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ABSTRACT

Urbanization, industry, and overpopulation are worsening water quality, impacting human health.
Contemporary lifestyles exert pressure on natural water supplies in both rural and urban settings,
adversely affecting water quality. Furthermore, the use of contaminated water for domestic
purposes has lasting negative effects on human civilization. This research evaluated the
appropriateness of groundwater for residential use in Kushinagar district, India, during the pre-
and post-monsoon seasons. Samples underwent testing according to APHA guidelines for
important measurements: pH (6.94-7.95), TDS (247-421 mg/l), EC (450.56-816.67 µS/cm), CO2 (19.76-
42.6 mg/l), alkalinity (42.36-112.44 mg/l), hardness (365-654 mg/l), calcium (105.99-322 mg/l), DO
(1.63-2.98 mg/l), BOD (0.36-2.53 mg/l), fluoride (0.35 to 0.96), and phosphorus (0.10 to 0.22). Most
parameters complied with BIS drinking water standards, except calcium, hardness, and electrical
conductivity, suggesting negligible mineral leaching or runoff post-monsoon. The WPI shows
stable hydrochemistry for five out of six tehsils (A block in the district). Khadda tehsil shows the
sharpest rise after the monsoon season. All five tehsils show WPI more than 1 in both seasons,
classifying it in the ‘highest polluted’ water category, which shows water in the district is not
potable without prior treatment.

KEY WORDS: Groundwater quality, Monsoon, Physico-chemical parameters, Pollution,
Potability, WPI.

INTRODUCTION

Water is among India’s most essential natural
resources, sustaining life, agriculture, and
ecosystems (Machender et al., 2014). As a
fundamental requirement for human survival, water
is irreplaceable. Groundwater’s physical, chemical,
and bacteriological characteristics dictate its amount
and suitability for irrigation and human
consumption. Its growth and administration are
essential to the productivity of agriculture, the fight
against poverty, the preservation of the
environment, and the advancement of sustainable
economic growth (Ravindran, 2012). The world’s
water shortages are getting worse because of rapid
population increase, which is forcing groundwater

use to outpace natural replenishment. This situation
exerts pressure on the accessibility and quality of
water supplies in various regions. The monitoring
and management program has needed to be
increased slightly to protect the quality associated
with groundwater and surface water (Bartram and
Ballance, 1996; Hirsch et al., 1991).

To monitor groundwater regimes and properties
of water, whether chemical or physical,
representative sampling and physio-chemical
analysis have been required from time to time
(Rupal et al., 2012). Groundwater, the backbone of
India’s water supply, caters to drinking, residential,
industrial, and irrigation needs owing to the scarcity
of surface water resources. India’s urban areas,
including cities and large towns, often rely on both
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private boreholes and municipal water networks
that use groundwater. In Asia, almost one billion
people rely on groundwater supplies, and in India
in particular, the vast majority of people use it as
their primary source of potable water (Udeshani et
al., 2025). People believe that groundwater has fewer
pollution chances than surface water, making it
cleaner. However, the recent rapid industrialization,
population increase, and accompanying waste
disposal technologies have significantly increased
the rate at which pollutants are released into the
environment compared to the rate at which they are
purified (Haribhau, 2012). In nature, groundwater
free from human interference has a baseline
concentration of various dissolved solutes. The
interaction between sediment and groundwater is
the main way that these solutes enter the
groundwater system. Factors such as soil
composition, subsurface lithology, and climate,
among others, have shown variation in the quality
of groundwater from one location to another.

The environmental characteristics of
groundwater, including the transfer of
contaminants, have been extensively researched
because of its significance for drinking and other
applications. Researchers have studied the chemical
characteristics and contamination of groundwater in
urban and rural regions, showing how human
activities like farming, industry, and household
waste impact the quality of groundwater (Bricker
and Jones 1995; Raju 2007; Rathore and Singh 2021).
Along with that, the surge in industrialization and
population growth has significantly strained
freshwater supplies over the past few decades
(Chandra et al., 2015). According to Milovanovic
(2007), the water pollution and its consequences are
far-reaching in terms of their impact on human
health and the economy, alongside social prosperity.

A substantial percentage of individuals in both
urban and rural India (around 30% and 90%,
respectively) rely on untreated and polluted potable
water sources (Kumar et al., 2005). As per the
Central Pollution Control Board’s recent estimate,
cities produce over 29,000 million liters of
wastewater per day, of which about 45% comes
from 35 metropolises alone. Considering the
multiple factors that can influence drinking water
quality, relying on data-driven insights is necessary
for effective decision-making. Significant progress
has been made, especially with regard to the WQI
principle, which has been applied with minor
modifications (Singh et al., 2008; Dojlido et al., 1994).

Uttar Pradesh, which includes a portion of the
Ganga basin, stores enormous amounts of
groundwater that blanket the state (Solangi et al.,
2020). The state’s crop productivity and food output
have improved in multiple proportions due to the
expansion of groundwater-based irrigation facilities.
The net irrigated area has expanded from 3.2 million
hectares to 14.4 million hectares since independence.
The state’s primary user of groundwater is still the
agricultural sector, which uses approximately 90%
of the groundwater extracted overall-roughly 46 b
cm, or one-fifth of the nation’s total extraction
(Sinha, 2021)).

