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ABSTRACT

Water quality plays a crucial role in sustaining ecosys-
tems, supporting agriculture, and safeguarding human
health. This study assessed the physico-chemical
characteristics of water samples collected from three
distinct water bodies in the Delhi-NCR region: The
Yamuna River in Haryana, a natural pond at Sunder
Nursery in Delhi, and a village pond in Greater Noi-
da. Parameters including chemical oxygen demand
(COD), dissolved oxygen (DO), free carbon dioxide,
chloride, alkalinity, sulphate concentration, and total
dissolved solids (TDS) were analyzed to evaluate pol-
Iution levels and their potential impacts. The results
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revealed marked site-specific variations, with Delhi
water exhibiting the highest COD (48 mg/L), sulphate
(7.1 mg/L), and TDS (1480 ppm), indicating heavy
contamination from urban and industrial sources. The
Yamuna sample showed critically low DO (0.125
mg/L) and elevated chloride (298 mg/L), reflecting
the combined influence of sewage discharge, indus-
trial effluents and agricultural runoff. Comparatively,
the Noida Pond displayed relatively better water
quality, although still impacted by moderate bicar-
bonate alkalinity and chloride levels. These findings
highlight significant risks to agricultural productivity,
as polluted irrigation water can alter soil chemistry,
reduce crop yields, and lead to long-term soil salinity
and toxicity. Overall, the study underscores the urgent
need for improved wastewater management, stricter
regulation of agricultural and industrial discharges,
and community-level awareness to safeguard water
quality, ensure agricultural sustainability and protect
public health in the Delhi-NCR region.

Keywords Water quality, Assessment, Dissolved
oxygen, Water bodies, Public health.

INTRODUCTION

Water quality is a pivotal element for sustaining en-
vironmental health and promoting human well-being.
India is endowed with an abundance of diverse and
unique traditional water bodies distributed across the
nation (Asim and Rao 2021). These water bodies play
an essential role in maintaining and restoring eco-
logical balance. They continue to serve as sources of



clean drinking water, recharge groundwater reserves,
mitigate flooding, support biodiversity and provide
livelihood opportunities, particularly in rural areas.

However, these vital resources have been sub-
jected to continuous and intense stress, largely driven
by rapid urbanization and unplanned development
(Li et al. 2017). The resulting decline in both the
quality and quantity of water bodies has significantly
diminished their capacity to deliver critical economic
and environmental services.

Increased water pollution poses a significant
environmental challenge with profound impacts on
ecosystems, human health, and biodiversity. This
issue stems from various anthropogenic activities
introducing pollutants into water bodies (Kamarud-
din et al. 2017). The Yamuna River, a tributary of
the sacred Ganga, is one of the most polluted rivers
in the Delhi-NCR region (Arora and Keshari 2021),
drawing attention due to excessive foaming in recent
years. This phenomenon is linked to the overuse of
surfactants and the discharge of untreated domestic
and textile wastewater into the river (Arora et al.
2023). Industrial facilities and factories contribute to
water pollution by releasing heavy metals, chemicals,
and toxins into rivers and streams, adversely affecting
aquatic life and water quality (Brown and Tregunna
1967). Similarly, agricultural practices involving
fertilizers, pesticides and herbicides lead to runoff
carrying excess nutrients and chemicals into water
bodies, resulting in algal blooms and contamination.

Urban stormwater runoff introduces pollutants
such as oil, heavy metals and debris into rivers and
oceans, degrading water quality and aquatic habi-
tats (Falkenberg et al. 2020). Improper disposal of
household waste, including plastics, pharmaceuticals,
and hazardous materials, further contaminates water
sources, threatening aquatic ecosystems and human
health (Stets et al. 2017, Brown and Tregunna 1967).
Additionally, inadequate sewage and wastewater
treatment releases pathogens, nutrients and pollutants
into water bodies, fostering waterborne diseases and
ecosystem degradation. Atmospheric deposition of
pollutants, including mercury and persistent organic
pollutants, exacerbates water pollution through pre-
cipitation.
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Fig. 1. Sampling location in Haryana (NCR): Yamuna River
flowing through Gurugram..

As part of the study, water samples were collect-
ed from three distinct locations to capture a broad
spectrum of environmental conditions and contamina-
tion sources. These include the Haryana sample (Fig.
1), obtained from the banks of the Yamuna River; the
Delhi sample (Fig. 2), sourced from a natural pond
at Sunder Nursery; and the Greater Noida sample
(Fig. 3), taken from a pond in Kasna village, which
serves as a drinking water source for residents. This
diverse collection strategy facilitates a comprehen-
sive assessment of water quality variations and their
potential impacts.

