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ABSTRACT
Understanding the present status of groundwater is pivotal for the sustainable management of this precious 
resource. The present study aimed to perform a Water Quality Index (WQI) based analysis for evaluating the 
groundwater quality of the Bhaktapur Municipality in January (winter) 2017, July (monsoon) 2017, May (pre-
monsoon) 2018, July (monsoon) 2018, and November (post-monsoon) 2018. Ten physicochemical parameters: 
pH, turbidity, total dissolved solids, chloride, nitrate, conductivity, total hardness, iron, ammonia, and alkalinity 
were analyzed, and the obtained parametric values were compared with the standard limits set by the National 
Drinking Water Quality Standard (NDWQS). Based on the average WQI values, 64% of samples indicated an 
unsuitable water category, and the remaining 36% showed a “very poor” water quality status. The groundwater 
quality was found to be comparatively better in the monsoon season (with lower WQI values), which may be 
due to the dilution of minerals from monsoonal rainfall. The groundwater quality was highly influenced by some 
parameters, including turbidity, ammonia, and iron. The degraded groundwater quality suggests that extensive 
treatment and protection from further contamination are crucial. Quantifying the spatial distribution of WQI can 
be helpful for effectively designing and delineating locations for appropriate groundwater treatment facilities 
such as reverse osmosis or filtration, ion exchange, etc.  
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INTRODUCTION
Water is fundamental to human life. The largest 
accessible source of fresh water lies underground 
(Jeyapprabha et al. 2014; Mishra 2014; Venkateswarlu 
et al. 2014). Groundwater, a historically reliable source 
of high-quality water, is crucial to fulfilling human 
water needs and ensuring livelihood security worldwide 
(UNESCO 2009). Unfortunately, groundwater is often 
improperly used, poorly understood, and ineffectively 
managed (Ravinder and Rosin 2007). One of the major 
challenges to groundwater sustainability emerges from 

over-exploitation due to the increasing demand for 
water (increasing population and changing lifestyles). 
Other challenges include groundwater contamination 
(Ravinder and Rosin 2007), long lag-times between 
our actions and the resulting consequences, and 
negligence in conserving the invisible shared aquifer 
resources (i.e., tragedy of the commons; Foster and 
Garduño 2012). The assessment of groundwater quality 
is significant for socio-economic growth (Ishaku 
et al. 2011).  The physicochemical aspect of water 
should be given proper attention before using it for 
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drinking purposes (Okonko et al. 2018). The effect of 
groundwater quality on human health is a major concern 
(Pazand et al. 2011). About 80 percent of diseases 
are directly related to poor drinking water supply 
and unsanitary conditions in the developing world 
(UNESCO 2006). Water quality is widely influenced 
by natural processes and human activities (Sundara et 
al. 2010). However, water quality assessment is often 
not considered, especially in developing countries like 
Nepal (Mahmood and Kundu 2005). 

In Nepal, groundwater resources are also 
facing significant quantity, quality, and management 
challenges. The wide use of groundwater (beyond 
the rate of recharge), along with mismanagement 
of solid waste and wastewater in the Kathmandu 
Valley (Valley), has increased the vulnerability of 
the groundwater system to (groundwater) resource 
depletion and quality degradation (Pandey et al. 
2010). Extensive groundwater pollution in the Valley 
threatens to render the resource useless well before it 
is exhausted (Saleem and Dandigi 2013; Singhal et al. 
2016). In the Valley, the major factors contributing to 
groundwater pollution include septic failures, sewage 
lines, leachate from landfill sites, open-pit latrines, and 
disposal of household/industrial wastes into the surface 
water (Shrestha et al. 2012). Thus, groundwater in the 
Valley, both the quantity and quality, is under massive 
threat that requires an urgent response from concerned 
stakeholders (Pradhanang et al. 2012). Besides 
that, the studies incorporating the assessment of 
groundwater quality/quantity are scarce in the Valley, 
which deprives one from understanding the present 
condition of groundwater resources. Similar is the case 
of Bhaktapur Municipality, one of the municipalities 
in the Valley. Despite groundwater being regarded as 
a pivotal source of drinking water in the Bhaktapur 
Municipality, groundwater quality monitoring has 
not gained much attention. In this context, proper 
management of the groundwater system of the 
Bhaktapur Municipality encompassing its source, 
quantity, and quality is vital for the sustainability of 
this valuable resource (Khadse et al. 2012).

Conventional approaches for determining water 
quality rely on a comparative study of experimentally 
determined parameter values with prevailing standards 
(Debels et al. 2005). However, communicating the 
results of such multi-parameter approaches to decision-
makers and planners is often difficult. Importantly, it 

does not capture the overall view of temporal and spatial 
variations of water quality in a particular area. Instead, 
this paper uses the concept of Water Quality Index 
(WQI), which provides a single value representing 
overall water quality based on comparing water quality 
parameters with respective regulatory standards (Akter 
et al. 2016). Simply, WQI is a numerical rating that 
demonstrates the combined effect of various water 
quality parameters (Rao et al. 2010). Additionally, this 
paper explores WQI variability in space and time in 
Bhaktapur Municipality. The objective of the present 
study is to evaluate the water quality in Bhaktapur 
Municipality and determine its suitability for drinking 
purpose using the proposed WQI.

Several prior studies have been conducted to 
assess the water quality by the application of WQI. 
Regmi et al. (2016) investigated the water quality 
aspect for the aquatic ecosystems and recreation of the 
major rivers in the Valley using the Canadian Council 
of Ministers of the Environment Water Quality Index 
(CCME WQI). Tripathi et al. (2016) calculated WQI 
for primary health risk assessment of potentially toxic 
metals in surface water of the Himalayan Rivers, 
Nepal. Ponsadailakshmi et al. (2018) evaluated water 
quality suitability for drinking using drinking WQI 
through arithmetic and geometric index system in 
Nagapattinam district in Southern India. Bohara 
(2016) introduced WQI for shallow wells in the Valley 
based on physical water quality parameters. WQI is a 
powerful tool to disseminate information on the quality 
of water to the concerned people and policymakers 
(Ramakrishnaiah et al. 2009).

