Impact of seasonal variation on physicochemical parameters of Chawandiya pond, Bhilwara district, Rajasthan, India


Abstract
Water quality is largely determined by its physicochemical properties, which significantly influence biological diversity in aquatic ecosystems such as ponds, lakes and rivers. Assessing these properties is crucial for evaluating ecosystem health. This study was conducted from November 2024 to October 2025 to examine seasonal variations in physicochemical parameters at five sampling sites (S1, S2, S3, S4 and S5) in Chawandiya Pond, Bhilwara, Rajasthan. The average pH was highest during the monsoon (6.33), followed by winter (6.31), and lowest during summer (6.27). The highest average temperature was recorded in summer (29.76°C), followed by the monsoon (23.10°C), whereas the lowest occurred in winter (16.15°C). Electrical conductivity peaked in summer (242 mS/cm), followed by winter (226 mS/cm), and was lowest during the monsoon (206 mS/cm). Total dissolved solids (TDS) were highest in summer (153.60 mg/L), followed by winter (142.60 mg/L), and lowest during the monsoon (133.80 mg/L). Maximum hardness was observed in summer (79.20 mg/L), followed by winter (71.00 mg/L), and minimum hardness occurred during the monsoon (68.60 mg/L). The highest average calcium (Ca2+) concentration occurred in summer (22.64 mg/L), followed by winter (21.76 mg/L), and the lowest occurred during the monsoon (20.32 mg/L). The highest average magnesium (Mg2+) concentration was recorded in summer (5.18 mg/L), followed by the monsoon (4.27 mg/L), and the lowest in winter (3.98 mg/L). Alkalinity ranged from 84 to 98 mg/L in winter, 99.2 to 111.0 mg/L in summer and 76 to 90 mg/L during the monsoon across the sampling stations. Chloride (Cl-) concentrations ranged from 10.99 to 13.99 mg/L in winter, 11.82 to 13.79 mg/L in summer and 9.99 to 13.99 mg/L during the monsoon. Fluoride (F-) concentrations ranged from 0.12 to 0.16 mg/L in winter, 0.14 to 0.20 mg/L in summer and 0.14 to 0.18 mg/L during the monsoon. The highest average sulphate (SO42-) concentration was observed in summer (5.75 mg/L), followed by winter (4.96 mg/L), and the lowest occurred during the monsoon (4.92 mg/L). Nitrate (NO3-) concentrations remained below the detection limit (<0.1 mg/L) at all five sampling stations during all three seasons. The highest average dissolved oxygen concentration occurred during the monsoon (4.02 mg/L), followed by winter (3.68 mg/L), and the lowest occurred in summer (3.24 mg/L). The physicochemical parameters of Chawandiya Pond showed distinct seasonal variation. Most measured variables were highest in summer, whereas pH and dissolved oxygen were highest during the monsoon. These findings demonstrate seasonal changes in pond water quality and support continued monitoring of the aquatic ecosystem.
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Introduction
Lakes and surface waters are vital freshwater resources that provide numerous benefits to humans and ecosystems. Freshwater is indispensable for human survival, agriculture, industrial activities and consumption. Ensuring an adequate supply of clean freshwater is essential for sustainable development (Mahananda et al., 2005). Industrial and municipal solid wastes have emerged as significant contributors to the pollution of both surface water and groundwater. The presence of heavy-metal contamination and other pollutants can make water unsuitable for human consumption (Masindi & Muedi, 2018; Rehman et al., 2018). Water quality is largely determined by its physicochemical properties, which significantly influence biological diversity in aquatic ecosystems such as ponds, lakes and rivers. These physicochemical parameters are influenced by natural processes and characteristics, including rainfall, soil composition, catchment geology, sediment erosion and evaporation (Horne & Goldman, 1994). In addition to these natural factors, human activities considerably affect the chemical composition of water bodies (Boyd, 2015). Water temperature, turbidity, pH, dissolved oxygen and total suspended solids significantly influence the growth of organisms in aquatic environments (Qureshimatva et al., 2015). The introduction of substantial amounts of domestic or industrial waste into water bodies can markedly reduce oxygen levels and increase ammonia and nitrogen concentrations downstream of effluent discharges (Nayar, 2020). Changes in the physical, chemical or biological properties of water caused by the introduction of unwanted or foreign substances through sewage discharge, industrial and municipal waste, and agricultural runoff contribute to water-quality degradation (Parashar et al., 2006; Patil et al., 2012). Freshwater reservoirs have become increasingly contaminated owing to industrial growth, the extensive use of fertilisers in agriculture and other human activities. These factors introduce hazardous substances and compounds that affect water quality in reservoirs, ponds, lakes and rivers. Therefore, regular assessment of drinking-water quality is crucial for preventing waterborne diseases associated with