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Abstract: Groundwater quality in rapidly urbanizing Bharatpur areas with unregulated industries remains a 
critical, understudied challenge. This study addresses this knowledge gap by comprehensively assessing the 
physicochemical and microbiological contamination of drinking water near the Bharatpur industrial area, Nepal, 
using a statistical approach. Twelve physicochemical and microbiological parameters were analyzed based on 
the Nepal Drinking Water Quality Standard (NDWQS) and the World Health Organization (WHO) guidelines. 
Statistical methods (correlation and regression) and an index-based assessment (water quality index [WQI]) 
were used to interpret contamination patterns. The results showed that the mean values of pH, conductivity, 
total dissolved solids, hardness, alkalinity, and Cl− were within the WHO/NDWQS guidelines. However, NO3

−, 
PO4

3− (4.3–9.8 mg/L), NH3 (7–19.5 mg/L), free Carbon dioxide (CO2), and Escherichia coli (0–9 colony-forming 
unit/100 mL) exceeded the limits, indicating industrial and fecal contamination. The WQI values ranged from 
560 to 663, indicating that all groundwater samples were unsuitable for drinking without treatment. Statistical 
analysis revealed strong positive correlations among key parameters. Conductivity was strongly associated 
with total dissolved solid, hardness, alkalinity, CO2, NH3, Cl−, PO4

3−, and E. coli. Hardness, alkalinity, and 
CO2 showed near-perfect intercorrelations, while additional strong associations were observed between Cl− and 
E. coli, PO4

3− and NO3
−, and pH and NO3

−. Further validation was performed using regression analysis with a 
first-degree linear equation. The findings indicate that groundwater near Bharatpur’s industrial zone is critically 
contaminated, necessitating the urgent need for policy interventions, such as wastewater treatment to safeguard 
public health.

Keywords: Groundwater quality parameters; Statistical analysis; Correlation coefficient; Regression coefficient; 
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1. Introduction

Water is a fundamental component of life, playing a 
crucial role in the daily functioning of living organisms 
and influencing climatic conditions and land formation. 
Groundwater, which resides beneath the Earth’s 
surface, represents the most abundant source of usable 
freshwater, constituting approximately 99% of the total 
volume. In comparison, surface water in lakes, rivers, 
and wetlands accounts for 0.87%, while atmospheric 
moisture constitutes 0.16%.1,2 Around one-third of 
the world’s population depends on groundwater for 
drinking.3 This resource is especially essential in dry 
and semi-arid areas, where surface water and rainfall are 
limited.4 Maintaining a safe and sustainable groundwater 
supply is a key to long-term national progress. Clean 
water is essential for the survival of living organisms 
and the proper functioning of communities, ecosystems, 
and economies.5 Therefore, it is imperative to regularly 
assess the quality of untreated groundwater to minimize 
health risks before consumption.6 Nevertheless, 
groundwater quality is increasingly threatened by 
urbanization, agricultural practices, industrial activities, 
and climate change. Water contamination primarily 
results from increased waste discharge associated with 
population growth and various human activities, raising 
significant concerns about maintaining a safe water 
supply.7,8 Heavy chemical contaminants frequently 
enter groundwater due to untreated industrial and 
agricultural discharges in urban areas.9 The presence 
of chemical impurities in groundwater can have 
detrimental impacts on public health.10 Contamination 
may occur not only at the source but also through the 
formation of chemical by-products during groundwater 
movement.11 Consequently, water must meet specific 
physical, chemical, and microbiological standards to be 
considered potable and safe for consumption.12

Contaminants, such as toxic metals, hydrocarbons, 
trace organic compounds, pesticides, microplastics, and 
nanoparticles pose significant threats to human health, 
ecosystems, and sustainable development.13,14 Many of 
these groundwater pollutants originate from naturally 
occurring mineral deposits dissolved in the Earth’s 
crust.15,16 Groundwater contamination occurs when 
harmful substances are introduced into the subsurface 
due to human activities. These contaminants are often 
colorless and odorless, making their detection and their 
impacts on human health both challenging and chronic.17 
Remediation of contaminated groundwater is complex 
and costly due to its subsurface location and long 
residence times.18-20 Even after contamination sources 

are removed, natural purification of groundwater can 
take hundreds of years.21 Contaminants are typically 
categorized into chemical, biological, and radioactive 
types.22 Toxic metals and metalloids present significant 
health risks to both humans and the environment. High 
levels of these substances can lead to severe poisoning, 
although some are essential as trace micronutrients.23 For 
example, exposure to hexavalent chromium is linked to 
a higher risk of cancer.24 Arsenic is classified as a human 
carcinogen by both the United States Environmental 
Protection Agency and the International Agency for 
Research on Cancer.25,26 Over 200 organic contaminants, 
many of which are carcinogenic, have been detected 
in groundwater, and this number continues to rise.27,28 
These organic substances, derived from carbohydrates, 
proteins, fats, and oils, may degrade slowly or not at all, 
posing a persistent threat to groundwater quality.29,30

Contaminated groundwater can adversely impact 
human health, environmental quality, and socioeconomic 
development. Excessive levels of fluoride (F−), chloride 
(Cl−), nitrate (NO3

−), metals, and organic pollutants are 
associated with significant health risks.31 Infants are 
particularly vulnerable to these contaminants.15,18,31 In 
addition, the use of untreated groundwater containing 
heavy metals and persistent contaminants for irrigation 
can lead to the accumulation of toxic elements in 
crops, posing risks to consumers.32-35 Groundwater 
contamination also negatively affects soil and forest 
quality, with high groundwater salinity contributing 
to soil salinization in arid agricultural regions.36 
Furthermore, contamination-induced water shortages 
may exacerbate conflicts over water resources and 
hinder socioeconomic development.37

Groundwater quality research worldwide encounters 
considerable challenges due to the large number of 
water quality parameters, limited data availability, and 
the complex nature of groundwater systems. Çiner 
et al.38 explored the carcinogenic risks associated 
with arsenic exposure in South-Central Turkey, 
where levels frequently exceeded guideline limits. 
Their study utilized multivariate statistical analysis 
to identify trace elements, revealing that geogenic 
processes played a substantial role in contamination. 
Yadav et al.39 assessed groundwater quality in relation 
to arsenic in the Nawalparasi district, Nepal, using 
multivariate statistical techniques. The study found 
that nickel (Ni), cadmium (Cd), lead (Pb), chromium 
(Cr), and arsenic (As) levels exceeded the World Health 
Organization (WHO) permissible limits for drinking 
water, with arsenic concentrations ranging from 60 to 
31,000  µg/L during the pre-monsoon and monsoon 
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periods, respectively. Variations in water quality were 
primarily associated with water-rock interactions, 
mineralization, and anthropogenic inputs. Industrial 
activities and municipal waste have been identified as 
significant sources of groundwater contamination. Raja 
et al.40 investigated the impact of industrial activities 
and municipal dumpsites on metal contamination 
in Virudhunagar, India. This research is crucial for 
developing strategies to mitigate industrial impacts on 
groundwater. In Uttar Pradesh, India, Tiwari and Singh41 
conducted a hydrogeochemical investigation, revealing 
that groundwater was alkaline and exceeded desirable 
limits for NO3

−, F−, total dissolved solids (TDS), and 
total hardness (TH). This underscores the importance 
of considering multiple water quality parameters in 
assessments. Ali et al.42 assessed groundwater quality in 
the Achnera block, Agra district, India, using the water 
quality index (WQI) and principal component analysis 
(PCA). Analysis of 50 groundwater samples revealed 
that the water was alkaline, with WQI values ranging 
from 105 to 185, indicating that most samples were 
unsuitable for drinking. PCA identified pH, sodium 
ions, calcium ions (Ca2+), bicarbonate ions (HCO3

−), and 
F− as key factors related to geogenic F− contamination. 
Thus, treatment is necessary to render the water 
potable. Similarly, Mahato et al.43 investigated aquifer 
contaminants and groundwater quality, observing that 
all parameters under analysis fell within the WHO’s 
permissible limits for drinking water, except for pH, 
iron, ammonia (NH3), and turbidity. F− and manganese 
concentrations did not meet the Nepal Drinking Water 
Quality Standards (NDWQSs).44

In the Terai region of Nepal, extensive exploitation 
of aquifers through tube wells supplies water to 
approximately 90% of the population. Fractured 
basement aquifers are predominantly replenished by 
monsoon precipitation.45 Over 98% of groundwater 
withdrawals connected to rivers flowing across 
the Siwalik Hills are found to be enriched with 
arsenic,46,47 potentially due to baseflow contributions. 
Globally, aquifers face increasing pollution threats 
from industrial and urban activities. Thus, extensive 
studies on groundwater quality are necessary to 
inform practical measures for protecting groundwater 
resources.1 Unregulated and mismanaged groundwater 
exploitation has led to significant health impacts, 
with an estimated 25,000 deaths occurring daily due 
to water contamination. Moreover, one-third of urban 
dwellers in developing nations do not have access to 
clean drinking water.48 Addressing these issues through 
targeted research and periodic water quality parameters 

is essential for regulating hydrochemical processes and 
safeguarding groundwater quality.

