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Abstract Drinking water quality reflects both geologic and anthropogenic influences. This study examines
drinking water quality in groundwater, municipal supplies, and natural springs of Kathmandu, Nepal. Major ions,
trace metals, nutrients, dissolved organic matter, and dissolved silica were analyzed on samples collected twice from
ten sites within Kathmandu Valley. Groundwater chemistry is dominated by NaCl, with concentrations Na >> Ca >>
Mg > K > NHy, and Cl >> SO, >> NO; >> PO,. This dominance of NaCl in regional groundwater suggests the
strong influence of human activities in altering water quality. In natural spring water, Na and Cl were also dominant,
but overall concentrations were much lower (346.74 mg/L CI in groundwater versus 56.10 mg/L in spring water). In
municipal tap water, chemical composition is primarily released from natural biogeochemical processes. Trace
metals like Al, Ba, Cu, Fe, Mn, V, and Zn were detected in all water systems, while others were below analytical
detection limits. Groundwater and natural spring water exceeded WHO guidelines for Na, NOs, and Fe, while
municipal water remained within acceptable limits. Data analysis utilized Bootstrapping with B = 1000 iterations
and provided 95% confidence interval estimates for chemical parameters comparing with standard values. A
Bootstrapped one-way ANOVA was conducted to compare these parameters across the drinking water systems,
highlighting policy-related findings. Additionally, we performed correlation and multiple regression analyses among
the chemical parameters, generating a range of predictive models. This study highlights the urgent need to improve
water management and infrastructure in the Kathmandu Valley and provides recommendations for policy
interventions such as protecting water resources, public awareness, minimize pollution, develop and implement strict
regulation and community-based approaches to address these issues. Understanding drivers of variability in urban
water quality in developing countries is essential to meeting united nation’s sustainable development goals and
protecting public health.
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1. Introduction

Water is a precious natural resource essential for the
survival of all living organisms. Only 2.4% of the world's
water is freshwater of which 69.56% of it in glaciers, ice
caps, permanent snow cover and permafrost, making fresh
groundwater the second-largest reservoir (30.06%) of the
total freshwater [1]. Water demand is increasing due to
population growth, but water resources are declining, and
quality is deteriorating due to human activities. Over the
past century, human water use efficiency has increased at

double the rate of population growth, with agriculture
accounting for about 70% of total water withdrawal
worldwide [2,3].

According to UN estimates, a billion people lack access
to safe drinking water, and 2.6 billion people lack
acceptable sanitation, leading to millions of water-related
illnesses and deaths, particularly in developing countries
[2,4]. By 2025, two-thirds of the global population is
expected to live in water-stressed countries based on UN.
Based on the recent estimate, more than half of the
world’s population (4.4 billion people) is without safe
drinking water across 135 low- and middle-income
countries which is more than double the global estimate
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made in 2020 [5,6,7]. About 1.2 billion people live
without safe drinking water in South Asia alone [7]. Rapid
population growth, urbanization, pollution, climate change,
and rising per capita income are increasing pressure on
water resources and exacerbating water scarcity [3,8,9]. In
2020, global water withdrawal reached 4 trillion m3, with
58% in Asia-Pacific countries, 12% in North America, and
7% in Europe [3].

Safe drinking water is a major concern in Nepal,
particularly in urban centers like Kathmandu Valley.
Despite being rich in surface freshwater resources, its high
population density, lack of proper waste management and
over-extraction of groundwater have led to a decline in
water quality in recent decades. Over-extraction reduces
the water table and increases the concentration of
chemical species. Additionally, human activities
contribute to chemical pollution in urbanized areas,
causing subsidence and other issues [2].

Groundwater is a primary source of drinking water in
Nepal, providing half of the total water supply in
Kathmandu Valley [10,11,12]. Similarly, in the United
States, about fifty percent of the population relies on
groundwater for drinking and domestic use, with
excessive pumping depleting aquifers [2].

Kathmandu Valley faces severe water shortages due to
the limited capacity of the municipal water supply agency,
Kathmandu Upatyaka Khanepani Limited (KUKL) [13].
Residents rely on untreated sources such as natural springs,
wells, tube wells, tanker water, and bottled water. Water
contamination from sewage, industry, and agriculture
poses serious health threats, especially during the
monsoon season [12]. The region's water security issues
are worsening by rapid urbanization, ineffective
regulations, unplanned waste management, insufficient
wastewater treatment, and high migration rates [14].

Human activities such as deforestation, agriculture,
construction, and waste disposal significantly impact water
chemistry across rural, suburban, and urban catchments
[15,16,17,18] [19,20,21,22] [23,24,25,26] [27,28,29].
Urban areas, in particular, carry more pollutants after
precipitation, including salts and metals [30,31,32].

Previous studies have reported on surface water
chemistry within Kathmandu Valley focusing on nutrients,
major ions, trace metals, and dissolved organic carbon
(DOC) and total dissolved nitrogen (TDN) in Kathmandu
Valley [33,34,35,36] [37,38,39,40,41]. However, there is
limited information on the quality of drinking water from
various sources such as municipal supplies, natural
springs, deep wells, and tube wells [12,42,43,44].

Evaluating chemical parameters in drinking water is
crucial for public wellbeing and prosperity, health
implications, regulatory compliance, water source
protection, and treatment efficiency [45]. Monitoring
ensures that drinking water meets safety standards set by
agencies such as WHO, US EPA, EU, and other countries
set their own standard, preventing health issues like heavy
metal poisoning, gastrointestinal diseases, and various
other health issues depending on contaminants type.
Understanding the chemical composition in drinking water
helps in maintaining the legal compliance and public
safety ensures the water is safe and pleasant for all
consumers. Water quality monitoring is also useful in
identifying contaminants, tracing their origins, and

managing water resources more effectively. Moreover,
analyzing water for chemical parameters helps to evaluate
the effectiveness of treatment processes and improve
water purification and distribution systems.

The primary objective of this study was to evaluate the
complete drinking water quality parameters from various
public and private sources in Kathmandu Valley. This
includes municipal water systems, natural springs (stone
taps/spouts), deep wells, and shallow-deep aquifer tube
wells. The study compares and evaluates the chemical
species in different drinking water sources, discussing the
influence of anthropogenic and natural weathering sources
on water quality. This study provides actionable insights
for planners and policymakers to sustainably manage
water resources and improve drinking water quality in
Kathmandu Valley, ensuring the health and safety of over
three million residents.