STUDY AREA
Bhaktapur Municipality is located between 85° 
21' - 85°31' E longitude 27° 36' - 27° 44' N latitude,  
covering an area of 6.9 Km2. The mean elevation 
of the municipality is approximately 1,400 meters 
above sea level, and the annual rainfall observed is 
about 1500 mm. The climate of the municipality is 
regarded as temperate (Karki et al. 2016), and the 
average temperature in the summer is more than 32˚C 
and winter is up to -2˚C (Thakur et al. 2015). The 
geological structure of the Bhaktapur Municipality 
is considered to be weak with the presence of many 
fault lines of loose soil structure and minimal bearing 
capacity (Chapagain et al. 2010; Thakur et al. 2015). 
In the municipality, the sticky clay includes the 
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topsoil with coarse and fine sand accompanied by clay 
consisting of cobbles, boulders, and pebbles on the 
hard rocks of granite, quartzite, basalt, etc (BDC 2011; 
Thakur et al. 2015). The major sources of water in the 
study area include tube wells, Kathmandu Upatyaka 
Khanepani Limited supply, stone spouts, and dug 
wells. According to a census in 2011, the population 
of Bhaktapur Municipality is 81,748 (CBS 2014). 
Among 17,639 households, 90 % use tap water as the 
main source of drinking water (CBS 2014). A site plan 
showing Bhaktapur Municipality and the location of 
groundwater sampling stations selected for the study is 
shown in Fig. 1.

METHODS AND MATERIALS

Field data collection
We collected water samples from all 25 sampling 

stations in five different periods: January (winter) 

2017, July (monsoon) 2017, May (pre-monsoon) 2018, 
July (monsoon) 2018, and November (post-monsoon) 
2018 of the study area. We considered the spatial 
coverage of the study area, settlement areas, and use of 
wells during the selection of the groundwater sampling 
stations. Coordinates of the sampling locations were 
taken with a handheld GPS (GARMIN GPSMAP 
62sc) with an accuracy of ± 10 m. Samples were 
collected from various sources such as private and 
public wells in 1-liter plastic bottles and transported to 
Khwopa Engineering College’s lab and analyzed them 
for Total Dissolved Solids (TDS), Total Hardness, 
Alkalinity, Nitrate, Ammonia, Turbidity, pH, Electric 
Conductivity, Iron, and Chloride. All laboratory tests 
were completed within 24 hours from the time of 
sample collection.
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Fig. 1: Land-use map (Davids et al. 2018) of Bhaktapur Municipality with sample sites shown as red dots and labelled with site id.

To perform quick water quality tests, Environment and 
Public Health Organization (ENPHO) kit (ENPHO 2015) 
- a device containing chemicals and equipment designed 
for the water contamination test was used. This system 
was developed by the ENPHO, an organization working 
in the field of Environment and research. The 
contamination parameters set by the ENPHO kit 
comprise the standards set by the government of Nepal. 

Comparative analysis of  obtained values of various 
quality parameters to standards for a limit of 
concentration from the National Drinking Water Quality 
Standard (NDWQS), 2005, published by the Ministry of 
Physical Planning and Works, Nepal was performed 
during the study. The measured categories of parameters 
and their concentration limits as published on NDWQS 
are summarized in Table 1.

Table 1: Concentration limits of various water quality standards. 

Parameters Units Concentration Limits (NDWQS) Measuring Method 

Turbidity NTU 5 (10) Turbidity meter 

pH  6.5-8.5* pH meter 

TDS mg/L 1000 Weighed evaporated water/TDS Meter 

Electric Conductivity millisiemens (ms)/cm 1500 Conductivity meter 

Iron mg/L 0.3 (3) ENPHO test kit 

Ammonia mg/L 1.5 ENPHO test kit 

Chloride mg/L 250 ENPHO test kit 

Alkalinity mg/L 500 ENPHO test kit 

Nitrate mg/L 50 ENPHO test kit 

Hardness mg/L as CaCO3 500 ENPHO test kit 

* Levels are minimum to the maximum 
( ) Values in parenthesis refer to the acceptable values only when an alternative is not available. 

For the calculation of WQI, the selection of 
parameters is of great importance. The importance of the 
parameters depends on the intended use of water. The 
selection of water quality parameters to be evaluated is 
based on sensitivity, existence or absence of water quality 
standards or criteria, and cost and time of data collection 

and analysis. Ten parameters have been selected for 
developing the WQI. 

WQI Calculation  

Fig. 1: Land-use map (Davids et al. 2018) of Bhaktapur Municipality with sample sites shown as red dots  
and labelled with site id.
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To perform quick water quality tests, Environment and 
Public Health Organization (ENPHO) kit (ENPHO 
2015) - a device containing chemicals and equipment 
designed for the water contamination test was used. This 
system was developed by the ENPHO, an organization 
working in the field of Environment and research. 
The contamination parameters set by the ENPHO 
kit comprise the standards set by the government of 

Nepal. Comparative analysis of  obtained values of 
various quality parameters to standards for a limit 
of concentration from the National Drinking Water 
Quality Standard (NDWQS), 2005, published by the 
Ministry of Physical Planning and Works, Nepal was 
performed during the study. The measured categories of 
parameters and their concentration limits as published 
on NDWQS are summarized in Table 1.

Table 1: Concentration limits of various water quality standards.

Parameters Units Concentration Limits (NDWQS) Measuring Method

Turbidity NTU 5 (10) Turbidity meter
pH 6.5-8.5* pH meter

TDS mg/L 1000 Weighed evaporated water/TDS 
Meter

Electric 
Conductivity

millisiemens 
(ms)/cm

1500 Conductivity meter

Iron mg/L 0.3 (3) ENPHO test kit
Ammonia mg/L 1.5 ENPHO test kit
Chloride mg/L 250 ENPHO test kit

Alkalinity mg/L 500 ENPHO test kit
Nitrate mg/L 50 ENPHO test kit

Hardness mg/L as 
CaCO3

500 ENPHO test kit

* Levels are minimum to the maximum
( ) Values in parenthesis refer to the acceptable values only when an alternative is not available.

