



Assessment of water quality around Parichha thermal power plant, Jhansi, India



ABSTRACT
Groundwater is a vital national resource. To protect it, sustainable use, careful planning, and conservation strategies are necessary to ensure its quality and availability for the future. The purpose of this research is to assess the water quality in the surroundings of the Parichha thermal power plant. This work determined physicochemical parameters pH (Potential of Hydrogen), EC (Electrical Conductivity), TDS (Total Dissolved Solids), Total Hardness, Ca2+ (Calcium ion), Mg2+ (Magnesium ion), Total Alkalinity, and others in both underground and surface water samples collected near Parichha Thermal Power Plant in Jhansi. The correlation coefficients (r) between the various water quality characteristics of the groundwater samples analysed were determined. The results according to the water quality index (WQI) score showed that Site 1 and Site 2 cannot be used for drinking water, but the other sites 3 and 4 have good WQI scores indicating that the water quality of these sites is good and drinkable.
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1. INTRODUCTION
Coal has long been utilized as a source of thermal energy and as a fuel for electricity-generating thermal power plants. The Indian energy sector has experienced massive growth in recent decades. Coal power plant leave a legacy of mass emissions of solid particles and harmful gases into the atmosphere, as well as chemical discharge, ash, and contaminated water. Near thermal power plants, substantial amounts of fly ash (FA) are produced. Depending on the source of the coal used, FA can contain a lot of heavy metals like mercury, lead, arsenic, and chromium. Infiltration of leachate or slurry leakage into neighbouring water sources is a concern in ash ponds (Du et al. 2018; Demir et al. 2019). Fly ash is leached from ash ponds in the form of a dilute slurry; the process is dependent on the slurry's pH and liquid-to-solid ratio (Lindahl and Bockstaller 2012; Lu et al. 2019).
Natural and anthropogenic contamination of surface and groundwater has put aquatic wildlife and human health in danger all over the world (Akhtar et al., 2021). Groundwater quality and availability will continue to be a major environmental concern. For the preservation and protection of this unique national asset, long-term conservation, sensible development, and management of this natural resource are essential (Deshpande and Gupta, 2004).  The most significant natural effects are geological, hydrological, and climatic, as these have an impact on the quantity and quality of available water (Sundara et al., 2010). The purpose of this study was to see how fly ash disposal affected water quality near the Parichha Thermal Power Plant in Jhansi.
2. MATERIAL AND METHODS
2.1 Study site
The Parichha thermal power station is located in the Jhansi district of Bundelkhand, India, at a latitude of 25° 52′ N and a longitude of 78° 75′ E. For this examination, water samples were taken from four separate sites: 1) the effluent water site of the thermal power plant, 2) the Parichha Dam, 3) the Parichha Ground Water, and 4) the Baratha Village Ground Water (as control site). Water sampling was done in triplicate every month from January 2020 to March 2020. Physico-chemical parameters were measured using APHA standard methods (2012).
2.2 Water quality index and statistical analysis
The WQI was calculated using Brown et al. (1970)’s "weighted arithmetic index approach." The WQI study looked at 11 environmental variables, including pH, EC, TDS, BOD (Biochemical Oxygen Demand), DO (Dissolved Oxygen), total alkalinity, total hardness, calcium hardness, magnesium hardness, chloride, and turbidity. The Pearson correlation coefficient was used to determine the correlations between the 12 water-related environmental variables. SPSS (Statistical Package for the Social Science) version 20 for Windows 10 was used for all statistical analyses.
3. results and discussion
3.1 Physico-chemical analysis
In India's arid and semi-arid regions, groundwater is one of the most important sources of water (Moghaddam et al.,2018). As a result, it is critical to assess groundwater quality to conserve it. The 12 physicochemical parameters of water samples obtained near Parichha Thermal Power Plant; Jhansi are presented in this study (Table 1). The highest water temperature and BOD was recorded from Site 1 (22°C; 9.4 mg/l) and the lowest from Site 4 (20°C; 1.34 mg/l). The pH of the four sites ranged from 7.5 to 8.7, while DO levels varied from 3.13 mg/l to 9.98 mg/l. The present findings reveal that the pH value of S2, S3 and S4 is slightly alkaline in nature and is within the acceptable range as compared to WHO (2018) limit, but the value of site 1 is slightly above the WHO limit. Due to its impact on the toxicity