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This study was conducted to evaluate the groundwater quality at designated sites in the
Saharanpur area of Uttar Pradesh, India, focusing on key physicochemical attributes and their
statistical relationships. Water samples were collected from four sites and analysed using
standard assessment methods. The parameters measured included temperature, pH, electrical
conductivity (EC), total dissolved solids (TDS), dissolved oxygen (DO), biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total alkalinity (TA), total hardness (TH), and
major ions. The results showed that groundwater quality was largely within acceptable limits
for municipal and agricultural use. Temperature ranged from 24.67+1.53 to 29.33+1.22°C,
and pH values varied between 6.71+£0.51 to 7.26+0.27, indicating a slightly acidic to neutral
nature EC and TDS levels ranged from 0.57+0.03 to 0.97+0.08 dS m™ and 198.31+10.09 to
263.65+11.13 mg L', respectively, reflecting low salinity. DO values ranged from 5.24+0.56 to
6.55+0.15 mg L™, while BOD (1.52+0.27-1.98+0.08 mg L) and COD (4.88+1.57-8.69+1.43
mg L™) indicated limited organic load. TA and TH suggested the water was relatively mineral-
rich. Statistical analysis revealed significant positive relationships among EC, TDS, and major
ions, whereas DO and pH showed opposite trends with salinity parameters. The study high-
lights that although groundwater quality is currently safe, increasing human-induced stress
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may progressively alter regional hydrochemistry, necessitating continuous monitoring and
well-planned groundwater management strategies for long-term sustainability.
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INTRODUCTION more, the increased generation of wastewater raises the con-

centration of hazardous chemicals that infiltrate the subsurface

Accelerated urban expansion and industrial development are
the primary causes of groundwater contamination, as expanding
metropolitan cities and industrial parks generate immense
quantities of wastewater and sewage that frequently percolate
into aquifers (Kumar et al., 2024; Martins & Mafimisebi, 2024).
Urban expansion transforms natural landscapes into impervious
surfaces, thereby reducing natural recharge and increasing the
accumulation of contaminants in shallow aquifers through
leaching processes. The seepage and penetration of untreated
wastewater into subsurface formations can cause severe
groundwater contamination (Jasechko et al, 2024). Further-

environment, resulting in the continuous degradation of
groundwater quality (Karunanidhi et al., 2021; Chaudhary etal.,
2025). These conditions are particularly severe in developing
regions where wastewater treatment infrastructure cannot
keep pace with growing urban and industrial development,
thereby threatening the long-term sustainability of one of the
most accessible freshwater resources. Reports indicate that up
to 60% of groundwater in some industrialised regions has been
found to be contaminated (Chaudhary et al., 2025).

Groundwater constitutes the principal source of freshwater for
the global population and is extensively utilised for domestic,
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agricultural, and industrial purposes. Approximately one-third
of the world’s population depends on groundwater as the prima-
ry source of drinking water (Karunanidhi etal., 2021). Although
freshwater represents only a small fraction of the Earth’s total
water resources, a substantial portion of the usable supply is
stored beneath the surface in aquifers, making groundwater the
largest accessible freshwater reserve. Nearly half of the global
population relies on groundwater for drinking purposes, while a
significant proportion of irrigated agriculture depends on it,
emphasising its crucial role in food security and livelihood sus-
tainability (FAO, 2024; UNESCO, 2024). Groundwater is also
comparatively more resilient to short-term climatic variability
than surface water, thereby acting as an important buffer during
droughts and seasonal water shortages. However, increasing
water demand, rapid urbanisation, industrial growth, and unsus-
tainable extraction practices are placing immense anthropogen-
ic stress on groundwater resources, resulting in declining per
capita availability and deterioration of water quality (UCL,
2024; FAO, 2024).

