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Abstract: The active substance TBT is highly toxic and also damaging to a multitude of non target species. The fishes have been used 
for many years to determine the pollution status of water. Static bioassays were performed on fish, Rasbora daniconius  to evaluate the 
median lethal concentrations of TBTO (tributyltin oxide) for 24, 48, 72 and 96 hrs. The LC50 values were 0.56 ppm, 0.48 ppm, 0.36 ppm 
and 0.23 ppm respectively. The results show that the LC50 values decreased with increase in exposure period.  At this concentration, 
erratic swimming, jerky movement, thick mucous covering over the whole body surface and rapid opercular movement leaping out of 
water were observed during experiments. 
 
Keywords: Rasbora daniconius, Toxicity, Behavioural changes, tributyltin oxide 
  

1. Introduction 
 
The release of organotins into terrestrial and aquatic 
environments has decreased recently, but inputs still occur 
and previously contaminated sites continue to act as 
sources., Ritsema, 1994. Much of the attention on the release 
of organotin compounds into the environment has focused 
on tributyltin (TBT), which has been widely used as a 
biocide in paints and coatings in ship antifouling 
applications. Antifouling products play an important role in 
the shipping industry and are of significant economic 
importance. It is estimated that, on average, fuel 
consumption increases 6% for every 100 ml increase in the 
average hull roughness caused by fouling organisms 
(Townsin, 1987., Liu et al., 1997). Several reviews on the 
tributyltin compound, which cover the production, use, 
chemistry, toxicity, fate and hazards of TBT in the aquatic 
environment (Laughlin et al., 1996; Maguire 1996; 1996; 
WHO 1990). Toxicity to aquatic organisms generally 
increases as the number of organic components increases 
from one to three and decreases with the incorporation of a 
fourth, making triorganotins more toxic than other forms. 
Considerable work has been carried on effect of TBT on 
aquatic organism, Alzieu et al., (1980) found 100% 
mortality in pacific oyster, Crassostrea gigas exposed to 
TBT. Newton et al., (1985) observed significantly enhanced 
growth and hatching success in Leuresthes tenuis after effect 
of TBTO in the duration of 10 days. Reproductive 
abnormalities have been observed by toxic effect of TBT in 
the European flat oyster, Ostrea edulis, Thain, (1986). 
Salazar and Salazar, (1996) observed accumulation of TBT 
in blue mussel, Mytilus species. Meador, (1997) reported 
that tributyltin chloride strongly affect on amphipod, 
Rhepoxynius abronius. Tim Verslyce et al., (2003) revealed 
that the cellular energy allocation in the estuarine mysid 
shrimp Neomysis integer to different TBT exposure, Richard 
Louis and Emilien, (2004) reported that the lost of TBT to 
atmosphere by volatisation and its effect on biota. Rabbito, 
(2005) have been studied the effect of TBT on fish, Hoplias 
malabaricus. The effects of organotin compounds have been 

extensively studied on experimental animals (Wada et al., 
1982; Merkord and Henninghausen 1989; Takagi et al., 
1992). 
 
The evaluation of acute toxicity is essential for 
determination of sensitivity of animals to the toxicants and 
also useful for evaluating the degree of damage to the target 
organs and the consequent physiological and behavioral 
disorders, Mary (1984). Freshwater fish, Rasbora 
daniconius selected for the present study, fulfils most of the 
criteria listed for a standard test fish. Fishes have been used 
for many years to determine the pollution status of water, 
and are thus regarded as excellent biological marker of 
metals in aquatic ecosystem. Godavari river is considered 
one of the most important water bodies in Maharashtra state, 
large, shallow, and exposed to high levels of pollutants from 
industrial, domestic and agricultural resources. 
 
The aim of this study was to investigate and gather 
information on the toxicological potential and behavioral 
changes in Rasbora daniconius exposed to lethal 
concentration tributyltin oxide. 
 

