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Abstract
The present study was conducted to assess the Water Quality Index (WQI) of selected protected and unprotected wetlands in the Bhopal region. Physicochemical parameters such as temperature (Temp), potential hydrogen (pH), total dissolved solids (TDS), electrical conductivity (EC), dissolved oxygen (DO), total hardness (TH), calcium (Ca), magnesium (Mg), chloride (Cl⁻), phosphate (PO₄³⁻), and nitrate (NO₃⁻) were analyzed following standard methods proposed by Adoni et al. (1985) and the American Public Health Association (APHA, 2012). The observed values were compared with the drinking water quality standards prescribed by the World Health Organization (WHO) and the Bureau of Indian Standards (BIS, 10500:2012). The results revealed that all the physicochemical parameters for both wetlands were within the permissible limits. Eleven parameters were employed to calculate the WQI to evaluate the overall water quality status of the two wetlands. The WQI values indicated that the Ratapani Reservoir (protected wetland) exhibited excellent water quality during all three seasons (monsoon, winter, and summer). In contrast, Prem Talab (unprotected wetland) showed good water quality during the winter season but poor quality during the monsoon and summer seasons. The findings suggest that the water of Ratapani Reservoir is suitable for drinking and other domestic purposes for both humans and animals, whereas the water from Prem Talab requires adequate treatment before consumption. The application of the WQI serves as an effective tool for the assessment and management of water resources, and its implementation is essential for sustainable management of both protected and unprotected wetlands in the Bhopal region.
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Introduction
Freshwater resources are essential for the survival of various life forms. The freshwater resources contribute only 3% of the total water resources, out of which only 1% is available for human usage (Deep et al., 2020). Due to the population explosion and higher human dependency on freshwater sources, these resources are under tremendous stress and are deteriorating at a faster rate (Bassi et al., 2014). The area of fresh water sources is shrinking and is also being polluted by anthropogenic influences, thus both quantity and quality are under threat. Today, the world is struggling with basic consumptive water usages like drinking, manufacturing, livestock rearing, and agriculture due to the dilapidated condition of freshwater resources and their distribution (Singh et al., 2017). Wetlands as an important freshwater resource are transition areas between land and water ecosystems and have unique features in terms of soil, vegetation, flora and fauna. Wetlands deliver many ecosystem services including flood control, food and water supply, water for irrigation, groundwater recharge, biodiversity support, nutrient cycling, pollution abatement, and livelihood support (Verma & Negandhi 2011). Ramsar Convention on wetlands (2021) points out that more than 35% of natural wetlands have been lost globally between 1970 and 2015 and the loss of inland wetlands is higher than the coastal ones. Wetlands play an irreplaceable role in regulating the global climate, maintaining the global hydrological cycle, protecting the ecosystem diversity, and safeguarding human welfare  (Hu et al., 2017 and Ramsar Convention Bureau, 2001). Wetland ecosystems can not only bring indirect services to human beings, but also bring direct economic values to human beings (Smardon, 2009). The value per ha of wetland ecosystem services ranks first among all kinds of ecosystems, and the total values of wetland ecosystem services account for 47% of the values of the global ecosystem (Costanza et al., 1997).  Wetlands are under threat because of fast population growth, urbanization, and economic expansion (Shan et al., 2021; Dar et al., 2021). Natural sources such as subsidence, drought, storms, erosion, and human threats such as encroachment, overexploitation, reclamation, agricultural, commercial, and residential development leads to degradation of wetland (Bassi et al., 2014; Zhai et al., 2021; Adewumi et al., 2023). Eutrophication, deposits, fertilizers, pesticides, salinity, heavy metals, weeds, low dissolved oxygen, pH, and other pollutants are the main polluters that cause deterioration of water from natural sources such as lake, wetland, and river (Datta et al., 2022). The inflow and outflow of the water from wetlands is an important factor that governs various wetland processes and their hydrological regimes (Mitsch & Gossilink 2000). The hydrological condition of the wetlands causes variations in the hydro-geochemistry of the water of the wetlands; at times these variations are influenced by human–wetlands relations. Hydro-geochemical assessment of wetlands water is thus conducive to the understanding of its nature, source of ions, pollution status and its suitability for water usage, mostly for irrigation.
Many methods have been proposed and adopted for analysis of water quality. One of the most effective approaches for studying water quality is using of suitable indices (APHA 2005; Dwivedi and Pathak 2007).  A water quality index (WQI) helps in understanding the general water quality status of a water source and hence it has been applied for both surface and ground water quality assessment all around the world since the last few decades (Pesce and Wunderlin 2000; Bordalo et al., 2000; Samantray et al.,  2009; Sharma and Kansal 2011; Alam and Pathak 2010; Hector et al., 2012; Abdulwahid 2013; Mohamed et al., 2014; Yadav et al., 2015; Krishnan et al., 2016) The main purpose of developing a WQI is to transform a complex set of water quality data into lucid and exploitable information by which a layman can know the status of the water source (Akoteyon et al., 2011; Balan et al., 2012). WQI aims at giving a single value to the water quality of a source by translating the list of parameters and their concentrations present in a sample into a single value, which in turn provides an extensive interpretation of the quality of water and its suitability for various purposes like drinking, irrigation, fishing etc. (Abbasi , 2002). However, there was no literature which reveals scientific study carried out with respect to WQI in protected Wetlands of Bhopal Region, Madhya Pradesh, India. The rationale of the present study is to identify the water quality status of the protected and unprotected Wetlands of Bhopal Region using the WQI. This study will provide scientific baseline data for proper conservation and management of the protected and unprotected Wetlands of Bhopal Region meeting the requirements of the local population.

