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Abstract Fluoride is needed for better health, yet if ingested at higher levels it may lead to health

problems. Fluoride can be obtained from different sources, with drinking water being a major con-

tributor. In the United Arab Emirates (UAE), bottled water is the major source for drinking. The

aim of this research is to measure fluoride levels in different bottled water brands sold in UAE, to

determine whether fluoride contributes to better health or health problems. The results were com-

pared to international and local standards. Fluoride was present in seven out of 23 brands. One

brand exhibited high fluoride levels, which exceeded all standards, suggesting it may pose health

problems. Other brands were either below or above standards, suggesting either contribution to bet-

ter health or health problems, depending on ingested amount. A risk assessment suggested a poten-

tial for non-cancer effects from some brands. The results were compared to fluoride levels in bottled

water sold in UAE and neighboring countries (e.g. Saudi Arabia, Qatar, Kuwait, and Bahrain),

over 24 years, to reflect on changes in fluoride levels in bottled water in this region. The research

presents the need for creating, stricter regulations that require careful fluoride monitoring and

new regulations that require listing fluoride level on the bottled water label, internationally and

regionally. The research will have local and global health impact, as bottled water sold in UAE

and neighboring countries, is produced locally and imported from international countries, e.g.

Switzerland, the USA, France, Italy, New Zealand, and Fiji.
� 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Water is important for our life, especially for drinking, and its
quality will affect our health. Accordingly, different biological,
chemical, and physical parameters are monitored and mea-

sured to determine the quality of the source water as well as
the final drinking water (bottled or tap water). Water is an
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essential source of minerals as well, but if those mineral levels
exceed or fall below certain limits, the benefits will no longer
exist, and they can actually become harmful. For example, flu-

oride is important in preventing tooth decay and reduces it by
about 25% over the lifetime of the individual (CDC, 2013), yet
excessive amounts of fluoride may cause health problems.

Fluoride is naturally present in the environment, and as a
result of human activities that lead to an increase in the fluo-
ride levels in both ground and surface waters, through indus-

trial waste release, steam generation stations, fertilizers,
pesticides, and other sources (Jagtap et al., 2012; Rajkovic
and Novakovic, 2007; Tahir and Rasheed, 2013; WHO,
2004). As a result, fluoride is available in the environment from

different sources, and accordingly will contribute to the quality
of our health and life.

Humans are exposed to fluoride through drinking water

and beverages prepared with fluoridated water, food
(Abouleish and Abdo, 2012; Harrison, 2005; Jagtap et al.,
2012; Rajkovic and Novakovic, 2007; Tokalioglu et al., 2004;

Whelton et al., 2004; Zohouri et al., 2003), stomatology pro-
phylactic processes (Rajkovic and Novakovic, 2007), air
(Jagtap et al., 2012; Tokalioglu et al., 2004), toothpaste

(CDC, 2013; Khandare, 2013; Whelton et al., 2004), mouth
rinsing solution treatments, cosmetics (Jagtap et al., 2012), flu-
oride supplements and drugs (CDC, 2013; Clarkson and
Mcloughlin, 2000; Jagtap et al., 2012; Whelton et al., 2004),

water fluoridation (CDC, 2013), and fluoridated milk and salt
(Whelton et al., 2004). Therefore, water is considered as the
major and most common source of fluoride for humans and,

as a result, can act as the major contributor for toxicity
(Amanlou et al., 2010; Cordeiro et al., 2012; Jagtap et al.,
2012). Fluoride helps in teeth and bone growth and develop-

ment (Alabdula’aly, 1997; Ghaderpoori et al., 2009; Khan
and Chohan, 2010; Momani, 2006; Rajkovic and Novakovic,
2007; WHO, 2004), especially during the pre-eruptive stage

of the formation of enamel, where fluoride intake will help in
reducing dental caries, later in life (WHO, 2004; Zohouri
et al., 2003). Alternatively, ingestion of excessive fluoride dur-
ing the development of the tooth and specifically in the stage of

maturation, can lead to different problems, such as skeletal
and dental fluorosis, and also can interfere with the function
of the enzymes (Cordeiro et al., 2012; Ghaderpoori et al.,