Kushinagar district’s geology mainly consists of
recent alluvial deposits from the central Ganga
plain, which include clay, sand, and kankar
(Srivastava , 2013). A permanent clay bed is found
55-110 meters below ground, with alluvial material
above comprising sand, kankar, and gravel
(Srivastava, 2013). The primary source for the
groundwater recharge is rainfall (Dhakate, 2013).
Hand pumps and open wells are being used to draw
water from the shallow aquifers under the current
water table conditions. The deeper aquifer ’s
conditions are limited to semi-confined (Srivastava
2013).The district and its nearby areas host many
major and minor industries, including New India
Sugar Mills Ltd. in Dhadha Bujurg, Hata; Triveni
Engineering & Industries Ltd. in Ramkola; The
United Provinces Sugar Co. Ltd. in Sevarhi; and
India Pottas Ltd. (IPL) in Khadda, Kushinagar, all of
which produce sugar on a large scale (Pandey, 2011).
In addition, New India Sugar Mills Ltd. in Dhadha
Bujurg Hata produces electricity, while J.R. Organics
Ltd. in Kaptanganj operates distilleries. The
effluents of these industries affected the water
quality in nearby areas (Awasthi et al., 2006). Along
with that, indiscriminate exploitation of
groundwater sources, leaching of minerals and
fertilizers, leakage from septic tanks, and a careless
approach to waste management are some other
reasons leading to contamination in the district’s
groundwater. Since water contamination leads to
several disorders, it is essential to assess the
potability and contamination status of the district’s
groundwater.

MATERIALS AND METHODS

Sample Collection

Sixty-four samples were obtained in all  for analysis
from India Mark II hand  pumps in the Kushinagar
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district in the pre- and post-monsoon periods during
the year 2024 (Fig. 2, Table 1). Water samples had
been collected using plastic containers that were
previously washed with diluted hydrochloric acid,
then cleaned with chemical detergents, and finally
rinsed with distilled water.  Water samples, after
collection, were brought into the laboratory and kept
at refrigerating temperature for further analysis
(Khan et al., 2015; Kushwaha et al., 2021).

Physico-chemical analysis of water samples

Water sample analysis, data collection, and
interpretation were conducted in accordance with
established protocols (Trivedy et al., 1984; APHA,
2005). The physical and chemical parameters for the
water quality assessment used were pH, electrical
conductivity, temperature, total dissolved solids,
total alkalinity, calcium, total hardness, dissolved
oxygen, biological oxygen demand, phosphorus,
and fluoride. Digital portable meters were used to
take on-site measurements of pH, TDS, temperature,
and electrical conductivity. The rest of the samples
were evaluated in the research centre within a 24-
hour period after water sample collection.

The tools used to measure pH, TDS (mg/l), and
electrical conductivity (ìS/cm) was the Ionix pH
meter, Ionix TDS meter, and HM Digital AP-2
conductivity tester. An Aimil spectrophotometer
NV-201 was used to verify phosphate and fluoride
levels, using the ascorbic acid method and the
SPADNS method for testing. The MPN method had
been used for the analysis of E. coli, fecal coliform,
and total coliform (MPN/100 ml). The analytical
method employed for calcium (mg/l) and total
hardness (mg/l) was the EDTA titrimetric technique.
The 5-day BOD test used to measure biochemical
oxygen demand (mg/l) and dissolved oxygen (mg/
l), with the application of azide modification.
Finally, the titration method was employed for the
determination of alkalinity (mg/l) and free carbon
dioxide (Trivedy et al., 1984; APHA, 2005).

Study area

Kushinagar district, a rich heritage in Buddhist
culture and pilgrimage, is located in the eastern
region (26° 44' 23.5680'’ N and 83° 53' 13.0956'’ E) of
Uttar Pradesh (Srivastava, 2013) (Fig. 1). Several
neighbouring regions geographically delineate
Kushinagar district: the Gopalganj and Champaran
districts of Bihar border it to the east and north. The
western and northeastern boundaries are adjacent to
Maharajganj and Gorakhpur. The district shares its

southernmost boundary with Deoria. The Choti
Gandak and Gandak rivers primarily delineate the
region. Kushinagar district consists of 6 tehsils,
namely Padrauna, Kasia, Hata, Tamkuhi,
Kaptanganj, and Khadda, along with its 14
community blocks, namely Nebua Naurangia,
Bishunpura, Padrauna, Kasia, Fazilnagar, Hata,
Motichak, Sukrauli, Sewarhi, Dudahi, Tamkuhi,
Kaptanganj, Ramkola, and Khadda (Srivastava,
2013). According to the 2011 census, there are 28.93
lakh people living in the district, which has an area
of about 2873.50 square kilometers and a population
density of 1007 people per square kilometer (District
Census, 2011).

Calculation of Water Pollution Index (WPI)

The WPI is calculated by comparing the observed
data (Ci) with standard data (Si) from BSI, WHO, or
CPCB using the formula provided below (Hossain
and Patra, 2020).