The present global scenario reveals a rapid decline in groundwa-
ter quality due to contamination arising from diverse anthropo-
genic activities such as industrial operations, agricultural prac-
tices, military activities, and research-related discharges. These
contamination problems are often aggravated by insufficient
awareness, inadequate planning, negligence, and the high cost
associated with proper waste treatment and disposal methods
(Kumar etal., 2018; Bano etal., 2026). Consequently, untreated
or partially treated wastes are frequently discharged into the
environment, causing severe pollution of groundwater re-
sources. Increasing industrialisation and expanding urbanisation
have given rise to groundwater contamination, which occurs
when pollutants are discharged to the ground and make their
way down to the groundwater. Pollution can take place from on-
site sanitation systems, landfills, effluent from wastewater
treatment plants, leaking sewers, petrol filling stations or from
over-application of fertilisers in agriculture (Sarker etal., 2021;
Kumar et al., 2024). Therefore, restoration and protection of
groundwater reserves through effective monitoring, manage-
ment, and preventive strategies are essential for ecosystem
sustainability and human welfare (Badar et al., 2024).
Saharanpur, situated in the northernmost part of the Ganga-
Yamuna Doab at the foothills of the Shivalik range, occupies a
strategically important geographical position between the
Himalayan foothills and the Upper Gangetic Plains. The district
lies between Latitude 29°34°45” N to 30°21°30” N and Longi-
tude 77°092I002 E to 78°14°45” E, with an average elevation of
290 m above sea level. Saharanpur is historically significant and
well known for its intricate wood-carving handicraft industry,
agricultural markets, and the presence of the Institute of Paper
Technology (DSA, 2026). The district experiences a sub-humid
tropical climate influenced by the Himalayan foothills and sup-
ports diverse commercial, industrial, and agricultural activities.
Owing to rapid urbanisation, industrial expansion, and excessive
dependence on aquifers for domestic and agricultural

requirements, groundwater resources in Saharanpur are

presently under considerable environmental stress (Sridhar &
Parimalarenganayaki, 2025). Previous studies have reported
groundwater in several regions to exhibit neutral to alkaline pH
(7.2-9.7); however, elevated Total Dissolved Solids (248.7-870
mg/L) and heavy metal contamination frequently render the
water unsuitable for safe consumption and utilisation (Choden
etal., 2020).
Despite the increasing environmental concern regarding
groundwater contamination in rapidly developing urban cen-
tres, limited studies are available focusing on the comprehensive
physico-chemical assessment of groundwater quality in Sa-
haranpur district under the combined influence of urbanisation
and industrialisation. Most earlier investigations have concen-
trated only on selected parameters or localised regions, leaving
a significant research gap in understanding the integrated im-
pact of anthropogenic activities on groundwater quality charac-
teristics in this region (Kumar et al., 2019; Khare et al., 2020).
Therefore, continuous monitoring and scientific evaluation of
groundwater quality are necessary to formulate effective man-
agement strategies and regulatory policies for minimising envi-
ronmental risks associated with wastewater contamination,
improving groundwater sustainability, protecting aquatic eco-
systems, and safeguarding public health.

Keeping in view the growing concern regarding groundwater
contamination, the present study was undertaken to evaluate
the impact of urbanisation and industrial development on
groundwater quality in different regions of Saharanpur (Uttar
Pradesh), India. The study aims to analyse important physico-
chemical parameters, including temperature, electrical conduc-
tivity (EC), pH, total dissolved solids (TDS), dissolved oxygen
(DO), biochemical oxygen demand (BOD), chemical oxygen
demand (COD), alkalinity, hardness, chloride (CI’), sodium (Na’),
and potassium (K') in groundwater samples. The novelty of the
present investigation lies in providing a comprehensive assess-
ment of groundwater quality in relation to increasing anthropo-
genic activities in Saharanpur, thereby generating scientific
information useful for environmental monitoring, sustainable
groundwater management, and future policy formulation.

MATERIALS AND METHODS

Sampling locations

The present study was conducted at various sampling sites to
measure the following physicochemical parameters. The follow-
ing sites were selected for the present study at Saharanpur (29°
58' 12" N and 77° 33' 36" E) (Uttar Pradesh). The Transport
Nagar (Site-l), Gagalheri (Site-11), Himmat Nagar (Site-1ll) and
Pilkhani (Site-1V) sampling sites were selected for the present
study (Figure 1).

Sample collection and analytical assessment

Groundwater samples were collected over six months from
January 2025 to June 2025 to evaluate various physicochemical
parameters. A total of four sampling locations were selected,
comprising one tube well, one hand pump, and two borehole

T AEM



183 Sachin Srivastava and Gaurav Aggarwal /Arch. Agric. Environ. Sci., 11(2): 181-189 (2026)

LEGEND

9 SAMPLING SITE

@ ROUTE: SAHARANPUR-GAGALHERI-
HIMMAT NAGAR-PILKHANI

SITE |
TRANSPORT NAGAR
29°5825°N, 77°35'0"E

SITE Il
GAGALHERI
29°55'51°N, 77°40'46°E

SITE IV
PILKHANI
RAILWAY STATION

SITE lll
~_ HIMMAT NAGAR
29°56'31'N, 77°33'49°E

SITE IV
[ PILKHANI
5|l RAILWAY STATION
§ 29°57'36°N, 77°17°21°E

SITE I
HIMMAT NAGAR

SAMPLING SITES MAP %

SAHARANPUR REGION <

SITEIl
GAGALHERI

2

Figure 1. Map showing different sampling sites at Saharanpur constituency (Sources: Google map).