This study systematically evaluates water quality
across different geographical regions, encompassing
urban, rural and industrial areas. A comprehensive
set of parameters is employed, including chemical
tests for oxygen content, carbon dioxide content,
nitrate, sulfate, carbonate, bicarbonate, chloride con-
centration and pollutant phosphate levels, providing
valuable insights into water quality dynamics and

Fig. 2. Sampling location in Delhi: Natural Pond at Sunder
Nursery.
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Fig. 3. Sampling location in Greater Noida (UP): Village Pond
in Kasna.

challenges.
MATERIALS AND METHODS

Estimation of chemical oxygen demand (COD)

A water sample (50 mL) was taken and pipetted
into a 500 mL conical flask. Subsequently, 25 mL of
standard potassium dichromate solution (0.0125 N)
and 50 mL of concentrated sulfuric acid were added
carefully. One gram each of silver sulfate (AgSO.)
and mercuric sulfate (HgSO4) was incorporated to
minimize interferences. Two to three boiling chips
were introduced into the flask to prevent bumping
during reflux. A reflux condenser was attached, and
the mixture was heated on a heating mantle for two
hours. After cooling, the condenser was rinsed with
distilled water, and the washings were collected in
the flask. Approximately 0.5 mL of ferroin indicator
solution was added to the flask. The unreacted dichro-
mate was titrated with standard ferrous ammonium
sulfate solution until the endpoint was reached. The
color change from blue to reddish-brown indicated

Table 1. Chemical oxygen demand observation table.

Samples Initial Final  Difference COD
(ml) (ml) (ml) mg/l

Noida 0 1.1 1.1 40

Haryana

(Yamuna) 1.1 2.3 1.2 44

Delhi (Sunder

Nursery) 2.3 33 1 48

Distilled water

(for reference) 0 2.2 2.2 _—

the endpoint of the titration.

To ensure accuracy, the procedure was repeated
several times, and concordant readings were noted. A
blank titration was performed using distilled water to
correct for reagent impurities and establish a baseline
(Wojnarovits et al. 2024). Table 1 provides a summary
of the experimental results and key observations.

Estimation of dissolved oxygen (DO) by Winkler’s
method

Two hundred and fifty mL of BOD bottles were filled
with the water sample, avoiding the inclusion of air
bubbles. Using a calibrated pipette, 2 mL of man-
ganese sulfate solution was added to the sample. It
was ensured that the pipette tip remained below the
liquid’s surface to prevent air introduction. Similarly,
2 mL of alkaline potassium iodide-azide solution was
added. The bottle is stoppered and inverted several
times to mix the contents thoroughly. The formation
of a brown precipitate (floc) is observed. The floc is
allowed to settle and mixed again by inverting the
bottle repeatedly. This process was repeated until
the floc settled consistently. One mL of concentrated
sulfuric acid was added just above the liquid surface.
The bottle was stopped and mixed well by inverting it
multiple times to dissolve the floc. At this stage, the
sample is “fixed” and can be stored for up to 8 hrs
in a cool, dark place. Transfer 100 mL of the fixed
sample to a conical flask. The sample was titrated
with sodium thiosulfate solution (0.0125 N) until
the solution turned a pale straw color. Two mL of
starch solution was added to the flask. A blue color
was formed. Titrating continued until the solution
turned clear, ensuring the endpoint was reached with



Table 2. Titrant volume used .
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Table 3. Calculation for dissolved Oxygen.

Samples Initial Final Diffe- Average
volume  volume rence value (ml)
(ml) (ml)
Noida 0 3 3
3 6 3 2.9
6 8.8 2.8
Yamuna 0 1 1
(Haryana) 1 1.9 1.9 1
1.9 3 1.1
Delhi 0 1.3 1.3
(sundar 1.3 2.6 1.3 1.3
nursery) 2.6 4 1.4

a single drop of titrant (Golomzik ef al. 1967). The
DO concentration is calculated based on the volume
of titrant used (Sakai et al. 2004). The final results
and observations obtained from the experiment are
presented in Tables 2 — 3.