2. Study Area

This research was conducted within the core urban area
of Kathmandu Valley, the capital city of Nepal (Figure 1).
Water samples were collected from various sources such
as groundwater, municipal tap water and natural spring
water. Groundwater samples were taken from different
depths at sites including Gaurighat near the Bagmati River
(KGW-1), along the route to Baneshwor Conference
Center, and from a deep well at Lokanthali, Bhaktapur
(KGW-7). Municipal tap water sampled from Naya
Baneshwor, north-east of Baneshwor Conference Center.
Natural spring water samples were collected from
Baneshwor Stone Tap at Ratna Rajya High School
(KNSW-RR) and Baneshwor Height towards Dhobi
Khola (KNSW-BH).

Kathmandu Valley is located in the middle of the
Lesser Himalaya at an altitude of 1350 m, covering about
525 km2 and the valley is surrounded by forested
mountains and the Himalayas, forming a roughly circular
basin [40]. The Bagmati River, which flows through the
urban center, is a major source of drinking water for
approximately 3.1 million residents [46], with a
population density of 5905 persons per km2. Around 30
million liters of water are tapped daily from the Bagmati
and its tributaries, including the Bishnumati [24,47,40].

The population of Kathmandu Valley has grown from
0.6 million in 1973 to 3.1 million in 2021 [40,46,48,].
Despite this rapid growth, sewage treatment infrastructure
has not kept pace, leading to inadequate treatment
capacity [40].

The valley features two major geological units: a
Quaternary unit overlaying the valley's lower portions and
a Precambrian to Devonian unit surrounding the valley
[49,50]. The Bagmati basin is underlain by metamorphic
rocks including gneisses, granites, quartzites, limestones,
sandstones, shales, and phyllites [51,52]. The valley's soils
range from gray to grayish-brown clay loam to sandy clay
loam, supporting fertile agriculture and urban
development [40,53].

Sampling sites are within the central groundwater
district, composed of thick black clay with some lignite to
depths of 200m, underlain by unconsolidated low-
permeable coarse sediment and the aquifer in this district
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contains soluble methane gas, indicating anaerobic
conditions [50]. Land use in Kathmandu Valley is
primarily residential, followed by agriculture, mixed-use,
forest, and business [40,54]. The average temperature
ranges from 3°C in January to 29.5°C in August, with a
mean annual temperature of 19.6°C and an average annual
precipitation of 1556.04 mm [39,46].

3. Materials and Methods

3.1. Sample Collection

Drinking water samples were collected from the
Kathmandu water supply system, deep dug wells,
groundwater from hand pumps (shallow-deep aquifer tube
wells), and public natural drinking water stone taps
(Dhunge dhara). Samples were taken twice from ten sites
within the core urban area of Kathmandu Valley during
April and May 2008 (Figure 1).

]
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In the field, each water sample was filtered through a
pre-combusted glass microfiber filter (Whatman GF/F
with a pore size of 0.7 um). Samples for various analyses
were collected and analyzed for major ions, dissolved
silica, dissolved organic carbon (DOC), total nitrogen (TN)
and trace metals. For major ions measurement, 100 mL
water samples were taken in acid-washed polyethylene
bottles, refrigerated in Kathmandu, and brought frozen to
the Water Quality Analysis Laboratory at the University
of New Hampshire. Additional 30 mL samples were taken
in acid-washed polyethylene bottles, refrigerated in
Kathmandu, and sent unfrozen to the University of New
Hampshire for dissolved silica analysis. For dissolved
organic carbon (DOC) and total dissolved nitrogen (TDN)
measurement, 30 mL water samples were collected in
glass vials, with 30 pL phosphoric acid added

immediately after filtration. Finally, 50 mL filtered water
samples were treated with 50 pL of concentrated nitric
acid for analysis by ICP-AES.

Figure 1. Sampling locations of drinking water samples from different sources within Kathmandu Valley in central Nepal. All sampling sites are within
the core urban area of Kathmandu Valley. KGW indicates Kathmandu Groundwater, KNSW RR indicates Kathmandu Natural Spring Water at Ratna
Rajya (Stone Spouts/Tap), KNSW BH indicates Kathmandu Natural Spring Water at Baneshwor Height (Stone Spouts/Tap), KTW indicates

Kathmandu Tap Water.

3.2. Analytical Methods

Water samples were analyzed for major cations and
anions, nutrients, dissolved organic carbon (DOC), total
dissolved nitrogen (TDN) and dissolved silica at the New
Hampshire Water Resources Research Center, and trace
metals at the Environmental Research Group of the
University of New Hampshire. The analytical procedures
were as follows: Cations (Na*, K*, Mg, Ca®") were
analyzed using ion chromatography with suppressed
conductivity (Dionex ICS-1000, lonPac CS12 column)
with a nitric acid/EDTA phase (ASTM 2007 [55]; Bhatt

and McDowell 2007 [24]). Anions (CI", NO%, SO,*) were
measured using ion chromatography with suppressed
conductivity (Dionex ICS-1000, lonPac AS22 column)
following US EPA method 300.1 (2007 [56]). Ammonium
(NH,") and orthophosphate (PO,*) were analyzed by
automated flow injection analysis colorimetry using a
SmartChem discrete analyzer. Ammonium was measured
using the automated phenate hypochlorite method with
sodium nitroprusside enhancement (US EPA method
350.1, 2005 [57]). Orthophosphate was measured using
the automated ascorbic acid reduction method (US EPA
method 365.1, 2005 [58]). Dissolved Silica (SiO,)
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analyzed as molybdate-reactive silica using a SmartChem
discrete analyzer (US EPA method 370.1, 2005 [59]).
Dissolved Organic Carbon (DOC) measured as nhon-
purgeable organic carbon with combustion and analysis of
end products using a Shimadzu TOCV, following US EPA
method 415.1, 2002 [60]. Samples were injected into a
720°C furnace containing a platinum catalyst, where
carbon compounds were converted to CO, and measured
with a Non-Dispersive Infrared Detector (NDIR). Total
Dissolved Nitrogen (TDN) measured using a Shimadzu
TOCV, where nitrogen compounds were converted to NO
and measured using a chemiluminescent N detector,
following the method of Merriam et al. 1996 [61]. The
technique operates at 680°C. Dissolved organic nitrogen
(DON) was calculated by subtracting inorganic nitrogen
(NO3-N + NH,*-N) from total dissolved nitrogen and data
presented in the paper for NO3 and NH," indicates NO3-
N and NH,"-N hereafter. Trace Elements were analyzed
using Inductively Coupled Plasma - Atomic Emission
Spectroscopy (ICP-AES) following US EPA SW-846
method 6010B, 1991 [62] for determining metals in
environmental samples. Elements analyzed included Ag,
Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sb, Se, TI,
V, and Zn.

