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Lethal Effects of Sugar Industry Effluent on Behaviour and Mortality in the Freshwater Fish Chanda nama
Abstract
Discharge of industrial, municipal and agricultural wastewater into freshwater ecosystems introduces pollutants such as heavy metals, nutrients and organic loads that can affect aquatic organisms. In the present study, the lethal and behavioural effects of sugar industry effluent were assessed in the freshwater small indigenous fish Chanda nama collected from the Bhima River. Effluent was collected from the canal confluence at Patas village, and test fish were acclimatised under laboratory conditions before exposure. Acute toxicity bioassays were conducted for 24, 48, 72 and 96 hours using different concentrations of sugar industry effluent. The estimated LC50 values declined with increasing exposure duration, from 15.5% at 24 hours to 15.0%, 14.5% and 14.0% at 48, 72 and 96 hours, respectively. Fish exposed to lethal concentrations exhibited clear behavioural changes, including increased opercular movement, jerky and erratic swimming, excitation, loss of equilibrium, attempts to escape from the aquarium, leaping out of water and repeated contact with the aquarium wall. Mortality increased with concentration and exposure duration, indicating a time-dependent toxic response under laboratory conditions. The findings suggest that untreated or inadequately treated sugar industry effluent may cause acute stress and mortality in freshwater fish. Proper effluent treatment, routine monitoring and further chemical characterisation are needed to better understand the toxic components and reduce potential ecological risks.
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1. Introduction
Acute toxicity tests are fundamental for assessing the sensitivity of organisms to toxicants, the extent of damage to target organs and the associated physiological disturbances. These investigations provide valuable insights into the immediate adverse effects of toxic substances and are particularly important for determining short-term responses after exposure (Hagen, 1959). Consequently, acute toxicity studies constitute an essential component of ecotoxicological and environmental risk assessment.

The use of fish as experimental models in toxicity testing was reported as early as 1951 by Doudoroff et al., and later investigations expanded this approach to evaluate a wide range of pesticides (Murthy, 1986; Murty & Kondaiah, 1991; Symons, 1973; Verma et al., 1977). Since then, numerous studies have examined the acute toxic effects of organophosphate pesticides, including Nuvan, Dimecron and diazinon, as well as organochlorine compounds such as endosulfan and dichlorodiphenyltrichloroethane (DDT), in different fish species (Al-Kahem et al., 1998; Bakthavathsalam & Reddy, 1981; Ganesan et al., 1989; Joshi & Rege, 1980; Khillare & Wagh, 1987; Anna Mercy et al., 2001; Rahman et al., 2002; Ramanujan & Mohanty, 1997; Saxena et al., 1997; Verma et al., 1979, 1981). Collectively, these investigations demonstrate the toxic potential of these compounds and their capacity to induce physiological and biochemical alterations in aquatic organisms. The findings also underscore the ecological implications of pesticide contamination and the potential indirect risks to human health through environmental exposure and trophic transfer.

The discharge of industrial, municipal and agricultural wastewater, together with domestic sewage, into aquatic ecosystems is now subject to stringent regulatory control to minimise the release of environmental contaminants, including heavy metals and other hazardous pollutants, into receiving water bodies (Fremion et al., 2016). Despite these regulatory measures, effluents generated by agro-industrial processes continue to pose significant environmental challenges owing to their complex physicochemical characteristics and high pollutant loads.

Among these, sugarcane molasses-based distillery effluent, commonly referred to as post-methanated distillery effluent (PMDE), is recognised as a major source of environmental pollution. PMDE is a dark-brown, chemically complex and highly recalcitrant organo-metallic wastewater that exhibits considerable resistance to natural degradation processes (Maruthi & Rao, 2000; Bharagava & Chandra, 2010a, 2010b; Yadav & Chandra, 2019). The characteristic dark colour of PMDE has been attributed to the thermal processing of water-soluble constituents present in sugarcane juice, including cane pigments, phenolic compounds and various aminocarbonyl compounds. Under elevated temperatures, these constituents undergo complex reactions, resulting in the formation of high-molecular-weight polymeric compounds collectively known as melanoidins (Yadav & Chandra, 2019).

