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ABSTRACT
This study investigates the acute toxicity and behavioural responses of the herbicide Herboclin to the freshwater fish Clarias batrachus (Linn). The fish were exposed to various concentrations of Herboclin for 24, 48, 72, and 96 hours to determine the lethal concentration (LC₅₀) values. The LC₅₀ values calculated from regression equations were 10.16 ppm, 7.00 ppm, 5.17 ppm, and 4.25 ppm for 24, 48, 72, and 96 hours, respectively. The sub lethal concentration was determined to be 1.00 ppm. Behavioural abnormalities observed included erratic opercular movements, increased aggression, difficulty in breathing, irregular swimming, and excessive mucus secretion. Additionally, the fish exhibited disorientation, loss of balance, and lethargy. These findings indicate the significant toxicological impact of Herboclin on C. batrachus, highlighting the potential hazards of herbicides to aquatic organisms and the need for caution in their environmental use. 
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INTRODUCTION
Pesticides, including herbicides, play a pivotal role in modern agriculture by helping control pests, weeds, and diseases, thereby improving crop yields. However, the unintended consequences of herbicide use on the environment, particularly aquatic ecosystems, have raised growing concerns. These chemicals, when applied in agricultural fields, often leach into nearby water bodies through runoff, causing contamination of aquatic habitats. Fish, being highly sensitive to changes in water quality, are particularly vulnerable to the toxic effects of herbicides (Rekha et al., 2008; Devi et al. 2024 and Selvaraj et al. 2024).
Among the various herbicides used, organophosphates and organochlorines are widely employed to enhance agricultural productivity (Soni & Verma, 2018). Despite their effectiveness in pest control, these chemicals pose significant risks to aquatic life, as they can accumulate in water bodies and affect non-target organisms, including fish (Raja & Sangita, 2024, Antwi & Reddy, 2024). Clarias batrachus (Linn.), a widely distributed freshwater species, serves as an important indicator organism in toxicological studies due to its ecological and economic importance in aquaculture. Exposure to even sub lethal concentrations of herbicides can result in altered behavioural patterns, physiological stress, and impaired growth, leading to disruptions in the species' survival and reproductive success (Sandhya & Fazle, 2021; Rani & Kumaraguru, 2014).
[bookmark: _GoBack]The herbicide Herboclin has emerged as a compound of interest in this context, with previous studies, including (Rajan & Arti, 2022) documenting its toxic effects on C. batrachus. However, detailed studies on its acute toxicity and behavioural responses in this species are limited. The present study aims to fill this gap by determining the lethal concentration (LC₅₀) of Herboclin at various exposure durations—24, 48, 72, and 96 hours—using bioassay methods. Additionally, we observe the behavioural changes exhibited by C. batrachus in response to exposure, such as erratic swimming, respiratory distress, and mucus secretion. Understanding these responses will provide deeper insights into the sub lethal and lethal effects of Herboclin on aquatic organisms and help assess the broader ecological risks associated with herbicide contamination in freshwater systems (Kishore et al., 2022).
This research contributes to the growing body of knowledge regarding herbicide toxicity in aquatic environments and underscores the need for more sustainable agricultural practices that minimize harm to aquatic ecosystems. By assessing both the lethal and sub lethal effects of Herboclin, we aim to provide valuable data that can inform regulatory measures and ecological risk assessments for the protection of freshwater biodiversity.


MATERIALS AND METHODS


Collection and Acclimatization of Experimental Fish
Live adult specimens of Clarias batrachus (commonly known as the walking catfish) were procured from a local fish pond. Immediately after collection, the fish were transported to the laboratory in large, wide-mouthed earthen pots filled to half their capacity with natural pond water, ensuring minimal stress and adequate oxygenation during transit. Upon arrival in the laboratory, the fish were subjected to a prophylactic treatment using a 0.1% potassium permanganate (KMnO₄) solution for 2–3 minutes. This treatment helped eliminate any external dermal infections or ectoparasites that might interfere with experimental outcomes.
Only healthy and active fish within a specific size and weight range — 12 to 16 cm in length and 80 to 100 grams in weight — were selected for the bioassay studies. These selected individuals were acclimatized to laboratory conditions for a period of 14 days (a fortnight) prior to the experiment. The acclimatization was carried out in well-aerated glass aquaria with a capacity of 40 litres each. During this period, the fish were maintained under a controlled photoperiod (12:12 hr light: dark cycle) and fed once daily with a commercial fish feed. Feeding was stopped 24 hours before the commencement of the toxicity tests to avoid any interference from metabolic waste.
The water used throughout the acclimatization and experimental phases was clean, aerated running tap water, free from any known contaminants. The physicochemical parameters of the water such as temperature, pH, dissolved oxygen, and total hardness were monitored and maintained within optimal limits for C. batrachus survival and activity.
Acute Toxicity Bioassay
Acute toxicity tests were conducted to determine the median lethal concentration (LC₅₀) of the test compound Herboclin at four exposure durations: 42, 48, 72, and 96 hours. The static renewal bioassay method was employed, in accordance with the guidelines prescribed by the American Public Health Association (APHA), American Water Works Association (AWWA), and Water Pollution Control Federation (WPCF), 1985. In this method, the test solutions were renewed every 24 hours to maintain the desired concentration and water quality. Groups of 10 fish each were exposed to various concentrations of Herboclin in separate aquaria, including one control group without any chemical exposure. Mortality was recorded at regular intervals, and fish were considered dead when there was no opercular movement or response to gentle prodding. The LC₅₀ values, representing the concentration of Herboclin lethal to 50% of the exposed fish population at the respective time intervals, were calculated using probit analysis.
Determination of Sub-Lethal Concentration
Based on the 96-hour LC₅₀ value, the sub-lethal concentration of Herboclin was calculated using the formula provided by Hart et al. (1945). The sub-lethal dose is typically a fraction (usually 1/10th or 1/20th) of the LC₅₀ and is intended to represent a concentration that does not cause immediate mortality but may induce physiological or behavioural changes. This concentration was used in subsequent chronic exposure or biochemical analysis studies.


