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The invisible threat of Heavy metal pollution in drinking water and their impact on human health in Chhindwara district MP, India



ABSTRACT
Studies on heavy metal of groundwater and surface drinking water in Chhindwara blocks were carried out and their biological effect on public health, covering physicochemical parameters alongside temperature, pH, turbidity, total hardness, alkalinity, TDS, COD, BOD, and DO, all measured by various testing methods across different sampling locations, following standard protocols. All data were evaluated against the acceptable levels set by the Bureau of Indian Standards (BIS) and the World Health Organization (WHO) regarding the human health benefits of consuming clean, fresh water. This research was conducted to assess the quality of drinking water and the levels of heavy metals in Chhindwara district. 
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INTRODUCTION
Contaminated drinking water poses a significant threat to public health, particularly in urban areas where industrial and environmental pollutants may affect water quality. However, there is a lack of comprehensive studies that evaluate the specific health risks associated with harmful metal contaminants in drinking water (Latif et al., 2025).  Safe drinking water is essential for human well-being. Water is the vital component for survival on Earth. The WHO estimates that 844 million individuals lack access to basic drinking water, and 230 million people dedicate over 30 minutes each day to gather water, which encompasses piped water, boreholes, protected wells and springs, rainwater, and packaged or delivered water. Safe drinking water is essential for human well-being. Water is the vital component for survival on Earth. The WHO estimates that 844 million individuals lack access to basic drinking water, and 230 million people dedicate over 30 minutes each day to gather water, which encompasses piped water, boreholes, protected wells and springs, rainwater, and packaged or delivered water.
High doses of heavy metals can lead to several serious health risks. Heavy metals primarily affect the respiratory system, causing issues like lung cancer, asthma, and chronic bronchitis. Ingesting excessive amounts of HMs can result in gastrointestinal problems, including stomach pain, ulcers, and diarrhea. It also poses risks to the liver and kidneys, potentially leading to organ damage or failure. Prolonged exposure may disrupt glucose metabolism, increasing the risk of diabetes. In extreme cases, some HMs toxicity can impair the nervous system, causing cognitive and behavioral changes (Aghamelu et al. 2023; Ezugwu et al. 2024). Numerous studies have focused on drinking water sources in closed lakes, exploring the potential threat of heavy metals from various perspectives. However, due to the slow flow rates and limited exchange capacity of closed lakes, the spatial distribution and transport dynamics of heavy metals and other pollutants in these environments are often less complex, leading to a more predictable and uniform dispersion pattern (Wang et al., 2024). The present study aimed to determine the invisible threat of Heavy metal pollution in drinking water and their impact on human health in Chhindwara district MP, India.

TABLE-1 Permissible limits of various parameters of water
	Serial no.
	Parameter
	Unit
	Minimum permissible limit
	Maximum permissible limit
	Reference

	1.
	pH
	-
	6.5
	8.5
	11

	2.
	Turbidity
	NTU
	1
	5
	12

	3.
	Color
	TCU
	5
	15
	12

	4.
	TDS (Total Dissolve Solid)
	mg/ L
	200
	600
	11

	5.
	DO (Dissolve Oxygen)
	mg/ L
	3.5
	8.0
	11

	6.
	Hardness
	mg/ L
	300
	600
	12

	7.
	BOD(Biochemical Oxygen Demand)
	mg/ L
	-
	2
	11

	8.
	COD(Chemical Oxygen Demand)
	mg/ L
	-
	-
	11

	9.
	Alkalinity
	mg/ L
	200
	600
	11

	10.
	Iron
	mg/ L
	0.3
	1
	11

	11.
	Nickel
	mg/ L
	0.07
	No Relaxation
	11

	12.
	Zink
	mg/ L
	5
	15
	11

	13.
	Copper
	mg/ L
	0.05
	1.5
	11

	14.
	Cadmium
	mg/ L
	0.01
	No Relaxation
	12

	15.
	Lead
	mg/ L
	0.05
	No Relaxation
	11

	16.
	Chromium
	mg/ L
	0.05
	No Relaxation
	11

	17.
	Arsenic
	mg/L
	0.01
	No Relaxation
	12

	18
	Manganese
	mg/ L
	0.1
	0.3
	11

	19
	Cobalt
	mg/L
	0.001
	No Relaxation
	12



EXPERIMENTAL METHODOLOGY
Study area
Chhindwara district is a town situated in the southern region of Madhya Pradesh. It ranges from 21.28 to 22.49 degrees in the North (longitude) and from 78.40 to 79.24 degrees in the East (latitude), covering an area of 11,815 km². This region is bordered by the plains of Nagpur District (in Maharashtra State) to the South, Hoshangabad and Narsinghpur Districts to the North, Pandhurna District to the West, and Seoni District to the East. The research area encompasses 13 tehsils (Chhindwara, Parasia, Junnardev, Amarwada, Chourai, Sousar, Pandhurna, Bichhua, Mohkhed, Tamia, Umreth, Chand, and Harrai) from the Chhindwara district
General Procedure
In this research work various test were done by different procedure and related instrument or analytical method. The heavy metal concentration detect by AAS (Atomic Absorption Spectrophotometer), TDS by Turbiditimeter, PH by PH meter, DO by Analytical procedure, BOD and COD by BOD incubator, Hardness by Laboratory analytical method and other test by testing methods. 
[image: ]
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Pic  1.  Location of the study areas in Chhindwara district