Estimation of free carbon dioxide (CO,)

A 50 mL water sample was measured and transferred
into a 100 mL conical flask. Two drops of phenol-
phthalein indicator were added while gently swirling
the flask to ensure proper mixing. The sample was
titrated with 0.1 N NaOH solution until a faint pink
coloration appeared, indicating the endpoint (Mills et
al. 2023). The titration was repeated until two con-
cordant readings were obtained to ensure precision
and reproducibility. The findings derived from the
experiment are illustrated in Table 4.

Estimation of chloride concentration in the water
samples

The chloride content in the water sample was esti-

Sample Calculation

Noida DO= (0.925%2.9)/100x1000 mg/L
=0.3625 mg/L

Yamuna (Haryana)  DO=(0.0125%1)/100x1000 mg/L
=0.125 mg/L

Delhi DO= (0.0125x1.3)/100 x1000 mg/L
=0.1625 mg/L

mated using a titration method based on the reaction
between chloride ions and silver nitrate (AgNOs) in
the presence of potassium chromate as an indicator. A
50 mL water sample was transferred to a clean conical
flask. One milliliter (1 mL) of potassium chromate
indicator solution was added to the sample, producing
a yellow color. A burette was filled with the standard
0.0141 N AgNO:s solution and adjusted to zero. The
potassium chromate-containing water sample was
titrated with AgNO:s solution. The titration was con-
tinued until the color changed from pure yellow to
pinkish-yellow or brick red, indicating the formation
of ared precipitate of silver chromate (Ag>CrOs). The
titration was repeated to obtain three concordant val-
ues (Berry and Driver 1939). Experimental data and
corresponding observations are compiled in Table 4.

Estimation of alkalinity

A burette was rinsed with 0.02 N H2SO4 and then
filled with the same solution, ensuring no air bubbles,
and adjusted to zero. A 100 mL water sample was
measured using a graduated cylinder and transferred
to a 250 mL conical flask. A few drops of phenol-
phthalein indicator were added to the sample, causing
the solution to turn pink, indicating the presence of
hydroxide ions (OH"). The sample was titrated with

Table 4. Chemicals used and observations for the estimation of free CO, .

Samples Amount (ml) Chemical used Observation Inference
Noida 50 Phenolphthalein Light pink color CO, absent
(3 drops) appeared
Delhi (Sundar 50 Phenolphthalein Light pink color CO, absent
nursery) (3 drops) appear
Haryana (River 50 Phenolphthalein Light pink color CO, present
Yamuna) (3 drops) Does not appear (Titration will
+0.2 ml of N/44 be performed)

H,S0,
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Table S. Titration performed for the Haryana sample.

Sample Initial Final Difference  Average
volume  volume (ml) (ml)
(ml) (ml)
Haryana 0.3 1 0.7
(River Yamuna)
0 0.5 0.5 0.6
0.5 1.1 0.6

0.02 N H2SOs until the pink color disappeared, cor-
responding to the neutralization of hydroxide ions
(phenolphthalein alkalinity). To the same solution,
a few drops of methyl orange indicator were added,
turning the solution yellow. The titration was con-
tinued with 0.02 N H2SOs until the color changed
from yellow to orange-red, signifying the complete
neutralization of carbonate (COs?") and bicarbonate
(HCOs") ions (methyl orange alkalinity). The volume
of H2SOs used for phenolphthalein and methyl orange
endpoints was recorded, and the process was repeated
to obtain concordant values (Hemond 1990). A de-
tailed account of the results and observations from
the experiment is shown in Table 5.

Estimation of a pollutant sulfate in the water
sample

Seven test tubes were prepared for the experiment.
Test tube 1 was filled with 10 mL of distilled water,
and test tube 2 was filled with 10 mL of the sample
water. The remaining five test tubes were filled with
standard sulfate solutions in volumes of 2 mL, 4
mL, 6 mL, 8 mL and 10 mL, respectively. To each

Table 6. Titration values for chloride estimation.

Samples Initial Final Difference
volume volume (ml)
(ml) (ml)

Haryana 0 14.9
0 14.9 14.9
0 15.5

Delhi 0 0
0 0 0
0 0

Noida 8.2 10.3
10.3 13.7 1.7
15.5 15.5

test tube, 10 mL of sodium chloride-hydrochloric
acid (NaCI-HCI) solution was added and stirred to
ensure proper mixing. Subsequently, 10 mL of bari-
um chloride (BaClz) solution was added to each tube
and mixed thoroughly using a magnetic stirrer. The
volume of each solution was made up to 50 mL with
distilled water. The solutions were then transferred
into cuvettes and placed in a spectrophotometer. The
optical density (OD) of each solution was measured at
awavelength of 420 nm. A standard curve was plotted
by graphing the absorbance values against sulfate
concentrations of the standard solutions. The sulfate
concentration in the sample water was determined
by locating the optical density of the sample on the
standard curve (Sheen ef al. 2002). Table 6 outlines
the experimental outcomes along with the associated
observations.

