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Abstract: Continuous groundwater quality monitoring is crucial for ensuring safe drinking and irrigation by mitigating risks from
geochemical contaminants through appropriate treatment methods. Therefore, the primary objective of this study was to assess the
suitability of groundwater collected from Panchkula District, Haryana India, for both drinking and irrigation. Many samples were
collected from different sites within the study area to evaluate groundwater quality. Various parameters such as pH, turbidity, EC
(electrical conductivity), total dissolved solids (TDS), chlorides (CI), total alkalinity, total hardness, sulphate (SO%,), nitrate
(NO3), fluorides (F), arsenic (As), Iron (Fe), lead Cd, and chromium were analyzed. The weighted arithmetic water quality index
(WAWRQI), a vital rating system representing overall water quality, was employed to classify the water into different categories,
such as very good, good, moderate, poor, and unfit for drinking. This classification is invaluable for public awareness and
decision-making to make informed decisions regarding effective management, treatment, and sustainable societal development on
a broader scale. A correlation matrix was generated and analyzed to observe correlations between the various parameters.
Additionally, spatial distribution maps for the analyzed parameters and WQI were prepared using the inverse distance weighted
(IDW) method. The study found that WQI values in the area ranged from 0 to 50, indicating good water quality in most places for
drinking purposes. The water quality map shows that 40% of the area falls under the very good category, and 60% is categorized
as unfit for drinking. Consequently, the findings suggest that the groundwater in the studied area is safe and suitable for drinking
and irrigation purposes.

Index Terms - Groundwater contamination; arsenic; nitrate; water quality index; geographical information system.

l. INTRODUCTION
One of the top ten most important global risks for the last ten years according to the World Economic Forum is the depletion of
freshwater resources. If this enormous challenge is not addressed there could be dire consequences for many of the Sustainable
Development Goals (SDGs) [1]. In 89 countries the majority (more than 40%) of the water bodies that were evaluated had severe
pollution [2]. The Ganges River has been named the most polluted river in the world and 80% of Indias water resources are
considered degraded. Due to the significant influence of human settlements the Citarum River in Indonesia is the second most
polluted river globally. Likewise, the Yellow River in China is the third dirtiest river in the world a status that is a result of rapid
industrialization [3]. The health of over 3 billion people’s freshwater ecosystems is unknown which puts them at risk as water
quality data collection is sadly still rare in many countries [4]. One of the most important duties of all peoples worldwide is to
preserve the environment and the quality of the water [5]. Global urbanization is contributing significantly to the quality of water
as pollutants from diverse sources end up in large bodies of water [6]. Both giving the land its shape and controlling the climate
are important functions of water. It is one of those natural resources that affects entire ecosystems in a major way. Groundwater
resources particularly those associated with rapid urbanization and industrialization are under increasing pressure leading to a
multiplex increase in the need for groundwater. The various waterborne diseases that are caused by the deteriorating quality of
groundwater have resulted in substantial expenses for treating the public health risks. Because of overuse and pollution of
groundwater resources the country rapid industrialization urbanization and agricultural growth rate have also led to groundwater
pollution in a number of areas. This has negative effects on the environment that have an impact on groundwater resources long-
term sustainability. Indias groundwater supply is vital to a large section of the population [7]. Groundwater reservoir availability
is negatively impacted by human activities such as overuse and inappropriate disposal of waste from industrial agricultural and
residential sources as well as caliber [8-10]. Hence cultivation methods generally especially those involving the use of excessive
fertilizer unsanitary conditions and the discharge of pose a risk to human health. sewage into the ground [11]. Seasons depth the
subsurface environment and dissolved salts that have leached all affect groundwater quality [9-12]. Nearly 80% of human
diseases are spread through water according to the World Health Organization [13]. If groundwater is contaminated once it
becomes extremely difficult to restore the water quality. Finding strategies to stop pollution and conducting routine groundwater
quality monitoring are therefore essential. The chemical physical and biological qualities of groundwater have all been examined
[14]. The data on groundwater quality are essential for handling and evaluating analytical determination values and determining
the quality of a water resource. The principles of WQIs make the classification of groundwater much more feasible [15-20].
Mathematical techniques called water quality indices (WQIs) are used to categorize water quality [21, 22]. They play a vital role
in condensing and streamlining diverse analytical determination values that represent the quality of a water resource [23, 24]. The
quantity and quality of water are closely related to socioeconomic development. The primary components of water quality
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indicators are sub-indicator development and aggregation functions. Under various environmental requirements a water quality
index (WQI) depicts the overall state of water. Groundwater quality monitoring and assessment have been conducted on a regular
basis with the use of IDW interpolation techniques in conjunction with geographic information system (GIS) techniques. These
are strong instruments that have been developed recently for exploring and evaluating spatial data about water resources [18, 25—
29]. By transforming large datasets to create a variety of projections and spatial distribution maps it is a quick and cost-effective
way to illustrate the relationships sources and trends of groundwater pollution. The spatial analysis of various groundwater
parameters was done in this work using GIS technology. The main goal of this research is to determine whether groundwater is
suitable for human consumption by utilizing a WQI and geographic information systems (GISs). The WQI for drinking and
household use was used to analyze and compare the physicochemical characteristics of forty groundwater samples taken from
tube wells and hand pumps to international standards established by BIS and WHO. Horton first proposed the WQI in 1965 [30]
and it is based on a weighted arithmetic computation. Different WQI models have been proposed by several researchers [31—-36]
based on the weighted arithmetic methods rating and weighing of different water quality parameters. Based on several water
quality parameters the WQI is a unique numerical rating that expresses the overall state of the water quality. It shows categories
such as very good, good moderate poor and unfit for drinking at a given time and place. It can have values ranging from 0 to 100.
Thus a vital tool for assessing and controlling groundwater quality in any given area is the WQI [37]. It also helps in choosing
treatment procedures that are both appropriate and economically feasible in order to address quality-related problems. It provides
legislative decision-makers and the general public with information on water quality in order to support the implementation of
stringent policies and water quality-related programs [16,18,20,38]. This paper aims: (a) to investigate and interpret the
groundwater quality in the study area and (b) to evaluate its suitability for drinking and irrigation purposes in the region.