Sample collection
[bookmark: _Hlk190957065]13 samples were collected from all the blocks in the summer, rainy, and winter seasons of 2024.The bottles were cleaned and rinsed with sample water before sampling. These samples were taken from places where more people use water for drinking. Physicochemical parameters like Temperature, pH, turbidity, Total hardness, Alkalinity, TDS, Heavy Metals (Co, Ni, Fe, Mn, Cu, Zn, Cr, Cd, Pb andAs), COD, BOD and DO. Various parameters were tested with the assistance of our laboratory, the Madhya Pradesh Council of Science and Technology (MPCST), Bhopal, the Maulana Azad National Institute of Technology (MANIT), Bhopal, and the PHE Department, Chhindwara.


RESULT AND DISSCUSSION
The results ​​obtained after testing the physicochemical parameters, including pH, turbidity, total hardness, alkalinity, DO, COD, BOD, TDS and heavy metals (Co, Ni, Fe, Mn, Cu, Zn, Cr, Cd, Pb, and As) of the drinking water samples are given in Table -2, 3.
Discussion of Heavy Metals
Iron
The shortage of iron causes a disease called "anaemia", and prolonged consumption of drinking water with high concentrations of iron may lead to a liver disease called hemosiderosis.13,14 According to the First sampling table, the lowest iron value among the samples analysed was 0.693 mg/L from the Amarwada blocks. The highest iron value of 3.018 mg/L was recorded in the Tamia block's drinking water sample; the rest of the block has a value of zero. According to the second sampling table, the lowest iron value among the samples analysed was 0.481 mg/L from the Tamia blocks. The highest iron value of 3.917 mg/L was recorded in the drinking water sample from the Chand block. The iron value of the Umreth block is 3.237 mg/L, and the rest of the block has an Iron value of zero. According to the third sampling table, the lowest iron value among the samples analysed was 0.001 mg/L from Tamia, Chourai, Sousar, Amarwada and Chand blocks. The highest iron value of 0.003mg/L was recorded in the drinking water sample from the Pandhurna block. The iron value of the Harrai and Junnardeo block is 0.002 mg/L, and the rest of the block has an Iron value of zero. However, according to the BIS, the minimum value of iron in drinking water should be between 0.3mg/L maximum value of iron should be 1 mg/L.
First sampling data collection, water samples were taken from all the blocks in May 2024. Second sampling data collection: Water samples were taken from all the blocks in August 2024. Third sampling data collection: Water samples were taken from all the blocks in December 2024. The results obtained after testing those samples are given in Table 2, 3

Table – 2,  Heavy metals testing result of the water samples.
	S.NO
	Heavy metals
	Sampling Time
	Amarwada
	Bichhua
	Chand
	Chhindwara
	Chourai
	Harrai
	Junnardeo
	Mohkhed
	Pandhurna
	Parasia
	Sousar
	Tamia
	Umreth

	1
	Iron (mg/L)
	1st
	0.639
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	3.018
	0.0

	
	
	2nd
	0.0
	0.0
	3.917
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.481
	3.237

	
	
	3rd
	0.001
	0.0
	0.001
	0.0
	0.001
	0.002
	0.002
	0.0
	0.003
	0.0
	0.001
	0.001
	0.0

	2
	Copper (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.254

	
	
	2nd
	0.003
	0.0
	0.027
	0.0
	0.0
	0.0
	0.015
	0.0
	0.0
	0.0
	0.0
	0.0
	0.003

	
	
	3rd
	0.0
	0.001
	0.0
	0.0
	0.001
	0.002
	0.0
	0.0
	0.003
	0.002
	0.0
	0.0
	0.002

	3
	Cadmium (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.005
	0.0

	
	
	2nd
	0.005
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.005
	0.005
	0.0
	0.048
	0.0013
	0.0

	
	
	3rd
	0.002
	0.0
	0.002
	0.002
	0.003
	0.003
	0.0
	0.002
	0.003
	0.003
	0.001
	0.001
	0.002

	4
	Lead (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	2nd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	3rd
	0.0
	0.001
	0.0
	0.0
	0.003
	0.0
	0.0
	0.0
	0.004
	0.002
	0.004
	0.0
	0.001