Estimation of electrical conductivity

The samples were labelled as Sample 1, Sample 2, and
Sample 3 for identification. The electrode of a conduc-
tivity meter was immersed in the first water sample
(Sample 1), and the conductivity reading was record-
ed. The same procedure was repeated for Sample 2
and Sample 3. The measurements were conducted at
room temperature to minimize temperature-related
variations in conductivity (McCleskey et al. 2012).

RESULTS AND DISCUSSION
Estimation of chemical oxygen demand (COD)

The Chemical Oxygen Demand (COD) of water
samples is an indicator of the amount of oxygen
required to oxidize organic and inorganic matter in
water. A higher COD value indicates a higher level
of pollutants in the water.

The Noida sample had a COD of 40 mg/l. The
Haryana sample had a COD of 44 mg/l. The Delhi
sample had a COD of 48 mg/1 (Table 1).

For the given water samples with COD values of
40 mg/l (Noida), 44 mg/l (Haryana), and 48 mg/1 (Del-
hi), respectively. These values suggest that the third
sample has the highest level of pollutants, followed by
the second sample, and then the first sample. Howev-



er, it’s essential to interpret these values in the context
of local regulations and standards, as acceptable COD
levels can vary depending on the intended use of the
water and environmental considerations (Kaushik et
al. 2009). Chemical oxygen demand is defined as the
amount of oxygen equivalence consumed in oxidising
the organic compounds of a sample by a strong oxidis-
ing agent such as dichromate or permanganate under
acidic conditions (Gupta and Kulshreshtha 2021). It
is expressed in mg/L (PPM), which indicates the mass
of oxygen consumed per litre. Microbes proliferate
profusely in water containing immense amounts
of organic matter; as a result, they use up a lot of
oxygen from the water. Thus, indirectly, COD gives
an estimate of the amount of organic matter present
in water. Water samples from wastewater treatment
facilities or natural waters contaminated by domestic
and industrial waste as usually tested for COD values.

Estimation of dissolved oxygen (DO) by Winkler’s
method

The dissolved oxygen of Noida, Haryana and Delhi
samples were calculated to be 0.3625 mg/L, 0.125
mg/L and 0.1625mg/L respectively (Table 3).

Noida Water Sample (DO: 0.3625 mg/L). The
relatively higher dissolved oxygen level in the Noida
water sample suggests that it may have better water
quality compared to the other samples. Noida, being
a planned city with relatively newer infrastructure,
may have better wastewater treatment facilities and
less industrial pollution compared to older cities like
Delhi (Table 2). Factors contributing to the higher
DO levels could include effective sewage treatment,
less agricultural runoff (Chen et al. 2016), and better
management of industrial effluents. The presence of
green spaces, such as parks and gardens, in Greater
Noida may also contribute to oxygenation through
photosynthesis by aquatic plants. Haryana Water
Sample (DO: 0.125 mg/L): The significantly lower
dissolved oxygen level in the Yamuna water sample
indicates severe pollution and poor water quality. The
Yamuna River is highly polluted due to a combination
of factors, including industrial discharge, untreated
sewage, agricultural runoff and religious activities.
Industries along the riverbanks, especially in urban
areas like Delhi, release a variety of pollutants into
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the water, reducing the oxygen content. High levels
of organic Matter from sewage and agricultural runoff
(Chen et al. 2016) can lead to increased biochemical
oxygen demand (BOD), further depleting oxygen
levels as microorganisms decompose organic material
(Jouanneau et al. 2014). The low DO levels in the
Yamuna water sample may have severe implications
for aquatic life, leading to fish kills and degradation
of aquatic ecosystems. Delhi Water Sample (DO:
0.1625 mg/L): The dissolved oxygen level in the
Delhi water sample falls between that of Noida and
Yamuna, indicating moderate pollution levels (Wang
et al. 2022). Delhi, being a densely populated and
highly industrialized city, faces significant challenges
in managing water pollution. While efforts have been
made to improve wastewater treatment and reduce
pollution in recent years, the city still struggles with
inadequate infrastructure and enforcement of envi-
ronmental regulations (Bapat et al. 2020). Pollution
sources in Delhi include industrial discharge, sewage,
agricultural runoff, and vehicular emissions, all of
which contribute to the depletion of dissolved oxygen
in water bodies (Shirayama et al. 2001). The moderate
DO levels in the Delhi water sample suggest ongoing
(Yadav and Khandegar 2019) efforts to address pol-
lution issues, but more comprehensive measures are
needed to improve water quality and protect aquatic
ecosystems.