For the calculation of WQI, the selection of parameters 
is of great importance. The importance of the 
parameters depends on the intended use of water. The 
selection of water quality parameters to be evaluated 
is based on sensitivity, existence or absence of water 
quality standards or criteria, and cost and time of data 
collection and analysis. Ten parameters have been 
selected for developing the WQI.

WQI Calculation 
We employed the weighted arithmetic index method 
(Brown et al. 1972) for determining WQI described 
herein following steps: 

The overall WQI was calculated by aggregating 
the quality rating with the unit weight linearly.
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where, qn = Quality rating for the nth water quality 
parameters and Wn = Unit weight for the nth water 
quality parameters 

WQI is a mathematical tool to represent a large variety of 
water quality parameters into a single number (Singh and 
Hussian 2016), considering their impact on users to 
understand the overall quality of water.  

Calculation of Sub Index of Quality Rating (qn) 

Let there be n water quality parameters, where the quality 
rating or sub index (qn) corresponding to the nth 
parameter is a number reflecting the relative value of 
these parameters in the polluted water with respect to its 
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where, Vn = Measured value of the nth parameter at a 
particular monitoring site, Sn = Standard limit of the nth 
parameters, and Vio = Ideal value of nth parameter in 
pure water. (i.e., 0 for all parameters except the parameter 
pH (7.0). 

Calculation of Quality Rating for pH 

For pH, the ideal value is 7.0 (for natural water), and a 
permissible value is 8.5 (for polluted water). Therefore, 
the quality rating for pH is calculated from the following 
relation: 

qn = 100�VpH − 7�
�8.5 − 7�                                                        (3) 

where, VpH = observed value of pH during the study 
period. 

If quality rating qn = 0, it means a complete 
absence of pollutants, while 0 < qn < 100 implies that the 
pollutants are within the prescribed standard. When qn 
>100 implies that the pollutants are above the standards. 

Calculation of Unit Weight (Wn) 

In this paper, equal weightage is provided to each 
parameter since standard weightage has not been 
developed for the parameters in the context of the Valley. 

After the value of WQI for each sample was 
calculated using the method mentioned above, the 
categorization of water on five different ranks (Table 2); 
excellent, good, poor, very poor, and unsuitable for 
drinking was conducted. This made understanding the 
overall water quality of each location easier in a 
generalized manner. 

Table 2: Status of water quality based on Arithmetic WQI 
method (Chatterjee and Raziuddin 2002). 

WQI 
Value 

Water quality 
status 

Grading Remarks 

0-25 Excellent A Pristine Quality 

26-50 Good B Acceptable 

51-75 Poor C Need treatment 
(filtration and 
disinfection) 

76-100 Very Poor D Need special 
treatment 

>100 Unsuitable for 
drinking 

E Unsuitable 

Data analysis and visualization  

Pair plot was prepared for WQI values for each season to 
analyze the distribution of WQI values. The recharge area 
contributing to the well (i.e., Zone of Contribution or 
ZOC) was assumed to have a radius of 200m. The 
percentage of different land-use types was determined for 
each well’s ZOC. Scatter plots between average WQI 
values and altitude and percentage of different land-use 
types were developed. Similarly, scatter plots were also 
developed between the fluctuation of WQI (maximum-
minimum WQI) values and altitude and the percentage of 
different land-use types. WQI maps and scatter plots 
were developed to analyze the spatial and seasonal 
variation of WQI values. Heatmaps were generated to 
analyze the percentage contribution of parameters in the 
overall WQI value. 

 

RESULTS AND DISCUSSIONS 
Spatio-temporal distribution of water quality 
parameters 
The following discusses water quality for different 
individual parameters.   

pH 

pH indicates the intensity of acidic or alkaline materials 
present in the water. The maximum pH value of 11.6 was 
observed among the groundwater samples during pre-
monsoon 2018, whereas the minimum pH of 5.6 was 

where, qn = Quality rating for the nth water quality 
parameters and Wn = Unit weight for the nth water 
quality parameters

WQI is a mathematical tool to represent a large 
variety of water quality parameters into a single number 
(Singh and Hussian 2016), considering their impact on 
users to understand the overall quality of water. 

Calculation of Sub Index of Quality Rating 
(qn)
Let there be n water quality parameters, where the 
quality rating or sub index (qn) corresponding to the 
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nth parameter is a number reflecting the relative value 
of these parameters in the polluted water with respect 
to its standard permissible value. The value of qn is 
calculated using the following expression:
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RESULTS AND DISCUSSIONS 
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parameters 
The following discusses water quality for different 
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pH 

pH indicates the intensity of acidic or alkaline materials 
present in the water. The maximum pH value of 11.6 was 
observed among the groundwater samples during pre-
monsoon 2018, whereas the minimum pH of 5.6 was 

where, Vn = Measured value of the nth parameter 
at a particular monitoring site, Sn = Standard limit 
of the nth parameters, and Vio = Ideal value of nth 
parameter in pure water. (i.e., 0 for all parameters 
except the parameter pH (7.0).

Calculation of Quality Rating for pH
For pH, the ideal value is 7.0 (for natural water), 
and a permissible value is 8.5 (for polluted water). 
Therefore, the quality rating for pH is calculated from 
the following relation:
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where, VpH = observed value of pH during the 
study period.

If quality rating qn = 0, it means a complete 
absence of pollutants, while 0 < qn < 100 implies 
that the pollutants are within the prescribed standard. 
When qn >100 implies that the pollutants are above 
the standards.

Calculation of Unit Weight (Wn)
In this paper, equal weightage is provided to each 
parameter since standard weightage has not been 
developed for the parameters in the context of the 
Valley.