2009; Jagtap et al., 2012; Jimenez-Farfan et al., 2011;
Rajkovic and Novakovic, 2007; Rizk, 2009; Tahir and
Rasheed, 2013; Whelton et al., 2004). Skeletal fluorosis acts

as the initial stages for osteoporosis and can affect adults
and children by causing arthritic symptoms, in the initial
stages, then restriction of spine movements and finally possibly
paralysis (Jagtap et al., 2012). Dental fluorosis is more promi-

nent in children, with symptoms ranging from white chalky
teeth at mild conditions, to brown pigmentation and severe
pitting of the teeth at severe conditions (Jagtap et al., 2012).

In addition, excessive fluoride may cause allergic manifesta-
tions, gastrointestinal problems, muscular manifestations, neu-
rological disorders, and may also cause cancer (Jagtap et al.,

2012). Therefore, fluoride levels are monitored in drinking
water supplies to achieve the required safety (Jagtap et al.,
2012).

The fluoride levels ingested by humans differ from one indi-
vidual to another, depending on the sources they are exposed
to, level, and amount ingested (Jagtap et al., 2012). Fluoride
toxicity is dependent on the individual’s age, health, and
weight (Rajkovic and Novakovic, 2007). As a result, different
international organizations have set standard limits for fluo-
ride in water, for avoiding the toxicity caused from fluoride

as well as to ensure that the fluoride in water may contribute
to the final required health benefits.

Humans obtain drinking water from tap or bottled water.

Bottled water dependence is growing rapidly around the world
due to growing consumer confidence in its quality. Therefore,
the quality of bottled water is important, and the levels of min-

erals and pollutants are monitored regularly. For example,
since bottled water is used as the drinking and mineral source,
fluoride is monitored to avoid any problems and also to make
sure that it is a beneficial source for contributing to caries

reduction. As a result, in this research, bottled water sold in
the United Arab Emirates (UAE), that is produced locally or
imported from international and regional countries was tested

for fluoride and compared to the fluoride levels reported in the
literature and to the set standard limits set by international and
local organizations.

2. Materials and methods

2.1. Bottled water samples

Twenty-three different bottled water brands, which were pur-

chased from local supermarkets in the UAE (Table 1), were
analyzed in this research for fluoride. Four samples were ana-
lyzed for each brand. Some of the bottled water brands were

produced in the UAE, while others were imported from neigh-
boring and other international countries. The bottled water
container was made of plastic, and the volume varied between
330 – 600 mL. The bottled water samples were analyzed after

purchase.

2.2. Fluoride analysis

A Waters Ion Chromatograph (IC) system (Milford, MA,
USA) in conjunction with the Millennium 32, were used for
the analysis of the bottled water samples. The Water IC system

consisted of a 616 pump with 600 S controller and an IC-Pak
Anion HR 4.6 � 75 mm column. In addition, a 717 plus
auto-sampler and 432 conductivity detector were used. The
analysis was performed at room temperature, at a flow rate

of 1.0 mL/min, using an isocratic mobile phase that was pre-
pared by mixing 20 mL of n-butanol (HPLC grade, Hipersolv,
UK) and 120 mL of acetonitrile (HPLC grade, Hipersolv,

UK), and 20 mL of sodium borate/gluconate concentrate
[18 g boric acid (Scharlau, Spain), 16 g sodium gluconate
(HPLC grade, Hipersolv, UK), 25 g disodium tetraborate dec-

ahydrate (HPLC grade, Hipersolv, UK) and 250 mL glycerin
diluted to 1 L with de-ionized water (Millipore ‘‘Simplicity”
Purification System, USA)] then diluted to 1 L by de-ionized

water, then homogenized, filtered through a 0.2 lm membrane
filter (Schleicher & Schuell, Germany), and finally degassed by
sonication for five minutes. The injection volume was 50 lL.

Using a multi-ion standard (Seven Anion Standard II Stan-

dard, Dionex, USA), different standards (0–10 mg/L range)
for fluoride were prepared to develop the calibration curve
(correlation coefficient P0.99) for all the analysis. For the flu-

oride analysis, the limit of detection (LOD) and limit of quan-
titation (LOQ) were 0.0245 mg/L and 0.0817 mg/L,



Table 1 Fluoride levels in the analyzed bottled water.