STUDY AREA
The present study was conducted to assess the physico-chemical characteristics of protected and unprotected wetlands in the Bhopal region of Madhya Pradesh, India. Two representative wetlands were selected for comparative analysis: the protected Ratapani Reservoir and the unprotected Prem Talab. This selection of study sites allows for a comparative evaluation of the influence of protection status on the water quality and ecological health of wetlands within the same climatic and geographical region.
A. Prem Talab
Prem Talab (Premtalab) is a small freshwater reservoir located in Premtalab village under Goharganj tehsil of Raisen district near Bhopal in Madhya Pradesh India. It lies at latitude 23.004803° N and longitude 77.552054° E about 15 km from Goharganj and approximately 50 km from Raisen district headquarters. The reservoir serves as an important local water resource supporting nearby villages through irrigation fishing and limited domestic use. Its surrounding area includes agricultural fields and small settlements making it a crucial ecological and livelihood component of the region. During research and monitoring studies water samples are often collected from different points of the reservoir to analyze physico chemical parameters and assess water quality status. Prem Talab contributes significantly to the rural water system and environmental balance of the Raisen Bhopal region.
B. Ratapani Reservoir
The Ratapani Reservoir, also known as Barrusot Lake, is a freshwater perennial reservoir located within the Ratapani Tiger Reserve in the Raisen district of Madhya Pradesh, India. It lies in the Vindhya Range of central India and is situated less than 50 kilometres from the state capital, Bhopal. The reservoir plays an important role in maintaining the ecological balance of the surrounding forest and supports a wide variety of flora and fauna within the reserve. It serves as a crucial water source for wildlife and nearby villages. During research studies, water samples were collected from different locations across the reservoir to analyze its physical, chemical, and biological characteristics. The geographical coordinates of Ratapani Reservoir are 22°55'58.8" N latitude and 77°42'36.3" E longitude.
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Fig. 1: Location map of study area

METHODOLOGY 
1. Sample Collection and analysis
Surface water samples were collected from three distinct sites within each wetland to ensure spatial representation, designated as P1, P2, and P3 in Prem Talab and R1, R2, and R3 in Ratapani Reservoir. Sampling was carried out over a one-year period (monsoon 2024–Summer 2025) using pre-cleaned 1 L polyethylene bottles. Continuous monitoring was conducted to assess the physico-chemical characteristics of the two wetlands, including parameters such as pH, electrical conductivity (EC), total dissolved solids (TDS), alkalinity, chloride (Cl⁻), calcium (Ca²⁺), magnesium (Mg²⁺), total hardness, dissolved oxygen (DO), nitrate (NO₃⁻), and phosphate (PO₄³⁻). In situ parameters such as pH, EC, TDS, and DO were measured immediately in the field after sampling to prevent alteration. All analytical procedures followed the standard methods prescribed by the American Public Health Association (APHA, 2012), as summarized in Table 1. Each sample was analyzed in triplicate to obtain concordant results, and the mean values were used for data interpretation. The suitability of surface water from both wetlands for drinking, domestic, and irrigation purposes was assessed by comparing the observed water quality parameters with the Bureau of Indian Standards (BIS: 2012) guideline limits for drinking water.

