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ABSTRACT
Water is an essential element of life and play vital role in the evolution of civilization. But in present centaury contamination of water leads to serious threats to the life present on mother earth.  Availability of quality drinking water reduced day by day and it impose severe effects on the health of human being. Present investigation has been carried to assess the physical and chemical property and water quality index (WQI) of drinking water supplied in the municipal corporation area of Palampur, situated in district Kangra of Himachal Pradesh. Seven sampling sites had been selected from the market area of Palampur for the study of 10 parameters i.e. pH, conductivity, total dissolved solids (TDS), total alkalinity, total hardness, Free CO2, iron, calcium, Magnesium and Nitrate for a period of six months. This study revealed that all the parameters were within the permissible limits as prescribed by BIS (2012). Further study related to WQI revealed that the water supplied in this area by IPH department had been excellent quality in term of WQI and safe for drinking purpose
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1. INTRODUCTION
Since ancient times, civilizations have always flourished near water bodies, and their growth depended not only on the quantity of water, but largely on its quality. The history of man has always been marked by an intimate relationship with water; it is well known that the earliest Palaeolithic implements of human existence have been traced in the river gravels (Prajapati and Bilas, 2018).  Water is one of the main components of life, and development of organisms totally depends upon this component. Water is essential for a wide range of purposes such as for drinking, agriculture, navigation, sanitation, fisheries industries, and various industrial developments and for many more activities. Now a days the main global issue is availability of quality drinking water, with contaminated unimproved water sources and inadequate sanitation practices causing human diseases (Gorchev & Ozolins, 1984; Prüss-Ustün et al., 2019). 
With the increase of urbanization, Industrialization, unnecessary and overuse of water resources, cause contamination of water bodies. This contamination leads to the unavailability of quality water to the major population of the world. In 21st century there is rapid increase in the population especially in developing countries creates a major gap between requirement and availability of drinking water. According to WHO (2008) water is essential to sustain life and adequate, safe and its easily accessibility is the right of every human being. Access to safe drinking-water is essential to health and basic human right and a component of effective policy for health protection. In some regions, it has been shown that investments in water supply and sanitation can yield a net economic benefit, as the reductions in adverse health effects and health-care costs outweigh the costs of undertaking the interventions. Those at greatest risk of waterborne disease are infants and young children, people who are debilitated and the elderly, especially when living under unsanitary conditions and Safe drinking-water is required for all usual domestic purposes, including drinking, food preparation and personal hygiene (WHO, 2011). Drinking water standards nature and form may vary country to country and region to region. In 2010, the UN General Assembly declared water and sanitation as human right and everyone has the right to sufficient, continuous, safe, acceptable, physically accessible and affordable water for personal and domestic use. According to the World Health Organization (WHO), safe drinking water is defined as water that "does not represent any significant risk to health over a lifetime of consumption, including different sensitivities that may occur between life stages.
In 2021, over 2 billion people live in water-stressed countries, which is expected to be exacerbated in some regions as result of climate change and population growth and in 2022, globally, at least 1.7 billion people use a drinking water source contaminated with faeces and Microbial contamination of drinking-water as a result of contamination with faeces poses the greatest risk to drinking-water safety (UN water summary, 2021). Contaminated and polluted drinking water can cause different types of diseases such as diarrhea, hepatitis, typhoid, dysentery cholera, and polio and even large number of mortalities in the infected regions. According to UN water summary (2021) approximately 505 000 diarrheal deaths are occurred in each year and 115 million people collecting untreated surface water from lakes, ponds, rivers and streams.
Both the natural process and human activities influence the quality of surface and ground water resources (Prajapati and Bilas, 2018). Deficient management of urban, and industrial wastewater cause the drinking-water of millions of people is dangerously contaminated. If management of waste water done properly it will help in the growth and improve in economy of the countries. Lakes and tanks are known to be ecological barometers of the health of the city as they regulate the micro-climate of any urban centre (Benjamin et al., 1996). The surface and ground water quality depend not only on natural process i.e. precipitation inputs, erosion, and weathering of crustal materials, but also on anthropogenic influences (Papatheodorau et al., 2006). 
The pollution of water is increased due to human population, industrialization, use of fertilizers in agriculture and many other manmade activities and unsafe domestic use, agriculture production, mining activities, industrial production, power generation and other factors can alter the physical, chemical and biological characteristics of water in ways that can threaten ecosystem integrity and human health (Prajapati and Bilas, 2018). According to WHO (2008) over the 80% sewage in developing countries is discharged untreated directly into water bodies (WHO, 2008).Variations in the physico-chemical nature of water quality are not only affected by anthropogenic factors (Reza and Singh, 2010; Michalik, 2008), but also by the combined interactive natural processes such as hydrological conditions, topography and lithology, climate (Michalik, 2008;  Kašiarova and Feszterova, 2010; Glińska, 2006), precipitation inputs, catchment area (Kašiarova and Feszterova, 2010), tectonic and edaphic factor (Michalik, 2008). 
2. STUDY AREA
	Palampur is located in the Kangra Valley and is a well-known hill station. Palampur is at 32.12°N 76.53°E, at a height of around 1300 metres, above sea level. It is in the northwestern region of Himachal Pradesh in north India. Palampur is a subdivision and city of District Kangra located in the state of Himachal Pradesh, India, having total area 429.29 Km2 with total population 189276 (as per 2011 census). Total villages under this subdivision are 395, with population density 441 persons per Km2 making it one of the densely populated regions in the district.
Table 1. Demographic information of Palampur Town
	