PLi .. (1)

Where
Ci = observed data of parameter i
Si = standard data of parameter i
Since pH is not a linear pollutant, the standard

value for pH is 6.5 to 8.5, and a different approach is
used to calculate PLi

If pH is less than 7

PL pH .. (2)

If pH is greater than 7

PL pH .. (3)

Finally, the sum of PLi is divided by the total
number of parameters (n) to get WPI,using the
following formula:

.. (4)

The aforementioned equation is utilised when all
parameters indicate a certain level of pollution. If a
PLi signifies no pollution, i.e., PLi = 0, the following
equation applies:

.. (5)

Where r = number of parameters with PLi = 0

RESULTS AND DISCUSSION

The pH level indicates the acidic or basic character
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of water, with values inferior than 7 signifying
acidity and values above 7 signifying alkalinity. The
pH affects the solubility and mobility of heavy
metals, regulates mineral dissolution, and impacts
the buffering capacity of aquifers. Carbon dioxide
influences the pH of most natural waterways. The
pH of water is also affected by the local geology and
the water’s ability to act as a buffer (Nair et al., 2005).

A pH of the water of less than 7 can lead to
tuberculation and corrosion, whereas a pH of
greater than 7 can result encrustation, sediment
build up, and trouble disinfecting the water with
chlorine (Devi et al., 2011). The study found that pH
levels fluctuated between 6.94-7.54 pre-monsoon
and 7.09-7.95 post-monsoon at all sampling
locations, consistent with Srivastava’s (2013)
findings. The table 2 and 3 shows Khadda tehsil in

Fig. 1. Map of District Kushinagar.
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Table 1. Sampling sites and their coordinates

Tehsil Block Sample Sampling Site Latitude Longitude
Number

1. Padrauna 1. Padrauna PD1 Sohrauna , padrauna kasia road 26.87479' 83.966629'
(ganesh patti)

PD2 Arjunha chauraha, padrauna road 26.826257' 83.934427'
PD3 Kathkuia (semara) 2.871407' 84.051475'
PD4 Sidhua (hirnaha) 26.883337' 84.013952'
PD5 Pakri bujurg (harkha) 26.86924' 83.99667'
PD6 Mangalpur ,sirsia 26.90922' 83.911758'
PD7 Lamkan 26.855697' 84.086352'

2. Bishunpura PD8 Siswa, goiti, bujurg 27.04803' 83.927127'
PD9 Pipra bujurg (thana) 26.735632' 83.672627'
PD10 Saupatahi khurd, khadda road 26.5730' 83.5630'
PD11 Paterha,ramkola padrauna road 26.91014' 83.895588'
PD12 Pipra urf titala 26.92443' 83.869273'

3. Naurangia PD13 Pakariyar, naurangia road 27.012331' 83.832589'
PD14 Parsauni (paharpur) paniahawa road 27.085406' 83.892852'
PD15 Naurangia school tola sirsia, naurangia 27.034612' 83.897268'

padrauna road
PD16 Sigha 27.002302' 83.866562
PD17 Bandhwa (mathia dheer) 26.5830' 83.5130'

2. Kasia 1. Kasia KS1 Turkawallia (narkatia khurd) 26.768737' 83.91477'
KS2 Bhainsaha 26.738927' 83.84954'
KS3 Sirsia khoiya 26.701093' 83.90596'
KS4 Kundwa urf dilipnagar (premwalia) 26.715863' 83.964188'
KS5 Sapaha 26.757958' 83.990525'

2. Fazilnagar KS6 Madhuria (jokwa bazar) 26.694897' 84.01378'
KS7 Pokhar bhinda 26.77792' 83.74362'
KS8 Nadwa bishunpura 26.65304' 84.047'
KS9 Sapha (pokhar bhinda) 26.75483' 83.99561'

3. Hata 1. Hata HT1 Gangrani, kasia ramkola road(gobrahi) 26.813093' 83.874032'
HT2 Hata, kaptainganj 26.745771' 83.740889,
HT3 Mundera upadhayay, deoria road hata 26.69561 83.745948
HT4 Pagara, hata 26.742343' 83.771345'
HT5 Dhadha bujurg 26.73609' 83.705472'
HT6 Jhanga 26.794605' 83.737567

2. Motichak HT7 Mathauli bazar 26.858317 83.748098
HT8 Mangalpur, urf mangrua 26.909663' 83.911453'
HT9 Ragarganj 26.8772' 83.7853'
HT10 Mathiya 26.866471' 83.780138'

3. Sukrauli HT11 Koindi bujurg 26.70525 83.711721
HT12 Pipra urf titala 26.73609' 83.705472'
HT13 Bhagwanpur Buzurg 26.737447' 83.616962'

4. Tamkuhi 1. Tamkuhi TK1 Pipra kanak 27.005717' 83.902895'
TK2 Rajwatia 26.689213' 84.114223'
TK3 Bhatwalia 26.701847' 84.185642'
TK4 Koindi bujurg 26.691452' 84.208695'

