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Abstract
Chanda nama, freshwater small indigenous fish was exposed to sub-lethal concentrations of sugar industry effluent for different hours. Sugarcane industry effluent also known as post-methanated distillery effluent (PMDE) is chemically recalcitrant organo-metallic compound. The LC50 values at 24, 48, 72 and 96 hrs were found at 15.5%, 15.0, 14.5 and 14.0 respectively. Fishes were then exposed to different sub-lethal concentrations to assess behaviours of fishes. Fishes showed increased opercular movement, erratic swimming, loss of equilibrium, leaping out of water and hitting the wall were observed during experimental period. 	Comment by M Z: I recommend beginning the abstract with a broader statement highlighting the importance of assessing the ecological impacts of industrial effluents on freshwater ecosystems before introducing the specific study species. This would provide better context and emphasize the broader relevance of the study.
	Comment by M Z: I recommend using the full term instead of the abbreviation when it is first mentioned in the abstract. This will improve clarity and ensure that the abstract is easily understood by a broad readership.	Comment by M Z: The abstract would benefit from a stronger concluding statement. I recommend adding a final sentence that summarizes the key findings and emphasizes their ecological or environmental implications. This would enhance the clarity and completeness of the abstract.
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1. Introduction
Acute toxicity tests are essential to evaluate not only the sensitivity of animals to toxicant but also useful for evaluating the degree of damage to the target organs and their consequent physiological disorders. Acute toxicity tests are especially important in determining the effect of toxicant on organisms in a short period of time (Hagen, 1959). The toxicity testing using fish as a model was reported as early in 1951 by Dandoroff et al, and later several reports were added by others on various pesticides (Murthy, 1986; Murthy and Kondaiah, 1991). The acute toxicity tests using organophosphate pesticides like Nuvan, Dimecron etc. and organochlorine compounds like Endosulfan, DDT etc. have been performed in different species of fish (Verma et al., 1979, 1981; Khillare and Wagh, 1987; Ganesan et al., 1989; Ramanujan and Mohamy, 1997; Saxena et al., 1997; AI-Kahem et al., 1998; Mercy et al., 2001). These studies have clearly indicated not only toxic nature of these compounds but also their indirect effect on human health. 	Comment by M Z: Write the full term for the first mention
Nowadays discharge of industrial, municipal, and agricultural waste waters and sewage into the aquatic ecosystems is strictly regulated to minimize the levels of pollutants such as heavy metals in effluents (Fremion et al. 2016). Discharged sugarcane molasses-based distillery effluent also known as post-methanated distillery effluent (PMDE) is a dark-brown and highly complex chemically recalcitrant organo-metallic compound as a source of environmental pollutant (Yadav and Chandra, 2019). The dark color of PMDE is reported due to the thermal processing of various water-soluble compounds in sugarcane juice, such as cane pigments, phenolics, and different aminocarbonyl compounds, which are likely to form a complex polymer known as melanoidin at elevated temperature (Yadav and Chandra 2019). Melanoidin is a known non-enzymatic product, separated with sugarcane molasses as a by-product during the clarification of sugarcane juice (Chowdhary et al. 2018). 
Fish resembles more in developmental pattern, anatomy and physiology to higher vertebrates therefore they are ideal models for monitoring of chemicals in the aquatic environment (Schujit et al. 2021). The toxicity of sulfite pulping wastes to fish is well documented and reported that over toxic effects from oxygen demand indicates the limited role toxicity, alone plays in neutral ecosystems (Walden 1976). Veslisek et al., (2006) studied the effect of Cypermethrin on rainbow trout, Oncorhynchus myksis, Kumar et al., (2006) studied the acute toxicity of copper on the freshwater fish, Cirrhinus mrigala. Srivastava et al., (2007) studied toxicity and behaviouralbehavioral changes in fish, Labeo rohita and Channa punctatus exposed to pulp paper mill effluent. Puvaneswari and Karuppasamy (2007) studied the acute toxicity of cadmium chloride on Heteropneustes fossilis. Maheswaran et al., (2008) studied the effect of mercuric chloride on haematologicalhematological parameter of fresh water fish, Clarias batrachus. Present study has been undertaken to investigate effect of sugar industry effluent on behaviors and mortality of fresh water fish Chanda nama a relative short-term exposure with lethal concentration treatment.	Comment by M Z: The rationale for the study is not sufficiently clear. I recommend explaining why sugar industry effluent was selected as the focus of the investigation and why Chanda nama was chosen as the test species. Providing a clear justification for the selection of both the effluent type and the fish species would help readers better understand the significance and relevance of the study.
