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Abstract
Water is one of the most vital elements for life on Earth, playing a critical role in maintaining ecological balance, supporting biodiversity, and sustaining human activities. This study investigates the seasonal variations in the water quality of Sajwai Pond, a freshwater body located in Barwani district, Madhya Pradesh. By analyzing key parameters such as temperature, pH, turbidity, total dissolved solids (TDS), chloride, total hardness, alkalinity, magnesium, calcium, nitrate, biochemical oxygen demand (BOD), dissolved oxygen (DO), and free carbon dioxide across winter, monsoon, and summer seasons, the research offers insights into the pond’s ecological health and usability. The findings reveal significant seasonal trends: increased turbidity and nutrient concentrations during the monsoon due to surface runoff, higher ion concentrations in summer driven by evaporation, and stable conditions during winter. Despite these fluctuations, all parameters remained within acceptable limits for irrigation, domestic use, and the survival of aquatic life. This highlights the resilience and functionality of Sajwai Pond. However, the study emphasizes the importance of proactive measures, such as regular water quality monitoring and conservation initiatives, to manage challenges like nutrient loading and sedimentation. These efforts will help maintain the ecological balance of small but vital freshwater ecosystems like Sajwai Pond.	Comment by Microsoft account: If you mention the study time it will be good 	Comment by Microsoft account: As you said acceptable limit can you provide a table showing different ranges of paramets
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Introduction
Water is definitely one of the most fundamental resources supporting life on Earth. Its presence forms the environment, influences climate patterns, and ensures the survival of countless living organisms, from the smallest microorganisms to the largest mammals. Beyond its ecological role, water is the cornerstone of human civilization, driving agriculture, industry, and daily life. In India, a country blessed with diverse climates and terrains, water bodies abound, ranging from massive river systems like the Ganges and Brahmaputra to tranquil lakes and modest ponds (Dhiman,2024). These aquatic ecosystems are not just geographical features they are lifelines that support biodiversity, cultural practices, and the livelihoods of millions. Understanding these water bodies is the focus of limnology, a scientific field that delves into their physical, chemical, and biological dynamics. Freshwater ecosystems can be broadly classified into lentic systems, which include still waters such as lakes, ponds, and reservoirs, and lotic systems, represented by flowing waters like rivers and streams. Among these, ponds hold a unique and often underestimated importance. Despite their smaller size, they are vital for meeting various human and ecological needs. From supplying water for domestic use and irrigation to serving as breeding grounds for fish and other aquatic species, ponds are indispensable in rural and urban settings alike (Boyd & Tucker,2012).	Comment by Microsoft account: Add space before year	Comment by Microsoft account: 	Comment by Microsoft account: Add spsce
The quality of water in these ecosystems is a critical factor that determines their usability and ecological health. Factors such as nutrient concentrations, temperature, pH levels, and the availability of sunlight directly influence water quality (Akhtar et al.,2021). These, in turn, affect the survival of aquatic plants and animals, the balance of microbial communities, and even the economic activities dependent on these water bodies. Poor water quality can lead to reduced biodiversity and lower ecosystem productivity, which has cascading effects on human and natural systems. Therefore, safeguarding water quality is not just an ecological concern but a necessity for sustainable development. Good water quality supports not only the growth of aquatic organisms but also enhances the overall functionality of ecosystems. This balance is particularly significant in regions like India, where freshwater resources are under increasing pressure from population growth, urbanization, and climate change. Monitoring and maintaining the health of water bodies, both large and small, is essential for preserving their ecological and economic value (Bassi et al.,2024). In this context, this study turns its attention to Sajwai Pond, a freshwater resource in the Barwani district of Madhya Pradesh, India. By examining seasonal variations in its water quality, the research aims to paint a comprehensive picture of the pond's ecological status. Such efforts not only deepen our understanding of the intricate workings of these ecosystems but also provide valuable insights for managing them sustainably, ensuring they continue to benefit both nature and people for generations to come.	Comment by Microsoft account: Add space
	Comment by Microsoft account: Add space