4. Results and Discussion

4.1. Measured Chemical Parameters

Water quality in developing countries often faces
significant degradation [40], and comprehensive analyses
of water quality parameters from drinking water sources
such as municipal water supply systems, groundwater, and
natural spring water in the Kathmandu Valley has been
lacking. While there are detailed reports on the Bagmati
River system within Kathmandu Valley [24,27,38,40,41], a

thorough assessment of drinking water quality parameters
has not been conducted yet within Kathmandu valley. We
performed an empirical study analyzing 32 chemical
parameters including major ions, dissolved matter, nutrients,
dissolved silica and trace elements (Na, K, Mg, Ca, NH,, Cl,
S04, NOs, POy, DIN, TDN, DON, DOC, SiO,, Ag, Al, As,
Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Sh, Se, Tl, V, and
Zn) in the primary drinking water systems (KGW, KNSW,
and KTP) of the Kathmandu Valley, likely for the first time
and compared those average data with the previous reported
water quality data from Bagmati River system within same
basin (Table 1).

The average concentrations of major cations and anions
in groundwater were Na >> Ca >> Mg > K > NH, and
Cl >> SO, >> NO3z >> POQ,, and in natural spring water
(stone spouts/taps) were Na > Ca >> K > Mg >> NH, and
Cl >> NO3 > SO,>> PO, The dominance of NaCl in
regional groundwater suggests the strong influence of
human activities in altering water quality. The average
concentrations of major cations and anions in Kathmandu
tap water supplied by the municipality were Na >> Ca >>
Mg > K >> NH,; and Cl > NO; >> SO4 > PO, The
concentration of trace elements in groundwater samples
(shallow and deep dug wells and tube wells) were Fe >>
Mn > Ba > Al > Zn >>V > Cu and in natural spring water
(feeding stone spouts/taps) were Ba > Al > Zn >V > Fe >
Mn > Cu. The concentration of trace elements in municipal
drinking water were found in the following order: Zn >>
Ba > Mn > Al > Cu > Fe > V. Other trace elements such as
Ag, As, Be, Cd, Co, Cr, Ni, Pb, Sh, Se, and Tl were below
detection limits for all types of drinking water, except for a
deep dug well sample located at Lokinthali, where
cadmium was detected at 0.51 pg/L. The measured
chemical parameters of drinking water systems in
Kathmandu Valley, along with the standard WHO and US
EPA guidelines and Bootstrapped (B = 1000) 95%
confidence interval estimates are presented in Table 2.

Table 1. Average concentrations of measured chemical parameters in groundwater, natural spring water, tap water in comparison with

Bagmati River water with Kathmandu Valley during 2008.

Measured Parameters (mg L) KGW KNSW KTW *BR
Na 40.30 41.62 18.20 60.23
K 6.81 13.36 161 14.42
Mg 13.16 8.11 2.61 4.70
Ca 26.97 3177 11.80 11.20
NH,4 3.47 0.05 0.04 20.40
cl 77.50 48.36 20.58 48.90
NO3 2.47 15.23 2.03 0.19
SO, 10.71 12.49 0.63 5.65
PO, 0.11 0.43 0.01 2.94
SiO, 7.26 8.02 12.02 17.65
DOC 1.50 1.45 1.18 13.10
TDN 5.63 15.87 2.30 23.85
DIN 5.95 15.28 2.07 20.59
DON 0.56 0.46 0.22 3.27
Al 0.040 0.042 0.038 0.040
Ba 0.063 0.083 0.091 0.144
Mn 0.094 0.000 0.051 0.069
Zn 0.024 0.005 0.340 0.021
Fe 1.494 0.003 0.002 0.048

*BR data from Bhatt and McDowell 2007; and Bhatt et al. 2014. KGW = Kathmandu Groundwater, KNSW = Kathmandu Natural Spring Water, KTP =

Kathmandu Tap Water, and BR = Bagmati River.
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Table 2. Summary of Bootstrapped (B = 1000) 95% Confidence Interval (Cl) Estimates of Major Chemical Parameters in Drinking Water

Systems of Kathmandu Valley.

SN Measured Standard Range 95% CI Estimate of KGW 95% CI Estimate of KNSW 95% CI Estimate of KTW
Parameters (mg/L) (mg/L) (mg/L) (mg/L)
sk
1 Na S <30.14,64.68 > <37.37,43.94 > <17.09,19.30 >
2. K <10 * <453,9.28 > <12.33,13.88 > <1.05,2.17>
3. Mg <50 * <6.70,22.78 > <6.82,8.96 > <2.27,2.95>
4 Ca 100 to 300 * <20.12,34.84> < 31.96, 33.67 > <11.17,12.44 >
sk
5 Al 0 05?8320 *k <0.04,0.05> <0.04,0.05 > <0.04, 0.05 >
*
6. Ba igz* <0.04,0.09 > <0.07,0.09> <0.06,0.12 >
7. Zn <5k <0.01,0.05> <0.01,0.02 > <0.15,0.53 >
sk
8. Mn By <0.06,0.13 > <0.00,0.02 > <0.04,0.06 >
9. Fe <0.3 ** <0.34,1.65> <0.02,0.03 > <0.01,0.02 >
10. Cl NSVR <42.07,129.32 > <41.29,51.86 > <18.78,22.39 >
*
11. NOs 51500** <1.05,4.25> <14.23,17.00 > <2.01,2.05>
12. SiO, <50 ** <5.79,8.90 > <6.03,10.15 > <6.78,17.27 >
13. NH,4 NSVR <1.88,5.86> <0.02,1.00 > <0.01,0.08 >
14. SO, NSVR <5.92,16.86 > <10.66, 13.74 > <0.34,0.93>
15. PO, NSVR <0.01,0.25> <0.33,0.50 > <0.01,0.02 >
16. DOC NSVR <1.17,2.00 > <127,179> <0.85,151>
17. TDN NSVR <3.68,7.63> <14.47,17.22 > <2.23,2.35>
18. DIN NSVR <3.99,8.52 > <14.33,17.04 > <2.02,213>
19. DON NSVR <0.06, 1.25 > <0.18,0.96 > <0.22,0.23>

Acronyms: KGW = Kathmandu Ground Water, KNSW = Kathmandu Natural Spring Water, KTW = Kathmandu Tap Water, DOC = Dissolved Organic
Carbon, TDN = Total Dissolved Nitrogen, DIN= Dissolved Inorganic Nitrogen, DON = Dissolved Organic Nitrogen, NSVR = No Specific Values
Regulated. Sources of Data: * = WHO 2017 [63] Guidelines for Drinking-water Quality, **= U.S. Environmental Protection Agency (US EPA, 2024
[64]) Secondary Drinking Water Standards.