Melanoidin is a non-enzymatically synthesised polymeric pigment generated primarily through the Maillard reaction during the processing and clarification of sugarcane juice, and it remains associated with sugarcane molasses as a major by-product (Chowdhary et al., 2018). Owing to its complex molecular structure, high stability and resistance to microbial degradation, melanoidin contributes substantially to the persistent colour, elevated chemical oxygen demand and recalcitrant nature of PMDE, thereby increasing its potential to adversely affect aquatic ecosystems when inadequately treated effluents are discharged into the environment.

Fish are widely recognised as valuable experimental models in aquatic toxicology because their developmental patterns, anatomical characteristics and physiological processes closely resemble those of higher vertebrates. Furthermore, their direct and continuous exposure to aquatic environments makes them highly suitable bioindicators for monitoring the occurrence and biological effects of chemical contaminants in freshwater and marine ecosystems (Schuijt et al., 2021). Consequently, fish have been extensively employed to assess the ecological risks associated with a broad spectrum of environmental pollutants. Recent whole-effluent and industrial-wastewater studies have similarly shown that fish-based assays can reveal acute lethality, oxidative stress and developmental impairment after exposure to complex effluent mixtures (Jekayinfa & Bawa-Allah, 2022; Li et al., 2023; Mustafa et al., 2024).

The toxicity of industrial effluents, including sulphite pulping wastes, to fish has been well documented. Early investigations demonstrated that, although oxygen depletion resulting from high biological oxygen demand contributes substantially to fish mortality, the intrinsic toxicity of effluents also plays a significant role in determining their adverse ecological effects in natural aquatic ecosystems (Walden, 1976). Since then, numerous studies have evaluated the toxicological impacts of various chemical contaminants on different fish species. For example, Velisek et al. (2006) investigated the effects of cypermethrin on rainbow trout, Oncorhynchus mykiss, while Mamatha et al. (2006) examined the acute toxicity of copper in the freshwater fish Cirrhinus mrigala. Similarly, Srivastava et al. (2007) reported toxicity and behavioural alterations in Labeo rohita and Channa punctatus following exposure to pulp and paper mill effluent. Puvaneswari and Karuppasamy (2007) evaluated the acute toxicity of cadmium chloride in Heteropneustes fossilis, whereas Maheswaran et al. (2008) investigated the effects of mercuric chloride on the haematological parameters of the freshwater fish Clarias batrachus. Collectively, these studies demonstrate that exposure to industrial effluents and heavy metals can induce significant physiological, behavioural and haematological disturbances in fish, highlighting their utility as sensitive indicators of aquatic environmental contamination.
Recent freshwater bioassays have also reported abnormal opercular activity, irregular swimming, disorientation and loss of balance in fish after acute toxicant exposure, confirming the relevance of behavioural endpoints in short-term toxicity assessment (Kiran et al., 2025). Field evidence from freshwater bodies has also shown associations between physicochemical water-quality variables and fish diversity, supporting the need to evaluate effluent effects in receiving river systems (Patel, 2025). However, manuscript-specific evidence on the short-term lethal and behavioural effects of sugar industry effluent on Chanda nama from the Bhima River remains limited.
The present study was undertaken to investigate the effects of effluent released from the Bhima Patas sugar factory, located at Patas in Daund Taluka, Pune district. The effluent reaches the Bhima River through rainwater runoff from this region, making it ecologically and biologically important to understand its effects on aquatic fauna. Therefore, the present study investigated behavioural changes and mortality in the freshwater fish Chanda nama following short-term exposure to lethal concentrations of the effluent.
2. Materials and Methods
2.1 Fish Collection: 
The test fish specimens were collected alive from the Bhima River and brought to the laboratory without mechanical injury (Figure 1).
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Figure 1: Experimental fish: Chanda nama
2.2 Laboratory Acclimatization: 
Fish of average weight were selected and acclimatised to laboratory conditions for two weeks before the experiment. During acclimatisation, the fish were fed pieces of earthworm and planktonic food. No food was provided during experimentation.
2.3 Toxicity Testing: 
Effluent sampling was conducted at the canal confluence site at Patas village. The acute toxicity experiments were conducted in triplicate for each test concentration, with ten fish allocated to each experimental batch to ensure the maintenance of the desired toxicant concentration within the test aquaria. During the short-term exposure period, the test medium was renewed at 24-hour intervals to maintain consistent water quality and toxicant levels. Concurrently, a separate group of control fish was maintained under identical experimental conditions without exposure to the toxicant to facilitate valid comparisons with the treated groups.
The percentage concentration of the test solution was calculated using the formula given below (Reish & Oshida, 1987).
		