Materials and methods
This study assessed the physico-chemical water quality of Sajwai Pond in Barwani district, Madhya Pradesh, India.  Four sampling sites inlet, outlet, and two central points were chosen to represent different hydrological zones. Samples were collected during the monsoon ,Summer and winter seasons, following the protocols of Maurya  (2022).	Comment by Microsoft account: You didn’t mentioned the study period	Comment by Microsoft account: Add space before summer
	Comment by Microsoft account: You can remove capital S	Comment by Microsoft account: 	Comment by Microsoft account: If you add pond photo (live photo or map) will be good.
2.1 Sampling:  One-liter water samples were collected from each site at approximately during all three  seasons using pre-cleaned polyethylene bottles, rinsed thrice with in situ water.	Comment by Microsoft account: 	Comment by Microsoft account: There is an extra space; remove it 
2.2 Physicochemical Analyses:  The following parameters were analyzed using calibrated instruments and standard methods (cite relevant standard methods, e.g., Standard Methods for the Examination of Water and Wastewater): temperature, pH, turbidity, total dissolved solids (TDS), chloride, total hardness, total alkalinity, magnesium, calcium, nitrate, biochemical oxygen demand (BOD), dissolved oxygen (DO), and free carbon dioxide.  All measurements were performed in triplicate, and the mean values are reported.	Comment by Microsoft account: Write it as Physico-Chemical
2.2.1 Temperature: In situ temperature was measured at mid-depth using a calibrated digital thermometer after a 1-2 minute stabilization period.  Readings were recorded in °C.  Ambient air temperature was also recorded for comparative analysis.
2.2.2 pH: In situ pH was measured using a calibrated pH meter with a clean electrode, rinsed before and after each measurement using distilled water. The meter was calibrated using standard buffers (pH 4.0, 7.0, 10.0).  Readings were recorded to two decimal places.

