces but the elevations of sodium levels could be attributed to the 

elevated Na+ ion transport of the renal tubules and its accumulation in the 

intestitium to achieve maximum absorbtion and retention of sodium ions to avoid 

osmotic stress/crisis, to promote retention of water in the interstitium for the 

normal functioning of organ in order to counteract and negate the continuous 

loss of sodium ions due to progression of necrosis. Varley (1976) has suggested 

the role of Na+ ions in retention of water in between cells and interstitial fluid. 

MUSCLES : 

All the concentrations of ME induce concentration and exposure period 

dependent elevations of the sodium ion concentrations of the dorsal muscles of 

all the stages of tadpoles. Though the progressive necrosis should result in the 

loss of sodium ions from the muscles, the increase of sodium ion concentration of 

the muscles of tadpoles may be attributed to the compensatory ion regulatory 

mechanism. By opening the Na+ channels, and actively transporting the Na+ ions 

the membranes of the muscles cells could be trying to avoid the osmotic 

stress/crisis, impairment of the membrane electrical potential which is essential 

for muscle contraction and stress on metabolic activities. This also could be to 

retain more water in the tissue fluids and cells as sodium ions are known to 

conserve/retain water in the tissue (Varley, 1976). 

ALTERATIONS OF POTASSIUM: 

SKIN : 

ME induce concentration and exposure period dependent decrease of the 

skin potassium level of all the tadpole stages from the end of six hours to the end 
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of twenty four hours and this reduction could be attributed to the loss of K+ ions 

by the necrotic tissue and altered permeability of the skin. Under the influence of 

heavy metals from the mining effluents (Kanno et al., 1978; Celentano et al., 1979; 

Arhem, 1980; Fromm, 1981). ME induces concentration and exposure period 

dependent elevations of K+ concentrations of skin of all the tadpole stages from 

the end of forty eight hours to one twenty hours. These elevations of potassium 

levels of skin could be considered as a compensatory reaction to the loss of 

potassium ions in the early exposure periods. These elevations of potassium 

levels of skin could be considered as a compensatory reaction to the loss of 

potassium ions on the early exposure periods. This elevations could be due to the 

stepping up of K+ transport by elevating active transport, opening of K+ channels 

and retention of K+ by the intact regions of the skin as K+ is required along with 

Na+ ions for the maintenance of toxic balance, osmotic pressure and normal 

membrane electrical potentials. 

INTESTINE : 

ME induces concentration and exposure period dependent elevations of 

the intestinal K+ levels of all the stages of tadpoles. Though ME concentration and 

exposure period dependent necrosis of intestine (intestinal villi in particular) is 

induced which could promote proportional loss of K+ ion, the elevations of K+ 

ions in the intestine could be attributed to a probable elevation of K+ transport by 

the intact villi by opening membrane K+ channels, increasing active transport of 

K+ ions in order to reduce the ionic imbalance, osmotic stress and disturbances in 

the membrane potentials. 
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LIVER : 

ME induces concentration and exposure period dependent reduction of the 

liver K+ levels of all the stages of tadpoles and this reduction of K+ concentration 

may be attributed to the necrotic losses, elimination of K+ through bile (Kaplan et 

al., 1967). 

KIDNEY : 

ME induces reduction of the kidney K+ levels of all the stages of tadpoles 

under the influence 0.01 and 0.1 % ME at the end of six to one twenty hours. Rest 

of the concentrations of ME promote a little increase of the K+ levels of kidney. 

The reduction of K+ levels could be attributed to necrotic loss, impairment of K+ 

absorption and its elimination through urine as in the present work, ME induced 

progressive necrosis of kidney is observed. The slight elevation of the K+ level 

could be attributed to the compensatory elevation of K+ transport/absorption by 

the intact renal tubules to avoid osmotic stress and impairment of membrane 

potential. 

MUSCLES : 

0.01 % ME induces reduction of K+ concentrations of muscle of all the 

tadpole stages from the end of forty eight to the end of one twenty hours. 

Similarly 0.1 `)/0 ME induces decrease of K+ concentration at the end of forty eight 

and one twenty hours. Rest of the ME concentrations induce increase of muscle 

K+ levels. The reductions of K+ levels of muscles could be attributed to the 

necrotic loss of K+ ions and reduced permeability of the membrane of muscle 
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fibres. The marginal elevation of the K+ concentration could be attributed to the 

improved permeability of membranes coupled with some active transport of K+ 

ions, opening of K+ channels to avoid osmotic stress and disturbed membrane 

potential. But this needs further investigation to throw more light on this aspect. 