VE= Vol. of Effluent, VDW = Vol. of Dilution water 
Toxicity was determined using a static bioassay method to estimate LC50 values at the respective exposure periods (Sprague, 1973). To evaluate toxicity, a series of different concentrations (11%, 11.5%, 12%, 12.5%, 13%, 13.5%, 14%, 14.5%, 15%, 15.5% and 16%) of sugar industry effluent was prepared for the pilot tests.
The bioassay tests were conducted for 24, 48, 72 and 96 hours. The tests were started early in the morning to observe the behaviour of the test fish. Observations on mortality and survival were recorded after 24, 48, 72 and 96 hours. Fish were considered dead when there was no movement and no response to mechanical stimulus.
The LC50 values for the different exposure periods were calculated using the regression analysis method (Finney, 1971).
3. Results and Discussion
The LC50 values of sugar industry effluent at different exposure periods were recorded. The lethal concentrations obtained after 24, 48, 72 and 96 hours were 15.5%, 15.0%, 14.5% and 14.0%, respectively (Table 1).
Fish exposed to 15.5%, 15.0%, 14.5% and 14.0% concentrations of sugar industry effluent showed different physical behaviours, including jerky swimming and excitation for nearly 5-8 minutes. The frequency of opercular movements increased. Loss of balance and attempts to escape from the aquarium were also prominent.
Table 1: LC50 (%) values with exposure time of effluent:
	Exposure period (hrs)
	LC50 values  % concentration
	No. of  animal used
	Length
(cm)
	Weight
(gm)
	Regression equation
Y= y + b (x- x)
	Variance

	24
	15.5
	10
	6.5-7
	4-5
	Y = 4.82 + 2.31 (x − x̄)
	0.62

	48
	15
	10
	6.5-7
	4-5
	Y = 4.76 + 2.28 (x − x̄)
	0.58

	72
	14.5
	10
	6.5-7
	4-5
	Y = 4.69 + 2.24 (x − x̄)
	0.54

	96
	14
	10
	6.5-7
	4-5
	Y = 4.61 + 2.19 (x − x̄)
	0.49


The survival and mortality percentages of fish exposed to 15.5%, 15.0%, 14.5% and 14.0% concentrations of effluent for 24, 48, 72 and 96 hours are shown in Table 2.
Table 2: Percent survival and mortality in fish exposed to Sugar Industry effluent for a period of 24, 48, 72, and 96 hrs.
	Sr. No
	%
concentration
	% survival and mortality

	
	
	24 hours
	48 hours
	72 hours
	96 hours

	
	