2. Materials and Methods 
 
Toxicity evaluation 
Healthy adult fish R. daniconius were collected from a 
Godavari river at Kayagaon village Tq. Gangapur, Dist. 
Aurangabad. This village is 45 Km away from Aurangabad 
City. Animals were brought to the laboratory within plastic 
bags with sufficient air. The plastic bags were placed into 
the aquarium for 30 to35 minutes for acclimatization. 
During the period of acclimatization the water was changed 
for every 24 hours, and the fishes were fed thrice a day. 
Feeding was stopped 24 hours before the toxicity tests. The 
used water was clear aged and dechlorinated which was used 
to maintain the fishes as well as for the tests concentrations. 
The aging of the water is necessary before it is used for 
maintaining the fishes as it helps to stabilize its composition 
and moreover so as to eliminate residual chlorine which is 
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otherwise considered highly toxic to fishes. The f
maintained in sufficiently large aquaria so as to avoid 
overcrowding. The fishes were exposed to diffused day light 
during the daytime, where the daily photoperiod was about 
10-12 hrs.  
 
The stock fish in which the mortality exceeds 5% the 
complete batch was discharged. Pilot experiments were 
conducted to find out the range of the toxicity of the 
particular toxicant. The chosen range of concentration was 
such that it resulted in 0 to 100% mortality. The fishes used, 
were washed with very light KmnO4 solution before they 
were transferred from the acclimatization aquarium to the 
experimental container one by one with the help of a small 
hand net. Similarly controlled groups of fishes were also 
maintained with 0 toxicant concentrations under sim
conditions. 
 
The stock solution of Tributyltin oxide
prepared by dissolving a known quantity of glass distilled 
water and various concentrations were made from this stock 
solution for toxicity evaluation. The Series of statistic 
bioassay were conducted under laboratory condition as 
described by Finney (1971). 
 
Acute toxicity tests were conducted separately for tributyltin 
over 96 hrs. The experimental troughs containing 5 litres 
dechlorinated water were used to keep the animals. For each 
experiment ten fishes, R. daniconius 
similar size were exposed to different concentrations of 
tributyltin oxide. After every 12 hours the polluted water 
was changed by the fresh solution of the same concentration. 
The behavior and mortality of the fishes were recorded 

 
Table 1: Relative 

exposure 
Time of (Hrs.) 

Regression equation
Y=yˉ+(X-xˉ) 

24 Y =16.7288X-7.5055

48 Y=14.4035X-4.8037

72 Y=10.7270X-0.9525

96 Y=8.4076X+1.9297 

 

4. Discussion 
 
Mortality of R. daniconius is a more sensitive measure of 
toxicant. The percent survival rate of the fish decreased with 
increasing concentration and period of exposure. The 
evaluation of LC50 concentration of pollutants is an 
important step before carrying out further studies on 
physiological and biological changes in R. daniconius
present study the R. daniconius exposed to tributyltin oxide 
for the study of acute toxicity. It was expressed in terms of 
LC50 values. The LC50 values for 24 h, 48 h, 72 h and 96 hrs 
for organotin tributyltin oxide were recorded 
ppm, 0.36 ppm and 0.23 ppm respectively.
 
In the present study, the LC50 values for tributyltin oxide 
exposed to test animal R. daniconius for 24, 48, 72 and 96 
hrs showed significant difference. The measured values is 
attained their lowest values indicated high 
 
toxicity response. Variations of the lethal concentration may 
be due to changes of the organism‘s tissues weight rather 
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otherwise considered highly toxic to fishes. The fishes were 
maintained in sufficiently large aquaria so as to avoid 
overcrowding. The fishes were exposed to diffused day light 
during the daytime, where the daily photoperiod was about 