ALTERATIONS OF THE CALCIUM LEVELS : 

Mining effluents induce concentration and exposure period dependent 

elevation of calcium concentrations of skin, intestine and muscle of all the stages 

of tadpoles at all the exposure periods, while ME induces concentration and 

exposure period dependent elevations of calcium levels of liver of all the stages of 

tadpoles from the end of six to ninety six hours and at the end of one twenty 

hours 0.01 % ME induces minimum elevation of calcium concentrations while 5.0 

°X. ME induces maximum elevations of calcium. In case of kidneys of tadpoles ME 

induces concentration and exposure dependent elevations of calcium 

concentrations from the end of six hours to the end of forty eight hours. But at the 

end of seventy two to one hundred and twenty hours maximum elevation of Ca++ 

concentrations correlates with the degree of necrosis of all the tissues under 

investigation. The elevation of Ca++ levels could be mostly attributed to the 

necrosis itself as the necrosis of tissues/cells would promote release of calcium 

bound to the organelle and proteins and partly to the opening of calcium 

channels of the membranes of intact as well as injured cells under the stress of 

heavy metals. The elevations of Ca++ levels could also be due to the leakage of 

Ca++ promoted by impaired ion transport, opening of voltage gated Ca++ 

channels as observed in necrotic neurons (Pazdernik et al., 1992). The ME 

concentrations might have elevated parathyroid and thyroid hormones from the 
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frog skin into the circulation which could increase cellular calcium (Howard, 

1989). The amphibian (tadpole) skin is known to act as an endocrine gland 

bearing thyroid/parathyroid hormones along with other ion regulating 

hormones (Wassersug, 1997). The probable activation of calcium pump could 

increase the Ca++ levels in the cells (Guyton, 1991). Calcium is known to be 

pumped into the internal vesicular organelles of the cell such as into sarcoplasmic 

reticulum of muscle cells and into the mitochondria of all cells (Guyton, 1991). 

Operation of such pumps in the tissues could increase the calcium levels from the 

intact cells in order to compensate the loss of calcium by the necrotic cells. It is 

difficult to say at this juncture which of the above cited mechanism is responsible 

for elevation of Ca++ levels of the skin, liver, intestine, kidney and muscles. It is 

also possible that all the above referred mechanisms could be operating together 

to contribute to the elevation of calcium ions. 

ALTERATIONS OF CHLORIDES : 

The present investigation reveals that mining effluents induce 

concentration and exposure dependent manner elevations of the chloride 

concentrations of skin, intestine, liver, kidney and muscles of all the stages of 

tadpoles at all the exposure periods. 

Several evidences suggests that Na+ and Cl -  are co-transported across the 

membranes by a carrier (Frizzell et al., 1979; Ericsson and Spring, 1982). Tht 

coupled carriers are capable of producing uphill transport of one partner and ti 

other partner moves downhill through a large gradient (i.e. secondary act 

transport). The coupled carrier scheme suggests that Cl -  can be transported u 

in to the cell. In the present investigation ME may be promoting the enhancf 



of these coupled carriers which may then elevate the Cl -  contents. In the present 

investigation ME induced concentration and exposure period dependent 

elevations of Na+ concentrations of skin, intestine, liver, kidney and muscles has 

been observed and these observations suggest the possibility of the operation of 

coupled carriers. Probably under the influence of ME this coupled carrier system 

is activated which may lead to more transport of chloride ions. It is established 

now that second messengers in the sequence of regulatory events within the cells 

include cAMP and Ca++ ions. Cyclic AMP may activate a protein kinase that 

phosphorylates and opens chloride channels thereby increasing the chloride 

transport. It is possible that ME could activate cAMP synthesis and activating 

protein kinases to promote phosphorylation to open Cl -  channels. ME may also be 

influencing another chloride regulatory route of p-adrenergic which may activate 

phospholipase C and inositol triphosphate which increases intracellular calcium. 

A rise in intracellular Ca++ has been shown to open Cl -  and K+ channels (Sterling, 

1989). 

Therefore, it can be considered that due to operations of the above 

mentioned mechanisms/routes the chloride levels of skin, intestine, liver, kidney 

and muscles of tadpoles are elevated under the influence of mining effluents. It 

needs further work to throw light on this aspect. 