contaminated water. Additionally, analysis of physicochemical parameters can provide important insights into ecosystem health and overall hydrobiological interactions (Basavarajappa et al., 2011). Recent studies have shown that seasonal and spatial changes in freshwater quality reflect the combined influence of rainfall, surrounding land use, thermal conditions and internal ecological processes (Sun et al., 2023; Buta et al., 2023; Son et al., 2024). Investigations of ponds, lakes, reservoirs and rivers further indicate that physicochemical parameters may vary among seasons and sampling locations, supporting repeated, site-specific monitoring (Vidya et al., 2023; Adamu et al., 2024; Andrabi et al., 2024; Cheraghpour-Ahmadmahmoodi et al., 2024). However, site-specific evidence on year-round seasonal variation in the physicochemical characteristics of Chawandiya Village Pond across multiple sampling stations remains limited. Therefore, the present study was conducted from November 2024 to October 2025 to assess seasonal fluctuations in physicochemical parameters at different sampling sites in Chawandiya Village Pond, Bhilwara district, Rajasthan.
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Figure 1: Map showing different sampling station for the collection of water sample 
Materials and methods
Chawandiya Pond is situated in Chawandiya village within Kotri Tehsil, Bhilwara district, Rajasthan, at coordinates 25°19'53.38'' N and 74°46'23.62'' E. Chawandiya village is bordered by Bhilwara tehsil to the west, Mandalgarh Tehsil to the east, Shahpura tehsil to the north and Suwana tehsil to the west (Fig. 1). Spanning approximately 48 hectares, this freshwater wetland encompasses open-water areas and adjacent buffer zones that provide habitats for numerous aquatic species, including fish, insects and birds. Physicochemical parameters, including pH, temperature, electrical conductivity, total dissolved solids, total hardness, calcium, magnesium, alkalinity, chloride, fluoride, sulphate, nitrate and dissolved oxygen, were measured using procedures described by the American Public Health Association (APHA, 2012). The annual water-sampling period was categorised into three seasons: winter (November to February), summer (March to June) and monsoon (July to October). Water temperature was measured using a digital thermometer. The pH of the collected water samples was analysed using a buffered electronic pH meter. Total dissolved solids (TDS) and electrical conductivity (EC) were estimated using a digital WTW meter (Wissenschaftlich-Technische Werkstätten). Titration was employed to determine total hardness, chloride, alkalinity and dissolved oxygen, whereas nitrate, phosphate, fluoride and sulphate were assessed using a Systronics digital spectrophotometer. Electrical conductivity was measured using a digital conductivity meter, and the results were expressed in mS/cm at 25°C.
Statistical analysis
Pearson product-moment correlation coefficients were calculated among the 12 quantifiable physicochemical variables using the 15 season-by-site observations (three seasons × five sampling sites). Nitrate was excluded because all reported values were below the detection limit (<0.1 mg/L). For each variable, a two-way analysis of variance without replication was used to evaluate the main effects of season (winter, summer and monsoon) and sampling site (S1-S5). The additive model did not estimate a season × site interaction because only one reported value was available for each season-site combination. Statistical significance was assessed at p < 0.05.
Results and discussion
Water can be contaminated by floating and suspended particles and by microbiological contaminants. Evaluation of the physical properties of water, including its colour, temperature, odour, turbidity, pH and total dissolved solids (TDS), is essential for assessing the condition of aquatic ecosystems such as ponds, lakes and rivers. Chemical assessments are required to determine biochemical oxygen demand, chemical oxygen demand, dissolved oxygen, hardness and alkalinity. The physicochemical characteristics of freshwater bodies are significantly influenced by climate, geochemistry, geomorphology and the presence of pollutants (Sahni & Yadav, 2012). Physicochemical parameters are useful indicators for evaluating water quality in aquatic environments. Even minor alterations in these characteristics can affect ecosystem diversity. The biological productivity of aquatic systems is closely related to the physicochemical properties of water in lakes, ponds and rivers (Sharma, Jindal, et al., 2013). Therefore, the study was conducted at five sampling stations (S1, S2, S3, S4 and S5) in Chawandiya Village Pond to assess seasonal fluctuations in physicochemical parameters from November 2024 to October 2025. During the study, pH, temperature, electrical conductivity (EC), total dissolved solids (TDS), total hardness, calcium (Ca2+), magnesium (Mg2+), alkalinity, chloride (Cl-), fluoride (F-), sulphate (SO42-), nitrate (NO3-) and dissolved oxygen (DO) were analysed during winter, summer and monsoon (Table 1).
I. pH: 