NB: The bootstrap results are based on 1000 bootstrap samples.

Interpretation of a 95% Confidence Interval: For instance, a 95% confidence interval of <30.14 mg/L, 64.68 mg/L> for sodium (Na) content in the
KGW system suggests that we are 95% confident that the true sample average sodium level lies within this range. This implies that if we were to
repeatedly sample from the KGW water system and compute confidence intervals for sodium levels, about 95% of these intervals would contain the true
average value of sodium. In this case, the true average value of sodium being estimated falls between 30.14 and 64.68 mg/L, with the specific value

being uncertain within this range.

4.2. Bootstrapped (B = 1000) 95% Confidence
Interval (CI) Estimates of Major
Chemical Parameters in the Main
Drinking Water Systems of the
Kathmandu Valley

Due to constraints of time and financial resources, we

were compelled to work with a limited number of samples.

Specifically, to deal with Bootstrapped (B=1000), we used
14 samples for Kathmandu Ground Water (KGW), 4 for
Kathmandu Natural Spring Water (KNSW), and 2 for
Kathmandu Tap Water (KTW). These limitations
necessitated a careful selection of sample sizes that were
manageable within our budget and timeframe while still
aiming to provide meaningful and reliable results. To
ensure the thoroughness of the study and mitigate the
impact of the small sample size, we employed
Bootstrapping, a statistical method, with B = 1000
iterations. This approach allowed us to generate valid and
generalizable insights from the smaller sample sizes.
Bootstrapping is a statistical technique used to estimate
the properties of an unknown sample by repeatedly
sampling, with replacement, from a small data set to
create many simulated samples. This method allows
researchers to approximate the distribution of a statistic
(like the mean or variance) and assess its reliability without

needing a large amount of original data. Essentially,
bootstrapping generates multiple "new" samples from the
existing data, enabling more accurate and robust
conclusions even when the initial sample size is limited.

We computed Bootstrapped (B = 1000) 95%
confidence interval estimates for all 19 major chemical
parameters in the three main drinking water systems of
Kathmandu Valley. These estimates are listed in Table 2
for comparison. The third column of the table provides the
permissible standard values for various elements
according to the WHO guidelines for drinking water
quality (denoted by *) and the U.S. Environmental
Protection Agency (US EPA) Secondary Drinking Water
Standards (denoted by **). Columns 4, 5, and 6 present
the Bootstrapped 95% confidence interval estimates for
the KGW system, KNSW system, and KTW system,
respectively, corresponding to various elements.

4.2.1. Bootstrapped 95% Confidence Interval
Estimates: Key Chemical Parameter
Research Findings

Both the KGW and KNSW water systems exceed the
sodium (Na) level recommended by the WHO Guidelines
but remain within the EPA Standards. However, the KTW
system adheres to both standards, with sodium levels
falling within acceptable limits. Nitrate (NO;) levels in all
three water systems KGW, KNSW, and KTW are within
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compliance with WHO Guidelines and exceeding with US
EPA Standards in KNWS. Potassium (K) level slightly
exceeds the WHO Guidelines only in the KNSW system,
while remaining within acceptable limits in the other two
systems. Iron (Fe) level is significantly exceeding the
WHO guidelines only in the KGW system, while
remaining with acceptable limits in the other two systems.
The zinc (Zn) EPA standard maximum permissible limit of
less than 5 mg/L is still within the 95% confidence
interval for the KTW system. All other major chemical
parameters (Mg, Ca, Al, Ba, Mn, Zn) regulated by the
WHO Guidelines and/or EPA Standards meet the specified
limits in all three water systems.

Interestingly, the following table provides a concise
overview of how major chemical parameters classified are
according to the WHO Guidelines and EPA Standards for
drinking water quality.

Table 3. Classification of Major Chemical Parameters in Drinking
Water According to WHO 2017 [63] Guidelines and US EPA 2024
[64] Standards.

Regulated Not Regulated
WHO Na, K, Mg, Ca, Al, Zn, Fe, Cl, NHg4, SOy, POy,
Guidelines Ba, Mn, NO; SiO,, DOC, TDN, DIN, DON
EPA Na, Ba, Mn, Fe, Al, K, Mg, Ca, Zn, Cl, NHy, SOy,
Standards Zn, NO;, SiO, PO, DOC, DN, DIN, DON

4.3. Bootstrapped (B = 1000) One-way
ANOVA Testing, a Comparative
Analysis, of the Major Chemical
Parameters in Drinking Water
Systems of Kathmandu Valley

To determine if there are statistically significant
differences in the concentrations of major chemical
parameters among the three water types (groundwater,
natural spring water, and tap water), we performed a
One-way ANOVA using the Bootstrapping method with
B = 1000 iterations. This approach mitigates the effect of
the relatively small sample size. The null hypothesis of
interest for each parameter is that there is no significant
difference in concentrations among the three water types
(Ho: my = no = pg), while the alternative hypothesis (H,)
states that at least one group mean is different. Table 4
presents the mean and standard deviation for all 19 major
chemical parameters across the three water types in
columns 3, 4, and 5. The corresponding F statistic,
degrees of freedom (df), and P-value are listed in
columns 6, 7, and 8. For parameters showing significant
differences (K, Zn, NO;, PO4, TDN, and DON), we
conducted a Post Hoc Bonferroni Test to identify
pairwise significant differences at the 5% significance
level. These significant pairs are listed in the last column
of the table.

Table 4. Summary of Bootstrapped ANOVA Testing (B = 1000) for Major Chemical Parameters in Drinking Water Systems of Kathmandu

Valley.

