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ABSTRACT

Introduction: Fluoride is essential for the growth and development of teeth and bone. Excess or less
fluoride consumption can have harmful effects on our bodies. Fluoride level of 0.5-1.5 mg/1 is said
to be optimized according to the World Health Organization. The level of fluoride varies among
the different geographical regions and water sources. It is essential to find out the fluoride content
of various water sources used for drinking purposes. The aim of this study was to find the mean
concentration of fluoride in drinking water sources of a municipality.

Methods: A descriptive cross-sectional study was conducted in a Municipality. The study was
conducted from 1 December 2021 to 30 December 2021 after receiving ethical approval from the
Ethical Review Board (Reference number: 1134). Water samples were collected and the fluoride
content was estimated using 2-parasulfophenylazo-1,8-dihydroxy-3,6-napthalene-disulfonate
colorimetric method. The data collected from the laboratory were calculated and presented in the
form of a table. Point estimate and 95% Confidence Interval were calculated.

Results: The mean value of fluoride content in 160 collected water samples was 0.369+0.275 mg/1
(0.33-0.41, 95% Confidence Interval). Among the different wards, the fluoride content was 0.708+0.27
mg/1in ward number 12 followed by a fluoride content of 0.57+0.19 mg/1 in ward number 5.

Conclusions: In this study, the mean fluoride levels were lower when compared with similar studies
conducted in similar settings. The levels were lower than that recommended by the World Health
Organization. The various controlled methods of fluoridation have to be quickly initiated. Other
means of fluoride consumption, like the use of fluoridated toothpaste, has to be recommended.
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INTRODUCTION

Fluoride, an elemental form of Fluorine, is the 13®
most abundant element present in the earth's crust. It
is naturally present in water, air and soil." However, its
distribution is unequal in nature,?® and is affected by
the geochemical settings, chemical characteristics of
groundwater, pH and climate.*

Fluoride should always be consumed at an optimum
level to avoid its deleterious effects.>® Excess fluoride
has been shown to be associated with bone fracture.®
It may also cause decay of teeth,’ and damage to
kidneys, nerves and muscles.?® For this reason, World

947 JNMA | vOL 60

ISSUE 255

Health Organization (WHO) has set the optimum level
of fluoride at 0.5-1.5 mg/l in drinking water.® In Nepal,
published studies have shown less fluoride content in
the drinking water supply in Nepal.""'® Such a study
has not been done in the Western part of Nepal.

The aim of this study was to measure the mean
concentration of fluoride in the drinking water of a
municipality.
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METHODS

A descriptive cross-sectional study was designed and
conducted to measure the fluoride concentration in
the drinking water of Resunga Municipality, Tamghas,
Gulmi. This Municipality at present has 14 wards.
The data was collected from 1 December 2021 to 30
December 2021. Ethical approval was obtained from
Nepal Health Research Council Ethical Review Board
(Reference number: 1134) while prior permission
from the Office of the Municipal Executive, Resunga
Municipality (Reference number: 1134) was also
obtained. The inclusion criteria were water commonly
used for drinking and packaged water bottles while
the exclusion criteria were regions difficult to reach
and contaminated water sources. The sample size was
calculated using formula:

n=2Z’x —
2
= 1.96% x 032
.05?
= 158
Where,

n= minimum required sample size
Z=1.96 at 95% Confidence Interval (Cl)
o= standard deviation, 0.32

e= margin of error, 0.05

The calculated sample was 158. However, in the study,
a total of 160 samples were included. In this study, a
consecutive sampling technique was utilised to collect
the water samples to attain the desired sample size.

Water from the different sources was collected in
good quality 200 ml sterilised polythene bottles. Each
bottle was properly labelled with the site and date of
data collection. No preservatives and chemicals were
added to the bottles. The collected samples were then
placed at room temperature and then transported
to Nepal Batawaraniya Sewa Kendra (ISO-certified
laboratory), Biratnagar. The fluoride measurement
was done by 2-parasulfophenylazo-1,8-dihydroxy-
3,6-napthalene-disulfonate (SPADNS) Colorimetric
method which deals with the dissociation reaction
between the Fluoride and Zirconium dye lake where
the product ultimately formed is a colourless anion.
The increase in the amount of Fluoride was associated
with a lighter colour, while decrease in the amount of
Fluoride showed darker colour. The resultant colour
intensity was measured at 570 nm.

The fluoride level measured from the laboratory of
each sample was transferred to the Microsoft Excel file
according to the respective codes and then exported
to IBM SPSS version 20.0. Point estimate and 95%
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Confidence Interval were calculated.
RESULTS

The mean value of fluoride content in collected 160
water samples was 0.369+0.275 mg/l (0.33-0.41, 95%
Cl). It was observed in ward number 12 the fluoride
content was 0.708+0.27 mg/l followed by ward number
5 with a fluoride content of 0.57+0.19 mg/l (Table 1).

Table 1. Fluoride concentration in different wards of
Resunga municipality (n= 160).