	Rural
	Urban
	Total

	Total
	185733
	3543
	189276

	Male
	91993
	1814
	93807

	Female
	93740
	1729
	95469



In 2020, after the formation of the Palampur municipal corporation, 15 wards were created with merging of 15 panchayats, with the total area to 14.96 km2 (5.78 sq mi) and a total population of 40,385. Present investigation has been carried out in Palampur city especially near market area and samples were collected from 7 study stations and analyzed for 9 parameters.
3. METHODOLOGY
Samples were collected from 7 stations for 6 months and 10 parameters: pH, conductivity, total dissolved solids (TDS), total alkalinity, total hardness, Free CO2, iron, calcium, Magnesium and Nitrate were studied. The water samples were collected in 1-liter polyethylene bottles, which were thoroughly cleaned and rinsed. All necessary precautions were taken during the filling, storage, and transportation of the samples to ensure their integrity.
Certain parameters, such as pH, conductivity, and total dissolved solids (TDS), were monitored and analyzed on-site, as they are closely related to environmental conditions. For other analyses, the samples were transported to the laboratory on ice and stored in a deep freezer until examination. The methods used for the analysis of various parameters adhered to the guidelines established by APHA-AWWA-WPCF (1981) and Saxena (2001). 
The calculation of Water Quality Index (WQI) was made using weighed Arithmetic index method (Brown et al., 1972) is calculated by the following equation. 
            WQI=

The suitability of WQI values for human consumption can be checked by categorization given by  WHO, 2004.
Table.2. The suitability of WQI values for human consumption according to WHO, 2004.
	S. No. 
	Water Quality Index
	Status of Water Quality 

	1 
	0 – 25 
	Excellent Water Quality 

	2 
	26 – 50 
	Good Water Quality 

	3 
	51 – 75 
	Poor Water Quality 

	4 
	76 – 100 
	Very Poor Water Quality 

	5 
	˃ 100 
	Unfit for Drinking 



4. RESULT AND DISCUSSION
Ten parameters of 7 different sites summarized in Table 3. These parameters are pH, conductivity, total dissolved solids (TDS), total alkalinity, total hardness, Free CO2, iron, calcium, Magnesium and Nitrate.
pH of all 7 sites varied from 7.2 to 8.2. Minimum pH were recorded in Site 6 and maximum recorded in Site 1 and 4 (Tabel 3 and Fig.1). It determines the nature of water, whether it is acidic or alkaline in nature. There are no direct adverse effects on health of pH, higher values of pH has reduces the scale formation in water heating apparatus and also reduce germicidal potential of chloride (Prajapati and Bilas, 2018). BIS (2012) recommended pH of drinking water ranged between 6.5 to 8.5. It was observed that pH of all study stations with in the acceptable limit.
Table 3. Mean of Physical-Chemical variables of drinking water in Palampur town, District Kangra, Himachal Pradesh. Values are expressed in Mg/l, except otherwise mentioned:
	Sr. No.
	Parameters
	Site1
	Site2
	Site3
	Site4
	Site5
	Site6
	Site7

	1
	pH 
	8.2
	7.8
	7.5
	8.2
	7.7
	7.2
	7.8

	2
	TDS (ppm)
	68
	45.5
	42.5
	62
	34.2
	58.6
	64.2

	3
	EC (µS/cm)
	64
	64
	56
	48
	60
	54
	50

	4
	Alkalinity 
	62
	68
	62
	56
	56.4
	52.8
	66.2

	5
	Total Hardness
	77
	142
	136
	130
	104
	148
	118

	6
	Free CO2
	6
	6
	4
	6
	0
	2
	0

	7
	Calcium
	46.4
	52.4
	16.8
	12.4
	18
	12.4
	32

	8
	Nitrate
	1.2
	0.6
	4.4
	3.8
	1.8
	2.6
	3.2

	9
	Iron
	0.01
	0.02
	0.04
	0.04
	0.01
	0.02
	0.04

	10 
	Magnesium
	28
	32
	24
	18
	28
	22
	28


 

 
Fig 1. 	pH of water samples of different sites.   		Fig2.TDS of water samples of different sites.


