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ABSTRACT
Groundwater is a crucial natural resource for sustain-
ing human life, agriculture, and ecosystems worldwide. 
In many Asian countries, including Nepal, groundwater 
has emerged as a dependable source of water, particu-
larly in areas where surface water is scarce or unreliable. 
For instance, in Bhaktapur Municipality (BM), Nepal, 
groundwater has been contributing around 50–60% 
of the total water supply. However, over the past few 
years, extensive extraction, alterations in the land use 
pattern, and other anthropogenic interventions have 
posed serious threats to this highly valuable resource. 
As such, groundwater monitoring is an essential prima-
ry step for understanding the status of the groundwater 
resource. Meanwhile, the Water Quality Index (WQI) 
is an effective tool that can turn complex water quality 
data into simplified information that is understandable 
and usable by the public. This study aimed to under-
stand the groundwater levels and further comprehend 
the groundwater quality using the WQI  of the BM. The 
groundwater level data and water samples were collect-
ed from 24 spatially distributed wells of the BM in the 
post-monsoon of 2021 and the pre- and post-monsoon 
of 2022. Laboratory analysis was carried out to deter-
mine the nine physico-chemical water quality parame-
ters, and the obtained parametric values were compared 
with those of the World Health Organization (WHO) 
and the National Drinking Water Quality Standard 
(NDWQS). The results show deeper groundwater levels 
in the core area than the periphery, and the water quali-
ty getting poorer from post-monsoon 2021 to post-mon-
soon 2022. The EC, TDS, pH, phosphate, chloride, and 
hardness of most of the samples were within the permis-
sible limits of WHO and NDWQS, whereas the turbid-
ity, ammonia, and alkalinity of many samples exceeded 
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the permissible limits. Average WQI revealed that the majority of the samples were un-
suitable for drinking and suitable only for household and irrigation purposes. This study 
provides insights into managing water demands, addressing issues of water scarcity, and 
highlighting the urgent need for additional research and policymaking to improve drink-
ing water quality and the sustainability of groundwater management in BM.
Keywords: Groundwater, Drinking water, Water Quality Index (WQI)

Introduction
	 Water is essential for human survival and economic growth. While water is 
abundant on Earth, usable freshwater resources are relatively limited. Groundwater, 
which makes up 0.4% of the total amount of water on Earth, is the most accessible 
source of freshwater (Kemira Kemwater, 2003). Due to natural filtration and low levels 
of pollutants, groundwater is considered a reliable source of freshwater (Ganesh et al., 
2018). However, overexploitation driven by increasing water demand has posed serious 
challenges to the sustainability of groundwater globally. Anthropogenic factors, such 
as the use of pesticides and agricultural fertilizers, sewage leakage, and waste disposal 
leaching, contribute to groundwater contamination (Wekesa & Otieno, 2022). 
	 Situated among the majestic Himalayas, Nepal is bestowed with abundant water 
resources, including tremendous underground reservoirs that hold enormous poten-
tial. Groundwater plays an eminent role in meeting the water needs of both rural and 
urban communities, particularly in urban areas like Kathmandu Valley (KV), where 
surface water sources are limited or inaccessible (Margot and Gun, 2013). Ground-
water extracted from wells and stone-spouts has been an important source of water 
in Kathmandu valley, providing 50-70 % of the total water supply and meeting the 
optimum requirements for drinking water (Chapagain et al., 2009). Groundwater is 
used for various purposes, including domestic use, agriculture, and industrial activities 
in KV (Karki et al., 2020). At present, the groundwater resources of KV face severe 
challenges both in terms of quality and quantity as a result of diverse anthropogenic 
interventions. 
	 The groundwater resources in Bhaktapur Municipality (BM) of KV have ex-
perienced intensified degradation in both quantity and quality. This degradation has 
been attributed to factors such as extensive groundwater extraction, land use modifica-
tions, inadequate management practices, and various human activities (Ganesh et al., 
2018). The daily groundwater extraction rate in Kathmandu valley was approximately 
80 MLD in 2011 (Ganesh et al., 2018), and this figure is expected to rise further due to 
rapid population growth indicated by the  National Population and Housing Census 
2021. The changing land-use patterns have also hindered groundwater recharge, ex-
acerbating the already critical issue of groundwater depletion. Additionally, misman-
agement of wells and pollution contribute to the deterioration of groundwater quality. 
Furthermore, the lack of systematic and reliable information regarding well statistics, 
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groundwater quality and quantity, current groundwater use practices, and aquifer types 
throughout the valley adds to the challenge (Pandey et al., 2010). Therefore, it is crucial 
to monitor groundwater and assess its quality and quantity in order to manage and use 
groundwater resources sustainably.
	 There are many approaches to assessing water quality. A comparative study of 
experimentally determined values for various water quality parameters with standard 
values can facilitate assessing the extent of deviation from the desired or safe levels. 
However, effectively conveying the outcomes of these analyses, including multiple wa-
ter quality parameters, to the general public and policymakers can be challenging. In 
such a case, the Water Quality Index (WQI) is an effective tool that can provide a quan-
titative assessment of the overall quality of the water and its suitability for specific pur-
poses or usage in a simplified manner that is understandable and usable by the public. 
WQI is a solitary number that rates the water quality by totaling different water quality 
parameters (Rao et al., 2019). 
	 The objective of this study is to examine the spatial variation of groundwater 
levels in BM in relation to land use patterns. It aims to assess various physio-chem-
ical water quality parameters and determine the degree of deviation from safe levels 
to identify potential health risks associated with BM's groundwater. Additionally, the 
study calculates the Water Quality Index (WQI) to evaluate its spatio-temporal varia-
tion and the suitability of groundwater for various uses.