Table 1: Water quality parameters with their abbreviations, units, and analytical method 		
	S.No.
	parameters
	Abbreviations
	Units
	Analytical methods
	BIS limits (2012)

	
	
	
	
	
	Desirable 
	Permissible

	01
	Water temperature
	W.T
	℃
	Thermometer
	-
	-

	02
	Air temperature
	A.T
	℃
	Thermometer
	-
	-

	03
	pH
	pH
	pH unit
	Digital pH-meter
	6.5–8.5
	6.5–8.5

	04
	Electrical conductivity
	EC
	mSm-1
	Electrometric
	
	

	05
	Total Dissolved Solid
	TDS
	mSm-1
	TDS meter

	500
	2000

	06
	Chloride
	Cl
	mgl-1
	Titrimetric
	250
	1000

	07
	Total hardness
	TH
	mgl-1
	Titrimetric
	200
	600

	08
	Calcium Hardness
	CH  
	mgl-1
	Titrimetric
	75
	200

	09
	Magnesium Hardness
	MH
	mgl-1
	Titrimetric
	30
	100

	10
	Total alkalinity
	TA
	mgl-1
	Titrimetric
	200
	600

	11
	Dissolved oxygen
	DO
	mgl-1
	Wrinkler method
	5
	-

	12
	Nitrate
	NO3
	mgl-1
	Spectrophotometric
	45
	No  relaxation

	13
	phosphate
	PO4
	mgl-1
	Spectrophotometric
	1
	No  relaxation



2. Water Quality Index
The Water Quality Index was calculated using a weighted arithmetic method, first proposed by Horton (1965) and then developed by Brown et al., (1972). In this study, WQI is implemented on pH, TDS, electrical conductivity, chloride, total hardness, calcium hardness, magnesium hardness, nitrate and Orthophosphate by the using drinking water the quality standards recommended by the Bureau of Indian Standards (10500:2012). The weighted arithmetic water quality index (WQI) is represented as follows:
                            (1)
Where
Wn= unit weight for the nth parameter,
 Qn=quality rating (sub-index) of the nth water quality parameter.
The value of quality rating or sub-index (Qn) is calculated using the equation as given below:
                                   (2)
   Where,
Vn =estimated concentration of nth parameter in the analysed water
Vo= ideal value of nth parameter in pure water(Ideal value is 0 for all parameters except pH =7.0 and DO = 14.6 mg/l)

Sn= recommended standard value of nth parameter
The unit weight (Wn) of various water quality parameters are inversely proportional to the recommended standards for the corresponding parameters.
                                      (3)
Where,
K=proportional constant, 
The value of K has been considered ‘1′ here and is calculated using the mentioned equation below:
                                           (4).
In this study, the value of K has been considered as 1 for simplification. The calculated WQI values were further used to classify the water quality of both wetlands into different categories such as excellent, good, poor, very poor, and unsuitable for drinking based on standard classification ranges (Table 2).
Table 2: Classification water quality index based on WQI value
	WQI Value
	Water Quality Rating
	Possible usage

	0-25
	Excellent water quality
	Drinking, irrigation and industrial

	26-50
	Good water quality
	Drinking, irrigation and industrial

	51-75
	Poor water quality
	irrigation and industrial

	76-100
	Very Poor water quality
	irrigation

	Above 100
	Unsuitable for drinking purpose
	Proper treatment required before use




Table 3:  Relative weights (Wn) of the parameters used for WQI determination
	S.No.
	Variables
	Standard Value ( ICMR/BIS)
	Relative weight
(RW)

