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IntrOductIOn
Fluoride is naturally occurring substance which is present in water 
[1]. Fluoride when present in optimal quantities is known to prevent 
caries by various mechanisms but more predominantly by deposition 
of calcium fluoride crystals which is more resistant to demineralisation 
[2]. Community water fluoridation began as early as 1945 and is 
considered as an effective way of preventing caries in children as 
well as adults [3]. The World Health Organisation has identified 
dental caries as a worldwide epidemic and also recommended to 
add fluoride to drinking water in naturally occurring water which has 
less than optimal fluoride levels. The optimal fluoride level in drinking 
water is 0.7 to 1.2 ppm [4].

The primary source of drinking is facing a paradigm shift from well or 
tap water to bottled water in Tamilnadu. According to a commercial 
report one third of the Chennai (India) residents rely on bottled water. 
The sale of bottled water has shot up to 6 million litters/day from 4 
million liters/day in 2010, according to Tamilnadu packaged drinking 
water association [5]. One crore litters are supplied to Chennai & 
surrounding areas through bottles and pouches. City consumes 12 
lakh litters/day during peak summer [6].

If bottled water is the primary source of drinking water then it is 
important to know the concentration of fluoride in bottled water, 
as increased concentration may lead to risk of skeletal and dental 
fluorosis and decreased concentration may lead to increase risk of 
caries and supplementation may be necessary [7].

Studies conducted in various countries across world showed 
variation of fluoride concentration in bottled water. Weinberger SJ, 
studied 17 bottled waters in London, Ontario, Canada and found 
great variation ranging from very low in distilled water to 4 ppm in 
mineral water [8]. Ahiropoulous, studied 22 bottled waters in Northern 
Greece found manufacturers labelling of fluoride concentration was 
inaccurate, only 18% of the brands tested mention the fluoride 
concentration on the label [9]. Conchrane NJ, tested 10 bottled 
waters in Australia, found that the fluoride concentration less in all 
brands [10]. Toumba KJ analysed fluoride content of 12 bottled 
waters in UK and found it to vary from 0.10-0.80 mg/l [7].

 

The aim of this study is to determine the fluoride levels in top 10 
bottled waters that are currently available in Chennai city and to 
check the accuracy of their labelling.

MAtErIALs And MEtHOds
Fluoride content of top 10 selling brands of bottled water in Indian 
market was evaluated. This study was conducted in Department 
of Pedodontics, Saveetha Dental college, Chennai in association 
with RVN laboratories, Moappair East, Chennai between November 
to December 2014. The ten brands consisted of 6 Multinational 
companies (Acquafina, Bisleri, Bailey, Kinley, Tata Water Plus and 
Himalayan) and 4 non Multinational companies (Gangar, Diet Aqua, 
Sabols and Rail Neer). Three different batches of each brand were 
purchased, making a total of 30 samples. 

The samples within expiry date were procured from different areas 
of Chennai city. Bottles that were collected were manufactured from 
same manufacturing units of the respective companies [Table/Fig-1]. 
The details of each bottle i.e. brand name, batch number, date of 
manufacture, label information on fluoride levels was recorded. All 
the samples were number coded before fluoride analysis, so that 
the investigators are blinded to the samples being analysed. The 
samples were stored in their original containers until fluoride analysis 
was done.

Fluoride content was analysed using SPADNS colorimetric method. 
The SPADNS colorimetric teat is an inverse colorimetric reaction 
where fluoride reacts with the Zirconium dye lake, dissociating 
a portion of it into a colourless complex anion and the dye. As 
the amount of fluoride increases the colour produced becomes 
progressively lighter which is compared to fluoride standard 
solutions [11].

In the  present study standard  solutions were prepared in the 
range of 0 to 1.40 mg F-/L by adding 5.00 ml each of SPADNS 
solution and Zirconyl acid reagent to each standard. The colour of 
each standard was observed with a Photometer which is set to zero 
absorbance with the reference solution and absorbance readings 
of standards were obtained. Milligrams fluoride-absorbance 
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ABstrAct
context: The optimum level of fluoride in drinking water is 0.7 to 
1.2 ppm. Decreased fluoride concentration leads to increased 
risk of caries and increased concentration can lead to dental 
or skeletal fluorosis. One crore liters of water is supplied to 
Chennai and surrounding areas through pouches and bottles 
which carters about one third of city population. 

Aim: The aim of this study is to determine the fluoride 
concentration in top 10 bottled waters in Chennai and to check 
the accuracy of their labelling. 