2. Dudahi TK5 Rakaba dulma patti 26.732524' 84.207748'
TK6 Bariyapatti 26.785544' 84.17324'
TK7 Godariya 26.842133' 84.114197'

3. Sewarahi TK8 Madhopur 26.648092' 84.214195'
TK9 Salemgarh, bihar mod 26.615738' 84.258167'
TK10 Tarya sujan 26.657023' 84.273993'

5. Kaptainganj 1. Kaptainganj KP1 Basahia, Hata Road 26.928041' 83.724633'
KP2 Mehra (Belbhadra chhapra) Pipriach road 26.906587' 83.675997'
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Kushinagar district has the lowest pH levels before
and after the monsoon, while Kaptainganj tehsil has
the maximum pH during the pre-monsoon season.
All six tehsils recorded alkaline pH after the
monsoon, and also all of them recorded an increase
in the pH after the monsoon. The possible reason for
the post-monsoon increases in pH is the geology of
the surrounding region, specifically the dissolution
of CaCO3 and MgCO3 from rocks. The other factor
that can influence the pH in that area is agricultural
runoff. All the samples examined lie under the
acceptable limit of potable water for groundwater in
the district.

Total dissolved solids (TDS) are primarily
composed of dissolved inorganic substances and
salts, with anions like bicarbonate, carbonate,
chloride, and sulphate, and cations like sodium,
magnesium, calcium, and potassium. The optimal
TDS concentration in drinking water should be

below 500 mg/l, with an allowable maximum
threshold of 2000 mg/l (BIS 2012). Water with
elevated TDS is less pleasant and induces an
unfavourable physiological response in transient
consumers (Jameel, 2002). In the study, TDS lies
between 247.50 and 418.67 mg/l and 267 and 421
mg/l before and subsequent to the monsoon,
respectively (Table 2 & Table 3). TDS recorded in the
pre-and post-monsoon season in Kaptainganj
(247.50 mg/l) was the lowest, and Khadda (418.67
mg/l) was the highest among all six tehsils. All six
tehsils show a slight increase in the TDS level after
the monsoon, except Tamkuhi (310.70 mg/l & 297.60
mg/l in the pre- and post-monsoon seasons,
respectively), which shows a decrease in the TDS
level after the monsoon. The observed pre-monsoon
season data reflects relatively stable mineral content
in the groundwater in the district. Agricultural
runoff, including fertilizers and pesticides, likely

Table 1. Continued ...

Tehsil Block Sample Sampling Site Latitude Longitude
Number

KP3 Basahia urf kaptainganj, ramkola road 26.928041' 83.724633'
KP4 Mujahana, piparich kaptainganj road 26.850528' 83.574442'
KP5 Bodarwar 26.880511' 83.637857'

2. Ramkola KP6 Mathiya, Atakoha (Kusmha) 26.866534' 83.780189'
KP7 Parsia pagar, naurangia road 26.966622' 83.741982'
KP8 Amawa bazar, kasia road ramkola 26.862617' 83.849645'
KP9 Farna, ramkola 26.92464' 83.852769'
KP10 Chandrapur 26.9141' 83.7996'
KP11 Allapur, mehanjiganj, ramkola road 26.904283' 83.880013'
KP12 Khutahi 26.974827' 83.746043

6. Khadda 1. Khadda KD1 Belwania,paniahawa road 27.121396' 83.938167
KD2 Shivdutt chhapra (bahelia, nebua raiganj) 27.091443' 83.888881

khadda road
KD3 Mathia bujurg (nauka chhapra) 27.142927' 83.864312'

Table 2. Mean SD of physicochemical parameters of Kushinagar District during Pre-Monsoon season

Variable Khadda Kaptainganj Tamkuhi Raj Hata Kasia Padrauna

No. of sample 3 12 10 13 9 17
pH 6.94±0.37 7.54±0.15 7.34±0.29 7.46±0.30 7.32 ± 0.33 7.32±0.26
TDS 418.67±121.48 247.50±71.63 310.70 ± 4.21 279.77±110.53 259.11±34.71 316.76±67.69
Temperature 32.73±2.99 29.68±2.46 26.10±0.83 28.61±2.91 27.80±2.18 29.49±3.34
EC 816.67±258.85 492.33±185.79 595±117.67 532.54±209.05 450.56±27.20 641.71±233.87
CO 23.01±1.76 19.75±5.63 25.49±4.98 23.28±9.78 20.83±6.82 26.97±6.80
Alkalinity 69.78±7.00 46.33±13.72 54.67±7.25 42.36±10.46 44.89±9.91 59.45±12.10
Hardness 365.56±108.74 422.78±96.89 478.67±36.40 458.72±116.84 417.78±1118.54 486.8±144.51
Calcium 105.99±19.09 116.73±68.07 137.87±19.48 141.51±40.69 134.49±36.99 149.24±64.32
DO 1.67±0.00 2.56±0.65 1.63±0.48 2.34±0.74 2.39±0.53 2.22±0.52
BOD 0.36±0.22 0.82±0.39 0.71±0.18 0.79±0.41 1.01±0.41 0.88±0.49
Fluoride 0.44±0.03 0.39±0.10 0.35±0.07 0.41±0.07 0.39±0.10 0.40±0.08
Phosphorus 0.22±0.04 0.12±0.04 0.11±0.03 0.10±0.02 0.11±0.04 0.13±0.06
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caused the slight variation in TDS readings after the
monsoon season. The depth of groundwater also
influences the values due to interaction with
minerals over time (Mukate et al., 2020; Saravanan et
al., 2016). Somehow, TDS is determinant for
groundwater use for any purpose (Nordstrom,
1987).