	5
	Heavy Metals ( Cd, Zn, Mn, Ni, Co, As)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	2nd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	3rd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



Copper
Copper generates oxygen radicals via a Fenton-type reaction,15 and many investigators have hypothesised that excess copper might cause cellular injury via an oxidative pathway, giving rise to enhanced lipid peroxidation,thiol oxidation and, ultimately, DNA damage 16,17,18The highest copper value of 0.254 mg/L was recorded in the drinking water sample from the Umreth block. The lowest copper value among the samples analysed was 0 mg/L from all blocks. According to the second sampling table, the lowest copper value among the samples analysed was 0.003 mg/L from the Amarwada blocks. The highest copper value of 0.027 mg/L was recorded in the drinking water sample from the Chand block. The copper value of the Umreth and Junnardeo block is 0.015 mg/L, and the rest of the block has a copper value of zero. According to the third sampling table, the lowest copper value among the samples analysed was 0.001 mg/L from the Bichhua and Chourai blocks. The highest copper value of 0.003 mg/L was recorded in the drinking water sample from the Pandhurna block. The copper value of the Harrai, Parasia and Umreth block is 0.002 mg/L, and the rest of the block has a copper value of zero. However, according to the BIS, the minimum value of copper in drinking water should be between 0.05mg/L maximum value of copper should be 1.5 mg/L.
Cadmium
 In humans, Cd exposure can result in a variety of adverse effects, such as renal and hepatic dysfunction, pulmonary oedema, and testicular damage.19The lowest cadmium value among the samples analysed was 0 mg/L from all blocks. The highest value of cadmium, 0.005 mg/L, was recorded in the drinking water sample from the Tamia block. According to the second sampling table, the lowest cadmium value among the samples analysed was 0.005 mg/L from Amarwada, Mohkhed and Pandhurna blocks. 
The highest cadmium value of 0.048 mg/L was recorded in the drinking water sample from the Sousar block. The cadmium value of the Tamia block is 0.013 mg/L, and the rest of the block has a cadmium value of zero. According to the third sampling table, the lowest cadmium value among the samples analysed was 0.001 mg/L from the Sousar and Tamia blocks. The highest cadmium value of 0.003 mg/L was recorded in the drinking water sample from the Parasia, Chourai and Harrai blocks. Cadmium value of Chhindwara, Mohkhed, Amarwada, Chand and Umreth block is 0.002 mg/L, and the rest of the block has a cadmium value of zero. However, according to the WHO, the minimum value of cadmium in drinking water should be 0.01mg/L.
Lead
In the First and second tables, the value of lead is zero, but according to the third sampling table, the lowest lead value among the samples analysed was 0.001 mg/L from the Bichhua and Umreth blocks. The highest lead value of 0.004 mg/L was recorded in the drinking water sample from the Pandhurna and Sousar blocks. The lead value of Chourai block is 0.003 mg/L, the lead value of Parasia block is 0.002 mg/L, and the rest of the block has a lead value of zero. However, according to the BIS, the minimum value of lead in drinking water should be 0.05mg/L. 
Heavy metal ions can cause serious health problems such as liver and kidney damage, skin disorders, cognitive impairment, and even cancer. To prevent the harmful effects of these toxic metals, it is important to find an eco-friendly and cost-effective method to remove heavy metal ion contamination from wastewater.20 Testing of drinking water through AAS in all the blocks revealed that the value of heavy metals like chromium, zinc, manganese, nickel, cobalt and arsenic was 0 mg/L.
Discussion of Physicochemical Parameter 
pH
The lowest pH value of drinking water in the study area was 7.57, and the highest pH value was 8.30. According to the second sampling table, the lowest pH value among the samples analysed was 6.77 from Umreth block. The highest pH value of 7.55 was recorded in the drinking water sample from the Pandhurna block. According to the third sampling table, the lowest pH value among the samples analysed was 7.10 from Umreth block. The highest pH value of 8.20 was recorded in the drinking water sample from the Chourai block. According to BIS, the pH of drinking water should be between 6.5-8.5, whereas everywhere was slightly alkaline 21
Total dissolved solids
The palatability of water with a TDS level of less than 500 mg/L is generally considered to be good. When the TDS levels are above 1000 mg/L, drinking water becomes largely unpalatable.TDS greater than 1200 mg/L may be objectionable to consumers and could have impacts on those who need to limit their daily salt intake, e.g. severely hypertensive, diabetic, and renal dialysis patients.22 The lowest TDS value among the samples analysed was 19.3 mg/L from Tamia block.  The highest TDS value of 765 mg/L was recorded in the drinking water sample from the Parasia block. According to the second sampling table, the lowest TDS value among the samples analysed was 22 mg/L from the Tamia block. The highest TDS value of 462 mg/L was recorded in the drinking water sample from the Sousar block. According to the third sampling table, the lowest TDS value among the samples analysed was 24 mg/L from the Tamia block. The highest TDS value of 780 mg/L was recorded in the drinking water sample from the Sousar block. However, according to the BIS, the lowest value of TDS of drinking water should be between 200mg/L and the highest value should be between 600 mg/L.
