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Abstract: The effect of heavy metal toxicity (Ferrous sulphate), pesticide (Methyl parathion) and bacterial
pathogen (Pseudomonos putida) in the freshwater fish catla catla on the 96-hr LC  values of the respective50

toxicants were studied. The sub-lethal concentration of Pseudomonos putida (15x10  cfu/ml), Ferrous sulphate6

(8.4 ppm) and Methyl parathion (4.8 ppm) was studied. The toxicity order and their respective 96-hr LC  values50

were Methyl parathion > Ferrous sulphate > Pseudomonos putida.
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INTRODUCTION Fishes being one of the most ancient from of aquatic

Human population growth and industrial nutritional advantage of being able to provide high
development have been the major causes of coastal proportions of their dry weight as proteins of relatively
contamination around the world during recent years [1]. good quality due to the presence of essential amino acids
The subsequent accumulation of xenobiotic compounds and also being easily digestible unlike those of beef and
in sediment, seawater or prey organisms has been shown other livestock because of low collagen. Pollution of
to be directly linked to adverse health in both humans and aquatic environment from industrial, domestic and
fish [2]. agricultural waste has exposed these important aquatic

Another type of anthropogenic impact is manifested organisms to contaminants which not only endanger their
by pollution of the tributaries where there is an inflow of lives but also eventually enter the food chain leading to
wastewater from household and industrial facilities, fecal serious public health hazards.
pollution, detergents and other chemical waste material. Fishes have been reported to feed extensively on

The ecological effects of pollutants in aquatic different varieties of food and so it becomes important to
ecosystems and their bioavailability and toxicity are control the concentration of likely pollutants in the
closely related to species distribution, both in the solid aquatic habitat so as to reduce their minimal ingestion by
and the liquid phase of the aquatic ecosystem. Pollutants fishes thereby rendering them unfit for human
are transferred to the plankton, aquatic plants, mollusks consumption.
and fish. A wide range of microscopic and macroscopic
animals  and  plants  live  in  and  on  bottom  sediments MATERIALS AND METHODS
of the aquatic ecosystems and a great number of these
organisms ingest organic matter form these sediments [3]. Animal Collection: Fingerlings of Catla catla of
The poisoning by pesticides from agricultural fields is a relatively same size ranging from (8 to10 cm) and weight
serious water pollution problem and its environmental about (5-8 gm) were collected from culture ponds of
long-term effect may result in the incidence of poisoning Bharath Fish Farm, Poondi, Thiruvallur district, Tamil
of fish and other aquatic life forms [4]. Nadu. The fish were oxygen packed in polythene bags

life, as a food item have been reported to have a twofold
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and brought to the laboratory with minimal stress during Ferrous Sulphate: Ferrous sulphate ‘AR’ Grade was used
transit. They were released very carefully into the fish for LC  determination. After range finding assay, ten
tanks half filled with bore well water. They were different concentrations ranging from 1 to 10 ppm were
maintained in the stocking tank and acclimatized before prepared in distilled water and mixed in the experimental
experimentation. tanks. Each tank was filled with 20 litres of water with

Maintenance of Fish: The fishes were maintained in the fish were left in each tank for experimental purposes.
aquarium tanks of size 1’l x 2’b x 1’h throughout the
period of study. Potassium permanganate (0.02%) was Methyl Parathion: Commercial grade Methyl parathion
used as disinfectant to clean the tanks before and after (MILPAR-AG Agro Products Ltd.) was used for LC
experiments. The tanks were filled with water (2 litres per determination. Different concentrations in the range of 1
fish) and covered with mesh cloth. During the period of to 10 ppm were prepared suitably and mixed in the tank
study the room temperature fluctuated from 29° to 32°C. with ten fish each, after range finding assay. Percentage
The dissolved oxygen content of water used for the study mortality at the end of 96hr was recorded.
was  4.4  to  4.8  ml / litre and salinity of 0.82 - 0.85 ppm.
The pH of water was in the range of 7.2 - 7.4. Determination of 96 hr LC : To determine LC  for the

Experimental Fish: The fish without any structural, mortality at the end of 96hr of experimentation the
behavioral and clinical symptoms were chosen for standard graphic method was followed. A graph was
experiments, after careful observation. Fish were divided plotted with concentration of the toxicant on X-axis and
into groups of ten each and exposed to different toxicants, cumulative percent mortality on Y-axis. A line was drawn
viz., a bacterial pathogen (Pseudomonas putida), heavy from 50% mortality level to intersect the plotted line and
metal compound (Ferrous sulphate) and pesticide (Methyl the corresponding concentration on the X-axis was taken
parathion) independently. as 96hr LC  concentration for the concerned group. The