taps within the study area. Sampling was conducted at fortnight-
ly intervals, with collections carried out twice a month during
morning hours between 7:00 AM and 10:00 AM. All water sam-
ples were obtained using properly cleaned and sterilised bottles
to avoid contamination. After collection, the samples were im-
mediately preserved on ice and transported to the laboratory,
where they were stored in a deep freezer at approximately -20°
C until further analysis. For each sampling site, samples were
collected in triplicate, and the mean values of the measured pa-
rameters were reported to ensure accuracy and reliability.
Physico-chemical analysis of the samples was completed within
48 hours of collection. During this period, samples were main-
tained at room temperature as required for specific tests. A
standard field sampling kit was used during collection, which
included sample bottles, reagents, glassware, a pH meter, a ther-
mometer, and other necessary instruments for on-site observa-
tions. Samples for different physico-chemical parameters were
collected simultaneously to maintain consistency in analysis.

Water analysis method

The collected water samples were examined for a range of
important physicochemical
temperature (°C), electrical conductivity (EC, dS m™), and total
dissolved solids (TDS, mg/L). In addition, parameters such as pH
(indicating hydrogen ion concentration), dissolved oxygen (DO,
mg/L), biochemical oxygen demand (BOD, mg/L), and chemical
oxygen demand (COD, mg/L) were measured. Further analysis
was carried out to determine chloride concentration (CI°, mg/L),
alkalinity (mg/L), and total hardness (TH, mg/L). The concentra-
tions of essential cations, namely sodium (Naf, mg/L) and potas-
sium (KB, mg/L), were also estimated to assess overall water

characteristics. These included

quality using standard methods (APHA, 2023; Trivedy & Goel,
1986). Samples were analysed for the physico-chemical
parameters.

Datainterpretation

The data obtained from the study were subjected to statistical
evaluation to interpret variations among different sampling
sites. Correlation analysis was performed using Karl Pearson’s
coefficient of correlation to examine the relationships between
various physico-chemical parameters of groundwater across
Site |, Site Il, Site ll1, and Site IV. In addition, descriptive statistics
such as mean and standard deviation (SD) were calculated to
assess the variability and distribution of the data. These statisti-
cal computations were carried out using MS Excel (2024),
ensuring accurate and systematic data analysis.

RESULTS AND DISCUSSION

Alterations in physico-chemical properties of GW in Saharanpur
at Site-l (Transport Nagar), Site-1l (Gagalheri), Site-Ill (Himmat
Nagar) and Site-1V (Pilkhani) sampling sites are appended in
Table 1. The physico-chemical analysis of GW showed that the
quality of GW at all four sites (Site-1 to Site-1V) was still under
the permissible limit as prescribed by 1Sl and WHO. But due to
increasing urbanisation and industrialisation at these sites of
Saharanpur, the GW quality will further deteriorate.

Temperature

Temperature is one of the most noteworthy features that im-
pact nearly all the physical, chemical and biological characteris-
tics of water and thus the water chemistry. Rising groundwater
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temperatures, driven by climate change and wurban
heat, decrease dissolved oxygen and degrade water quality by
enhancing microbial activity and mineral weathering. Warmer
groundwater can increase hazardous contaminant concentra-
tions (e.g., arsenic, manganese) and significantly accelerate aqui-
fer depletion rates (Bhattarai et al., 2023). Temperature regu-
lates key biological and chemical processes that affect the
cycling of oxygen, carbon and other elements in soil and ground-
water.

During the present study, the temperature of GW samples was
found in an agreeable range in all the sampling months (January-
June) and at all the sampling sites (I-1V) (Table 1). The maximum
temperature (29.33°C) was recorded at Site IV, while the mini-
mum Temperature (24.67°C) was recorded at Site I. The ob-
served condition at Site IV may be attributed to intensifying
pollution levels triggered by the emancipation of industrial ef-
fluents, along with raised air temperatures. These aspects likely
contribute to thermal alterations in the natural water system.
This was in accordance with Matta et al. (2020), they recorded
maximum temperature (23.66°C) at Ibrahumpur and minimum

(22.33°C) in Sarai area of Haridwar district, Uttarakhand.