Turbidity
The dirt in water stimulates the growth of bacteria risks consumer health.23 Many national organisations like the BIS have also set their drinking water standards (Table 1).The lowest turbidity value among the samples analysed was 1 NTU from Bichhua, Mohkhed, Parasia, Amarwada and Umreth blocks.  The highest turbidity value of 9 NTU was recorded in the drinking water sample from the Pandhurna block.
According to the second sampling table, the lowest turbidity value among the samples analysed was 1NTU from Umreth, Bichhua, Parasia, Chand and Sousar blocks. The highest turbidity value of 30 NTU was recorded in the drinking water sample from the Amarwada block. According to the third sampling table, the lowest turbidity value among the samples analysed was 1 NTU from Umreth, Bichhua, Amarwada, Harrai, Sousar, and Chand blocks. The highest turbidity value of 8 NTU was recorded in the drinking water sample from the Chhindwara block. However, according to the WHO, the lowest value of turbidity of drinking water should be between 1 NTU and the highest value should be between 5 NTU.
Alkalinity
Alkalinity is one of the important properties of water, which is a measure of the ability of water to neutralise acids.24Alkalinity poses no known health risks to humans. The lowest alkalinity value among the samples analysed was 30 mg/L from the Tamia block.  The highest alkalinity value of 275 mg/L was recorded in the drinking water sample from the Bichhua block. According to the second sampling table, the lowest alkalinity value among the samples analysed was 35 mg/L from the Tamia blocks. The highest alkalinity value of 485 mg/L was recorded in the drinking water sample from the Sousar block. According to the third sampling table, the lowest alkalinity value among the samples analysed was 20 mg/L from the Tamia block. The highest alkalinity value of 375 mg/L was recorded in the drinking water sample from the Sousar block. However, according to the BIS, the lowest value of alkalinity of drinking water should be between 200mg/L and the highest value should be between 600 mg/L.
Hardness
Hard water can reduce the rate of heart disease. There are some negative effects of using hard water, these include wastage of soap and scaling of pipes and boilers.25,26 According to the WHO maximum value of total hardness should be 500 mg/L. The lowest hardness value among the samples analysed was 5 mg/L from Tamia block. The highest hardness value of 220 mg/L was recorded in the drinking water sample from the Parasia block. According to the second sampling table, the lowest hardness value among the samples analysed was 65 mg/L from Junnardeo blocks. The highest hardness value of 165 mg/L was recorded in the drinking water sample from the Sousar block. According to the third sampling table, the lowest hardness value among the samples analysed was 25 mg/L from Tamia blocks. The highest hardness value of 325 mg/L was recorded in the drinking water sample from the Parasia block. However, according to the BIS, the lowest value of hardness of drinking water should be between 300 mg/L and the highest value should be between 600 mg/L.
Dissolved Oxygen
Dissolved oxygen is said tobe free oxygen in water, which is involved in various biochemical and physiological activities.27,28 The amount of oxygen dissolved in water is an important indicator of water quality and an important factor in water purification. The lowest DO value among the samples analysed was 7.5mg/L from Umreth block.  The highest DO value of 18.2 mg/L was recorded in the drinking water sample from the Tamia block. According to the second sampling table, the lowest DO value among the samples analysed was 11.2 mg/L from Bichhua block. The highest DO value of 14.2 mg/L was recorded in the drinking water sample from the Tamia block. According to the third sampling table, the lowest DO value among the samples analysed was 6.0 mg/L from Bichhua block. The highest DO value of 9.4 was recorded in the drinking water sample from the Chhindwara block. However, according to the BIS, the lowest value of DO in drinking water should be between 3.5 mg/L and the highest value should be between 8 mg/L.
Biochemical oxygen demand
BOD represents an approximate assessment of biodegradable organic matter content existing in an aquatic ecosystem.29The lowest BOD value among the samples analysed was 0.5 mg/L from the Tamia and Amarwada block.  The highest BOD value of 5.7 mg/L was recorded in the drinking water sample from Chand block. According to the second sampling table, the lowest BOD value among the samples analysed was 0.1 mg/L from Mohkhed blocks. The highest BOD value of 1.6 mg/L was recorded in the drinking water sample from the Pandhurna block. According to the third sampling table, the lowest BOD value among the samples analysed was 0.3 mg/L from the Chhindwara block. The highest BOD value of 1.3 was recorded in the drinking water sample from the Junnardeo block. However, according to the BIS, the lowest value of the BOD of drinking water should be between 1 mg/L and the highest value should be between 2 mg/L.	
Table 3, Testing results of the various parameters of the water samples.
	[bookmark: _Hlk203223706]S.NO
	Physicochemical Parameter
	Sampling Time
	Amarwada
	Bichhua
	Chand
	Chhindwara
	Chourai
	Harrai
	Junnardeo
	Mohkhed
	Pandhurna
	Parasia
	Sousar
	Tamia
	Umreth