The groundwater quality in the industrial area of 
Bharatpur, Chitwan district, is potentially affected by 
anthropogenic activities, such as industrial discharge, 
agricultural runoff, and improper waste disposal. 
Contaminants, such as NO3

−, heavy metals, and 
pathogens, may pose health risks to the population. This 
study introduces a novel assessment of groundwater 
quality near the industrial area, which has not been 
previously explored, highlighting a significant research 
gap in this context. By focusing on the specific impacts 
of industrial activities on groundwater, this research 
uncovers critical contamination issues that have not 
been extensively documented in this region to date. 
A  systematic assessment of groundwater quality is 
essential to ensure safe drinking water and to inform 
policy decisions. Despite the heavy reliance on 
groundwater in Chitwan, comprehensive data on its 
physicochemical characteristics and quality remain 
limited. Existing studies of nearby areas, such as 
Kathmandu and Lalitpur,49-51 are often localized or focus 
on specific contaminants, leaving a gap in understanding 
the overall groundwater quality and its spatial and 
temporal variations. Therefore, the novelty of this work 
lies in it being the first detailed analysis of groundwater 
quality in the Bharatpur industrial zone, where no prior 
studies have systematically examined contamination 
risks. Moreover, the integration of statistical analyses 
(correlation and regression) to identify pollution 
sources and interrelationships between parameters has 
not previously been applied in this region. The findings 
provide critical baseline data for local authorities to 
enforce industrial waste management regulations.

This study aims to evaluate the groundwater quality 
near the industrial area of Bharatpur, Chitwan, Nepal, 
a region facing unregulated industrial discharges, 
to assess its suitability for drinking and to identify 
contamination sources by applying statistical tools, 
such as correlation, regression, and the WQI to interpret 
contamination patterns. It also aims to determine 
whether the groundwater parameters comply with the 
WHO48 and NDWQS44 standards. The investigation of 
increased pollutants, such as NH3, phosphate (PO4

3−), 
and Escherichia coli represents a pioneering approach 
to evaluating the extent and sources of groundwater 
contamination due to industrial processes. The 
implications of these findings are substantial for both 
national prosperity and public health. These techniques 
help identify the major factors affecting groundwater 
quality and potential contamination sources. The 
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findings will assist policymakers, environmental 
agencies, industrial stakeholders, and local authorities 
in addressing water quality concerns and implementing 
necessary interventions to protect public health, 
safeguard groundwater resources, ensure public health, 
and support sustainable industrial development.

2. Materials and methods

2.1. Study area
The area under investigation (Figure  1) is located 
in Bharatpur Metropolitan City, Wards No.  8 and 9, 
Chitwan, Nepal. Bharatpur Metropolitan City spans an 
area of 433 km2 within the Terai region and is situated 
at an elevation of 208 m above sea level. The city lies 
along the banks of the Narayani River. It is the third 
most populous city in Nepal and the second largest 
metropolitan area by land area. The city comprises 29 
wards and functions as the commercial and service hub 
of the district, offering significant facilities for higher 
education, healthcare, and transportation.

Groundwater samples for this investigation were 
collected from the Gondrang area of Bharatpur, Wards 
8 and 9. This area lies to the south of the East–West 
Highway, near the Bandevi Barandabhar forest corridor, 
and is part of the semi-urban region of Bharatpur.

2.2. Site selection
The study area was selected based on its proximity to 
industrial facilities and human settlements, focusing on 
a 4-km stretch encompassing both densely populated 

areas with significant anthropogenic activities and 
relatively less populated zones. Sewage discharge from 
factory drainage sites is shown in Figure 2. Groundwater 
samples were collected in the 1st  week of February 
2024. Physicochemical parameters were analyzed at 
the Saptagandaki Multiple Campus (SMC) laboratory, 
Tribhuvan University, Nepal, and microbiological 
parameters were tested at the Water Quality Testing 
Laboratory of Bharatpur Metropolitan City.

Sampling was conducted at three distinct locations 
(Table  1), chosen based on their association with 
industrial activities and identified using a portable 
Global Positioning System. The selected sites were: 
Iron factory (IF; Site 1), Royal Paint factory (RPF; 
Site 2), and Coca-Cola factory (CF; Site 3). Each site 
was divided into four sampling zones—East, West, 
North, and South—relative to the industrial facilities. 
Samples were labeled as follows: Site 1 – Samples A, 
B, C, and D; Site 2 – Samples E, F, G, and H; and Site 
3 – Samples I, J, K, and L.

2.3. Sampling and analytical methods
2.3.1. Sample collection
Assessing water quality involves a range of complex 
processes, making it challenging to design a standardized 
procedure that meets specific evaluation objectives.52 
For this investigation, groundwater samples were 
collected from handpumps located near three industrial 
facilities. A total of 12 samples were randomly obtained 
from residential households situated within 50 m of the 
industries.

Figure 1. Satellite image of the study area (Google Earth)

https://dx.doi.org/10.36922/AJWEP025120083


Yadav, et al.

Volume 22 Issue 6 (2025)	 146� doi: 10.36922/AJWEP025120083

Table 1. Global Positioning System locations of sampling points and site descriptions
Sites Latitude Longitude Elevation 

(m)
Site description Population 

pressure
Human 
influence

Iron factory 27°37’55.7’’ 084°26’05.6’’ 182 Near buffer zone Less populated Minimal human 
activities

Royal Paint factory 27°39’09.7’’ 084°26’55.5’’ 121 Near buffer zone Moderately 
populated

Limited human 
activities

Coca‑Cola factory 27°39’36.9’’ 084°27’08.9’’ 196 North of East– 
West Highway

Densely 
populated

High human 
activities

The water samples were collected in February 
2024, before the onset of the monsoon season. On-site 
measurements included temperature, pH, dissolved 
oxygen, conductivity, and other basic parameters. 
Samples for additional analyses were collected in clean, 
sterile plastic bottles, transferred, and stored under 
refrigeration. Before collection, bottles were first rinsed 
with distilled water. Groundwater was then collected 
directly into these bottles from the sampling sites. The 
bottles were properly labeled and sealed with both inner 
and outer cover caps to prevent contamination and air 
ingress. The samples were subsequently transported to 
the SMC laboratory and stored in a refrigerator until 
analysis was carried out using standardized procedures 
and calibrated instruments. To preserve the samples 
for chemical analysis, they were stored at 4°C in pre-
cleaned plastic bottles with nitric acid (pH <2) to prevent 
metal adsorption, following American Public Health 
Association (APHA) guidelines. Microbial analysis 

was conducted within 24  h, and chemical parameters 
were analyzed within 7  days. Instruments, such as 
pH meters and spectrophotometers were calibrated 
daily. In addition, 10% of the samples were tested in 
duplicates to ensure precision, maintaining a relative 
standard deviation of <5%. Rigorous quality assurance/
quality control measures were implemented throughout 
the study. The collection, preservation, and analysis of 
groundwater samples followed the standard procedures 
established by the APHA.7,53-56

The selection of parameters was based on their 
relative importance in evaluating groundwater pollution 
potential.43 The following criteria guided the selection 
of groundwater quality parameters:

2.3.1.1. The WzHO/NDWQS regulatory criteria, along with 
health relevance
As the study focuses on the drinking water quality, 
parameters were selected based on their direct or 

Figure 2. Sewage outflow from the factories (drainage sites)
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indirect impact on human health. These were guided by 
the WHO57 and NDWQS.44

2.3.1.2. Previous publications
Selection was also informed by previous studies 
carried out in similar regions of Nepal and neighboring 
areas,17,43,49-51,58-63 which identified key indicators 
influencing groundwater quality in rural areas and peri-
urban settings.

2.3.1.3. Prevalence and local context
Parameters were chosen based on the geographical and 
anthropogenic context of Bharatpur and surrounding 
regions, including Terai and Kathmandu.39,50,51,61,64,65 
For instance, hardness is common in groundwater 
across the Terai, so it was included. Parameters, such 
as NO3

− and sulfate, were added due to potential 
agricultural contamination (from livestock and 
fertilizers). Microbiological indicators, such as E. coli 
were considered due to poor sanitation and wastewater 
management in rural areas.43

2.3.1.4. Analytical feasibility
Parameters were selected based on the availability of 
reliable testing techniques and tools, ensuring precise 
and reproducible outcomes.

By using this systematic approach, the parameters 
chosen for this study enable a comprehensive assessment 
of groundwater quality, considering both environmental 
and public health concerns specific to the industrial 
region of Bharatpur, Chitwan.

Table 2 presents the specifics of the chosen parameters 
used for the assessment of groundwater quality, along 
with their corresponding WHO guideline range.

2.3.2. Analysis of physicochemical parameters
The physicochemical properties of groundwater 
provide critical information about its quality, suitability 
for drinking, and potential sources of contamination. 
The following parameters were analyzed using standard 
methods:

2.3.2.1. Temperature
Groundwater temperature is a critical parameter that 
influences various physical, chemical, and biological 
processes.73 It was measured using a mercury 
thermometer, which was immersed in a beaker 
containing the water sample. The readings were 
recorded in a field notebook. To ensure measurement 
accuracy, the thermometer was calibrated against a 
standard thermometer of known precision.

2.3.2.2. pH
The pH of the water was determined using a digital 
pH meter. Before use, the meter was calibrated with 
standard buffer solutions at pH 4 and pH 7. The glass 
electrode was thoroughly rinsed with distilled water 
before and after each measurement, and the pH readings 
were recorded accordingly.

2.3.2.3. Electrical conductivity
Electrical conductivity was measured using a 
conductivity meter calibrated with a 0.01N potassium 

Table 2. Details of selected parameters for groundwater quality analysis with the WHO guideline ranges
No. Parameters Unit WHO guideline range References
1. Conductivity µS/cm 1,000 59,60
2. Turbidity NTU 5 54,68
3. pH ‑ 6.5–8.5 66,67
4. Nitrate (NO3

−) mg/L 50 60,69
5. Total hardness (CaCO3) mg/L 500 66
6. Phosphate (PO4

3−) mg/L 0.1–1.0 64
7. Free CO2 mg/L No prescribed limits 64,71
8. Escherichia coli CFU/100 0 49,66
9. Chloride (Cl−) mg/L 250 69
10. Total alkalinity (CaCO3) mg/L 500 70
11. Ammonia mg/L 1.5 49,64
12. Total dissolved solids mg/L 1,000 54,72
Abbreviations: CaCO3: Calcium carbonate; CFU: Colony‑forming unit; CO2: Carbon dioxide; NTU: Nephelometric turbidity unit;  
WHO: World Health Organization.
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chloride standard solution. The electrode was cleaned 
and rinsed with distilled water before and after 
immersion in the sample. Conductivity readings were 
taken once the values stabilized.

