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Seasonal Variations in Mineral Profile of Kishan Kareri Wetland in Chittorgarh District of Southern Rajasthan, India

Abstract
The Kishan Kareri wetland, situated in Kishan Kareri village, Chittorgarh district, Rajasthan, is one of the 44 wetlands of the state recently declared by the Department of Environment and Climate Change, Government of Rajasthan, in 2023. It is known for its rich avifauna and aquatic biodiversity, as many migratory birds arrive here in winter. This investigation was conducted because this area is thought to have nutrient elements in the form of specific micro and macro minerals that are good for aquatic biodiversity. The investigation was carried out during all four seasons of 2023. The water samples were collected from three different stations every month. Standard methods were applied during the sampling and analysis of various mineral parameters. The mineral parameters measured primarily are calcium, magnesium, chloride, fluoride, sulfate, nitrate, sodium, potassium, and phosphorus. 
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1. Introduction
Wetlands are probably the earth’s most important freshwater resources, providing food and habitat for many aquatic lives, including threatened and endangered species (Shib Abir, 2014). Moreover, wetlands can provide various economic, social, environmental, and cultural advantages in regional areas (Roebeling et al. 2016). The maintenance of a healthy wetland is dependent on physicochemical properties, mineral contents, and biological properties, and it fluctuates due to a variety of factors such as the source of water, the type of pollution, seasonal fluctuations, and nearby human intervention. Minerals in wetland water play a significant role in the ecosystem, influencing the diversity and abundance of plant and animal life. Minerals in wetland water can also impact water quality and ecosystem productivity. Kishan Kareri wetland is well-known for its flourished ecosystem in southeastern Rajasthan. Before carrying out any investigations related to the conservation and management of any flourishing wetland, it becomes necessary to study various aspects regarding their water quality parameters like physicochemical, and mineral profiling based on seasonal variation. After collecting water samples, mineral parameters were studied during all four seasons.
2. Materials and Methods
3.1 Study Area
The Kishan Kareri wetland, situated in village Kishan Kareri, Tehsil Dungla, district Chittorgarh Rajasthan, comprises of total area of 52.3 Hectare and a catchment area is 32.02 Hectare. This wetland is located on the boundary line of Udaipur and Chittorgarh district, which is about 70 km from Udaipur and about 65 km from Chittorgarh at 24º49’19” N and 74º28’51” E, at the elevation of 481 m. It is one of the 44 notified wetlands by the Department of Environment and Climate Change, Government of Rajasthan recently in the year 2023. This area is also known as Pakshi-Vihaar because around 64 aquatic migratory bird species arrive here during the winter season. Water comes mainly during the rainy season from the catchment area around it. There are three islands in the middle of the pond, on which resident and migratory birds reside, breed, and feed. The minimum and maximum air temperature ranges between 10.67°C and 44.69°C, respectively. The highest temperature was observed during June and the lowest during January. The climatic seasons are divided into four groups winter, pre-monsoon or summer, monsoon, and post-monsoon which represent January to March, April to June, July to September, and October to December respectively.
[image: ]
Figure 1: Study Area Location Map
3.2 Methods
The investigation was conducted every month from January 2023 to December 2023. Sampling was carried out at 3 stations Station 1 (1), Station 2 (2), and Station 3 (3). The water samples were collected from 7:00 am to 10:00 am in a fresh plastic air-tight bottle. All the samples were stored in sampling kits maintained at 4°C and brought to the laboratory for mineral analysis. Mineral parameters such as calcium, magnesium, chloride, fluoride, sulfate, nitrate, sodium, potassium, and phosphorous. have been analyzed ex-situ. Ex-situ analysis conducted at the Laboratory, Department of Zoology, Vidya Bhawan Rural Institute, Udaipur and Ozone Laboratory, Udaipur. The analysis of water samples for various minerals was done as per the standard procedure mentioned in APHA (2022, 2023). 
3. Results and Discussion
Mineral parameters of the water sample (Mean ± SD) of Kishan Kareri wetland determined during the investigation in various seasons (January 2023 – December 2023), are mentioned in Table 1.
Table 1: Results of various mineral parameters in Kishan Kareri Wetland
	[bookmark: _Hlk179796433]S. No.
	Minerals
	Season 2023
	Mean
	