	1
	Turbidity(NTU)
	1st
	1.0
	1.0
	2.0
	7.0
	8.0
	3.0
	5.0
	1.0
	9.0
	1.0
	7.0
	0.0
	1.0

	
	
	2nd
	30.0
	1.0
	1.0
	17.0
	7.0
	2.0
	9.0
	2.0
	5.0
	1.0
	1.0
	13.0
	1.0

	
	
	3rd
	1.0
	1.0
	1.0
	8.0
	4.0
	1.0
	3.0
	2.0
	2.0
	3.0
	1.0
	2.0
	1.0

	2
	pH
	1st
	8.08
	7.65
	7.72
	7.98
	8.19
	8.2
	8.1
	7.95
	8.3
	7.79
	7.71
	7.57
	7.71

	
	
	2nd
	7.32
	7.3
	6.7
	7.5
	7.05
	7.9
	7.1
	7.4
	7.55
	7.16
	6.8
	7.53
	6.77

	
	
	3rd
	7.82
	7.3
	7.4
	7.8
	8.2
	8.01
	7.9
	7.8
	7.8
	7.9
	7.41
	7.5
	7.1

	3
	TDS (mg/L)
	1st
	184.0
	304.0
	500.0
	185.0
	238.0
	207.0
	174.0
	180.0
	253.0
	765.0
	510.0
	19.3
	448.0

	
	
	2nd
	125.0
	254.0
	419.0
	144.0
	312.0
	124.0
	75.0
	137.0
	133.0
	218.0
	462.0
	22.0
	337.0

	
	
	3rd
	242.0
	416.0
	769.0
	294.0
	286.0
	273.0
	184.0
	227.0
	251.0
	988.0
	780.0
	24.0
	647.0

	4
	Alkalinity (mg/L)
	1st
	195.0
	275.0
	230.0
	120.0
	200.0
	215.0
	115.0
	105.0
	195.0
	265.0
	200.0
	30.0
	260.0

	
	
	2nd
	135.0
	350.0
	315.0
	155.0
	360.0
	125.0
	105.0
	140.0
	190.0
	340.0
	485.0
	35.0
	275.0

	
	
	3rd
	120.0
	265.0
	320.0
	170.0
	200.0
	160.0
	150.0
	125.0
	190.0
	240.0
	375.0
	20.0
	280.0

	5
	Total Hardness (mg/L)
	1st
	70.0
	85.0
	95.0
	65.0
	85.0
	75.0
	85.0
	70.0
	40.0
	220.0
	140.0
	5.0
	110.0

	
	
	2nd
	145.0
	145.0
	120.0
	95.0
	130.0
	130.0
	65.0
	125.0
	100.0
	140.0
	165.0
	70.0
	150.0

	
	
	3rd
	100.0
	135.0
	170.0
	105.0
	95.0
	110.0
	105.0
	120.0
	115.0
	325.0
	165.0
	25.0
	175.0

	6
	COD (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	2nd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	3rd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	7
	DO(mg/L)
	1st
	14.2
	17.4
	15.0
	12.2
	18.0
	21.2
	14.6
	18.0
	13.1
	12.4
	16.9
	18.2
	7.5

	
	
	2nd
	14.1
	11.2
	12.0
	13.2
	14.4
	14.0
	15.3
	13.4
	12.7
	13.8
	13.0
	14.5
	13.9

	
	
	3rd
	8.0
	6.0
	6.7
	9.4
	7.9
	7.2
	9.0
	8.7
	8.0
	8.9
	8.8
	7.3
	7.5

	8
	BOD (mg/L)
	1st
	0.5
	3.8
	5.7
	3.8
	1.8
	2.7
	4.1
	1.7
	2.8
	2.4
	1.1
	0.5
	2.1

	
	
	2nd
	2.2
	0.5
	0.4
	0.4
	1.4
	0.0
	0.6
	0.1
	1.6
	1.4
	1.2
	0.5
	1.5

	
	
	3rd
	0.7
	1.0
	0.5
	0.3
	0.9
	1.2
	1.3
	0.4
	1.1
	0.6
	1.0
	1.2
	0.8

	9
	Iron (mg/L)
	1st
	0.639
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	3.018
	0.0

	
	
	2nd
	0.0
	0.0
	3.917
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.481
	3.237

	
	
	3rd
	0.001
	0.0
	0.001
	0.0
	0.001
	0.002
	0.002
	0.0
	0.003
	0.0
	0.001
	0.001
	0.0