After the value of WQI for each sample was 
calculated using the method mentioned above, the 
categorization of water on five different ranks (Table 
2); excellent, good, poor, very poor, and unsuitable 
for drinking was conducted. This made understanding 
the overall water quality of each location easier in a 
generalized manner.

Table 2: Status of water quality based on Arithmetic WQI 
method (Chatterjee and Raziuddin 2002).

WQI 
Value

Water quality 
status

Grading Remarks

0-25 Excellent A Pristine quality
26-50 Good B Acceptable
51-75 Poor C Need treatment 

(filtration and 
disinfection)

76-100 Very Poor D Need special 
treatment

>100 Unsuitable for 
drinking

E Unsuitable

Data analysis and visualization 
Pair plot was prepared for WQI values for each season 
to analyze the distribution of WQI values. The recharge 
area contributing to the well (i.e., Zone of Contribution 
or ZOC) was assumed to have a radius of 200m. The 
percentage of different land-use types was determined 
for each well’s ZOC. Scatter plots between average 
WQI values and altitude and percentage of different 
land-use types were developed. Similarly, scatter plots 
were also developed between the fluctuation of WQI 
(maximum-minimum WQI) values and altitude and 
the percentage of different land-use types. WQI maps 
and scatter plots were developed to analyze the spatial 
and seasonal variation of WQI values. Heatmaps were 
generated to analyze the percentage contribution of 
parameters in the overall WQI value.

RESULTS AND DISCUSSIONS

Spatio-temporal distribution of water 
quality parameters
The following discusses water quality for different 
individual parameters.  

pH
pH indicates the intensity of acidic or alkaline materials 
present in the water. The maximum pH value of 11.6 
was observed among the groundwater samples during 
pre-monsoon 2018, whereas the minimum pH of 5.6 
was during monsoon 2017. The highest pH value of 
the sample can be linked with the factors altering the 
chemical evolution of groundwater, such as residence 
period of groundwater, mineralogy, geochemistry, etc 
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(Ayotte et al. 2003). The distribution of pH values 
denotes that the groundwater was a bit alkaline in the 
pre-monsoon 2018. NDWQS has set 6.5-8.5 as the 
standard limit of pH. The water tends to be corrosive 
in nature if the pH value is less than 7 (Singh and 
Hussian 2016). About 30% of the samples crossed the 
acceptable limit in pre-monsoon 2018 and monsoon 
2018, whereas none of the samples exceeded the 

standard limit in post-monsoon 2018. In winter 2017 
and monsoon 2017, less than 17% of the samples 
were above the allowable limit. Fig. 2 (a) shows the 
spatial alteration of average pH values. It denotes that 
the sample wells in the outskirts had slightly lower 
pH values than the core municipal areas; however, the 
average pH values of all groundwater wells are within 
the standard limit.
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Turbidity
Turbidity is the decrease in water clarity due to the 
existence of colloidal matter, including minute organic 
matter, clay/silt, and microorganisms (Dandwate 
2012). In the present study, the concentration of 
turbidity of the samples was in the range of 2-414 
NTU. NDWQS has mentioned 5 NTU as the acceptable 
limit and 10 NTU as the standard limit if an alternate 
source of potable water is unavailable. The turbidity 
of 64%, 72%, 80%, 52%, and 92% of the samples 
exceeded the acceptable limit during winter 2017, 
monsoon 2017, pre-monsoon 2018, monsoon 2018, 
and post-monsoon 2018 respectively. The increased 
turbidity concentration in the groundwater indicates 
contamination of water, possibly led by drainage of 
sewage or agricultural wastes. Fig. 2(b) demonstrates 
that the average turbidity value for all sample wells 
exceeded the maximum permissible limit of 10, 
except for sample wells W8, W18, W23, W24, and 
W25. The average turbidity value for all sample wells 
suggests the probability of anthropogenic inputs in the 
groundwater.

Total Dissolved Solids (TDS)
TDS, the salinity of water, of the analyzed samples 
over the study period ranged from 68-1369 mg/l. 
NDWQS has mentioned the permissible limit of 
TDS to be 1000 mg/l. Only 16% of sample wells 
have TDS beyond the allowable limit of NDWQS in 
monsoon 2017, whereas all samples had TDS within 
the standard limit in winter 2017, pre-monsoon 2018, 
monsoon 2018, and post-monsoon 2018. The spatial 
distribution of average TDS is presented in Fig. 2(c). 
Although all samples were within the acceptable 
limit, the groundwater wells located in the central 
part of the municipality had comparatively more TDS 
values than other parts (Fig. 2(c)). The spatio-temporal 
alteration in the concentration of dissolved solids, 
including bicarbonates, chloride, sulfates, and calcium 
in groundwater, can be attributed to diverse factors 
such as geological formations, land-use patterns, 
climate, and anthropogenic activities (Singh et al. 
2011). The increased TDS level in water significantly 
influences the taste, hardness, and corrosivity of 
water (Balakrishnan 2011). As a result, palatability 
decreases beyond the permissible limit and may induce 
gastrointestinal irritations (Singh and Hussian 2016). 

Conductivity
Electrical conductivity simply refers to the ionic 
strength of water. The level of conductivity of the 
analyzed samples was between 246 to 1980 μS/cm. 
NDWQS has set 1500 μS/cm as the acceptable limit 
for the electrical conductivity of the drinking water. 
All the samples were within the standard limit in the 
post-monsoon 2018, and less than 25% of the samples 
exceeded the allowable limit in the remaining seasons. 
The concentration of conductivity is comparatively 
higher in the monsoon season of both 2017 and 2018, 
which can be linked with the infiltration of contaminants 
into the shallow aquifer from urban runoff, industrial 
wastes, and sewage. Fig. 2(d) indicates that the average 
conductivity values of four sample wells (W2, W4, 
W16, and W24) were considerably low than the other 
wells and all the samples were within the permissible 
limit.  