SN Parameter K'\(Az-t\al?ln(r(r?gﬁl)_) KII:IAS?SG ((Swgl)L) Mean(r(r?g?l)_)KTW Statlstics B_onf_e(roni Test Resglts:
1) @ E df P-value Significant Mean Pair(s)

1. Na 44.30 (35.84) 41.65 (4.36) 18.20 (1.11) 0.898 2,19 0.424 None

2. K 6.81 (4.56) 13.13 (0.91) 1.61 (0.56) 7.621 2,19 0.004 * D&@)*2)&QB)*

3. Mg 13.16 (16.47) 7.84(1.34) 2.61(0.34) 0.799 2,19 0.464 None

4. Ca 26.97 (15.38) 32.73 (1.06) 11.80 (0.64) 2.292 2,19 0.128 None

5. Al 0.04 (0.01) 0.04 (0.01) 0.04 (0.01) 2.634 2,19 0.098 None

6. Ba 0.06 (.04) 0.08 (0.02) 0.09 (0.02) 0.772 2,19 0.476 None

7. Zn 0.03 (0.03) 0.01 (0.01) 0.34 (0.19) 28.938 2,19 <0.001* D&EB*2)&B)*

8. Mn 0.09 (0.08) 0.01 (0.01) 0.05 (0.08) 3.142 2,19 0.066 None

9. Fe 0.90 (1.32) 0.02 (0.01) 0.01 (0.01) 1.470 2,19 0.255 None

10. Cl 76.89 (88.80) 46.44 (6.65) 20.58 (1.80) 0.806 2,19 0.461 None

11. NO; 2.47 (3.22) 15.23 (1.78) 2.03 (0.02) 35.565 2,19 <0.001* MD&@)*2)&QB)*

12. SiO, 7.26 (3.12) 7.87 (2.56) 12.02 (5.25) 2.550 2,19 0.104 None

13. NH,4 3.47 (4.00) 0.06 (0.05) 0.04 (0.04) 2.366 2,19 0.121 None

14. SO, 10.71 (10.04) 12.12 (1.92) 0.63 (0.30) 1.903 2,19 0.176 None

15. PO, 0.11 (0.24) 0.41 (0.10) 0.01 (0.01) 4.192 2,19 0.031* 1) &@)*

16. DOC 1.55 (0.84) 1.53 (0.28) 1.18 (0.33) 0.316 2,19 0.733 None

17. TDN 5.48 (4.00) 15.63 (1.58) 2.30 (0.05) 16.331 2,19 <0.001* D&@*2)&0B)*

18. DIN 5.95 (4.71) 15.72 (1.71) 2.08 (0.06) 11.698 2,19 <0.001* D&@)*2)&QB)*

19. DON 0.56 (1.21) 0.58 (0.47) 0.22 (0.01) 0.137 2,19 0.873 None

* = Statistically significant at 5% significance level

To deepen reader comprehension, we provide below two summary interpretations as illustrative examples for the 19 cases listed in Table 4. We sincerely
hope that readers will be able to interpret the remaining results in a similar manner.
Case 1: No significant difference in sodium (Na) concentrations across water sources: The ANOVA test shows no significant difference in sodium

concentrations among the water sources.

Case 2: Significant difference in nitrate (NO;) concentrations across water sources: The ANOVA test reveals significant differences in nitrate

concentrations between at least two water sources.
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Bootstrapping One-way ANOVA Test for Sodium (Na)

Table 5. Descriptive statistics for Na

Water Types n Mean Standard deviation
Ground water 14 44.30 mg/L 35.84 mg/L
Natural spring water 41.65 mg/L 4.36 mg/L
Tap water 2 18.20 mg/L 1.11 mg/L

Table 5 shows the concentration of the sodium across
different water types, providing insights into their quality
and variability. Based on fourteen groundwater samples,
the mean concentration is 44.30 mg/L with a standard
deviation of 35.84 mg/L, indicating considerable
variability in chemical content. From four natural spring
water samples, the mean concentration is 41.65 mg/L with
a standard deviation of 4.36 mg/L, showing relatively
consistent chemical levels. Among two tap water samples,
the mean concentration is 18.20 mg/L with a standard
deviation of 1.11 mg/L, suggesting very stable chemical
characteristics. Based on the results of the one-way
ANOVA conducted to compare the concentrations of
sodium (Na) among the three types of water, we fail to
reject the null hypothesis (Hp) that states there is no
significant difference in the concentrations of sodium
among the three water types. The ANOVA produced an F-
value of 0.898 with degrees of freedom (2, 19) and a p-
value of 0.424. Since the p-value is greater than the
significance level of 0.05, we do not have sufficient
evidence to conclude that there are statistically significant
differences in sodium concentrations among groundwater,
natural spring water, and tap water. Thus, the sodium
concentrations in these three types of water sources appear
to be similar, indicating that the source of the water does
not significantly affect the sodium levels within the
studied samples. This information could be valuable for
water quality management and public health assessments,
suggesting that sodium content is consistent across
different water sources in the analyzed regions.

Bootstrapping One-way ANOVA Test for Nitrate (NO,)

To determine if there are statistically significant
differences in the concentrations of the trace ion nitrate
among the three water types (groundwater, natural spring
water, and tap water), we performed an ANOVA using the
Bootstrapping method with B = 1000 iterations.

Table 6. Descriptive statistics for NOs.

Water Types n Mean Standard deviation
Ground water 14 2.47 mg/L 3.22 mg/L
Natural spring 4 15.23 mg/L 1.78 mg/L
water
Tap water 2 2.03 mg/L 0.02 mg/L

The Table 6 presents the nitrate (NO3) concentrations
across various water sources, highlighting their mean
values and variability. From fourteen groundwater
samples, the mean NO;3 concentration is 2.47 mg/L with a
standard deviation of 3.22 mg/L, indicating significant
variability in nitrate levels. Among four natural spring
water samples, the mean NO3 concentration is 15.23 mg/L
with a standard deviation of 1.78 mg/L, showing relatively
high nitrate levels with moderate consistency. Based on
two tap water samples, the mean NO; concentration is

2.03 mg/L with a standard deviation of 0.02 mg/L,
suggesting very stable and low nitrate levels. Based on the
results of the one-way ANOVA conducted to compare the
concentrations of the parameter nitrate among the three
types of water, we reject the null hypothesis (H) that states
there is no significant difference in the concentrations of
nitrate among the three water types. The ANOVA produced
an F-value of 35.565 with degrees of freedom (2, 19) and a
p-value less than 0.001. Since the p-value is much smaller
than the significance level of 0.05, we have strong evidence
to conclude that there are statistically significant differences
in nitrate concentrations among groundwater, natural spring
water, and tap water.

Post Hoc Analysis, Bonferroni Test Results: To
identify pairwise significant differences in nitrate
concentrations among the three water types, we
performed the Post Hoc Bonferroni Test and found the
following results:

There is a significant difference in nitrate concentrations
between groundwater and natural spring water, with a p-
value less than 0.001 and significant difference in nitrate
concentrations between tap water and natural spring water,
with a p-value less than 0.001. There is no significant
difference in nitrate concentrations between groundwater
and tap water, with a p-value of 1.000.