EC

EC in groundwater measures its capability to conduct electrical
current, directly reflecting the concentration of dissolved ions,
salts, and minerals. High EC indicates higher salinity and impuri-
ty levels, impacting water potability and irrigation suitability.
Key impacts include signalling seawater intrusion in coastal ag-
uifers, identifying pollution events, and affecting soil salinity and
plant health. During the present study, EC of GW samples were
found in a satisfying range in all the sampling months (January-
June) and at all the sampling sites (I-1V) (Table 1). The maximum
EC (0.97 dSm™) was recorded at site 111, while the minimum EC
(0.57 dSm™*) was recorded at site I. Elevated EC values at Site 11l
indicate the accumulation of pollutants, leading to an increase in
groundwater salinity. The variation in EC across the study area
reflects differences in groundwater quality, which, based on
field observations, can be linked to nearby industrial activities
and waste disposal sites. The rise in EC suggests a higher con-
centration of dissolved ions in the water, a trend that is further
supported by corresponding increases in salinity levels. Bano
et al. (2026) also reported elevated levels of EC from (968 to
2483 pS/cm) at different sites of Firozabad, Uttar Pradesh,
while its ideal value is <2400 ps/cm, with a distinct hotspot of
very high conductivity (red-yellow zone) in the central region.
This high EC indicates elevated dissolved salt concentrations,
likely from anthropogenic sources such as industrial discharge,
sewage contamination, or agricultural runoff, signalling poor
water quality and potential unsuitability for drinking in affected
areas.

TDS

TDS in water arise from both natural sources and anthropogenic
activities such as mining and industrial processes. These dis-
solved constituents mainly comprise various inorganic salts,

such as chlorides, phosphates, carbonates, bicarbonates, and
nitrates - along with elements like calcium, sodium, potassium,
magnesium, and manganese, as well as organic substances and
fine particulates. Higher TDS concentrations reflect an in-
creased presence of dissolved materials in groundwater, which
can enhance the mobility and dispersion of other contaminants,
including heavy metals and organic pollutants. Additionally,
excessive TDS levels deteriorate water quality, rendering it
unsuitable for drinking and restricting its use for domestic pur-
poses.

During the present study, TDS of GW samples were found un-
der the permissible range in all the sampling months (January-
June) and at all the sampling sites (I-1V) (Table 1). The maximum
TDS (263.65 mg/l) was recorded at Site lll, while the minimum
TDS (198.31 mg/I) was recorded at Site I. This can be attributed
to the continuous discharge of untreated or partially treated
wastewater, which adds more dissolved constituents, especially
when the capacity for natural dilution remains low. These find-
ings are consistent with a recent study at different locations of
Kanpur city, Uttar Pradesh, where elevated TDS ranges were
recorded to be 510.90 to 536.90 mg/l (Nayak, 2025). The pres-
ence of elevated dissolved solids can be linked to the release of
industrial effluents and municipal waste in the region. During
both seasons—particularly under low rainfall conditions-the
recharge of fresh water into the aquifer is reduced. This de-
creased inflow limits the natural dilution process within ground-
water, allowing dissolved substances to accumulate. Additional-
ly, during dry conditions, capillary movement draws water up-
ward from deeper soil layers, conveying dissolved salts with it.
These salts may later re-dissolve and infiltrate back into the
groundwater system, eventually contributing to an upsurge in
total dissolved solids (TDS) concentrations.

pH

pH is a key indicator used to describe the acidic or basic nature
of water, based on the concentration of hydrogen ions present.
The pH level significantly influences chemical interactions, bio-
logical activity, and the behaviour of dissolved substances in
water. Natural factors such as geological formations and dis-
solved gases, along with human activities like industrial efflu-
ents and agricultural practices, can alter pH levels. During the
present study pH of GW samples were found under the permis-
sible range as prescribed by WHO and BIS in all the sampling
months (January-June) and at all the sampling sites (I-1V) (Table
1). In the present study, the pH values were in the range (6.71-
7.26). The least value was recorded to be 6.71 at site-IV, while
maximum was recorded to be 7.26 at Site-Il. This was in consid-
eration with Kumar et al. (2019) reported pH in the study
ranged from 6.5 - 7.5 and it was within the permissible limit (BIS,
2012) and below the drinking water guidelines (WHO, 2011) in
the ground water samples of River Hindon catchment of
Saharanpur, Uttar Pradesh, India. Meghanad et al. (2024)
reported the pH range (6.96-7.65 mg/L) eastern and western
parts the riverside of Tiruchirappalli District in the central parts
of Tamil Nadu, India, which has diverse fields of agricultural
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productivity and industrial activities.