Thus it can be concluded that the mining effluents even of a very low 

concentration can be harmful to the developing tadpoles exposed to these 

effluents even for a short period. Generally the tadpoles take about 50 to 55 days 

for completion of all metamorphic processes to emerge out as a miniature adult 

frog. If these tadpoles are exposed to ME for this length of time, naturally they 
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would succumb to the injuries well before they metamorphose, not only this the 

exposure of any tadpole of early/late stage could induce deformities or severe 

injuries. Therefore, ME could be considered as one of the decimating factors in 

operation in Goa causing depletion of amphibian species. It is also important to 

note that the amphibian populations are declining globally. 
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SUMMARY 



Pollution has been threatening the environment. As a result there is 

danger of loss or endangering of some precious animal species which are very 

sensitive to the environmental degradation. Though, earth is known to be the 

single planet having the richest biodiversity it is also true that several animal 

species have been wiped off. One of the factors responsible for desecration of the 

environment is mining activity. 

Though mining is considered as an important industry supporting 

Nation's economy, it is an activity which mars the beautiful environment. This, 

in turn harms the life sustained in it. Goa has been witnessing mining activities 

for quite a long time and also the profane illudement of her beauty. Mining in 

Goa has bedevilled several hectares of terrestrial habitat due to excavation as also 

due to stock piling of fresh mine spillages as well as mining ore rejects. 

It is interesting to note that mining rejects invariably contain iron ore 

percentages ranging between 40-58 `)/0. Such stock piled rejects create enormous 

sediment load and drainoffs during monsoons which unfortunately coincides 

with the breeding season of many-a-species. The drainoffs which are also known 

as mining effluents enter into the waterbodies around the mining area as well as 

the areas faroff from the mining sites. Collier et al (1970) have estimated the 

sediment load of 9457 tonnes/km 2 /year created by the effluents of mining origin. 

The water bodies contaminated with effluents could pose danger/harm to 

the animals living in them, especially, the acquatic forms like fishes and the 
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amphibians - particularly their metamorphic stages. The tadpoles are likely to be 

afflicted severely. It is observed (Desai, 1995) that the amphibian diversity of Goa, 

especially in the mining Talukas is severly affected in the last decade. 

There are several reports of toxic actions of industrial agricultural and 

mining wastes (Parulekar et al , 1986; Ganihar, 1990; Bandiwdekar and Desai, 

1998). Heavy metals like cadmium, lead, magnesium, mercury, selenium and 

zinc have been reported to cause toxicity to adult frogs and spawns (Dmowski 

and Karolewski, 1979; Fox and Sillman, 1979; Ghate and Mulherkar, 1980b, 

Brown and Dumont, 1980; Yoshizato, 1989; Schuytema et al, 1994). But there is 

hardly any report on toxicity promoted by mining effluents to the developmental 

stages of frog. Besides, there is virtually little information available till today on 

the toxicity caused by heavy metals to the developing tadpoles. 

Therefore, an attempt has been made to study the toxic effects of mining 

effluents on the developmental stages of the Indian Bullfrog, Rana tigerina 

(Daudin). 

Toxicity of the components of acid mine drainage (iron, zinc, copper) to 

amphibians was studied by Porter and Hakanson (1976). They found that the 

larvae were able to tolerate 20 mg/1 of iron but 30 mg/L produce mortality. 

Lande and Guttman (1973) found that the tadpole stage was more sensitive to 

such toxic effects than the egg stage. Higher mortality in the tadpole Stage has 

also been reported by Kaplan and Yoh (1961). Dumont and Schultz (1980) 

exhibited high mortality and teratogenic effects on X. laevis embryos exposed to 

sour water from a coal mine. The teratogenic effects ranged from tail flexure to 
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gross distractions of the longitudinal axis, as well as optic, cephalic, visceral and 

pericardial tissues. 