	S
	M
	S
	M
	S
	M
	S
	M

	1
	13
	100
	-
	90
	10
	80
	20
	70
	30

	2
	13.5
	90
	10
	80
	20
	70
	30
	60
	40

	4
	14
	80
	20
	70
	30
	60
	40
	50
	50

	5
	14.5
	70
	30
	60
	40
	50
	50
	40
	60

	6
	15
	60
	40
	50
	50
	40
	60
	30
	70

	7
	15.5
	50
	50
	40
	60
	30
	70
	20
	80


				                                                       *S- Survival, M- Mortality
In the present study, the LC50 values of sugar industry effluent for different exposure periods (24, 48, 72 and 96 hours) were 15.5%, 15.0%, 14.5% and 14.0%, respectively (Figure 2). Rana and Raizada (1999) observed the acute toxicity of tannery and textile dye effluents in the common teleost fish Labeo rohita, and the reported LC50 values for textile dye effluents were 8.8, 8.4, 8.0 and 7.2 mg/L for 24, 48, 72 and 96 hours, respectively. The toxicity of Suquin to two freshwater cyprinid fishes, Rasbora daniconius and Barbus ticto, was also studied, and the 96-hour LC50 values were reported as 0.35 and 0.175 ppm for R. daniconius and B. ticto, respectively; fish also showed hyperexcitation (Khalid Shareef, 1985; Wagh & Shareef, 1985).

Figure 2: Graphical representation of exposure time in Hrs vs LC50 values in %

Ammonia released from industrial effluents and domestic sewage represents a significant source of aquatic pollution, contributing to eutrophication, promoting the proliferation of harmful algal blooms and causing extensive fish mortality in riverine ecosystems (U.S. Environmental Protection Agency, 2013). The toxic effects of a wide range of chemical contaminants on fish have been extensively investigated using acute toxicity assays, with median lethal concentration (LC50) values serving as a standard indicator of toxic potential.

Sultana and Sharief (2004) reported that, in Oreochromis mossambicus, the 24-hour LC50 values for lead, zinc and copper were 0.073, 0.260 and 0.115 µg/L, respectively, demonstrating the high sensitivity of this species to heavy metal exposure. Similarly, Singh et al. (2004) evaluated the acute toxicity of heavy metals in the Indian major carp, Labeo rohita. The reported LC50 values for cadmium chloride were 687.38, 653.99, 632.78 and 589.76 mg/L after 24, 48, 72 and 96 hours of exposure, respectively, whereas the corresponding LC50 values for lead nitrate were 796.57, 740.17, 694.39 and 681.68 mg/L. The progressive decline in LC50 values with increasing exposure duration indicates a time-dependent increase in toxicity.

In addition to inorganic contaminants, the acute toxicity of botanical extracts has also been investigated. Fafioye et al. (2004) assessed the toxicity of aqueous and ethanolic extracts of two botanical preparations in juveniles of Clarias gariepinus. The 96-hour LC50 values for the aqueous and ethanolic extracts of Parkia biglobosa were reported as 2.8 ppm and 2.4 ppm, respectively, indicating that the ethanolic extract exhibited comparatively greater toxicity under the experimental conditions.

The present study revealed several behavioural alterations in fish following toxicant exposure, including a marked increase in the frequency of opercular movements. Loss of equilibrium and repeated attempts to escape from the experimental aquaria were also observed as prominent behavioural responses. These findings are consistent with previous reports by Wagh and Shareef (1985), Mamatha et al. (2006), and Bindu and Geetha (2009), who documented comparable behavioural disturbances in fish exposed to various toxicants.

Similar stress-induced behavioural responses, including erratic swimming, hyperventilation, increased opercular activity and pronounced restlessness, have also been reported in Oreochromis niloticus following sublethal exposure to indigo dye derived from Indigofera tinctoria (Ayebidun & Ajibare, 2023). Such behavioural modifications are widely recognised as sensitive and rapid indicators of physiological stress and toxicant-induced impairment in fish, reflecting disruptions in normal respiratory, neuromuscular and locomotory functions. Consequently, behavioural responses serve as valuable early biomarkers for assessing the adverse effects of environmental contaminants on aquatic organisms.
Oluwatuyi et al. (2025) assessed the effects of abattoir effluent on the growth performance of Clarias gariepinus. They recorded behavioural changes at 50%, 75% and 100% effluent treatments. Their findings showed frequent surfacing, discolouration, loss of reflexes and erratic swimming. Extreme lethargy was also observed. Mamatha et al. (2006) reported median lethal concentrations for copper at 3, 6, 12, 24, 48, 72 and 96 hours as 99.59, 89.39, 66.74, 52.63, 44.26, 33.61 and 28.21 ppm, respectively. They also reported that treated Cirrhinus mrigala showed loss of equilibrium, changes in opercular movement, changes in orientation and locomotion, mucus coating on the body and erratic swimming.