1. STUDY AREA

Panchkula District located between 30° 26-30 ° 55' North and 76° 46'-77 ° 10" East is in the northern region of the state of
Haryana. The district is bordered to the north by Himachal Pradesh to the east by Uttar Pradesh to the west by Ambala District
and to the south by Karnal District. The district occupies 882.92 sq. km in total (Figure 1). The four development building blocks
of Pinjore Barwala Raipur Rani and Morni make up the district of Panchkula along with two tehsils. With 522 people per square
kilometer Panchkula is a densely populated district with a population density higher than the state average of 478 people per
square kilometer. The region is mostly drained by the Ghaggar River and its affluents. It is possible to classify the climate of
Panchkula as subtropical monsoon mild and dry winters and hot summers. The Siwalik Hills lie along the districts northeast and
northwestern frontages rising to a maximum elevation of 950 meters above mean sea level. The district receives 1057 mm of
rainfall on average each year. Regarding the adjacent alluvial plains, the hills rise to a height of about 500 meters. Their
distinctive feature is the vast area of terrain that numerous transient streams have sculpted into relatively steep slopes resulting in
the dispersal of numerous gravel stones along the streams beds. These streams descend to the outer slopes of the Siwalik Hills.
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Figure 1. Location map: (a) the location of the state of Haryana in relation to India (red square); (b) the location of Panchkula
District with respect to the state of Haryana (blue square); (c) the location of Panchkula District along with neighboring districts
of other states. The map coordinates are in the UTM 43 (North)World Geodetic System (WGS-1984) reference system.

1. MATERIALS AND METHODS

Samples of groundwater have been taken at a number of unique regional stations. Before being delivered to a state-level water
analysis laboratory for physio-chemical analysis the samples were kept cold in a portable ice box. The samples were kept between
4-5 °C in the chemical laboratory. Standard procedures were used to analyze the groundwater quality parameters of each sample.
Using a pH meter and a turbidity meter the unstable parameters turbidity and pH were measured. To calculate TDS, the
gravimetric approach was utilized. Chloride total alkalinity and total hardness were measured using volumetric titrations in the
analysis. While nitrate and fluoride concentrations were determined by ion-selective electrode technology and UV screening
respectively sulphate levels were evaluated using the turbidimetric method. ICP-MS was used to analyze the levels of iron and
arsenic (Table 1).
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Table 1. Details of analyzed physio-chemical parameters, and instruments used.