Ward number Number of samples Mean+SD

1 10 0.4610+0.15
2 10 0.5320+0.24
3 7 0.3629+0.19
4 18 0.2061+0.07
5 14 0.5721+0.19
6 11 0.4318+0.23
7 3 0.2167+0.16
8 34 0.1921+0.29
9 5 0.5620+0.33
10 16 0.3794+0.20
1 8 0.1713+0.08
12 13 0.7085+0.27
13 8 0.4000+0.27
14 3 0.0900+0.07
DISCUSSION

Fluoride is one of the most ubiquitous elements present
in the earth crust.' It is the most electronegative
and reactive element.*® Literature have reported
that surface water has low fluoride content whereas
depending upon the different geographical conditions
the groundwater can vary in Fluoride content.'#¢
Groundwater with arid climatic conditions can also
have an impact on the fluoride content.*'” Fluorides
are also termed a double-edged sword. The lesser or
excess consumption can have toxic effects on health.5¢
Excess amounts of fluoride has also a detrimental
effect on our oral cavity especially teeth where dental
fluorosis occurs and in the extreme case leads to
skeletal fluorosis.*'®'® People mainly intake fluoride
in their bodies through drinking water and from
different sources.” However, in different geographical
settings, the levels of fluoride in the different sources
are also different. Due to this, the effects of fluoride
may also vary among the regions. For this WHO
has recommended a guideline of optimum level of
1.5 mg/l of fluoride. WHO has also recommended
in their guidelines that artificial water fluoridation is
0.5-1 mg/l.% In this study, the investigators aimed to
estimate mean concentration of fluoride in the drinking
water of Resunga municipality. There are different
methods available to measure the concentration of
fluoride in drinking water such as ion chromatography,
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colourimetric, and spectrophotometric methods.?" In
this study, we used SPADNS colorimetric method,
which is simple and quick.

The present study confirmed that the fluoride level
in the Resunga municipality was below the optimum
level. Except for a few wards, most of the wards had
below optimum levels of fluoride. However, four wards
2,5,9, and 12 showed fluoride levels within the range
recommended by WHO, but at a lower level. In line
with the present study findings, other studies in Nepal
also showed similar results. A study collected water
samples from eight water distribution schemes in
Kathmandu valley and showed that the fluoride level
in the drinking water of Kathmandu Valley was below
the permissible limit as recommended by WHO.? A
study in the Eastern Developmental region of Nepal
on water samples of different sources. Few regions in
their study were having fluoride levels above 0.10 mg/L
and the majority of the area had fluoride levels below
0.05 mg/L as recommended by WHO." Another study
conducted in Dharan also revealed similar findings in
line with our study.” Another study reported a low
level of fluoride. Except for the Parsa district in their
study settings which showed a fluoride level of 0.8
mg/L other study sites had a low level of Fluoride as
recommended by WHO.??

The present study and those conducted earlier in Nepal
have also revealed the spatial distribution of fluoride
along the hilly region of Nepal and also confirms that
the fluoride level in different geographical settings
also varies.'*'® However, the findings have revealed
the need for fluoridation and defluoridation schemes
by a variety of means in Nepal. The study showed in
Resunga Municipality there is a need for fluoridation
schemes. The increased consumption of fluoridated
water can be enhanced by community participation and
school education. The increase in water fluoridation,
milk fluoridation and salt fluoridation can be utilised in
Resunga municipality.

Fluoride can be supplemented either in the form
of systemic fluoride or topical fluoride. Of all the
methods known, the fluoridation of water is the most
economical fluoride delivery system.?' Fluoride can
also be supplemented through drinking water and
soft drinks, food, air, toothpaste, mouth gargles,
fluoride supplements and tablets.? In case of excess
or deficiency of fluoride, water is the most effective
mean for community water fluoridation in case of
fluoride deficiency and start defluoridation in case of
excess fluoride in water. Water fluoridation is normally
a procedure carried out to put fluoride in water with
either a dry feeder system or a saturator system.?
This method has also reduced dental caries by 50-
70%. Milk fluoridation was first done in Switzerland
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and is said to be effective only during early childhood.
However, in the present day, in dental clinics, fluoride
supplementation is also given via in-office methods.

Fluoride has been used excessively as a preventive
measure in dentistry. Its use has been mostly focused
on the reduction of dental caries, a condition that
has affected many people throughout the world.”
The role of fluoride against dental caries is that it
locally disrupts the carious mechanism.5 During the
mineralization of teeth, fluoride acts as a favourable
microelement for the oral cavity, however, it also has a
role in the mineralization of bone.?® Community water
fluoridation was initiated in the middle of the 20t
century as a means to prevent dental caries.?® The first
water fluoridation was reported in the years 1945 and
1946 inthe USA and Canadawhere areduction of dental
caries was observed.?” Achieving an optimum level of
fluoride reduces the chances of dental caries and also
slows down the progression of existing caries.! Dental
caries is a global public health problem. Current trends
have shown the increase in fluoride consumption has
led to a decrease in dental caries.?®

In Nepal too, studies have shown an increased
prevalence of dental caries. Subedi et al reported that
caries status was higher in the age group of 5-6 years
(69%) than in the age group of 12-13 years (563.23 %) in
Kathmandu Valley.? A study conducted in the Eastern
part of Nepal also showed a 52% prevalence of dental
caries in the 5-6 years age group,*® while in Western
Nepal the caries prevalence was 67%.'

The study is not devoid of limitations. Even though
the study findings could portray the fluoride status of
Resunga Municipality, the researchers could collect
only a few samples for a few wards. It would have
another impact if the researchers could collect uniform
samples from all the wards. This was due to the
remote hills on these wards that were difficult to reach
and these sites were the last ones to excel. This study
is only based on the samples collected from Resunga
Municipality so the results obtained do not imply the
whole Gulmi district or Nepal. The result of the present
study also points to the necessity of additional studies
related to the prevalence of dental caries which can
also act as a milestone for additional study.

CONCLUSIONS

The study concluded that most of the water resources
of Resunga municipality were below the optimum level
of fluoride than that recommended by WHO. Prompt
action is advised for policymakers for maintaining
the water level of this region. The water fluoridation
program has to be initiated while maintaining the
optimum fluoride level recommended by WHO.
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Other means of fluoride consumption, like the use of
fluoridated toothpaste, has to be recommended. A
prompt dental camp has to be conducted to observe
caries' status too.
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