Huckabee et al. (1975) reported runoffs from rocks can be very acidic and 

have elevated metal levels which are highly toxic to amphibians. Porter and 

Hakanson (1976) reported stream water bearing hydrogen ion, copper, zinc and 

iron led to disappearence of B. boreas. Bantle et al. (1990) studied tetratogenic 

effects of Zn++ on Xenopus. Linder et al., (1991) studied the impact of mining 

activities on wet land and its biota directly through habitat destruction or runoff 

of sediments and contaminants. They reported that copper and cadmium were 

the most toxic metal species. Sunderman et al. (1991) showed a concentration 

dependent mortality and malformations such as gut malrotation, ocular 

anomalies, bent notochord, abnormal dorsal fin, fiscal dysplasia, cardiac 

deformities and dermal blisters when FETAX assay was carried out in the 

presence of cadmium chloride. Hopfer et al. (1991) observed Ni 2+ induced 

deformities in frog embryos. Metal ions of Cu++ and Zn2+ induced deformities in 

frog embryos. Metal ions of Cu++ and Zn2+ were shown to be potent teratogens 

for Xenopus, causing concentration - related increases of eye, gut, facial, 

notochord and cardiac anomalies (Luo et al., 1993a), Luo et al. (1993 b) found that 

Mg++ deprivation greatly enhanced and Mg++ supplementation significantly 

reduced the incidence and severity of the teratogenic and embryotoxic effects of 

Ni++, Co++, Zn++ and Cd+ Misyura (1996) has shown strong anthopogenic 

impacts of heavy metals resulting in ruination of spawn damaging the larvae and 

the metamorphs in Ukraine. 
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Kaplan et al. (1967) reported that adult Rana pipiens exposed to lead exhibit 

permanent loss of semi-erect posture, sloughing off of the integument, muscular 

twitching salivation, sluggishness and death. Dmowski and Karolewski (1979) 

suggested that amphibians are posed to a potential hazard due to accumulation 

of heavy metals gained through food. Misyura (1996) reported increase in 

glutamic acid content of liver proteins, increase in levels of phospholipids, 

cholesterol and total protein in the liver and skin of amphibians due to impact of 

heavy metals in Ukraine. He also observed decrease in the glycogen content of 

liver, but increase in the skin glycogen content. 

Goa has been witnessing extensive mining operations resulting in stock 

piling of mining spillages and mining rejects. Parulekar et al. (1986) reported 

decline in marine biota due to mixing of mining effluents in the marine 

environment. Amphibians are likely to be exposed and affected by mining 

effluents as they have bimodal life depending on both land and water, a sensitive 

skin which has to be moist for efficient gas exchange (Daniels, 1991) and have 

early developmental stages to be completed exclusively in water. Hence, the 

developmental stages are likely to be influenced by slightest contamination of 

mining origin. Therefore, it was felt necessary to investigate of mining effluents' 

contribution to the decline of amphibian species through their action on tadpoles. 

The fresh as well as six months old mine ore rejects were collected from a 

stretch of 1 km and then were mixed and stored in plastic drums. All the samples 

were stored in well sealed drums to avoid, oxidation and were used within a 

week of their collection. Then, the iron ore rejects samples were packed in boxes 

(3M x 3M x 25 cms) equipped with runoff collecting devices. Each box held 
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200kg of iron ore rejects. Five replications of each material were used. The boxes 

were put on 3 % slope and subjected to 10 cm rain by means of rain simulator 

(Morin et al., 1967). The rainfall from the simulator was caused by gravitational 

force. The glass double distilled water was used for simulated rainfall. The 

runoffs were collected and used for water analysis and heavy metal analysis. The 

heavy metal analysis showed the presence of barium, cadmium, cobalt, copper, 

iron, lead, magnesium, manganese, nickel and zinc. The runoffs contained 

maximum concentration of Fe (1.990 ± 0.420 mg/L) followed by Mn (0.857 ± 0.137 

mg/L), Ba (0.650 ± 0.1 mg/L), Cd (0.71 ± 0.02 mg/L) and Mg (0.214 ± 0.028 

mg/L). 

The tadpoles exposed to mining effluents (ME) exhibited LC 50 for 30.0 

ME at the end of one hundred and twenty hours. The LOEC was found at 0.009 

percent ME and NOEC was found to be 0.008 percent ME. Therefore, tadpoles 

were exposed to 0.01 % to 30.0 % ME, for the time points ranging from 6 to 120 

hours. The extent of damage, percentage of deformities/malformations due to 

ME are studied and the main deformities were flexture of notochord, loosening of 

the gut coil and bending or kinking of the tail in all the tadpole stages except I to 

IV. 

DISCUSSIONS : 

The histopathological alterations, development of deformities like 

loosening of gut, kinking, flexure of notochord etc. could be due to the deposition 

of heavy metals and metal toxicity as mining effluents bear many heavy metals. 