SD

	
	
	Winter
	Pre-Monsoon
	Monsoon
	Post-Monsoon
	
	

	1
	Calcium (mg/L)
	21.97
	18.13
	8.91
	11.68
	15.17
	5.95

	2
	Magnesium (mg/L)
	5.98
	13.17
	2.03
	3.36
	6.14
	4.96

	3
	Chloride (mg/L)
	18.12
	23.41
	20.57
	24.66
	21.69
	2.93

	4
	Fluoride (mg/L)
	1.76
	1.31
	0.6
	0.77
	1.11
	0.52

	5
	Sulphate (mg/L)
	2.92
	10.37
	14.4
	4.19
	7.97
	5.37

	6
	Nitrate (mg/L)
	0.24
	0.86
	0.59
	0.54
	0.56
	0.25

	7
	Sodium (mg/L)
	40.05
	64.44
	45.36
	46.20
	49.01
	10.63

	8
	Potassium (mg/L)
	0.71
	3.35
	1.08
	1.94
	1.77
	1.17

	9
	Phosphorous (mg/L)
	0.09
	0.40
	0.003
	0.27
	0.19
	0.18



4.1 Calcium: Calcium (Ca) plays an important role in many biological and environmental processes in the lake ecosystem. Its concentration helps to form community structure in freshwater. It is also an essential element for the growth of freshwater flora and fauna. Calcium is one of the elements forming the walls of phytoplankton cells. Calcium (Ca) decline is an emerging stressor for softwater lakes. As calcium concentrations continue to decline in softwater lakes, reduced zooplankton growth rates may result in shifts in zooplankton community structure and overall declines in total zooplankton production that affect the wetland ecosystem adversely. In the present investigation (January 2023- December 2023), the calcium concentration shows a wide range of variations with a minimum value of 8.91 mg/L and a maximum of 21.97 mg/L with a mean value of 15.17± 5.95 (Table 1). In this study, the calcium content of the Kishan Kareri wetland was found maximum during the winter season, and a minimum was obtained during the monsoon season (Figure 2).

Figure 2: Seasonal variations in Calcium content during the study period in Kishan Kareri Wetland
4.2 Magnesium: Magnesium has a role in increasing the hardness of water. Kaur and Sharma (2001) reported that generally during summer maximum hardness is seen. The increase in hardness value can be attributed to the decrease in water volume and increased rate of evaporation, as a result of the high loading of organic substances, detergents, and other pollutants (Rajgopal et. al., 2010). As well, magnesium is also an essential component in the chlorophyll of plant tissue of phytoplankton that are important food chain components in any wetland ecosystem. The Magnesium content of the Kishan Kareri wetland was in the range of 2.03 mg/L to 13.17 mg/L during the month (January 2023-December 2023) with a mean value of 6.14 ± 4.96 (Table 1). Seasonal variations of the present investigations revealed that its concentration was high during the pre-monsoon season and low during the monsoon season (Figure 3).