2.3.2.4. Total alkalinity
Total alkalinity, indicative of the presence of salts from 
strong bases and weak acids, was determined through 
titration. A 100 mL water sample was placed in a conical 
flask, and two drops of phenolphthalein indicator were 
added. If a pink color appeared, it indicated the presence of 
carbonates, which were titrated with 0.02 N sulfuric acid 
(H2SO4) until the color disappeared. Then, two drops of 
methyl orange indicator were added, and titration continued 
until the color changed from yellow to red, indicating the 
presence of HCO3

−. Alkalinity was calculated using the 
following formulas from Trivedi and Goel.52,64,71

PAasCaCO mg L

A Normality of  H SO

Volume of  samp

2 4

3
/ =

×

×1000×50� �
lle �

(I)

TAasCaCO mg L

B Normality of  H SO

Volume of  samp

2 4

3

1000 50
/� � �

�

� �
lle �

(II)

where A = volume of H2SO4 used with phenolphthalein 
only;

B = total volume of H2SO4 used with phenolphthalein 
and methyl orange;

PA = phenolphthalein alkalinity; and
TA = total alkalinity.

2.3.2.5. TH
TH was measured using direct complexation titration 
with ethylene diamine tetraacetic acid (EDTA), which 
has a high affinity for Ca2+ and magnesium (Mg2+) ions. 
The endpoint of the titration was marked by a color 
change from wine red to blue using Eriochrome Black 
T indicator, indicating that all Ca2+ and Mg2+ had reacted 
with EDTA.64,71

Total hardness as CaCO mg
Volume of  EDT Aused

Volume of  

3
/ L� �

�
ssample

�1000

�
(III)

2.3.2.6. Total dissolved solids
Total dissolved solids were quantified gravimetrically 
by evaporating a known volume of the water sample and 

weighing the remaining solid residue. The weight of the 
empty basin (W1) and the final weight after evaporation 
(W2) were used to calculate the TDS concentration:64,71

Amount of  dissolved solids ppm 
W W� � � �

�
( )

2 1 6

100
10 	

� (IV)

2.3.2.7. Free carbon dioxide
Free carbon dioxide (CO2) was estimated by adding 
5–10 drops of phenolphthalein to a 100  mL water 
sample. If the solution did not turn pink, indicating 
the presence of free CO2, the sample was titrated with 
0.05N sodium hydroxide (NaOH) until a persistent pink 
color was achieved. The concentration of free CO2 was 
calculated using the following formula:64,71

( ) NaOH 44 1000
×

× ×
Volume of  NaOH used
Normality of  Free CO mg L

Volume of  sample 	
� (V)

2.3.2.8. Chloride
Chloride concentration was assessed using the 
argentometric method. A 50 mL sample was mixed with 
3–4 drops of potassium chromate indicator and titrated 
with a standard silver nitrate solution until the yellow 
color changed to red, indicating the formation of silver 
chromate. The same procedure was followed for a blank 
sample using distilled water.64,71

2.3.2.9. Nitrate
Nitrate concentration was measured using a colorimetric 
method. A 10 mL water sample was mixed with 2 mL 
NaOH, followed by the addition of 10 mL H2SO4 and 
0.5 mL brucine solution. The mixture was heated in a 
water bath for 20  min, and then cooled. Absorbance 
was measured at 410  nm using a spectrophotometer 
(Spectronic 21; Milton Roy, USA. A standard calibration 
curve was prepared to quantify NO3

− concentration.74

2.3.2.10. Phosphate
Phosphate concentration was determined using the 
ammonium molybdate–stannous chloride method. 
A  50  mL water sample was mixed with 2  mL of 
ammonium molybdate and five drops of stannous 
chloride. After 10–15  min, the resulting blue color 
was measured at 690  nm using a spectrophotometer 
(Spectronic 21; Milton Roy Company, USA). Distilled 
water with the same reagents was used as a blank.52
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2.3.2.11. Ammonia
Ammonia concentration was determined using a 
colorimetric method. A  20  mL sample was mixed 
with 2  mL phenol-nitroprusside solution and 2  mL 
reagent B, and then diluted to 25  mL with distilled 
water. The mixture was kept in a dark place at 25°C 
for 1 h before measuring absorbance at 635 nm using 
a spectrophotometer. A  calibration curve was used to 
determine the NH3 concentration.

2.3.2.12. E. coli
E. coli was detected using the membrane filtration 
method. A 100 mL water sample was filtered through 
Whatman filter paper using a suction pump. The 
filter paper was then placed in a sterilized petri dish 
containing M-lauryl sulfate broth to promote bacterial 
growth. The dish was incubated at 44°C for 24 h, and 
colonies were enumerated through direct visualization 
using standardized identification techniques.64,71

2.3.3. WQI
The WQI was calculated based on drinking water 
quality standards using the weighted arithmetic method 
refined by Brown et al.74 and Shrestha et al. and Tirkey 
et al.49,75 The weighted arithmetic WQI is expressed as:

WQI � � �� �i
n

i i i
n

iWQ W1 1 � (VI)

where n = number of variables or parameters,
Wi = unit weight for the i-th parameter,
Qi  = quality rating (sub-index) of the i-th water quality 

parameter.
The unit weight (Wi) for each water quality parameter is 

inversely proportional to its recommended standard value.

Wi = K/Sn� (VII)

where, Wi = unit weight for the i-th parameter,
Sn = standard permissible value for the i-th parameter,
K = proportional constant.

The value of K is taken as “1” here and calculated 
using the following equation:49,75

K = 1∕∑(1⁄Sn)� (VIII)

The quality rating or sub-index (Qi) is determined by 
Shrestha et al., Brown et al. and Tirkey et al.:49,74,75

Qi = 100 [(V0 − Vi)⁄(Sn − Vi)]� (IX)

where Vo = observed value of the i-th parameter at a 
given sampling site,

Vi = ideal value of the i-th parameter in pure water,
Sn = standard permissible value of the i-th parameter.

For drinking water, the ideal values (Vi) are 
considered zero for all parameters except pH and 
dissolved oxygen.56 The ideal pH value is 7.0 (for 
pure water), with a permissible upper limit of 8.5 (for 
polluted water). For dissolved oxygen, the ideal value 
is 14.6 mg/L, and the permissible minimum is 5 mg/L. 
Therefore, the quality rating for pH is calculated as:49,74-76

QpH = 100[(VpH−7.0)⁄(8.5−7.0)]� (X)

where, VpH = observed pH value.
If Qi = 0, it indicates the complete absence of 

contaminants. A  value of 0 < Qi < 100 suggests that 
contaminants are within acceptable limits, while Qi > 
100 indicates that contaminants exceed the standard 
thresholds.

2.3.4. Data analysis
The collected data were analyzed using MS Excel 2010. 
Statistical analysis included the calculation of mean, 
median, and standard deviation. The concentrations 
of the measured parameters were expressed in mg/L, 
equivalent to ppm.

3. Results and discussion

3.1. Result of physicochemical parameters
The detailed results of the physicochemical and 
biological parameters, along with their variations across 
different sampling sites, are presented in this section.

3.1.1. Temperature
The analysis revealed that groundwater temperatures 
across the sampled sites ranged from 21°C to 23°C, with 
an average temperature of 22.0°C. Figure 3 illustrates 
the temperature variations across the study sites. The 
highest average temperature was observed near the IF 
at 22.3°C, while the lowest was recorded near the CF 
at 21.8°C.

Although not specifically regulated by the WHO 
or NDWQS, temperature affects various water quality 
parameters, including gas solubility and biological 
activity. Groundwater tends to be more thermally 
stable compared to surface water due to insulation by 
surrounding soil and rock layers. Temperature variations 
in groundwater are typically minimal but can influence 
chemical reactions and microbial processes.77,78 For 
instance, higher temperatures may accelerate chemical 
reactions and microbial growth, potentially increasing 
levels of contaminants.79 In this context, the observed 
temperature range appears stable and is unlikely to 
significantly affect water quality.

https://dx.doi.org/10.36922/AJWEP025120083


Yadav, et al.

Volume 22 Issue 6 (2025)	 150� doi: 10.36922/AJWEP025120083

Figure  3. Variation of water temperature in the 
groundwater of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.

3.1.2. pH
The pH, which reflects hydrogen ion concentration, 
indicates the acidity or alkalinity of water. Pure 
water has a neutral pH, serving as a baseline for pH 
measurements. In this study, average pH values were 
7.5 near the IF, 7.2 near the RPF, and 7.3 near the CF. 
Figure 4 shows that pH was slightly higher around the 
IF and lower near the RPF. Overall, pH ranged from 7.0 
(Sample G) to 7.9 (Sample B), indicating mildly basic 
conditions.

These values fall within the WHO and NDWQS 
recommended range of 6.5–8.5. A  near-neutral pH 
is generally optimal for drinking water as it reduces 
corrosion and scaling in plumbing, ensures chemical 
stability,57,80 and minimizes the solubility of toxic 
metals.78 pH is influenced by the equilibrium among CO2, 
HCO3

−, and carbonate ions (CO3
2−) and may be altered 

by industrial effluents, domestic sewage discharge, and 
atmospheric deposition of acidic compounds.