pH is a crucial factor in identifying toxicity in water-based solutions. In chemistry, pH values range from 0 to 14 and indicate the acidity or basicity of water and other solutions. Ideally, the pH of drinking water should be 7. A pH value below 7, approaching 0, signifies increasing acidity, whereas a pH above 7, approaching 14, indicates increasing alkalinity (Alley, 2007; Islam et al., 2017). Acidic conditions arise when water contains more free hydrogen ions, whereas increased alkalinity results from reduced photosynthetic activity, carbon dioxide uptake and bicarbonate levels (Kale, 2016). The pH of water influences the amount of solute that can dissolve in it (Zhang et al., 2018). During winter, the highest pH was recorded at S4 (6.75), followed by S2 (6.34), S3 (6.25) and S1 (6.24), whereas the lowest pH was recorded at S5 (6.00) (Table 1). During summer, the highest pH was observed at S2 (6.40), followed by S1 (6.36), S3 (6.30) and S4 (6.20), whereas the lowest was recorded at S5 (6.10) (Table 1). During the monsoon, the highest pH was observed at S1 (6.42), followed by S5 (6.40), S3 (6.37), S4 (6.25) and S2 (6.24) (Table 1). Overall, the average pH was highest during the monsoon (6.33), followed by winter (6.31), and lowest during summer (6.27) (Table 1).
Water sources and the landscape features surrounding water bodies influence pH levels. The physicochemical equilibrium of water is also influenced by the dissolution and precipitation of minerals (Belghiti et al., 2013; Benrabah et al., 2016). Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and obtained pH values ranging from 6.84 to 7.45 across the sampling sites. Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that the water was moderately alkaline, with pH values ranging from 7.38 to 8.23 across the sampling stations. Patel et al. (2018) studied the physicochemical parameters of Mahi Bajaj Sagar Dam, Banswara, and reported average pH values ranging from 8.1 to 8.7 at the five stations. They concluded that the water was moderately alkaline and suitable for supporting relatively good aquatic productivity.
II. Temperature (°C): 
Temperature is a key factor that significantly affects aquatic ecosystems (Sedamkar & Angadi, 2003). According to Pandey et al. (2012), water temperature is an important factor influencing organismal development, water quality and aquatic biodiversity. Water temperature also regulates numerous abiotic and biotic components of aquatic ecosystems (Radhika et al., 2004; Sharma & Sarang, 2004). Elevated temperatures, combined with high nutrient concentrations, facilitate the rapid proliferation of plankton and aquatic plants (Chishty & Choudhary, 2022b; Mei et al., 2022; Hao et al., 2024). The development of organisms is significantly influenced by water temperature, which in turn affects overall water quality (Pandey et al., 2012). Variations in water temperature are generally influenced by seasonal changes, geographical location, sampling time and the temperature of effluents entering the waterway (Ahipathy & Puttaiah, 2006; Sahni & Yadav, 2012; Chishty & Choudhary, 2022a). During winter, the highest temperature was recorded at S1 (16.21°C), followed by S3 (16.16°C), S2 (16.14°C) and S5 (16.13°C), whereas the lowest was recorded at S4 (16.12°C) (Table 1). During summer, the highest temperature was recorded at S1 (30.01°C), followed by S2 (29.91°C), S5 (29.86°C) and S4 (29.84°C), whereas the lowest was recorded at S3 (29.21°C) (Table 1). During the monsoon, the highest temperature was observed at S5 (23.22°C), followed by S1 (23.21°C), S4 (23.18°C) and S2 (23.02°C), whereas the lowest was recorded at S3 (22.90°C) (Table 1). Overall, the average temperature was highest in summer (29.76°C), followed by the monsoon (23.10°C), and lowest in winter (16.15°C) (Table 1).
Soni and Thomas (2013) conducted a study on the physicochemical characteristics of the Dakor sacred wetland in Anand, Gujarat. Their results indicated that water temperature was higher during summer than during the monsoon and winter. Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu district, Rajasthan, and observed the highest temperatures during summer, followed by the monsoon, with the lowest temperatures during winter. Patel et al. (2018) studied the physicochemical parameters of Mahi Bajaj Sagar Dam, Banswara, and recorded water temperatures ranging from 24.3°C to 28.9°C at the five stations. Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that water temperature ranged from 20.23°C to 30.33°C across the four sampling stations.
Temperature is a crucial physical component of water-quality assessment because it affects aquatic life by altering the concentration of dissolved oxygen in water. This alteration can reduce the oxygen available for respiration and metabolic processes in aquatic organisms (Jalal & Sanalkumar, 2012; Tank & Chippa, 2013). Water depth, together with climatic and topographic variation in a particular area, influences water temperature (Chishty & Choudhary, 2022a; Beniwal & Jain, 2024). Changes in atmospheric temperature lead to corresponding changes in the temperature of water bodies (Zeighami & Kurylyk, 2025).
III. Electrical conductivity: 
Electrical conductivity measures the ability of an aqueous solution to conduct an electric current. It is an effective method for evaluating water purity (Acharya et al., 2008). The presence of suspended impurities and the concentration of ions in water influence its conductivity (Joshi et al., 2009). Inorganic fertilisers entering aquifers and sewage from nearby residential areas contribute to high electrical conductivity. The total concentration of dissolved solids or ions in a water body is an important indicator of chemical concentration and water suitability (Jhingran, 1982).