	03
	pH
	8.5
	0.083683

	04
	Electrical conductivity
	300
	0.002371

	05
	Total Dissolved Solid
	500
	0.001423

	06
	Chloride
	250
	0.002845

	07
	Dissolved oxygen
	5
	0.142261

	08
	Total hardness
	200
	0.003557

	09
	Calcium Hardness
	75
	0.009484

	10
	Magnesium Hardness
	30
	0.02371

	11
	Total alkalinity
	200
	0.003557

	12
	Nitrate
	45
	0.015807

	13
	phosphate
	1
	0.711304

	
	
	
	




RESULT AND DISCUSSIONS
1. Physical and chemical parameters
Water samples were collected from three sites in the Ratapani Reservoir (R1, R2, and R3) and three sites in Prem Talab (P1, P2, and P3). Sampling was done during the Monsoon, Winter, and Summer seasons of 2024–2025 to study seasonal changes in water quality. Each sample was tested three times to maintain accuracy and consistency. The minimum, maximum, and average values of different water quality parameters for each season are shown in Tables 4 and 5 for Ratapani Reservoir and Prem Talab, respectively.
pH
pH is a numerical expression that indicates the degree to which water is acidic or alkaline, with the lower pH value tends to make water corrosive and higher pH provides taste complaint and negative impact on skin and eyes (Rao and Rao 2010). The average  pH of Ratapani Reservoir was 8 ± 0.081, 7.8 ± 0.12 and 7.6 ± 0.12 for Monsoon , Winter and Summer respectively  while the average pH of Prem Talab was 7.2 ± 0.12 , 7.1 ± 0.12 and 6.6 ± 0.12 for Monsoon , Winter and Summer respectively .  Garg et al. (2010) opines that pH range between 6.0 and 8.5 indicates the productive nature of any water body. Hence the pH of both the lakes in the present study was within the permissible limit of 6.5–8.5 (BIS 2012). 


Electrical conductivity
Electrical conductivity of water is a direct function of its total dissolved salts (Harilal et al., 2004) and is used as an index to represent the total concentration of soluble salts in water (Purandara et al., 2003; Gupta et al.,  2008). Excess EC lead to scaling in boilers, corrosion and quality degradation of the product. EC was measured using a digital conductivity meter and the results were expressed in micro Siemen/centimeter. The mean conductivity values was 102.6 ± 2.05lS/cm (Monsoon 2024), 95.3 ± 4.1lS/cm (Winter 2024) and 119.3 ± 4.7lS/cm (Summer 2025) in Ratapani Reservoir water and 598 ± 15.7lS/cm (Monsoon 2024), 387.3 ± 8.9 lS/cm (Winter 2024) and 510 ± 26.8 lS/cm (Summer 2025) in Prem Talab water. Conductivity value of Ratapani Reservoir and Prem Talab water were well within the permissible limit of 3,000 lS/cm. Relatively higher EC values were recorded in the Prem Talab water, attributed to the high degree of anthropogenic activities such as waste disposal, sewage inflow and agricultural runoff (Pandit 2002). Classification of water based on Electrical conductivity illustrates that the Ratapani Reservoir water belongs to medium salinity class (C2) and Prem Talab water to high (C3) salinity category (Table 4, 5). 
Total dissolved solids (TDS)
Total dissolved solids (TDS) mainly consists of inorganic salts such as carbonates, bicarbonates, chlorides, sulphates, phosphates and nitrates of calcium, magnesium, sodium, potassium, iron etc. and small amount of organic matter. The average concentration of total dissolved solids in Ratapani Reservoir water was 68 ± 1.63 mg/L (Monsoon 2024), 66.3 ± 2.62 mg/L (Winter 2024) and 77 ± 2.9 mg/L (Summer 2025) while in Prem Talab  water, it was 393.6 ± 12.1 mg/L (Monsoon 2024), 241.6 ± 10.2 mg/L (Winter 2024) and 340.6 ± 7.7 mg/L (Summer 2025). TDS values of Ratapani Reservoir and Prem Talab water were below the BIS permissible limit of 2,000 mg/L.
Chloride
The average chloride concentration in Ratapani Reservoir water was 14.6 ± 0.44 mg/L (Monsoon 2025 ), 4.8 ± 0.12 mg/L (Winter 2025) and 12.6 ± 1.6 mg/L (Summer 2025). In Prem Talab water, it was 80.9 ± 2.9 mg/L (Monsoon 2025), 39.9 ± 1.67 mg/L (Winter 2025) and 62.3 ± 2.05 mg/L (Summer 2025). The Prem Talab water showed higher chloride values compared to Ratapani Reservoir water, but both the lake water had chloride values well below the permissible limit of 1,000 mg/L.