Many researchers have reported heavy metal induced deformities. The 

histopathological alterations in skin, intestine, liver, kidney and muscles could be 
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due to the heavy metal toxicity and heavy metal induced activation of cell 

degeneration through apoptosis and lysosomal activation. The reductions of Hb, 

RBC counts could be due to metal toxicity and depend upon each other as kidney 

of tadpoles is known to be haemopoietic tissue (Wassersug, 1997). The ME 

induce necrosis of kidney which may disturb haemopoiesis thereby decreasing 

the Hb and RBC levels of blood of tadpoles. The lower concentrations of ME 

produced increase in RBC counts and Hb concentration, it may be due to more 

absorption of iron from ME which bears iron as a major metal constituent. WBC 

counts increase substantially under the influence of ME at some tadpole stages 

while in others it fluctuates. The increase of WBC count could be due to release of 

leucopoietin from the debris of the necrotic tissues and fluctuations in leucocyte 

counts could be attributed to the variations in heavy metals from plasma and 

oxygen supply. The decrease in blood platelet counts could be due to the 

increased absorption and deposition of heavy metals from ME in tissues 

responsible for the formation of megakaryocytes. The fluctuations in platelet 

counts could be due to the fluctuations in depositions of heavy metals which 

would alter platelet formation. The increase of : protein concentrations, AP, AlP 

and NSE activities, electrolyte concentrations could be considered due to the 

release of these molecules from the necrotic tissues of tadpoles into the blood 

circulation as suggested by Merill et al., 1956. 

The depletion of proteins from the skin, intestine, liver, kidney and 

muscles could be due to the necrosis induced by ME in these organs and the 

release of proteins into the blood circulation by the damaged tissues. Similarly, 

depletion of glycogen from liver and muscles could be correlated to the degree of 
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necrosis, sweeping of these tissues by the incoming water, loss of it to the 

circulation. The increase of glycogen in skin could be due to the higher 

mobilisation of glycogen to it from liver and muscles to provide energy for 

elevated endocrine functions of skin (Wassersug, 1997; Misyura, 1996). The 

increases and depletions of AP, AlP, NSE activities as well as electrolytes could be 

due to the variations in the degree of necrosis of skin, intestine, liver, kidney and 

muscles promoted by heavy metals, their release into the blood circulation and 

into extra cellular space as suggested by Merill et al. (1956). Partly the constant 

inflow of water into the tadpole body could result in depletion of these 

constituents from the tadpole body. 

Thus, the present work shows the possibility of involvement of mining 

effluents in the depletion of frog species. 

FUTURE INVESTIGATIONS : 

It needs further investigation to study how ME influences the 

erythropoietic tissue and synthesis of Hb. Is it because of a particular metal or a 

combined action of several metals ? It would be of interest to know how ME 

influences leucopoiesis and which tissue is involved in erythropoiesis and 

leucopoiesis. How ME induces necrosis in glomeruli ? Is it because of deposition 

of heavy metals or altered metabolism/or induction of hypertension ? Is 

angiotensin II stepped up by ME ? ME appears to influence Ca release as well as 

Cl-  concentration. Therefore it would be of immense interest to find out what is 

the mechanism of elevation of Ca and Cl concentration. Does it influence cAMP 

and proteinkinases ? Does ME induce change in 1 adrenergic activation of 

phospholipase C and inositol ? Does ME influence IP3 system for increase in 
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intracellular calcium ? How does ME activate lysosomes ? It will be of interest to 

know whether the heavy metals are retained by different tissues of tadpoles and 

are there proteins synthesized to counteract heavy metal toxicity. In the present 

work abnormality like stunted growth is induced by ME. Hence it would be 

important to find out whether stunted growth is due the lack of secretions of 

growth hormones, thyroid hormones, steriod hormones by the tadpole skin, 

which is known to act as an endocrine gland. It is also important to study the 

influence of ME in the neuroregulatory mechanisms as well as the actions of ME 

on different parts of brain, brain metabolism and transmission of impulses 

and membrane potentials of the neurons. 

Reports on metal toxicity are well documented. Therefore heavy metals 

like Cd, Mg, Zn and Pb may be playing an important role in inducing severe 

damage/necrosis to the organs. It is also possible that Mg and probably Mn are 

trying to counteract/protect the organs from heavy metal toxicity promoted by 

all the metals in a synergistic way. One has to identify which of the metals fail to 

influence the tadpole tissues under the supressive inhibitory actions of Mg and 

Mn. It is also important to find out whether any other proteolytic enzyme is in 

operation along with/sides AP and NSE. 
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