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ABSTRACT
[bookmark: _Hlk190804391]Pesticides, particularly fungicides like Mancozeb (MZ), are extensively used in agriculture for controlling fungal pathogens, but their persistence in environmental systems poses significant risks to aquatic ecosystems. This study investigates the acute toxicity of Mancozeb on juvenile common carp (Cyprinus carpio var. communis) by assessing its effects through a 96-hour static bioassay. The study determined the median lethal concentration (LC50) values of Mancozeb at 24, 48, 72, and 96 hours. Water quality parameters during the bioassay remained stable, ensuring the reliability of the toxicity test. Results indicated that the LC50 values for Mancozeb decreased with increased exposure time, with values of 16.940, 13.615, 9.886, and 8.764 ppm at 24, 48, 72, and 96 hours, respectively, highlighting a concentration-dependent increase in fish mortality. The findings suggest that Mancozeb exhibits moderate toxicity to juvenile common carp with increased mortality over prolonged exposure. The study bridges the knowledge gap regarding the ecological impact of Mancozeb, emphasizing the importance of safe pesticide practices to mitigate risks to aquatic biodiversity and human consumers reliant on fisheries.
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Introduction
Pesticides became the backbone of modern agriculture following the Green Revolution of the 1960s, providing effective protection against pests, weeds, and fungal infections (Srivastava and Singh, 2014). Their widespread use in agriculture, forestry, and public health stems from their effectiveness in increasing crop yields and reducing disease vectors (Gagnaire et al., 2004; Jain et al., 2005). But the overuse has raised ecological and public health concerns. Pesticides enter soil and water bodies through agricultural runoff and bioaccumulate in organisms and disrupt ecosystems (Xie et al., 1996; Morel et al., 1998; Abedi et al., 2013). According to FAO (2002) pesticides are substances intended to kill or repel pests, they include herbicides, insecticides, fungicides and rodenticides etc. Among these fungicides like mancozeb (MZ)-a manganese-zinc ethylene bisdithiocarbamate-are widely used for their broad spectrum activity against fungal pathogens (Leader et al., 2008). But its persistence in agricultural runoff poses risk to non-target aquatic organisms including fish (Rodríguez et al., 2015). Mancozeb acts as a contact profungicide, it inhibits sulfhydryl-dependent enzymes in fungal cells (Ludwig and Thorn, 1960; Kaars, 1982). Once it enters into water bodies Mancozeb degrades into metabolites like ethylenethiourea (ETU) which disrupts thyroid function and is carcinogenic to vertebrates. Mancozeb is neurotoxic and endocrine disruptor in mammals and aquatic species (Srivastava and Singh, 2013b). It reduces acetylcholinesterase (AChE) activity leading to neuromuscular dysfunction (Sikka and Gurbuz, 2006) and induces oxidative stress, DNA damage and thyroid dysfunction (Bisson and Hontela, 2002; Kubrak et al., 2012; Atamaniuk et al., 2014). In fish sublethal exposure disrupts hematological parameters, immune responses and reproductive health (Marques et al., 2016; Zizza et al., 2017). MZ is one of the most used agrochemical Worldwide (Fitsanakis et al., 2002) but its ecological impact is understudied especially in freshwater ecosystems. Fish as bioindicators of aquatic health are more vulnerable, pesticide exposure has been linked to oxidative stress, neurotoxicity and hematological alterations (Kubrak et al., 2012; Bisson & Hontela, 2002). Common carp (Cyprinus carpio var. communis) a species of economic and ecological importance is highly sensitive to contaminants and is an ideal model to study pesticide toxicity (Marques et al., 2016). This study investigates acute toxicity of Mancozeb exposure on juvenile common carp and bridges the knowledge gap and provides safer pesticide practices to conserve aquatic biodiversity and human consumers dependent on fishery. 
Material and Methodology