Parameter Abbreviation Instrumentation/Technique
Ph pH Digital pH meter (Hanna HI 2211)
Electrical Conductivity EC Digital conductivity meter (Hanna HI 8733)
Total dissolved solids TDS Calculation from EC
Total Hardness T-Hard EDTA titrimetric method
Total Alkalinity T- Alk Titration method
Chloride CI Argentometric titration method
Sulfate SO%, Turbidimetric method
Fluoride F lon-selective electrode method
Nitrate NOs Cadmium reduction method
Iron Fe Phenanthroline method
Heavy Metals (As, Pb, Cr) As, Pb, Cr Atomic absorption spectrophotometry (graphite furnace)
Chemical Oxygen Demand COD Open reflux method
Biological Oxygen BOD 5-day BOD test
Demand

Table 2. Statistical analysis of analyzed physio-chemical parameters of groundwater quality in the study area.

Parameters Unit BIS Min. Max. Mean SD
Ph On Scale 6.5-8.5 6.5 8.2 7.3 0.4
EC (uS/cm) 1500 puS/cm 250 3500 1200 800
TDS (mgL?) 500-1500 160 2240 768 512
Cl- (mgL?) 250-700 20 1000 200 240
Total alkalinity (mgL?) 200-600 100 800 360 200
Total hardness (mgL™?) 200-600 120 1200 480 280
(SO%y) (mgL?) 200-400 10 500 120 120
(NO3), (mgL?) 45 2 200 40 48
(F) (mgL?) 1-15 0.2 5.0 1.2 1.0
Fe (mgL?) 0.3-1.0 0.05 5.0 0.8 1.0
As (mgL?) 0.01-0.05 0.001 0.05 0.01 0.01
Pb (mgL?) 0.01-0.05 0.001 0.03 0.002 0.006
Cr (mgL?) 0.01-0.05 0.001 0.05 0.01 0.01
Table 3. Correlation matrix of groundwater quality parameters.
pH Turbidit | TDS CI Total Total SO%, | NOs F Fe | As
y Alkalinity | Hardness
pH 1
Turbidity 0.63
TDS -0.23 0.02 1
Cl 0.59 0.93 0.14 1
Total -0.63 -0.60 0.53 | -0.61 1
Alkalinity
Total -0.18 0.15 0.33 | -0.02 0.19 1
Hardness
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S0%, 0.67 0.82 0.16 0.93 -0.67 -0.09 1
NOz -0.21 0.34 0.61 0.5 0.01 0.42 0.42 1
F 0.6 0.62 -0.36 | 0.56 -0.65 0.55 054 | -0.01 1
Fe 0.21 0.57 -0.17 | 0.57 -0.58 0.48 0.47 022 | 046 | 1
As 0.6 0.87 -0.16 | -0.64 -0.57 0.87 0.87 029 | 058 |05 1

3.1. Ground Water Quality Parameters
3.1.1. Hydrogen lon Concentration (pH)
The study pH ranged from 7.32 (the lowest) to 8.25 (the highest) showing the alkalinity of groundwater and falling within the
range that is considered acceptable (6. 5-8. 5).
3.1.2. Turbidity
Turbidity is a measure of any liquids relative clarity. When the water sample is illuminated it measures the percentage of light
dispersed by the substances in the water. Excessive turbidity in water is unsightly and may pose a health risk. Waterborne
diseases may result from the regrowth of waterborne pathogens if the causes of high turbidity are not addressed [39]. According
to 1S:10500-2012 the acceptable limits for turbidity are 1 to 5 NTU respectively. Turbidity in the current study ranged from 1.2 to
19.04 NTU which exceeds the permissible range.
3.1.3. Total Dissolved Solids (TDS)
TDS varied between 160 and 2240 mg/L in this study (BIS defines safe water as having a TDS of less than 500 mg/L). Leaching
of soil urban runoff and point pollution sources that discharge through sewage treatment plants or industries are the main sources
of total dissolved solids (TDS) [40].
3.1.4. Chloride (CI")
Within the allowed range (250 mgL-1) the chloride concentration varied from 20 to 1000 mg/L. A high concentration of chloride
in groundwater is harmful for human health [41].
3.1.5. Total Alkalinity
In drinking water alkalinity levels up to 200 mgL-‘are permissible any higher than that and the water becomes bitter [42]. In this
investigation alkalinity varied between 100 to 800 mg/L which is within permissible bounds (600 mgL?).
3.1.6. Total Hardness