2. Study Area

Mandal, R.B. et. al. (2023).
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Figure 1. Study Area showing sample wells.

	 BM is one of the four municipalities of Bhaktapur district in central Nepal. It 
has an area of 6.9 km2, extending at the geographical coordinates of 85°21' - 85°31' 
E longitude and 27°36' - 27°44' N latitude (Kawan et al., 2019). The average altitude 
of BM is 1,400 m above sea level. The climate of BM is a monsoon-influenced humid 
subtropical climate, with mean daily temperatures ranging between 2 ˚C to 15 ˚C in 
winter and 19 ̊ C to 27 ̊ C in summer and an annual rainfall of about 1500 mm (Thakur 
et al., 2015). The geological structure of BM is characterized as weak, with numerous 
fault lines and a loose soil composition (Chapagain et al., 2010; Thakur et al., 2015). 
The soil of BM consists of sticky clay in the topsoil, along with coarse and fine sand, 
clay, cobbles, boulders, and pebbles on hard rocks such as granite, quartzite, and basalt 
(BDC, 2011). According to the National Population and Housing Census 2021, BM 
has a population of 79,136. The water sources in BM include Kathmandu Upatyaka 
Khanepani Limited (KUKL), rivers, tunchhi (wells), and hiti (stone-spouts). Ninety 
percent of households use tap water as the primary source of drinking water (Ganesh 
et al., 2018). 

3. Materials and Methods

3.1. Groundwater Sampling

	 Samples were collected from 24 private or public wells in October 2021 
(post-monsoon), May 2022 (pre-monsoon) and November 2022 (post-monsoon). The 
groundwater-level from ground level to water level was measured using a measuring 
tape. These data were recorded using an Android application called Open Data Kit 
(ODK) Collect. One liter water sample was collected for laboratory analysis for each 
well.

3.2. Determination of physio-chemical parameters

	 The physio-chemical parameters such as temperature, pH, EC and TDS were 
measured using sensor-based instruments in the field. Similarly, laboratory analyses 
for other parameters such as turbidity, ammonia, phosphate, alkalinity, chloride, and 
hardness were carried out in the S4W-Nepal laboratory. A turbidity meter was used for 
the determination of turbidity. Alkalinity was determined by titration of the samples 
with dil. HCl in the presence of phenolphthalein and methyl orange indicators. Chlo-
ride was determined by argentometric titration using a silver nitrate titrant. And hard-
ness was determined by colorimetric titration with an EDTA solution. The phosphate 
and ammonia were tested using the ENPHO water test kit. The determined values of 
these parameters were compared with the guidelines set by WHO-2017 and Nation-
al Drinking Water Quality Standards (NDWQS)-2005. Table 1 summarizes the meas-
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ured categories of parameters and their permissible limits as published by WHO and 
NDWQS.