DO, BOD and COD

DO plays a vital part in defining groundwater quality by manipu-
lating both metal solubility and microbial processes. When DO
levels fall in low category, it often signals contamination and
forms environments that enhance the release of certain metals
such as iron, manganese and arsenic into the water. Low level
oxygen environments are characteristically allied with the exist-
ence of organic matter, which consumes oxygen during decom-
position. In contrast, higher DO concentrations are characteris-
tic of clean and well-oxygenated water. Throughout the current
study DO of GW samples were found under the permissible
range in all the sampling months (January-June) and at all the
sampling sites (I-1V) (Table 1). The DO levels were recorded mod-
erately higher at Sampling Site | (6.55 mg/L) compared to Site Il
(6.40 mg/L), these observations suggest amended oxygen availa-
bility at these sites, whereas reduced DO levels were noted at
Site I11 (5.24 mg/L) and Site IV (5.55 mg/L). DO concentrations in
groundwater samples from Sites |-V were consistently above 5
mg/L, indicating generally toxic conditions within the aquifer
system. However, relatively reduced DO levels at Sites Il and IV
may be associated with the infiltration of effluents originating
from nearby distillery and sugar mill operations. These effluents
are typically categorized by high organic load and elevated con-
centrations of biodegradable matter, which stimulate microbial
respiration and upsurge biochemical oxygen demand (BOD). The
subsequent consumption of dissolved oxygen during microbial
degradation processes, along with limited natural re-aeration in
subsurface environments, likely contributes to the observed
decline in DO levels in these locations.

Throughout the current investigation, the Biological Oxygen
Demand (BOD) and Chemical Oxygen Demand (COD) concen-
trations of groundwater samples persisted within acceptable
limits across all sampling sites (I-1V) and throughout the study
period (January-June). The elevated levels of BOD and COD
values (1.98 mg/L and 8.69 mg/L, respectively) were observed at
Site Ill, whereas the lowest values (1.52 mg/L and 4.88 mg/L)
were recorded at Site Il. The moderately elevated levels at Site
Il may be attributed to the ingress of organic-rich contaminants,
likely originating from surface runoff, improper solid waste dis-
posal, and anthropogenic activities. Such inputs can introduce
biodegradable and oxidizable substances into the subsurface
environment, thereby increasing oxygen demand in groundwater
systems.

In accordance with the above concentrations of DO, BOD and
COD, Matta etal. (2016) also recorded DO between the ranges
of 5.00 to 8.20 mg/Il, BOD was recorded between the ranges of
2.80 to 4.90 mg/l, COD between the ranges of 5.00 to 10.00 mg/I
of ground water samples at different sites of at Dhampur,
District-Bijnor (U.P.) India. This might be due to intensified urban-
ization and industrialization contribute significantly to elevated
BOD and COD levels through the discharge of organic-rich efflu-
ents and chemically oxidizable substances into the environment.
These inputs enhance microbial activity and oxidation processes,
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thereby increasing the consumption of dissolved oxygen. As a
result, the elevated oxygen demand leads to a decline in DO lev-
els, ultimately disturbing the natural redox balance of the
groundwater system. Similarly, Meghanad et al. (2024) noted
that BOD values varied from 48.01 to 149.97 mg/L, averaging
79.72 mg/L. The value of COD ranges from 23.04 to 94.97 mg/L,
with a mean value of 47.32 mg/L. The high levels of BOD and
COD are recorded in 56 groundwater samples were collected
from bore wells and dug wells in the Cauvery River Basin within
the Tiruchirappalli District, which reveal increasing contamina-
tion with mostly biodegradable matters due to domestic sewage
and untreated industrial effluents.

Total alkalinity (TA) and total hardness (TH)

Total hardness is a key physico-chemical property of water,
mainly caused by dissolved calcium and magnesium salts such as
carbonates, bicarbonates, sulphates, and chlorides. The permis-
sible limit for drinking water is 300 mg/L, and higher levels may
be associated with potential health risks, including kidney and
heart problems (Crowther et al., 2025). Alkalinity refers to the
acid-neutralizing capacity of water and is primarily due to the
presence of carbonates, bicarbonates, and hydroxides, along
with other minor bases. It indicates the buffering capacity of
water and reflects the presence of natural dissolved salts. Varia-
tions in hardness and alkalinity among the sampled water
sources underscores the influence of geological, hydrological,
and anthropogenic factors. Natural processes such as weather-
ing of minerals and dissolution of carbonate rocks contribute to
the enrichment of calcium, magnesium, carbonate, and bicar-
bonate ions in water. Anthropogenic activities such as industrial
discharge, agricultural runoff, and urbanization can exacerbate
hardness and alkalinity levels, posing risks to water quality and
ecosystem integrity (Maske et al., 2025).