Electrical conductivity was measured in mS/cm. During winter, the highest electrical conductivity was recorded at S5 (240 mS/cm), followed by S1 and S4 (230 mS/cm at each site) and S2 (220 mS/cm), whereas the lowest was recorded at S3 (210 mS/cm) (Table 1). During summer, the highest electrical conductivity was observed at S5 (260 mS/cm), followed by S1 (250 mS/cm) and S2 (240 mS/cm), whereas the lowest values were recorded at S3 and S4 (230 mS/cm at each site) (Table 1). During the monsoon, the highest electrical conductivity was observed at S5 (220 mS/cm), followed by S1 and S4 (210 mS/cm at each site) and S2 (200 mS/cm), whereas the lowest was recorded at S3 (190 mS/cm) (Table 1). Overall, electrical conductivity was highest in summer (242 mS/cm), followed by winter (226 mS/cm), and lowest during the monsoon (206 mS/cm) (Table 1).
Electrical conductivity reflects the concentration of dissolved ions and should be interpreted in relation to local background conditions and the intended water use (Bartram & Ballance, 1996). During summer, electrical conductivity values are higher because elevated temperatures and reduced water flow increase the concentration of conductive substances. An increase in temperature accelerates chemical reactions and may enhance the dissolution of minerals and other conductive substances. Additionally, greater evaporation during summer concentrates ions and further increases conductivity in water bodies (Dewangan et al., 2023; Hammoumi et al., 2024; Singh & Saxena, 2025).
IV. Total dissolved solids (TDS):
Total dissolved solids (TDS) represent the total amount of inorganic and organic substances or salts present in water (Rubel et al., 2019). These inorganic substances typically include cations such as calcium (Ca2+), magnesium (Mg2+), potassium (K+) and sodium (Na+), whereas anions include carbonate (CO32-), nitrate (NO3-), bicarbonate (HCO3-), chloride (Cl-) and sulphate (SO42-). The presence of TDS indicates that water contains dissolved materials, which can alter its taste (Rubel et al., 2019). During winter, the highest TDS concentration was observed at S5 (150 mg/L), followed by S1 (146 mg/L), S4 (145 mg/L) and S2 (140 mg/L), whereas the lowest was recorded at S3 (132 mg/L) (Table 1). During summer, the highest TDS concentration was observed at S5 (165 mg/L), followed by S1 (160 mg/L), S2 (152 mg/L) and S3 (146 mg/L), whereas the lowest was recorded at S4 (145 mg/L) (Table 1). During the monsoon, the highest TDS concentration was recorded at S5 (145 mg/L), followed by S4 (137 mg/L), S1 (135 mg/L) and S2 (127 mg/L), whereas the lowest was recorded at S3 (125 mg/L) (Table 1). Overall, the average TDS concentration was highest in summer (153.60 mg/L), followed by winter (142.60 mg/L), and lowest during the monsoon (133.80 mg/L) (Table 1).
Patel et al. (2018) studied the physicochemical parameters of Mahi Bajaj Sagar Dam, Banswara, and reported TDS concentrations ranging from 236.8 to 313.6 mg/L. Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that TDS concentrations ranged from 257.63 to 327.95 mg/L, with an average of 296.83 mg/L.
Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and observed the highest TDS concentrations during summer, followed by winter, with the lowest concentrations during the monsoon. During summer, increased water temperature may contribute to higher TDS concentrations through enhanced evaporation and the solubility of salts and minerals. Evaporation concentrates dissolved minerals and salts, while elevated temperatures may increase the dissolution of some substances, thereby increasing TDS values in water bodies (Dey et al., 2021; Gawle et al., 2021; Rahman et al., 2021).
V. Total hardness:
Water hardness is defined by the presence of substantial concentrations of minerals in water (APHA, 2012). When minerals dissolve in water, they can cause problems such as scale build-up in hot-water pipes and reduced soap-lathering capacity (Davis, 2010). The principal ions responsible for the hardness of natural water are calcium (Ca2+) and magnesium (Mg2+). Elevated carbonate concentrations may result from the dissolution of calcium carbonate in the lower layers of a lake (Wetzel & Likens, 2000). During winter, the highest hardness was recorded at S5 (78 mg/L), followed by S1 (73 mg/L), S4 (72 mg/L) and S2 (68 mg/L), whereas the lowest was recorded at S3 (64 mg/L) (Table 1). During summer, the highest hardness was observed at S5 (84 mg/L), followed by S1 and S2 (80 mg/L at each site), whereas the lowest values were recorded at S3 and S4 (76 mg/L at each site) (Table 1). During the monsoon, the highest hardness was observed at S5 (75 mg/L), followed by S4 (71 mg/L), S1 (70 mg/L) and S2 (65 mg/L), whereas the lowest was recorded at S3 (62 mg/L) (Table 1). Overall, hardness was highest in summer (79.20 mg/L), followed by winter (71.00 mg/L), and lowest during the monsoon (68.60 mg/L) (Table 1). Sharma, Dubey, and Chatterjee (2013) conducted a physicochemical analysis of surface water and groundwater in the Abhanpur Block of Raipur district, Chhattisgarh, and reported hardness values ranging from 130 to 280 mg/L. Similarly, Patel et al. (2018) studied the physicochemical parameters of Mahi Bajaj Sagar Dam, Banswara, and reported total hardness values ranging from 90 to 152 mg/L across the five sampling stations. Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and found that hardness ranged from 117 to 172 mg/L across the sampling stations and seasons.
VI. Calcium (Ca2+): 