Table 1. Permissible limits of various parameters as per WHO-2017 and NDWQS-2005

Parameters Units Permissible limits Measuring method 
(Silwal et al., 2021)WHO NDWQS

pH - 6.5-8.5 6.5-8.5 pH meter
Turbidity NTU 1.5 5(10) Turbidity meter
TDS mg/l 1000 1000 TDS-meter
EC µS - 1500 EC-meter
Hardness mg/l as CaCO3 500 500 Colorimetric titration
Alkalinity mg/l 100-300 500 Double end-point titration
Chlorides mg/l 250 250 Argentometric titration
Ammonia mg/l 1.5 1.5 ENPHO test kit
Phosphates mg/l 1 - ENPHO test kit

3.3. WQI calculation
	 The Weighted Arithmetic Index method (Brown et al., 1972) was used for the 
calculation of WQI. The steps for the calculation of WQI were as follows::

Firstly, the unit weight (Wn) factors for each parameter were calculated using the 
formula:

Wn =  
k

Sn

Where, 
  k =  1

∑1/Sn

Sn = Standard desirable value of the nth parameter
On summation of all selected parameters unit weight factors, ∑Wn =1 (unity)
Then, the Sub-index (Qn) value was calculated using the formula:

Qn = | Vn- Vi
Sn- Vi  |  ×100

Where,	
 Vn = Measured value for the nth parameters

Mandal, R.B. et. al. (2023).
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 Sn = Standard desirable value of the nth parameters
 Vi = Ideal value of the parameters in pure water, which is generally zero for most
 parameters except pH, i.e. 7

The overall WQI was calculated using the formula:

               WQI  = ∑Wn×Qn

∑Wn

After determining the Water Quality Index (WQI) for each sample using the afore-
mentioned method, the water quality was categorized into five ranks: excellent, good, 
poor, very poor, and unsuitable for drinking (Table 2). This categorization simplifies 
the assessment of overall water quality in each location.
Table 2. Water Quality Rating as per Weight Arithmetic Water Quality Index Method

WQI value Rating of water quality Grading
0 - 25 Excellent water quality A
26 - 50 Good water quality B
51 - 75 Poor water quality C
76 - 100 Very Poor Quality D
Above 100 Unsuitable for intended purpose E

4. Results and Discussion
4.1 Groundwater level
	 The groundwater levels represented by the map show similar spatial variation 
in both years. Variations in groundwater levels across the BM might be attributable to 
land use and population density (Ganesh et al., 2018). The average groundwater lev-
els of the wells show that 62.5% of the sample wells have a water depth of 4 m below 
ground level, 29.17% have a water depth less than 8 m, and 4.17% have a water level 
greater than 8m below ground level. The groundwater level was deeper in the wells of 
the central part of BM, whereas a shallower groundwater level was observed around the 
periphery of the municipality. The deeper groundwater level in the core area with built-
in land-use can be associated with sealed ground cover, reducing groundwater recharge 
and higher rate of groundwater extraction (Prajapati et al., 2021). Shallow groundwater 
levels were observed at wells located close to agricultural land, where there is more  
groundwater recharge and less impact from anthropogenic stresses.
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Figure 2. Spatial variation of groundwater levels in post-monsoon 2021 and post-mon-
soon 2022.