The observed values suggest that the groundwater 
is chemically balanced and suitable for consumption. 
pH is a critical parameter in assessing water quality, as 
it affects the solubility and toxicity of contaminants.57 
Recent research highlights that maintaining pH within 
the recommended range is essential for ensuring safe 
water. For instance, Prest et al.77 emphasize how 
pH variations can impact the effectiveness of water 
treatment processes and the stability of disinfectants.

3.1.3. Electrical conductivity
Electrical conductivity refers to the ability of an aqueous 
solution to conduct electricity81-84 and is influenced by 

the concentration, mobility, and valence of dissolved 
ions, as well as temperature. Electrolytes dissociate into 
positive and negative ions in solution, contributing to 
conductivity.

The study found average electrical conductivity 
values of 280 µS/cm at the IF, 490 µS/cm at the RPF, and 
601 µS/cm at the CF (Figure 5). Electrical conductivity 
ranged from a minimum of 203 µS/cm (Sample B) to 
a maximum of 994 µS/cm (Sample K) at the IF and 
CF, respectively. The overall mean EC for all sites was 
456.5 µS/cm, with a median of 420 µS/cm —well below 
the WHO and NDWQS limit of 1500 µS/cm. Conductivity 
is a key indicator of the ionic content in water, reflecting 
concentrations of dissolved salts and minerals, which can 
affect taste and treatment efficiency.83,84 The observed 
electrical conductivity levels are acceptable and indicate 
that the groundwater is not excessively mineralized.

Although high conductivity can suggest increased 
salinity or pollution, the measured values fall within 
typical groundwater ranges. Recent studies5,54,80,85 have 
confirmed that groundwater with moderate conductivity 
is generally safe for consumption, though higher values 
may influence taste and require treatment.

3.1.4. Total alkalinity
The analysis of water samples revealed that the average 
alkalinity values were 62 mg/L at the IF, 104 mg/L at the 
RPF, and 137 mg/L at the CF, as illustrated in Figure 6.

The alkalinity across the groundwater samples 
ranged from a maximum of 215 mg/L (Sample K at CF) 

Figure  4. Variation of pH in the groundwater of 
Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.
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to a minimum of 53 mg/L (Sample Cat IF). Naturally, 
less polluted water tends to be more alkaline than acidic. 
Alkalinity is a reliable indicator of the presence of 
dissolved inorganic carbon, such as HCO3

− and CO3
2−. 

Although not specifically regulated by the WHO or 
NDWQS, alkalinity is important for buffering capacity 
and pH stability. Higher alkalinity levels help maintain 
a stable pH and mitigate acidification.80,86 Previous 

investigations11,87-89 have shown that adequate alkalinity 
prevents corrosive water conditions and supports 
the effectiveness of water treatment processes.90 
The observed values indicate a sufficient buffering 
capacity in the groundwater, supporting its stability and 
suitability for drinking.

3.1.5. TH
The average TH measured at the IF, RPF, and CF was 
137  mg/L, 221  mg/L, and 276  mg/L, respectively, as 
shown in Figure 7. The TH ranged between 99 mg/L and 
405 mg/L, with the highest value recorded at 405 mg/L 
in Sample K near the CF and the lowest hardness at 
99 mg/L in Sample C near the IF.

Water hardness traditionally refers to how well 
water reacts with soap, with hard water requiring a 
large amount of soap to form a lather. Hardness is 
primarily caused by divalent cations, including Ca2+, 
Mg2+, and other alkaline earth metals, such as iron, 
manganese, and strontium. These values are below 
the WHO and NDWQS guideline of <500 mg/L. TH, 
mainly due to Ca2+ and Mg2+ ions, can affect water’s 
suitability for various uses.50,60,90,91 Recent research 
highlights that while hard water generally does not 
pose a health risk, it can impact household appliances 
and plumbing. Previous studies66,69,92,93 found that 
water hardness above 300  mg/L can lead to scaling 
in boilers, making it unsuitable for industrial usage 
and reducing efficiency in water heaters and other 
appliances. The observed hardness levels indicate 
moderate hardness, which is typical for many 
groundwater sources.

3.1.6. Total dissolved solids
The average TDS in groundwater samples collected 
from the IF, RPF, and CF were 225 mg/L, 125 mg/L, 
and 175  mg/L, respectively, as depicted in Figure  8. 
Samples from the IF exhibited the highest average TDS 
levels. Overall, TDS values ranged from 0 to 400 mg/L 
across all samples.

Substances that pass through filter paper but remain 
as residue when water evaporates include dissolved 
minerals and salts, as well as organic compounds, 
such as humic substances and tannins. All measured 
TDS values are within the WHO and NDWQS limit 
of <1000  mg/L. TDS is a measure of all dissolved 
substances in water and affects both water quality 
and taste.57,66,80 The observed levels are acceptable for 
drinking water and suggest that the groundwater is 
relatively low in dissolved solids, which is desirable for 
maintaining water quality and taste.

Figure 5. Variation of electrical conductivity in the 
groundwater of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.

Figure  6. Variation of total alkalinity in the 
groundwater of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.
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According to recent research, lower TDS levels 
generally correlate with better water quality and 
palatability. Previous studies43,94,95 found that water with 
TDS levels below 500  mg/L is typically considered 
acceptable for drinking and irrigation purposes. The 
observed TDS levels suggest that the groundwater 
is low in dissolved solids and should be suitable for 
drinking.

3.1.7. Free carbon dioxide
The average concentrations of free CO2 in groundwater 
samples were 36  mg/L at IF, 49  mg/L at RPF, and 
63 mg/L at CF, as illustrated in Figure 9. CF showed the 
highest average free CO2 levels, followed by RPF, while 
IF had the lowest. The concentration of free CO2 ranged 
from a minimum of 28.6 mg/L at IF to a maximum of 
89.1  mg/L at CF, with Sample B from IF having the 
highest concentration and Sample K from CF the lowest.

The primary sources of free CO2 in water bodies are 
respiration and decomposition by aquatic organisms. 
CO2 reacts with water to partially form calcium 
bicarbonate; in the absence of HCO3

−, it can convert 
into CO3

2−, releasing additional CO2. High levels of free 
CO2 can contribute to the formation of carbonic acid, 
affecting the pH and corrosiveness of water. Although 
the WHO and NDWQS do not specify limits for CO2, 
its concentration is crucial for understanding water 
chemistry. Regular monitoring is essential to assess its 
impact on water chemistry and infrastructure. Recent 
studies by Khadka and Khanal71 and Budhathoki64 
highlight that elevated free CO2 levels can indicate 
high natural acidity or anthropogenic influences, such 
as contamination from organic waste. The observed 
CO2 levels suggest a moderate presence, which is not 
likely to cause immediate concern but warrants ongoing 
monitoring.64,71

3.1.8. Chloride
Chloride concentrations were highest around CF at 
68 mg/L, lowest around IF at 50 mg/L, and moderate 
around RPF at 61  mg/L, as shown in Figure  10. Cl− 
levels ranged from a minimum of 22.7 mg/L in Sample 
B to a maximum of 142.2 mg/L in Sample K. The WHO 
and NDWQS guideline for Cl− in drinking water is 
<250 mg/L, indicating that the observed levels are well 
within safe limits.

Elevated Cl− levels can render water unpleasant 
and unsuitable for drinking or watering livestock. Cl−, 
a common anion in wastewater, serves as a useful 
indicator of pollution sources. High Cl− concentrations 
can also damage metal pipes and structures and 
adversely affect agricultural plants. High Cl− levels 
can affect taste and contribute to corrosion.57 They 
may also indicate pollution sources, such as road 
salts or industrial discharges. The observed levels 
are acceptable for drinking water and do not suggest 
significant contamination.

Previous studies61,67,96,97 show that while Cl− is not 
typically harmful at these concentrations, elevated 

Figure  7. Variation of total hardness in the 
groundwater of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.

Figure  8. Variation of TDS in the groundwater of 
Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory; TDS: Total dissolved solids.
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levels could indicate pollution or saltwater intrusion, 
especially in coastal areas. The observed Cl− levels are 
typical for many groundwater sources and suggest no 
significant immediate concerns.6,42,98

3.1.9. Nitrate
The average NO3

− concentrations in groundwater 
samples collected from IF, RPF, and CF were 32 mg/L, 
39  mg/L, and 42  mg/L, respectively, as illustrated 
in Figure  11. CF exhibited the highest average 

NO3
− concentration. The NO3

− levels ranged from a 
minimum of 23.3 mg/L in Sample A to a maximum of 
45.8 mg/L in Sample K. These NO3

− levels are below 
the WHO and NDWQS guideline of 50 mg/L, indicating 
that NO3

− concentrations are generally within safe limits 
for drinking water. However, the levels are relatively 
high compared to those in other groundwater sources, 
which can be a concern as they may contribute to 
eutrophication and impact water quality. The variability 
suggests the influence of agricultural runoff or other 
NO3

− sources.
Nitrate contamination in groundwater is often linked 

to agricultural activities, particularly the use of synthetic 
fertilizers and manure.64,71,99 Natural sources of NO3

− 
include igneous rocks, domestic sewage, land drainage, 
and the growth and decay of plants. The typical natural 
concentration of NO3

− is 0.1  ppm, but this level can 
increase due to sewage, industrial effluents, and NO3

− 
fertilizers. High NO3

− levels can lead to conditions, 
such as methemoglobinemia (blue baby syndrome) in 
infants, where the ability of blood to carry oxygen is 
reduced.1,60,96,99,100

Previous studies54,89,93,96,99,101,102 have shown that 
elevated NO3

− levels are prevalent in areas with 
intensive agriculture and can pose long-term risks 
to water quality and human health. The NO3

− levels 
observed in this study suggest that while they are within 
the recommended limits, ongoing monitoring and 
management practices are crucial to prevent potential 
increases in contamination.