TDS of water samples collected from 7 different sites ranged between 34.2 (site 5) to 68 ppm (site 1) (Tabel 3 and Fig.2). Acceptable limit of TDS is 500 mg/l (BIS, 2012). Total dissolved solids describes the amount of inorganic salts of calcium, magnesium, sodium etc. and small proportion of organic matter present in the water (Appavu et al., 2016) and high value of the TDS to be related to acute myocardial infarction as well as ischemic heart diseases in few studies (Sneka Lata, et al., 2015). In present investigation it was observed under acceptable limit.

 

Fig.3.  EC of water samples of different sites.    Fig.4. Alkalinity of water samples of different sites.
	
EC help to determine the strength of hydroponic solution. According to ICMR Standard value of EC is 300 μS/cm in drinking water (Prajapati and Bilas, 2018) and used for indicating the total concentration of ionized constituents of water (Huq and Alam, 2005). In present study EC ranged between 48 μS/cm (site 4) and 64µS/cm (site1 and 2) in all 7 sites, which under standard limit indicated by ICMR (1975).
The alkalinity of water is the capacity to neutralize its acidic nature and is characterized by the presence of hydroxyl ions (Ashfaq and Ahmad, 2014). Alkalinity not only helps regulate the pH of a water body, but also the metal content (Panchagnula and Vunguturi, 2016). During this study the highest alkalinity recorded in 68 mg/l in Site 2 and minimum recorded in 52.6 mg/l in sight 6 (Table 3 and Fig.4). According to BIS (2012) the acceptable limit of Alkalinity in water is 200mg/l. Present study revealed that alkalinity values of water from all study stations were within acceptable limit.
 

Fig.5. Total Hardness of water samples of different sites. Fig.6. Free CO2 of water samples of different sites. 

Hardness is caused by multivalent metallic cations and with certain anions present in the water to form scale. The principal hardness-causing cations are the divalent calcium, magnesium, strontium, ferrous iron and manganous ions (Appavu et al., 2016). Water having hardness below 75 mg/L is soft water, followed by 76 to 150 mg/L lies in moderately hard water, 151–300 mg/L is categorized as hard water and more than 300 mg/L is considered very hard water (Vermont, 2022). WHO guidelines for total hardness should be ranged between 10-500 mg/L in drinking water, But BIS (2012) recommended 200mg/l as acceptable and 600mg/l as permissible limit. In present study highest value recorded in site 6 i.e.148mg/l and lowest recorded in site 2 i.e. 77mg/l Table 3, Fig. 5), which is under acceptable and permissible limits recommended by BIS (2012).
Free CO2 essential for photosynthesis and affects the aquatic fauna and it’s productivity (Tejraj and Jain, 1998). Very low value of Free CO2 recorded during whole study period. Highest value i.e. 6 mg/l recorded in sight 1, 2 and 4, while nil Free CO2 recorded in sight 5 and 7 (Table 3 and Fig. 6). Tejraj and Jain (1998) also recorded very low Free CO2 i.e. between 10.80 and 26.50 mg/l, while Rehman et al. (2012) reported that Free CO2 ranged between 5mg/l and 22mg/l.
 

Fig.7. Calcium of water samples of different sites.	      Fig.8. Nitrate of water samples of different sites. 