The capacity of water to carry electricity is
primarily influenced by its electrical conductivity
(EC), which is affected by the concentration and
mobility of dissolved ionic species. Ion valence,
relative concentration, and solution temperature
significantly influence conductivity. Inorganic acids,
bases, and salts may dissociate into free ions, which
is why they generally have high conductivity in
solutions. In contrast, deionized or distilled water,
which has a low ion concentration, serves as a poor
conductor (Gorde and Jadhav, 2013). In this study,
the range of the EC varied from 450.56 to 816.67 µS/
cm in the period of the pre-monsoon season and
485-785 µS/cm in the period of the post-monsoon,
which is very high. Among all six tehsils in the
district of Kushinagar, Kasia recorded the lowest
and Khadda recorded the highest EC in both
seasons. All of them recorded an increase in the EC
except Khadda, which recorded a slight decrease in
the EC level during the post-monsoon period. The
elevation of EC levels indicates a substantial
concentration of dissolved ions and salts (TDS) in
the water after the rainy season. Higher EC before
the rainfall is due to evaporation, while dilution
with monsoon lowered electrical conductivity. The
elevated EC level may be due to the presence of
detergents, effluents, and improper sewage
treatment, which can ultimately leach into the
groundwater. The variation in electrical

conductivity follows the same trend as observed by
Awasthi et al., 2006 (Table 2 and 3). All tehsils in
Kushinagar, with the exception of Khadda, had EC
levels within the optimal range during both before
and after the monsoon (Hossain and Patra, 2020).

The temperature of water is crucial for the
ecology. It assesses the physical, chemical, or
biological properties of water. Temperature affects
the efficacy of disinfection and influences the
metabolic activity and survival of microorganisms,
thereby impacting the microbial quality of water. As
such, monitoring temperature is essential for
evaluating water safety and treatment performance
(Tiwari et al., 2016). In the studied locations, the
temperature values range from 26.10 to 32.73
degrees celsius in pre-monsoon and 27.99-28.85
degree celsius in post-monsoon (Table 2 & 3).
Tamkuhi recorded the least (26.10 0C) and Khadda
recorded the maximum (32.73 0C) among all six
tehsils. The range of temperature was similar in all
six tehsils after monsoon seasons (27.99-28.85 degree
celsius), among which Khadda recorded the lowest
(27.99 0C) temperature and Tamkuhi recorded the
highest (29.66 0C). Tamkuhi and Kasia recorded a
slight increase in temperature, and the rest of them
all showed a slight decrease in temperature after the
monsoon season. Differences in rainfall across the
region may have caused this variation.

Phosphorus is regarded as a vital environmental
parameter in the evaluation of groundwater quality,
similar to temperature. Phosphorus is the principal
nutrient that restricts plant development in
freshwater ecosystems and regulates phytoplankton
production in conjunction with nitrogen (Stickney,
2005). Due to its essential role in the geochemical
cycle of aquatic systems and background

Table 3. Mean SD of physicochemical parameters of Kushinagar District during the post-monsoon season

Variable Khadda Kaptainganj Tamkuhi Raj Hata Kasia Padrauna

No. of sample 3 12 10 13 9 17
PH 7.09±0.14 7.87±0.32 7.37±0.17 7.95±0.54 7.60±0.24 7.59±0.38
TDS 421±154 267±85.39 297.60±31.53 284.92±111.80 270±42.22 325.35±67.54
Temperature 27.99±0.67 28.85±1.26 29.16±2.34 28.24±0.98 28.02±0.67 28.06±1.13
EC 785±331.23 523.92±190.33 592.60±83.34 577.85±249.62 485.78±52.62 668.24±196.36
CO 42.6±1.59 25.6±14.26 35.2±8.34 31.6±14.63 27.2±4.67 33.4±8.89
Alkalinity 112.44±7.63 77.83±20.78 105.47±5.52 80.15±16.22 90.59±18.58 97.18±17.74
Hardness 654.4±102.90 449.8±139.60 558.3±62.84 456.7±146.78 395.6±101.46 513.7±132.67
Calcium 322.87±34.78 216.74±47.27 228.32±39.76 242.43±66.50 212.13±26.65 227.12±41.60
DO 2.82±0.55 2.98±0.50 3.11±0.97 2.69±0.42 2.81±0.36 2.69±0.85
BOD 0.98±0.51 2.14±0.56 2.53±0.47 2.24±0.42 2.01±0.68 1.57±0.89
Fluoride 0.92±0.01 0.92±0.05 0.95±0.03 0.93±0.03 0.96±0.01 0.93±0.05
Phosphorus 0.22±0.03 0.15±0.04 0.12±0.03 0.10±0.03 0.11±0.04 0.15±0.06
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monitoring programs, fundamental water quality
assessments often incorporate it.  In the atmosphere,
it is mainly present in fertilizers and animal and
human waste (Singh et al., 2008). As phosphorus
lacks an atmospheric cycle and has limited natural
sources, it acts as a limiting factor in water systems
(Gorde and Jadhav, 2013). In the study, the amount
of phosphorus was within the optimal threshold for
water consumption. The range of the phosphorus in
the pre-monsoon season was 0.10 to 0.22 mg/l, and
in the post-monsoon season was 0.10 to 0.22 mg/l
(Table 2 and 3). Hata tehsil witnessed the lowest
phosphorus (0.10 mg/l), and Khadda witnessed the
highest (0.22 mg/l) phosphorus in the pre-as well as
post-monsoon seasons. No substantial variation in
phosphorus levels occurred between the two
seasons. The outcome suggests the buffering effect
of pH maintained the value in both seasons.
However, we need to continue monitoring to
prevent the phosphorus level in the area from rising
further.