Total hardness
Total hardness values was 42 ± 0.81 mg/L (Monsoon 2025), 40.6 ± 2.49 mg/L (Winter 2025) and 8.06 ± 0.09 mg/L (Summer 2025) and in Prem Talab water, it was 124 ± 7.1 mg/L (Monsoon 2025), 142 ± 1.3 mg/L (Winter 2025) and 209.6 ± 5.2 mg/L (Summer 2025). Total hardness values in Ratapani Reservoir and Prem Talab water was below the permissible limit of 600 mg/L (BIS 1998). The degree of hardness of drinking water has been classified (WHO 2004) in terms of its equivalent CaCO3 concentration (Table 6) and accordingly, both Ratapani Reservoir and Prem Talab  water respectively, belong to hard and very hard category (Sawyer and McCarthy 1967). 
Calcium and magnesium hardness
Calcium is one of the dominant cations in surface water and its major source can be geogenic or it may have entered the wetland from the adjoining streams flowing over rocks composed of gypsum and limestone (Bhateria & Jain 2016). The presence of calcium ions can be due to weathering of silicate rocks containing plagioclase minerals (Kadam et al., 2021). In Ratapani Reservoir, the calcium hardness values of 31.3 ± 1.24 mg/L (Monsoon 2025), 30.3 ± 1.24 mg/L (Winter 2025) and 38.8 ± 1.02 mg/L (Summer 2025), were well below the permissible limit of 200 mg/L (BIS 2012). In Prem Talab, it was 90.6 ± 3.2 mg/L (Monsoon 2025), 109.3 ± 4.1 mg/L (Winter 2025) and 170.9 ± 2.14 mg/L (Summer 2025), which were below compared to their permissible limit.  
Magnesium, which is naturally present in surface water, is derived from weathering of rocks containing magnesium minerals like biotite, olivine, and augite (Kadam et al., 2021). The concentration of magnesium remains lower than the calcium (Tulsankar et al., 2020). It is an important micronutrient for the algae and macrophytes and for phytoplankton it is a limiting factor for their growth (White & Brown 2010; Dijkstra et al.,  2019). The magnesium hardness in Ratapani Reservoir water was 2.5 ± 0.29mg/L (Monsoon 2025), 2.49 ± 0.41mg/L (Winter 2025) and 9.3 ± 1.06mg/L (Summer 2025), while in Prem Talab  water, it was 8.02 ± 1.05 mg/L (Monsoon 2025), 7.8 ± 0.52 mg/L (Winter 2025) and 9.3 ± 1.06 mg/L (Summer 2025).
Alkalinity
Alkalinity is a measure of the ability of water to neutralize acids. It is due to the presence of bicarbonates, carbonates and hydroxide of calcium, magnesium, sodium, potassium and salts of weak acids and strong bases as borates, silicates, phosphates, etc. Large amount of alkalinity imparts a bitter taste, harmful for irrigation as it damages soil and hence reduces crop yields (Sundar and Saseetharan 2008). In Ratapani Reservoir water, the total alkalinity values was 60.6 ± 0.94 mg/L (Monsoon 2025), 62 ± 2.16 mg/L (Winter 2025) and 38.6 ± 1.6 mg/L (Summer 2025) and in Prem Talab  water, it was 189.3 ± 4.9 mg/L (Monsoon 2025), 154 ± 4.3 mg/L (Winter 2025) and 126.6 ± 3.8 mg/L (Summer 2025). It is evident that alkalinity values in Ratapani Reservoir water were above the permissible limit of 600 mg/L (BIS 1998) during Winter and Summer 2025. In contrast, Prem Talab water showed alkalinity value higher than the desirable limit for all the months