2. Materials and Methods
2.1 Fish Collection: 
	The test fish were regularly collected in live condition from Bhima riverBhima River and brought to laboratory avoiding any mechanical injury. 	Comment by M Z: The description of the study area is insufficient. I recommend providing more information about the river, including its ecological characteristics and relevance to the study. In addition, please clarify whether sugar industry effluent is discharged into or located near this river, and explain the connection between the study area and the investigated effluent source. This information would help establish the environmental context and relevance of the research.
[image: ]
Figure 1: Experimental fish: Chanda nama
2.2 Laboratory Acclimatization: 
	The fish of average weight were selected and acclimatized to laboratory conditions for two weeks before being used for experiment. During the period of acclimatization, the fishes were feed on pieces of earth worm and plankton food. No food was given to fishes during experimentation. 
2.3 Toxicity Testing:
	The acute toxicity experiments were repeated three times for a concentration with a batch of ten fish in order to maintain the concentration of the toxicant in test aquarium. Water was renewed after every 24 hours during the short-term exposure. Simultaneously group of control fishes were also kept during experimentation.
The percent concentration of test solution has been calculated using formula; which is given below (FAO, 1984)
		
VE= Vol. of Effluent, VDW = Vol. of Dilution water 
	Toxicity was determined according to static bioassay method to estimate LC50 values of the respective hours (Sprague, 1973). To evaluate the toxicity, 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 were prepared for the pilot tests.
  The bioassay tests were carried for 24, 48, 72 and 96 hours. The tests were started early in the morning to observed behavior of test fishes. The observations on mortality and survival were noted after every 24, 48, 72 and 96 hours. The fish was considered dead when there were no movement and lack of response to mechanical stimulus.
The LC50 values of the different time periods were calculated by regression analysis method. (Finney 1971).
3. Results & Discussion
The observations for LC50 values of the sugar industry effluents at different time periods are recorded. A lethal dose of the effluents has been obtained for 24, 48, 72 and 96 hours at 15.5, 15, 14.5, and 14% respectively (table 1).
The fish exposed to 15.5, 15, 14.5 and 14% of concentrations of sugar industry effluent showed different physical behavior i.e. fish showed jerky swimming and excitation for nearly 5-8 minutes. Frequency of the opercular movements found increased. Loss of balance and attempts to escape from the aquarium were prominent.
Percent survival and mortality of fish at 15.5,15, 14.5 and 14% concentrations of effluent for different time periods i.e. 24, 48, 72 and 96 hours have been studied and observation have been shown in table 1.
	Exposure period in 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


Table 1: LC50 (%) values with exposure time of effluent:

During present study LC50 of sugar industry effluent for different time periods (24, 48, 72 and 96 hr.) have been obtained at 15.5, 15, 14.5 and 14%. Rana and Sudhir, (1999) observed the acute toxicity of tannery and textile dye effluents on common teleost fish, Labeo rohita, the LC50 of textile dye effluents reported were 8.8, 8.4, 8.0 and 7.2 mg / l for 24, 48, 72 & 96h respectively. The effects of technical grade Malathion in fresh water fish like Rasbora daniconius and Pethia ticto have been studied by Singh and Sahai (1984) and they found LC50 at 6 ppm and 4 ppm in fishes respectively. The toxicity of suquin to two freshwater cyprinid fishes, Rasbora daniconius and Barbus ticto were studied and found that the LC50 values obtained for 96 hr were 0.35 and 0.175 ppm for R. daniconius and B. ticto respectively and fish showed hyper excitation (Wagh and Khalid, 1985). 
Ammonia pollution from industry and sewage can lead to eutrophication and increases in toxic algal blooms and can cause extensive die-offs of fish in rivers (Anon USEPA, 2013. The fish O. mossambica was exposed to median lethal concentration (LC50 for 24 hrs) for lead, zinc and copper were 0.073, 0.26 & 0.115µg/l respectively. Singh et al., (2004) studied the toxicity of heavy metals in Indian major carp, Labeo rohita. The LC50 value of cadmium chloride for fish L. rohita was 687.38, 653.99, 632.78 & 589.76 mg/l & for lead nitrate 796.57, 740.17, 694.39 & 681.68 mg/l for 24, 48, 72 and 96 hrs. Fafiooye, et al., (2004) studied the acute toxicity of aqueous and ethanolic extracts of two botanicals on Clarias gariepinus juveniles. The 96 hrs LC50 value for Parkia biglobosa aqueous (AEPB) & ethanolic extracts (EEPB) was 2.8 & 2.4 ppm.