Groundwater’s alkalinity indicates its ability to
neutralise acids, which is mostly due to the presence
of dissolved bicarbonate and carbonates. It inhibits
excessive pH variation, which can restrict human

utilization of the water. Common substances that
raise the alkalinity of water include hydroxides,
phosphates, and carbonates (Muthukumarave,
2010). In the present investigation, total alkalinity
ranged between 42.36 and 69.78 mg/l in pre-
monsoon and 77.83-112.44 mg/l in post-monsoon
(Table 2 & 3). Hata tehsil witnessed the lowest
alkalinity (42.36 mg/l), and Khadda witnessed the
highest alkalinity in the pre-monsoon season.
Kaptainganj registered the lowest alkalinity in the
post-monsoon season, and the highest was
witnessed by Khadda in the same season (112.44
mg/l) among all tehsils in the district of Kushinagar.
All six tehsils showed a rise in the alkalinity level
post-monsoon season, although it remained within
the acceptable threshold for potable water. In most
cases, rainwater typically dilutes substances;
however, in the case of alkalinity, an increase can
occur because the rainwater mixes with nearby
carbonate-containing rocks (Raju et al., 2014).

The bedrock in any given area may contain rock
phosphate, fluorspar, or phosphorite crystals, which
may affect the Fluoride concentration in the
groundwater system in that particular area.
Accessory minerals and the local climate are two

Fig. 2. Location of sample collection marked on map of Kushinagar District.
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main factors that influence the fluoride
concentration, which may also be present in the
assemblage of rock minerals (Rathore et al., 2021).
The permissible threshold for fluoride in potable
water is 1.0 mg/l generally (Muthukumaravel, 2010
& BIS, 2012). In the current study, the concentration
of fluoride varied between 0.35-0.44 mg/l in pre-
monsoon, and it ranged from 0.92 to 0.96 mg/l in
post-monsoon season (Table 2 and 3). The lowest
level of fluoride found in groundwater was 0.39
mg/l for the Tamkuhi and Kaptainganj tehsils, while
the highest level was 0.44 mg/l in Khadda during
the pre-monsoon season. Kaptainganj and Khadda
tehsils (0.92 mg/l) recorded the same as well as the
lowest value in the post-monsoon season, and Kasia
recorded the highest (0.96 mg/l) among all six
tehsils of the Kushinagar district. The level of
fluoride during the post-monsoon period, for all six
tehsils, was above 0.9 mg/l. Although the fluoride
level was acceptable according to the standards, it
was almost at the maximum permissible threshold
for potable water, which is 1 mg/l; therefore, regular
monitoring is required for the post-monsoon season
in each of the six tehsils. The pre-monsoon fluoride
level is very low, indicating dryness and minimal
leaching. The change in fluoride levels after the
monsoon might be due to rainwater washing away
chemicals from farms into the groundwater,
especially in places where a lot of water evaporates
(Naaz and Anshumali, 2015; Yadav et al., 2018).

Groundwater hardness is determined by the total
of bivalent or multivalent cations like magnesium
and calcium, sourced from bedrocks with dolomite
or limestone (NGWA). Hardness causes hot spots
and scale on kitchenware and boiler water systems.
The allowable hardness threshold is 200 mg/l, but
the optimal level is 600 mg/l for drinking water
(Muthukumaravel, 2010 & BIS, 2012). The hardness
values during the pre-monsoon season vary from
365 to 486 mg/l, whereas in the post-monsoon
season, they range from 395 to 654 mg/l (Table 2 &
3) in the Kushinagar district. The Khadda, among