Figure 3: Seasonal variations in Magnesium content during the study period in Kishan Kareri Wetland
4.3 Chloride: In a wetland, chloride can negatively play a crucial role. High levels of chloride can be toxic to fish, aquatic organisms, amphibians, and other plants and animals. It can harm aquatic vegetation and change the wetland ecosystem structure. Chloride can inhibit denitrification in forested wetlands. Chloride in water mainly comes from both natural and anthropogenic sources, such as the dissolution of mineral salts, the use of inorganic fertilizers, landfill leachates, effluents, animal feeds, and irrigation drainage (Nasir, 2010). Variations of chloride concentration in different seasons in the study area may be due to these factors, variations in the natural flow of water, and dilution factors. The high levels of chloride concentrations in the summer season indicate a high degree of pollution of the waters. (Naser, 2006). Chloride is a common component of most waters and is beneficial to fish in maintaining their osmotic balance (Pal & Chakraborty, 2017). The Chloride range fluctuated between 18.12 to 24.66 mg/L during the month (January 2023-December 2023) with a mean value of 21.69 ± 2.93 (Table 1), under the tolerance limit.

Figure 4: Seasonal variations in Chloride content during the study period in Kishan Kareri Wetland
4.4 Fluoride: Fluoride can be found in wetland water and enriched through several processes. Fluoride is naturally found in rocks, soil, water, flora, and fauna. Fluoride can also be introduced into the wetland water through wastewater discharge, or by the use of synthetic fertilizers used in nearby farms. It can be beneficial in small quantities but can be toxic in large amounts. Fluoride concentration recorded a presence of around 1 mg/L in all the samples throughout the study period which is good for wildlife and wetland ecosystems and the values lie under the permissible limits. Levels at or above 3 mg/L are reported to cause losses of some fish species, depending upon complex water conditions (Kumari et al., 2021). In the present investigation (January 2023- December 2023), the fluoride concentration shows a minimum value of 0.6 mg/L and a maximum of 1.76 mg/L with a mean value of 1.11 ± 0.52 (Table 1). Seasonal variations of the present investigations revealed that fluoride concentration was high during the winter season and low during the monsoon season (Figure 5).

Figure 5: Seasonal variations in Fluoride content during the study period in Kishan Kareri Wetland
[bookmark: _Hlk186277858]4.5 Sulfate: Fertiliser leaching from agricultural soils, wetland drainage, and agricultural runoff are the main direct and indirect sources of the anthropogenic SO42- input to water bodies. Increasing SO42- concentrations in freshwater systems influence carbon, nitrogen, and phosphorus biogeochemical processes. SO42- Pollution may have toxic effects on aquatic plants and animal organisms, including fishes, invertebrates, and amphibians. (Dominik Zak et al., 2021). The sulfate content of the Kishan Kareri wetland was in the range of 2.92 mg/L to 14.4 mg/L during the month (January 2023-December 2023) with a mean value of 7.97 ± 5.37 (Table 1). Its concentration was high during the monsoon season and low during the winter season (Figure 6).


Figure 6: Seasonal variations in Sulphate content during the study period in Kishan Kareri Wetland
4.6 Nitrate: The most chemically stable form of nitrogen is nitrate. High nitrate concentration can result in excess algal blooms in the water body. Fertilizers, decayed vegetables, and animal matter are the sources of nitrates in a water body. Nitrate is the end product of aerobic degradation of organic nitrogen and it occurs very commonly in polluted water (Naser, 2006). The presence of Nitrate in the water body stimulates the growth of plankton and water weeds which provide food for fish (Knepp and Arkin, 1973). In the present study (January 2023 – December 2023), the maximum value of nitrate was recorded as 0.86 mg/L in the Pre-monsoon season, and the minimum value observed in the winter season is 0.24 mg/L with a mean value of 0.56 ± 0.25 (Table 1 and Figure 7). 

Figure 7: Seasonal variations in Nitrate content during the study period in Kishan Kareri Wetland
4.7 Sodium: Sodium is an important part of wetland biogeochemistry. It is a salt and directly related to salinity which is a natural part of many wetland ecosystems. However, high concentrations of salt content can be very toxic and harmful to freshwater species. Salinity can negatively affect plant growth in wetlands. Salinization can affect the quality of water and climate regulation by decreasing inorganic nitrogen removal and storage of carbon. It can increase the toxic sulfides in the environment, which directly influence wetland ecosystems, biota, and nutrient cycling. Some studies show that low levels of sodium in wetlands can affect the Xenopus development. In the present investigation (January 2023- December 2023), the sodium concentration shows a minimum value of 40.05 mg/L and a maximum of 64.44 mg/L with a mean value of 49.01 ± 10.63 (Table 1). Seasonal variations of the present investigations revealed that sodium concentration was high during the pre-monsoon season and low during the winter season (Figure 8).