The stock fish in which the mortality exceeds 5% the 
complete batch was discharged. Pilot experiments were 
conducted to find out the range of the toxicity of the 
particular toxicant. The chosen range of concentration was 
such that it resulted in 0 to 100% mortality. The fishes used, 

solution before they 
were transferred from the acclimatization aquarium to the 
experimental container one by one with the help of a small 
hand net. Similarly controlled groups of fishes were also 
maintained with 0 toxicant concentrations under similar 

solution of Tributyltin oxide (1-ppm) was 
prepared by dissolving a known quantity of glass distilled 
water and various concentrations were made from this stock 
solution for toxicity evaluation. The Series of statistic 

ere conducted under laboratory condition as 

Acute toxicity tests were conducted separately for tributyltin 
over 96 hrs. The experimental troughs containing 5 litres 
dechlorinated water were used to keep the animals. For each 

 of approximately 
similar size were exposed to different concentrations of 
tributyltin oxide. After every 12 hours the polluted water 
was changed by the fresh solution of the same concentration. 

of the fishes were recorded 

before each change of water. The resulting mortality was 
noted in the range of 10 to 90% for each concentration for 
the duration of 24 h, 48 h, 72 h and 96 hrs. Each experiment 
was repeated thrice to obtain constant results.
collected was analyzed statically by means of probit method 
on transforming toxicity curve (% mortality vs. 
concentration), which allows the average median lethal 
concentration of LC50 to be calculated for 24 h, 48 h, 72 h 
and 96 hrs. Dead fishes were counted individually.
 

3. Results 
 
LC50 values were calculated for 24 h, 48 h, 72 h and 96 h by 
Finney‘s method (1971). The results of acute toxicity are 
summarized in (Table 1). The LC
tributyltin oxide exposed for 24 h, 48 h, 72 h and 96 hrs 
exposures were 0.56 ppm, 0.48 ppm, 0.36 ppm and 0.23 
ppm respectively. R. daniconius 
observation before die when exposed for
96 hrs exposure of tributyltin oxide
toxicant by irregular erratic swimming, jerky movements, 
rapid opercular movements, restlessness, frequent surfacing, 
gulping of air, upside down surface movement, revolving, 
convulsions and extension of fins. At 96 hrs of exposure an 
important effect was the discharge of mucus at the gills and 
on the skin.  
 
Concentration and Safe concentration were calculated and 
are shown in Table 1. From the above results it appears that 
the freshwater fish Rasbora daniconius is highly sensitive to 
organotin Tributyltin oxide.  

 toxicity of TBTO to the freshwater fish, Rasbora daniconius

equation LC 50 Values 
in ppm. 

Variance 

V 
Chi-square 

Fiducial limit

m1 m2

7.5055 0.5593 0.0001188 0.0026114 0.7262 0.7689

4.8037 0.4794 0.0001707 0.002287 0.6363 0.6875

0.9525 0.3589 0.000289 0.005170 0.5216 0.5882

 0.2319 0.0004687 0.138553 0.3159 0.4008

is a more sensitive measure of 
toxicant. The percent survival rate of the fish decreased with 
increasing concentration and period of exposure. The 

concentration of pollutants is an 
important step before carrying out further studies on 

R. daniconius. In the 
exposed to tributyltin oxide 

for the study of acute toxicity. It was expressed in terms of 
values for 24 h, 48 h, 72 h and 96 hrs 

in tributyltin oxide were recorded 0.56 ppm, 0.48 
respectively.  

values for tributyltin oxide 
for 24, 48, 72 and 96 

significant difference. The measured values is 
attained their lowest values indicated high  

toxicity response. Variations of the lethal concentration may 
be due to changes of the organism‘s tissues weight rather 

than to any variability in the absolute met
organism. There are many factors which may affect the 
bioavailability and intake of heavy metals by the organisms, 
such as variations in the physicochemical parameters in the 
surrounding water like, temperature, pH, total suspended 
solids, dissolved organic carbon. 
 
