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Abstract
Present study was undertaken to analyze drinking water quality of Kathmandu valley with the estimation of essential 
minerals of public health concern. Twenty water samples of each source, viz. public water supply, private water supply, 
and processed drinking water supply, were randomly collected. Sample analysis was carried out for physical (temperature, 
pH, and electrical conductivity), chemical (calcium, magnesium, sodium, and potassium), and microbiological (total coli-
form—TC) parameters. It was found that the physical parameters such as temperature, pH, and electrical conductivity (EC) 
were within the World Health Organization (WHO) drinking water quality guidelines. Generally, for all the water sources 
the average concentration of calcium was below the WHO drinking water quality guidelines as well as DRI (Dietary Refer-
ence Index) recommendations. Moreover, the concentration of magnesium, sodium, and potassium was also found below 
the DRI recommendations for all the water sources. Microbiological parameter enumerated for TC in processed drinking 
water depicted bacterial population from 0 CFU/100 mL to 46 CFU/100 mL. The presence of TC in processed drinking 
water makes the water unacceptable for drinking purpose, although the physical parameters were almost within the WHO 
drinking water quality guidelines. The presence of required amount of minerals plays a critical role in maintaining human 
health system and vitality. Therefore, this study explores the quality of drinking water in the Kathmandu valley in terms of 
minerals and TC bacteria.
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Introduction

Water is one of the essential commodities required for living 
organism. Freshwater comprises 3% of the total water on 
earth where its access for human consumption is only 0.01% 
(Hinrichsen and Tacio 2002). Most of the water is either in 
the ocean or held in the Himalayas in the form of glaciers. 
Such kinds of water are out of the reach of human consump-
tion. Moreover, this small proportion of freshwater available 
is also under the threat of pollution due to rapid population 
growth, unsystematic urbanization, and over-consumption in 
industries and agriculture. It is estimated that approximately 
17% of global population fulfills their daily drinking water 
requirements from unprotected sources, 32% use the pro-
tected source of water, and 51% of the population depends 

on piped supply system for daily water requirement. In 
response to increasing water demand, exploration of new 
sources for drinking water such as recovered/recycled water, 
harvested rainwater, and desalinated water are increasing.

Similar to other urban areas of developing countries, 
Kathmandu, the capital city of Nepal, is also facing a criti-
cal problem of water in terms of both quality and quantity. 
Water demand in the Kathmandu valley is increasing due 
to the rapid growth of the urban population. The population 
of Kathmandu valley is 1.6 million, according to the cen-
sus of 2011 (CBS 2012), and it is increasing continuously. 
Drinking water sources in the valley are limited and insuf-
ficient to meet the increased demand of treated water for the 
growing population. As an alternative, people in the valley 
depend on the private supply system (tanker water supply) 
and processed drinking water, which is popularly known 
as bottled water (Jha and Shreshtha 2013). Drinking water 
should be safe from the view of health perspective, and there 
should not be any existence of unwanted foreign matters. 
Additionally, the water used for drinking purposes should 
be rich in useful nutrients (minerals) recommended in the 
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DRI (DRIs 2004, FAO & WHO 1998). Nutrients such as 
sodium, potassium, calcium, and magnesium are essential 
for normal growth and physiological functions in the human 
body (Soetan et al. 2010).

Sodium is required to maintain body fluid volume and 
blood pressure in human. However, excess sodium can cause 
acute and long-term health problems such as hypertension 
and cardiac diseases (NRC 1989). Calcium supports in the 
repair, maintenance, and strengthening of bone functions 
(Welten et al. 1994; Bonjour 2005; Azoulay et al. 2001). 
Similarly, magnesium regulates enzymatic function in 
the human body. Its deficiency exhibits impaired growth, 
skeletal abnormalities, reproductive deficits, ataxia of the 
newborn, and defects in lipid and carbohydrate metabolism 
(Keen et al. 1999). Moreover, water rich in such minerals 
can provide supplemental source of essential minerals and 
can supply over one-third of the recommended dietary nutri-
ents to the human body (Azoulay et al. 2001). Therefore, the 
main objective of this study was to analyze water quality 
and estimate minerals in the waters supplied in Kathmandu 
valley to ensure public health and safety.

