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Abstract 

This work is based on evaluation of physicochemical parameters, calculation of Water Quality Index (WQI) and 

Correlation to investigate the water quality of tap water of fifteen different educational institutes of Hamirpur city 

(Himachal Pradesh), India. The sampling was done every month from October, 2023 to March, 2024. The parameters 

like pH, Total Alkalinity (TA), Electrical Conductivity (EC), Total dissolved solids (TDS), Calcium Hardness (Ca-H), 

Magnesium Hardness (Mg-H), Total Hardness (TH), Sulphate (SO4), Chloride (Cl), Dissolved oxygen (DO) and 

Biological oxygen demand (BOD) were investigated. The observed levels of these parameters were found as per BIS 

standards except DO and BOD which have been found slightly low and high, respectively as per CPCB. Subsequently 

the Water quality index was calculated from all the measured parameters. The Average value of WQI for these 

parameters was found to be 14.59±0.21, which indicates the excellent status of water. The correlation coefficient result 

shows that different physicochemical parameters have significant positive and negative relationship with each other and 

suggests that the water has an adequate mineral content, minimal organic contamination, and acceptable DO level.  
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Introduction 

Water on Earth is present across various sources, with the majority found in oceans which contribute for about 97% of 

the planet's water resources. The remaining 3% is the freshwater with largest portion stored in glaciers and ice caps and 

modest amount as ground and surface water. This distribution of water is necessary for supporting ecosystems, 

agricultural, industrial and other human activities. It is also important to understand the distribution of water for 

sustainable water resource management and for clean and safe water supply to all living organisms. Availability of clean 

and safe drinking water is chief human requirement for hydration, cooking and overall hygiene. Evaluation of the 

physicochemical parameters of water plays a key role in evaluating the hydrochemistry of water and restoration of 

overall water quality [1-7, 16]. Researchers keep testing time to time the quality of water in their respective areas. For 

accomplishing this, water samples were collected from a variety of sources, including various villages, educational 

institutions, central and individual water supplies, ponds, dams, rivers, underground water and confluence points. The 

water quality was then assessed by determining the WQI and applying statistical techniques [4, 8-19, 26].  

 

From the literature review it is revealed that in the present scenario drinking water is continuously becoming prone to 

contamination. The source of contamination may be human and animal litters, improper use of pesticides, fertilizers, 

municipal and industrial waste emissions [17, 21-27]. Therefore, it is need of hour to investigate physicochemical 

parameters of drinking water in own respective areas. In this study we have endeavoured to analyse physicochemical 

parameters of tap water samples from fifteen different educational institutions of Hamirpur city, Himachal Pradesh, 

India with the objective to ensure the safety and well-being of students, teachers and staff members. By investigating 

physicochemical parameters such as pH, TA, EC, TDS, Ca-H, Mg-H, TH, SO4, Cl, DO and BOD, the quality of water 

being consumed within these institutions has been examined. Therefore, in this work we have also attempted to measure 

the water quality index by utilizing results of physicochemical parameters. Statistical analysis has also been performed 

to calculate correlation coefficient of different physicochemical parameters of tap water samples [1-3, 7, 10]. This study 

not only highlights the significance of water quality management in educational settings but also underlines the 

requirement of regular monitoring and testing to uphold standards of hygiene and environmental sustainability. 
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Method 

Investigation area 

This study was conducted at Hamirpur city, district Hamirpur, Himachal Pradesh, India. Geographically, co-ordinates of 

Hamirpur are 31.68°N 76.52°E and is located at an average elevation of 790 meters above sea level in the Lower West 

Central Outer Himalayas [30, 31]. The Arc GIS software was used to create the study area map represented in Figure 1. 

 

 

 

S1-Himachal Pradesh Technical University 

S2-Government Senior Secondary School 

Matani 

S3-Government Primary School Matani 

S4-Government Primary School Pacca Bhro 

S5-Gurukul Public School Gopal Nagar  

S6-Super Magnet Public School  

S7-Gautam Group of Colleges  

S8-Government Boys Senior Secondary School 

Hamirpur 

S9-Institute of Hotel Management  

S10-Government Middle School Khagal 

S11-Parmarth School Krishna Nagar  

S12-Netaji Subhash Chander Bose College 

Hamirpur  

S13-Maa Janaki College of Nursing  

S14-Govt Middle School Neri 

S15-Silver Bells Public School  
 

Figure 1: Study Area Map 

 

Sampling 

In the present study a total of thirty tap water bottles (two water bottles of 500ml capacity) from each fifteen selected 

educational institutes of Hamirpur city, Himachal Pradesh, India were collected through first week of every month 

throughout the period of October, 2023 to March, 2024 during 9.00 am to 10.00 am by adopting standard methods of 

sampling [29]. Grab Sampling method was used for sample collection. Water samples were collected in clean and dry 

High-density polyethylene bottles, avoiding contamination and followed by noting down of location, time, date, proper 

labeling and were preserved in refrigerator to analyze in the laboratory by using standard methods, within 24 hours of 

collection [26, 29]. 

