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ABSTRACT

Arsenic is a heavy metal having cumulative polluting effect to aquatic organism. In the present investigation, an attempt 
was made to assess the acute toxicity of arsenic trioxide and its effect on behavioural responses of freshwater catfish, 
Mystus vittatus (Bloch).The LC  values after 24, 48, 72 and 96 hours exposure of arsenic trioxide were found 4.71, 4.16, 50

3.68 and 3.25 mg/L respectively. The response of the fish towards toxicity was grossly dependent on concentration and 
length of exposure. Behavioural alteration includes hyperactivity, loss of equilibrium, rapid swimming, disturbed 
opercular movements, increased surface activity and loss of equilibrium. The results indicate that arsenic is toxic at 
higher concentration producing dose-responsive increases in mortality and abnormalities in behaviour.
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INTRODUCTION

Heavy metal in the aquatic environments has been as a 
potential threat to the aquatic organisms including fishes. 
Metals are known to inhibit the several biochemical and 
physiological mechanism vital for fish metabolism 
(Srivastava and Prakash, 2019). Heavy metals are taken by 
the fish through the gills and intestines and transported to 
other organs via blood and accumulated there or might 
excreted out (Kumar et al., 2019).      

The drinking water is not the only source of consumption 
of arsenic in human diet. Irrigating agricultural field with 
arsenic, a heavy metal contaminated water produces 
accumulation of arsenic in soil and subsequently increases 
the arsenic concentration in crops. Agrochemicals such as 
phosphate fertilizers and pesticides are the major source of 
arsenic. The highest amount was in triple super phosphate 
with a mean value of 31 mg/ Kg. The arsenic concentration 
in pesticides varied from 0.18 mg/Kg to 2.53 mg/Kg, 
although arsenic containing pesticides are banned in most 
of the country (Jayasumana et al., 2015). 

The toxicity of arsenic in animals depends on species, sex, 

age, exposure dose, duration of exposure, organic or 

inorganic form, valence state, etc. In natural water, arsenic 

mostly exists in inorganic and organic form but the 

inorganic form is found to be more toxic. Among the 

various arsenical compounds, arsenic trioxide (As O ) is 2 3

mostly used in synthesis of various inorganic and organic 

compounds and in agricultural chemicals. It is also used as 

a chemotherapeutic agent for the treatment of 

haematological malignancies (Amsath et al., 2017). 

Sensitivity of fish to arsenic is variable in terms of 96 hr of 

LC   with range of 10.8 to 105 mg/L (Ahmed et al., 2008). 50

Few behavioural studies are available on Mystus vittatus in 

toxicant contaminated environment. There is no 

information is available on the effect of arsenic trioxide on 

Mystus vittatus. The present study aims to assess the 

survival response in terms of acute toxicity test (LC ) and 50

behavioural changes of Mystus vittatus exposed to arsenic 

trioxide in laboratory condition.
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MATERIALS AND METHODS
The healthy Mystus vittatus ranging from 7.0-8.0 cm in 
length and weighing 8.0-9.0 g were collected from ponds 
in and around Balrampur (U.P.) and washed with 1% 
solution of KMnO  for five minutes and then transferred to 4

the plastic jar containing 50L dechlorinated tap water for 
acclimatization. The collected fishes were acclimated to 
laboratory conditions for 15 days at room temperature. 

Feeding was stopped 24 hours prior to the toxicity test, to 
minimize the contamination from metabolic wastes. The 
physio-chemical characteristics of water were determined 
according to standard methods of APHA (2005), which 

0were as follows: Temperature 26.4±1 C, pH 7.1 ±0.1, 

RESULTS AND DISCUSSION
Static bioassay test, being an important tool to assess the 
toxic potential of various toxicants and sensitivity of 
various organisms at different trophic levels in ecosystem 
has been widely used for evaluation of toxicity (APHA 
2005). LC  values and their 95% confidence limits 50

revealed by static bioassay tests are summarized in table1. 