Experimental Group: Catla catla fingerlings were treated test to assess the upper and lower confidence limits.
with a bacterial pathogen (Pseudomonas putida), heavy
metal (ferrous sulphate) and pesticide (methyl parathion) RESULTS
individually to determine 96hr LC  values for the test50

toxicants. Different concentrations of the toxicants and Bacterial Pathogen: Bacterial pathogen (Pseudomonas
different dilution of the bacterial cell suspensions were putida) was taken in the ratio of 1:3 and the test fish were
tested with 10 fishes each for 96hr and observations were inoculated with 0.2ml of the suspension of given bacterial
made continuously during the period of experimentation. pathogen by intra muscular routes to study the effect of
The experimental groups were maintained in separate pathogenic in the fingerlings of Catla catla. The
tanks   viz.   Pseudomonas   putida,   Ferrous   Sulphate following pathological symptoms were observed during
(Fe SO ) and Methyl Parathion. The controls were the 96hr period. 6hr post inoculation, 80% of the fish4

maintained without toxicants and analyses were done on developed hemorrhagic oedema at the site of inoculation.
Zero day, 4  and 7  days of experimentation. This had extended beyond the inoculation site, up to theth th

Independent Toxicity fish also showed erratic swimming, loss of reflexes, loss of
Pseudomonas putida: Pure cultures of bacteria from the balance and whirling movements on the long axis of the
streak plates were taken as source for sub culturing in 2% body. Besides these symptoms, caudal fin rot was also
Agar slants. 24 hr old cultures were taken for toxicity observed in 50% of the fish. By 72hr post inoculation, the
tests. Cell suspensions were prepared with 10 ml of 0.9% fish showed frequent surfacing with rapid opercula
saline per slant. From this original cell suspension (OCS), movements and uncoordinated swimming. 60% of the fish
suitable dilutions were made and the final dilution was developed morbidity and rested at the bottom on their
inoculated into the fish at 0.2 ml dosage through intra lateral side or floated upside down, with feeble opercular
muscular (IM) route. 1 ml of final dilutions was taken as beat. By 96hr the fish showed inflamed vent, necrotic
the stock and serial dilutions were prepared to estimate lesions on the body surface. Percentage of mortality
the bacterial load. recorded was 50% in 15 x10  cfu and 100% in 25x10  cfu.

50

required concentrations of ferrous sulphate. Ten healthy

50

50 50

different groups based on the cumulative percentage

50

data was subjected to Probit analysis and slope function

vent on the lateral side, in 40% of the fish by 48hr. The

6 6
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Table 1: Determination of 96 hr LC  for Pseudomonas putida from the freshwater fish Catla Catla50

Percentage Mortality

--------------------------------------------------------------------------------------------------------

S.No. Load (million) Day 1 Day 2 Day 3 Day 4 Cumulative% Mortality

1 5 0 0 0 10 10

2 10 0 10 10 10 30

3 15 0 20 10 20 50

4 20 10 10 20 20 60

5 25 20 30 50 0 100

Condition LC LC LC Slope ƒLC Upper Confidence Limit Lower Confidence Limit16 50 84 50

Catla catla vs Bacteria 5.0 15.0 25.0 2.33 0.38 5.7 39.5

(unit: x10 ) LC  = 15x10  cfu/ml6 6
50

Table. 2: Determination of 96 hr LC  for Methyl Parathion from the freshwater fish Catla catla50

Percentage Mortality

------------------------------------------------------------------------------------------------------

S.No. Conc. (ppm) Day 1 Day 2 Day 3 Day 4 Cumulative% Mortality

1 1 0 0 0 0 0

2 2 0 0 10 10 20

3 3 0 0 10 20 30

4 4 0 10 20 10 50

5 5 10 10 10 20 50

6 6 10 20 20 0 60

7 7 10 10 20 20 70

8 8 10 20 30 20 80

9 9 20 30 30 0 80

10 10 30 40 30 0 100

Condition LC LC LC Slope ƒLC Upper Confidence Limit Lower Confidence Limit16 50 84 50

Catla catla vs M.Parathion 1.5 4.8 8.5 2.48 0.35 1.68 13.71

LC  = 4.8 ppm50

Table. 3: Determination of 96 hr LC  for Ferrous sulphate from the freshwater fish Catla catla50

Percentage Mortality

------------------------------------------------------------------------------------------------------

S.No. Conc. (ppm) Day 1 Day 2 Day 3 Day 4 Cumulative% Mortality

1 2 0 0 0 0 0

2 4 0 0 10 10 20

3 6 0 0 10 20 30

4 8 0 10 20 10 50

5 10 10 10 10 20 50

6 12 10 20 20 0 60

7 14 10 10 20 30 80

8 16 10 20 30 30 90

9 18 20 30 40 0 100

10 20 40 50 10 0 100

Condition LC LC LC Slope ƒLC Upper Confidence Limit Lower Confidence Limit16 50 84 50