Natural water bodies generally contain calcium, mainly because it is leached from rocks. Calcium is an important micronutrient for most aquatic species and is present in nearly all water bodies (Ansari & Prakash, 2000). Calcium ion concentrations ranged from 19.20 to 23.60 mg/L during winter and from 22.00 to 24.00 mg/L during summer (Table 1). During the monsoon, calcium ion concentrations ranged from 18.80 to 22.00 mg/L across the sampling stations of Chawandiya Village Pond (Table 1). Overall, the highest average calcium concentration occurred in summer (22.64 mg/L), followed by winter (21.76 mg/L), and the lowest occurred during the monsoon (20.32 mg/L) (Table 1). Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and reported calcium ion concentrations ranging from 24.36 to 38.25 mg/L across the sampling stations and seasons.
VII. Magnesium (Mg2+):
Magnesium (Mg2+) is often found with calcium in water, although its concentration is generally lower than that of calcium (Venkatasubramani & Meenambal, 2007). Magnesium is vital for chlorophyll synthesis and can act as a limiting factor in phytoplankton growth (Dagaonkar & Saksena, 1992). Magnesium ion concentrations ranged from 3.60 to 4.56 mg/L during winter and from 4.80 to 5.76 mg/L during summer (Table 1). During the monsoon, magnesium ion concentrations ranged from 3.60 to 4.80 mg/L (Table 1). Overall, the highest average magnesium concentration occurred in summer (5.18 mg/L), followed by the monsoon (4.27 mg/L), and the lowest occurred in winter (3.98 mg/L) (Table 1).
Magnesium concentrations in natural waters are strongly influenced by weathering and dissolution of magnesium-bearing minerals and may also be affected by ion-exchange processes (Hem, 1985). Minerals such as dolomite and magnesite are important sources of magnesium in surface water and groundwater (Haritash et al., 2016; Kumar et al., 2022). Magnesium is frequently associated with calcium in different water types; however, its concentration is generally lower than that of calcium (Venkatasubramani & Meenambal, 2007; Krishna Kumar et al., 2017). Similarly, in the present study, magnesium ion concentrations were lower than calcium ion concentrations at all five sampling stations throughout the study period (Table 1).
VIII. Alkalinity: 
Alkalinity refers to the ability of water to neutralise acids and encompasses all titratable bases (APHA, 2012). Measuring water alkalinity is essential for calculating the quantities of lime and soda required for water softening and for controlling corrosion in boiler-feed water systems (Tchobanoglous et al., 2003). Water is considered alkaline when it contains hydroxide (OH-), bicarbonate (HCO3-), carbonate (CO32-) or a mixture of these ions. Alkalinity arises from dissolved carbonates, bicarbonates and hydroxides, which neutralise acids and stabilise water pH. Borates (BO33-), silicates (SiO44-) and phosphates (PO43-) also contribute to water alkalinity (Bhateria & Jain, 2016; Dhoke, 2023). Alkalinity in Chawandiya Village Pond ranged from 84 to 98 mg/L during winter, from 99.2 to 111.0 mg/L during summer and from 76 to 90 mg/L during the monsoon across the sampling stations (Table 1). Overall, the highest average alkalinity occurred in summer (104.20 mg/L), followed by winter (90.40 mg/L), and the lowest occurred during the monsoon (82.40 mg/L) (Table 1).
Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that alkalinity ranged from 141.25 to 172.25 mg/L across the four sampling stations. Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu district, Rajasthan, and measured alkalinity at three sampling stations. They reported values ranging from 125.75 to 128.75 mg/L at station I, from 112.65 to 124.25 mg/L at station II and from 114.00 to 123.50 mg/L at station III. Surface-water alkalinity is mainly associated with the presence of carbonates and bicarbonates (Muhammad et al., 2000).
IX. Chloride (Cl-):
The presence of chloride (Cl-) can indicate sewage contamination. Individuals accustomed to elevated chloride concentrations in drinking water may experience laxative effects (Dahiya & Kaur, 1999). Chloride, the ionised form of chlorine, is one of the most prevalent inorganic ions in natural water and wastewater. It occurs naturally in all water types, dissolves readily and moves easily through soil and rock formations. When chloride concentrations exceed 100 mg/L, water may acquire a salty taste. During winter, chloride concentrations ranged from 10.99 to 13.99 mg/L; during summer, they ranged from 11.82 to 13.79 mg/L; and during the monsoon, they ranged from 9.99 to 13.99 mg/L across the sampling stations of Chawandiya Village Pond (Table 1). Overall, the highest average chloride concentration occurred in summer (13.00 mg/L), followed by the monsoon (12.19 mg/L), and the lowest occurred in winter (11.99 mg/L) (Table 1).
Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and measured chloride concentrations at three sampling stations. They reported concentrations ranging from 80.50 to 83.50 mg/L at station I, from 78.32 to 87.75 mg/L at station II and from 75.75 to 80.33 mg/L at station III. Chloride is an important inorganic anion that occurs at varying concentrations in natural water bodies and can act as a pollution marker (Makhoukh et al., 2011). Its presence in lake or pond water can indicate anthropogenic pollution because chloride occurs in urine and cleaning products (Matini et al., 2009).
X. Fluoride:
The World Health Organization recommends a fluoride concentration of 1.5 mg/L in drinking water to prevent dental fluorosis and dental caries (Harrison, 2005; Jagtap et al., 2012; Ali et al., 2016). During winter, fluoride concentrations ranged from 0.12 to 0.16 mg/L, while summer showed a slightly wider range of 0.14 to 0.20 mg/L. During the monsoon, fluoride concentrations ranged from 0.14 to 0.18 mg/L (Table 1). Similarly, Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and reported fluoride concentrations ranging from below 0.1 to 0.11 mg/L across the three sampling stations.