Source Brand Measured fluoride (mg/L) n SD Water type Information on label Country

Mean Max. Min. Fluoride (mg/L)a Volume (mL)

Imported 1 0.10 0.40 0.00 4 0.17 Natural artesian water 0 500 Fiji

2 0.00 0.00 0.00 4 0.00 Natural Mineral Water NR 330 France

3 0.00 0.00 0.00 4 0.00 Grand barbier NR 500 France

4 0.84 1.19 0.00 4 0.49 Natural Mineral Water NR 330 France

5 0.00 0.00 0.00 4 0.00 Natural Mineral Water NR 330 France

6 0.00 0.00 0.00 4 0.00 Montclar <0.05 500 France

7 0.00 0.00 0.00 4 0.00 Natural Mineral Water <0.1 500 Italy

8 0.08 0.30 0.00 4 0.13 Mineral Natural water 0.25 500 Lebanon

9 0.00 0.00 0.00 4 0.00 Natural spring mineral water <0.2 500 Lebanon

10 0.90 1.21 0.45 4 0.31 Mineral water 0.2 500 New Zealand

11 0.00 0.00 0.00 4 0.00 Natural spring water 0.09 500 Turkey

12 0.00 0.00 0.00 4 0.00 Natural spring water NR 330 Turkey

13 0.00 0.00 0.00 4 0.00 Natural spring water NR 500 Turkey

14 0.00 0.00 0.00 4 0.00 Spring water NR 330 Turkey

Overall 0.14 1.21 0.00

Local 15 0.10 0.40 0.00 4 0.17 Pure natural bottled water <0.1 330 UAE

16 1.01 1.07 0.94 4 0.05 Pure natural bottled water 0.75 330 UAE

17 4.14 4.50 3.84 4 0.24 Pure natural spring water 0.2 500 UAE

18 0.00 0.00 0.00 4 0.00 Bottled drinking water NR 500 UAE

19 0.00 0.00 0.00 4 0.00 Pure Drinking water 0.2 600 UAE

20 0.00 0.00 0.00 4 0.00 Pure natural spring water NR 500 UAE

21 0.00 0.00 0.00 4 0.00 Bottled drinking water <0.1 500 UAE

22 0.00 0.00 0.00 4 0.00 Pure natural mineral water NR 500 UAE

23 0.00 0.00 0.00 4 0.00 Pure drinking water NR 600 UAE

Overall 0.58 4.50 0.00

a Not reported (NR).
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respectively. The recovery of the analysis was performed by
spiking the samples with aliquots of the anion standard, and

then analyzed. Recovery for fluoride was 80–118%, with a
standard deviation of 0.005–0.15%.

2.3. Risk assessment

Risk assessment in this study will be evaluated by calculating
the exposure assessment and risk characterization. Exposure

assessment will be evaluated by using the intake (IT) equation
(Eq. (1)) (U.S. EPA, 1989). According to the U.S. EPA (1989),
the IT (mg/kg/day) represents the individual exposure or inges-
tion of chemicals in drinking water, and it depends on several

variables: chemical concentration in water (CW) in mg/L,
ingestion rate (IR) in liters/day, exposure frequency (EF) in
days/year, exposure duration (ED) in years, body weight

(BW) in kg, and averaging time (AT) in days. The IT will be
calculated for a child and an adult, and as a result, some of
the variables will be different: for a child IR is 1 L/day and

BW is 10 kg, and for an adult IR is 2L/day and BW is 70 kg
(U.S. EPA, 1989).