Figure 9. Variation of free CO2 in the groundwater 
of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory; CO2: Carbon dioxide.

Figure 10. Variation of chloride in the groundwater 
of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.

Figure 11. Variation of nitrate in the groundwater of 
Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.
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3.1.10. Phosphate
The average PO4

3− concentration was highest around 
RPF, at 7.8 mg/L, and lowest around CF at 6.2 mg/L. The 
concentration of PO4

3− at IF was found to be 6.4 mg/L, 
as shown in Figure  12. Overall, PO4

3− concentrations 
varied between 4.3 mg/L (minimum) in Sample E and 
9.8 mg/L (maximum) in Samples F and K.

Although there are no specific WHO or NDWQS 
guidelines for PO4

3−, these levels are generally acceptable 
for groundwater. High PO4

3− concentrations can contribute 
to the eutrophication of water bodies and promote algal 
blooms if the water is used in surface water bodies or for 
irrigation. The observed levels are within a typical range 
and do not pose immediate health risks.2,60,93

Recent research2,69,87,103,104 highlights that while 
moderate levels of PO4

3− are generally not a health risk, 
high concentrations can lead to environmental concerns 
and impact water quality. In natural water and wastewater, 
phosphorus is present as orthophosphates, polyphosphates, 
and organically bound PO4

3−. Orthophosphates, often 
used as fertilizers on agricultural land, can enter water 
bodies through runoff and percolation. The PO4

3− levels 
observed in this study are within a typical range for 
groundwater, but should be monitored to prevent potential 
environmental impacts.2,60,93

3.1.11. Ammonia
The NH3 concentrations in groundwater samples were 
highest around the CF at 11.7 mg/L, moderate around 
IF at 8.1 mg/L, and lowest around RPF at 8.0 mg/L, as 

depicted in Figure 13. The NH3 concentrations ranged 
from a minimum of 7.0 mg/L in Sample I to a maximum 
of 19.5 mg/L in Sample L, both from the same site. The 
average NH3 concentration was 9.3 mg/L, with a median 
value of 8.1 mg/L. Both WHO and NDWQS recommend 
a maximum of 1.5  mg/L for NH3, indicating that the 
observed levels are significantly higher. Elevated NH3 
levels can be indicative of pollution from agricultural 
runoff or wastewater discharge and pose health risks, 
including toxicity to aquatic life and potential impacts 
on water taste and odor. Immediate remediation and 
monitoring are recommended to address potential 
sources of contamination.49,105

Recent studies49,43,64,103,105 confirm that high NH3 
concentrations are often linked to agricultural and industrial 
sources, highlighting the need for targeted pollution 
control measures. The high levels observed in this study 
suggest that immediate action may be needed to address 
potential contamination sources and ensure water safety. 
One possible reason for the higher NH3 concentrations 
may be the presence of industries and agricultural areas.

3.1.12. Microbiological parameter
The enumeration of E. coli colonies in the water samples, 
determined using the membrane filtration method and 
direct visualization, ranged from 0 to 9 colonies/100 mL 
sample. The average colony count was 4.3 per sample 
at the CF, 2.5 per sample at the IF, and 1.4 per sample 
at the RPF, as illustrated in Figure 14. The overall mean 
colony count across all samples was 2.8.

Figure 12. Variation of phosphate in the groundwater 
of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal Paint factory.

Figure 13. Variation of ammonia in the groundwater 
of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal paint factory.
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Figure  14. Variation of Escherichia coli in the 
groundwater of Bharatpur
Abbreviations: CF: Coca-Cola factory; IF: Iron factory; 
RPF: Royal paint factory.

Out of 12  samples, one-third—that is, Samples A, 
C, E, and G—from sites IF and RPF contained zero 
colonies per 100  mL of sample water. However, all 
other samples—B, D, F, H, I, J, K, and L—contained 
1, 9, 1, 6, 3, 7, 2, and 5 colonies per 100 mL of water, 
respectively. All four samples from site CF exceeded the 
permissible limit of drinking water quality (Figure 15).

E. coli is a key indicator of fecal contamination 
and the presence of pathogenic microorganisms in 
water. Both WHO48 and NDWQS44 set a standard of 0 
colonies/100 mL for drinking water, indicating that the 
presence of E. coli at any detectable level is a concern.

The presence of E. coli in groundwater suggests 
potential contamination from animal waste, 
inadequate sewage treatment, or other sources of fecal 
pollution.106 Even low levels of E. coli indicate a risk 
of exposure to harmful pathogens, which can cause 
gastrointestinal illnesses and other health problems. 
Recent studies49,89,106,107 emphasize the importance of 
maintaining zero E. coli levels in drinking water to 
ensure safety. They also highlight that even low levels 
of E. coli can pose health risks, particularly in areas 
with poor sanitation infrastructure. From this study, the 
presence of E. coli might be due to animal waste, leakage 
from septic tanks, or improper sewage treatment from 
industrial areas.106 Therefore, despite the relatively low 
mean concentration observed, it is crucial to address the 
sources of contamination and implement effective water 
treatment and sanitation practices.

3.2. WQI
The results of the WQI, as referenced in the 
literature,60,74,108,109 are presented in Table 3.

The calculated WQI values ranged from 560 to 663. 
Analysis of these WQI values indicates that none of the 
sampling sites fall into the categories of excellent, good, 
poor, or even very poor quality. Instead, all samples 
from the sites were classified as 100% unsuitable for 
drinking. This finding suggests that the groundwater in 
the Gondrang area, located near industrial activities in 
Chitwan, Nepal, does not meet the WHO standards for 
potable water.

The WQI values110-112 calculated in this study range 
from 560 to 663 (Tables S1, S2, and S3), indicating 
that all samples from the selected sites are deemed 
unsuitable for drinking. Detailed physicochemical 
and microbiological parameters of water samples 
from different sites are given in Table S4. This finding 
contrasts with the results reported by Ram et al.,76 
who observed WQI values between 4.75 and 115.93. 
Their study suggested that groundwater in their area 
was generally safe for consumption, except for a few 
sites in the Charkhari and Jaitpur blocks. Das et al. and 
Das and Choudhary59,60 reported WQI values ranging 
from 84.54 to 403.14, noting that elevated WQI 
values were attributed to higher levels of turbidity, 
free CO2, and arsenic. That study emphasized the 
need for groundwater treatment and protection against 
contamination.

Comparatively, the WQI values obtained in this study 
are substantially higher than those reported by both Ram 
et al.76 and Das et al. and Das and Choudhary.59,60 The 
WQI values from Das et al. are closer to our obtained 
values, whereas those reported by Ram et al. are much 
lower. The elevated WQI values observed in the present 
study are primarily due to higher concentrations of NH3, 
PO4

3−, and free CO2.

Figure  15. Result of microbiological analysis for 
samples from the Coca-Cola factory. (A) E. Coli. 
colony formation in agar (B) Total Coliform in 
sample water.
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3.3. Statistical analysis
All 12 samples from three sites, values were analyzed 
using descriptive statistics. Maximum, minimum, mean, 
median, standard deviation, and range were calculated 
from the observed values. The standard deviation 
indicates the spread of values from the mean, while 
the median represents the middle value. The calculated 
standard deviation and range are presented in Table 4.

3.3.1. Comparison of parameters with water quality 
standards
The observed values of all parameters were compared 
with NDWQS, WHO, and Irrigation Water Quality 
Standards. From this comparison (Table 5), the average 
pH, conductivity, TDS, TH, total alkalinity, and Cl− 
concentrations were found below the specified limits 
of both NDWQS and WHO. The concentration of 
NO3

− was found below the NDWQS value but above 
the recommended standard of the WHO. Parameters, 
such as free CO2, NH3, and PO4

3− exceeded the standard 
value of the WHO guidelines.

3.3.2. Discussion of physicochemical parameters
Water is a vital resource for all living organisms, and 
its management influences environmental, economic, 
and social aspects. This study examined the physical, 
chemical, and microbiological characteristics 
of groundwater to assess its quality. The results 
(Tables S1-S4) highlight differences in groundwater 
quality at three distinct sites within the study area based 
on the evaluated physicochemical parameters.

3.3.3. Statistical analysis of water quality parameters
Using Statistical Package for the Social Sciences 
(SPSS) software, the correlation coefficient values 
(r) were determined for each set of water quality 
measurements. The following formula was used to 
calculate the correlation coefficient (r) between two 
variables, X and Y:66
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Table 4. Maximum, minimum, mean, median, standard deviation, and range of measured parameters
Parameters Minimum Maximum Mean Median SD Range
Temperature (°C) 21 23 22.0 22 0.7 21–23
pH 7.0 7.9 7.3 7.3 0.3 7.0–7.9
Conductivity (µs/cm) 203 994 456.5 420 222 203–994
TDS (mg/L) 0 400 175 200 154.5 0–400
Total hardness (mg/L) 99 405 211.2 208 82.3 99–405
Total alkalinity (mg/L) 53 215 101.2 98 44.7 53–215
Free CO2 (mg/L) 28.6 89.1 49.5 45.1 17.3 28.6–89.1
Chloride (mg/L) 22.7 142.2 60 48.4 38.1 22.7–142.2
Phosphate (mg/L) 4.25 9.8 6.8 6.8 1.8 4.3–9.8
Ammonia (mg/L) 7.0 19.5 9.3 8.1 3.4 7.0–19.5
Nitrate (mg/L) 23.3 45.8 37.8 40 7.8 23.3–45.8
Escherichia coli (colonies/100 mL) 0 9 2.8 1.5 3.2 0–9
Abbreviations: CO2: Carbon dioxide; TDS: Total dissolved solids.