Total hardness
The hardness is usually due to the existence of 
calcium (Ca2+) and magnesium (Mg2+) ions in water 
(Pant 2011). In the present study, the hardness of 
groundwater samples ranged from 8 to 576 mg/l. 
According to NDWQS, the hardness of potable water 
should be within the permissible limit of 500 mg/l. 8% 
of the samples crossed the permissible limit in winter 
2017 and monsoon 2017, whereas all the samples 
were within the acceptable limit in pre-monsoon 2018, 
monsoon 2018, and post-monsoon 2018. Hardness in 
water can result from the interaction of groundwater 
and rock formations (Emmanuel et al. 2013). The 
concentration of hardness in the groundwater can 
also elevate from agricultural and industrial effluents. 
The average hardness of all monitoring wells of the 
municipality was within the permissible limit (Fig. 
2(e)).

Iron
Iron, an abundant metal, is present in groundwater 
mainly due to processes associated with the formation 
of rocks (Prakash and Somashekar 2006). NDWQS has 
recommended 0.3 mg/l as the acceptable limit and 3 
mg/l as the standard limit if the water is the only source 
of drinking water. The average concentration of iron 
for 52% of the groundwater samples was higher than 
0.3 mg/l; however, the average iron in all sample wells 
is below the allowable limit of 3 mg/l (Fig. 2(f)). Three 
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wells (W4, W6, and W8) had significantly lower iron 
values. Despite iron being known to have minimal 
impact on human health, its immoderate presence 
is still regarded as a disturbance (Dart 1974). 12% 
sample in winter 2017, 32% sample in monsoon 2017, 
20% sample in pre-monsoon 2018, and 8% in monsoon 
2018 respectively have iron content greater than 0.3 
mg/l whereas 4% samples in post-monsoon exceeded 
the permissible limit of 3 mg/l. The spatio-temporal 
variation of iron content in the monitoring wells can be 
linked with the discharge of naturally occurring iron, 
contaminants from industries, iron fragments disposal 
in nearby areas, etc.

Chlorides
The levels of chloride in the groundwater samples 
ranged from 19.6-1704 mg/l over the study period. 
As per NDWQS, the allowable limit for chloride is 
250 mg/l. Minerals including hornblende, apatite, and 

mica and weathering of igneous rocks can result in 
the occurrence of chlorine in groundwater (Das and 
Malik 1988). The concentration of chlorides in nearly 
50% of the samples during winter 2017, monsoon 
2017, and pre-monsoon 2018 were greater than the 
permissible limit. However, all of the samples were 
within the acceptable limit in monsoon 2018 and 
post-monsoon 2018. The variation in chloride is due 
to natural and anthropogenic sources, such as urban 
runoff, landfill leachates, agricultural percolation, 
and sewage effluents (Hem 1992; Ritzi et al. 1993). 
Excessive amounts of chloride in groundwater make 
it saltier and possibly lead to asthma, hypertension, 
renal stones, and osteoporosis (McCarthy 2004). The 
average chloride content in the water samples was 
within the allowable limit except for W6, W9, and 
W21 (Fig. 3(a)). The sample wells in the eastern part 
had comparatively higher average values of chloride, 
which can be attributed to the agricultural effluents.
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Fig. 3: Spatial variations of average water quality parameter values in the groundwater samples of the study area. 
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ammonia in water beyond this limit denotes organic 
pollution (Thakur et al. 2015). The concentration of 
ammonia in 90% of analyzed samples was greater than 
the standard limit in winter 2017, which may be due to 
the disposal of sewages, infiltration of agricultural 
effluents, and wastewater contamination. The percentage 
of samples exceeding the standard limit for ammonia was 
4% in monsoon 2018, whereas it was approximately 40% 
in monsoon 2017, pre-monsoon 2018, and post-monsoon 
2018 respectively. The average ammonia value for 
majority (64%) of the sample wells exceeded the standard 
limit (Fig. 3 (b)). Ammonia is known to have a toxic 
impact on human health if the consumption rate is higher 
than the body's detoxifying capacity (Nelson and Cox 
2008; Thakur et al. 2015). 

Nitrate 

Nitrate content in the collected samples was within the 
range of 10-100 mg/l. NDWQS has prescribed 50 mg/l as 
the permissible concentration for nitrate in drinking 
water. The maximum number of samples exceeded the 
acceptable limit in monsoon 2017 (64%), followed by 
monsoon 2018 (25%) in the study area. In contrast, less 
than 25% of the samples crossed the limit in the 
remaining seasons of the study period. In general, nitrate 
contamination in groundwater results from sewage and 
other pollutants containing nitrates. The water-rich in 
nitrate content can have adverse health impacts and leads 
to a disease known as “Methaemoglobinaemia” in infants 
(Kanmani and Gandhimathi 2013). The average nitrate 
value was higher in most samples, and groundwater of 
two wells (W8 and W24) were known to exceed the 
permissible limit (Fig. 3(c)). It can be attributed to the 
sewage infiltration in the case of core areas and 
agricultural percolation in the outskirts of the 
municipality.  
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Ammonia
The ammonia content in the samples was between 
0 to 3 mg/l throughout the study period. NDWQS 
has 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). 
The concentration of ammonia in 90% of analyzed 
samples was greater than the standard limit in winter 
2017, which may be due to the disposal of sewages, 
infiltration of agricultural effluents, and wastewater 
contamination. The percentage of samples exceeding 
the standard limit for ammonia was 4% in monsoon 
2018, whereas it was approximately 40% in monsoon 
2017, pre-monsoon 2018, and post-monsoon 2018 
respectively. The average ammonia value for majority 
(64%) of the sample wells exceeded the standard limit 
(Fig. 3 (b)). Ammonia is known to have a toxic impact 
on human health if the consumption rate is higher than 
the body's detoxifying capacity (Nelson and Cox 2008; 
Thakur et al. 2015).