Through the current study alkalinity and TH of GW samples
were found under the permissible range in all the sampling
months (January-June) and at all the sampling sites (I-1V) (Table
1). The maximum alkalinity/TH (263.56/296.43 mg/l) was rec-
orded at site IV, while minimum alkalinity/TH (231.41/256.87
mg/l) was recorded at Site-I.

Water hardness mainly originates from sewage discharge and
surface runoff, particularly from calcareous soils and limestone-
rich areas. It may also result from leaching of construction mate-
rials containing calcium compounds, as well as from industrial
effluents enriched with magnesium salts, which collectively in-
crease the concentration of hardness-causing ions in water as
reported earlier (Sachin, 2020 and Belal et al., 2024). This was in
accordance with Choden et al. (2020) who reported hardness
high 160 to 450 mg/I Kamdhanu Industrial area and 113 to 406
mg/l in Industrial area Delhi Road, Saharanpur. They observed
CaCOs; hardness is found to be higher than BIS limit (300 mg/I)
in 4 locations of Saharanpur. The probable cause for excessive
hardness appears to be the source rocks in the Himalayan foot-
hills towards the north from where groundwater is recharged.
The alkalinity varies in the range of 168-564 mg/l and 230-568
mg/l in Kamdhanu Industrial area and Industrial area Delhi
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Road, Saharanpur respectively. However, high concentration of
alkalinity in drinking water is not known to cause any direct no-
ticeable effects on human health. Also, Manna et al. (2024) who
reported hardness (330 PPM) and alkalinity (310 PPM), which
were above the WHO recommendations for drinking water
guidelines in different areas of Alwar district of Rajasthan, India.
Correspondingly (Nayak, 2025) also reported an increasing
trend in ground water samples for total hardness (259.30-
290.87 mg/l) and alkalinity (190.76-276.45 mg/l) in the different
sampling locations of Kanpur, Uttar Pradesh, India.

cr

All type of natural and raw water contains chlorides. Groundwa-
ter contamination by chloride arises from road salt runoff, sea-
water intrusion, sewage, and industrial waste, significantly de-
grading water quality. Levels exceeding 250 mg/L impart a salty
taste, corrode infrastructure, and damage aquatic ecosystems.
While not acutely toxic to humans at low levels, high concentra-
tions indicate severe pollution (Mackie et al., 2022). During the
present study CI” of GW samples were found under the permissi-
ble ranges in all the sampling months (January-June) and at all
the sampling sites (I-1V) (Table 1). The maximum CI" (20.77 mg/l)
was recorded at site IV, while minimum CI (10.21 mg/I) was rec-
orded at Site-l. This was in consideration with Choden et al.
(2020) they recorded CI™ (7.1-135 mg/l) in Kamdhenu Industrial
area and (25.5-113.44 mg/l) in Industrial area Delhi Road,
Saharanpur. It is found that all the values are within the limits per-
mitted by BIS Standards. Ali et al. (2024) also reported
concentration of chloride ranged from 226 to 814 ppm with the
average value of 470 ppm. Similarly, Kumari et al. (2025) reported
CI” concentration in water samples ranging from 14.2 to 128 mg/L
(mean value: 55 mg/L) in ground water samples of different re-
gions of Prayagraj District, Uttar Pradesh under permissible limit
High concentration of CI™ in water inhibits the microbial activity
and consumption may cause laxative effect.

Na*and K*

High concentrations of sodium ions in drinking water can con-
tribute to cardiovascular issues. When sodium levels in ground-
water become excessive, they often reduce the taste quality and
overall acceptability of the water. Potassium present in ground-

water primarily originates from the natural breakdown and
weathering of igneous and metamorphic rocks. The impact of
sodium (Na*) and potassium (K*) on groundwater contamination
is characterized by increasing salinity, significant degradation of
soil structure for agriculture, and rising health risks in rapidly
urbanizing and industrialized areas. While these elements are
natural, their elevated presence is largely driven by anthropogen-
ic factors, specifically fertilizer runoff, untreated industrial waste,
and sewage (Sonawane et al, 2024). Throughout the present
study Na* and K" of GW samples were found under the permissi-
ble range in all the sampling months (January-June) and at all the
sampling sites (I-1V) (Table 1). This was in accordance with Khare
etal. (2020) they recorded maximum Na*/K* (130/1.50 mg/l) at
Nakur/Sadauli kadim areas of Saharanpur District, Uttar Pradesh,
India. Bhushan et al. (2025) also recorded maximum/minimum
range of Na'/K" (140-7.60/20.0-3.1 mg/l) in GW samples of
Sultanpur, District, Uttar Pradesh, India.