XI. Sulphate (SO42-):
Sulphate ions (SO42-) are present in both natural water and wastewater. Leaching of sodium sulphate or magnesium sulphate from natural sources can increase sulphate concentrations in water (Davis & Cornwell, 2008; Davis, 2010). During winter, the highest sulphate concentration was recorded at S5 (5.59 mg/L), followed by S4 (5.22 mg/L), S1 (5.17 mg/L) and S2 (4.83 mg/L), whereas the lowest was recorded at S3 (4.00 mg/L) (Table 1). During summer, the highest sulphate concentration was observed at S5 (8.142 mg/L), followed by S1 (6.29 mg/L), S3 (5.159 mg/L) and S4 (4.764 mg/L), whereas the lowest was observed at S2 (4.397 mg/L) (Table 1). During the monsoon, the highest sulphate concentration was observed at S5 (5.689 mg/L), followed by S1 (5.291 mg/L), S4 (4.98 mg/L) and S2 (4.76 mg/L), whereas the lowest was observed at S3 (3.91 mg/L) (Table 1). Overall, the highest average sulphate concentration occurred in summer (5.75 mg/L), followed by winter (4.96 mg/L), and the lowest occurred during the monsoon (4.926 mg/L) (Table 1).
Similar to the present findings, Bhatnagar and Bharadwaj (2016) analysed the physicochemical parameters of Kota Barrage, Kota, and observed higher sulphate concentrations during summer. Nandal et al. (2020) assessed the water-quality parameters of pond water in the Kalanaur Block, Haryana, across different sampling stations and reported sulphate concentrations ranging from 53 to 454.9 mg/L. The present study recorded comparatively low sulphate concentrations in Chawandiya Village Pond. Kumar et al. (2026) assessed sulphate concentrations in the Gambhiri River, Chittorgarh, and reported seasonal values ranging from 28.19 ± 4.58 to 47.64 ± 3.91 mg/L.
XII. Nitrate (NO3-):
Nitrate (NO3-) is a stable form of nitrogen that can promote plankton growth, density and primary productivity. Nitrate concentrations were below the detection limit (<0.1 mg/L) at all five sampling stations in Chawandiya Village Pond during winter, summer and the monsoon (Table 1). Patel et al. (2018) studied the physicochemical parameters of Mahi Bajaj Sagar Dam, Banswara, and reported nitrate concentrations ranging from 0.07 to 0.33 mg/L across the five sampling stations. Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that nitrate concentrations ranged from 0.44 to 0.71 mg/L, with an average of 0.60 mg/L across the four sampling stations.
XIII. Dissolved oxygen (DO): 
Dissolved oxygen (DO) is an important water-quality parameter. Low oxygen concentrations can indicate water contamination and the consumption of oxygen by organic substances in water (Cantor, 2009). Temperature plays an important role in determining dissolved oxygen concentrations. The amount of oxygen that water can hold depends on temperature, salinity and water-flow pressure (Kale, 2016). The availability of dissolved oxygen affects nutrient accessibility, which in turn influences the productivity of the entire aquatic ecosystem. High pollution levels can substantially reduce dissolved oxygen in a water body (Yeole & Patil, 2005). Oxygen has low solubility in water and is highly responsive to temperature variation. During winter, dissolved oxygen concentrations ranged from 3.4 to 4.0 mg/L, whereas summer showed lower concentrations ranging from 2.9 to 3.8 mg/L (Table 1). During the monsoon, dissolved oxygen concentrations ranged from 3.8 to 4.20 mg/L across the sampling stations of Chawandiya Village Pond (Table 1). Overall, the highest average dissolved oxygen concentration occurred during the monsoon (4.02 mg/L), followed by winter (3.68 mg/L), and the lowest occurred during summer (3.24 mg/L) (Table 1).
Sahni and Yadav (2012) studied dissolved oxygen concentrations in Bharawas Pond, Rewari, Haryana, and reported values ranging from 4.73 to 5.34 mg/L. Mishra et al. (2019) analysed physicochemical parameters in Lake Pichola, Udaipur, and found that dissolved oxygen concentrations ranged from 5.28 to 6.63 mg/L, with an average of 5.95 mg/L. Beniwal and Jain (2024) assessed the physicochemical parameters of Kot Dam, Jhunjhunu, Rajasthan, and measured dissolved oxygen concentrations at three sampling stations. They reported values ranging from 2.67 to 4.06 mg/L at station I, from 2.67 to 4.72 mg/L at station II and from 2.40 to 3.06 mg/L at station III.
According to Chaurasia and Pandey (2007), water temperature, the partial pressure of air and other factors can directly or indirectly influence dissolved oxygen concentrations. Low dissolved oxygen concentrations are associated with the self-purification capacity of flowing water, the photosynthetic capacity of aquatic plants, airflow and other factors (Sharma et al., 2016; Shenoy et al., 2020). Dirican (2015) noted that deeper water bodies tend to have lower dissolved oxygen concentrations than surface waters. During the monsoon, elevated dissolved oxygen concentrations are primarily associated with increased aeration from rainfall, water movement and abundant sunlight (Naik et al., 2020; Rajesh & Rehana, 2022). In the present study, dissolved oxygen was higher during the monsoon than during the other seasons, consistent with increased aeration from rainfall and water movement in the pond.
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Table 1: seasonal variation on physicochemical parameters of Chawandiya pond, Bhilwara district (S- Sampling site)
	Season
	Parameters
	Unit
	Different sampling sites of Chawandia pond
	Average of all sampling sites

