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Abstract: Anthropogenic activities has increased the discharge of various concentrations of both essential and
nonessential metals into aquatic ecosystems. The present study has been conducted to determine the median
lethal concentration of chromium to the freshwater fish Clarias batrachus following standard procedures and
was found that 40.56ppm, 38.15ppm, 36.65 ppm and 35.50ppm for 24h, 48h, 72h and 96hours LCsy doses,
whereas LCy as well as LCyqo doses were 31 ppm and 40ppm respectively. The behavioural changes include
abnormal coughing and jerky movements, erratic swimming, hyperactivity changes in opercular movement,
copious amount of mucus secretion all over the body and loss of equilibrium were observed. All these
observations can be considered to monitor the quality of water contaminated with heavy metal salts.
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1. INTRODUCTION

Metal contamination severely interferes with ecological balances of an ecosystem and anthropogenic
inputs like waste disposal directly adds to the burden of environmental degradation (Farombi et al.,
2007), as metals cannot be destroyed through biological degradation and have the ability to
accumulate the harmful chemicals in the aquatic ecosystem and consequently to humans (Di-Giulio
and Hinton, 2008). Therefore, there is a need to develop rapid and sensitive screening methods as an
aid for monitoring the presence of toxicants; besides water qualities, necessity for studying aquatic
organisms as indicators of pollution was felt long back and quite a large number of organisms have
been identified for this purpose (Vutukuru, 2005). Toxic heavy metals are increasingly being released
into the environment with the advent of agricultural and industrial revolution in India. The heavy
metals are reported to be ubiquitously present in the waste water which are generally released into
aquatic ecosystems, because of water use in industrial processes as well as discharge of effluents from
industry and urban development’s (Mason, 1983; Demirak et al., 2006; Fernandesa et al., 2007) and
toxic for aquatic organisms (Olsson, 1998; Kumar et al., 2007; Kumar et al., 2009) by changing
genetic, physiological, biochemical and behavioural parameters (Scott and Sloman, 2004). Among the
aquatic habitants, fish is the most susceptible to these elemental contaminants and more vulnerable to
metal contamination than any other aquatic habitant (Alinnor, 2005). In recent years, much attention
has been paid to the possible danger of metal poisoning in human as a result of consumption of
contaminated fishes. Chromium, an important environmental pollutant, is present in the aquatic
environment as a result of plating and electroplating factories, textile manufacturing facilities, steel
producing factories, rinse waters, leather tanneries, dyeing, sanitary land fill leaching, the combustion
of coal and oil, welding, bricks of furnaces, and wood-preserving industry (anthropogenic sources)
(Palanippan and Karthikeyan 2009; Monterio et al.,. 2002; European Chemicals Bureau ECB 2005;
ATSDR 2013). Chromium can exist in oxidation state ranging from —2 to + 6, but is most frequently
found in the environment in the trivalent (Cr*®) and hexavalent (Cr*®) form (Eisler 1986). The
hexavalent state is a major part of chromium in waters (Naja and Volesky, 2009). Hexavalent
chromium easily penetrates biological membranes and for high oxidizing potential, is more toxic than
the Cr*® form (Eisler 1986; Meyers 1990; Jones 1990). Hexavalent chromium has been known to
produce toxic, carcinogenic, teratogenic, and mutagenic effects in biological systems (Meyers 1990;
Jones 1990; Patnaik 1992; Manahan 1992; Palmer and Plus 1994; Hodgson 2004; Naja and Volesky
2009; Velma et al.,. 2009). Hexavalent chromium exposure can induce adverse effects in different
species of fish such as damage to DNA and tissue structures (Kuykendall et al.,. 2006; Irwin et al.,.
1997; Sesha Srinivas and Rao 1998), behavioral modifications (Mishra and Mohanty 2008), lifespan
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(Perez-Benito 2006), metabolic changes (Vutukuru 2003), osmoregulatory upset (Van der Putte et al.,.
1982), survival and growth rate (Farag et al.,. 2006; Nguyen and Janssen 2002), and alternations at
biochemical and haematological parameters (Sastry and Sunita 1983; Subashini et al.,. 2005; Velma
et al.,. 2009). Hence, the present study has been proposed to determine the acute toxicity of chromium
to the freshwater catfish Clarias batrachus(Linn.).