IT ¼ ðCW� IR� EF� EDÞ=ðBW� ATÞ ð1Þ
Water in the bottled water will be ingested everyday of the

year, and therefore, EF will have a value of 365 days/year. Flu-
oride has not been associated with cancer (ATSDR, 2003).
Therefore, AT will be considered equal to, ED multiply
365 days/year, which is the ‘‘pathway specific period of expo-

sure for non-carcinogenic effects” according to U.S. EPA,
1989. Therefore, Eq. (1) will be simplified to Eq. (3).
IT ¼ ðCW� IR� 365 days=year� EDÞ=ðBW� ED� 365 days=yearÞ
ð2Þ

IT ¼ ðCW� IRÞ=ðBWÞ ð3Þ
Risk characterization, will be expressed using the noncancer

hazard quotient (NHQ) equation (Eq. (4)), which compares
the IT to the reference dose value (RfD) for fluoride (U.S.
EPA, 1989). The RfD value for fluoride, 0.06 mg/kg/day, is
obtained from the Drinking Water Standards and Health Advi-

sories (U.S. EPA, 2012). If the NHQ value is above 1 (unity),
then this presents a concern for possible occurrence of non-
cancer effects (U.S. EPA, 1989).

NHQ ¼ IT=RfD ð4Þ
3. Results and discussion

Fresh water resources are scarce in the UAE and neighboring

countries. In order to meet the increasing demand for fresh
water, especially for drinking, such countries resort to import-
ing of bottled water to supplement the locally produced

supplies.

3.1. Origin of bottled water

The tested bottled water brands in this research were pur-
chased from local markets in the UAE. Some of the tested bot-
tled water brands were produced locally in the UAE, and

others were imported from international and regional coun-



Table 2 International and regional fluoride set standard limits

and optimal level.

Fluoride (mg/L)

standard limit

References

International

U.S. EPA 2.0 and 4.0 U.S. EPA, 2014

U.S. FDA/CFR U.S. FDA/CFR, 2013

No fluoride addeda 1.4–2.4b

Fluoride addeda 0.8–1.7b

No fluoride addedc 1.4

Fluoride addedc 0.8

EC/DWD 1.5 EC (1998)

WHO 1.5 WHO (2011)

HHS 0.7 CDC (2013)

Regional

GCC 0.6–1.7 Rizk (2009)

a Packaged in the United States.
b At retail store air temperature in the range of ‘‘79.3–90.5 �F” to

‘‘53.7 �F and below”, respectively.
c Imported to the United States.
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tries, 39% and 61%, respectively. Out of the tested imported
bottled water, 22% were from France and 18% from Turkey,
which represented the maximum percentage. Out of the tested

bottled water, four imported bottled water (from Fiji, France,
Lebanon, and New Zealand) and three locally produced (from
UAE) bottled water contained fluoride.

3.2. Type of bottled water

The bottled water brands that were analyzed for fluoride in

this research were sold in plastic bottles that are made from
polyethylene terephthalate (PET or PETE). Fluoride in the
bottled water does not interact with the material of the bottle

(glass or plastic) or the other minerals in the water (CDC,
2013). As a result, the level of fluoride reported in this research
is not influenced by any leaching from the plastic bottle.

The bottled water brands analyzed for fluoride in this

research, according to their labels, were obtained from differ-
ent sources, or represented different types of water. According
to the FDA, bottled water refers to water labeled as artesian,

drinking, mineral, purified (e.g., demineralized, deionized, dis-
tilled, reverse osmosis), sparkling, or spring water (U.S. FDA,
2009). The highest percentage of bottled water tested in this

research was mainly mineral (39%) and spring (30%) water.
Statistical analysis of the data, using the analysis of variance,
demonstrated that there is a significant relationship between
the type of bottled water and the level of fluoride in the ana-

lyzed bottled water samples (p = 1.72 E�09).

3.3. Fluoride levels: compared to international and regional set
standard limits

Fluoride is regulated by different international organizations
to control its effect. Fluoride is one of the minerals that is

listed by the United States Environmental Protection Agency
(U.S. EPA) under the National Drinking Water Regulations
(NDWR) (U.S. EPA, 2014). Under the NDWR, fluoride is

listed under the Primary standard, where the levels may cause
health effects, and under the Secondary standards, where it
may pose aesthetic and cosmetic effects, depending on the level
of the set standard (U.S. EPA, 2014). Therefore, the U.S. EPA
Figure 1 Fluoride level in bottled water sold in the UAE. Imported b