Correlation and regression analysis

The correlation coefficients (r) value among each parameter and
different sites were presented in Table 2. Throughout the pre-
sent study the correlation analysis of physicochemical parame-
ters across the four sampling sites reveals key hydrochemical
relationships controlling water quality. A very strong positive
correlation between EC and TDS (r = +0.99) confirms that dis-
solved ions govern conductivity. Similarly, strong associations
among Naf, CI2, and KB indicate a common origin, likely from
mineral weathering or anthropogenic inputs such as agricultural
runoff. Total hardness and alkalinity are also strongly correlat-
ed, suggesting the influence of carbonate and bicarbonate ions.
In contrast, pH and dissolved oxygen (DO) show negative corre-
lations with major ions and TDS, indicating that increased salini-
ty may reduce pH and oxygen availability. BOD and COD exhib-
it a strong positive relationship (r = +0.93), reflecting the pres-
ence of organic pollution linked with higher ionic load. Tempera-
ture shows moderate positive correlations with EC, TDS, and
COD, suggesting its role in enhancing chemical reactions and
microbial activity. Overall, the results indicate that ionic compo-
sition, organic pollution, and oxygen dynamics are closely inter-
connected, though interpretations should be made cautiously
due to limited data.

Table 1. Groundwater quality parameters at different sites of Saharanpur, Uttar Pradesh (India).

Parameter Sites Permissible limit

Site | Sitell Site lll Site IV BIS (2012) WHO (2011)
Temperature (°C) 24.67+1.53 27.00£2.00 29.33+1.22 25.56+1.53 28-30 -
ECdSm™* 0.57+0.03 0.89+0.10 0.97+0.08 0.88+0.13 2000 -
TDS (mgL™) 198.31+£10.09 242.68+4.04 263.65+11.13 243.34+21.85 500-2000 500
pH 7.26+0.27 7.24+0.10 6.76+0.19 6.71+0.51 6.5-8.5 6.5-8.5
DO (mgL™?) 6.55+0.15 6.40+0.64 5.24+0.56 5.55+0.72 8 -
BOD (mgL™) 1.55+£0.46 1.52+0.27 1.98+0.08 1.91+0.16 28-32 -
COD (mgL™) 4.97+0.96 4.88+1.57 8.69+1.43 7.22+1.49 500 -
TA (mgL™?} 231.41+11.82 240.52+11.27 244.85+10.38 263.56+7.56 200-600 -
TH (mgL™) 256.87+£12.70 266.66+13.00 277.62+12.27 296.43+12.70 200-600 500 as CaCOs;
Cl' (mgL} 10.21+0.40 15.44+2.94 18.62+2.96 20.77+3.43 250-1000 250
Na* (mgL™) 10.22+0.84 12.36+1.40 15.76+1.25 16.22+1.61 200 200
K* (mgL™h) 4.23+0.39 4.88+0.46 6.32+1.67 7.22+0.56 12 -

The values are mean + SD of six replicates.
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Table 2. Correlation matrix among the various physico-chemical parameters at different sites (I-1V).

Parameter Temperature EC TDS pH DO BOD CcoD TA TH Cr Na* K*

Temperature 1.00 0.8 0.85 -0.42 -0.64 0.52 0.67 0.06 0.16 047 0.53 0.32
EC 0.8 1.00 0.99 -0.64 -0.74 0.62 0.66 0.58 0.63 0.86 0.82 0.69
TDS 0.85 0.99 1.00 -0.69 -0.8 0.69 0.74 0.55 0.61 0.85 0.84 0.7

pH -0.42 -0.64 -0.69 1.00 0.89 -0.78 -0.71 -0.79 -0.86 -0.89 -0.96 -0.96
DO -0.64 -0.74 -0.8 0.89 1.00 -0.86 -0.83 -0.75 -0.82 -0.85 -0.94 -0.88
BOD 0.52 0.62 0.69 -0.78 -0.86 1.00 0.93 0.72 0.79 0.81 0.92 0.89
COD 0.67 0.66 0.74 -0.71 -0.83 0.93 1.00 0.74 0.8 0.75 0.87 0.8

Alkalinity 0.06 0.58 0.55 -0.79 -0.75 0.72 0.74 1.00 0.95 0.91 0.86 0.94
TH 0.16 0.63 0.61 -0.86 -0.82 0.79 0.8 0.95 1.00 0.94 0.92 0.98
Cl 0.47 0.86 0.85 -0.89 -0.85 0.81 0.75 0.91 0.94 1.00 0.98 0.96
Na 0.53 0.82 0.84 -0.96 -0.94 0.92 0.87 0.86 0.92 0.98 1.00 0.97

Table 3. Regression analysis among the various physico-chemical parameters at different sites (I-1V).