and solubility of pollutants, pH is a crucial metric in evaluating the quality of water. Safe water is ensured by keeping pH within the specified range, according to recent research. For example, Prest et al. (2016) stress how pH changes might affect disinfectant stability and the efficiency of water treatment procedures. For aquatic ecosystems that are impacted by organic matter, dissolved oxygen is a crucial metric. The lowest value of dissolved oxygen (3.13 mg/L) was recorded at Site 1, which is the wastewater from the thermal power plant. This indicates a decrease in oxygen levels in water bodies. Low oxygen levels (DO) in wastewater indicate high organic loads and high biochemical oxygen demand, which can have negative effects on receiving water bodies. On the other hand, S2 (7.67 mg/L), S3 (9.98 mg/L) and S4 (9.97 mg/L) showed adequate to exceptional oxygen conditions, indicating that the water quality was better away from the waste discharge site. Similar to this, Kiptui et al. (2025) found that industrially influenced rivers had lower dissolved oxygen levels (average ~4 mg/L), with the Majani-Mingi River showing a statistically significant drop (p < 0.05). According to their research, the discharge of organic waste and associated decomposition processes are responsible for the decline in dissolved oxygen levels.
The maximum turbidity value was observed in Site 1 (9.7 NTU (Nephelometric Turbidity Unit)), while the lowest turbidity value was reported in Site 4 (1.7 NTU). According to Lenntech (2023), turbidity is an indicator of the overall transparency of water or the amount of light scattered by dissolved substances in the water when a light source is shone on the water sample. Turbidity gradually decreased from S2 (4.1 NTU) to S4 (1.7 NTU), reflecting sedimentation and dilution effects away from the waste discharge site. The decreasing trend indicates that water becomes cleaner as it moves away from the source of pollution. Total hardness was measured in the range of 151.4 to 348.3 mg/l. Due to the presence of calcium and magnesium in the water, hardness led to increased soap use and scum formation. The highest calcium and magnesium hardness value was found in Site 1, 85.96 mg/l and 44.5 mg/l respectively. The lowest calcium and magnesium hardness was recorded in Site 3 (55.23 mg/l) and Site 2 (25.8 mg/l) respectively. The highest hardness value (348.3 mg/L) was recorded at S1. The increased hardness at S1 indicates possible mineral enrichment due to industrial wastewater and fly ash leachates. On the other hand, the relatively low hardness at sites S2 to S4 indicates limited anthropogenic influence and dilution effects away from the discharge source. According to earlier research, water hardness levels exceeding 300 mg/L can cause scaling in boilers, render them unfit for industrial use, and lower the efficiency of water heaters and other appliances (Memon et al., 2023; García-Ávila et al., 2022; Alemu et al., 2024). The salinity of river water is measured by TDS and EC (Singh et al., 2020). The highest EC (491 µS/cm) was obtained at site 1 while the lowest EC (223 µS/cm) was observed at site 3. Moderate EC values ​​at sites S2 and S4 (295.3 and 267.7 µS/cm, respectively) indicate consistent improvement in water quality away from the discharge source. The high EC at S1 reflects local mineral enrichment due to industrial activity, yet all recorded EC values ​​were within the permissible limits for drinking water. According to WHO (2018), a TDS of less than 600 indicates good palatability (Addisie, 2022). The current study's TDS values varied from 255 mg/L to 714 mg/L; Site 1 had the highest value, at 714 mg/L, which was higher than the WHO-recommended limit of 600 mg/L. This suggests increased dissolved solids as a result of wastewater discharge from thermal power plants. Excellent water quality was demonstrated by sites S2 (255 mg/L) and S3 (273 mg/L), while high quality was suggested by sites S4 (308 mg/L). In contrast, Kiptui et al. (2025) found that river water had significantly lower TDS levels (34–120 mg/L), all of which were within allowable bounds, indicating no industrial influence. Stronger anthropogenic influence is shown in the somewhat greater TDS at Site 1 in the current investigation. Water alkalinity can be caused by the constant presence of strong bases such as sodium hydroxide or potassium hydroxide in water, or by their extremely low concentration. Site 1 had the highest alkalinity of 557 mg/l, whereas site 4 had the lowest, 247 mg/l, exceeding the standard norm. Site 1 had the maximum chloride concentration (128), while Site 2 had the minimum (59.3).
Table: 1. Descriptive analysis of physico-chemical characteristics of different water samples.
	Parameters/Sites
	pH
	Temperature
	Turbidity
	E.C (µS/cm)
	Alkalinity
	Total Hardness
	Ca2+
	Mg2+
	TDS
	Chloride
	D.O
	B.O.D