RESULTS AND DISCUSSION


Physico-Chemical Characteristics of Test Water:
The test water used in the bioassay was analysed for a range of physico-chemical parameters, which are essential in understanding how environmental conditions influence the toxicity of the herbicide Herboclin to Clarias batrachus. As seen in Table 1, the water was characterized by a neutral pH of 7.6, which is optimal for most freshwater species, including C. batrachus. The water temperature ranged between 23°C to 26°C, which is within the acceptable range for this species. This range is important because temperature influences the metabolism and respiration rates of fish, and hence the toxicity of chemicals likes Herboclin. The total solids concentration (38.5 mg/l) and dissolved solids (12.3 mg/l) reflected moderate water hardness, which is typical for the species used in the study. The dissolved oxygen (DO) level of 6.5 mg/l was adequate for the survival of the fish during the experiment, as oxygen is essential for aerobic respiration. Free CO₂ and other parameters, such as total hardness and alkalinity, were also within levels typically encountered in natural aquatic systems. These controlled conditions were crucial for ensuring that the observed toxic effects could be attributed to the herbicide alone and not influenced by variations in water quality. Consistency in the physico-chemical conditions is vital when conducting toxicity assays to isolate the effects of the test substance on the organisms.
Acute Toxicity (LC₅₀ Values):
The acute toxicity of Herboclin was evaluated by determining the LC₅₀ values at different time points (24, 48, 72, and 96 hours) using the standard bioassay protocols (APHA et al., 1985). The LC₅₀ values represent the concentration of the herbicide that causes 50% mortality in the exposed fish. The results (Table 2) revealed the following LC₅₀ values for Herboclin:
· 24 hours: 10.16 ppm
· 48 hours: 7.00 ppm
· 72 hours: 5.17 ppm
· 96 hours: 4.25 ppm
The decrease in LC₅₀ values with increasing exposure duration is indicative of the cumulative toxic effects of Herboclin. This means that fish exposed to the herbicide for longer periods accumulated the toxic substance in their system, resulting in increased mortality. The results are consistent with the findings of earlier studies, which have shown that longer exposure to toxic substances leads to greater accumulation and more severe physiological damage (Singh et al. 2003; Gehan, 2012; Ahsan et al, 2016).
The findings also support the idea that herbicide toxicity is dose-dependent. The herbicide’s toxicity decreases with reduced exposure or lower concentrations, but even at sub lethal levels, Herboclin may cause significant behavioural and physiological disruptions.
Sublethal Concentration:
In this study, the sub lethal concentration of Herboclin was calculated using the formula of Hart et al. (1945). The sub lethal concentration represents the threshold below which the fish are not expected to die but may still experience adverse effects. The calculated sub lethal concentration for Herboclin was 1.00 ppm. This finding is significant, as it suggests that even low concentrations of Herboclin in aquatic environments can lead to stress and abnormal behaviour in fish. In the natural world, aquatic environments often contain multiple pollutants, which, even at sub lethal levels, can cause synergistic effects. Thus, the presence of Herboclin in concentrations as low as 1.00 ppm could have long-term ecological impacts, including the disruption of fish populations, reproductive health, and overall biodiversity.
Behavioral Response to Herboclin Exposure:
The study also examined the behavioural responses of Clarias batrachus to various concentrations of Herboclin over the exposure periods. A range of abnormal behaviours was observed, which are commonly reported in fish exposed to toxicants. These behaviours included:
1. Erratic Opercular Movement: The increased opercular (gill) movement observed in the fish is an indicator of respiratory distress. Herbicide exposure can impair the gill function, causing the fish to work harder to obtain oxygen, resulting in rapid gill movement. This is often a sign of suffocation or hypoxia (Nadine et al, 2024; Benoit et al, 2020; Birke & Scholz, 2019).
2. Aggression and Restlessness: At higher concentrations, fish exhibited more aggressive behaviours and a tendency to swim erratically or attempt to escape. This is likely due to increased stress levels, which are known to disrupt the normal behavioural patterns of aquatic organisms (Rakesh et al., 2007; Rajan & Arti, 2023). Increased aggression may also be a result of impaired neurological function caused by the herbicide.
3. Difficulty in Breathing and Surfaces for Air: Fish in higher concentrations showed signs of respiratory difficulty, surfacing frequently to gulp air. This behaviour suggests that the herbicide interfered with the oxygen-carrying capacity of the water or the fish’s ability to extract oxygen from the water. Such behavioural changes are commonly observed in fish exposed to toxic chemicals (Halappa, R. and David, M.  2009).
4. Excessive Mucus Secretion and Depigmentation: One of the most alarming signs of toxicity was the excessive secretion of mucus, which covered the body and gills. Mucus serves as a protective mechanism for fish, but when produced in excess, it can impair their respiratory function and limit oxygen exchange (Emon et al, 2023; Roy & Rahul, 2024). The discoloration of the fish (depigmentation) observed in the study suggests that Herboclin may have a detrimental effect on the fish’s integumentary system and may disrupt normal metabolic processes.
5. Loss of Balance and Lethargy: A loss of balance, coupled with lethargy, was observed in the fish after prolonged exposure. This suggests that the herbicide may be affecting the central nervous system, causing motor dysfunction and impairing the fish’s ability to maintain equilibrium.
These behavioural responses provide valuable insight into the physiological stress caused by herbicide exposure. Similar findings have been reported in other studies on herbicide toxicity, where increased mucus secretion, erratic swimming, and loss of balance were commonly observed (Rakesh & Sushant, 2018; Rita & Milton, 2006; Ghosh & Chatterjee, 1988).
Comparison with Literature:
The observed LC₅₀ values for Herboclin (10.16 ppm at 24 hours and 4.25 ppm at 96 hours) are similar to those reported for other herbicides and pesticides in fish. A study by Mokry and Hoagland (1990) evaluated the acute toxicity of several synthetic pyrethroids to aquatic organisms. They found that the LC₅₀ values for Daphnia magna ranged from 0.15 to 1.25 μg/L, depending on the specific pyrethroid tested. These findings emphasize that herbicides like Herboclin are toxic to aquatic organisms and their lethal and sub lethal effects can have profound ecological consequences. The behavioural changes observed in C. batrachus align with those reported in other studies, such as those by Shiogiri et al. (2012), Chang et al. (2011), Rakesh & Shushant, 2018 and Rakesh et al. (2007), where herbicide exposure resulted in increased aggression, erratic swimming, and respiratory difficulties.