Estimation of free carbon dioxide (CO,)

Free CO, (mg/ml) = Vol. of NaOH x Normality of
NaOH x Equivalent wt of CO, x 1000

Volume of water sample used.
Equivalent wt, of CO,= 44

Normality of NaOH = 1/44 N

Free CO, present in Haryana sample = (0.6 x 1000)
/50 =12 mg/ml

The results of our experiment indicate a strik-
ing disparity in the levels of free carbon dioxide
across water samples from different regions (Table
4). Surprisingly, no detectable amounts of free car-
bon dioxide were found in the water samples from
Noida and Delhi, suggesting potentially different
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Table 7. Calculation of the amount of carbonates, bicarbonates, and hydroxides. The following table shows the relationship between

different kinds of alkalinity:

Samples Value expressed in terms
of CaCO, mg/L
Results of Hydroxide (mg/L) Carbonate (mg/L) Bicarbonate (mg/L)
titration
Delhi sample P=0, M=5.77 0 0 5.77
P=0
Haryana sample P=0, M=4.96 0 0 4.96
P=0
Noida sample P=0.366, M=2 0 2P=0.732 M-2P=1.286
LeP<12M

environmental factors influencing gas solubility or
perhaps effective water treatment processes in these
areas (Loosdrecht ez al. 2010). In contrast, the water
sample from Haryana exhibited a substantial presence
of free carbon dioxide at 12 mg per ml, highlighting
a possible variation in geological or anthropogenic
influences on water quality (Table 5). Further analysis
and comparison with regional geological data and
industrial activities (Yadav and Khandegar 2019) may
provide insights into the underlying factors driving
these discrepancies, shedding light on potential im-
plications for water management and environmental
health in these regions.

Estimation of chloride concentration

Calculation: Chloride (mg/L): Volume of silver nitrate
used *1000/mL of water sample taken.

Chloride (Haryana) = 14.9*1000/50 = 298 mg/L
Chloride (Noida) = 1.7*1000/50 = 34 mg/L
Chloride (Delhi) = 0*¥1000/50 = 0 mg/L

The chloride concentrations in the water sam-
ples from Haryana, Noida, and Delhi, calculated on
the basis of Table 6, are 298 mg/L, 34 mg/L, and 0
mg/L, respectively, showcasing substantial varia-
tions reflecting different environmental conditions
and potential sources of contamination across these
regions. The notably high chloride level in Haryana’s
sample could be indicative of agricultural activities,
industrial discharges, or natural geological processes
contributing to chloride contamination (Dugan et al.

2020) in the water source. Conversely, the presence
of chloride in Noida’s sample suggests potential
anthropogenic sources such as urban runoff, indus-
trial effluents, or sewage discharge. The absence of
chloride in Delhi’s sample could imply effective water
treatment processes or a relatively lower impact of
chloride-contributing activities in the region (Berry
and Driver 1939).

Estimation of alkalinity

The alkalinity of water samples from Delhi, Haryana,
and Noida presents notable variations, as evidenced
by their respective hydroxide, carbonate, and bicar-
bonate concentrations expressed in terms of calcium
carbonate (Table 7). In the case of Delhi’s water sam-
ple, no detectable amounts of hydroxide, carbonate,
or bicarbonate were observed, suggesting a relatively
neutral pH and minimal alkalinity (Despland et al
2010).

Conversely, the water sample from Haryana
exhibited a low hydroxide concentration of 0 mg per
liter, indicating a lack of basic ions, while the carbon-
ate concentration was also negligible. However, the
bicarbonate concentration was notably higher at 4.96
mg per liter, indicating a predominantly bicarbonate
alkalinity. Interestingly, the water sample from Noida
displayed a similar absence of hydroxide and carbon-
ate ions but demonstrated a substantial bicarbonate
concentration of 1.268 mg per liter. This suggests a
moderate bicarbonate alkalinity in Noida’s water,
potentially influenced by geological factors or an-
thropogenic activities (Yadav and Khandegar 2019).
Overall, these findings underscore the importance of
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Table 8. Experimental outcomes along with the associated observations.