2. MATERIALS AND METHODS

Healthy specimens of Clarias batrachus(length 10 £ 0.5 cm and 12 £1 g of body weight) were
collected locally at Chidambaram, Tamilnadu, India, and were confined to large plastic aquaria bearing
tap water for a period of two weeks in the laboratory for acclimation. They were kept in batches (10
each) in 50L glass tanks filled with dechlorinated tap water under constant filtration. The fish were
fed with minced goat liver on every day for a period of three hours and the water was renewed on
every day by routine cleaning of aquaria to remove unconsumed food, faecal matter or death fish (if
any). Feeding was allowed 3hours before the renewal of the medium. Prior to the commencement of
the experiment feeding was stopped. The physico—chemical characteristics of the normal water and
water dissolved with chromium for calculating LC s, dose was analysed as per standard procedures
(APHA,2008) (Table 1).

The analytical grade potassium dichromate (K,Cr,O;) (CAS no: 7778-50-9) with 99.7 % purity was
obtained from Merck (Darmstadt, Germany) and used without further purification for the laboratory
experiment. Test solution was prepared by dissolving 2.828 g of potassium dichromate with double
distilled water to make 1000 mg/L chromium (Palanippan and Karthikeyan2009) and then diluted to
desired chromium with double distilled water. For the analysis of acute toxicity, fourteen groups of 10
fish each were exposed separately to 100 1 of 31 to 44 ppm of Potassium dichromate solution prepared
in well water. Parallel control groups were also kept without the addition of Potassium dichromate.
Media were renewed after every 24 h. Following the completion of each experiment, the test
containers were cleaned with detergent soap and rinsed with 5 per cent nitric acid and subsequently
dried. This procedure is very helpful to remove the metal content from adhering to the wall of the
trough. The trough was covered with nylon net to prevent the escape of fish. Preliminary range
finding tests were conducted to avoid delay and to save time and manual effort. These exploratory
bioassays help to determine the approximate range of concentrations of the toxicant. A wide range of
concentrations viz., 10, 20, 30, 40, 50, 60, 70 and 80 ppm of Potassium dichromate solutions were
prepared. Then the test were conducted in the rectangular plastic troughs by allowing ten fish of
Clarias batrachusin each plastic trough containing 10 litres of water with required concentration of
the Chromium. The test water was renewed daily according to the acute static toxicity test (U. S. E. P.
A., 1975). The median lethal concentration (LCs) for 24, 48, 72 and 96h were determined using
trimmed spearman Karber method (Hamilton et al., 1977).

3. RESULT

Table 1 shows the Physico-chemical characteristics of the normal water and water dissolved with
chromium. The analysed parameters were within the permissible limit. When the toxicant was added
the odour of water became unpleasant.

Tablel.Physico-chemical characteristics of the normal water and water dissolved with Potassium dichromate

Parameters Normal water Water dissolved with Chromium
Odour Odourless Unpleasant

Temperature (°C) 28 29

pH 7.3 6.2

Dissolved Oxygen (mg/L) 7.6 6.9

Total Hardness (mg/L) 225 210

Table 2 shows the data on preliminary test, to assess the concentration at which all fishes survived for
24 hours and likewise the concentration at which most of the fishes died simultaneously. The result
indicates that toxicity effect of Chromium on C. batrachusfell within the range of concentration of the
metal from 35ppm to 40 ppm and beyond 40 ppm of Chromium, all the fishes died.
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Table2. Mortality percentage of exposed to different concentrations of Chromium