six tehsils in the Kushinagar district, exhibited the
lowest hardness at 365.56 mg/l, while Padrauna
recorded the highest at 486.86 mg/l during the pre-
monsoon season. Kasia tehsil recorded the lowest
hardness at 395.6 mg/l, while Khadda exhibited the
highest at 654.4 mg/l during the post-monsoon
season among the six tehsils in Kushinagar district.
All tehsils showed an elevation in hardness ratings
after the monsoon, except for Kasia, which recorded
a decline. All observed readings in both seasons
were above 300 mg/l, categorising them as
‘extremely harsh’. Ingesting water with elevated
hardness levels might lead to health hazards, such
as kidney stones. This result indicates that, without
previous treatment, the groundwater at that locality
is unfit for consumption. The elevated levels of
hardness in the post-monsoon season were likely
attributable to the leaching of calcium and
magnesium ions from agricultural activities and rain
runoff transporting mineral-laden sediments (Rani
and Giri, 2023). A stable litho logical setting and the
effects of water dilution have led to a reduction in
hardness in Kasia. Interestingly, the calcium level
increased in this region, and then the possibility of
less magnesium leaching is responsible for the drop
in the hardness level. All aquatic life needs dissolved
oxygen for breathing. DO is released into water by
plants and algae during photosynthesis and diffuses
from the atmosphere (Shilpa et al., 2012). Over
growth of algae can cause water to become
saturated with DO when photosynthesis outpaces
atmospheric oxygen diffusion (Gorde and Jadhav,
2013). The dissolved oxygen (DO) levels in the pre-
monsoon season ranged from 1.63 to 2.56 mg/l,
while during the post-monsoon period, they were
between 2.69 and 2.98 mg/l (Table 2 & 3). During
the pre-monsoon season, Tamkuhi exhibited the
lowest dissolved oxygen level among the six tehsils,
measuring at 1.63 mg/l, while Kaptainganj recorded
the highest level at 2.56 mg/l. During the post-
monsoon season, both Padrauna and Hata exhibited
the lowest dissolved oxygen levels at 2.69 mg/l,

Table 4. Comparative analysis of WPI for pre- and post-monsoon seasons in all six tehsils of Kushinagar

Location WPI Pre-Monsoon WPI post-monsoon % Change Trend

Khadda 1 1.43 43% Moderate rise
Kaptainganj 1.19 1.23 3% Slight rise
Tamkuhi Raj 1.29 1.31 2% Slight rise
Hata 1.28 1.3 2% Slight rise
Kasia 1.21 1.17 -3% Minor decline
Padrauna 1.34 1.31 -2% Minor decline
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while Tamkuhi demonstrated the highest level at
3.11 mg/l among all tehsils in Kushinagar. There is
variation seen in the values of DO, especially after
post-monsoon, because of the rainfall and influence
of the amount of oxygen entering the groundwater
system. During the pre-monsoon period, higher
temperatures and evaporation rates can lead to
reduced DO levels (Mathew et al., 2021). The Central
Pollution Control Board (CPCB) stipulates that
drinking water must contain 6 mg/l of dissolved
oxygen (DO); hence, the water in all six tehsils did
not meet the CPCB’s standards for potable use.

BOD (Nugraha et al. 2020) is the dissolved oxygen
bacteria need to break down organic matter in
aerobic aquatic systems. Elevated BOD levels signify
increased concentrations of biodegradable
substances and microbial activity. The BOD values
in the pre-monsoon season fluctuated between 0.36
mg/l and 1.01 mg/l, whereas in the post-monsoon
season, they spanned from 0.98 mg/l to 2.53 mg/l
(Table 2 & 3). In the Kushinagar district, Khadda
exhibited the lowest BOD across both seasons: 0.36
mg/l during the pre-monsoon and 0.98 mg/l in the
post-monsoon. During the pre-monsoon season,
Kasia documented the peak BOD at 1.01 mg/l, but
in the post-monsoon season, Tamkuhi exhibited the
greatest BOD at 2.53 mg/l. All six tehsils in the
Kushinagar district had a significant rise in BOD
levels. In the post-monsoon period, Hata, Tamkuhi,
and Kaptainganj recorded BOD levels over 2 mg/l,
which the CPCB does not classify as ‘good’ for
drinking water. Agricultural runoff introduces
organic and inorganic substances into the water,
coupled with plant debris, resulting in elevated
BOD levels following the post-monsoon season in
the region (Gadhia et al., 2012). Microbial activity
may be responsible for the increased BOD values
after the monsoon, given the favourable
temperatures during that period.

Calcium is essential in human physiology for
blood coagulation, muscle contraction, nerve
transmission, and vascular contraction. Decreased
calcium consumption is associated with a
heightened risk of colon cancer, coronary artery
disease, nephrolithiasis, osteoporosis, hypertension,
obesity, and insulin resistance. Individuals with
kidney or bladder stones should refrain from
consuming water high in calcium and magnesium
concentration (Saleem et al., 2016).The Bureau of
Indian Standards (2012) sets the permissible limit for
calcium in potable water as 200 mg/l. This study
reveals that calcium levels prior to the monsoon