Catla catla vs FeSO 2.5 8.4 14.0 2.51 0.35 2.94 24.04

LC  = 8.4 ppm50



Global J. Environ. Res., 4 (2): 76-82, 2010

79

Fig. 1: 96 hr LC50 for Pseudomonas putida from the freshwater  fish Catla  catla

Fig. 2: 96 hr LC50 for Parathion from the freshwater fish Catla catla

Fig. 3: 96 hr LC50 for FeSO4 from the freshwater fish Catla catla
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Methyl Parathion: Pesticide (Methyl parathion) was taken evaluation of toxic chemicals. Generally, the potential
in test dose of 1ppm to 10ppm to study the effect of impact of pollutants is more on the aquatic organism than
pesticide toxicity in the fingerlings of Catla catla. The in terrestrial environment.
fish exposed to this toxicant were severely affected. The International organizations have recommended
Increase in opercula movement, loss of equilibrium, the understanding of several bioassays to assess the
frequent surfacing, changes in body colour, increased ecotoxic risks to non target organisms and their
secretion of mucus, irregular swimming activity, rapid jerk environment like Environmental Protection Agency [7].
movement were observed. No mortality was recorded at Owing to the excessive use of pesticides, the
1ppm concentration of the pesticide. Fish survived environment and water resources are being polluted, thus
through 48hr up to toxic concentration of 3ppm and 50% endangering aquatic life directly and human life indirectly
mortality was recorded at 4.8ppm of concentration. The [8]. Heavy concentration of pesticides in water, in turn,
mortality recorded was 80% and 100% at 8 and 10ppm leads to oxygen depletion and cases of poisoning and
concentration respectively. 96hr LC  of pesticide methyl mass mortality of fishes is not uncommon.50

parathion was noted as 4.8 ppm by graphic method. The poisoning by pesticides from agricultural fields

Ferrous Sulphate: The fingerlings of Catla catla were long-term effect may result in the incidence of poisoning
exposed to ferrous sulphate in the concentrations of 2 to of fish and other aquatic life forms [4]. Toxic effects of
20ppm and the following pathological symptoms were pollutants are due to disturbance of the normal
observed. White precipitate formation was seen in physiological functions of the organisms. Changes in
experimental tanks. Loss of equilibrium, changes in biochemical constituents in the tissues due to pathogen,
opercular movement, change of orientation, erratic pesticide and heavy metal stress have definite pattern.
swimming were noticed. No mortality was recorded in all Metabolic activity of an organism reflects utilization of
the four days at the concentration of 2ppm. 10% mortality biochemical energy to counteract the toxic stress.
was noted at 4 ppm on the first day of experiment. With The nutritional requirement of human population is
regard to 6ppm concentration 20% mortality was observed met mostly through aquaculture. However, in the recent
on second day and later it reached 30%. The highest times, aquaculture sector is contributing to a great extent
mortality of 100% was observed at 13 ppm and 15 ppm towards the protein requirement of man. As fish is
concentrations. 50% mortality was recorded in 8 and 9ppm considered the most important and vital link in the food
concentration and 50% of mortality line intercepted the chain of the ecosystem and the inland fisheries are an
graph to show 8.4 ppm as corresponding LC  for the important source of protein in a nation’s diet, a thorough50

toxicant. understanding of the toxicant’s effect on fishes would be

DISCUSSION development [9]. Fishes are known to bioaccumulate,

Modern agriculture and industrial activities though and are widely used as bioindicators for pollution in
result in higher food production and economy, also marine and freshwater environment [10].
affects the environment. The toxicants and other Reduced growth can be mediated through direct
undesirable chemicals ultimately reach the water bodies effect of pollutants on physiological functions of fish [11].
along with the rain water and destroy the quality of the Changes in the behaviour of the fishes on exposure to
water media causing imbalance to the environment leading toxicants are considered as a useful tool for identifying
to slow but steady deterioration of ecosystem, particularly the polluted condition of water [12]. Fish characteristics,
the aquatic ones resulting in unabated mortality of aquatic such as age, body size, feeding habits and sex can also be
fauna. The pollution of aquatic environment by toxicants considered for variable LC  of metals for different species
adversely affects the survival of aquatic organisms of fish. It is important to consider the physico-chemical
including the commercially important fish species which characteristics of test medium along with biotic factors to
form the dominant group of aquatic system [5-6]. know the mechanisms affecting LC  concentrations of