EPA, 4 mg/L; (B) U.S. EPA, 2 mg/L; (C) EC and WHO, 1.5 mg/L; (D

level: (F) 0.7 mg/L. Set standard limits for U.S. FDA/CFR: (G) no fluo

53.7oF and below (packaged in the U.S.); (I) no fluoride added and

(packaged in the U.S.); (K) no fluoride added and (L) fluoride added
and United States Food and Drug Administration/Code of
Federal Regulations (U.S. FDA/CFR) has set standard limits

for fluoride levels in drinking water (U.S. EPA, 2014; U.S.
FDA/CFR, 2013). Similarly, other organizations such as the
World Health Organization (WHO), the European Commis-

sion/Drinking Water Directive (EC/DWD), and the regional
Gulf Cooperation Council (GCC) have set standard limits
for fluoride (Table 2) (EC, 1998; Rizk, 2009; WHO, 2011).

Under the Code of Federal Regulations (21 CFR 165.110),
Subpart – B, for the ‘‘Requirements for specific standardized
beverages,” for bottled water, fluoride levels are based on
whether the bottled water is packaged in the United States

[which is based on whether fluoride is added or not, and the
air temperature (annual average maximum daily) at the retail
place], or imported [which is based on whether fluoride is

added or not] (U.S. FDA/CFR, 2013). If the bottled water is
packaged in the United States, and no fluoride is added, the
range falls between 1.4 to 2.4 mg/L fluoride, given that the
rand # 1-14, and local brand # 15-23. Set standard limits: (A) U.S.

and E) GCC, 0.6–1.7 mg/L. Health and human service optimal

ride added and (H) fluoride added, at retail store air temperature of

(J) fluoride added, at retail store air temperature of 79.3–90.5 �F
(imported).



Table 3 Health conditions resulting from drinking fluoridated water [adapted from (Jagtap et al., 2012; Tahir and Rasheed,

2013)].

Fluoride (mg/L) 0.0 ------------- 0.5 ------------ 1.0 ------------- 1.5 --------------- 4.0 < --------------------- 10.0 <

Health Conditions Teeth 

caries

Healthy 

teeth

Healthy 

teeth, teeth 

enamel 

calcification

Dental 

fluorosis

Dental and skeletal 

fluorosis

Dental, 

skeletal, 

and 

crippling 

fluorosis

Brand # 1, 8, 15 4, 10, 16 17

Table 4 Percent difference between the analyzed fluoride level

and the fluoride level reported on the bottled water label.

Brand % Difference of fluoride level (analyzed level versus

reported level on Label)

Mean Max. Min.

1 200 200 0

2 NA NA NA

3 NA NA NA

4 NA NA NA

5 NA NA NA

6 �200 �200 �200

7 �200 �200 �200

8 �103 18 �200

9 �200 �200 �200

10 128 143 77

11 �200 �200 �200

12 NA NA NA

13 NA NA NA

14 NA NA NA

15 11 127 �200

16 30 35 22

17 182 183 180

18 NA NA NA

19 �200 �200 �200

20 NA NA NA

21 �200 �200 �200

22 NA NA NA

23 NA NA NA

NA=Not applicable, as the fluoride level was not reported on the

label.
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air temperature is in the range of (79.3–90.5 �F) to (53.7 �F and

below), respectively (U.S. FDA/CFR, 2013) (Table 2). If the bot-
tled water is packaged in the United States, and fluoride is
added, the range falls between 0.8 to 1.7 mg/L fluoride, given
that the air temperature is in the range of (79.3–90.5 �F) to

(53.7 �F and below), respectively (U.S. FDA/CFR, 2013). If bot-
tled water is imported and no fluoride is added, the maximum
level of fluoride is 1.4 mg/L, and if fluoride is added, the maxi-

mum level of fluoride is 0.8 mg/L (U.S. FDA/CFR, 2013).
Seven bottled water brands out of the 23 tested brands exhib-

ited fluoride levels (Table 1 and Fig. 1). Sample 17, exceeded the

set standard limits of all the international organizations, as well
as the GCC regional set standard limit, suggesting that the sam-
ple may cause health problems as well as aesthetic and cosmetic

effects, according to the U.S. EPA (U.S. EPA, 2014), based on
the ingested amount of fluoride. The remaining samples (# 1,
8, and 15) were below all the set standard limits while samples
4, 10, and 16 were below the international organization set stan-

