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Abstract Background: Reverse Osmosis (RO) is a method used by spiral-wound membranes to separate and
extract dissolved solids, organics, and bacteria from water. Commercial stores in Riyadh are equipped with a variety
of RO filters which differ in the type of membrane used and stages of filtration ranging from 1 stage and up to 7
stages. This study aimed to determine the extent to which different home RO water filtration systems remove
fluoride from drinking water. Materials and Methods: Two types were most common in commercial stores in
Riyadh: Puri OptimaR RO filters with cellulose-based or thin-film composite membranes. Both types have filtration
capabilities ranging from 1 stage and up to 7 stages. Samples were coded from 1 to 7 based on the filter type.
Samples were analysed using DR3900 Laboratory VIS Spectrophotometer with RFID. Results: Most of the water
samples showed a reduction in fluoride content in the range of 0.1-0.8 ppm after passing through various RO filters.
Mean difference in fluoride removal was found to be (0.4) and (0.45) ppm for RO filters with the cellulose-based or
thin-film composite membrane, respectively. Conclusions: The results of the study showed that the use of reverse
osmosis water filtration technologies has a substantial effect in reducing the level of fluoride in drinking water.
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1. Introduction
The supply of fluoride containing water to the public is
considered to be one of the most effective means in
preventing dental caries. [1] While the benefits of
fluoridated drinking water have been established, the
optimum fluoride content is dependent on a number of
variables such as climate temperature of the region,
and the number of other fluoride intake sources. [2]
Maintaining such optimal fluoride concentration is crucial
to ensuring its safety and effectiveness. That has led a
number of regulatory bodies to determine the optimal
fluoride levels in drinking water to be (0.7–1.2 ppm). [3,4]
With the increased public concern of the potential
harmful microbes and pesticides that may be found in tap
water, tendencies toward acquiring home water filtration
systems are on the rise. [5] The mechanism by which
these filtration systems works is mostly by reverse
osmosis (RO), where an organic membrane is used and the
pollutants are eliminated by a number of carbon powder
bed filters. [6] RO has been shown to be efficient in
filtering out contaminants, including fluoride, especially in
areas where water is highly contaminated. [7] This has
raised some concern that the decrease in fluoride content
could, in turn, reduce the caries prevention effect. [8]

Commercial stores in Riyadh are equipped with a
variety of RO filters which differ in the type of membrane
used (cellulose based or thin film composite membrane)
and stages of filtration ranging from 1 stage and up to
7 stages. These variations may have an influence on
the quality of filtration and subsequent fluoride
elimination from drinking water. Hence, the aim of
this study was to determine the extent to which different
home RO water filtration systems remove fluoride from
drinking water.

2. Methods
2.1. Collection of Water Samples
The study was conducted on water samples obtained
from bottled commercial drinking water. Of water filters
available in commercial stores in Riyadh, two types were
most common; Puri OptimaR RO filters with cellulose
based or thin film composite membranes. Both types have
filtration capabilities ranging from 1 stage and up to 7
stages. The samples were collected in plastic bottles
(polyethylene) that had been previously rinsed twice with
deionized water to remove any fluoride residue. All the
collected water samples were transported immediately to
the laboratory where they were subjected to fluoride
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estimation analysis on the same day. All the samples were
coded from 1 to 7 based on the filter type.

difference in fluoride concentration were reported using
descriptive statistics. P < 0.05 was considered statistically
significant.

2.2. Analysis of Fluoride Content
All the samples were analysed at a water laboratory
using DR3900 Laboratory VIS Spectrophotometer with
RFID. Fluoride concentrations in all samples were
analysed using a standard method given by the American
Public Health Association using fluoride ion selective
electrode. [9] It was standardized using fluoride solutions
of 0.1–10 ppm. For fluoride analysis, equal amounts
(20 ml) of each water sample and total ionic strength
adjustment buffer solution were combined in a plastic
beaker and agitated to remove air bubbles. For each
sample, before recording the readings, the electrode was
rinsed, blot dried and then placed into the test solution.
The solution was stirred thoroughly with the electrode,
and the steady readings on the meter were noted.

2.3. Statistical Analysis
The obtained values were analysed using the Statistical
Package for the Social Sciences (SPSS, IBM Corporation,
Armonk, NY, USA) version 16 software. Mean fluoride
concentration before and after filtration and mean

3. Results
The fluoride concentration before and after RO
filtration, mean difference in fluoride concentration, and
percentage reduction were determined for both of the test
groups. Paired t-test was used to determine the difference
between paired observations. While the unpaired t-test
was used for comparison of fluoride reduction by different
water purification systems. Significance for all the
statistical tests was predetermined at a P value of 0.05 or
less. The baseline source (before RO filtration) water
fluoride concentration was determined to be 0.9 ppm.
In the present study, most of the water samples showed
a reduction in fluoride content in the range of 0.1-0.8 ppm
after passing through various RO filters (Table 1).
Furthermore, mean difference in the fluoride removal was
compared for RO filters with cellulose based or thin film
composite membrane (Table 2). Mean difference in
fluoride removal was found to be (0.4) and (0.45) ppm for
RO filters with cellulose based or thin film composite
membrane, respectively.