Materials and Methods: Top selling bottled waters, 6 
multinational and 4 Non- multinational brands were selected 
for the study. Three different batches of each brand were 

purchased. The labels of the bottled were removed after 
collecting the details regarding fluoride content. All the bottles 
were numbered and sent for fluoride content analysis using 
SPADNS calorimetric method.

results: All the brands and batches which were analysed for 
the study had less than optimal fluoride content and there is 
a significant variation in fluoride concentration of each brand 
and among different batches of same brand bottled waters. 
The range of fluoride level in tested samples was between 0.27 
to 0.59. Only one brand’s label had information regarding the 
fluoride content.

conclusion: Standardization of fluoride levels in bottled waters 
and labelling of fluoride content should become mandatory.
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relationship was plotted and a standard curve is obtained. The 
sample was pre-treated using 1 drop (0.05 ml) sodium arsenic oxide 
solution to remove the residual chlorine. The prepared standard 0 
mg F-/L standard was used to set the photometer for testing the 
samples. Testing was performed on 50 ml of the sample bottled 
water; the sample temperature was adjusted to that used for the 
standard curve. Five millilitres each of SPADNS solution and zirconyl-
acid reagents were added mixed well with each sample and the 
absorbance reading was noted. The reading was compared with 
the standard curve. The fluoride concentration of the samples was 
obtained in triplicate. The mean value of the triplicate was taken as 
the fluoride content for each sample.

rEsuLts
The mean fluoride concentration of each sample was tabulated. 
Mean of three different batches of the same brand was calculated 
along with standard deviation and tabulated [Table/Fig-1].

[table/Fig-1]: Fluoride concentration and label information of the bottled water 
samples

*IRCTC-Indian Railway Catering and Tourism Corporation Ltd. *TN-Tamil Nadu *AP-
Andhra Pradesh *KA-Karnataka *HP-Himachal Pradesh

Sample 
no.

product 
name

manufacturer area of 
manufacture

Label 
information 
on fluoride 

content 
(ppm)

Concentration 
(ppm)

mean ±SD 

1. Gangar Ganga Mineral 
Water

Chennai, TN* Not 
provided

0.58 0.085

2. Sabols Asheerwath 
enterprise

Chennai, TN* Not 
provided

0.59 0.043

3. Diet Aqua Akshaya Aqua 
Farms

Thiruvallur, 
TN*

Not 
provided

0.46 0.020

4. Rail Neer IRCTC* Kanchipuram, 
TN*

Not 
provided

0.33 0.015

5. Bisleri Bisleri 
International 
Pvt. Ltd

Chennai, TN* Not 
provided

0.27 0.050

6. Aquafina Pepsico India 
holdings Ltd

Chitoor, AP* Not 
provided

0.37 0.015

7. Bailey  Parle Agro 
Pvt. Ltd

Chitoor, AP* Not 
provided

0.51 0.023

8. Kinley Hindhustan 
Coca cola Pvt. 
Ltd

Bangalore 
Rural, KA*

Not 
provided

0.40 0.025

9. Himalayan TATA 
enterprise

Sirmour, HP* 0.20 0.37 0.012

10. Tata  Water 
Plus

TATA global 
Beverages Ltd

Hyderabad, 
AP*

Not 
provided

0.48 0.140

[table/Fig-2]: Comparison of fluoride levels in various other studies 

S. 
no

place author year reported range 
of fluoride level 

in mg/L

1 Canada [8] Weinberger SJ. 1991 0.06–4.0

2 Australia [10] Conchrane NJ et al., 2006 0.001–0.1

3 Northern Greece [9] Ahiropoulos V 2006 0.05-4.80

4 Iran [19] Dobaradaran S et al., 2008 0.00–0.59

5 Saudi Arabia [23] Aldrees AM et al., 2010 0.50-0.83

6 Babli, Iraq [24] Mohammad Hashim 
Matllob

2011 0.058-0.146

7 Agra, India [22] Guptha P 2012 0.45-0.86

8 Bushehr, Iran [18] Nabipour I 2013 0.07 and 0.31 

9 Najaf and Karbala, 
Iraq [25]

Fard Mahvi Hosseini 2014 0.13 to 0.50

10 Chennai, India Sujatha et al., Present 
study

0.27 to 0.59

SPADNS method. These analytical methods need a high degree of 
standardisation and instrumentation in order to obtain a satisfactory 
quantitative response free of interference. Thus conducting these 
analyses involves relatively high cost of instrumentation and 
chemicals and high skills of laboratory work [13].

dIscussIOn
Fluoridation of community water supplies is considered as accessible 
and cost effective way of preventing dental caries. In a country 
like India where generalized water supply is rare water fluoridation 
becomes a myth. In a view of the increasing trend of consumption 
of packaged drinking water in the community, it is essential to 
control the concentration of fluoride level in these products [11,14-
16]. Indian standard specification for fluoride in drinking water is 0.6 
to 1.0 ppm [12,17].