dard limits, but within the GCC regional set standard limit
range, suggesting that those samples will not have side effects
if the amount of fluoride ingested totals less than the standards

set by the different organizations.
Compared to the U.S. FDA/CFR, which bases the set stan-

dard limits/range on whether fluoride is added or not, the air

temperature at the retail store, and whether packaged in the
U.S. or imported, sample 17 exceeded all the U.S. FDA/
CFR set standard limits/ranges (Fig. 1), while samples 4, 10,

and 16 exhibited fluoride levels below the U.S. FDA/CFR
set standard limit/range if no fluoride is added and packaged
in the U.S. Compared to the U.S. FDA/CFR set standard
limit/range, if fluoride is added and packaged in the U.S., sam-

ple 10 exhibited fluoride levels below and within the range,
while samples 4 and 16 exhibited fluoride levels within the U.
S. FDA/CFR set standard range.

None of those samples originated from the U.S. Comparing
the fluoride levels in those samples to the U.S. FDA/CFR set
standard limit for imported bottled water demonstrated that

only sample 17 exceeded the maximum set standard limit for
imported bottled water with no fluoride added, while if com-
pared to the maximum set standard limit for imported bottled
water with added fluoride, samples 4, 10, 16, and 17 exhibited

fluoride levels that exceeded the maximum set standard limit
(Fig. 1).

Fluoride is important for healthy teeth; therefore, recom-

mendations for fluoride levels were made for promoting better
health, which are different from the set standard limits. For
example, the U.S. Department of Health and Human Services
(HHS) recommended an optimal level of 0.7 mg/L fluoride

(CDC, 2013).
Today, fluoride is obtained from different sources in addition

to obtaining it from drinking water. As a result, the HHS pro-
posed this amount rather than the older range of 0.7–1.2 mg/L

fluoride, in order to avoid excessive ingestion of fluoride, which
could cause health problems (CDC, 2013). Such health problems
may include, as mentioned earlier, dental and skeletal fluorosis,

and others (Table 3) (Cordeiro et al., 2012; Ghaderpoori et al.,
2009; Jagtap et al., 2012; Rajkovic and Novakovic, 2007; Rizk,
2009; Tahir and Rasheed, 2013; Whelton et al., 2004).

Comparing the fluoride levels in the bottled water analyzed
in this research to the HHS recommended optimal level,
0.7 mg/L (Fig. 1) (CDC, 2013), demonstrated that samples 1,

8, and 15 exhibited fluoride levels below the recommended
HHS optimal level, and therefore, do not contribute to the flu-



Table 5 Fluoride levels in bottled water sold in UAE, compared to neighboring countries.

Fluoride Level UAE UAE Saudi Arabia Bahrain Qatar Kuwait Iran

Overall (mg/L) 0.00–4.50 0.01–1.07 0.03–1.10 0.12–0.80 0.01–1.6 0.01–1.4 0.00–0.75

Local (mg/L) 0.00–4.50 0.20–0.83 0.01–1.1 0.8

Imported (mg/L) 0.00–1.21 0.03–0.69 0.02–1.6 0.01–1.40

Reporting Year(s) This research 1997–2012 1997–2010 1990 2006 2000–2011 2008–2010

Country of origina

Bahrain U U

Belgium U

Canada U

Egypt U

Europe U

Fiji U

France U U U U U

Gulf Countries U

Italy U U

India U

Iran U U

Kuwait U

Lebanon U U U U

New Zealand U

Oman U U

Qatar U

Saudi Arabia U U U U

Scotland U U

Spain U

Switzerland U

Tunisia U

Turkey U U

UAE U U U U U

USA U

Others/NR U U

References b c d e f g

NR =Not reported.
aAs reported in the literature.
bAbouleish (2012), Nimr (1997), Rizk (2009).
cAlabdula’aly (1997), Alabdula’aly and Khan (1999), Aldrees and Al-Manea (2010), Khan and Chohan (2010).
dMusaiger and Khunji (1990).
eMomani (2006).
fAl-Mudhaf et al. (2011), Safar and Al-Wazzan (2000).
gAmanlou et al. (2010), Dobaradaran et al. (2008), Ghaderpoori et al. (2009), Samadi et al. (2009).
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oride prevention of the dental caries characteristic, if the cor-
rect fluoride dosage is not ingested, to reach the HHS optimal

level (Tables 1 and 3 and Fig. 1), while samples 4, 10, 16 and 17
only, were above the optimal level (0.7 mg/L). Therefore, fluo-
ride may either contribute to healthy teeth or dental, skeletal

and crippling fluorosis, depending on the ingested amount of
fluoride.