Dissolved oxygen
DO levels in lakes vary according to their trophic levels, and depletion of DO in water probably is the most frequent result of water pollution (Srivastava et al., 2009). Dissolved oxygen is the maximum concentration of oxygen that can dissolve in water. As a function of water temperature, it Summer vary from place to place and time to time. DO is an important parameter to assess the waste assimilative capacity of the waters (Rao and Rao 2010). It fluctuate seasonally, daily and with variation in water temperature (Rao and Rao 2010; Wavde and Arjun 2010), mainly due to consumption of DO owing to respiration by aquatic animals, decomposition of organic matter, and various chemical reactions. The mean DO concentration in Ratapani Reservoir water ranged between 8 ± 0.16 mg/L (Monsoon 2025), 9.2 ± 0.24 mg/L (Winter 2025) and 8.06 ± 0.09 mg/L (Summer 2025) while in Prem Talab  water, it was 4.06 ± 0.09 mg/L (Monsoon 2025), 6 ± 0.16 mg/L (Winter 2025) and 3.9 ± 0.09 mg/L (Summer 2025). As per USPH, the DO should be between 4 and 6 mg/L (De 2003) and if DO  levels in water drop below 5.0 mg/L, many life forms are put under stress (Raveen and Daniel 2010). The mean DO values in Ratapani Reservoir and Prem Talab water was above the desirable limit of 6 mg/L.
Nitrate
Nitrate concentration in groundwater and surface water is normally low but can reach high levels as a result of agricultural runoff, refuge dump runoffs, or contamination with human or animal wastes (Nas and Berktay 2006). The mean nitrate concentration in Ratapani Reservoir water was 0.015 ± 0.0009 mg/L (Monsoon 2025), 0.23 ± 0.03 mg/L (Winter 2025) and 0.04 ± 0.005 mg/L (Summer 2025). In Prem Talab water, it was 0.65 ± 0.06 mg/L (Monsoon 2025), 0.92 ± 0.02 mg/L (Winter 2025) and 0.27 ± 0.019 mg/L (Summer 2025). Both Ratapani Reservoir and Prem Talab water showed nitrate values below the permissible limit of 45 mg/L. 
Phosphate 
The mean phosphate values in Ratapani Reservoir water was 0.093 ± 0.0017 mg/L (Monsoon 2025), 0.02 ± 0.002  mg/L (Winter 2025) and 0.06 ± 0.01 mg/L (Summer 2025). In Prem Talab water, it was 0.56 ± 0.04 mg/L (Monsoon 2025), 0.38 ± 0.02 mg/L (Winter 2025) and 0.49 ± 0.062 mg/L (Summer 2025). Both Ratapani Reservoir and Prem Talab water showed high phosphate concentration compared to the permissible limit of 0.3 mg/L, illustrating the existence of eutrophic condition in both the lakes. PO4 3- enters the lakes through domestic wastewater, accounting for the accelerated eutrophication (Vyas et al., 2006) and the augmented concentration of PO4 3- and NO3–N in lakes resulted in enhanced phytoplankton productivity (Pandit and Yousuf 2002).
Table 4: Analytical results of Ratapani Reservoir during 2024-25
	Parameters
	MONSOON
	WINTER
	SUMMER