Experiment was carried out as per OECD (2019)  Guidelines. The test chemical Mancozeb used in the study was collected from the local commercial shop. Juveniles of common carp, Cyprinus carpio var. communis weighing of 10±2 g were collected from hatchery of Faculty of Fisheries SKUAST-K. They were brought to laboratory in plastic bags with adequate water to avoid any physical injury and disinfected by giving a bath for two minutes in 0.05%KMnO4. Thereafter they were transferred to glass aquaria measuring 60×30×40 cm. Prior to the introduction of fishes, aquaria were also washed with KMnO4 to avoid infection. Fishes were acclimatized for two weeks and fed with artificial diet during that period. Leftover food in the tank was removed daily when water was changed. 
Bioassay: A short-term static bioassay was performed with the standard ethical protocol. Static type of bioassay for 96 hours was carried out to calculate the 24, 48, 72 and 96-hour median lethal concentration (LC50) for Mancozeb during which no food was given to fishes. Feeding was stopped 24 hours before the start of experiment. During the experiment also, no food was given to fishes. Test organisms were introduced to the test chamber (aquaria) within one hour after the toxicant was added to the dilution water. The rough range-finding tests were performed initially to estimate concentrations for the definitive tests. Concentrations of 2, 4, 8, 16, 32, and 64 ppm were finalized for the experiment and each concentration was replicated thrice with 10 specimens per replicate. A control was run simultaneously for each test concentration. Dead test organisms were removed from aquaria as soon as observed to avoid any organic decomposition. Fishes were treated dead if any sign of immobilization, loss of equilibrium, lack of opercular movement, or morbidity was seen. This reflected an indication of pending death. After the experiment was over, test solution was disposed of and container scrubbed and washed thoroughly with 10% HCl.
Water Quality Parameters of Aquarium Waters during Bioassay: All the water quality parameters were analysed following standard methods as per APHA, 2017. Physico-chemical parameters of water such as water temperature, pH, dissolved oxygen, free carbon dioxide, total dissolved solids were calculated at 24, 48, 72 and 96 h post exposure. 
Statistical Analysis: Fish mortality data with respect to time was analysed by probit regression analysis in SPSS (20.0 version), a statistical software, based on Finney Probit Method (Finney, 1971) for determination of LC50 values and 95% upper and lower confidence limits. 
Result 
Various water quality parameters of aquarium waters assessed during static bioassay are presented in Table 1. Water temperature fluctuated between 22.9 & 27.97oC. Values of carbon dioxide ranged between 2.09 to 2.11 mg/l showing very less variation throughout the experiment signifying non-hypoxic conditions in the aquarium throughout the assay. Dissolved oxygen varied from 5.33to 6.19 mg/l, pH from 7.2 to 7.51 and total dissolved solids ranged from 206.27 to 241.60 mg/l.  The given water quality parameters revealed very less variation throughout the bioassay, ensuring the stable environmental conditions. This stability is critical for ensuring the reliability and validity of the toxicity test conducted on mancozeb. No mortality and 100% mortality of Cyprinus carpio var. communis was recorded at 2 and 64 mg/l of Mancozeb respectively. The 24, 48, 72 and 96 h LC50 values (with 95% confidence limit) have been summarized in table 2. No mortality of test organism was found in control during the bioassay. The LC50 values with 95% confidence limit of Mancozeb for Cyprinus carpio var. communis were estimated as 16.940 (11.940–25.298) ppm at 24 hours, 13.615 (9.281–20.274) ppm at 48 hours, 9.886 (6.736–14.373) ppm at 72 hours, and 8.764 (6.069–12.564) ppm at 96 hours. The toxicity of Mancozeb increases with prolonged exposure, as evidenced by the decreasing LC50 values from 24 hours to 96 hours. A significant, concentration-dependent increase in fish mortality rates (p<0.05) were observed as the percentage mortality and probit mortality has been got increased with increasing the concentration of the toxicant. 
Table 1: Means and SD of water quality parameters of aquarium water during dimethoate bioassay on different intervals.
	Water quality parameter
	Day