Nitrate
Nitrate content in the collected samples was within the 
range of 10-100 mg/l. NDWQS has prescribed 50 mg/l 
as the permissible concentration for nitrate in drinking 
water. The maximum number of samples exceeded the 
acceptable limit in monsoon 2017 (64%), followed by 
monsoon 2018 (25%) in the study area. In contrast, 
less than 25% of the samples crossed the limit in the 
remaining seasons of the study period. In general, nitrate 
contamination in groundwater results from sewage and 
other pollutants containing nitrates. The water-rich in 
nitrate content can have adverse health impacts and 
leads to a disease known as “Methaemoglobinaemia” 
in infants (Kanmani and Gandhimathi 2013). The 
average nitrate value was higher in most samples, and 
groundwater of two wells (W8 and W24) were known 
to exceed the permissible limit (Fig. 3(c)). It can be 
attributed to the sewage infiltration in the case of core 
areas and agricultural percolation in the outskirts of the 
municipality. 

Alkalinity
Alkalinity indicates the degree of water to neutralize 
acids and is due to the occurrence of hydroxide, 
bicarbonate, and carbonate compounds of potassium, 
calcium, and sodium (Devi and PremKumar 2012). The 

level of alkalinity of the analyzed samples was in the 
range of 170-1590 mg/l. NDWQS has recommended 
the alkalinity in drinking water should be less than 
500 mg/l. No more than 25% of samples crossed the 
standard limit during the study period except in post-
monsoon 2018 (72%). The higher alkalinity in water 
affects the taste of water and may have detrimental 
impacts on human health. The spatial distribution of 
average alkalinity values is shown in Fig. 3(d), where 
the alkalinity in the water of four wells (W9, W12, 
W19, and W21) crossed the standard limit. This can 
be linked with the presence of organic matter in the 
groundwater and weathering of minerals and rocks 
(Asadi et al. 2007; Pius et al. 2011).

Based on calculated WQI, the water quality of 
groundwater samples at different sites is quantified and 
presented in Fig. 5.

Spatio-temporal distribution of WQI
The summary of seasonal WQI values of the 
groundwater from 25 monitoring sites throughout 
the study duration is demonstrated in Fig. 4. The 
findings showed that most water samples fall under 
grade “E,” i.e., unsuitable water category. The WQI 
values were highest during the post-monsoon 2018, 
with the minimum value of 53 at site W6 and the 
maximum value of 1039 at site W11. The average WQI 
value was highest in the post-monsoon 2018 (WQI= 
213), followed by winter 2017 (WQI= 153) and pre-
monsoon 2018 (WQI= 131). In contrast, the average 
WQI was low in monsoon 2018 (WQI=70) and 
monsoon 2017 (WQI=117). Dilution of contaminants 
due to monsoonal rainfall may have resulted in lower 
average WQI values in the monsoon season. Based 
on the average WQI values of monitoring wells over 
the study period, nine sites fall under grade ‘D,’ i.e., 
very poor water category. The remaining 16 sites were 
under grade ‘E,’ i.e., unsuitable water category (Table 
3). Built and agricultural land-use are the major land-
use in the ZOC of all monitored sites. 17 monitoring 
sites are mainly covered by the built land-use, and 
agriculture land-use is dominant in the remaining sites. 
The existence of natural land use is very minimal in the 
study area; therefore, none of our sites lies in natural 
land use.
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Alkalinity 

Alkalinity indicates the degree of water to neutralize 
acids and is due to the occurrence of hydroxide, 
bicarbonate, and carbonate compounds of potassium, 
calcium, and sodium (Devi and PremKumar 2012). The 
level of alkalinity of the analyzed samples was in the 
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Fig. 4: Temporal variations of drinking WQI values in the groundwater samples of the study area during Jan 2017, July 2017, May 
2018, July 2018, and Nov 2018 (average of all five also included). 

Table 3: Detailed description of sampling sites. 

Site 
ID 

Northing Easting Altitude (m) Average WQI 
values 

Average WQI 
category 

Built land-
use % 

Nat land-
use % 

Ag land-use 
% 

1 85.44608 27.6845 1355 83 D 20 5 75 

2 85.44111 27.66583 1320 162 E 44 0 56 

3 85.44317 27.67214 1322 151 E 51 1 48 

Fig. 4: Temporal variations of drinking WQI values in the groundwater samples of the study area during Jan 2017, July 
2017, May 2018, July 2018, and Nov 2018 (average of all five also included).

Table 3: Detailed description of sampling sites.

Site 
ID

Northing Easting Altitude 
(m)

Average WQI 
values

Average WQI 
category

Built land-
use %

Nat land-
use %

Ag land-
use %

1 85.44608 27.6845 1355 83 D 20 5 75

2 85.44111 27.66583 1320 162 E 44 0 56

3 85.44317 27.67214 1322 151 E 51 1 48

4 85.42058 27.66664 1315 116 E 60 0 40

5 85.43467 27.6679 1320 212 E 77 0 23

6 85.41308 27.66967 1314 81 D 45 2 52

7 85.43369 27.67375 1344 133 E 100 0 0

8 85.43708 27.67208 1335 81 D 96 0 4

9 85.43228 27.67086 1326 134 E 87 0 13

10 85.43303 27.67272 1340 271 E 100 0 0

11 85.42914 27.67044 1340 267 E 100 0 0

12 85.43075 27.67156 1340 163 E 100 0 0

13 85.42633 27.67258 1345 112 E 98 0 3

14 85.42606 27.66972 1338 115 E 92 0 8

15 85.42842 27.67406 1335 155 E 97 0 3
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16 85.40372 27.67534 1307 88 D 40 0 60