	
	AVG
	STD
	MIN
	MAX
	AVG
	STD
	MIN
	MAX
	AVG
	STD
	MIN
	MAX

	pH
	8
	0.081
	7.9
	8.1
	7.8
	0.12
	7.7
	8
	7.6
	0.12
	7.5
	7.8

	EC
	102.6
	2.05
	100
	105
	95.3
	4.1
	90
	100
	119.3
	4.7
	115
	126

	TDS
	68
	1.63
	66
	70
	66.3
	2.62
	64
	70
	77
	2.9
	74
	81

	Cl-
	14.6
	0.44
	14
	15
	4.8
	0.12
	4.7
	5
	12.6
	1.6
	11
	15

	DO
	8
	0.16
	7.8
	8.2
	9.2
	0.24
	8.9
	9.5
	8.06
	0.09
	8
	8.2

	TH
	42
	0.81
	41
	43
	40.6
	2.49
	38
	44
	49.6
	1.6
	48
	52

	CH
	31.3
	1.24
	30
	33
	30.3
	1.24
	29
	32
	38.8
	1.02
	37.5
	40

	MG
	2.5
	0.29
	2.18
	2.88
	2.49
	0.41
	1.92
	2.89
	2.61
	0.20
	2.41
	2.89

	ALK
	60.6
	0.94
	60
	62
	62
	2.16
	60
	65
	38.6
	1.6
	37
	41

	NITR
	0.015
	0.0009
	0.015
	0.017
	0.23
	0.03
	0.205
	0.286
	0.04
	0.005
	0.035
	0.048

	PHOS
	0.093
	0.0017
	0.091
	0.095
	0.02
	0.002
	0.02
	0.025
	0.06
	0.01
	0.055
	0.085



Table 5: Analytical results of Prem Talab during 2024-25
	Parameters
	MONSOON
	WINTER
	SUMMER

	
	AVG
	STD
	MIN
	MAX
	AVG
	STD
	MIN
	MAX
	AVG
	STD
	MIN
	MAX

	pH
	7.2
	0.12
	7.1
	7.4
	7.1
	0.12
	7
	7.3
	6.6
	0.12
	6.5
	6.8

	EC
	598
	15.7
	584
	620
	387.3
	8.9
	380
	400
	510
	26.8
	490
	548

	TDS
	393.6
	12.1
	381
	410
	241.6
	10.2
	230
	255
	340.6
	7.7
	331
	350

	Cl-
	80.9
	2.9
	78
	84.9
	39.9
	1.67
	37.9
	42
	62.3
	2.05
	60
	65

	DO
	4.06
	0.09
	4
	4.2
	6
	0.16
	5.8
	6.2
	3.9
	0.09
	3.8
	4

	TH
	124
	7.1
	118
	134
	142
	4.3
	138
	148
	209.6
	5.2
	205
	217

	CH
	90.6
	3.2
	87
	95
	109.3
	4.1
	105
	115
	170.9
	2.14
	168
	173

	MG
	8.02
	1.05
	6.74
	9.33
	7.8
	0.52
	7.23
	8.5
	9.3
	1.06
	8
	10.6

	ALK
	189.3
	4.9
	184
	196
	154
	4.3
	150
	160
	126.6
	3.8
	123
	132

	NITR
	0.65
	0.06
	0.584
	0.742
	0.92
	0.02
	0.9
	0.96
	0.27
	0.019
	0.247
	0.295

	PHOS
	0.56
	0.04
	0.514
	0.625
	0.38
	0.02
	0.36
	0.42
	0.49
	0.062
	0.421
	0.574





1. Water quality index
The first step in calculation of WQI following ‘weighted arithmetic index’ method involves the estimation of ‘unit weight’ assigned to each physico-chemical parameter considered for the calculation. By assigning unit-weights, all the concerned parameters of different units and dimensions are transformed to a common scale. Table 3 shows the drinking water quality standards and the unit weights assigned to each parameter used for calculating the WQI. The observed values of the selected physico-chemical parameters in all the sampling sites for each season and the corresponding WQI values are presented in tabular form (Tables 4, 5). Out of the eleven parameters considered for this study, phosphate and DO were found to be the highest influencing parameters in the WQI scores (Tables 4, 5). The summaries of WQI values of the water samples from both the wetlands for each season are presented in Table 11 given below.
The computed WQI values are classified into five types namely, excellent water (WQI ≥25), good water (WQI≥50), poor water (WQI≥75), very poor water (WQI≥100) and water unsuitable for drinking (WQI≤100). In the present study, the computed WQI values in Ratapani Reservoir water was 22.86 (Monsoon), 14.75 (Winter) and 18.29 (Summer), while in Prem Talab water, it was 59.6(Monsoon), 43.3 (Winter) and 52.5(Summer). It is evident from the results that Ratapani Reservoir  water fall under excellent water class while Prem Talab water fall under good to poor water category (Table 8).
Table 6: Calculation of WQI at Ratapani Reservoir during 2024-25
	Parameter
	Monsoon
	Winter 
	Summer

