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Estimation of Fluoride concentration in drinking water of 
Kathmandu valley

Shah P, Khanal S

ABSTRACT
Fluoride has a preventive effect on dental caries. However, excessive/insufficient ingestion of fluoride 
can lead to the development of dental fluorosis/increased risk for dental caries respectively. The 
objective of this study was to estimate fluoride concentration in drinking water of Kathmandu valley. 
It was a community based cross-sectional study in which drinking water samples were collected 
from municipal water supply and bottled water. Municipal water supply was collected according 
to eight water schemes in Kathmandu valley and as for bottled water, 35 samples were randomly 
collected according to different brand names available in the commercial market. The samples were 
analyzed for fluoride content by SPADNS colorimetric method as per standard procedure set by 
American Public Health Association (APHA 2012).The results revealed that the fluoride content in 
drinking water samples was below the permissible limit (<0.5 ppm) as per Nepal’s drinking water 
quality standards and WHO guidelines. Hence, implementation of water fluoridation program can 
be initiated for municipal water supply and bottled water for prevention of dental caries to optimize 
the oral health of people.
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Introduction
Fluoride, a natural element, is found at varying 
concentrations in all drinking water.1 World Health 
Organization has considered fl uoride as one of 
the very few chemicals that have been shown to 
cause signifi cant effect on people’s health through 
drinking water. There is a thin line between the 
desired and adverse doses of fl uoride.2 Fluorides 
have been recognized as an effective means for 
the prevention of dental caries. Though fl uoride 
enters the body through food, water, industrial 
exposure, drugs, cosmetics, etc., drinking water 
is the major contributor (75-90% of daily intake).3 
A limit value of 1.5 mg /L has been set by WHO 
for fl uoride in drinking water. 4 The major health 
issues caused by fl uoride when it is exceeding the 
limit value are dental fl uorosis, teeth mottling, 
skeletal fl uorosis and deformation of bones in 
children as well as in adults.5,6 Approximately 62 
million people including 6 million children suffer 
from fl uorosis. 7,8

Most of the countries suffering from fl uoride 
health problems are located in hot climate zone 
and belong to the third world.9 Classic studies 
conducted by Dean established the qualitative 

relationship between fl uoride content in drinking 
water and the occurrence of dental fl uorosis.10 
Even though extensive studies have been 
conducted, there seems to be no effective cure for 
these diseases.

Research on oral health effects of fl uoride have 
shown caries preventive effect in drinking water.11 
International studies support the widely held 
view that the majority of bottled waters available 
contain negligible fl uoride in terms of its dental 
health benefi ts.12,13,14 Therefore, it is desirable 
to drink water having a fl uoride concentration 
less than certain value. Hence, drinking water 
with fl uoride concentration (cf) > 1.5 mg/l needs 
treatment (WHO 1994). This information would 
be very useful in planning and implementation 
of oral health primary prevention programs in 
future. 

Kathmandu valley constitutes the country’s single 
largest urban economy and has a population of 
1.5 million.15 People residing in this valley are 
slowly opting for jar water in their household 
for drinking purposes. But research on the level 
of fl uoride in bottled water and tap water is 
inadequate. Hence, this study was undertaken 

Fig. 1: Eight water schemes in Kathmandu Valley
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owing to the sparse information on the subject 
of fluoride level in drinking water in Kathmandu 
Valley, the objective of which was to estimate 
fluoride concentration in drinking water of 
Kathmandu Valley.

Materials and Methods
The study was a community based cross-sectional 
survey done in the time period between April to 
July 2019.

Sample collection:
Source of municipal water samples:
There are 8 schemes in Kathmandu Valley for the 
collection of surface water source (Fig. 1). These are:
1.	 Bir dhaara scheme
2.	 Tri-Bhim scheme
3.	 Sundarijal scheme
4.	 Bhaktapur scheme
5.	 Sundarighat scheme
6.	 Pharping scheme
7.	 Chapagaun scheme
8.	 Kirtipur scheme

Three samples (total n=24) from each of 
these schemes was collected considering the 
distribution pattern of each scheme.

Source of bottled water samples: For the bottled 
water, 35 samples manufactured in Kathmandu 
Valley were randomly selected.

Collection and analysis of samples: The water 
samples was collected in good quality 125 ml 
sterilized polyethylene bottles without addition 
of any preservative and was identified with labels 
indicating the location of the collection site and 
date. The samples were stored at room temperature 
till the analysis. The samples were pre-coded 
and were not disclosed to the technician so as to 
eliminate any potential bias. The fluoride content 
in drinking water was analyzed by Environment 
and Public Health Organization (EPHO) located 
in Baneshwor by SPADNS colorimetric method as 
per standard procedure set by American Public 
Health Association (APHA 2012).