17 85.40862 27.67547 1309 146 E 55 0 45

18 85.44197 27.67778 1344 88 D 89 0 11

19 85.41719 27.67558 1318 183 E 43 1 56

20 85.43753 27.67514 1340 97 D 97 0 3

21 85.44544 27.67631 1330 136 E 26 0 74

22 85.43058 27.67681 1324 185 E 71 0 29

23 85.43372 27.67811 1330 90 D 56 3 41

24 85.4185 27.66942 1318 85 D 30 0 70

25 85.42572 27.67694 1319 86 D 48 0 52

Maximum 271

Minimum 81

Average 137

The spatio-temporal variation of WQI is shown in Fig. 
4 and Fig. 5. The variation of WQI values of sample 
wells in the Bhaktapur municipality may be due to 
multiple factors, including elevation differences, land-
use patterns, groundwater use practices, and degree 
of pollution. The rate of land-use pattern change 
in the municipality is even higher after the Gorkha 
earthquake in 2015. Based on the average WQI values, 
all monitored groundwater wells of the core municipal 
area (site W7-W15 and site W20) were under grade ‘E,’ 
i.e., unsuitable water category with two exceptions as 
site W8 and W20 fall in grade ‘D,’ i.e., very poor water 
category. The degraded water quality of these sites 
can be linked with the contamination by dense human 
settlement and sewage disposal in water. The WQI 
of sites W5, W10, W15, and W20 were considerably 
worse than other sites with a water quality status of 
either “Very poor” or “Unsuitable” in all seasons. 
Among them, the poor water quality of three sites 
(W10, W15, and W20) with dominant built-in land use 
(≥97%) has resulted from the extensive extraction of 
groundwater, infiltration of sewage in groundwater, 
and improper maintenance of wells. The deteriorated 
water quality of site W5 with built-in (77%) and 
agricultural (23%) land-use can be associated with the 
disposal of sewages, percolation of contaminants from 
agricultural land, and mismanagement of the well. In 

general, the increased WQI values in all the above sites 
have resulted from diverse anthropogenic activities 
like leakages from sewage system/septic tank, 
inadequate maintenance and sanitation of wells and 
nearby areas, overexploitation of groundwater, urban 
runoff, agricultural percolation, etc. The infiltration of 
chemical fertilizers and pesticides from agricultural 
land is regarded as one of the major factors for 
degrading groundwater quality. According to Kayastha 
et al. (2014), wastewater containing numerous 
contaminants is also used for irrigation purposes in the 
study area. Moreover, the deterioration of groundwater 
quality of the Bhaktapur Municipality as a result of 
sewage and industrial effluents, leaching of chemicals 
(heavy metals), and percolation of stormwater were 
reported by Thakur et al. (2011). A study conducted 
by Diwakar et al. (2008) determined the groundwater 
quality of the study area has become poor as a result 
of weak management and lack of groundwater 
quality monitoring. Overall, this study found the 
groundwater quality of the Bhaktapur Municipality 
is highly degraded, and thus it can’t be used by local 
communities for drinking purpose. Therefore, there is a 
dire need for the proper maintenance and sanitation of 
the wells, regular monitoring of water quality, effective 
treatment facilities (filtration, ion exchange, etc.), and 
sustainable management plans.  
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Fig. 5: Spatio-Temporal variations of drinking WQI values in the groundwater samples of the study area during (a) Winter (Jan) 
2017, (b) Monsoon (July) 2017, (c) Pre-monsoon (May) 2018, (d) Monsoon (July) 2018, and (e) Post-monsoon (Nov) 2018.

Fig. 6 shows the distribution of WQI values for 
each season. The diagonal subplots represent the 
histograms which clearly show that these are non-normal 

distributions. The scatter plots between WQI values of 
the different seasons do not display any strong correlation 
between them.

 

Fig. 5: Spatio-Temporal variations of drinking WQI values in the groundwater samples of the study area during  
(a) Winter (Jan) 2017, (b) Monsoon (July) 2017, (c) Pre-monsoon (May) 2018, (d) Monsoon (July) 2018,  

and (e) Post-monsoon (Nov) 2018.

Fig. 6 shows the distribution of WQI values for each 
season. The diagonal subplots represent the histograms 
which clearly show that these are non-normal 

distributions. The scatter plots between WQI values 
of the different seasons do not display any strong 
correlation between them.
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Fig. 6: Pairplots of WQI values of the groundwater samples of the study area during Jan 2017, July 2017, May 2018, July 2018, and 
Nov 2018. Diagonal subplots represent histograms, and the remaining subplots are scatterplots.  

The findings of the correlation tests showed that 
there was no correlation among fluctuation of WQI 
values (maximum - minimum WQI), altitude, and land-
use-types (Fig. 7). Likewise, no significant correlation 
was observed in the case of average WQI values with 

both elevation and land-use types (Fig. 8). Therefore, the 
results suggest no remarkable association between 
elevation and groundwater quality of the municipality 
based on the average WQI and WQI fluctuation values.

 

Fig. 6: Pairplots of WQI values of the groundwater samples of the study area during Jan 2017, July 2017, May 2018, July 
2018, and Nov 2018. Diagonal subplots represent histograms, and the remaining subplots are scatterplots.

The findings of the correlation tests showed that there 
was no correlation among fluctuation of WQI values 
(maximum - minimum WQI), altitude, and land-use-
types (Fig. 7). Likewise, no significant correlation 
was observed in the case of average WQI values with 

both elevation and land-use types (Fig. 8). Therefore, 
the results suggest no remarkable association between 
elevation and groundwater quality of the municipality 
based on the average WQI and WQI fluctuation values.
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Fig. 7: Scatter plot of Maximum-Minimum WQI, i.e., WQI 
Range (WQI_Rng) values of each sampling site as a function 
of: a) altitude in meters (Alt_m), b) percent of built land-use 
(Pct_Built), c) percent of agriculture land-use (Pct_Ag) and d) 
percent of natural land-use (Pct_Nat). 

 
Fig. 8: Scatter plot of average WQI values (WQI_Avg) of each 
sampling site as a function of: a) altitude in meters (Alt_m), b) 
percent of built land-use (Pct_Built), c) percent of agricultural 
land-use (Pct_Ag), and d) percent of natural land-use (Pct_Nat). 