Table 3. Comparison of WQI standard values with observed values60,74,108,109

Category of water WQI range Percentage of samples Sample sites Class
Very good water 0–25 0 ‑ A
Good water 26–50 0 ‑ B
Poor water 51–75 0 ‑ C
Very poor water 76–100 0 ‑ D
Unsuitable for drinking >100 100 IF, RPF, CF E
Abbreviations: CF: Coca‑Cola factory; IF: Iron factory; RPF: Royal Paint factory; WQI: Water quality index.
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A strong association between two variables, X and 
Y, is indicated if their correlation coefficient (r) is 
relatively large. The linear equation of the form y = Ax 
+ B becomes valid under such conditions.66

Traditional graphs used to display groundwater 
quality data may not adequately illustrate the true 
relationships between variables, especially when 
multiple parameters are involved. Given that each 
parameter falls into a distinct quality class, analyzing 
them individually becomes complex when additional 
parameters are introduced into the evaluation. This 
makes interpreting the results challenging. Accurately 
analyzing the type and extent of water pollution thus 
becomes difficult and complicated.113 Correlation 
analysis is a widely used and effective statistical 
method for studying water quality, as it reveals which 
properties influence water chemistry. It demonstrates 
the relationships between the variables. Two variables 
are said to be positively correlated if an increase in 
one causes an increase in the other, and negatively 
correlated if an increase in one results in a decrease in 
the other. The correlation coefficient (r) ranges from +1 
to −1.92 According to Das et al. and Das and Das,92,114 
correlation is considered weak if its magnitude lies 
in the range 0.0 ± 0.5, moderate if it lies between 
±0.5 and ±0.8, and very strong if it lies between ±0.8 
and ±1.0.66,114 Equation XI was used to calculate the 
correlation coefficient. The interaction mode of the 
parameters was further examined using regression 
analysis. Linear regression can be applied to determine 
the relationships between parameters.92

To identify the most significant groundwater quality 
parameters and their relationships with other relevant factors, 
a correlation matrix analysis was conducted. To describe the 
type and strength of relationships among highly correlated 
characteristics, the concentrations of dependent parameters 
were plotted against independent variables. SPSS was 
used to perform regression analysis between parameters 
with strong correlations (Figures 16 and S1-S10). Table 6 
presents the Pearson correlation (P. correlation) coefficient 
values for 12 parameters.

3.3.4. Correlation results
The groundwater datasets are complex and contain 
various variables. This complexity highlights 
the importance of developing sustainable water 
management plans and solutions. Correlation and 
regression analyses simplify these datasets by 
emphasizing the most important factors, making the 
data more accessible to scientists, decision-makers, 
and the general public.96 As such, regression and 
correlation are essential methods for analyzing 
groundwater quality, helping to identify patterns, 
predict trends, and demonstrate relationships among 
various WQIs. Another advantage of correlation 
analysis is that it measures the strength and direction 
of the linear relationship between two parameters. For 
instance, if conductivity and NO3

− levels are positively 
correlated, this could indicate that NO3

− contamination 
is associated with higher salinity. Regression analysis 
builds upon correlation by also offering a predictive 
equation. This allows for the simulation of how 

Table 5. Comparison of observed parameters with water quality standards
Parameters IF RPF CF NDWQS WHO
Temperature (°C) 22.3 22.0 21.8 ‑ ‑
pH 7.5 7.2 7.3 6.5–8.5 6.5–8.5
Conductivity (µs/cm) 280 490 601 1500 1500
TDS (mg/L) 225 125 175 1000 1000
Total hardness (mg/L) 137 221 276 500 300
Total alkalinity (mg/L) 62 104 137 ‑ ‑
Free CO2 (mg/L) 36 49 63 ‑ ‑
Chloride (mg/L) 50 61 68 250 250
Phosphate (mg/L) 6.4 7.8 6.2 ‑ ‑
Ammonia (mg/L) 8.1 8.0 11.7 1.5 1.5
Nitrate (mg/L) 32 39 42 50 10
Escherichia coli (colonies/100 mL) 2.5 1.4 4.3 0 0
Abbreviations: CF: Coca‑cola factory; CO2: Carbon dioxide; IF: Iron factory; NDWQS: Nepal Drinking Water Quality Standard;  
RPF: Royal Paint Factory; TDS: Total dissolved solids; WHO: World Health Organization.

https://dx.doi.org/10.36922/AJWEP025120083


Yadav, et al.

Volume 22 Issue 6 (2025)	 158� doi: 10.36922/AJWEP025120083

Figure 16. Regression plot of conductivity versus TDS
Abbreviation: Max dev: Maximum deviation; 
TDS: Total dissolved solids.

one water quality variable (e.g., TDS) responds to 
changes in another (e.g., Cl− concentration).43,54,85,115-121 
Perfect positive and negative linear relationships are 
indicated by correlation coefficient values close to +1 
and −1, respectively, while a value of 0 denotes no 
linear relationship. Strong correlations are typically 
represented by P. correlation values near +1 or −1, 
as shown in Table  6. The statistical significance 
of a correlation is determined by its significance 
(Sig. [2-tailed]) value—a value <0.05 indicates 
significance at the 5% level, while a value <0.01 
denotes significance at the 1% level. Asterisks indicate 
statistically significant correlations (*at the 0.05 level; 
**at the 0.01 level).

Regression and correlation analysis not only allow 
the interpretation of groundwater quality data but 
also help relate observed patterns to hydrogeological 
processes. These methods are valuable for describing 
the groundwater system and providing insights into 
its behavior. The simple correlation coefficient (r) 
quantifies the degree of linearity between any two 
water quality measures.54,85,115-120 Table  6 presents the 
significance levels (2-tailed) and correlation matrix for 
several key water quality parameters.

The following important findings are derived from 
the statistical analysis (Table  6). Conductivity was 
strongly positively correlated with TDS (r = 0.924, 
p=0.025), significant at the 0.05 level. This high 
correlation is expected, as TDS comprises charged ions 
that contribute to electrical conductivity. In addition, 
conductivity was significantly positively correlated at 
the 0.01 level with TH (r = 0.990, p=0.001), indicating 

that increased dissolved minerals (ions) contribute to 
both parameters. The correlation between conductivity 
and total alkalinity was also strong (r = 0.997, p=0.000), 
likely due to the presence of CO3

2− and HCO3
−, which 

contribute to both alkalinity and conductivity. A strong 
positive correlation was observed between conductivity 
and free CO2 (r = 0.980, p=0.003), signifying that CO2 
dissolution increases ion concentration, thus enhancing 
conductivity through the formation of carbonic acid 
or HCO3

−. Moreover, Cl− showed a strong positive 
correlation with conductivity (r = 0.989, p=0.001), 
consistent with the fact that Cl− is highly conductive 
in water. Similarly, a significant correlation existed 
between conductivity and NH₃ (r = 0.971, p=0.006), 
showing that NH3 increases conductivity by forming 
ammonium ions (NH4

+) in water. A positive correlation 
between conductivity and PO4

3− (r = 0.891, p=0.042) 
indicates that PO4

3− also contributes to conductivity. 
In addition, conductivity was positively correlated 
with E. coli (r = 0.911, p=0.032), implying that E. coli 
presence may be associated with increased organic 
and inorganic dissolved substances, thus influencing 
conductivity.

TH showed an almost perfect positive correlation, 
significant at the 0.01 level, with alkalinity (r = 0.995, 
p=0.000), indicating that both parameters are influenced 
by dissolved minerals, such as calcium, magnesium, and 
carbonates, which explains their strong relationship. 
Furthermore, a very strong positive correlation was 
observed between TH and free CO2, significant at the 
0.01 level (r = 0.994, p=0.001), suggesting that CO2 
dissolution in water affects hardness, possibly through 
precipitation or dissolution of carbonate compounds. 
In addition, TH showed a strong correlation with NH3 
(r = 0.969, p=0.007). The presence of NH3 correlates 
with hardness, likely due to NH3 forming complex 
compounds with dissolved minerals. In addition, total 
alkalinity showed a very strong positive correlation, 
significant at the 0.01 level, with free CO2 (r = 0.990, 
p=0.001), indicating that alkalinity and free CO2 are 
chemically linked through the carbonate buffer system. 
Total alkalinity also showed a strong correlation 
with NH3 (r = 0.981, p=0.003), suggesting a possible 
interaction between NH3 and alkalinity parameters, 
likely due to NH3’s effect on pH and carbonate 
equilibrium. Moreover, Cl− and E. coli demonstrated 
a strong positive correlation, significant at the 0.01 
level (r = 0.961, p=0.009), indicating a potentially 
concerning relationship. High Cl− levels may signal 
contamination sources (e.g., sewage or industrial waste) 
that also contribute to E. Coli presence. E. coli is a fecal 
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indicator, and its correlation with Cl⁻ suggests sewage 
leakage or wastewater infiltration into groundwater.87,89 
Therefore, while Cl⁻ is not a direct contaminant, its 
association with E. coli implies co-contamination 
from organic waste. PO4

3− and NO3
− showed a very 

strong positive correlation, significant at the 0.01 
level (r = 0.970), indicating that both nutrients often 
originate from similar sources (e.g., agricultural runoff 
or wastewater). Furthermore, pH and NO3

− displayed 
a moderate positive correlation, significant at the 0.05 
level (r = 0.886, p=0.045), implying that higher NO3

− 
levels may be associated with higher pH, possibly due 
to the presence of alkaline substances or their effect on 
the buffering capacity of water. Free CO2 demonstrated 
a strong correlation with NH3 (r = 0.985, p=0.002), 
suggesting that NH3 levels may be influenced by CO2 
levels, likely through pH shifts affecting the NH4

+/NH3 
equilibrium. Free CO2 also showed a strong positive 
correlation with Cl⁻ (r = 0.944, p=0.016), possibly 
indicating a shared source, such as industrial pollution 
or waste discharge. A strong correlation was also found 
between Cl⁻ and NH3 (r = 0.945, p=0.015), suggesting 
a link between Cl− and NH3 levels, potentially from 
human or animal waste or fertilizer application. 
Similarly, TDS and E. Coli showed a strong positive 
correlation (r = 0.928, p=0.023), indicating that high 
levels of dissolved solids are associated with microbial 
contamination, likely due to the presence of organic 
matter. Meanwhile, TH  and  E. coli demonstrated a 
moderate correlation (r = 0.847, p=0.070), suggesting 
a potential link between water hardness and bacterial 
presence. Some parameters exhibited low correlation 
(r < 0.5), indicating minimal or no relationship—for 
example, pH and E. coli (r = 0.117, p=0.851), suggesting 
no direct link between pH and microbial contamination. 
Similarly, pH and PO4

3− (r = 0.823, p=0.087) 
demonstrated a moderate but not statistically significant 
correlation. Similarly, NO3

− and E. Coli showed a weak 
correlation (r = 0.440, p=0.459), suggesting that NO3

− 
levels alone do not significantly influence the presence 
of E. coli.