S.No. Dependent variable (Y) Independent variable (X) Regression equation
1. TDS (mgL™) EC(dSm™) TDS=119.6 + 150.8 EC (R*=0.982)
2. DO (mglL™) BOD (mglL™) DO =8.62-1.67 BOD (R*=0.972)
3. COD (mgL™) BOD (mglL™) COD=-1.32+4.88BOD (R*=0.956)
4, TH(mgL™) TA(mgL™) TH=63.4+0.88TA(R*=0.979)
5. Na*(mgL™) Cl'(mgL™) Na*=3.12+0.62 CI' (R*=0.952)
6. BOD (mgL™) TDS (mgL™) BOD =-0.62+0.010 TDS (R*=0.473)
7. COD (mgL™) TDS (mgL™) COD=-4.15+0.047 TDS (R? = 0.545)
8. DO (mglL™) TDS (mgL™) DO =9.25-0.015TDS (R*=0.635)
9. TH(mgL™) EC(dSm™) TH=168.7 + 128.5 EC (R*=0.396)
10. Cl(mglL™ EC(dSm™) Cl=-1.84+24.6 EC(R*=0.734)
11. Na(mgL™) EC(dSm™) Na=-0.95+ 18.9 EC (R*=0.671)
12. K(mgL™) TH(mgL™) K=-7.21+0.047 TH (R*=0.959)

The regression analysis of physicochemical parameters across
the four sampling sites were presented in Table 3. Regression
analysis provides important insights into the hydrochemical be-
haviour and controlling mechanisms of the studied water system.
Although based on a limited number of observations (n = 4), the
derived relationships highlight consistent trends that reflect
both geogenic processes and anthropogenic influences. A strong
positive regression between Electrical Conductivity (EC) and
Total Dissolved Solids (TDS) indicates that dissolved ionic con-
stituents are the principal contributors to conductivity. This rela-
tionship confirms that EC can be effectively used as a rapid sur-
rogate for estimating TDS in routine water quality monitoring.
The observed increase in EC and TDS from Site | to Site Il sug-
gests progressive enrichment of dissolved salts, likely due to
mineral dissolution, agricultural runoff, or localized anthropo-
genic inputs. The inverse regression between Dissolved Oxygen
(DO) and Biochemical Oxygen Demand (BOD) clearly demon-
strates the impact of organic pollution on oxygen dynamics. As
BOD increases, microbial degradation of organic matter intensi-
fies, resulting in oxygen depletion. This trend is particularly evi-
dent at Sites Il and IV, where relatively lower DO values coin-
cide with higher BOD levels, indicating moderate organic loading
and potential ecological stress.

Conclusion

The present study reveals that groundwater quality across the
selected sites in Saharanpur remains within permissible limits
and is generally suitable for domestic and agricultural use. The
hydrochemical characteristics indicate that dissolved ionic

constituents play a dominant role in controlling water quality, as
evidenced by the strong positive correlation and regression
between EC and TDS. Similarly, significant positive relation-
ships among Na’, CI', K, alkalinity, and total hardness suggest
the combined influence of mineral weathering and anthropo-
genic inputs. The moderate levels of BOD and COD further
reflect limited but noticeable anthropogenic influence, particu-
larly in areas exposed to industrial discharge and urban runoff.
Correlation analysis highlights that organic pollution indicators
(BOD and COD) are strongly associated, while their negative
relationship with DO reflects oxygen depletion due to microbial
activity. Regression analysis further supports these findings by
demonstrating clear predictive relationships among key param-
eters, particularly EC-TDS, BOD-COD, and DO-BOD interac-
tions. Although the current status indicates minimal contamina-
tion, increasing trends in dissolved ions and organic load at cer-
tain sites point toward potential future deterioration. There-
fore, continuous monitoring and sustainable management prac-
tices are essential to protect groundwater quality in the face of
rapid urbanization and industrial development.
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