2.2.3 Turbidity: In situ turbidity was measured using a calibrated turbidity meter. The instrument was calibrated according to the manufacturer's instructions before each use. Readings were reported in Nephelometric Turbidity Units (NTU).
2.2.4 TDS: In situ TDS was measured using a calibrated TDS meter. The meter was calibrated using a standard solution prior to each measurement. Results were reported in milligrams per liter (mg/L).
2.2.5 Chloride: Chloride concentration was determined using the Mohr titration method, employing standardized silver nitrate solution and potassium chromate indicator.  The endpoint was determined visually. Replicate titrations were performed.
2.2.6 Total Hardness: Total hardness was determined via EDTA titrimetry using Eriochrome Black T indicator. The titration was performed until a distinct color change was observed.  Results were reported in mg CaCO₃/L.
2.2.7 Total Alkalinity: Total alkalinity was determined by titration with standardized sulfuric acid, with the endpoint determined using a calibrated pH meter.  The titration was performed until the pH reached the specified endpoint. Results were reported in mg CaCO₃/L.
2.2.8 Magnesium and Calcium: Concentrations were determined using  Atomic Absorption Spectroscopy (AAS). Appropriate quality control measures were implemented. Results were reported in mg/L analysis done from out sources.	Comment by Microsoft account: Remove extra space between using and atomic
2.2.9 Nitrate: Nitrate concentration was measured using the cadmium reduction method, with absorbance measured at 540 nm using a spectrophotometer. A standard curve was generated using known nitrate concentrations.  Results were reported as mg NO₃-N/L.
2.2.10 BOD: BOD was determined using the standard 5-day BOD test at 27°C.  The initial and final dissolved oxygen levels were measured using a calibrated DO meter, and the difference was calculated as the BOD. Results were reported in mg/L.
2.2.11 Dissolved Oxygen: In situ DO was measured using a calibrated DO meter. The probe was allowed to stabilize before recording the reading in mg/L.Water temperature was also recorded for oxygen solubility correction.
2.2.12 Free Carbon Dioxide: Free CO₂ was determined using a titration kit according to the manufacturer's instructions.  The titration was conducted until the specified endpoint was reached, and the free CO₂ concentration was calculated based on the volume of titrant consumed.
Results and discussion
Seasonal Dynamics in Physico-Chemical Water Quality: The analysis of Sajwai Pond's water quality during  winter, monsoon, and summer seasons highlights significant seasonal variations in physico-chemical parameters as shown in table.1 to 3. These variations are indicative of the pond's response to changing climatic conditions, hydrological inputs, and anthropogenic activities.	Comment by Microsoft account: Remove extra space
Water Temperature: Water temperature exhibited clear seasonal variations, ranging from 22.8–23.3°C in winter to 24.0–24.2°C during the monsoon season and peaking at 29.5–30.0°C in summer. The increase in summer is attributed to higher ambient temperatures and greater solar radiation, which aligns with findings from (Lough et al.,2016). The slight temperature rise during the monsoon could be due to cloudy conditions that trap heat.	Comment by Microsoft account: Add space
pH Value: The pH of the pond water varied from 6.6–8.37 across seasons, indicating slightly acidic to moderately alkaline conditions. Monsoon values were relatively lower (6.8–8.1) due to the dilution effect of rainwater, while summer values (6.5–8.3) reflected ion concentration caused by evaporation These findings are consistent with seasonal studies (Ekka et al.,2024). 	Comment by Microsoft account: Add space
Turbidity: Turbidity showed significant seasonal variation, with the highest levels during the monsoon (8.5–12.3 NTU) owing to surface runoff and sediment inflow. In contrast, winter and summer recorded lower turbidity levels (3.0–8.7 NTU), suggesting reduced disturbance in these seasons. High turbidity during the monsoon can limit light penetration and reduce photosynthetic activity, as noted by Mahajan & Billore (2014).
Total Dissolved Solids (TDS): TDS concentrations ranged from 226-280 mg/L. Values were higher in summer (235-280 mg/L) due to evaporation and ion concentration. Monsoon levels (240-270 mg/L) reflected both runoff contributions and rainwater dilution. Lower TDS during winter suggests minimal hydrological activity, consistent with trends documented. 
Chloride Content: Chloride concentrations remained fairly consistent, ranging from 25-43 mg/L across seasons. Monsoon levels (27-42 mg/L) reflected dilution from rainwater, while summer values (29-43 mg/L) showed marginal increases due to evaporation. Similar trends were observed by Laluraj et al., (2006) in studies on rural ponds. Chloride levels were within acceptable limits for aquatic life.
Total Hardness: The total hardness of water ranged between 160-180 mg/L across seasons. Slight increases were observed in summer (170-180 mg/L) due to ion concentration, while the monsoon season recorded values of 165-175 mg/L, likely influenced by rainwater. 
These observations are consistent and  values showed within the permissible range for drinking water, as per WHO standards (2011).	Comment by Microsoft account: Remove space	Comment by Microsoft account: Kindly add WHO website reference 
Alkalinity: Alkalinity ranged from 128-150 mg/L, showing moderate seasonal variation. Lower levels during the monsoon (128-142 mg/L) may be attributed to dilution, while higher values in summer (135-150 mg/L) result from evaporation. Adequate alkalinity ensures the pond’s buffering capacity, safeguarding against drastic pH fluctuations.
Magnesium and Calcium: Magnesium levels ranged from 3.8–7.0 mg/L, while calcium levels varied between 12-36 mg/L. Both parameters exhibited slight increases in summer, consistent with ion concentration due to evaporation. Monsoon values were moderately lower (4.0-6.8 mg/L for magnesium; 14-32 mg/L for calcium) due to runoff and dilution. 
Nitrate Levels: Nitrate concentrations ranged from 38.1-44.2 mg/L. Monsoon levels (39.5-43.0 mg/L) were slightly higher due to agricultural runoff, while lower levels in winter (38.1-42.1 mg/L) and summer (40.5-44.2 mg/L) reflect reduced inflow. Elevated nitrate levels during the monsoon underscore the need for better nutrient management.
Biochemical Oxygen Demand (BOD): BOD values were highest in the monsoon (2.0-2.2 mg/L), reflecting increased organic matter from runoff and microbial activity. Lower values in winter (1.12-1.95 mg/L) indicate reduced biological activity due to cooler temperatures. Summer BOD (1.0-1.8 mg/L) was moderate, consistent with seasonal oxygen demand.
Dissolved Oxygen (DO): DO concentrations ranged from 6.0-8.2 mg/L, with higher values during the monsoon (7.5-8.2 mg/L) due to aeration from rainfall. Lower levels in summer (6.0-6.8 mg/L) reflect the inverse relationship between temperature and oxygen solubility. These findings highlight the pond's seasonal oxygen dynamics.
Table 1. Winter season water testing Report (December 2024)	Comment by Microsoft account: Here you mentioned study period but above nothing.
	S. No.
	Parameters
	Site-I
	Site-II
	Site-III
	Site-IV

	1
	Temperature (Water) (°C)
	22.8
	23.1
	23.3
	23.1

	2
	pH Value
	6.6
	7.79
	8.33
	8.37

	3
	Turbidity (NTU)
	7.7
	3.3
	7.3
	8.7

	4
	Total Dissolved Solids (mg/L)
	258
	226
	238
	239

	5
	Chloride (mg/L)
	40
	25
	37
	39

	6
	Total Hardness (mg/L)
	172
	168
	166
	160

	7
	Total Alkalinity (mg/L)
	144
	146
	130
	134

	8
	Magnesium (mg/L)
	3.8
	6.7
	5.42
	3.68

	9
	Calcium (mg/L)
	20
	34
	12
	18

	10
	Nitrate (mg/L)
	42.1
	38.1
	40.1
	39.1

	11
	Biochemical Oxygen Demand (mg/L)
	1.12
	1.72
	1.7
	1.95

	12
	Conductivity (µS/cm)
	486
	428
	450
	451

	13
	Dissolved Oxygen (mg/L)
	7.7
	7.5
	6.8
	6.5

	14
	Free Carbon Dioxide (mg/L)
	4.01
	3.48
	4.4
	4.1



Table 2  Monsoon season water testing Report (August 2024).	Comment by Microsoft account: Add full stop after 2	Comment by Microsoft account: Remove full stop at end
	S. No.
	Parameters
	Site-I
	Site-II
	Site-III
	Site-IV