4.2 Water Quality Parameters

It was observed that the EC, TDS, pH, phosphate, chloride, and hardness of most of the 
samples were within the permissible limits of WHO and NDWQS, whereas the turbid-
ity, ammonia, and alkalinity of many samples exceeded the permissible limits.

a. 	 Hydrogen ion concentration (pH)

	 Water in its pure state is neutral, so the pH of water can indicate the presence of 
acidic or alkaline substances. The pH of the samples ranged between 7.9 and 6.11. 
The pH values in the pre-monsoon were higher in samples from the pre-monsoon 
of 2022, which might be due to the high temperature in the pre-monsoon (Rao and 
Krishna, 2019). The standard limits set by WHO and NDWQS for pH are 6.5–8.5.  
The distribution of pH values denoted that 47.83% of the groundwater samples 
were a bit acidic in the post-monsoon 2021, which tends to be corrosive in nature 
(Singh and Hussian, 2016). None of the samples from 2022 exceeded the standard 
limits.

b. 	 Turbidity

	 Turbidity is caused by algae, particles of soil, metals, or organic or inorganic matter 
suspended or dissolved in water that scatter light, making the water appear cloudy 
or murky. The concentration of turbidity in the samples ranged from 0 to 62.8 
NTU. 5 NTU is the acceptable turbidity as per NDWQS, and 10 NTU is the stand-
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ard limit if an alternate source of potable water is unavailable. Most of the sam-
ples exceeded the permissible limits. 43.48%, 91.67%, and 33.33% of the samples 
exceeded the permissible limits in post-monsoon 2021, pre-monsoon 2022, and 
post-monsoon 2022. This must be due to the low volume of water in the pre-mon-
soon (dry season) and the higher concentration of dissolved or suspended particles 
(Pradeep et al., 2012).

c. 	 Total Dissolved Solid (TDS)

	 TDS is the measure of the inorganic minerals such as bicarbonates, chlorides, sul-
fates, potassium, calcium, sodium, and their salts, along with some organic com-
ponents, dissolved in water. The TDS of the samples ranged from 88 to 785 mg/l. 
The permissible limit for TDS set by WHO and NDWQS is 1000 mg/l, but TDS 
above 500 mg/l might cause undesirable taste and gastrointestinal irritation (Selva-
kumar et al., 2017). All the samples were found to be within the permissible limits 
of 1000 mg/l, but 26.09%, 20%, and 23.81% of samples had TDS above 500 mg/l 
in post-monsoon 2021, pre-monsoon 2022, and post-monsoon 2022, respectively. 
There was no drastic difference in the TDS of samples from post-monsoon 2021, 
pre-monsoon 2022, and post-monsoon 2022.

d. 	 Electrical Conductivity (EC)

	 Electrical conductivity refers to the ionic strength of water and is an important fac-
tor in the quality of groundwater. Natural weathering and various anthropogenic 
sources can contribute to high EC. The EC of the analyzed samples over the study 
period ranged from 180 to 9444 µS. NDWQS has mentioned that the permissible 
limit of EC in drinking water is 1500 μS/cm. All the samples were within the stand-
ard limit in post-monsoon 2022, and only one of the samples in both post-mon-
soon 2021 and pre-monsoon 2022 exceeded the guidelines. The average EC of all 
the wells except one was within the permissible limit.

e. 	 Total Hardness

	 The hardness of groundwater is mostly due to the occurrence of calcium and mag-
nesium salts (Pant 2011). The hardness of the groundwater samples was between 0 
and 452 mg/l. As per the WHO guidelines, water with a hardness between 0 and 60 
mg/l is considered soft, 61 to 120 mg/l is moderately hard, 121 to 180 mg/l is hard, 
and above that is considered very hard water. The average hardness of the samples 
suggests that 12.5% of the wells had moderately hard water, 25% had hard water, 
and 62.5% had very hard water. According to WHO and NDWQS, the permissible 
limit of hardness for potable water is below 500 mg/l. Although none of the samples 
crossed the permissible level, very hard water might not be desirable for certain 
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domestic uses due to its tendency to form scale deposits and difficulty in forming 
lather with soap (Rubenowitz and Hiscock, 2012).