 

Methodology 

The tap water samples were examined in the laboratory for determining pH, TA EC, TDS, Ca-H, Mg-H, TH, SO4, Cl, 

DO and BOD. The pH, EC and TDS were measured by using digital water analysis kit. Dissolved oxygen (DO) was 

determined by Winkler titrimetric method and to find out Biological Oxygen demand (BOD) five-day BOD test was 

performed by keeping the water samples in BOD incubator [5, 6, 7, 8, 11-14, 17]. Total Hardness, Calcium and 

magnesium harness was calculated by using complexometric titration method with Ethylene diamine tetra acetic acid 

(EDTA). Using phenolphthalein and methyl orange as indicators, the water samples were titrated against a standard 

sulfuric acid solution to estimate the total alkalinity.  Amount of chlorine has been calculated by adding potassium 

dichromate in water sample and titrating it against standard silver nitrate solution. The concentration of sulfate in water 

has been calculated by Barium chloride method [5-10]. The analytical results were contrasted with the standard as 

recommended by Bureau of Indian Standards (BIS) 10500:2012 [32] and DO and BOD parameters compared with 

Central Pollution Control Board (CPCB) 2019 guidelines [33]. 
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Data Analysis 

By using Descriptive statistics Minimum, Maximum, Mean and Standard Deviation were calculated for physiochemical 

parameters. Water Quality Index (WQI) was examined by weighted arithmetic index method [10, 22, 28]. The Karl 

Pearson’s Correlation analysis was employed to find out correlation between physicochemical parameters of examined 

water samples to ascertain their inter-relationship [1-3, 27].  

 

Results and discussions 

From the observation mentioned in Table 1 it has been found that the Mean pH value of six months study ranges from 

6.9 – 7.2 with a minimum of 6.4 observed for sample six (S6) and maximum of 7.8 observed for samples S10 and S14 

indicating that pH values are well within acceptable limit of BIS and water was not too acidic nor too alkaline and found 

perfect for drinking. Six months mean value of total alkalinity ranges between 69.67-93.83 mg/l which has been found 

within the acceptable limits of BIS, hence, these alkalinity levels are very good for contribution of alkalinity in water’s 

buffering capacity [24 & 25]. The six months EC analysis mean value ranges from 142.03 – 164.82 µS/cm, however, 

there is no direct acceptable or permissible limit of EC has been specified and it is correlated with TDS. The observed 

mean value of TDS lies in the range of 101.67 -148.33 mg/l. The common approximate conversion factor for most 

natural waters = TDS (mg/L) ≈ EC (μS/cm) * (0.5 to 0.7) [34]. On applying conversion factor the estimated TDS range 

of tap water is found to be 71.02 -.115.37 mg/l, which is comparable with the observed TDS range 101.67 -148.33 mg/l. 

Hence, TDS level is not exceeding the acceptable limit as given by BIS shown in Table 1 indicating good palatability 

and adequate mineral content, which has been found excellent for drinking. Calcium and magnesium are necessary for 

maintaining bones mass density and other health requirements [26]. From the study it has been revealed that mean value 

of calcium and magnesium was found to be 74.17 – 109.33 mg/l and 26.00 – 45.50 mg/, respectively. This suggests that 

upper limits of calcium and magnesium was found above the acceptable limits but still within the permissible limits, 

hence indicating their contribution to slight hardness. The observed mean value of total hardness is found to be 112.67 – 

144.67 mg/l, which has been within acceptable limits, suggesting that water is moderately soft to slightly hard and still 

palatable [18]. Mean values of sulphate ranges between 0.39 -1.37 mg/l, which are very low than that the acceptable 

limits and not prone to pose any health issue as high values of sulphate is the cause of laxative effect. Mean chloride 

values range between 60.00 – 80.67 mg/l and found below the acceptable limits, however water is well suitable for 

drinking because high chloride level can cause contamination or salty taste [35]. BIS primarily focuses on chemical and 

physical parameters of drinking water. The Central Pollution Control Board (CPCB) guidelines, which often align with 

BIS, state that for "Drinking Water Source without conventional treatment but after disinfection (Class A water)," 

should have DO 6 mg/l or more and BOD 3 or less mg/l [33].  The observed mean values of DO and BOD of water was 

found to be 5.15-5.35 and 3.34-3.80 mg/l indicating slightly low value of DO and slightly high value of BOD, which 

indicates the low organic content with adequate oxygen level [20]. However, these levels are for tap water and it's hard 

to make a definitive suitability statement based on DO and BOD levels.  