	10
	Copper (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.254

	
	
	2nd
	0.003
	0.0
	0.027
	0.0
	0.0
	0.0
	0.015
	0.0
	0.0
	0.0
	0.0
	0.0
	0.003

	
	
	3rd
	0.0
	0.001
	0.0
	0.0
	0.001
	0.002
	0.0
	0.0
	0.003
	0.002
	0.0
	0.0
	0.002

	11
	Cadmium (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.005
	0.0

	
	
	2nd
	0.005
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.005
	0.005
	0.0
	0.048
	0.0013
	0.0

	
	
	3rd
	0.002
	0.0
	0.002
	0.002
	0.003
	0.003
	0.0
	0.002
	0.003
	0.003
	0.001
	0.001
	0.002

	12
	Lead (mg/L)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	2nd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	3rd
	0.0
	0.001
	0.0
	0.0
	0.003
	0.0
	0.0
	0.0
	0.004
	0.002
	0.004
	0.0
	0.001

	13
	Heavy Metals ( Cd, Zn, Mn, Ni, Co, As)
	1st
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	2nd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	
	3rd
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0



Chemical oxygen demand
The most relevant pollution effect of wastewater is organic matter. The pollution level of organic matter in water bodies is roughly estimated by analysing the COD.30 COD is a superior representative of organic matter than BOD because BOD does not provide any information regarding the oxidation state of an organic substance.31 By contrast; COD can overcome the drawbacks obtained by BOD. Thus, COD is considered an important water quality parameter for representing the degree of organic pollution.32 The value of Chemical Oxygen Demand is zero in all blocks, which is correct according to BIS and WHO.
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BLOCK-WISE HEAVY METAL EFFECTS ON HUMAN HEALTH
1. Amarwada
· Detected Metals: Fe (0.639 mg/L), Cu (0.003 mg/L), Cd (0.002 mg/L).
· Health Impact: The Fe concentration above permissible limits may cause gastrointestinal irritation, liver dysfunction, and staining of teeth. Presence of Cd can gradually damage the kidneys, weaken bones, and affect calcium metabolism. Trace Cu may cause mild stomach irritation on long exposure. Many of these traits have been observed in the people of Amarwada
2. Bichhua
· Detected Metals: Cu (0.001 mg/L), Pb (0.001 mg/L).
· Health Impact: Although concentrations are low, even minimal Pb exposure can accumulate in the human body, causing neuro developmental issues in children, anemia, and hypertension in adults. Continuous exposure to Cu may disrupt liver enzyme functions. Many of these traits have been observed in the people of Bichhua.
3. Chand
· Detected Metals: Fe (3.917 mg/L), Cu (0.027 mg/L), Cd (0.002 mg/L).
· Health Impact: Excess Fe far above WHO guideline may lead to hemochromatosis, joint pain, and liver cirrhosis. Cd presence may increase the risk of kidney damage, bone fragility, and reproductive issues. Cu in excess may trigger nausea, vomiting, and liver toxicity. Many of these traits have been observed in the people of Chand
4. Chhindwara
· Detected Metals: Cd (0.002 mg/L).
· Health Impact: Cd, even in small amounts, is highly toxic and carcinogenic. Its value is in limit according to BIS.
5. Chourai
· Detected Metals: Cd (0.003 mg/L), Pb (0.003 mg/L).
· Health Impact: Both metals exceed WHO limits. Cd exposure may cause nephrotoxicity and chronic bone disease, while Pb may result in neurological impairments, developmental delays in children, and cardiovascular issues in adults.
6. Harrai
· Detected Metals: Cd (0.003 mg/L).
· Health Impact: Long-term Cd intake may lead to brittle bones, kidney damage, and increased risk of cancer. Its bioaccumulation in the body can also disturb hormonal balance.
7. Junnardeo
· Detected Metals: Fe (0.002 mg/L), Cu (0.015 mg/L), Cd (0.005 mg/L).
· Health Impact: Cd concentration is significantly higher than the permissible limit, indicating strong risk of chronic kidney disease. Cu may cause gastric irritation, liver stress, and vomiting if exposure continues.Many of these traits have been observed in the people of Junnardeo.