	
	Vn
	Qn
	QnWn
	Vn
	Qn
	QnWn
	Vn
	Qn
	QnWn

	pH
	8
	66.6
	5.57
	7.8
	53.33
	4.46
	7.6
	40
	3.34

	EC
	102.6
	34.2
	0.08
	95.3
	31.76
	0.075
	119.3
	39.76
	0.094

	TDS
	68
	13.6
	0.019
	66.3
	13.26
	0.018
	77
	15.4
	0.021

	Cl-
	14.6
	5.84
	0.016
	4.8
	1.92
	0.0054
	12.6
	5.04
	0.014

	DO
	8
	68.75
	9.78
	9.2
	56.25
	8.0021
	8.06
	68.125
	9.69

	TH
	42
	21
	0.074
	40.6
	20.3
	0.072
	49.6
	24.8
	0.088

	CH
	31.3
	41.7
	0.39
	30.3
	40.4
	0.38
	38.8
	51.73
	0.49

	MG
	2.5
	8.3
	0.19
	2.49
	8.3
	0.19
	2.61
	8.7
	0.20

	ALK
	60.6
	30.3
	0.10
	62
	31
	0.11
	38.6
	19.3
	0.068

	NITR
	0.015
	0.033
	0.0005
	0.23
	0.51
	0.008
	0.04
	0.088
	0.0014

	PHOS
	0.093
	9.3
	6.61
	0.02
	2
	1.42
	0.06
	6
	4.267

	
	
	
	
	
	
	
	
	
	

	
	WQI=22.86
	WQI=14.75
	WQI=18.29



Table 7: Calculation of WQI at Prem Talab during 2024-25
	Parameter
	Monsoon
	Winter 
	Summer

	
	Vn
	Qn
	QnWn
	Vn
	Qn
	QnWn
	Vn
	Qn
	QnWn

	pH
	7.2
	13.3
	1.11
	7.1
	6.6
	0.55
	6.6
	-26.66666667
	-2.23

	EC
	598
	199.3
	0.47
	387.3
	129.1
	0.30
	510
	170
	0.403

	TDS
	393.6
	78.72
	0.11
	241.6
	48.32
	0.068
	340.6
	68.12
	0.096

	Cl-
	80.9
	32.36
	0.092
	39.9
	15.96
	0.045
	62.3
	24.92
	0.07

	DO
	4.06
	109.7
	15.61
	6
	89.58
	12.74
	3.9
	111.4583333
	15.85

	TH
	124
	62
	0.22
	142
	71
	0.252
	209.6
	104.8
	0.37

	CH
	90.6
	120.8
	1.14
	109.3
	145.73
	1.38
	170.9
	227.8666667
	2.16

	MG
	8.02
	26.7
	0.63
	7.8
	26
	0.61
	9.3
	31
	0.73

	ALK
	189.3
	94.65
	0.33
	154
	77
	0.27
	126.6
	63.3
	0.22

	NITR
	0.65
	1.4
	0.022
	0.92
	2.04
	0.03
	0.27
	0.6
	0.0094

	PHOS
	0.56
	56
	39.83
	0.38
	38
	27.029
	0.49
	49
	34.85

	
	
	
	
	
	
	
	
	
	

	
	WQI=59.6
	WQI=43.3
	WQI=52.5



Table 8:  Summary of WQI of Ratapani and Prem Talab
	Season/ Station
	Ratapani
	Prem Talab

	
	WQI 
	WQS
	WQI 
	WQS

	Monsoon
	22.8
	Excellent
	59.6
	Poor 

	Winter
	14.7
	Excellent
	43.3
	Good

	Summer
	18.2
	Excellent
	52.5
	poor



CONCLUSION 
The analysis of water samples collected from different sites and seasons of Ratapani Reservoir (protected wetland) and Prem Talab (unprotected wetland) revealed that the physicochemical parameters of both wetlands were within the permissible limits prescribed by the World Health Organization (WHO) and the Bureau of Indian Standards (BIS, 10500:2012). The Water Quality Index (WQI) assessment indicated that the Ratapani Reservoir falls under the “excellent” water quality category, while Prem Talab is classified under the “poor” category. These findings suggest that the water of Ratapani Reservoir is suitable for drinking and other domestic uses for both humans and animals, whereas the water from Prem Talab requires proper treatment before consumption. The study emphasizes the need for continuous monitoring and effective management strategies to maintain the ecological and water quality integrity of wetlands in the Bhopal region.
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