Materials and methods

Materials

Sterilized polyethylene bottles (250 mL) were used for sam-
ple collection from the public and private water sources. 
Processed water (different brands of bottled water) packed 
in polypropylene terephthalate (PET) bottles were purchased 
from grocery stores in Kathmandu and Lalitpur districts.

Sodium hydroxide, sodium chloride, potassium chloride, 
ammonia buffer solution, eriochrome black-T, ethylenedi-
aminetetraacetic acid (EDTA) were of analytical grade and 
purchased from local suppliers in Kathmandu. Membrane 
filter papers (0.45-μm pore sized Whatman filter paper) and 
M-endo agar Hi-media were used for estimation of coliform 
bacteria.

Sample collection and analysis

Samples were randomly collected from the public supply 
system (piped supply—20), private supply system (tanker 
water—20), and processed water (bottled water—20) from 
grocery stores in Kathmandu and Lalitpur districts of Kath-
mandu valley during January and February of 2015. Samples 
were collected in an icebox and transported to the laboratory 
within 6 h. Samples were stored in a refrigerator at ~ 4 °C 
until analysis. The standard method for analysis of water 
and wastewater (Greenberg et al. 2005) was used for sam-
ple collection, transportation, and analysis. The tempera-
ture and pH were measured in situ using a pH meter (EC 

210 Rocker). The electrical conductivity (EC) in water was 
measured using a conductivity meter (HI 8633 Hanna).

Chemical parameters analyzed for the estimation of cal-
cium and magnesium were measured volumetrically. For the 
determination of calcium, 50 mL of water sample was taken 
in an Erlenmeyer flask and 2 mL of 1 N sodium hydroxide 
solution was added followed by the addition of murexide 
indicator. This solution was allowed to stand until the devel-
opment of pink color which was titrated against EDTA solu-
tion until the color of the solution changed from pink to 
purple. For analysis of magnesium, 50 mL of sample was 
taken in Erlenmeyer flask, where 1 mL of ammonia buffer 
solution was added followed by adding eriochrome black-T 
indicator. The solution was titrated against EDTA solution 
till the color of the solution becomes blue. The data obtained 
from titration were calculated to estimate the concentration 
of calcium and magnesium in water. Sodium and potassium 
were analyzed using a flame photometer. The standard solu-
tion for background correction was prepared by dissolving 
2.542 g sodium chloride and 1.907 g potassium chloride in 
de-ionized water.

The microbiological parameter was analyzed to enu-
merate TC bacteria in processed drinking water. The water 
samples collected from the public water source and private 
supply systems were not tested for the presence of bacteria. 
This is because most of the water of these types of sources 
reportedly have high contamination of coliform. The WHO 
drinking water quality guidelines assert to analyze TC and E. 
coli (Escherichia coli) in water; however, the present study 
is limited to analyze only TC bacteria. The TC is indicator 
organism; its presence in water indicates the possibility of 
bacterial contamination (DoH 2016). The TC bacteria are 
abundant in nature and generally harmless to public health. 
Water tests for all possible pathogens are complex, time-con-
suming, and expensive. Therefore, for this study TC bacteria 
were only analyzed because of the simple, inexpensive ana-
lyzing method and the characteristics of the nonpathogenic 
nature of TC bacteria. If the test result reveals TC in water, 
there is a need to monitor the source and control bacterial 
contamination for safe drinking water (DoH 2016).