LC  values of arsenic trioxide for 24, 48, 72 and 96 hours 50

were found 4.71, 4.16, 3.68 and 3.20 mg/L, respectively. 

2

CaCO  hardness 98±1.5 ppm and dissolved oxygen 6.2±0.3 3

ppm. A stock solution of arsenic trioxide was prepared by 
dissolving 1g in de ionized water and then diluted with tap 
water to obtain the desired concentration. The acclimatized 
fishes were divided into ten experimental groups and one 
controlled group, each group with 10 fishes. The 
experimental group 1-10 was exposed to various 
concentrations of arsenic trioxide for 96 hours to determine 
the median lethal concentration (LC ). Fish mortality data 50

obtained with respect to time was statistically analyzed for 
determination of LC  values and 95% lower and upper 50

confidence limits by using probit method (Finney, 1971). 
During the experiment, morphological and behavioural 
alternations were also critically observed.

Sensitivity of fish to arsenic is variable in terms of 96 hr of 
LC  values with range of 10.8 to 105 mg/L (Ahmed et al., 50
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Table-1: LC   values with 95% confidence limits for Mustus vittatus exposed to Arsenic.50

Table 2: Behavioural changes in Mystus vittatus  exposed to arsenic  up to 96 hours.

Exposure 
Period (hrs)

Exposure 
Period (hrs)

Opercular 
beats/min

Surfacing Loss of 
balance

Swimming Mucus
secretion

LC  values of arsenic 50

trioxide (mg/L) 
95% confidence limits mg/L

Lower Limit Upper Limit

24 4.71 4.18 5.29

48 4.16 3.65 4.77

72 3.68 3.35 4.12

96 3.20 2.88 3.72

24 ++ +++ - +++ +

48 ++ + ++ + +++ ++

72 +++ ++ ++ ++ +++

96 ++++ + +++ + +++

+  = Less,++ = Slightly higher, +++ =  More higher, ++++ =  Prominent, - =no change
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exposed Clarias batrachus has been reported by Srivastava 
and Prakash (2018). Increased opercular beat (aquatic 
breathing) may be due to the physiological adaptation of 
fish in hypoxic conditions. In fishes, during hypoxic 
conditions, breathing rate (opercular activity) increases in 
order to compensate the decreased pO2 level of blood. 
Similar observations have been reported by Singh et al., 
(2011).   

The presence of any toxic material in the medium induces 
the surfacing activity of aquatic animals due to enhanced 
oxygen demand for respiration (Srivastava and Prakash, 
2018). In Mystus vittatus, surface activity is increased with 
increase in concentration within 24 hours but decreases 
thereafter. Increase in surfacing and gulping of surface 
water appears as an attempt to avoid breathing in the 
polluted water. As a defense mechanism to neutralize the 
toxic effect of arsenic, copious amount of mucus is 
secreted by the fish gradually covers the whole body, gills 
and buccal cavity. Chocking of gills by mucus may also be 
one of the reasons for frequent surfacing of fishes. Among 
other factors the pO , pCO  and swimming space are also 2 2

responsible to elicit surfacing in fish (Singh et al., 2011). In 
the last phase of poisoning fish looses their balance and 
hang horizontally, finally they fell on the bottom, leading 
to death. Thus whole behavioural activity is affected due to 
the enzymatic system and loss of organ of balance in fishes.    

CONCLUSION
Aquatic ecosystem is too complex so indicators are an 
important means to obtain useful information regarding 
physico-chemical condition of water body. Acute toxicity 
studies are first step in determining the water quality 
requirement of fish. The results of acute toxicity studies 
will give new insights in the field of aquatic toxicology. It 
is important to determine the lethal concentration of the 
substance before releasing them into the aquatic 
environment. Alterations in behavioural response in 
arsenic induced Mystus vittatus indicates that inorganic 
form of arsenic, when introduced in excess into aquatic 
system is capable of affecting aquatic life negatively. Thus, 
from the present study it may be concluded that air 
breathing catfish, Mystus vittatus is sensitive to arsenic 
toxicity and can be used as indicators of arsenic related 
stress in water. 
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