Conductivity was highly correlated with nearly 
all other parameters, especially TH, total alkalinity, 
free CO2, and Cl−, indicating that dissolved minerals 
significantly influence water chemistry. This suggests 
that conductivity is a good indicator of overall water 
quality, as it reflects the concentration of dissolved 
ions. TH and total alkalinity are almost perfectly 
correlated, reinforcing the idea that they are influenced 
by similar factors (e.g., dissolved CO3

2− and HCO3
−). 

E. coli showed strong positive correlations with 

Cl− and conductivity, indicating contamination likely 
linked to human, animal, or industrial waste, as both 
are associated with sewage inputs. Importantly, no 
strongly negative correlations were observed in the 
dataset. The findings align with previously reported 
statistical evaluations of groundwater quality in the 
literature.2,54,66,85,88,89,96,115,117-119,121,122

There was a strong and favorable correlation between 
F− and sulfate, as reported by Dobaradaran et al.123 
However, a negative correlation between NO3

− and pH 
and sulfate was observed. Memon et al.66 also computed 
correlation coefficients among various parameters, 
showing less significant correlations between them. 
A linear regression equation was developed to predict 
the concentration of elements influencing water quality. 
There was a very strong positive correlation, ranging 
between 1% and 5%, across many parameters. The results 
for sulfate (0.994), Cl− (0.988), and TH (0.969) were 
deemed significant using the conventional significance 
criterion (0.05). However, there were no appreciable 
changes in overall water quality.66 Mumtaz et al.54 
collected groundwater samples to determine the WQI 
and measured the levels of water quality parameters that 
exceeded standard limits. As these districts do not meet 
APHA standards, they are considered unfit for human 
consumption according to the WQI scale. However, 
neither arsenic nor total suspended solids were detected 
in any of the samples.54 To assess the present state 
of groundwater quality, Ashfaq and Ahmad70 also 
evaluated groundwater characteristics in Agra city, 
including pH, Cl−, turbidity, TDS, TH, and alkalinity. 
As a result, the correlation and regression analyses by 
identifying the most influential variables and measuring 
the strength and direction of their linear relationships 
helped simplify and better interpret the complexity of 
groundwater quality variations. The statistical study 
revealed a substantial positive association between 
conductivity and TDS, alkalinity, hardness, free CO2, 
NH3, and PO4

3−. There was a modest correlation between 
TH and PO4

3−, and a strong positive correlation between 
TH and total alkalinity, CO2, and NH3. Regression 
analysis using a first-degree linear equation further 
validated the correlations among the aforementioned 
water quality metrics.

In 2024, Das et al.113 carried out more sophisticated 
research by examining and monitoring groundwater 
pollution in coastal areas using state-of-the-art 
technologies, including PCA and factor analysis (FA), 
multiple linear regression (MLR), and the ground-
WQI (GWQI). By using these advanced methods over 
conventional approaches, complicated analytical tasks 
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were further simplified.113 Eight groundwater quality 
parameters were evaluated in this study. PCA/FA 
identified three principal components that explained 
nearly 81% of the total variation. Based on GWQI 
results, approximately 13% of the samples were 
categorized as “awful” to “extremely poor,” while 
87% were classified as “good.” A model incorporating 
turbidity, iron, electrical conductivity, manganese, TH, 
and Cl− as independent variables was proposed as a 
more realistic predictor of GWQI, based on the MLR 
analysis. Furthermore, our MLR model demonstrated 
that turbidity, with the highest beta coefficient (0.820), 
was the most substantial contributor to groundwater 
quality in the affected area.

3.3.5. Regression analysis
A simple linear regression analysis was conducted using 
SPSS software, with temperature as the dependent 
variable and the other components as independent 
variables. Among all the parameters considered, the 
effects of total alkalinity, conductivity, TDS, PO4

3−, 
and TH were found to be significant at the standard 
significance level (0.05). However, these parameters 
failed to sufficiently explain fluctuations in the dependent 
variable, as evidenced by the adjusted r2 values, which 
were observed to be moderate to very low in many 
cases. The correlations between these parameter pairs 
are graphically displayed in the regression charts below 
(Figure 16). The r2 value provides information on the 
goodness of fit, with values closer to 1 denoting a better 
fit, while the slope indicates the direction and strength 
of the relationship.

3.3.5.1. Conductivity versus total dissolved solids
The regression line equation: y = 0.633x + 0.394 
(maximum deviation = 0.103, r2 = 0.880) was obtained 
by plotting conductivity against TDS, as shown in 
Figure 16. The regression analysis revealed a strong, 
statistically significant, positive linear relationship, 
as indicated by the high r2 value (0.880). This 
equation suggests that for every unit increase in TDS, 
conductivity increases by 0.633 units. This relationship 
is consistent with the expected behavior, as TDS 
represents the total concentration of dissolved ions in 
water, and conductivity measures the water’s ability 
to conduct electricity,82-85 which is directly influenced 
by the presence of those ions. The small maximum 
deviation (0.103) further confirms the robustness of 
the regression model in predicting conductivity based 
on TDS.

3.3.5.2. Conductivity versus TH
The regression line equation for the conductivity versus 
TH regression plot in Figure S1 is y = 0.762x + 0.226 
(maximum deviation = 0.107, r2 = 0.925). This high 
r2 value indicates an extremely strong positive linear 
association. Thus, it can be concluded that there is a 
strong correlation between conductivity and TH. The 
equation suggests that for every unit increase in TH, 
conductivity increases by 0.762 units. This relationship 
is consistent with the expected behavior, as higher TH, 
typically due to dissolved ions, such as Ca2+ and Mg2+, 
leads to increased conductivity. The small maximum 
deviation (0.107) further confirms the robustness of the 
regression model in predicting conductivity based on TH.

3.3.5.3. TH versus total dissolved solids
The regression line equation for the TH versus TDS plot 
in Figure S2 is y = 0.447x + 0.555 (maximum deviation 
= 0.320, r2 = 0.700). This value indicates a strong and 
statistically significant positive linear relationship. The 
equation implies that for every unit increase in TH, TDS 
increases by 0.447 units. This relationship is expected, 
as TH, primarily caused by dissolved Ca2+ and Mg2+, 
contributes to the overall TDS in water. The maximum 
deviation of 0.320 indicates that while the regression 
model provides a reasonable fit to the data, other factors 
may also influence TDS.

3.3.5.4. TH versus free carbon dioxide
The regression line equation y = 1.09x − 0.0849 
(maximum deviation = 0.0931, r2 = 0.942) was obtained 
by plotting TH against free CO2, as shown in Figure S3. 
The regression analysis revealed a strong positive linear 
relationship, as indicated by the high coefficient of 
determination (r2 = 0.942). This equation suggests 
that for every unit increase in free CO2, TH increases 
by 1.09 units. This relationship is consistent with the 
expected behavior, as free CO2 in water can react with 
carbonate minerals (e.g., calcium carbonate) to form 
HCO3

−, which contributes to TH. The small maximum 
deviation (0.0931) further confirms the robustness of the 
regression model in predicting TH based on free CO2.

3.3.5.5. TH versus ammonia
The regression line equation y = 0.995x + 0.0231 
(maximum deviation = 0.115, r2 = 0.905) was obtained 
by plotting TH against NH3, as depicted in Figure S4. 
The regression analysis revealed a strong positive linear 
relationship, indicated by the high r2 value (0.905). This 
equation suggests that for every unit increase in NH3, 
TH increases by 0.995 units. This relationship may 
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be attributed to the interaction of NH3 with minerals 
in the water (such as calcium and magnesium) or its 
influence on the solubility of carbonate minerals, which 
contribute to TH. The small maximum deviation (0.115) 
further confirms the robustness of the regression model.

3.3.5.6. TH versus total alkalinity
The regression line equation y = 1.10x − 0.0963 
(maximum deviation = 0.0440, r2 = 0.974) was obtained 
by plotting TH against total alkalinity, as shown in 
Figure S5. The high r² value (0.974) indicates a very 
strong positive relationship. Moreover, this r2 value is 
higher than for TH versus NH3 (0.905), free CO2 (0.942), 
conductivity (0.925), and TDS (0.700), suggesting that 
total alkalinity is the strongest predictor of TH among 
the variables analyzed. This difference may be due to 
the direct relationship between total alkalinity and the 
carbonate minerals that contribute to TH.