These results indicate that natural spring water has
significantly higher nitrate concentrations compared to
both groundwater and tap water, while groundwater and
tap water do not differ significantly from each other in
terms of nitrate levels. This information highlights the
unique nitrate profile of natural spring water, which could
be critical for water quality assessments and regulatory
actions. We anticipate that readers will apply similar
interpretations to the other 17 parameter cases presented in
the table above.

4.4. Bootstrapped One-Way ANOVA Testing:
Key Chemical Parameter Research
Findings

There is no statistically significant difference in sodium
concentrations among three main sources of water
(groundwater, natural spring water, and tap water) in the
Kathmandu Valley. Despite the observed differences in
mean concentrations, these variations are not large enough
to be considered statistically significant given the P-value
of 0.424. The test results show a statistically significant
difference in potassium concentrations among the three
types of drinking water systems (P-value = 0.004). The
significant differences in potassium concentrations
observed between groundwater and natural spring water,
and natural spring water and tap water. Natural spring
water has significantly higher potassium levels compared
to both groundwater and tap water. Magnesium does not
show any significant difference in concentrations among
the three main sources of water in the Kathmandu Valley.
Despite the observed differences in mean concentrations,
these variations are not large enough to be considered
statistically significant given the P-value of 0.464.

Calcium does not show any significant difference in
concentrations among the three main sources of water in
the Kathmandu Valley. Despite the observed differences
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in mean concentrations, these variations are not large
enough to be considered statistically significant given the
P-value of 0.128. There is no significant difference in
aluminum concentrations among groundwater, natural
spring water, and tap water in the Kathmandu Valley. The
observed differences in mean concentrations are not
statistically significant given the P-value of 0.098, though
they are close to the threshold of significance. Barium
does not show significant difference in concentrations
among three main sources of water in the Kathmandu
Valley. Despite the observed differences in mean
concentrations, these variations are not large enough to be
considered statistically significant given the P-value of
0.476. The zinc concentrations in the three types of
drinking water systems in the Kathmandu Valley are
significantly different (P-value < 0.001. Specifically, tap
water has a significantly higher zinc concentration
compared to both groundwater and natural spring water.
There is no significant difference between the zinc
concentrations in groundwater and natural spring water.
There is no significant difference in manganese
concentrations among groundwater, natural spring water,
and tap water in the Kathmandu Valley. The observed
differences in mean concentrations are not statistically
significant given the P-value of 0.066, though they are
close to the threshold of significance. Iron also does not
show significant difference in concentrations among
groundwater, natural spring water, and tap water in the
Kathmandu Valley. The observed differences in mean
concentrations are not statistically significant given the P-
value of 0.255.

There is no significant difference in chloride
concentrations among three sources of water in the
Kathmandu Valley. The observed differences in mean
concentrations are not statistically significant given the P-
value of 0.461. Nitrate concentrations show statistically
significant differences among groundwater, natural spring
water, and tap water (P-value 0.001). There is a significant
difference in nitrate concentrations between groundwater
and natural spring water, with a p-value less than 0.001
and similar significant difference in nitrate concentrations
between tap water and natural spring water, with a p-value
less than 0.001 but there is no significant difference in
nitrate concentrations between groundwater and tap water,
with a p-value of 1.000. Sulfate does not show any
significant difference in mean concentrations among
groundwater, natural spring water, and tap water in the
Kathmandu Valley (P-value 0 = 0.176). However, the
observed means suggest that natural spring water has the
highest concentration of SO,, followed by groundwater,
with tap water having significantly lower SO,
concentrations. The one-way Bootstrapping ANOVA
reveals that there is significant difference in PO,
concentrations among the three types of drinking water
systems in the Kathmandu Valley, with a P-value of 0.031.
The post hoc Bonferroni test further identifies that the
significant  difference  exists specifically between

groundwater and natural spring water, with natural spring
water having a higher mean PO, concentration.

There is no significant evidence to suggest that the
mean SiO, concentrations differ among groundwater,
natural spring water, and tap water in the Kathmandu
Valley at the 5% significance level. However, the
observed means suggest that tap water has a higher
concentration of SiO, compared to groundwater and
natural spring water. Ammonia does not show significant
evidence to suggest that the mean NH,; concentrations
differ among three main sources of water in the
Kathmandu Valley at the 5% significance level. However,
the observed means suggest that groundwater has a
significantly higher concentration of NH,; compared to
natural spring water and tap water.

As P-value of 0.733 is much greater than the
conventional significance level (a0 = 0.05), there is no
statistically significant difference in mean dissolved
organic carbon (DOC) concentrations among groundwater,
natural spring water, and tap water in the Kathmandu
Valley. The observed means indicate that all three water
systems have similar DOC concentrations, with only a
slight difference between them. There is significant
difference in  total dissolved nitrogen (TDN)
concentrations among the three types of drinking water
systems in the Kathmandu Valley, with a P-value less than
0.001. The post hoc Bonferroni test further identifies those
significant  differences exist specifically between
groundwater and natural spring water, and between natural
spring water and tap water. Natural spring water has the
highest mean TDN concentration, followed by
groundwater and then tap water. Dissolved inorganic
nitrogen (DIN) shows significant differences in
concentrations among the three types of drinking water
systems in the Kathmandu Valley, with a P-value less than
0.001. The post hoc Bonferroni test further identifies those
significant  differences exist specifically between
groundwater and natural spring water, and between natural
spring water and tap water. Natural spring water has the
highest mean DIN concentration, followed by
groundwater and then tap water. Dissolved organic
nitrogen (DON) does not show any statistically significant
difference in mean concentrations among groundwater,
natural spring water, and tap water in the Kathmandu
Valley (P-value = 0.873). The observed means indicate
that all three water systems have similar DON
concentrations, with only slight differences between them.

4.5. Correlation Analysis of Chemical
Parameters in Drinking Water of
Kathmandu Valley

We performed correlation analyses and calculated the
Pearson pairwise correlation coefficients of chemical
parameters in drinking water of Kathmandu Valley and
observed following observation.
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Table 7. Correlation Analysis of Chemical Parameters in Drinking Water of Kathmandu Valley.