Concentration No. of | Mortality Percentage Remarks
(ppm) Specimens 24h 48h 72h 96h

31 10* 0 0 0 0 LCy

32 10* 0 0 0 10

33 10* 0 0 10 20

34 10* 0 0 20 40

35 10* 0 10 40 50 L Cosps
36 10* 0 20 50 60

37 10* 10 30 60 70

38 10* 20 50 70 80

39 10* 40 60 80 90

40 10* 50 70 90 100 LCygger
41 10* 60 80 100 100

42 10* 70 90 100 100

43 10* 90 100 100 100

44 10* 100 100 100 100

*Total number of specimens tested in 14 sets of experiments; LCs, 96 h dose.
**Incipient LCsy 96 h dose; *** Incipient LCyq0 96 h dose.

The preliminary test showed that beyond 40 ppm of chromium, all the test fishes died. Therefore, the
concentration of chromium falling the range between 35 and 40 ppm were prepared and ten number of
test fish were introduced to a confined narrow range of concentration viz. 35, 36, 37, 38, 39, 40 and
41ppm of chromium solutions for a period of 24, 48, 72 and 96h of intervals (Table 3).

Table3. LCs, for Chromium (with 95% confidence limit) estimated by Trimmed Spearman — Karber method.

Test Duration LCx (ppm) 95% lower confidence limit 95% upper confidence limit
24h 40.56 40.55 40.57
48h 38.15 38.14 38.16
72h 36.65 36.58 36.72
96h 35.50 35.42 35.58

Linear regression curve was constructed taking test concentrations and corresponding percent
mortalities on log and probit scales respectively which was utilized to estimate the LCsy values at
different time intervals (Fig. 1) and the LCso was calculated as 35. 50 ppm at 95% confidence limit.

Fig. 1 Showing the Toxicity Curve of Chromim
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The behavioural responses of the fish at various concentrations of chromium were observed at regular
intervals to ascertain the impact of the toxicant on the organism. When released in the toxic media,
the fish showed abnormal behaviour as hyper-excitability, increased opercular movement as well as
fish were often seen swimming with jerky movements on the surface of water and tried to jump out of
the container. Further, the fish tried to remain almost in vertical position perpendicular to the base of
the container with the mouth facing upward, the fish lost balance, settled to bottom and died.

4. DISCUSSION

A toxicity test using aquatic organisms plays an important role in the development of proposals for
environmental management and protection (Hoi, 2004). Lethal Concentration of 50% (LC50) tests
can measure the susceptibility and survival potential of animals to particular toxic substances such as
heavy metals. Higher LC50 values are less toxic because greater concentrations are required to

International Journal of Research in Environmental Science (IJRES) Page | 32



Claramma Johnson & M.V. Radhakrishnan

produce 50% mortality in animals (Hedayati et al., 2010). Heavy metals such as mercury and
chromium are toxic to aquatic animals at very low concentrations and are never beneficial to living
beings (Gooley et al., 2000; Shuhaimi-Othman et al., 2010). The acute toxicity test is used to
determine the concentration of a test material or the level of an agent that produces a deleterious effect
on a group of test organisms during a short-term exposure under controlled conditions (Rani et al.,
2011). All toxicants are capable of severally interfering with the biological systems that producing
damage to the structure and function of a particular organism and ultimately to its survival. Acute
toxicity test constitutes only one of the many tools available to the aquatic toxicologists, but they are
the basic means of provoking a quick, relatively inexpensive and reproducible estimate of the toxic
effects of a test material (Spacie and Hamelink, 1985). Toxicity is a characteristic feature of an
individual organism’s response to a chemical at a particular concentration or dosage for a specific
period. Acute toxicity tests are conducted to measure the impact of toxicant on aquatic animals within
a short period of four days. During acute toxicity test, organisms are transferred to freshly prepared,
desired toxicant medium at periodic intervals usually 24 hours. In the present investigation the LCsy
value is estimated and it is concerned with the determination of the median lethal response or median
tolerance limit, which is no more than a condition which produces a 50 per cent mortality or permits a
50 per cent survival of the test organisms under the experimental conditions during a specific time
interval (Sprague, 1973). Moreover, the study on toxicity impact deals, in general, with the reaction of
a living organism in an aquatic environment and there is a generalized view that the toxicity of a
chemical of the individual species.