	S1
	Mean
	8.7
	22
	9.7
	491
	557
	348.3
	85.96
	44.5
	714
	128
	3.13
	9.4

	
	S. D
	0.6
	3.2
	0.7
	76.02
	32.4
	1.89
	2.5
	2.7
	39.5
	4.16
	0.35
	0.1

	
	S.E.
	0.33
	1.86
	0.41
	43.89
	18.68
	1.09
	1.44
	1.56
	22.81
	2.40
	0.20
	0.06

	S2
	Mean
	7.8
	21
	4.1
	295.3
	461
	155.4
	66.26
	25.8
	255
	59.3
	7.67
	4.2

	 
	S. D
	0.3
	2.1
	0.6
	29.37
	17.6
	7.2
	4.74
	1.94
	8.8
	4.16
	0.4
	0.36

	
	S.E.
	0.15
	1.20
	0.35
	16.95
	10.14
	4.15
	2.74
	1.12
	5.08
	2.40
	0.23
	0.21

	S3
	Mean
	7.5
	21
	2.2
	223
	322
	151.4
	55.23
	26.1
	273
	73.3
	9.98
	2.13

	
	S. D
	0.3
	2.7
	0.1
	37.59
	17
	0.59
	0.76
	1.01
	8.08
	2.52
	0.16
	0.29

	
	S.E.
	0.18
	1.53
	0.03
	21.70
	9.84
	0.34
	0.44
	0.58
	4.67
	1.45
	0.09
	0.17

	S4
	Mean
	7.6
	20
	1.7
	267.7
	247
	251.4
	68.2
	28.2
	308
	66.3
	9.97
	1.34

	
	S. D
	0.2
	2.5
	0.2
	41.02
	25.7
	14.65
	5.74
	1.9
	56.4
	7.96
	0.21
	0.23

	
	S.E.
	0.12
	1.45
	0.11
	23.68
	14.84
	8.46
	3.31
	1.10
	32.58
	4.59
	0.12
	0.13



Table: 2. Correlation Co-efficient Of Different Parameters of different water samples.
	

	
	pH
	Temp
	Turbidity
	EC
	Alkalinity
	TH
	Ca2+
	Mg2+
	TDS
	Chloride
	DO
	BOD

	pH
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Temp
	.485
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Turbidity
	.878**
	.323
	1
	 
	 
	 
	 
	 
	 
	 
	 
	 

	EC
	.859**
	.263
	.899**
	1
	 
	 
	 
	 
	 
	 
	 
	 

	Alkalinity
	.757**
	.201
	.894**
	.797**
	1
	 
	 
	 
	 
	 
	 
	 

	TH
	.681*
	.226
	.739**
	.808**
	.428
	1
	 
	 
	 
	 
	 
	 

	Ca2+
	.774**
	.297
	.837**
	.834**
	.652*
	.871**
	1
	 
	 
	 
	 
	 

	Mg2+
	.725**
	.250
	.892**
	.883**
	.684*
	.898**
	.882**
	1
	 
	 
	 
	 

	TDS
	.763**
	.292
	.907**
	.885**
	.689*
	.890**
	.880**
	.991**
	1
	 
	 
	 

	Chloride
	.769**
	.301
	.898**
	.834**
	.663*
	.846**
	.745**
	.931**
	.942**
	1
	 
	 

	DO
	-.860**
	-.305
	-.992**
	-.905**
	-.905**
	-.731**
	-.854**
	-.876**
	-.894**
	-.861**
	1
	 

	BOD
	.833**
	.291
	.991**
	.888**
	.926**
	.699*
	.820**
	.886**
	.898**
	.871**
	-.991**
	1

	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).