Among others (Van Hattum et al., 1996); variations in water 
flow, which may cause dilution of the concentrations of 
pollutants in water (Camusso et al., 1994); and variations in 
the physiology of organisms (Naimo et al., 1992)
factor remains in constant interaction in the environment and 
these interactions could cause of different intake patterns of 
heavy metals by organisms. 
 
During present study, Rasbora daniconius showed 
erratic swimming, jerky movements, ra
movements, restlessness, frequent surfacing, gulping of air, 
upside down surface movement and thick mucous covering 
over the whole body surface.  Similar results wer
by Lokhande M.V.,  ( 2017)  
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before each change of water. The resulting mortality was 
noted in the range of 10 to 90% for each concentration for 
the duration of 24 h, 48 h, 72 h and 96 hrs. Each experiment 
was repeated thrice to obtain constant results. The data 
collected was analyzed statically by means of probit method 
on transforming toxicity curve (% mortality vs. 
concentration), which allows the average median lethal 

to be calculated for 24 h, 48 h, 72 h 
were counted individually. 

values were calculated for 24 h, 48 h, 72 h and 96 h by 
Finney‘s method (1971). The results of acute toxicity are 

The LC50 values obtained for 
oxide exposed for 24 h, 48 h, 72 h and 96 hrs 

exposures were 0.56 ppm, 0.48 ppm, 0.36 ppm and 0.23 
R. daniconius showed behavioral 

observation before die when exposed for 24 h 48 h 72 h and 
96 hrs exposure of tributyltin oxide. They tried to avoid the 
toxicant by irregular erratic swimming, jerky movements, 
rapid opercular movements, restlessness, frequent surfacing, 
gulping of air, upside down surface movement, revolving, 
convulsions and extension of fins. At 96 hrs of exposure an 

ant effect was the discharge of mucus at the gills and 

oncentration and Safe concentration were calculated and 
are shown in Table 1. From the above results it appears that 
the freshwater fish Rasbora daniconius is highly sensitive to 

daniconius 
limit 

Lethal dose 
concentration 
Safe (ppm) m2 

0.7689 13.4232 

0.07044 
0.6875 23.0112 

0.5882 25.8408 

0.4008 22.2624 

than to any variability in the absolute metal content of the 
organism. There are many factors which may affect the 
bioavailability and intake of heavy metals by the organisms, 
such as variations in the physicochemical parameters in the 
surrounding water like, temperature, pH, total suspended 

, dissolved organic carbon.  

Among others (Van Hattum et al., 1996); variations in water 
flow, which may cause dilution of the concentrations of 
pollutants in water (Camusso et al., 1994); and variations in 
the physiology of organisms (Naimo et al., 1992). These 
factor remains in constant interaction in the environment and 
these interactions could cause of different intake patterns of 

During present study, Rasbora daniconius showed irregular 
erratic swimming, jerky movements, rapid opercular 
movements, restlessness, frequent surfacing, gulping of air, 
upside down surface movement and thick mucous covering 
over the whole body surface.  Similar results were observed 
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Secretion of mucus was regarded as a defense and excretory 
response (Benett and Dooley, 1982) which might help in 
protecting gills and skin from heavy metal toxicity. 
Suffocation of fish exposed to heavy metals was discernible 
in the form of air bubbles on the water surface when the fish 
had been directed towards the water surface. Finally they 
lost their equilibrium and settled at the bottom before death. 
Similar abnormal behavioural pattern was also observed 
when the animals were exposed to Zinc and Cadmium 
separately (Benoit et al., 1976; Spehar, 1976) 
 
The increase in mortality response of the test fish species 
with increased exposure and time could be because of the 
accumulation of metals in different tissues of body 
especially in the gills which are important sites for the entry 
of metals, therefore causing lesions and gill damage and 
failure of metabolic activities (Bols et al., 2001; James et al., 
2003). So it is possible that the cumulative action of copper 
and organotin at various metabolic sites is responsible for 
the death of the fish (Basa and Rani, 2003).The main reason 
of death in fish exposed to pollutants is the hypoxia because 
the metals act on the gill function and structure causing 
damage of the gill epithelia, disturbances in osmo-regulation 
process, decrease of oxygen consumption and then death 
(Peuranen et al., 1994, V.R.Chavan* and D.V.Muley, 2014, 
Mercy  and Dhanalakshm , (2017).  
 