	1
	Temperature (Water) (°C)
	24.2
	24
	23.9
	24.1

	2
	pH Value
	6.8
	7.5
	8
	8.1

	3
	Turbidity (NTU)
	12.3
	8.5
	10.6
	12.1

	4
	Total Dissolved Solids (mg/L)
	270
	240
	250
	255

	5
	Chloride (mg/L)
	42
	27
	38
	41

	6
	Total Hardness (mg/L)
	175
	170
	168
	165

	7
	Total Alkalinity (mg/L)
	140
	142
	128
	130

	8
	Magnesium (mg/L)
	4.1
	6.8
	5.8
	4

	9
	Calcium (mg/L)
	18
	32
	14
	16

	10
	Nitrate (mg/L)
	43
	39.5
	41
	40

	11
	Biochemical Oxygen Demand (mg/L)
	1.5
	2
	2.1
	2.2

	12
	Conductivity (µS/cm)
	500
	440
	460
	465

	13
	Dissolved Oxygen (mg/L)
	8
	8.2
	7.5
	7.6

	14
	Free Carbon Dioxide (mg/L)
	4.5
	3.7
	4.8
	4.3



Free Carbon Dioxide: Free CO₂ levels ranged from 3.4-4.8 mg/L, with higher values observed in the monsoon season (3.7-4.8 mg/L) due to organic decomposition and microbial respiration. Winter and summer recorded lower levels (3.4-4.4 mg/L), indicating reduced biological activity during these periods.

Table 3  Summer season water testing Report (May 2024).	Comment by Microsoft account: Add full stop after 3	Comment by Microsoft account: Remove full stop at end
	S. No.
	Parameters
	Site-I
	Site-II
	Site-III
	Site-IV

	1
	Temperature (Water) (°C)
	29.5
	29.8
	30
	29.7

	2
	pH Value
	6.5
	7.6
	8.2
	8.3

	3
	Turbidity (NTU)
	6
	3
	6.5
	7

	4
	Total Dissolved Solids (mg/L)
	280
	235
	245
	250

	5
	Chloride (mg/L)
	43
	29
	40
	42

	6
	Total Hardness (mg/L)
	180
	175
	172
	170

	7
	Total Alkalinity (mg/L)
	150
	148
	135
	140

	8
	Magnesium (mg/L)
	4.5
	7
	6
	4.3

	9
	Calcium (mg/L)
	22
	36
	16
	20

	10
	Nitrate (mg/L)
	44.2
	40.5
	42.5
	41.8

	11
	Biochemical Oxygen Demand (mg/L)
	1
	1.5
	1.7
	1.8

	12
	Conductivity (µS/cm)
	510
	450
	470
	475

	13
	Dissolved Oxygen (mg/L)
	6.5
	6.8
	6
	6.2

	14
	Free Carbon Dioxide (mg/L)
	3.8
	3.4
	4
	3.7



The physico-chemical analysis of Sajwai Pond underscores its seasonal variability, influenced by climatic conditions and hydrological inputs. Monsoon runoff increased turbidity, nitrate, and organic load, while summer evaporation concentrated dissolved ions. (Akhtar.2023) Despite these fluctuations, water quality remained within permissible limits for aquatic life, domestic use, and irrigation.	Comment by Microsoft account: The style of this font is different, 	Comment by Microsoft account: The reference entry is wrong, it has to (Akhtar et al., 2023)	Comment by Microsoft account: Add space also
Regular monitoring and sustainable management practices are essential to preserve the ecological and economic value of the pond (Chen, et al.,2019). Addressing nutrient runoff and sedimentation through community-driven conservation programs can help maintain its health. These findings contribute to the broader understanding of small freshwater ecosystems in India, providing a foundation for future research and management strategies.
Conclusion: This study illustrates the dynamic nature of Sajwai Pond’s water quality across seasons, influenced by climatic and hydrological changes. Despite the observed seasonal fluctuations, water quality remained within permissible limits for multiple uses. However, regular monitoring and sustainable management practices are crucial to prevent long-term degradation and ensure the pond continues to support both biodiversity and human needs.	Comment by Microsoft account: Provide the permissible limits of a pond 
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