Results and discussion

Altogether 60 water samples were collected from the public 
water supply system in the Kathmandu and Lalitpur districts. 
Of these sources, public drinking water supply is limited in 
the valley, and responsible institution for water distribution 
is Kathmandu Upatkya Khanipaani Limited (KUKL). Drink-
ing water demand in the valley is approximately 366 million 
liters per day (MLD), and supply is limited to 187 MLD 
(Udmale et al. 2016). Hence, there is a huge gap between 
demand and supply, and sufficient amount of drinking water 
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has not been supplied to the consumers. Insufficient water 
supply has compelled people to look for an alternative 
source to fulfill their daily need. Therefore, as an alterna-
tive solution most of the people in the valley rely on private 
water supply for drinking and other domestic purpose. Simi-
larly, the water supplied by the private sector (tanker water) 
is available in the big tankers of 5000–10,000 L capacities 
and processed drinking water in the form of PET bottle and 
jars of 0.5 L, 1 L, and 20 L capacity. However, the source of 
water supplied by the private suppliers in the valley is mostly 
underground (deep boring of depth > 100 m) and some sur-
face (spring) water which is not safe for drinking purpose. 
Moreover, the private water supply and processed drinking 
water are currently fulfilling the demand of water across the 
valley and have now gained commercial status.

Physical and chemical analyses

The samples were analyzed for physical, chemical, and 
microbiological parameters and results are presented in 
average values. Physical parameters were analyzed for tem-
perature, pH, and EC (Table 1).

The average value of water temperature for public supply, 
private supply, and processed drinking water was 12.9 °C, 
14 °C, and 14.7 °C, respectively. The WHO has not recom-
mended specific guideline for drinking water temperature, 
and water temperature does not have any significant impor-
tance from the prospect of health and safety. Nevertheless, 
the European Economic Community (EEC) and Canadian 
drinking water guidelines have recommended maximum 
drinking water temperatures of 25 °C and 15 °C, respectively 
(Azoulay et al. 2001).

The average pH value of the public, private supply sys-
tems, and processed drinking water samples was 6.9, 7.7, 
and 6.8, respectively. These values are within the WHO 
recommendations for drinking water quality guidelines 
(Table 1). The pH generally has no direct impact on public 
health. However, exposure to extreme pH (either acidic or 
basic pH) results in eyes, skin, and mucous membrane irrita-
tions. Eye irritation and exacerbation of skin disorders have 
been associated with pH greater than 11. In addition, pH 
10–12.5 has been reported to cause swollen hair fibers and 
gastrointestinal irritation (WHO 1986). Exposure to low pH 

(acidic pH) can result in similar effects. Water below pH 4 
may cause redness and irritation of the eyes and the severity 
of which increases with decreasing water pH (pH < 4). The 
pH of water < 2.5 can damage the epithelium irreversibly 
(WHO 1996).

The EC of water samples collected from the public sup-
ply system, private supply system, and processed drink-
ing water was 194.3, 184.5, and 53.9 μS/cm, respectively. 
These values agree the WHO drinking water quality guide-
lines (Table 1). The EC of the water is due to the presence 
of ionic substances and increases with the increase in the 
ionic concentration of water. Ionic substances released from 
metal, nonmetal, metalloid, and even organic substances are 
responsible for EC in water. These substances are available 
in water bodies due to percolation of leachate produced 
from waste materials and poor sanitation practices around 
the sources. The accepted value of EC reveals that the ionic 
substances are not in excess in tested water samples.

Chemical parameters were analyzed to estimate calcium, 
magnesium, sodium, and potassium ion in water samples 
(Table 2). These are the minerals required for normal growth 
of the human physiological system and considered as essen-
tial minerals.

Average calcium concentration was 17.7  mg/L, 
27.1 mg/L, and 2.9 mg/L in the samples collected from the 
public supply system, private supply system, and processed 
drinking water, respectively (Fig. 1). The magnesium was 
24.2 mg/L, 25.3 mg/L, and 9.4 mg/L. Similarly, the sodium 
and potassium were 9.6, 6.4, and 8.5 and 1.0, 0.65, and 
0.6 mg/L, respectively. The WHO guideline value for min-
erals in drinking water is not available except for the calcium 
ions (250 mg/L). The calcium ion concentration estimated 
in the samples was far below the recommendations of the 
WHO drinking water quality guidelines (Fig. 1).

Minerals such as calcium, magnesium, sodium, and 
potassium are essential for normal growth and body func-
tions. Inadequate intake of calcium increases the risk of 
osteoporosis, nephrolithiasis (kidney stones), colorectal 
cancer, hypertension and stroke, coronary artery disease, 
insulin resistance, and obesity (WHO 1996). Magnesium 
content less than the DRI value causes endothelial dys-
function, increases vascular reactions, elevates circulating 
levels of creative protein, and decreases insulin sensitivity. 