Calcium is the most abundant element on the earth crust and is very important for human cell physiology and bones and human body contain About 95 % of calcium stored in bones and teeth. The high deficiency may caused rickets, poor blood clotting, bones fracture etc. and the exceeding limit of calcium produced cardiovascular diseases (Meride  and Ayenew, 2016). The acceptable limit for calcium is less than 75 Mg/l (Sharma et al., 2024). In present study highest value of calcium recorded at site 2 i.e. 52.4 mg/l and minimum recorded at site site 4 and 6 i.e. 12.4 mg/l (Table 3, Fig.7). According to BIS (2012) the acceptable limit is 75 mg/l and permissible limit is 200 mg/l. But the value of calcium is under acceptable limit in all 7sites.
Nitrogen is important nutrient to all life and Nitrogen cycle is the drawing force for which disturb the nitrogen level in nature and present in atmosphere or in the soil can go through many complex chemical and biological changes (Prajapati and Bilas, 2018). The high levels of nitrate and nitrite in drinking water may cause serious illnesses such as methemoglobinemia or “blue baby syndrome”, cancer risk and increased starchy deposits, and hemorrhaging of the spleen  (Yang and Wang, 2010; Aydin, 2007; Gupta et al., 2009 and Michalski and Kurzyca, 2006). In present study maximum value of nitrate were recorded at site 3 i.e. 4.4 and minimum were recorded at site 2 i.e. 0.6 (Table 3, Fig. 8). According to BIS (2012) the acceptable limit of nitrate is 45 mg/l in drinking water. Present study revealed that nitrate value of water samples collected from all 7 sites are in accordance with BIS acceptable limit.

 

Fig.9. Iron of water samples of different sites.	      Fig.10. Magnesium of water samples of different sites.

Iron is objectionable because of the bad taste and also promotes the growth of “iron bacteria” which derives their energy from the oxidation of ferrous iron to ferric iron and in the process deposits a slimy coating on the piping  (Aryal et al., 2012). Iron help in several bodily functions, such as oxygen transport, participation in the oxyhemoglobin mechanism, supporting metabolism, and maintaining healthy skin and hair (Rahman et al., 2023; Sharma, 2024). But value greater than acceptable limit cause various health issues. Acceptable limit of Iron in drinking water is 0.3 mg/l (BIS, 2012). Present study revealed that iron value in all study sites ranged between 0.04 and 0.01mg/l (Table 3 and Fig.9), which is under acceptable limit as standard given By BIS (2012).
Magnesium is the 8th most abundant element on earth crust and natural constituent of water and an essential for proper functioning of living organisms. Human body contains about 25 g of magnesium (60 % in bones and 40 % in muscles and tissues) (Meride  and Ayenew, 2016). Dolomite is the major cause of magnesium hardness in water (Sengupta, 2013).  In present study the maximum value of magnesium were recorded in water sample collected from site 2 i.e. 32 mg/l and minimum were recorded in water sample collected from site 4 i.e. 18 mg/l (Table 3 and Fig.10). According to BIS (2012) the acceptable limit of magnesium in drinking water is 30 mg/l and permissible limit is 100 mg/l. In this study the highest value recorded as 32mg/l at site 2, which is above acceptable limit, but below the permissible limit. Magnesium concentration in all other sites were within the acceptable limit prescribed by BIS (2012). 

Water Quality Index (WQI)
Water quality index is a single number value which is able to describe the overall water quality at a certain location by using several water quality parameters (Prajapati and Bilas, 2018). In present study WQI estimated for all sites using 10 parameters and compare the obtained value with the Table 2 standards given by WHO (2004). 
	Sr. No.
	Sampling Sites
	WQI
	WHO Standards of WQI
	Status of Water Quality

	1
	1
	8.548256
	0-25 (Excellent)
	Fit for Drinking

	2
	2
	11.62137
	0-25 (Excellent)
	Fit for Drinking

	3
	3
	16.8921
	0-25 (Excellent)
	Fit for Drinking

	4
	4
	17.32488
	0-25 (Excellent)
	Fit for Drinking

	5
	5
	7.067113
	0-25 (Excellent)

	Fit for Drinking

	6
	6
	10.13525
	0-25(Excellent)
	Fit for Drinking

	7
	7
	16.4214
	0-25 (Excellent)
	Fit for Drinking


Table 4. Water Quality Index and Status of all 7 sites.

When water WQI of all the 7 sites calculated and compare with the standards given by WHO (2004) (Table.4), it is found that WQI of all the water samples were below the 25, which indicated that the quality of water is excellent and fit for drinking purpose in all 7 sites. The highest WQI recorded in site 4 which was 17.32488, while lowest WQI were recorded in site 5, which were 7.067113.
5. CONCLUSION
The Water Quality Index (WQI) is an important tool used to assess the status of water quality in various water bodies based on different parameters. In this study, ten parameters were analyzed, and the WQI was calculated accordingly. The results indicate that water samples collected from seven sites within the municipal corporation area of the Palampur region—particularly from the market area—fall under the category of “Excellent Quality,” meaning the water is fit for drinking. The study also suggests that pollution, especially from sewage lines, is under control and does not significantly affect the water sources. The Jal Shakti Vibhag of this region, along with the municipal corporation, has effectively maintained water quality.
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