f. 	 Alkalinity

	 Alkalinity is a measure of water's ability to neutralize acids or resist changes that 
cause acidity, maintaining a stable pH. The presence of hydroxide, bicarbonate, and 
carbonate compounds of potassium, calcium, and sodium contributes to alkalinity 
(Devi and Prem Kumar, 2012). Total alkalinity between 90 and 740 mg/l. NDWQS 
has prescribed 500 mg/l as the permissible concentration for alkalinity in drinking 
water. 4.17% of the samples exceeded this limit in the post-monsoons of 2021 and 
2022, and 8.33% of samples exceeded this limit in the pre-monsoon of 2022. WHO 
recommends alkalinity between 100-300 mg/l in drinking water. The average alka-
linity of the samples shows that 29.67% of the wells exceed the WHO guidelines. 
High alkalinity in water can affect the taste of water and cause negative effects on 
human health, such as metabolic alkalosis (Rao et al., 2019). 

g. 	 Chloride

	 Chlorides are essential electrolytes that are necessary for balancing the quantity 
of cell fluids and maintaining blood volume and pressure (Rao et al., 2019). The 
chloride content in the samples was between 14.2 and 234.3 mg/l throughout the 
study period. NDWQS and WHO have set 250 mg/l as the standard limit for chlo-
ride. High concentrations of chlorides can make water saltier, and high chloride 
intake can result in hyperchloremia, hypertension, renal stones, and osteoporosis 
(McCarthy, 2004). The concentration of chlorides in none of the analyzed samples 
was greater than the permissible limits.

h. Ammonia 

	 Ammonia is a common contaminant in groundwater that can result from the deg-
radation of naturally occurring organic matter or anthropogenic sources. The am-
monia content in the samples was between 0 and 3 mg/l throughout the study pe-
riod. WHO and NDWQS have set 1.5 mg/l as the standard limit for ammonia. The 
existence of ammonia in water beyond this limit denotes organic pollution (Thakur 
et al., 2015). 66.67% of the samples exceeded the guidelines in post-monsoon 2021, 
whereas 41.67% exceeded the guidelines in pre- and post-monsoon 2022. Ammo-
nia indicates organic pollution and is considered toxic for the human body (Thakur 
et al., 2015).

Mandal, R.B. et. al. (2023).
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i. 	 Phosphate

	 Dissolution of minerals in overlying soil, infiltration of agricultural fertilizers, 
and leakage of septic systems are the major sources of phosphates in groundwater 
(Fuhrer et al., 1999). The range of phosphate concentrations in the samples was 
found to be between 0 and 1 mg/l, which is not concerning because the WHO-per-
mitted limit for phosphate is 1 m/l. NDWQS has not set any guidelines for phos-
phates. Lower concentrations of phosphate in water are not toxic, but extremely 
high concentrations of inorganic phosphates can cause digestive problems (Olan-
biwonnu and Holden, 2018).

Figure 3. Number of wells that exceeded NDWQS guidelines.

4.4 Water Quality Index 

	 The WQI values of groundwater from 24 monitoring sites during the period of 
study are represented in Fig. 4. The lowest WQI value, i.e., 13.39, was observed in site 
GW20 during pre-monsoon 2022, whereas the highest value, i.e., 1091.49, was found in 
site GW10 during post-monsoon 2022. The WQI values of the samples from pre-mon-
soon 2022 were comparatively lower than those of the samples from post-monsoon 
2021 and 2022. This can be linked to the recharge of contaminants such as pesticides, 
fertilizers, and other chemicals from agricultural run-off and possible septic leakage 
during the wet season. Although there is a tendency for dilution of contaminants dur-
ing post-monsoon, negative effects on the dilution occur in various chemical and ni-
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trogen parameters during the wet seasons (Shakya et al., 2019). 

Figure 4. Temporal variations of WQI values in groundwater samples of study area 
during post-monsoon 2021, pre- and post-monsoon 2022, including average WQI val-
ues.

	 The WQI values in post-monsoon 2021 show that 21 wells had water in ‘E’ 
category, and the remaining had water in the ‘C’ category. In pre-monsoon 2022, one 
well had excellent water quality ‘A’, 4 wells had good water quality ‘B’, 3 wells had poor 
water quality ‘C’ and the remaining wells had water unsuitable for drinking ‘E’. There 
was one well in the ‘C’ and ‘D’ categories each, and the remaining wells were in the 'E' 
category in post-monsoon 2022. The average WQI values of the sampling wells during 
the study period reveal that 22 wells fall under grade ‘E’, i.e., unsuitable for drinking. 
The remaining two wells were in category ‘C’, i.e., poor.