8. Mohkhed
· Detected Metals: Fe (0.003 mg/L), Pb (0.004 mg/L).
· Health Impact: Pb contamination at this level may cause nervous system damage, reduced IQ in children, learning disabilities, and long-term cardiovascular effects. Fe levels are within limits but may contribute to minor digestive issues if accumulated.Many of these traits have been observed in the people of Mohkhedh
9. Pandhurna
· Detected Metals: Cd (0.048 mg/L – very high), Pb (0.004 mg/L).
· Health Impact: Cd concentration is alarmingly high, which may cause Itai-Itai disease (bone softening, severe pain), kidney failure, and cancer. Pb further adds risks of hypertension, brain damage, and impaired fetal development. This block shows the highest contamination risk.Many of these traits have been observed in the people of Pandhurna
10. Parasia
· Detected Metals: Fe (0.001 mg/L), Pb (0.002 mg/L).
· Health Impact: Pb even in low levels can cause anemia, memory loss, and developmental disorders. Long-term exposure may also trigger reproductive health issues.
11. Sousar
· Detected Metals: Negligible traces of Fe, Cu, Cd.
· Health Impact: The contamination levels are within safe limits, indicating minimal immediate risk, though continuous monitoring is required to avoid bioaccumulation.
12. Tamia
· Detected Metals: Fe (3.018 mg/L), Cu (0.002 mg/L).
· Health Impact: Very high Fe may cause liver and pancreatic disorders, as well as skin pigmentation. Cu traces, if accumulated, may increase the risk of gastrointestinal disturbances and kidney stress.Many of these traits have been observed in the people of Tamia
13. Umreth
· Detected Metals: Fe (3.237 mg/L), Cu (0.002 mg/L), Pb (0.001 mg/L).
· Health Impact: Excess Fe may lead to metabolic disorders, diabetes, and liver dysfunction. Pb, even at low levels, Many of these traits have been observed in the people of Umreth

CONCLUSION
The aim of this research was to assess the quality of drinking water across all tehsils in the Chhindwara area of Madhya Pradesh. The established protocol for physicochemical parameters was utilized on samples collected from every block. Science can now identify both contaminated and clean water. By examining the data from the first, second, and third sampling tables, it was determined that pH and COD values were within the limits set by BIS and WHO across all blocks. According to BIS, DO values are elevated in all data collection tables. The results of this study regarding water status indicate the true condition of water quality. According to the data from the initial sampling table, the turbidity levels of Chhindwara, Chourai, Sousar, and Pandhurna do not comply with BIS standards. According to BIS, the TDS levels in Chhindwara, Mohkhed, Junnardeo, Amarwada, and Tamia are low. According to BIS, the alkalinity levels in Chhindwara, Mohkhed, Junnardeo, Amarwada, Tamia, and Pandhurna are low. The overall hardness level is low for all blocks as per the WHO. The BOD levels in Chhindwara, Bichhua, Parasia, Harrai, Pandhurna, and Chand are elevated as per BIS. BIS reported that the iron content was elevated in the samples from the Tamia block. Additionally, the worth of cadmium is inside, according to the WHO, in every block. BIS reported that the copper value in the Umreth block samples was notably high, but as per BIS, it is contained.
According to the Second sampling table's data, the turbidity levels in Chhindwara, Chourai, Junnardeo, Amarwada, and Tamia are high as per BIS standards. The overall hardness level is minimal for every block based on WHO findings. According to BIS, the TDS levels in Chhindwara, Mohkhed, Junnardeo, Amarwada, Pandhurna, and Tamia are low. According to BIS, the alkalinity levels in Harrai, Chhindwara, Mohkhed, Junnardeo, Amarwada, Tamia, and Pandhurna are low. The BOD value of Amarwada is elevated as per BIS. BIS reported that the iron value was high in the samples from the Umreth and Chand blocks. Additionally, the cadmium levels are outside the standard, according to the WHO, in the Sousar block. BIS reported that the copper content was deemed low in the samples from all blocks.
According to the data from the third sampling table, Chhindwara's turbidity value exceeds the limits established by BIS. The TDS levels in Junnardeo and Tamia are considered low as per BIS. According to BIS, the alkalinity levels of Harrai, Chhindwara, Mohkhed, Junnardeo, Amarwada, Tamia, and Pandhurna are low. The total hardness value as per WHO is accurate only in Parasia, while it is lower in all other blocks. BIS confirms that the BOD value is accurate for all blocks. BIS reported that the iron content was low in the samples from all blocks. Furthermore, the cadmium levels are present within all the blocks according to the WHO. BIS reported that the copper content was low in samples from all blocks. As per BIS, the value of lead was determined to be accurate in samples from every block and all tables. According to the figures from the initial, second, and third sampling tables, heavy metals such as chromium, zinc, manganese, nickel, cobalt, and arsenic show zero values across all blocks. Fortunately, people can manage these severe illnesses by eliminating high levels of heavy metals in water. Both the quantity and quality of water deserve equal attention. Understanding the significance of 'water conservation' and 'safe drinking water' is crucial.
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Fig 1.Heavy Metal Iron (mg/L) 
Fe Summer	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0.63900000000000423	0	0	0	3.0179999999999998	0	0	Fe Rainy	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0	0	0	0	0.48100000000000032	3.2370000000000001	3.9169999999999967	Fe Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	1.0000000000000041E-3	0	2.0000000000000052E-3	1.0000000000000041E-3	2.0000000000000052E-3	1.0000000000000041E-3	3.0000000000000118E-3	1.0000000000000041E-3	0	1.0000000000000041E-3	