	Winter 2024-25
	
	
	S1
	S2
	S3
	S4
	S5
	

	
	pH (at 25°C)
	-
	6.24
	6.34
	6.25
	6.75
	6
	6.31

	
	Temperature
	°C
	16.21
	16.14
	16.16
	16.12
	16.13
	16.15

	
	Electrical Conductivity
	mS/cm
	230
	220
	210
	230
	240
	226

	
	Total Dissolve Solid
	mg/l
	146
	140
	132
	145
	150
	142.6

	
	Total hardness as CaCo3
	mg/L
	73
	68
	64
	72
	78
	71

	
	Calcium as Ca2+
	mg/L
	22.8
	20.4
	19.2
	22.8
	23.6
	21.76

	
	Magnesium as Mg2+
	mg/L
	3.84
	4.08
	3.84
	3.6
	4.56
	3.98

	
	Alkalinity
	mg/L
	92
	88
	84
	90
	98
	90.4

	
	Chlorides as Cl-
	mg/L
	11.99
	10.99
	10.99
	11.99
	13.99
	11.99

	
	Fluoride as F-
	mg/L
	0.14
	0.16
	0.12
	0.14
	0.16
	0.144

	
	Sulphate as SO42-
	mg/L
	5.17
	4.83
	4
	5.22
	5.59
	4.962

	
	Nitrate as NO3-
	mg/L
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)

	
	Dissolve oxygen (D.O.)
	mg/L
	4
	3.6
	3.8
	3.4
	3.6
	3.68

	Summer 2025
	pH (at 25°C)
	-
	6.36
	6.4
	6.3
	6.2
	6.1
	6.272

	
	Temperature
	°C
	30.01
	29.91
	29.21
	29.84
	29.86
	29.76

	
	Electrical Conductivity
	mS/cm
	250
	240
	230
	230
	260
	242

	
	Total Dissolve Solid
	mg/L
	160
	152
	146
	145
	165
	153.6

	
	Total hardness as CaCo3
	mg/L
	80
	80
	76
	76
	84
	79.2

	
	Calcium as Ca2+
	mg/L
	24
	22.4
	22.4
	22.4
	22
	22.64

	
	Magnesium as Mg2+
	mg/L
	4.8
	5.76
	4.8
	4.8
	5.76
	5.18

	
	Alkalinity
	mg/L
	107.3
	103.6
	99.9
	99.2
	111
	104.2

	
	Chlorides as Cl-
	mg/L
	13.79
	13.79
	11.82
	11.82
	13.79
	13

	
	Fluoride as F-
	mg/L
	0.16
	0.15
	0.14
	0.15
	0.2
	0.16

	
	Sulphate as SO42-
	mg/L
	6.291
	4.397
	5.159
	4.764
	8.142
	5.75

	
	Nitrate as NO3-
	mg/L
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)

	
	Dissolve oxygen (D.O.)
	mg/L
	3.8
	3.5
	2.9
	3
	3
	3.24

	Monsoon 2025
	pH (at 25°C)
	-
	6.42
	6.24
	6.37
	6.25
	6.4
	6.33

	
	Temperature
	°C
	23.21
	23.02
	22.9
	23.18
	23.22
	23.1

	
	Electrical Conductivity
	mS/cm
	210
	200
	190
	210
	220
	206

	
	Total Dissolve Solid
	mg/L
	135
	127
	125
	137
	145
	133.8

	
	Total hardness as CaCo3
	mg/L
	70
	65
	62
	71
	75
	68.6

	
	Calcium as Ca2+
	mg/L
	20.4
	18.8
	18.8
	21.6
	22
	20.32

	
	Magnesium as Mg2+
	mg/L
	4.56
	4.32
	3.6
	4.08
	4.8
	4.27

	
	Alkalinity
	mg/L
	84
	80
	76
	82
	90
	82.4

	
	Chlorides as Cl-
	mg/L
	12.99
	11.99
	9.99
	11.99
	13.99
	12.19

	
	Fluoride as F-
	mg/L
	0.16
	0.14
	0.15
	0.16
	0.18
	0.15

	
	Sulphate as SO42-
	mg/L
	5.29
	4.76
	3.91
	4.98
	5.68
	4.926

	
	Nitrate as NO3-
	mg/L
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)
	BDL(<0.1)

	
	Dissolve oxygen (D.O.)
	mg/L
	4.2
	3.9
	3.8
	4
	4.2
	4.02


Statistical interpretation
The two-way ANOVA showed significant seasonal effects on temperature, electrical conductivity, total dissolved solids, hardness, calcium, magnesium, alkalinity and dissolved oxygen (p < 0.05), whereas seasonal effects on pH, chloride, fluoride and sulphate were not significant (Table 2). Sampling-site effects were significant for electrical conductivity, total dissolved solids, hardness, magnesium, alkalinity, chloride, fluoride and sulphate, but not for pH, temperature, calcium or dissolved oxygen. Pearson analysis showed strong positive correlations between electrical conductivity and total dissolved solids (r = 0.984, p < 0.001), alkalinity (r = 0.964, p < 0.001) and hardness (r = 0.934, p < 0.001). Total dissolved solids were also strongly correlated with hardness (r = 0.955, p < 0.001) and alkalinity (r = 0.954, p < 0.001), while hardness and alkalinity were strongly correlated (r = 0.940, p < 0.001). Temperature was positively correlated with magnesium (r = 0.754, p = 0.001), whereas dissolved oxygen was negatively correlated with alkalinity (r = -0.610, p = 0.016) and electrical conductivity (r = -0.525, p = 0.045) (Table 3). These coefficients describe associations within the reported season-site dataset and do not establish causality.
Table 2: Two-way ANOVA without replication for seasonal and sampling-site effects on physicochemical parameters
	Parameter
	Season F
	Season p
	Site F
	Site p