Table 1. Fluoride concentration in drinking water before and after filtration
Mean ± SD fluoride concentration (ppm)
After filtration

Mean reduction in PPM
(Percentage reduction)

P

Before filtration
Cellulose based (1)

0.9 ± 0.01

0.89 ± 0.01

0.01 (1.1%)

0.9

Cellulose based (2)

0.9 ± 0.01

0.82 ± 0.01

0.08 (8.8%)

0.5

Cellulose based (3)

0.9 ± 0.01

0.81 ± 0.01

0.09 (10%)

0.46

Cellulose based (4)

0.9 ± 0.01

0.27 ± 0.01

0.63 (70%)

0.02

Cellulose based (5)

0.9 ± 0.01

0.25 ± 0.01

0.65 (72.2%)

0.02

Cellulose based (6)

0.9 ± 0.01

0.24 ± 0.01

0.66 (73.3%)

0.02

Filtration technology (Number of stages)

Cellulose based (7)

0.9 ± 0.01

0.18 ± 0.01

0.72 (80%)

0.01

Thin film composite (1)

0.9 ± 0.01

0.73 ± 0.01

0.17 (18.8%)

0.2

Thin film composite (2)

0.9 ± 0.01

0.68 ± 0.01

0.22 (24.4%)

0.15

Thin film composite (3)

0.9 ± 0.01

0.61 ± 0.01

0.29 (32.2%)

0.1

Thin film composite (4)

0.9 ± 0.01

0.39 ± 0.01

0.51 (56.6%)

0.03

Thin film composite (5)

0.9 ± 0.01

0.36 ± 0.01

0.54 (60%)

0.03

Thin film composite (6)

0.9 ± 0.01

0.19 ± 0.01

0.71 (78.8%)

0.019

Thin film composite (7)

0.9 ± 0.01

0.15 ± 0.01

0.75 (83.3%)

0.017

Table 2. Comparison of filtrate fluoride concentration for each stage of both filtration mechanisms
Number of stages

Cellulose based water filtration system

Thin film composite filtration system

P

1

0.89 ± 0.01

0.73 ± 0.01

0.2

2

0.82 ± 0.01

0.68 ± 0.01

0.3

3

0.81 ± 0.01

0.61 ± 0.01

0.18

4

0.27 ± 0.01

0.39 ± 0.01

0.35

5

0.25 ± 0.01

0.36 ± 0.01

0.38

6

0.24 ± 0.01

0.19 ± 0.01

0.6

7

0.18 ± 0.01

0.15 ± 0.01

0.79
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4. Discussion
Reverse Osmosis (RO) is a method used by spiral
wound membranes to separate and extract dissolved solids,
organic, pyrogens, submicron colloidal matter, colour,
nitrate, and bacteria from water. These membranes
are semipermeable and, while allowing the water
molecules to pass, dismiss the salt ions. [10] RO systems
provided from 1 to 7 with various phases. First stage aims
to remove precipitate, oxidization, and dust, while the
primary objective of second and third stages of carbon
filters is to separate chlorine and other organic chemicals
from water in order to enhance the flavour and smell of
water. The membrane of the fourth stage consists of a very
good material which usually only allows the passage of
particles smaller than 0.0005 microns (0.00000005 cm).
The fifth stage is to purify the flavour before the tap
comes out of the water. The odour and coloration can also
be enhanced at this point. The sixth and seventh stages are
additional filtration phase to return to the water healthy
minerals that may have been removed during the filtration
phase.
It also has been shown to increase the pH to higher
concentrations of alkaline. [11]
The RO purification system has increased dramatically
in the latest years due to the increased popularity of RO in
Saudi Arabia, which is why the RO system has been
selected for the present study. The concentration of
fluoride was determined to be 0.9 ppm in the current
research. Which is to be (0.7–1.2 ppm) in drinking water
at optimal fluoride concentrations. [3,4] This is the first
effort to assess the extent to which different commercial
RO filters in drinking water markets in Saudi Arabia can
remove fluoride.
The results of the present study showed Significantly
decreased concentration of fluoride in drinking water
(range, 1.1%–83.3%) after filtration in both systems and
variation in fluoride removal of different RO filters. RO
filters with stage 4, 5, 6 and 7 in both systems show more
fluoride reduction as compared to 1st, 2nd and 3rd stages
and the study also illustrate that there is no significant
difference between Cellulose-based and Thin film
composite Filtration technology in amount of fluoride
reduction. The findings of this study differ from earlier
research. [12,14,15,16] Earlier authors noted fluoride
decrease in the range of 22%-100%. Differences in the
stage number and kinds of membranes used, multiple
water sources, water sampling method, temperature, pH
and water pressure can explain the inconsistency in the
fluoride reduction ability of RO devices in different
research. The increased temperature causes the solvents to
disintegrate and can readily pass through the membranes.
While at acid pH, hydrogen particles attach to fluoride
where the RO membrane's filtering capability was
restricted. Where the pressure increases the solvent's
driving energy and decreases osmotic pressure to allow
more water to be transported through the membrane with
an elevated salt rejection rate. [17] In our study, we used
one source of water with similar fluoride content,
temperature, and pH level and new water filtration system
used to have the same pressure capacity. Drinking water is
the human being's most significant source of fluoride, and

33

awareness of drinking water's fluoride content is crucial
for both the public and health practitioners, particularly
dentists, to understand. Available literature demonstrates
that non-fluoridated community consumption and bottled
water can put children at danger of developing dental
caries. [19] According to the guidelines of the American
Dental Association (ADA) and the American Academy of
Pediatric Dentistry (AAPD), children receiving water that
is fluoridated at less than 0.7 ppm should receive fluoride
supplements.

5. Conclusions
The Results of the study showed that the use of reverse
osmosis water filtration technologies has a substantial
distinction in reducing the level of fluoride in drinking
water. Optimally fluoridated drinking water may not have
the same preventive impact when exposed to home water
filtration technologies that substantially decrease fluoride.
In order to prevent dental caries, fluoride supplementation
may be necessary.
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