In order to measure the fluoride concentration, SPADNS 
colorimetric method was employed. The readings were calculated 
by comparing the test solution with a standard curve which was 
created with standard fluoride solutions. The common error with 
SPADNS colorimetric method is the impurities in drinking water like 
Chlorine which may interfere with the absorbance reading. This was 
removed by pre-treatment of the samples with sodium arsenic oxide 
solution. The study was carried out under controlled temperature as 
variation in temperature may also cause fluctuation in fluoride levels. 
In this study triplicate observations were made and the readings 
were measured using colorimeter that reduces relative human 
errors. SPADNS method was also employed by other investigators 
like Iraj Nabipour and Dobarandaran et al., [18,19]. Though there 
are methods of analysis of fluoride has been developed [13] we 
opted to use the SPADNS calorimetric analysis as it was both cost 
effective and accurate when impurities are removed and controlled 
temperature is maintained. Edelstien et al., has also suggested that 
the calorimetric method should be accepted as a clinically useful 
alternative to the electrode method [20].

In current study, it was observed that almost all brands had not 
stated their fluoride content in label except for one namely Himalayan, 
which was also found to be less (0.2ppm) than the actual fluoride 
level present (0.32ppm). Other similar studies in various regions also 
found that very few brands stated the fluoride concentration on their 
labels. In Davangere city India, Thippeswamy et al., found that none 
of the bottled water samples displayed the fluoride concentration 
in the label [21]; Ahiropoulos studied 22 bottled water brands in 
Northern Greece and found that only 18% of the tested samples 
displayed the fluoride content of the water on the labels and in 50% 
of the bottled water samples, there was a significant difference 
between the measured fluoride content and that marked on the 
label [9].

Of all the brands included in the study only one brand mentioned 
the fluoride content in the labels (Himalayan - Tata). The analysis 
of fluoride content of different batches of the same brand showed 
different fluoride content, which might imply that fluoride content 
is not regulated. The optimal fluoride content for optimal caries 
prevention is 0.7ppm – 1ppm. The Bureau of Indian Standards, 
has therefore, laid down Indian standards as 1.0 mg/l as maximum 
permissible limit of fluoride [12]. Except for 3 brands namely Bailey, 
Sabols and Gangar all others contained less than 0.5ppm fluoride 
concentration. High Standard deviation was observed in Tata water 
plus, Gangar followed by Bisleri which implies increased variation of 
fluoride content among different batches of these brands and least 
Standard deviation was observed in Himalayan followed by Railneer 
and Aquafina which implies least variation of fluoride content among 
different batches of these brands.

Few methods of analysis of fluoride are available; the most promising 
are supposed to be included in the “Standard Methods”, i.e. The 
Standard Methods for Examination of Water and Wastewater [13]. 
These are the potentiometric electrode method and the colorimetric 
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According to a report Non-Multinational companies formed 
a majority of supply to daily usage in Chennai [6]. Most of other 
studies have taken only multinational brands in their study. In the 
present study, attempt was made to measure the fluoride content of 
the largest selling Multinational and Non-Multinational companies. 
The information regarding the fluoride content of bottled water 
across the world [8-10,18,19,22-25] has been compared in [Table/
Fig-2].

The fluoride concentrations in this study ranged from 0.27 to 0.59 
ppm. Most of the branded water bottles (70%) had more than 
0.5ppm but less than 0.6ppm of fluoride concentration which is the 
required level as per the Indian standard specification of drinking 
water. Our results was found to be similar to the studies conducted 
in other parts of India such as fluoride in the bottled drinking waters 
available in Agra City ranged between 0.45 and 0.86 mg/L as tested 
by Puneet Gupta and Ashish Kumar [22]; Thippeswamy HM studied 
10 commercially available brands of bottled water in Davagere city 
and found that Fluoride levels ranged from 0.06 to 1.05 mg F/L [21]. 
This study results also correlate with the studies across world some 
are; the study conducted by Iraj Nabipour and Sina Dobaradaran 
showed the mean concentration of fluoride in the bottled water 
available in Bushehr, Iran to vary between 0.07 and 0.31 mg/L [18]. 
In Saudi Arabia bottled drinking water had 0.50-0.83mg/L of fluoride 
[23]. In two different place in Iraq the fluoride concentration in bottled 
water was found to be in the range of 0.058-0.146 [24] and 0.13 to 
0.50 mg/L [25]. Ahiropoulos in Northern Greece observed that the 
mean fluoride content ranged from 0.05 to 4.80 mg/L [9].

Limitation of the StuDy
Samples of bottled water were collected only from Chennai city. 
Future studies needs to be carried out using samples from the 
entire state and in different climatic conditions. Though Colorimetric 
method is more time consuming and lack sensitivity of the other 
methods, it can be used for a gross estimation of fluoride content 
with pretreatment of water in order to remove impurities.

While the colorimeter may be accurate when all interferences are 
known and may be compensated for if present, it should not be 
used when these variables are unknown.

cOncLusIOn
This study concludes that the fluoride content of bottled waters in 
Chennai, India has less than the optimal level of fluoride in drinking 
water. The finding that 70% of the samples showed high variation 
within specific brand and fluoride levels displayed in the labels was 
significantly different from the actual fluoride content measured, 
suggests that the manufacturers should focus on high standards 
and to the information stated in their product labels. The label 
information for the fluoride content must be mentioned for the better 
consumer awareness and making an informed choice.  
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