	pH
	0.144
	0.868
	0.600
	0.673

	Temperature
	8175.194
	<0.001
	2.304
	0.147

	EC
	61.000
	<0.001
	14.125
	0.001

	TDS
	30.157
	<0.001
	9.602
	0.004

	Hardness
	30.587
	<0.001
	10.970
	0.002

	Calcium
	5.628
	0.030
	3.225
	0.074

	Magnesium
	27.622
	<0.001
	6.757
	0.011

	Alkalinity
	230.183
	<0.001
	27.726
	<0.001

	Chloride
	2.550
	0.139
	6.636
	0.012

	Fluoride
	2.591
	0.136
	5.159
	0.024

	Sulphate
	2.202
	0.173
	4.256
	0.039

	DO
	15.142
	0.002
	2.693
	0.109


Note: Nitrate was excluded because all values were below the detection limit. The design contained one value per season-site combination; therefore, the season × site interaction was not estimable. Statistical significance was assessed at p < 0.05.
Table 3: Pearson correlation matrix for physicochemical parameters across 15 season-site observations
	Variable
	pH
	Temp
	EC
	TDS
	TH
	Ca
	Mg
	Alk
	Cl
	F
	SO4
	DO

	pH
	1.000
	
	
	
	
	
	
	
	
	
	
	

	Temp
	-0.109
	1.000
	
	
	
	
	
	
	
	
	
	

	EC
	-0.201
	0.359
	1.000
	
	
	
	
	
	
	
	
	

	TDS
	-0.168
	0.420
	0.984**
	1.000
	
	
	
	
	
	
	
	

	TH
	-0.227
	0.546*
	0.934**
	0.955**
	1.000
	
	
	
	
	
	
	

	Ca
	-0.032
	0.223
	0.820**
	0.829**
	0.840**
	1.000
	
	
	
	
	
	

	Mg
	-0.311
	0.754**
	0.663**
	0.687**
	0.800**
	0.386
	1.000
	
	
	
	
	

	Alk
	-0.243
	0.556*
	0.964**
	0.954**
	0.940**
	0.762**
	0.773**
	1.000
	
	
	
	

	Cl
	-0.172
	0.353
	0.691**
	0.728**
	0.809**
	0.648**
	0.732**
	0.660**
	1.000
	
	
	

	F
	-0.238
	0.373
	0.447
	0.551*
	0.573*
	0.276
	0.579*
	0.423
	0.587*
	1.000
	
	

	SO4
	-0.256
	0.333
	0.733**
	0.778**
	0.728**
	0.494
	0.552*
	0.667**
	0.655**
	0.787**
	1.000
	

	DO
	0.161
	-0.420
	-0.525*
	-0.457
	-0.461
	-0.303
	-0.401
	-0.610*
	0.032
	-0.061
	-0.263
	1.000


Note: *p < 0.05; **p < 0.01. EC, electrical conductivity; TDS, total dissolved solids; TH, total hardness; Alk, alkalinity; DO, dissolved oxygen.

Conclusions
The physicochemical condition of Chawandiya Pond varied across winter, summer and the monsoon. Summer had the highest mean temperature, electrical conductivity, total dissolved solids, hardness, calcium, magnesium, alkalinity, chloride, fluoride and sulphate, whereas pH and dissolved oxygen were highest during the monsoon. Nitrate remained below the detection limit at every station and in every season. Two-way ANOVA confirmed significant seasonal effects for temperature, electrical conductivity, total dissolved solids, hardness, calcium, magnesium, alkalinity and dissolved oxygen. Significant site effects were also observed for several ionic variables, indicating spatial heterogeneity within the pond. Strong positive correlations among electrical conductivity, total dissolved solids, hardness and alkalinity suggest that these variables changed together across the season-site observations. The negative associations of dissolved oxygen with electrical conductivity and alkalinity were consistent with contrasting seasonal patterns, but they should not be interpreted as causal. Overall, the study provides a useful baseline for the measured physicochemical variables. Continued monitoring with explicit temporal and laboratory replication, analytical quality control and complementary biological measurements is required to evaluate long-term water-quality trends and ecological condition.
Limitations
This study covered one annual cycle, five sampling stations and one pond. Monthly and laboratory replication was not clearly reported, and analytical variability was unavailable. Because only one value was reported for each season-site combination, the two-way ANOVA could not estimate the interaction between season and site. Pearson correlations were calculated from pooled season-site observations and indicate association rather than causation. Biological, microbiological, heavy-metal, BOD and COD measurements and hydrological drivers such as rainfall, inflow, depth and water level were not quantified.
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