Fluoride Estimation:
Principle (SPADNS colorimetric method): The 
SPADNS colorimetric method is based on the 
reaction between fluoride and a zirconium-
dye lake. Fluoride reacts with the dye lake, 
dissociating a portion of it into a colorless 
complex anion (ZrF6 

2-) and the dye. As the amount 
of fluoride increases, the color produced becomes 
progressively lighter.16

Materials used:
Colorimetric equipment: Spectrophotometer, 
Filter photometer

Reagents used: Standard fluoride solution, 
SPADNS solution, zirconyl-acid reagent, acid  
zirconyl-SPADNS reagent, reference solution, 
sodium arsenite solution.16

Ethical consideration:
Ethical approval was obtained from Institutional 
Review Committee of Nepal Medical College 
(NMC_IRC reference number 006-075/076).

Table 1: Fluoride concentration of water in 
Kathmandu Valley according to different 

water schemes

S.N.
Water Schemes 
(Municipal water 
supply)

Fluoride 
concen-
tration   
(mg/l)

WHO 
standard 
guideline 

values
1. Birdhaara scheme

0.5-1.5 
mg/l

S1 <0.5
S2 <0.5
S3   0.59*

2. Tri Bhim Dhaara 
scheme
S1 <0.5
S2 <0.5
S3 <0.5

3. Sundarijal scheme

S1 <0.5
S2 <0.5
S3 <0.5

4. Bhaktapur scheme

S1 <0.5
S2 <0.5
S3 <0.5

5. Sundarighat 
scheme
S1 <0.5
S2 <0.5
S3 <0.5

6. Pharping scheme
S1 <0.5
S2 <0.5
S3 <0.5

7. Chapagaun 
scheme
S1 <0.5
S2 <0.5
S3 <0.5

8. Kirtipur scheme
S1 <0.5
S2 <0.5
S3 <0.5
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Results
A total of 59 samples of water were collected, 
among which 24 was municipal water supply and 
35 was bottled water. Among 59 samples, only 1 
(1.6%) from municipal water sample had Fluoride 
level of 0.59 ppm whereas the other entire sample 
(98.3%) including bottled water had Fluoride level 
of <0.5 ppm (Table 1). 

Discussion
An excessive level of fluoride leads to various 
health issues, mostly on dental and skeletal 
fluorosis which often leads to vulnerabilities in 
the bones and teeth. At optimum concentrations, 
fluoride is beneficial to the teeth, mostly in helping 
eliminate dental caries; admittedly, it also does 
decontaminate water as it kills various bacteria 
which may be present there.17 Occurrence of 
fluoride in drinking water has been widely 
reported in literature from various studies.18  
Therefore it was necessary to carry out a survey 
in Kathmandu Valley, in order to determine the 
current level of fluoride in drinking water.

The fluoride concentration in the municipal 
water supply and bottled water of Kathmandu 
Valley in this study was <0.5 ppm. This result was 
in agreement with the previous study conducted 
in Eastern region of Nepal.19 Similar results 
were also obtained in a study done in Nepalese 
school children population, according to this 
study in most districts, the fluoride level was low; 
exceeding 0.8 ppm only in one district (Parsa), 
and only 4% of the study population was exposed 
to the optimal level of fluoride in drinking water. 
This study also revealed those living in the 
Eastern and Tarai regions and in urban locations 
had a significantly higher degree of fluorosis than 
children living in the other regions.20

In contradiction, a study done  in 2011 to assess the 
quality of ground water in the Kathmandu Valley 
disclosed fluoride and hardness concentrations in 
agreement with the recommendations of WHO 
drinking-water quality guidelines, however the 
water was vulnerable to drink due to presence 
of iron and coliform bacteria.21 In many studies 
world over, similar results has been observed that 
high concentrations of fluoride occur naturally in 
groundwater, which is the main source of drinking 
water. Undeniably, fluoride is one of the most 
abundant elements in the earth and it generally 
infiltrates groundwater by natural processes.17

Fluoride concentration of bottled water in our study 
was also below optimum. Moreover, none of the 
packaged bottle water had fluoride concentration 
in their product label. This result was similar with 

a study done in bottled water in Mathura City and 
Faridabad City in India.22,23A study done  in Chennai 
also had less than optimal  fluoride  content  in 
bottled water and there was a significant variation 
in fluoride concentration of each brand and among 
different batches of same brand bottled waters.24 
In another study done by Armfield et al, has 
clearly shown that the consumption of non-public 
water (bottled water and rainwater tanks) may 
put the children at increased risk of developing 
caries.25 So, the importance of consumption of 
fluoride in optimal amount is very essential for a 
better dental health for children. 

This study concluded that most of the drinking 
water samples collected from Kathmandu 
Valley had fluoride concentration below the 
WHO recommended guidelines. In conclusion, 
the present study highlights the need for 
water fluoridation, school water fluoridation, 
professional fluoride application and use of 
fluoridated dentifrices. It requires incessant 
efforts and coordination of public health 
planners, administrators and authorities to make 
the fluoride in drinking water optimum for public 
health consumption. Fluoridation of water should 
be prioritized before distribution to reduce the 
risk for dental caries and optimum oral-health 
benefits. 
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