Conclusion:
The present study concludes that Herboclin has significant acute toxicity to Clarias batrachus. The LC₅₀ values indicate that the herbicide is highly toxic, with increasing toxicity over time. Even sub lethal concentrations (1.00 ppm) can cause severe physiological and behavioural disruptions in fish. The observed abnormal behaviours, including erratic swimming, respiratory distress, excessive mucus secretion, and loss of equilibrium, indicate that Herboclin affects multiple physiological systems, including respiration, the nervous system, and the skin. These findings suggest that the use of Herboclin in agricultural settings may pose a significant risk to aquatic ecosystems, particularly in freshwater habitats where fish such as C. batrachus are common. Given the potential for long-term ecological impacts, it is essential to monitor and regulate the concentration of herbicides in aquatic environments to prevent harm to aquatic life. Further studies are needed to investigate the chronic effects of Herboclin exposure and its impact on fish reproduction and ecosystem health.
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Table 1: Physico-chemical characteristics of the test water
	Characteristics
	Unit
	No. of Observation
	Mean
	Range

	pH
Temperature 
Total Solids
Dissolved solids
Dissolved oxygen (DO)
Free CO2
Total Hardness
Total alkalinity
	-
oC
mg/l
mg/l
mg/l
mg/l
mg/l as CaCO3
mg/l as CaCO3
	10
10
10
10
10
5
5
5
	7.6
24.6
38.5
12.3
6.5
2.1
180.0
150.0
	7.2-7.9
23-26
32.6-38.2
10.5-12.6
5.4-7.6
1.3-3.0
165-200
136-165




Table 2: LC₅₀ Values and Regression Equations of Herboclin Against Clarias batrachus
	Herbicides
	Time (hr.)
	LC50 (ppm)
	Regression equation 

	Herboclin
	24
48
72
96
	10.16
7.00
5.17
4.25
	Y = -450+49.2x
Y = -254+44x
Y = -126+34x
Y = -69+28x
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       Fig.1: LC₅₀ Values and Regression graph of Herboclin Against Clarias batrachus
.
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