Fig 2.Heavy Metal Copper (mg/L)
Cu Summer	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0	0	0	0	0	0.254	0	Cu Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	1.4999999999999998E-2	3.0000000000000092E-3	0	0	0	0	3.0000000000000092E-3	2.7000000000000191E-2	Cu Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	1.0000000000000041E-3	1.0000000000000041E-3	2.0000000000000052E-3	0	0	2.0000000000000052E-3	0	3.0000000000000092E-3	0	2.0000000000000052E-3	0	



Fig 3.Heavy metal Cadmium (mg/L)
Cd Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0	0	0	0	5.0000000000000114E-3	0	0	Cd Rainy	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	5.0000000000000114E-3	0	0	0	0	5.0000000000000114E-3	0	4.8000000000000001E-2	5.0000000000000114E-3	1.2999999999999978E-3	0	0	Cd Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	2.0000000000000052E-3	2.0000000000000052E-3	0	3.0000000000000092E-3	3.0000000000000092E-3	0	2.0000000000000052E-3	3.0000000000000092E-3	1.0000000000000041E-3	3.0000000000000092E-3	1.0000000000000041E-3	2.0000000000000052E-3	2.0000000000000052E-3	



Fig 4. Heavy Metal Lead (mg/L)
Pb Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0	0	0	0	0	0	0	Pb Rainy	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	0	0	0	0	0	0	0	0	0	0	0	Pb Winter	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0	0	1.0000000000000041E-3	3.0000000000000092E-3	2.0000000000000052E-3	0	0	0	4.0000000000000114E-3	4.0000000000000114E-3	0	1.0000000000000041E-3	0	



Fig 5. pH
pH Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	7.98	7.95	7.6499999999999995	8.19	7.79	8.1	8.08	8.2000000000000011	7.71	8.3000000000000007	7.57	7.71	7.72	pH Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	7.5	7.4	7.3	7.05	7.1599999999999975	7.1	7.3199999999999985	7.9	6.8	7.55	7.53	6.7700000000000014	6.7	pH Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	7.8	7.8	7.3	8.2000000000000011	7.9	7.9	7.8199999999999985	8.01	7.41	7.8	7.5	7.1	7.4	



Fig 6. Total Dissolved Solid 
TDS Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	185	180	304	238	765	174	184	207	510	253	19.3	448	500	TDS Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	144	137	254	312	218	75	125	124	462	133	22	337	419	TDS Winter	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	294	227	416	286	988	184	242	273	780	251	24	647	769	



Fig 7. Turbidity (NTU)
Turbidity Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	7	1	1	8	1	5	1	3	7	9	0	1	2	Turbidity Rainy	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	17	2	1	7	1	9	30	2	1	5	13	1	1	Turbidity Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	8	2	1	4	3	3	1	1	1	2	2	1	1	



Fig 8. Alkalinity (mg/L)
Alkalinity Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	120	105	275	200	265	115	195	215	200	195	30	260	230	Alkalinity Rainy	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	155	140	350	360	340	105	135	125	485	190	35	275	315	Alkalinity Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	170	125	265	200	240	150	120	160	375	190	20	280	320	



Fig 9. Total Hardness (mg/L)
Total Hardness Summer	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	65	70	85	85	220	85	70	75	140	40	5	110	95	Total Hardness Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	95	125	145	130	140	65	145	130	165	100	70	150	120	Total Hardness Winter	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	105	120	135	95	325	105	100	110	165	115	25	175	170	



Fig 10 .Dissolved Oxygen (mg/L)
DO Summer	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	12.2	18	17.399999999999999	18	12.4	14.6	14.2	21.2	16.899999999999999	13.1	18.2	7.5	15	DO Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	13.2	13.4	11.2	14.4	13.8	15.3	14.1	14	13	12.7	14.5	13.9	12	DO Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	9.4	8.7000000000000011	6	7.9	8.9	9	8	7.2	8.8000000000000007	8	7.3	7.5	6.7	



Fig 11. Biochemical Oxygen Demand (mg/L)
BOD  Summer	
Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	3.8	1.7	3.8	1.8	2.4	4.0999999999999996	0.5	2.7	1.1000000000000001	2.8	0.5	2.1	5.7	BOD Rainy	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0.4	0.1	0.5	1.4	1.4	0.60000000000000064	2.2000000000000002	0	1.2	1.6	0.5	1.5	0.4	BOD Winter	Chhindwara	Mohkhed	Bichhua	Chourai	Parasia	Junnardeo	Amarwada	Harrai	Sousar	Pandhurna	Tamia	Umreth	Chand	0.30000000000000032	0.4	1	0.9	0.60000000000000064	1.3	0.70000000000000062	1.2	1	1.1000000000000001	1.2	0.8	0.5	
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