Table 1   Physical parameters

NA not available

Source Temperature (°C) pH EC (µS/cm)

Min Max Aver. Min Max Aver. Min Max Aver.

Public supply 12.0 14.2 12.9 5.9 7.9 6.9 45 451.5 194.3
Private supply 12.1 15.6 14.0 6.1 8.4 7.7 4 327 184.5
Processed DW 14.2 14.8 14.7 5.2 7.7 6.8 1 165 53.9
WHO guidelines NA 6.5–8.5 500
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Sodium overdose results in hypernatremia which constantly 
increases the risk of hypertension. Deficiency of potassium 
in the human body causes muscular weakness, respiratory 
difficulties, and cardiac disturbances such as atrial or ven-
tricular arrhythmias (Vander et al. 2001). The WHO dietary 
guidelines have recommended a reduced dose of sodium 
and increased potassium content in the diet (WHO 2013). 
Such combinations of dietary intakes can reduce the risk of 
hypertension and heart diseases (Aaron and Sanders 2014).

The Dietary Reference Intakes (DRIs) have recom-
mended essential minerals required for perfect human 
health (Table 2). As shown in Table 2, the DRIs require-
ments for calcium, magnesium, sodium, and potassium is 
1000–1300 mg, 420 mg, 1500 mg, and 3000–4700 mg, per 
day, respectively (FAO and WHO 1998; DRIs 2004).

A person can fulfill essential minerals mostly from the 
food intake including water as recommended in Table 2. 
However, the water alone also contains such minerals to 
some extent and can be a good source of nutrients. The 

minimum quantity of drinking water required per day for 
normal human physiological functions is about 2 L (Azoulay 
et al. 2001). Therefore, calcium, magnesium, sodium, and 
potassium were also estimated in 2 L of drinking water col-
lected from different sources (Table 3).

The result demonstrates that the only minimum amount of 
minerals required for human health can be obtained from 2 L 
of drinking water supplied by private, public, and processed 
water supplies (Table 3). The amount of minerals estimated 
in 2 L of water reveals that the mineral content is below the 
DRI guidelines. For processed drinking water, these values 
are 5.8 mg/L, 18.8 mg/L, 17.0 mg/L, and 1.2 mg/L which 
shows that the amount of calcium is very less than for other 
two water supplies. Nevertheless, the minimum amount of 
minerals required for normal growth of the human body can 
be fulfilled from other food sources than the drinking water 
alone. It is difficult to assess the exact amount of miner-
als that the drinking water should provide for normal body 
functions. However, in USA 6% and 31% of calcium and 
magnesium, respectively, are fulfilled by drinking water. In 
European countries, bottled water contains 20–58% calcium 
and 16–41% magnesium as DRI for adults (Azoulay et al. 
2001). Drinking water with minerals, lower than the recom-
mended amounts, may affect body metabolism (Qiu et al. 
2015).

Microbiological analysis

Bacterial population in the processed drinking water was 
enumerated from 0 CFU/100 mL to 46 CFU/100 mL. These 

Table 2   Mineral content in drinking waters

NA not available

Source Average mineral concentration (mg/L)

Calcium Magnesium Sodium Potassium

Min Max Aver. Min Max Aver. Min Max Aver. Min Max Aver.

Public supply 4.0 38.4 17.7 4.0 56.9 24.2 2.6 19.0 9.6 3.5 7.3 1.0
Private supply 2.4 65.7 27.1 2.0 60.5 25.0 3.7 29.5 6.4 1.0 2.3 0.6
Processed DW 0.8 6.0 2.9 6.0 14.9 9.4 2.0 19.7 8.5 6.1 6.1 0.6
WHO guideline 250 NA NA NA
DRI (mg/day) 1000–1300 420 1500 3000–4700

Fig. 1   Mean concentration (± SD) of minerals in drinking water

Table 3   Minerals in two liters of drinking water

Average minerals in 2 L of drinking water (mg)