The water hardness in this study was between 120 -1200 mg/L which is within the permissible range (600 mgL). Elevated levels

of hardness in groundwater have been linked to kidney stones and heart problems [43].
3.1.7. Sulphate (SO%,)
Sulphate concentration varied from 10 to 500 mg/L in the current work, within the acceptable range of 200 mgL ! [44].
3.1.8. Nitrate (NO3)
As a component of the nitrogen cycle nitrate is an ion that occurs naturally. Nevertheless, nitrate in groundwater poses a concern
as it can result in methemoglobinemia in infants younger than six months old [44—46]. High nitrogen concentrations that are
higher than the 45 mgL* allowable range are generally harmful to human health [47]. The current investigation shows that nitrate
concentrations are higher than allowed ranging from 2- 200 mg/L. High levels of nitrate in drinking water put expectant mothers
and their unborn children at risk for health problems [48].
3.1.9. Fluoride (F)
Commonly found in groundwater is fluoride. Volcanic activity and different kinds of rocks are related to natural sources. High
fluoride concentrations in groundwater are also caused by industrial (clays used in ceramic industries or burning of coals) and
agricultural (use of phosphatic fertilizers) activities [49]. It’s one of the most reactive elements and lightest halogens [50]. In high
concentrations it is typically detected as a notable ion or as a trace amount [51]. Groundwater contains fluoride primarily because
of the reaction between host rocks and minerals that contain fluoride. The acceptable range for fluoride concentration in this study
was between 0.2 - 5.0
mg/L2.
3.1.10. Iron (Fe)
Iron-containing mineral rocks weathering is the most common source of iron in groundwater. Iron is present in aquifers naturally
in the Fe?* state but after it dissolves in groundwater its concentration increases. It is soluble in this form and generally poses no
health risk however when the Fe?* state oxidizes to the Fe® state groundwater becomes insoluble due to the contact with
atmospheric oxygen [52]. Consequently, the concentrations of iron in groundwater are higher than in surface water. Within the
permissible range of 1.0 mgL* the iron content ranged from 0.05 to 5.0 mg/L - [45-47].
3.1.11. Arsenic (As)
Within the acceptable range of 0. 01 to 0. 05 mgL* the arsenic content in the water of the studied area varied between 0.001 to
0.05 mg/L™%. Groundwater containing volcanic rock and sulfide mineral deposits may have noticeably higher concentrations of
arsenic. As arsine at low temperatures is formed arsenic also enters the atmosphere naturally through bio-methylation. Arsenic-
contaminated water can cause skin lesions diabetes pulmonary illness cardiovascular disease and hard patches on the palms and
soles of the feet (hyperkeratosis) after long-term consumption.
3.2. Water Quality Index (WQI)
The WQI was calculated in this study using all thirteen parameters. The World Health Organization the Bureau of Standards of
India (BIS) and the Indian Council for Medical Research established drinking water quality standards which were used to
calculate the WQI. The weighted arithmetic index method which involves the following sequential steps was used to calculate the
WQI for water.
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Figure 2. Flow chart to determine the water quality index.
3.2.1. Weightage Factor (Wi)
The parameters’ weights (wi) were allocated based on their importance in ensuring water quality. The weightage factor was
determined in the following manner.
Wi = wi/Z"i- 1 wi
where Wi indicates relative weight, wi indicates the weight of every parameter, and n indicates the number of parameters.
3.2.2. Calculation of Sub-Index (Qi)/Quality Rating
The calculation of the sub-index is as follows:
(Sub - index) Qi = (Ve - Vi)/(Vs - Vi) x100
where Ve indicates an estimated value for the i parameter, Vi indicates an ideal value for the i parameter, Vs indicates a
standard permissible value for the i parameter, and Qi indicates the quality rating for the it" water quality parameter.
3.2.3. Calculation of WQI
To calculate WQI, first there is a calculation of the sub-index for every parameter with
the use of the following formula:
Sli = wi xqi
where Sl; indicates the sub-index of its parameter, gi indicates the sub-rating based on the concentration of i, and n represents the
numbers of the parameter.
Each value of the sub-index of each groundwater sample was added to calculate the overall WQI.
WQI = ZSI;
Calculated values of WQI were classified into five different categories: very good, good, poor, very poor, and unfit for drinking,
as depicted in Table 4.

Table 4. Groundwater quality as per WQI range.