Behavioral changes in fishes observed during this study include increase in frequency of the opercular movements. Loss of balance and attempts to escape from the aquarium were found prominent, which are correlated with work of earlier researcher, Wagh and Khalid (1985), Kumar et al., (2006), Bindu and Geeta (2009). Similar behavioral responses irregular swimming, hyperventilation, increased movement of the opercula, restlessness were observed in Oreochromis niloticus exposed to Sub‑lethal toxicity of indigo dye; Indigofera tinctoria (Ayebidun & Ajibare, (2023).
Oluwatuyi et al., 2025 have assessed effects of Abattoir Effluent on Growth Performance of Clarias gariepinus. They recorded changes in behavior at 50, 75 and 100% effluent treatment respectively. Their findings showed frequent surfacing of fish, discoloration, loss of reflexes and erratic swimming. Extreme lethargy was equally observed. Kumar et al., (2006) reported the median lethal concentration for copper 3, 6, 12, 24, 48, 72 and 96 hrs at 99.59, 89.39, 66.74, 52.63, 44.26, 33.61 and 28.21 ppm. It is also reported that the treated fish, C. mrigala showed loss of equilibrium, changes in opercular movement, changes in orientation and locomotion, mucus coating on the body and erratic swimming.
Aquatic species may experience cramping, hypertension, occasional fever, kidney damage, and other physiological issues as a result of ingesting textile effluents through the food chain (Sabina et al., 2020). River water physico-chemical characteristics changes due to addition of sugar factory effluent into the river water and it become unfit for human consumption during crushing season Srivastava et al., (1995). Jesudas and Akila (1996) have studied the impact of sugar industry effluents in Tamil Nadu and found that the discharged effluent has a number of chemical pollutants like carbonates, bicarbonates, nitrates, phosphates and toxics metal. Senthil Kumar et al., (2001) have studied the physico-chemical parameters of sugar industry effluents and found that it is well above the permissible limit. 
The fish O. mossambicus was exposed to median lethal concentration (LC50 for 24 hrs) for lead, zinc and copper were 0.073, 0.26 & 0.115µg/l respectively and showed characteristics changes in behavior, fishes survived rapidly in the experimental media and were trying to jump out of water at short intervals. Later fishes exhibited restlessness by erratic opercular movement, difficult in respiration, convulsions and short erratic jerky movements (Sultana and Sharief 2004). Anabus testudineus was exposed to Endosulfan and LC50 of 96h was 16.91 ppb and fish showed a series of behavioral responses, imbalanced and restlessness of movement, erratic swimming, tremor, flashing and lethargy (Bindu and Geeta, 2009). The effects of effluents and the behavioural responses to effluents shown by fish depend upon multiple factors like age of the individual fish, length and weight ratio, sex, migration pattern in fishes, adaptation strategies to withstand chronic pollution (Catteau et al., 2021).
5. 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.
The fish exposed to the effluent showed clear behaviouralbehavioral abnormalities. Increased opercular movement, jerky swimming, excitation, loss of equilibrium, attempts to escape from the aquarium, and reduced movement were observed during the experimental period. These responses indicate stress and impaired normal activity in the exposed fish. The behaviouralbehavioral 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
This study had several limitations. The chemical composition of the sugar industry effluent was not analyzed, so the observed toxicity could not be linked to specific pollutants such as organic load, ammonia, dissolved solids, heavy metals, or other chemical constituents. The source, collection time, storage condition, and initial physico-chemical properties of the effluent were not fully described. Raw mortality data for each concentration and exposure period were not presented, limiting independent verification of the LC50 estimates. Water-quality parameters such as dissolved oxygen, pH, temperature, hardness, alkalinity, and conductivity were not reported during exposure. Behavioural observations were descriptive and not scored using a standardized scale. The study assessed acute toxicity only and did not examine chronic exposure, recovery, biochemical markers, histopathology, growth, reproduction, or ecological field effects. Future studies should include full effluent characterization, larger datasets, standardized behaviouralbehavioral scoring, and chronic toxicity assessment.
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