Fishes are considered to be most significant biomonitors in aquatic systems for the estimation of metal
pollution level (Rashed, 2001; Authman, 2008), they offer several specific advantages in describing
the natural characteristics of aquatic systems and in assessing changes to habitats (Lamas et al., 2007).
In addition, fish are located at the end of the aquatic food chain and may accumulate metals and pass
them to human beings through food causing chronic or acute diseases (Al-Yousuf et al., 2000).
Studies from the field and laboratory works showed that accumulation of heavy metals in a tissue is
mainly dependent on water concentrations of metals and exposure period; although some other
environmental factors such as water temperature, oxygen concentration, pH, hardness, salinity,
alkalinity and dissolved organic carbon may affect and play significant roles in metal's accumulation
and toxicity to fish (Benaduce et al.,2008; Has-Schon et al.,2008; Linbo et al., 2009; Sassi et al.,
2010; Ebrahimi and Taherianfard, 2011; Jitar et al., 2014).

In the present study, susceptibility of the fish C. batrachusto the lethal effect of chromium was
duration and concentration dependant as mortality increased with an increase in its concentration. The
behavioural response of the fish towards the toxicant was also investigated in the present study.
Behavior provides a unique perspective linking the physiology and ecology of an organism and its
environment: (Little and Brewer, 2001). Any change in the behavior of fish indicates the
deterioration of water quality, as fish are the biological indicator and hence index of environmental
suitability and the cost of survival (Halappa and David, 2009). Chemicals in sublethal concentrations
present in aquatic environment are too low to cause rapid death directly but may affect the functioning
of the organisms, disrupt normal behavior and reduce the fitness of natural population (Susan et al.,
2010). The impact of chemicals on the life of aquatic organisms is often acute resulting in mass
mortality or chronic changes in behaviour. Such behavioural alterations are very sensitive indicators
of stress imposed on fish by the environment (Cooke et al., 2000). Fish behavior under stress
conditions provides important information for aqua culturists (Christiansen et al., 2004). Methods of
monitoring and quantifying the behavioural response have become potential alternatives for assessing
stress, disease, water pollution and toxic material in water (Kane et al., 2004).

Fishes exposed to chromium showed speedy movements as compared to control. The increase in
swimming activity may be due to disruption of shoaling behavior which occurs because of the stress
of the toxicant (Venkata et al., 2008). Fast swimming was also observed by Yaji et al., (2011) in
Orechromisniloticus treated with Cypermethrin. Similar observation found by Ramesh and Saravanan
(2008) in Cyprinuscarpo exposed to Chlorpyrifos. Increased ventilator movement was also noted in
the present study. Under toxic condition the oxygen supply becomes deficient and so the fish breathe
rapidly (Susan et al., 2010). Movements like S jerking, threat and burst swimming were increased in
the experimental fishes when exposed to chromium. Similar observations were reported by Nimila
and Nandan (2010) in Etroplus maculatus when it is treated with lindane and by AL-Akel (2000) in
carbaryl treated fishes. S jerk and burst swimming were also observed by Marigoudar et al., (2009) in
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Labeo rohita exposed to cypermethrin. In present study, copious secretion of mucus all over the body
and increased gulping of air was also noted. The results of these studies may provide guidance to
select acute toxicity to be considered in field bio monitoring efforts designed to detect the
bioavailability of chromium and early warning indicators of chromium toxicity in Clarias batrachus.
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