3.3.5.7. Total alkalinity versus chloride
The regression line equation y = 0.664x + 0.331 
(maximum deviation = 0.196, r2 = 0.902) was 
obtained by plotting total alkalinity against Cl−, 
as shown in Figure S6. The r2 value of 0.902 
indicates a strong positive linear relationship. This 
equation implies that for every unit increase in Cl− 
concentration, total alkalinity increases by 0.664 
units. This relationship may be attributed to the 
coexistence of Cl− ions with other ions (such as 
sodium, Ca2+, or Mg2+) that contribute to alkalinity, or 
it may reflect indirect geochemical processes linking 
Cl− and alkalinity. The relatively small maximum 
deviation (0.196) further supports the reliability of 
the regression model in predicting total alkalinity 
based on Cl− concentration.

3.3.5.8. Total alkalinity versus ammonia
The regression line equation y = 1.11x − 0.0804 
(maximum deviation = 0.0909, r2 = 0.899) was 
obtained by plotting total alkalinity against NH3, as 
shown in Figure S7. The regression analysis revealed 
a strong positive linear relationship, as indicated by 
the high coefficient of determination (r2 = 0.899). This 
equation suggests that for every unit increase in NH3 
concentration, total alkalinity increases by 1.11 units. 
This relationship may be attributed to the reaction of 
NH3 with water to form NH4

+, which can influence the 
buffering capacity of water and contribute to alkalinity. 
In addition, NH3 may coexist with other ions (such as 
CO3

2− or HCO3
−) that directly contribute to alkalinity. 

The small maximum deviation (0.0909) further confirms 

the robustness of the regression model in predicting 
total alkalinity based on NH3 concentration.

3.3.5.9. Conductivity versus total alkalinity
The regression line equation y = 0.876x + 0.119 
(maximum deviation = 0.0370, r2 = 0.983) was obtained 
by plotting conductivity against total alkalinity, as 
depicted in Figure S8. The regression analysis revealed 
a very strong positive linear relationship, as indicated 
by the high coefficient of determination (r2 = 0.983). 
This equation suggests that for every unit increase in 
total alkalinity, conductivity increases by 0.876 units. 
This relationship is consistent with the expected 
behavior, as total alkalinity is primarily influenced by 
CO3

2− and HCO3
−, which are conductive and contribute 

to the overall ion concentration in water. The very 
small maximum deviation (0.0370) further confirms the 
robustness of the regression model.

The r2 value for total alkalinity versus conductivity 
(0.983) is higher than those for total alkalinity versus Cl− 
(0.902), NH3 (0.899), and TH (0.974). This suggests that 
total alkalinity is the strongest predictor of conductivity 
among the variables analyzed.

3.3.5.10. Free carbon dioxide versus ammonia
The regression line equation y = 0.906x + 0.103 
(maximum deviation = 0.0898, r2 = 0.951) was obtained 
by plotting free CO2 against NH3, as depicted in 
Figure S9. The regression analysis revealed a very strong 
positive linear relationship, as indicated by the high 
value of r2 (0.951). This equation suggests that for every 
unit increase in NH3 concentration, free CO2 increases 
by 0.906 units. This relationship may be attributed to the 
reaction of NH3 with water to form NH4

+ and hydroxide 
ions, which can influence the equilibrium of CO2 in 
water and shift it toward the formation of more free 
CO2. The small maximum deviation (0.0898) further 
supports the robustness of the regression model.

3.3.5.11. Escherichia coli versus total dissolved solids
The regression line equation y = 1.18xm − 0.187 
(maximum deviation = 0.280, r2 = 0.953) was obtained 
by plotting E. coli against TDS, as shown in Figure S10. 
The regression analysis revealed a very strong positive 
linear relationship, indicated by the high r2 value. This 
equation suggests that for every unit increase in TDS, 
E. coli concentration increases by 1.18 units. This 
relationship may be attributed to the fact that higher 
TDS levels often indicate the presence of organic 
matter, nutrients, or other dissolved substances that 
support the growth and survival of E. coli and other 
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bacteria. The relatively small maximum deviation 
(0.280) further confirms the robustness of the 
regression model in predicting E. coli concentration 
based on TDS.

4. Limitations
Groundwater samples for this investigation were 
collected only from the Gondrang area of Bharatpur 
Metropolitan City, specifically Wards no.  8 and 9 
of Chitwan. Only a limited number of parameters 
were analyzed, namely, pH, temperature, electrical 
conductivity, free chlorine, alkalinity, hardness, PO4

3−, 
NO3

−, Cl− ions, TDS, and NH3. In addition, the study 
was confined to the pre-monsoon season.

5. Recommendations

Based on the findings of this study, the following 
recommendations are proposed to improve groundwater 
quality and mitigate associated health risks:
(i)	 To address groundwater quality issues near 

industrial areas, it is crucial to implement strict 
regulations on industrial discharges and to establish 
routine groundwater monitoring and assessment 
programs.

(ii)	 To ensure that water quality remains within safe 
limits, regular monitoring of residential areas 
adjacent to industrial sites should be implemented, 
focusing on parameters, such as TDS, hardness, 
NO3

−, and E. coli.
(iii)	To ensure safe drinking water quality for local 

communities, it is essential to promote groundwater 
treatment methods, such as activated carbon 
filtration, membrane-based techniques, such as 
reverse osmosis for removing particulate matter and 
contaminants, and disinfection techniques, such as 
chlorination, ultraviolet treatment, or ozonation. 
Additional methods, including coagulation-
flocculation or chemical precipitation, should also 
be considered where appropriate.

(iv)	To identify potential sources of contamination and 
their impacts on human health and the environment, 
detailed investigations (including multi-seasonal 
data) should be conducted. These investigations 
can involve comprehensive assessments of 
additional water quality parameters, particularly 
heavy metals (e.g., Pb, Cd, As), and larger sample 
sizes. Such studies will support the development 
of more precise and targeted water management 
strategies.

6. Conclusion

Findings from the present investigation revealed that all 
tested parameters, except NO3

−, PO4
3−, NH3, free CO2, 

and E. coli, complied with NDWQS and WHO standards. 
The WQI values ranged from 560 to 663, indicating that 
the groundwater is unsuitable for drinking purposes. 
This poor rating is primarily attributed to elevated 
concentrations of NH3, free CO2, and PO4

3−, suggesting 
significant groundwater contamination. Elevated levels 
of TDS and hardness reflect substantial mineral content, 
likely resulting from nearby industrial activities, such 
as iron processing. Increased Cl− and PO4

3− levels 
further suggest contributions from industrial processes 
and discharges, which may have harmful effects on 
human health. The presence of E. coli in the samples 
indicates microbial contamination, potentially arising 
from inadequate waste disposal or sanitation practices 
associated with industrial activities in the studied area, 
contributing to various waterborne diseases. Elevated 
concentrations of pollutants were detected, including 
NH3  (7–19.5  mg/L), PO4

3− (4.3–9.8  mg/L), and free 
CO2. In addition, increased NO3

− levels and the presence 
of E. coli (0–9 colony-forming unit/100 mL) indicated 
potential health risks.

Descriptive statistics, such as mean, standard 
deviation, and minimum and maximum values were 
calculated. In addition, correlation and regression 
simplified the complexities of variance by highlighting 
the most significant variables, making data interpretation 
easier, and quantifying the degree and direction of linear 
relationships between variables. The statistical analysis 
indicates the following key findings: Conductivity is 
strongly positively correlated with TDS (r = 0.924, 
p=0.025), TH (r = 0.990, p=0.001), total alkalinity 
(r = 0.997, p=0.000), free CO2 (r = 0.980, p=0.003), NH3 
(r = 0.971, p=0.006), Cl− (r = 0.989, p=0.001), PO4

3− 
(r = 0.891, p=0.042), and E. coli (r = 0.911, p=0.032), 
signifying that higher conductivity is associated with 
higher values of these parameters. TH showed an 
almost perfect positive correlation with total alkalinity 
(r = 0.995, p=0.000), free CO2 (r = 0.994, p=0.001), 
and NH3 (r = 0.969, p=0.007). Total alkalinity also 
demonstrated a very strong positive correlation with free 
CO2 (r = 0.990, p=0.001) and NH3 (r = 0.981, p=0.003). 
Moreover, Cl− and E. coli (r = 0.961, p=0.009) were 
strongly positively correlated. pH and NO3

− exhibit a 
moderate positive correlation (r = 0.886, p=0.045). 
Free CO2 was strongly correlated with NH3 (r = 0.985, 
p=0.002), suggesting that NH3 is influenced by CO2 
levels, likely through pH shifts affecting NH4

+/NH3 
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equilibrium. Free CO2 also showed a strong positive 
correlation with Cl⁻ (r = 0.944, p=0.016), which may 
indicate a common source, such as industrial pollution 
or waste discharge. A  strong correlation between Cl⁻ 
and NH3 (r = 0.945, p=0.015) suggests a shared source, 
potentially from human/animal waste or fertilizers. 
Similarly, the strong positive correlation between PO4

3⁻ 
and NO3⁻ (r = 0.970, p=0.006) suggests a common origin, 
such as agricultural runoff or wastewater contamination. 
Regression analysis using a first-degree linear equation 
further supported the correlations between many 
of the aforementioned water quality metrics. These 
findings provide useful insights for decision-makers in 
developing mitigation plans to monitor water quality in 
the studied areas and reduce the health risks associated 
with contaminated groundwater.

Overall, the findings highlight an urgent need for 
improved water treatment, continuous monitoring, 
and stringent pollution control measures to address the 
adverse effects of industrial activities on groundwater 
quality and public health.
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