Figure 5. Water quality status of wells in BM during the study period.

Mandal, R.B. et. al. (2023).
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	 Fig. 6 depicts the spatio-temporal variation of WQI in Bhaktapur Municipal-
ity over the duration of the study. Various factors such as altitude, soil type, land use 
patterns, groundwater use practices, and degree of contamination might be respon-
sible for these variations (Silwal et al., 2021).  The maps show that all the wells in the 
core area of the municipality had water unsuitable for drinking, i.e., in the ‘E’ category, 
throughout the study period. The poor water quality observed at these sites with built-
in land use can be attributed to excessive groundwater extraction, infiltration of sewage 
into groundwater, and inadequate well maintenance (Kayastha et al., 2014). Similarly, 
two wells, GW7 and GW21, outside the core area fall in the ‘E’ category. These sites, 
characterized by a combination of built-in and agricultural land use, can be linked to 
sewage disposal, contamination from agricultural activities, and mismanagement of 
the well (Kayastha et al., 2014).

Figure 6. Spatio-temporal variation of WQI in BM during post-monsoon 2021, 
pre-monsoon 2022 and post-monsoon 2022.

This shows that the overall quality of groundwater in Bhaktapur municipality is not 
good. The increase in Water Quality Index (WQI) values in these areas is mainly due 
to human activities that negatively impact the water. These activities include leakages 
from sewage systems and septic tanks, inadequate upkeep and cleanliness of wells and 
nearby areas, excessive use of groundwater, runoff from urban areas, and the seepage 
of pollutants from agricultural activities (Thakur et al., 2015).
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Figure 7. Scatter plot of average parameter values of each sampling site as a function of 
groundwater level (m)

Table 3. Correlation between water quality parameters and groundwater level

Parameters Correlation with groundwater level
EC -0.0402
pH -0.2565
TDS -0.1540
Turbidity 0.2433
Ammonia 0.1414
Phosphate -0.3197
Alkalinity -0.0620

Mandal, R.B. et. al. (2023).
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Chloride 0.2091
Hardness (mg/l) 0.2954

Figure 8. Regression plot of Water quality index values of each sampling site as a func-
tion of groundwater level (m)  in post-monsoon 2021 and post-monsoon 2022.

	 The correlation between fluctuation of WQI values and the groundwater level 
from ground level to water i.e. -0.097 and -0.027 in post-monsoon of 2021 and 2022, 
respectively as showm in Figure 8. Therefore, there was a low negative correlation be-
tween watqr quality and water quantity.

5. Conclusions

	 The study provides an overview of the present condition of groundwater in BM. 
Deeper groundwater levels were found in the wells in the center of BM, while shallow-
er levels were found in the periphery. Most of the samples' EC, TDS, pH, phosphate, 
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chloride, and hardness were within the WHO and NDWQS guidelines; however, many 
samples had turbidity, ammonia, and alkalinity levels that were higher than the per-
missible limits. The WQI values indicate better water quality in the pre-monsoon than 
in the post-monsoon. Based on the average WQI values, the water from most of the 
sample wells was classified as unfit for drinking. The water quality index values were 
comparatively higher for the wells in the built-in areas. The water quality of Bhaktapur 
Municipality's groundwater has significantly deteriorated due to various human activi-
ties, making it unsuitable for consumption. The results of this study suggest the need for 
effective groundwater resource management strategies, including regular monitoring 
of the resource and protection of groundwater recharge areas. Furthermore, the study 
highlights potential measures to improve groundwater quality, such as preventing leak-
age from septic and sewage lines, reducing the use of chemical fertilizers in agricultural 
areas, and maintaining wells with proper sanitation. This research can serve as a valua-
ble reference for developing management plans and conducting similar assessments in 
the future.
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