S1. No. Standard Sulphate NaCLHCL (ml) BaCl2 (ml) Water makeup (50 ml) OD
(Test tubes) solution (ml)
1 0 10 10 50 (Haryana sample) 0.178
2 0 10 10 50 (Noida sample) 0.097
3 0 10 10 50 (Delhi sample) 0.415
2 2 10 10 50 (Distilled water) 0.112
3 4 10 10 50 (Distilled water) 0.232
4 6 10 10 50 (Distilled water) 0.333
5 8 10 10 50 (Distilled water) 0.462
6 10 10 10 50 (Distilled water) 0.595

assessing alkalinity components comprehensively, as
they provide crucial insights into water quality and
potential impacts on aquatic ecosystems and human
health in different regions.

Estimation of pollutant “sulfate” in the water
sample

Using the plotted standard curve from the data of
Table 8, the sulfate content in water samples from
Noida, Haryana and Delhi was determined as 1.8
mg/L, 3.5 mg/L and 7.1 mg/L, respectively.

The variation in sulfate concentration among
water samples from Noida, Haryana, and Delhi,
with values of 1.8 mg/l, 3.5 mg/l, and 7.1 mg/l,
respectively, suggests geographical disparities or
differences in water sources and local environmental
conditions. The higher concentration observed in
Delhi’s water sample may be attributed to various
factors such as industrial discharge, urban runoff and
agricultural practices, as Delhi is a densely populated
and industrialized urban area (Yadav and Khandegar
2019). On the other hand, Noida and Haryana, while
also urbanized to some extent, may have different
land use patterns and industrial activities, leading
to comparatively lower sulphate levels (Sharma and
Kumar 2020).

Measurement of electrical conductivity

The TDS value of the Noida sample, the Haryana
sample, and the Delhi sample was 146 ppm, 585 ppm,
and 148*10 ppm, respectively.

Different Total Dissolved Solids (TDS) (Samuel,
2022) levels in water can have varying effects on the

body. Higher TDS levels may lead to a salty or me-
tallic taste, while lower TDS levels may taste purer.
It’s important to note that consuming water with
extremely high TDS levels may not be suitable for
drinking. High TDS levels in water can potentially
have health risks. Drinking water with high TDS may
contribute to mineral imbalances in the body. It can
also affect the taste and odor of the water (Brent et al.
2022). It’s generally recommended to consume water
with TDS levels below 500 milligrams per liter for
optimal health (Wang 2021). The significant dispar-
ity in Total Dissolved Solids (TDS) values among
water samples from Noida, Haryana and Delhi, with
measurements of 146 ppm, 585 ppm, and 1480 ppm,
respectively, highlights distinct variations in water
quality across these regions. The elevated TDS level
in the Delhi sample suggests a higher concentration
of dissolved solids (Yadav and Khandegar 2019),
potentially stemming from industrial effluents, agri-
cultural runoff, and urban activities characteristic of
a densely populated metropolitan area. In contrast,
the relatively lower TDS values in Noida and Hary-
ana could indicate differences in land use practices,
geological formations, and water treatment processes
(Loosdrecht ez al. 2010).

CONCLUSION

Maintaining and monitoring water quality is vital for
ecological balance and human health (Dey and Vijay
2021). Our findings indicate that water bodies in Noi-
da are relatively less polluted compared to those in
Delhi and Haryana. However, none are entirely safe
for consumption or domestic use. Pollutants present
in these waters pose risks of gastrointestinal, dermato-
logical, and even long-term organ damage (Asim and
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Rao 2021). Additional toxic contaminants, beyond
the scope of this study, may also be present, under-
scoring the need for remedial measures by authorities.

The discussion highlights how human activities
such as industrial discharge, agricultural runoff, and
improper waste disposal can directly impair water
quality (Chen et al. 2016). Effective management
requires collaborative efforts among policymakers,
industries, communities, and individuals to enforce
regulations, adopt eco-friendly practices (Ding and
Zeng 2022), and raise awareness. Ultimately, safe-
guarding water quality demands a holistic approach
that integrates scientific research, sustainable practic-
es, and collective responsibility to ensure clean and
secure water resources for future generations.
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