Exposure to industrial effluents, particularly textile wastewater, can adversely affect aquatic organisms through direct contact as well as trophic transfer within the food chain. Such exposure has been associated with a range of physiological disturbances in aquatic species (Jignasa Chhaya et al., 1997; Sultana et al., 2020). These findings underscore the ecological and toxicological significance of untreated industrial discharges in freshwater environments.

Senthil Kumar et al. (2001) evaluated the physicochemical characteristics of sugar industry effluents and reported that several water-quality parameters exceeded permissible regulatory limits, indicating their potential to pose serious environmental hazards. Similarly, heavy-metal exposure has been reported to affect haematological and histopathological responses in Oreochromis mossambicus (Nair, 2000; Sultana & Sharief, 2004). Fish exposed to these toxicants initially exhibited vigorous swimming behaviour and frequent attempts to leap out of the experimental medium, indicative of acute stress. As exposure progressed, behavioural abnormalities became more pronounced, including restlessness, rapid and irregular opercular movements, respiratory distress, convulsions and abrupt, erratic locomotory movements. These observations demonstrate that behavioural alterations constitute sensitive indicators of toxicant-induced physiological stress and can serve as reliable biomarkers for assessing the impact of environmental pollutants on fish.

Anabas testudineus exposed to endosulfan exhibited a 96-hour median lethal concentration (LC50) of 16.91 ppb and displayed a range of characteristic behavioural abnormalities, including loss of equilibrium, restlessness, erratic swimming, tremors, flashing behaviour and lethargy (Bindu & Geetha, 2009). These behavioural alterations are indicative of neurophysiological impairment and represent early manifestations of toxicant-induced stress in fish.

The nature and severity of behavioural responses elicited by exposure to industrial effluents and other environmental contaminants are influenced by several intrinsic and extrinsic factors. These include the age, body size and weight of individual fish, sex, migratory behaviour, species-specific physiological characteristics and the capacity to adapt to prolonged or chronic exposure to polluted environments (Berrill et al., 1985; Catteau et al., 2021). Consequently, behavioural responses may vary considerably among species and populations, reflecting differences in sensitivity, ecological adaptations and tolerance to environmental stressors. Therefore, the assessment of behavioural endpoints provides valuable insights into the ecological impacts of aquatic pollutants and serves as an effective tool for evaluating sublethal toxic effects in fish.
4. Conclusions
The present study showed that sugar industry effluent produced acute toxic effects in the freshwater fish Chanda nama. The LC50 values decreased from 15.5% at 24 hours to 14.0% at 96 hours, indicating that longer exposure increased the toxic effect of the effluent. This time-dependent decline suggests that even relatively small changes in exposure duration may influence survival under laboratory conditions. Fish exposed to the effluent showed clear behavioural abnormalities, including increased opercular movement, jerky swimming, excitation, loss of equilibrium, attempts to escape from the aquarium and reduced movement. These responses indicate stress and impaired normal activity in exposed fish. The behavioural changes also suggest that sugar industry effluent may interfere with respiration, balance and general physiological function. The findings support the view that sugar industry effluent can be harmful to freshwater fish if released into aquatic environments without adequate treatment. Proper effluent treatment, monitoring and regulation are necessary to reduce ecological risk. Further studies should identify the chemical components responsible for toxicity and evaluate chronic, biochemical and histological effects in freshwater fish.

Limitations
The chemical composition of the sugar industry effluent was not analysed, so toxicity could not be linked to specific pollutants. Water-quality parameters such as dissolved oxygen, pH, temperature, hardness, alkalinity and conductivity were not reported during exposure. Behavioural responses were descriptive and were not assessed using a standardised scoring system. The study was limited to acute toxicity and did not examine chronic exposure, recovery, biochemical markers, histopathology, growth, reproduction or ecological field effects.
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