season varied from 105.99 to 149.24 mg/l, whereas
in the following monsoon season, quantities rose to
between 212.13 and 322 mg/l (Table 2 and 3). The
values exceed the permissible threshold of the
drinking standard. The Khadda tehsil exhibits the
lowest calcium concentration at 105.99 mg/l, while
the Padrauna tehsil records the highest
concentration at 149.24 mg/l during the pre-
monsoon season. During the post-monsoon season,
data indicate that Kasia exhibited the lowest calcium
concentration at 212.13 mg/l, while Khadda
displayed the upper limit of quantity at 322.87 mg/
l. All six tehsils exhibited an increase in calcium
levels following the monsoon season, with Khadda
demonstrating the most significant variation in
calcium levels between the pre- and post-monsoon
periods. In the pre-monsoon season, water quality
across all six tehsils meets the recommended limits
for drinking water. In the post-monsoon season, a
significant reduction in water quality regarding
calcium is observed, resulting in levels that surpass
the established standards for drinking water. The
alkaline soil characteristics of the region contribute
to the fluctuation in water quality during the post-
monsoon season. Rainfall facilitates the infiltration
of water into the groundwater system, transporting
adequate calcium from the soil surface (Wilson,
2011). Additionally, anthropogenic activities,
including the use of calcium-rich fertilisers in the
area, contribute to increased calcium levels in
groundwater through the process of leaching.

Carbon dioxide infiltrates the groundwater
system as atmospheric CO2 dissolves in rainwater,
which subsequently seeps within the soil and
ultimately integrates into the aquifer system. The
method of oxidizing organic carbon within the
aquifer’s matrix may additionally bring about the
presence of carbon dioxide in groundwater. The
analysis revealed that carbon dioxide levels in the
pre-monsoon season ranged from 19.75 to 26.97 mg/
l; at the time after the monsoon, they ranged from
25.6 mg/l to 42.6 mg/l (Table 2 & 3). Kaptainganj
exhibits the lowest concentration of free CO2 at 19.75
mg/l, while Padrauna records the highest at 26.97
mg/l during the pre-monsoon season. Post-
monsoon, Kaptainganj recorded the lowest CO2

level at 25.6 mg/l, while Khadda recorded the
highest at 42.6 mg/l. All tehsils in the Kushinagar
district experienced an increase in free carbon
dioxide concentrations. All samples conform to the
established standards for potable water. The rise in
CO2 levels after the monsoon can be linked to a few
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factors, such as rainwater absorbing more CO2 from
the air and increased microbial activity breaking
down organic matter in the wet soil after the
monsoon. Rainwater frequently transports dissolved
CO2 from the atmosphere and stimulates biological
activity, both of which can elevate CO2

concentrations in recharge water infiltrating the
aquifer.

The Water Pollution Index (WPI) is computed to
find out whether water is safe to drink in a certain
area. The four groups are delineated based on the
range (0-1) of the WPI. A WPI rating below 0.5 is
classified as ‘excellent.’ 0.5-7.5 as ‘good.’ A value
between 0.75 and 1 is classified as ‘moderately
contaminated,’ while a value beyond 1 is classified
as ‘extremely polluted’ (Maurya and Saxena, 2024).
A WPI value exceeding 1 is unsuitable for
consumption. The Water Pollution Index (WPI) was
obtained utilizing eight parameters: pH, total
dissolved solids (TDS), electrical conductivity (EC),
hardness, calcium, alkalinity, fluoride, and
phosphorus, owing to their significance in
groundwater assessment. The WPI was computed
for all six tehsils in the Kushinagar district in the pre-
monsoon and post-monsoon phases. No guidelines
exist for temperature and carbon dioxide in drinking
water. Moreover, DO and BOD were excluded due
to their significance being more pertinent to surface
water, where variations are associated with
photosynthetic organisms. The WPI for all six tehsils
exceeded 1 in both pre- and post-monsoon seasons
(Table 4), indicating that the water in all six tehsils is
significantly contaminated. The pre- and post-
monsoon data exhibited significant temporal and
regional variations. The fluctuation in WPI post-
monsoon across five of the six tehsils (Hata, Kasia,
Padrauna, Kaptainganj, and Tamkuhi) is
approximately 2–3%, suggesting somewhat stable
water chemistry; yet, the WPI values for all tehsils

Fig. 3. Comparative WPI trend in pre- and post-monsoon

exceeded 1 in both seasons (Figure 3). The Khadda
exhibits a significant increase of 43% in the WPI
value, potentially attributable to mineral leaching
and surface contamination induced by monsoonal
infiltrations. These findings align with recent
research indicating that groundwater chemistry is
altered by precipitation and anthropogenic
activities, particularly in regions with intensified
farming methods (Kumar et al. 2020).

CONCLUSION

The physico-chemical investigation of Kushinagar’s
groundwater signifies that while some parameters
(e.g., BOD in select tehsils) meet standards,
monsoonal leaching worsens water quality,
particularly in Khadda (43% WPI rise). Stable
hydrochemistry in five tehsils suggests manageable
treatment needs, but district-wide interventions-
such as filtration, demineralization, and aeration-are
essential to ensure safe drinking water. Therefore,
Kushinagar ’s groundwater requires systematic
treatment before consumption. Ongoing
surveillance and focused remediation measures are
essential to manage seasonal variations and
persistent water quality deterioration.
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