Since aquatic environment is the ultimate sink for all fish in toxicity tests. Environmental conditions such as
pollutants, aquatic toxicity testing has become an integral oxygen concentration, temperature, hardness, salinity and
part of the process of environmental hazard and presence  of  other  metals  may  modify metal’s toxicity to

is a serious water pollution problem and its environmental

really vital for fish conservation and fisheries

bioconcentrate and biomagnify toxicants in their tissue

50

50
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fish. Hypoxic conditions, temperature increase and 2. Ashraf, M., 2005. Accumulations of heavy metals in
acidification usually render the fish more susceptible to kidney and heart tissues of Epinephelus microdon
intoxication [13]. fish from the Arabian. Gulf. Environ. Monit. Asses.,

Increase in water temperature enhanced the uptake of 101: 311-316.
metals by the aquatic organisms also [14]. Water-borne 3. Mosisch, T.D. and A.H. Arthington, 2001. Polycyclic
metals generally exhibit their greatest toxicity to aquatic aromatic hydrocarbon residues in the sediment of a
organisms in soft waters of low pH. This is because the dune lake as a result of power boating. Lakes and
hardness cat-ions (Mg and Ca) compete with heavy metal Reservoirs: Research and Management, 6: 21-32.
cat-ions for binding sites within the organism. 4. Jothi, B. and G. Narayan, 1999. Certain pesticide-
Bioaccumulation of metals in fish is a function of metal induced carbohydrate metabolic disorders in the
bioavailability which can vary with pH, uptake and serum of freshwater fish Clarias batrachus. Food
toxicokinitics [15]. Heavy metal toxicity may also decrease and chemical Toxicology, 37(4): 417-421.
the oxygen consumption by the fish [16], while water 5. Somaraj, R., A. Ranjith Singh and A. Pushparah, 2005.
hardness had a significantly positive effect on heavy Pesticide induced impairment on the carbohydrate
metals toxicity [17]. metabolism in the fish Mystus vittatus. J. Curr. Sci,

Heavy metals have long been recognized as serious 7(2): 551-576.
pollutants of the aquatic environment they cause serious 6. Radhakrishnan, Nair., 2006. Changes in acid and
impairment in metabolic, physiological and structural alkaline phosphate activity during sub-lethal
system when present in high concentration [18]. Fish are exposure of Cyprinus carpio and Oreochromis
largely  being  used  for  the  assessment  of  the  quality mossambicus to copper and chromium. Asian J.
of aquatic environment and as such can serve as Microbiol. Biotech. Environ. Sci., 8(4): 817-827.
bioindicators of environmental pollution [19-20]. Heavy 7. Pandey,  S.,  I.   Ahmad,   S.  Parvez,  R.  Haque  and
metals accumulated in the tissues of fish may catalyze S. Raisuddin, 2001. Effect of endosulfan on
reactions that generate reactive oxygen species (ROS) antioxidants of fresh water fish Channa punctatus:
which may lead to environmental oxidative stress. Ferrous protection against lipid peroxidation in liver by
iron is considered to be the most toxic form of iron to copper pre exposure. Arch. Environ. Centam.
aquatic animals, in part, because it is the most readily Toxicol., 41(3): 345-352.
bioavailable form of iron under most circumstances. 8. Gill, T.S., J.C. Part and J. Pant, 1988. Gill, liver and
Damage caused by ferrous iron is most closely associated kidney lesions associated with experimental exposure
with DNA and membrane damage [21]. An increase in lipid to carbaryl and dimidiate in the fish. Bull. Environ.
peroxidation product and subsequent potassium leakage Contam. Toxicol, 41: 71-78.
may be one of the primary responses of iron toxicity 9. Agnihotri, N. and S. Chattopadhysy, 1992. Pollution
associated with membrane damage [22]. Alternatively, hazards through Agrochemicals, Soil fertility and
ferrous iron may act to mechanically destroy cell fertilizer  use.  Indian  farmers  Co-operative  Ltd. N.D,
membranes by ulceration and formation of precipitates on 5: 157-174.
the membrane, thus preventing absorption of nutrients. 10. Casini, S., S. Corsdini, S. Focardi and Mettai, 1995.
Evidence that formation of iron precipitates on membranes Biomarkers and organ chlorine levels in Specimens of
impede uptake of food and nutrients is provided. In zostersessor, Ophiocephalus from the lagoon of
general, the effects of iron, which can act to limit or Venice as a tool for evaluating the water quality. S. It.
enhance an organism’s access to resources, may E. Proc., 16: 61-63.
ultimately be of greater consequence to freshwater 11. Sherwood,  G.D.,  J.B.  Rasmussen,  D.J.  Rowan  and
aquatic animals than direct physiological or physical A. Hontela, 2000. Bioenergetic costs of heavy metal
effects. exposure in yellow perch (Perca flavescens): In situ
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