Na

Mg

Ca

Al

Ba

Zn

Mn

Fe

cl NH; SO; NOs POy 5i0; DOC TDN DIN DON

Mg
Ca
Al
Ba

Mn
Fe
cl
NH,
S04
NO3
POy
Si0,
DOC
TDN
DIN

DON

.269

.979™
643"

.190
.025
-.329

-445°

-.250

.975™
648"
7677

.094
.040
.022
.251
.192

.497™"

277

.078
748"
.339
528"
-.482°"
-.6677"
-462°
.059
-172
7147
.634*%*
7217
.033
.403”
559"
550"
-.042

5117

.147
-.097
-.265
-327
-180

.996™"
7017
.643"

-.028
-110
.016
.195
.095
.404"
.315

.249

398"
-.421"
-571"7

-.320
.509™

.357
.8507

.294

624"

.047

5997

.390
5257

.129

1

.296
-.283
-.134
-.193
.148
-.025
.239
292
176
091
297
.267
.287
-.070

474

1
.258

-431"
-.403"
-.085
-273
.393

.183
262
347
.055
.020

-173

.034
-103
-.249
-227
-.423"
-.264
-.260

141
-301
-.396"
-.413"
-153

828~
-.290

155

-.6137
-.628**
-.379°
-.203
-.333
-.529"
-.554"
-.253

-.139
.232
-.385"
-.377*
-.207
-.246
-.329
-.276
-.236
-.108

*#*: Correlation is significant at the 0.01 level (1-tailed).

*: Correlation is significant at the 0.05 level (1-tailed).

7027 1

6457 231 1

-057 -353* 245 1

-120 .002 .290 .550" -1

-016 .007 -075 .046 .209 -1

162 .254 291 .183 .6527 421" 1

.068 -161 .255 .926" .595" -053 .374° 1

375" .252 .396° .816~ .570" .052 .346 .858" 1
.304 -140 .210 .255 -153 -184 .163 .435° .177 1

Sodium is significantly correlated at the 5%
significance level with Mg, Ca, Mn, CI, NH,4, SO, and
DIN. Potassium is significantly correlated at the 5%
significance level with Ca, Ba, Zn, Mn, Fe, SO4, NO3 POy,
DOC, TDN, and DIN. Magnesium is significantly
correlated at the 5% significance level with Ca, Cl, NH,,
SO,, and DIN. Calcium is significantly correlated at the 5%
significance level with Ba, Zn, Mn, Cl, NH,, SO,4, PO,,
DOC, TDN, and DIN. Calcium is significantly correlated
at the 5% significance level with Ba, Zn, Mn, Cl, NH,,
SO,, PO,, DOC, TDN, and DIN. Aluminum is not
significantly correlated with any other elements at the 5%
significance level. Barium is significantly correlated at the
5% significance level with K, Cl, Mn, Fe, SO,, and PO,.
Zinc is significantly correlated at the 5% significance level
with K, Ca, SO, TDN, and DIN. Manganese is
significantly correlated at the 5% significance level with
Na, K, Ca, Ba, Fe, SO,, NO3 PO,, DOC, TDN, and DIN.
Iron is significantly correlated at the 5% significance level
with K, Ba, Mn, Cl, SO,, and NO; Chlorine is
significantly correlated at the 5% significance level with
Na, Mg, NH,; SO, PO, and DIN. Ammonium is
significantly correlated at the 5% significance level with
Na, Mg, Ca, CI, and SO, Sulfate is significantly
correlated at the 5% significance level with Na, K, Mg, Ca,
Ba, Zn, Mn, Fe, Cl, and DIN. Nitrate is significantly
correlated at the 5% significance level with K, Mn, Fe,
NH,;, PO, TDN, and DIN. Phosphate is significantly
correlated at the 5% significance level with K, Ca, Ba, Mn,
NO;, DOC, TDN, and DIN. Silicon dioxide is
significantly correlated with only DOC at the 5%
significance level. Dissolved organic carbon is
significantly correlated at the 5% significance level with K,
Ca, PO,, and SiO,. Total dissolved nitrogen is
significantly correlated at the 5% significance level with K,
Ca, Zn, Mn, NO,, PO,, DOC, DIN, and DON. Dissolved
inorganic nitrogen is significantly correlated at the 5%
significance level with Na, K, Mg, Ca, Zn, Mn, CI, SOy,
NO; PO, TDN, and DON. Dissolved organic nitrogen
with only TDN at the 5% significance level.

4.6. Multivariate Regression Analysis of
Chemical Parameters in Drinking
Water of Kathmandu Valley

Table 8. Multivariate Predictive Modeling of Chemical Parameters
in Drinking Water of Kathmandu Valley.

A 2
SN Chemical Predictive Model R
Parameter value
1 Na Na=11.03+ 1.775\/#\]] +0.72804+0.45 | g0 g9,
K=381+0.24Ca-1241Zn+1.16 0
2 K NO; +5.00 PO, - 0.79 TDN - 0.39 DIN 97.7%
3. Mg Mg=-1.01+0.19Cl 99.6%
Ca = 10.00 + 0.76 NH4 + 1.05 SO, + 0
4, Ca 24.25 PO, 95.7%
5. Al Al=...... ..
6. Ba Ba =0.06 + 0.01 Cl + 0.01 SO, 75.1%
Mn = 0.10 + 0.006 K - 0.003 Ca + 0.04 0
£ Mn Fe - 0.013 NOs + 0.004 TDN 95.1%
8. Zn Zn = 0.12 - 0.006 SO, 42.3%
9. Fe Fe=139-0.11K 46.2%
10. cl Ca=5.97+537 Mg 99.6%
1. NH; NH, =-1.67 + 0.1SQOCa +0.05CI-0.42 | oo o0
4
1 50, S0, =-13.94 + 1.2§|ma ~225Mg-052 | o740,
13. NO; NO; = - 1.00 NH, + 1.00 DIN 100.0%
PO, =-043+0.03K+1.17 Mn +0.02 0
14. PO, NO; + 0.17 DOC 87.5%
15. Sio;, §i0, = 4.90 + 2.11 DOC 42.1%
16, DOC DOC=0.32 + 0.02S i%a +104PO; +0.07 | ¢ 00
2
TDN =3.38-0.26 K- 6.58 Zn + 0.63 0
17 TDN NO; + 7.00 PO, + 0.15 DIN +1.37 DON 98.9%
DIN =-782 + 0.50 Na—0.45 K + 0.20 Ca
18. DIN +17.24 Mn - 0.15 Cl - 0.31 SO, + 0.58 99.4%
NOs - 3.91 PO, + 0.43 TDN — 1.35 DON
19. DON DON =-0.07 + 0.08 TDN 43.5%

Aluminum (Al) is not significantly correlated with any elements; no
predictive model exists for it.
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Building on the insights gained from the correlation
analyses discussed earlier, we conducted Backward-
Elimination-Multivariate Regression Analyses to develop
multivariate predictive models for several chemical
parameters in drinking water of Kathmandu Valley. These
models offer valuable predictive capabilities when the
values of other significant parameters are known in a
given scenario. Additionally, by examining the measures
of partial regression coefficients, we can effectively assess
the strength of the relationship between the dependent
variable and the independent variables. In our analysis, we
provide interpretations of select partial regression
coefficients to elucidate their significance and meaning in
the context of water quality assessment.