 

The WQI in the 0-25 range is if excellent grade [22 & 28]. Our observed WQI from six months analysis ranges in 

between 14.09-14.91 as shown in Table 2. The results demonstrate the excellent quality of water over six months period 

and making it suitable for drinking. This is a positive indicator for public health and water management in the region. 

Table 3 shows the correlation matrix for various water quality parameters, which are collected over a six-month study of 

tap water. Each cell shows the correlation coefficient (R-value) between two parameters. An R-value close to +1 

indicates a strong positive correlation, close to -1 indicates a strong negative correlation, and close to 0 indicates a weak 

or no correlation [2, 20, 29]. The very strong positive correlation between EC and TDS strongly validates the data as 

these two parameters are excellent indicators of the overall mineral content and purity of the tap water. A strong positive 

correlation suggests consistent water source or treatment where the ionic composition remains relatively stable. 
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Table 1: Descriptive analysis data 

 
 

Very strong correlation between Ca-H with TH and weak correlation of Mg-H with TH indicating the major 

contribution of Ca in total hardness of water. Strong correlation between Cl and Ca-H is a significant finding and 

suggests that a major source of Calcium in the tap water is associated with chloride, possibly from dissolved calcium 

chloride. A very weak correlation between DO and BOD indicates that tap water likely has low organic pollution, as 

indicated by generally low BOD values and sufficient dissolved oxygen. For any unexpectedly weak or strong 

correlations (Mg-H vs. TH, or the negative correlation of pH with Mg-H and SO4) may be due to many reasons like 

geological influences, anthropogenic factors and any treatment processes.    

 

 

 

 

 

 

 

 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15

Minimum 6.5 6.7 6.5 6.6 6.5 6.4 6.5 6.8 6.7 6.5 6.6 6.6 6.5 6.8 6.6

Maximum 7.2 7.4 7.2 7.3 7.7 7.5 7.6 7.7 7.4 7.8 7.6 7.5 7.4 7.8 7.4

Std Dev 0.23 0.29 0.28 0.25 0.46 0.41 0.42 0.35 0.32 0.46 0.39 0.36 0.30 0.38 0.30

Minimum 55 61 54 50 57 56 45 56 56 67 56 67 68 59 56

Maximum 120 120 124 128 98 120 100 154 120 125 124 129 111 122 123

Std Dev 24.81 22.68 24.40 29.54 16.91 24.70 22.56 35.54 25.24 20.13 27.79 22.69 16.54 28.36 31.61

Minimum 136.4 132 132 134 132 135 134.5 136.8 139.5 134 135.6 132 136 143 137

Maximum 150 156 160 176.6 168 179 178.9 179.8 180 179 178 180 179 179.9 180

Std Dev 5.13 8.57 10.93 16.34 14.42 17.02 19.84 20.59 16.30 16.90 16.07 23.06 20.99 14.72 20.30

Minimum 79 81 78 78 88 100 83 88 69 71 86 58 79 78 56

Maximum 145 146 141 150 150 160 183 176 178 147 156 178 199 185 199

Std Dev 23.75 25.02 24.77 27.24 24.94 21.12 45.62 38.05 44.82 26.78 28.82 53.37 54.33 43.14 59.96

Minimum 56.00 66.00 46.00 34.00 65.00 41.00 76.00 82.00 70.00 68.00 87.00 75.00 84.00 62.00 57.00

Maximum 85.00 102.00 116.00 150.00 133.00 127.00 133.00 112.00 135.00 139.00 122.00 136.00 133.00 124.00 91.00

Std Dev 10.91 16.19 32.07 39.04 25.52 29.90 19.39 10.11 21.98 26.01 12.91 26.03 18.96 25.18 13.77

Minimum 30.00 20.00 21.00 28.00 21.00 32.00 23.00 22.00 28.00 21.00 22.00 20.00 22.00 21.00 26.00

Maximum 56.00 38.00 34.00 45.00 35.00 56.00 45.00 45.00 50.00 36.00 45.00 46.00 50.00 53.00 56.00

Std Dev 9.89 7.03 6.11 6.44 6.63 8.46 8.38 7.64 7.58 5.85 8.43 8.76 10.21 11.57 10.84

Minimum 111.00 100.00 75.00 79.00 90.00 80.00 121.00 111.00 120.00 100.00 123.00 111.00 122.00 100.00 100.00

Maximum 125.00 125.00 150.00 178.00 156.00 167.00 161.00 145.00 167.00 160.00 167.00 172.00 178.00 151.00 123.00

Std Dev 5.47 10.91 30.66 33.08 24.16 28.47 15.80 11.54 16.78 21.44 17.58 23.86 19.92 20.05 8.50