Source Calcium Magnesium Sodium Potassium

Public supply 35.4 48.4 19.2 2.0
Private supply 54.2 50.0 12.8 1.2
Processed DW 5.8 18.8 17.0 1.2
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are the minimum and maximum TC enumerated in water 
samples. As shown in Table 4, 50% samples satisfied the 
WHO drinking water quality guidelines (0 CFU/100 mL) 
and remaining 50% samples were found contaminated 
with TC bacteria. The processed water is considered safe 
for drinking purpose; however, most of the brands of the 
processed water exceeded drinking water guidelines with 
TC contamination. For ethical reason, the brand name of 
the processed water sample has not been disclosed and 
represented with code numbers from PDW-1 to PDW-20 
(Table 4).

The presence of TC in the public and private water sup-
plies is common in the valley. This was the reason all the 
samples collected from public and private water supplies 
were not analyzed for the TC count. Similar studies car-
ried out to enumerate the bacterial population in the drink-
ing water sources of Kathmandu valley reported maximum 
TC in groundwater (Subedi and Aryal 2010; Pant 2011). 
The bacterial population was far beyond the WHO drinking 
water quality guidelines. For drinking water, TC should be 
0 per 100 mL of water (WHO 1996). Use of TC containing 
drinking water may causes diarrhea, dysentery, hepatitis, and 
cholera in severe cases (Subedi and Aryal 2010).

There are different methods to control TC bacteria in 
drinking water. In general, different chemicals can be added 
in water for decontamination. Similarly, the SODIS (solar 
water disinfection) is another water treatment method, where 

the water is exposed to the sunlight in PET (polyethylene 
terephthalate) bottle. Besides, a safe and reliable method 
of water decontamination is boiling. Heating the water to 
boiling temperature (~ 100 °C) kills most of the pathogenic 
organisms (WHO 2011).

Government initiation can play a positive role to make 
people aware about the importance of boiled water. Moreo-
ver, people in the valley are self-conscious about the haz-
ard of TC bacteria; therefore, most of the people use boiled 
water for drinking purpose.

Conclusions

The water samples collected from public water supply, 
private water supply, and processed drinking water in the 
Kathmandu valley were analyzed for physical (temperature, 
pH, and electrical conductivity), chemical (calcium, mag-
nesium, sodium, and potassium), and microbiological (TC) 
parameters to ensure the drinking water quality. The physi-
cal parameters were within the WHO drinking water qual-
ity guidelines. Chemical parameters analyzed for essential 
minerals (sodium, potassium, calcium, and manganese) in 
public and private water supplies were beyond the DRIs rec-
ommendations. For the processed drinking water, the miner-
als were below the guideline values and TC contamination 
was in 50% of the water samples. The water supplied across 
the valley for drinking and household use has less amount 
of essential minerals such as calcium, magnesium, sodium, 
and potassium than DRI values with TC contamination in 
most of the processed water. Therefore, use of such types of 
water may pose risk to human health.

Recommendations

The quality of drinking water supplied in the Kathmandu 
valley is poor mainly due to the presence of TC bacteria. 
Similarly, the essential minerals recommended in the DRIs 
are below the guideline values in most of the water supplied 
for drinking purpose. To maintain the drinking water quality 
standard, government initiation and effort is a must to pro-
vide safe drinking water to ensure public health and safety. 
For this, water quality monitoring and analysis should be 
carried out in a regular time interval. Subsequently, public 
and private partnership is required to provide public aware-
ness about the water sources, its quality, and the importance 
of safe drinking water.
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Table 4   Microbiological analysis of processed drinking water (PDW)

Sample code Total coliform/100 mL of water 
(CFU)

Average

PDW-1 0
PDW-2 0
PDW-3 0
PDW-4 2
PDW-5 46
PDW-6 2
PDW-7 4
PDW-8 18
PDW-9 0
PDW-10 0 9.7
PDW-11 0
PDW-12 34
PDW-13 0
PDW-14 21
PDW-15 16
PDW-16 0
PDW-17 31
PDW-18 0
PDW-19 20
PDW-20 0
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