	
	1
	2
	3
	4

	Lab temperature (oC)
	29±0
	27±0
	25±0
	29±0

	Water temperature(0C)
	27.97±0.10
	25.09±0.21
	22.97±0.05
	26.99±0.07

	D.O (mg/l)
	5.33±0.5
	6.01±0.72
	6.19±0.54
	5.45±0.74

	CO2 (mg/l)
	2.11±0.15
	2.10±0.21
	2.09±0.13
	2.09±0.15

	pH
	7.32±0.32
	7.46±0.24
	7.51±0.30
	7.2±0.26

	T.D.S (mg/l) 
	230.08±17.75
	223.66±28.96
	206.27±28.50
	241.60±30.01






Table 2- LC50 values with 95% confidence limits for Mancozeb based on dissolved concentrations estimated according to Probit method.
	Exposure time (h)
	LC50 value (mg/l) with 95% (Upper and lower) limit
	Intercept± SE
	Slope±SE

	24
	16.940(25.298-11.726)
	3.568±0.789
	2.904±0.633

	48
	13.615 (20.274-9.281)
	3.112±0.695
	2.742±0.588

	72
	9.886 (14.374-6.376)
	2.876±0.656
	2.891±0.615

	96
	8.764 (12.564-6.069)
	2.973±0.695
	3.154 ±0.691


Discussion
[bookmark: _Hlk190648636]Acute toxicity tests on fish are used to determine how chemicals, pollutants, and other substances affect aquatic ecosystems over a short period of time, usually 24 to 96 hours (EPA 1994). The findings help establish water quality regulations, set waste discharge limits, and develop strategies to safeguard aquatic ecosystems from dangerous contaminants (EPA 2021). Furthermore, acute toxicity testing serves as a foundation for the development of long-term toxicity studies and ecological risk assessments, both of which are critical to preserving biodiversity and sustaining ecosystems (Landis, 2009). Given the importance of fish in food webs and as a resource for human consumption, these studies are critical to both environmental conservation and public health protection. In aquatic toxicology, LC50 less than 1000 ppb indicates "very toxic" material, between 1000 and 10000 ppb indicates "moderately toxic" substance, and greater than 10000 ppb indicates "less toxic" substance (Siemering et al., 2005). 96 h LC50 value determined in the present study was 8.764 mg/L, indicating a moderate level of toxicity. The resulted LC50 obtained in the present study was similar to that reported in common carp fingerling (Simkani et al., 2018). The acute toxicity of mancozeb varies in different species. Hejduk and Svobodova (1980) stated that LC50 of Cyprinus carpio exposed to Novozir MN 80(80% mancozeb) was found to be 24 mg/L for 48 hours, while in case of more sensitive species, like rainbow trout Oncorhynchus mykiss, the LC50 value was much lower, at 1.85 mg/L, and in case of Poecilia reticulata, LC50 during the same time period was 2.2 mg/L.  LC50 value of 11.68 mg/L was obtained for Oreochromis mossambicus (Saha et al.,2016) and 12.95 mg/L for Punctius ticto (Sharma et al., 2016), which is slightly higher to the results found in the current investigation for common carp. Channa punctatus exposed to Mancozeb had an LC50 value of 9.5 mg/l (Choudhury and Das, 2020) with slight variability in the sensitivities across different studies. Kuppuswamy and Seetharaman, (2020), reported that LC50 after 96 hours for an adult zebrafish was 2.76 mg/L, while in Lophiosilurus alexandri, Silva et al. (2023) cited its LC50 to be 2.29 mg/L. However, much greater median lethal concentration of 550 mg/L was reported for Labeo rohita (Maurya et al., 2023) and 410.90 mg/L for Clarias gariepinus (Odo et al., 2023) exposed to mancozeb. The toxicity potential of pesticide changes with respect to age, size and exposure time in different fish species (Sousa et al., 2019). The difference in the toxicity of mancozeb among different fish species can be attributed to the difference in susceptibility and tolerance regarding absorption, biotransformation and excretion of pesticide (Dutta et al., 1992). The highest concentration of the toxicant resulted in the highest mortality rate which is in agreement with the study of FAO (1997) and Ayoola (2008), who reported that in all toxicants a threshold is researched, above which there is no drastic survival of animal and below the threshold, the animal is in a tolerance zone, while below the tolerance zone is the zone of resistance. The lower LC50 values observed in this study attributed to small size of fishes (10±2 g) which have potentially weak immune system to carry out the elimination of the toxicant from the body.
Conclusion 
In conclusion mancozeb can be classified as moderately toxic substance for juvenile Cyprinus carpio Var. communis with 96-hour LC50 value of 8.764 mg/L. Toxicity increased with prolonged exposure, highlighting the risks of pesticide contamination to aquatic ecosystems. These studies are critical in understanding the fast impacts of pollutants on fish populations, which serve as crucial indicators of water quality and ecosystem health. The results emphasize the need for careful pesticide management to protect freshwater biodiversity.
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