Example: Application and Interpretation of Model
Coefficients - Case of Sodium

This section illustrates the application of the model and
interprets the various coefficients, using Sodium (Na) as
an example. A predictive multivariate for Sodium in the
drinking water of Kathmandu Valley is

Na =11.03 + 1.77 Mg + 0.72 SO, + 0.45 DIN with R?
value of 99.9%. Although there are many other elements
that are significantly correlated with the sodium level in
water, the levels of magnesium, sulfate, and dissolved
inorganic nitrogen together are able to predict sodium in
almost deterministic way as R’ value of the model is
99.9%. The R® value of 99.9% means that 99.9%
variations in sodium is completely explained by these
three (Mg, SO,, and DIN) chemicals together. The partial
regression coefficient of sodium with magnesium is 1.77.
This means that if the magnesium level in Kathmandu's
drinking water increases by 1 mg/L, the sodium level will
increase by 1.77 mg/L, assuming all other chemical levels
remain constant. The partial regression coefficient of
sodium with sulphate is 0.72. This means that if the
sulphate level in Kathmandu's drinking water increases by
1 mg/L, the sodium level will increase by 0.72 mg/L,
assuming all other chemical levels remain constant. The
partial regression coefficient of sodium with dissolved
inorganic nitrogen is 0.45. This means that if the dissolved
inorganic nitrogen level in Kathmandu's drinking water
increases by 1 mg/L, the sodium level will increase by
0.45 mg/L, assuming all other chemical levels remain
constant.

Applications of the model: This model is most
effective for predicting the sodium level in Kathmandu
Valley's water when the levels of the other three chemicals
such as magnesium (Mg), sulfate (SO,), and dissolved
inorganic nitrogen (DIN are known. For instance, if at a
given time the levels of Mg, SO,4, and DIN are 10 mg/L, 8
mg/L, and 6 mg/L respectively, the sodium level (Na) can
be predicted using the model equation: Na = 11.03 + 1.77
Mg + 0.72 SO, + 0.45 DIN. Plugging in the values: Na =
11.03 + 1.77(10) + 0.72(8) + 0.45(6) = 37.19 mg/L. Thus,
the predicted sodium level is 37.19 mg/L. Furthermore,
this mathematical identity can be leveraged for a wide
range of analytical and predictive purposes.

4.7. Visual Representation of the Distribution
of the Chemical Parameters in Drinking
Water of Kathmandu Valley

Below, we present 19 histograms, each representing
the distribution pattern of a specific chemical parameter
in the drinking water of the Kathmandu Valley (Figure
2). These visual aids are designed to be self-explanatory,
providing a clear and concise overview of the variations
and concentrations of each chemical component in the
water samples.
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Figure 2. Distribution of Chemical Parameters in Drinking Water of
Kathmandu Valley.

5. Conclusions

This research provides a comprehensive analysis of
drinking water quality in the Kathmandu Valley, revealing
significant variations across different sources. Many water
samples exceed permissible limits set by national and
international standards, posing serious public health risks.
High contamination levels in densely populated areas
highlight the impact of anthropogenic activities on water
quality. Testing for 19 chemical parameters, including Na,
NH4, NOjz; DOC, and TDN, combined with advanced
statistical analyses such as ANOVA, correlation analysis,
and predictive modeling, underscores the critical need for
enhanced water management practices. The results
emphasize the urgency of developing robust infrastructure
and implementing effective water quality monitoring
systems. Policy interventions and community-based
approaches are essential to address the identified water
quality issues. Policymakers should prioritize investment
in water treatment facilities, enforce stricter regulations on
industrial discharges, and promote public awareness about
safe water practices. This research contributes to the
broader understanding of urban water quality challenges
in developing countries. It offers valuable insights for
future studies and serves as a foundation for evidence-
based policymaking aimed at ensuring safe drinking water
access for all residents of the Kathmandu Valley.

Major ion concentrations generally follow the same
trend among the three types of samples, except for higher
nitrate than sulfate and higher potassium than magnesium
in natural spring water. Seven trace metals (Al, Ba, Cu, Fe,
Mn, V, and Zn) were detected in all three types of
drinking water, while Ag, As, Be, Cd, Co, Cr, Ni, Pb, Sb,
Se, and TI were below detection limits. Sodium, iron, and
nitrate levels exceed WHO guidelines in groundwater
samples, and potassium slightly exceeds in natural spring
water. Natural spring water has significantly higher nitrate
concentrations compared to both groundwater and tap
water, while groundwater and tap water do not differ
significantly from each other in terms of nitrate levels.
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Groundwater has a significantly higher concentration of
NH, compared to natural spring water and tap water.
Natural spring water has the highest concentration of SO,,
followed by groundwater, with tap water having
significantly lower SO, concentrations. Tap water has a
higher zinc concentration compared to both groundwater
and natural spring water, but there is no significant
difference between the zinc concentrations in groundwater
and natural spring water.

Overall, while the municipal water supply is acceptable
for drinking, groundwater and natural spring water are not
suitable for drinking purposes. These findings are crucial
for the scientific community and water supply authorities
to address water quality issues, public health concerns,
and ecosystem conservation within the basin. Human
activities contribute to high concentrations of nitrate,
sodium, and chloride in groundwater and natural spring
water, and the high concentration of iron in deep dug
wells is due to anoxic conditions.

Recommendations

Continued Monitoring: It is recommended to
regularly monitor the levels of chemical parameters in all
three drinking water systems to ensure consistent water
quality.

Expanded Study: Conducting a broader study with a
larger sample size and additional sampling locations could
offer a more comprehensive understanding of the
variations in concentration of chemical parameters.

Public Information: Providing information to the
public about the levels of chemical parameters in different
water sources can assist individuals in making informed
decisions about water consumption.

Water Treatment: Consider enhancing water
treatment processes to reduce TDN levels, particularly for
natural spring water and groundwater, to ensure safe
drinking water quality.

Policy and Regulation: Develop and enforce policies
aimed at reducing pollutants including nitrogen pollution
in water sources.
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