Minimum 0.30 0.03 0.04 0.28 0.01 0.12 0.11 0.14 0.05 0.17 0.21 0.04 0.06 0.10 0.13

Maximum 1.61 1.68 1.21 2.21 1.11 1.51 1.35 2.10 1.08 2.10 1.68 1.56 1.92 2.64 4.59

Std Dev 0.61 0.65 0.52 0.83 0.47 0.47 0.51 0.76 0.38 0.81 0.56 0.66 0.76 1.00 1.74

Minimum 22.00 47.00 56.00 51.00 45.00 48.00 62.00 59.00 58.00 53.00 67.00 59.00 68.00 34.00 45.00

Maximum 89.00 90.00 89.00 89.00 89.00 89.00 95.00 91.00 90.00 97.00 89.00 87.00 98.00 89.00 90.00

Std Dev 22.42 16.72 14.01 15.14 16.61 19.87 12.96 12.44 13.75 18.06 9.22 11.66 12.46 21.37 16.49

Minimum 4.40 4.40 4.40 4.40 4.60 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.40 4.70 4.40

Maximum 6.00 5.90 5.90 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00

Std Dev 0.64 0.55 0.58 0.62 0.60 0.66 0.68 0.66 0.67 0.66 0.61 0.66 0.66 0.56 0.66

Minimum 1.20 1.20 1.20 1.20 1.20 1.20 2.28 1.20 2.40 1.20 1.20 1.20 1.20 2.40 1.20

Maximum 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80 4.80

Std Dev 1.40 1.59 1.50 1.40 1.40 1.52 1.21 1.52 1.18 1.48 1.50 1.52 1.52 1.00 1.52

Permissible limit: ---

Permissible limit: 600 mg/l

Acceptable limit: 6.5-8.5

Acceptable limit: 200 mg/l

Acceptable limit: ----

DO (mg/l)

BOD (mg/l)

BIS IS 10500:2012

BIS IS 10500:2012

Total 

Hardness 

(mg/l)

Sulphate 

(mg/l)

Chloride 

(mg/l)

TDS (mg/l)

Calcium 

Hardness 

(mg/l)

Magnesium 

Hardness 

(mg/l)

p H

Total 

Alkalinity 

(mg/l)

EC (µs/cm)

BIS IS 10500:2012 Acceptable limit: 500 mg/l Permissible limit: 2000 mg/l

BIS IS 10500:2012 Acceptable limit: 75 mg/l Permissible limit: 200 mg/l

Permissible limit: ----BIS IS 10500:2012

BIS IS 10500:2012 Acceptable limit: 30 mg/l Permissible limit: 100 mg/l

BIS IS 10500:2012 Acceptable limit: 200 mg/l Permissible limit: 600 mg/l

BIS IS 10500:2012 Acceptable limit: 200 mg/l Permissible limit: 400 mg/l

BIS IS 10500:2012 Acceptable limit: 200 mg/l Permissible limit: 400 mg/l

BIS IS 10500:2012 Acceptable limit: ---- Permissible limit: ----

BIS IS 10500:2012 Acceptable limit: ---- Permissible limit: ----
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Table 2: Water Quality status of analysed 

samples 

Table 3: Correlation Matrix of Water Quality Parameters 

 

Sample WQI 

Value 

Sample WQI 

Value 

S1 14.82 S9 14.81 

S2 14.41 S10 14.54 

S3 14.09 S11 14.56 

S4 14.68 S12 14.44 

S5 14.34 S13 14.77 

S6 14.91 S14 14.75 

S7 14.60 S15 14.44 

S8 14.62 - -  
S1-S15  are Water Samples of fifteen 

Educational Institutes as shown in Figure 1 

EC- Electrical Conductivity, TH-Total Hardness, Ca-H - Calcium 

Hardness, Mg-H - Magnesium Hardness, TA-Total Alkalinity, TDS-

Total Dissolved Solids, SO4 -Sulphate, Cl-Chlorine, DO-Dissolved 

Oxygen, BOD-Biological Oxygen Demand 

 

Conclusions 

Study of six months physiochemical parameter analysis of tap water samples of fifteen educational institutes of 

Hamirpur city, Himachal Pradesh revealed that pH, TA, EC, TDS, SO4, Cl levels were excellent and Calcium, 

Magnesium and total hardness levels are acceptable. These results and measured values are within permissible limits set 

by the BIS. As per CPCB, DO and BOD results indicates the low organic pollution in tap water. Water quality status 

was also found to be Excellent. Correlation data revealed that different physicochemical parameters have significant 

positive and negative relationship with each other and points toward the presence of significant mineral content in water 

and low organic pollution with sufficient DO in tap water.   
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