WQI Category
0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very poor
>100 Unsuitable for drinking

Iv. RESULT AND DISCUSSION
4.1. Correlations Matrix and Statistical Assessment
Groundwater quality parameters were assessed for the tabulation of the correlation matrix and general statistical analysis, as given
in Tables 2 and 3. A correlation matrix of eleven different parameters was created with the help of MS Excel. Among the eleven
parameters, pH positively correlates with turbidity, chloride, sulphate, and calcium. Turbidity is significantly correlated with
chloride, fluoride, and arsenic. Chloride has a positive correlation with sulphate, fluoride, and calcium. Sulphate positively
correlates with arsenic and calcium, and alkalinity negatively correlates with hardness, fluoride, and arsenic.
Tables 2 and 3 present the parameters of groundwater quality that were evaluated for the purpose of tabulating the correlation
matrix and conducting a general statistical analysis. With the aid of Microsoft Excel, a correlation matrix comprising eleven
distinct parameters was produced. Among the eleven variables turbidity calcium sulfate and chloride all have positive correlations
with pH. There is a strong correlation between turbidity and arsenic fluoride and chloride. There is a positive correlation between
calcium fluoride and sulphate and chloride. The elements calcium and sulphate have a positive correlation while the elements
hardness fluoride and arsenic have a negative correlation with alkalinity. Arsenic and fluoride have an inverse relationship. There
is a positive correlation between the maximum quality parameters. Other heavy metals like Pb, Cd and Cr can become present
when Fe and As concentrations are higher. Since these are far more important and crucial heavy metals close observation is
needed to ensure the regions groundwater quality in the future. The presence of Fe, (SO?4), and (NO3’) can lead to the existence
of cadmium.
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4.2. Spatial Distribution Pattern
Spatial Distribution of Sampling Points Across Rural and Urban Areas The spatial distribution of groundwater sampling points
across rural and urban areas in Panchkula district was based on the stratification of the study area into the alluvial aquifer system
and the hard rock aquifer system, and the further stratification based on land use patterns. The sampling points were distributed
proportionally to the areal extent of each stratum, with a higher number of sampling points in the alluvial aquifer system due to its
larger areal extent and greater significance as a source of drinking water.
In the alluvial aquifer system, which covers the southwestern part of the district, a total of 70 sampling points were selected. Of
these, 40 sampling points were located in rural areas, primarily in agricultural lands and villages, while 30 sampling points were
located in urban areas, including the major towns of Panchkula, Kalka, and Pinjore. The rural sampling points were selected to
cover the range of agricultural practices in the district, including irrigated and rainfed agriculture, and to capture the potential
impacts of fertilizer and pesticide use on groundwater quality. The urban sampling points were selected to cover the range of
urban land uses, including residential areas, commercial areas, and industrial areas, and to capture the potential impacts of urban
activities, such as wastewater discharge and solid waste disposal, on groundwater quality.
In the hard rock aquifer system, which covers the northeastern part of the district, a total of 30 sampling points were selected. Of
these, 20 sampling points were located in rural areas, primarily in the hilly terrain of the Siwalik Hills, while 10 sampling points
were located in urban areas, including the towns of Raipur Rani and Barwala. The rural sampling points were selected to cover
the range of land uses in the hilly terrain, including forest areas, grasslands, and agricultural lands, and to capture the potential
impacts of land use change and deforestation on groundwater quality. The urban sampling points were selected to cover the range
of urban activities in the hilly terrain, including tourism and mining, and to capture the potential impacts of these activities on
groundwater quality.

V.  CONCLUSIONS

The flat alluvial region of Panchkula has good groundwater quality overall according to the results of the current research
conducted. One of the best aquifer systems in terms of hydrogeology is formed by the thick Quaternary sediments which are
layered. A good water flow is made possible by this configuration improving the quality of the groundwater. However
unsustainable human activities have been observed in various locations and have increased groundwater nitrate concentrations
especially in the north-central parts of the study area. These activities include the use of synthetic nitrogen fertilizers combustion
engines in vehicles municipal effluent disposal through sludge spreading on fields atmospheric emissions from energy production
septic tanks leaking slurry or manure tanks leaking sewage systems accidental spills of nitrogen-rich compounds and nitrogen-
rich waste disposal using sound injection techniques. The quality of water resources is significantly impacted in urban areas with
high population densities mainly as a result of increased agricultural practices industrialization and human activity. These
elements work together to raise the water contents nitrate and magnesium levels. Significant nitrate concentrations are introduced
through untreated urban wastewater discharge and agricultural runoff from nitrogen-rich fertilizers. Nitrates are introduced into
water bodies by surface runoff which is exacerbated by urbanization and changes in land use which reduce infiltration. along with
improper waste disposal practices industrial discharges vehicle emissions and human activity. increases in nitrate pollution. As a
result, the high nitrate content of the water highlights the urgent need for all-encompassing pollution control and urban water
resource sustainability strategies. The areas lower WQI values indicate that the groundwater is potable and safe guaranteeing safe
water quality for domestic use and drinking. The groundwater in the area is safe to drink according to the analysis in this study
which is based on WQI.
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