3.2 Correlation analysis
The correlation research minimizes the range of ambiguity in decision-making. To determine the link between the parameters, the correlation coefficient 'r' is utilized. The correlation coefficient (r) between 2 distinct parameters was determined in this study by taking into account the mean values as indicated in table 1. According to the correlation result (table 2), turbidity revealed the strongest positive correlation with Chloride (r = 0.898**), EC (r = 0.899**), Mg²⁺ (r = 0.892**) and TDS (r = 0.907**), which showed that more suspended particles correlated with higher dissolved ionic content. Similarly, EC revealed substantial positive correlation with TH (r = 0.808**), TDS (r = 0.885**), and major cations (Ca²⁺ and Mg²⁺), which revealed that electrical conductivity is mainly affected by dissolved salts and hardness producing ions. According to Table 2, a positive correlation was observed between pH and TDS, similar results were also reported by Jannat et al., (2019) in their study. TDS showed substantial correlation with chloride (r = 0.942**) and almost perfect correlation with magnesium (r = 0.991**), suggesting common sources such as mineral dissolution and waste discharge. It was also confirmed that the hardness is largely controlled by the high positive association with these divalent cations that is the total hardness exhibited with Ca²⁺ (r = 0.871**) and Mg²⁺ (r = 0.898**). Strong negative associations were observed between dissolved oxygen (DO) and EC (r = -0.905**), turbidity (r = -0.992**), BOD (r = -0.991**) and TDS (r = -0.894**). This suggests that oxygen availability falls as dissolved solids and organic load rise. Similarly, Kumari et al., (2025) also found in their study that there was a strong negative correlation between DO and TDS. Alkalinity, Turbidity, and TDS all showed strong positive associations with BOD, indicating that organic pollution has a major impact on the decline of water quality.
3.3 Water quality index
WQI provides single-digit figures that represent all water quality characteristics in a specific place. WQI's main goal is to simplify complex data such that it is understandable and valuable to the general population. The spatial distribution of the water quality index of all four sites is depicted in the Interpolated Inverse Distance Weighted (IDW) map shown in figure 1. Site 1 water is unfit for drinking, according to the water quality status (Brown et al. 1972), because it has a high WQI scores (158.64). While the water at site 2 (WQI =79.17) is not suitable for drinking, it can be utilized for irrigation. Sites 3 (WQI = 47.28) and 4 (WQI = 41.94) both offer acceptable water quality and can be used for drinking, agriculture, and industrial uses. Similarly Nasare and Thakre (2021) in their study concluded that the water quality of the Kanhan River up to the confluence point and the water quality of the K-stream was unsuitable for drinking and domestic use.
Table 3:  WQI range, status and possible usage of the water sample (Brown et al. 1972)
	WQI
	Water Quality Status(WQS)
	Possible usage

	0-25
	Excellent
	Drinking, irrigation, and industrial

	26-50
	Good
	Drinking, irrigation, and industrial

	51-75
	Poor
	Irrigation and Industrial

	76-100
	Very Poor
	Irrigation

	Above 100
	Unsuitable for drinking and ﬁsh culture
	Proper treatment is required before use