Figure 8: Seasonal variations in Sodium content during the study period in Kishan Kareri Wetland
4.8 Potassium: Potassium is an element that serves to carbohydrate metabolism of phytoplankton and phytoplankton is a producer in the wetland food chain. It is becoming the basis that the higher the dissolved elements can support the abundance of phytoplankton in the waters in Kishan Kareri. In the study (January 2023 – December 2023), the maximum value of potassium was recorded as 3.35 mg/L in the Pre-monsoon season, and the minimum value observed in the winter season was 0.71 mg/L with a mean value of 1.77 ± 1.17 (Table 1 and Figure 9). 

Figure 9: Seasonal variations in Potassium content during the study period in Kishan Kareri Wetland
4.9 Phosphorous: Phosphorous is generally recognized as one of the key nutrients in the productivity of freshwater as it is an essential element determining the fertility of lakes (Shah, 2012). Organic phosphates are formed primarily by biological processes. Phosphorus is essential in metabolism and the values are under permissible limits (Nasir, 2010). The phosphates are essential for the growth of organisms and a nutrient that limits the primary productivity of the water body. Inorganic phosphorous plays a dynamic role in aquatic ecosystems and, when present in low concentration is one of the most important nutrients. The high concentration of phosphates observed during monsoon / post-monsoon seasons may be due to the intrusion of upwelling seawater into the swamp, which increased the level of phosphate. The result of low phosphate value during summer / pre-monsoon may be attributed to the limited flow of freshwater, high salinity, and utilization of phosphate by phytoplankton (Senthilkumar et al., 2002; Rajasegar, 2003). The variation may be due to various processes like the adsorption and desorption of phosphates and the buffering action of sediment under varying environmental conditions (Rajasegar, 2003). The phosphate values varied from 0.003 to 0.40 mg/L (Table 1). The seasonal variations of phosphate values were recorded as maximum during pre-monsoon and minimum or nil during the monsoon season (Figure 10).

Figure 10: Seasonal variations in Phosphorous content during the study period in Kishan Kareri Wetland
4. Conclusion
This scientific study in the Kishan Kareri wetland forms the basis of further research on this area. The information presented on the mineral parameters of this wetland is a useful tool for further ecological assessment, biodiversity improvement, area management, conservation, and monitoring.
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Magnesium

Magnesium (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	5.9866666669999997	13.17333333	2.0377777780000002	3.3644444440000001	

Chloride

Chloride(mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	18.124444440000001	23.41333333	20.577777780000002	24.668888890000002	

Fluoride

Fluoride(mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	1.7666666666666666	1.3111111111111111	0.6	0.77777777777777779	

Sulfate 

Sulphate (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	2.9288888888888889	10.375555555555556	14.4	4.1944444444444438	

Nitrate

Nitrate (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	0.24888888888888885	0.86666666666666659	0.59333333333333338	0.54111111111111121	

Sodium

Sodium (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	40.057777777777773	64.444444444444443	45.366666666666667	46.202222222222225	

Potassium

Potassium (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	0.7188888888888888	3.3577777777777782	1.0888888888888888	1.9444444444444446	

Phosphorous 

Phosphorous (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	9.2444444444444454E-2	0.40555555555555561	3.4444444444444449E-3	0.27033333333333337	

Calcium

Calcium (mg/L)	
Winter	Pre-Monsoon	Monsoon	Post-Monsoon	21.97777778	18.133333329999999	8.9111111110000003	11.688888889999999	
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