The behavioural changes of R. daniconius were found to be 
different on tributyltin oxide. Sprague and Drury (1969) 
reported that organisms have exhibited an avoidance 
response at 24 hrs concentrations of pollutants. The lethal 
toxicity of TBTO for fish varies considerably depending on 
species and age of target individual (Triebskorn et al., 1994). 
The route of uptake for dissolved TBTO is mainly over the 
gills, but intake via food may also be of significance ( Holm 
et al., 1991).  
 
Robert, (1987) maintained adult oysters, Craffostrea 
virginica in TBT solutions containing 0.05, 0.1, 0.5 and 1 
gm / lit for upto eight weeks. He observed that 20% and 
30% mortality occurred between second and fourth week of 
exposure. Meador et al., (1993) have reported acute toxicity 
(LD 50 s) for Rhepoxynius abronius, Eohaustorius 
washingtonianus and Armandia brevis at concentrations 
ranging from 34 – 89 mg TBT / kg body weight. Fargasova, 
(1997) reported long-term toxicity value (21-day NOEC) for 
Daphnia magna is 0.19: g/liter; the 96-h LC50 for Tubifex 
tubifex is 0.1: g/liter. Davidson et al., (1986) calculated the 
96 h LC50 to be 0.42 μg / lit, after exposing the mysid 
shrimp, Acanthomysis sculpta to a leachate of TBT. Effect 
on common oyster lavae to 0.02-100 g/L tributyltin acetate 
were studied by His and Robert (1985), as a result , in the 
group of larvae exposed to tributyltin acetate at 0.05 g/L 
(0.05 g/L L in terms of tributyltin chloride) or over, growth 
was inhibited and deaths were observed within 10 days. 
None observed effect concentration on growth was reported 
to be 0.02 g/L (0.02 g/L in terms of tributyltin chloride). 
Waldock and Thain (1983) exposed C. gigas to TBT oxide 
(TBTO) for 56 d; they reported that exposed to 0.15 μg/L 
TBTO did not grow as well as controls and had pronounced 
thickening of the upper shell, and that spat exposed to 1.6 
μg/L TBTO were severly inhibited in terms of growth. 

Roberts (1987) conducted 48-h acute toxicity tests of the 
hard clam (Mercenaria mercenaria) and the oyster 
(Crassostrea gigas), using tributyltin chloride (TBTCl). The 
maximum exposure concentration was 1.3μg/L TBTCl. The 
48-h LC50 values were 1.13μg/L for clams and 1.30μg/L for 
oysters. For the larvae of both species, the 48-h LC50 values 
were 1.65μg/L for clams and 3.96μg/L for oysters. Shejule 
et al., (2006) reported LC50 values of the organotin 
tributyltin chloride exposed to freshwater prawn, 
Macrobrachium kistnensis; to 24, 48, 72 and 96 hours, LC 
50 values were found to be 0.33 ppm, 0.26 ppm, 0.17 ppm 
and 0.09 ppm respectively. They showed the LC50 values 
decreased with increase in exposure period.  
 

5. Conclusion 
 
Thus it is concluded that the Tributyltin oxide is not safe to 
non-target organisms like fishes. This type of study can be 
useful to compare the sensitivity of various species of 
aquatic animals and potency of effluent using LC50 values 
and to derive safe concentration. Behavioural effects of 
TBTO-exposure are poorly documented. When beheaviour 
response is considered in the present investigation 
R.daniconius found more sensitive to tributyl tin oxide It has 
been suggested that the variation in behaviour responses 
between individuals and pollutant may act as an indicator of 
pollution. 
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