Table 4: Relative weights (Wn) of the parameters used for WQI determination
	Parameter
	ICMR/BIS standard (Vs)
	Unit weight (Wn)

	pH
	6.5-8.5
	0.149809

	Turbidity
	5
	0.2546753

	E.C (µS/cm)
	300
	0.0042446

	Alkalinity
	120
	0.0106115

	Total Hardness
	300
	0.0042446

	Ca2+
	75
	0.0169784

	Mg2+
	30
	0.0424459

	TDS
	500
	0.0025468

	Chloride
	250
	0.0050935

	D.O
	5
	0.2546753

	B.O.D
	5
	0.2546753

	∑Wn = 1



Table 5: Calculation of WQI in Effluent Water
	Parameters
	Vn
	Qn
	QnWn

	pH
	8.67
	106.00
	15.88

	Turbidity
	9.74
	194.73
	49.59

	E.C
	491.00
	163.67
	0.69

	Alkalinity
	557.00
	464.17
	4.93

	Total Hardness
	348.26
	116.09
	0.49

	Ca2+
	85.96
	114.62
	1.95

	Mg2+
	44.54
	148.46
	6.30

	TDS
	714.00
	142.80
	0.36

	Chloride
	127.67
	51.07
	0.26

	D.O
	3.13
	119.00
	30.31

	B.O.D
	9.40
	188.00
	47.88

	
	∑QnWn = 158.64

	
	WQI = 158.64


*Abbreviations: Vn = Observed value of nᵗʰ parameter, Qn =Quality rating of nᵗʰ parameter and QnWn = Weighted sub-index (Qn × Wn)
Table 6: Calculation of WQI in Dam Water
	Parameters
	Vn
	Qn
	QnWn

	pH
	7.8
	55
	8.23

	Turbidity
	4.09
	81.8
	20.83

	E.C
	295.33
	98.44
	0.41

	Alkalinity
	461.33
	384.44
	4.07

	Total Hardness
	155.41
	51.80
	0.21

	Ca2+
	66.26
	88.35
	1.50

	Mg2+
	25.82
	86.07
	3.65

	TDS
	254.70
	50.94
	0.12

	Chloride
	59.33
	23.73
	0.12

	D.O
	7.67
	73
	18.59

	B.O. D
	4.2000
	84
	21.39

	
	∑QnWn = 79.17

	
	WQI = 79.17



Table 7: Calculation of WQI in Parichha Ground Water
	Parameters
	Vn
	Qn
	QnWn

	pH
	7.47
	31.00
	4.64

	Turbidity
	2.15
	43.00
	10.95

	E.C
	223.00
	74.33
	0.32

	Alkalinity
	322.33
	268.61
	2.85

	Total Hardness
	151.44
	50.48
	0.21

	Ca2+
	55.23
	73.64
	1.25

	Mg2+
	26.13
	87.09
	3.70

	TDS
	273.33
	54.67
	0.14

	Chloride
	73.33
	29.33
	0.15

	D.O
	9.98
	48.00
	12.22

	B.O.D
	2.13
	42.60
	10.85

	
	∑QnWn = 47.28

	
	WQI = 47.28



Table 8: Calculation of WQI in Baratha Ground Water
	Parameters
	Vn
	Qn
	QnWn

	pH
	7.57
	37.00
	5.54

	Turbidity
	1.69
	33.80
	8.61

	E.C
	267.67
	89.22
	0.38

	Alkalinity
	247.00
	205.83
	2.18

	Total Hardness
	251.36
	83.79
	0.36

	Ca2+
	68.20
	90.93
	1.54

	Mg2+
	28.20
	93.99
	3.99

	TDS
	308.33
	61.67
	0.16

	Chloride
	66.29
	26.52
	0.14

	D.O
	9.96
	48.00
	12.22

	BOD
	1.34
	26.80
	6.83

	
	∑QnWn = 41.94

	
	WQI = 41.94



[image: ]
Figure 1. Spatial distribution of WQI in the study area.

4. Conclusion
Based on the findings of this study, it can be determined that various water quality measures surpassed the WHO and BIS permissible standards for drinking water. This could be related to the fly ash dumping near Parichha Thermal Power Station. The water quality of thermal effluent water is usually polluted, and according to the WQI score of this study, the water quality of Parichha dam is also contaminated. It is no longer suitable for drinking. This means that some toxins are released from the thermal plant, causing the water quality of the Parichha Dam to deteriorate. The other two sites have good WQI scores but are in bad shape. As a result, in the current study area, it is required to minimize or reduce further deterioration of groundwater quality. The quality of potable water should be tested regularly.
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