 
Influence of different parameters on WQI 

The heatmaps (Fig. 9 and Fig. 10) demonstrate the 
percentage contribution of individual parameters on the 
WQI of all sampled sites. The findings revealed that 
turbidity had a considerable impact on the WQI values 
than the remaining parameters in most of the sites. In the 
present study, all parameters were given equal weightage; 
therefore, the WQI value is directly influenced by the qn, 
i.e., quality rating. The highest concentration turbidity 

was recorded to be 414 NTU, which is approximately 82 
times greater than the permissible value. Consequently, 
the qn value for turbidity was higher than other 
parameters. Apart from turbidity, ammonia and iron had a 
major impact on WQI values (Fig. 9 and Fig. 10). An 
important finding of this study is that the overall water 
quality is sensitive to some parameters; therefore, 
influence of all parameters on the WQI should be 
incorporated in water quality assessments. 

 

 
Fig. 9: Heatmap of the percentage contribution of each parameter on the resulting WQI values for (a) Winter 2017 and (b) Monsoon 
2017. 

 

Fig. 7: Scatter plot of Maximum-Minimum WQI, i.e., 
WQI Range (WQI_Rng) values of each sampling site as a 

function of: a) altitude in meters (Alt_m), b) percent of built 
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i.e., quality rating. The highest concentration turbidity 

was recorded to be 414 NTU, which is approximately 82 
times greater than the permissible value. Consequently, 
the qn value for turbidity was higher than other 
parameters. Apart from turbidity, ammonia and iron had a 
major impact on WQI values (Fig. 9 and Fig. 10). An 
important finding of this study is that the overall water 
quality is sensitive to some parameters; therefore, 
influence of all parameters on the WQI should be 
incorporated in water quality assessments. 

 

 
Fig. 9: Heatmap of the percentage contribution of each parameter on the resulting WQI values for (a) Winter 2017 and (b) Monsoon 
2017. 

 

Fig. 8: Scatter plot of average WQI values (WQI_Avg) of 
each sampling site as a function of: a) altitude in meters 

(Alt_m), b) percent of built land-use (Pct_Built), c) percent 
of agricultural land-use (Pct_Ag), and d) percent of natural 

land-use (Pct_Nat).

Influence of different parameters on WQI
The heatmaps (Fig. 9 and Fig. 10) demonstrate the 
percentage contribution of individual parameters on 
the WQI of all sampled sites. The findings revealed 
that turbidity had a considerable impact on the WQI 
values than the remaining parameters in most of the 
sites. In the present study, all parameters were given 
equal weightage; therefore, the WQI value is directly 
influenced by the qn, i.e., quality rating. The highest 

concentration turbidity was recorded to be 414 NTU, 
which is approximately 82 times greater than the 
permissible value. Consequently, the qn value for 
turbidity was higher than other parameters. Apart from 
turbidity, ammonia, iron had a major impact on WQI 
values (Fig. 9 and Fig. 10). An important finding of 
this study is that the overall water quality is sensitive to 
some parameters; therefore, influence of all parameters 
on the WQI should be incorporated in water quality 
assessments. 
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Fig. 10: Heatmap of the percentage contribution of each parameter on the resulting WQI values for (a) Pre-monsoon 2018, (b) 
Monsoon 2018, and (c) Post-monsoon 2018. 

CONCLUSION 
The study evaluated the groundwater quality of the 
Bhaktapur Municipality by the use of WQI. We found 
that the average parametric values of the collected 
samples exceeded the NDWQS standard limits for 
turbidity, chloride, ammonia, nitrate, and alkalinity. 
Based on the average WQI values, 64% of the samples 
were of the unsuitable water category and the remaining 
36% of the very poor category. We observed a significant 
spatio-temporal variation of groundwater quality over the 
study period, which might be due to monsoonal rainfall, 
pollution levels, agricultural/industrial effluents, leakages 
from septic systems, etc. The higher WQI values of the 
groundwater were mainly due to the elevated 
concentration of turbidity, ammonia, and iron. Overall, 
the groundwater quality of Bhaktapur Municipality has 
extremely deteriorated owing to numerous anthropogenic 
interventions and hence not suitable for consumption. 
The findings of this study indicate that groundwater 
resource management strategy plans considering the 
regular monitoring of the resource and preservation of 

groundwater recharge areas should be formulated and 
implemented properly. In addition, groundwater quality 
can potentially be improved by adopting measures like 
restricting possible leakage of septic and sewage lines, 
limiting the use of chemical fertilizers in the agricultural 
areas, proper maintenance and sanitation of wells, etc. 
This study can serve as a significant source of reference 
while preparing management plans and also carrying out 
similar assessments in the future.  
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CONCLUSION
The study evaluated the groundwater quality of the 
Bhaktapur Municipality by the use of WQI. We found 
that the average parametric values of the collected 
samples exceeded the NDWQS standard limits for 
turbidity, chloride, ammonia, nitrate, and alkalinity. 
Based on the average WQI values, 64% of the 
samples were of the unsuitable water category and the 
remaining 36% of the very poor category. We observed 
a significant spatio-temporal variation of groundwater 
quality over the study period, which might be due 
to monsoonal rainfall, pollution levels, agricultural/
industrial effluents, leakages from septic systems, 
etc. The higher WQI values of the groundwater were 
mainly due to the elevated concentration of turbidity, 
ammonia, and iron. Overall, the groundwater quality 
of Bhaktapur Municipality has extremely deteriorated 
owing to numerous anthropogenic interventions and 
hence not suitable for consumption. The findings of this 
study indicate that groundwater resource management 
strategy plans considering the regular monitoring of 
the resource and preservation of groundwater recharge 
areas should be formulated and implemented properly. 
In addition, groundwater quality can potentially 
be improved by adopting measures like restricting 
possible leakage of septic and sewage lines, limiting 
the use of chemical fertilizers in the agricultural areas, 
proper maintenance and sanitation of wells, etc. This 
study can serve as a significant source of reference 
while preparing management plans and also carrying 
out similar assessments in the future. 
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