Comparing the locally produced and imported bottled
water to the HHS optimal level demonstrated no specific trend

among the analyzed samples. Sample 17 (locally produced)
exhibited fluoride levels that may lead to dental and skeletal
fluorosis, depending on the amount of fluoride ingested.

3.4. Fluoride levels: local versus imported bottled water

Comparing the fluoride levels in local and imported bottled

water demonstrated that, out of 14 imported brands of bottled
water, only four brands (28.6% of the tested bottled water)
exhibited fluoride levels, while out of the nine local brands of
bottled water, only three brands (33.3% of the tested bottled

water) exhibited fluoride levels (Table 1). Statistical analysis
of the data, using the analysis of variance, demonstrated that
there is no significant relationship between the source (local

or imported) of bottled water and the level of fluoride in the
analyzed bottled water samples (p = 0.989). Fluoride levels
fluctuate from, one brand to another and between locally pro-
duced and imported bottled water.
3.5. Fluoride levels: compared to the bottled water labels

Bottled water manufacturers are not required by the FDA to
report the fluoride levels in the water on the label but are

required to list any fluoride additives if they are used (CDC,
2013). If the bottled water contains fluoride levels in the range
between 0.6 and 1.0 mg/L, the FDA approved the labeling of



Figure 2 Fluoride levels compared to recommended optimal level

( ) and the set standard limits ( ). Based on Tables 1, 2 and 5.
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bottled water with the following statement: ‘‘Drinking
fluoridated water may reduce the risk of tooth decay” (CDC,
2013).

Most of the bottled water brands analyzed in this research,
about 48% of the analyzed samples, did not report the fluoride
levels on the labels of the bottles (Table 1). Twelve bottled

water samples, out of the analyzed 23 brands, reported fluoride
in the range of 0.00 – 0.75 mg/L on their label. Sample 16, dis-
played the word ‘‘fluoride” on the front of the label as a selling

tool, with 0.75 mg/L fluoride reported on the label. Analysis of
samples 1, 8, 10, 15, 16, and 17, demonstrated fluoride levels
above the reported levels on the labels, which is also displayed
by the positive % difference value of fluoride (Table 4). Sample

4 did not report any fluoride level, yet results in this research
showed a 1.19 mg/L fluoride level. Analysis of sample 17
demonstrated the highest fluoride level, 4.50 mg/L, in all the

analyzed bottled water, which is different from the reported
level on the label of the sample, 0.2 mg/L. Samples 6, 7, 9,
11, 19, and 21 did not contain fluoride based on the analysis

done in this research, and the results of the analysis were below
the reported fluoride levels on the label of the analyzed bottled
water samples, which is also displayed by the negative% differ-

ence value of fluoride (Table 4).
Therefore, there is some consistency between the reported

and measured fluoride levels, yet this is not in all the analyzed
samples. Therefore, there is a need for fluoride levels to be

reported on the labels of the bottled water to provide the con-
sumer with the information needed to make a better judgment
on which bottled water to choose in order to achieve the

required health benefits.

3.6. Fluoride levels: risk assessment

Risk assessment in this study was investigated by calculating
the exposure assessment and risk characterization. The risk
assessment was investigated for a child and an adult among

imported and local bottled water. For a child and an adult,
the highest exposure, IT, existed with local bottled water, sam-
ple 17 (0.45 mg/kg/day and 0.13 mg/kg/day, respectively),
while other samples, such as samples 1, 4, 8, 10, 15, 16 exhib-

ited lower exposure levels. As stated in the literature, samples
with the highest contamination, demonstrated the highest
exposure, i.e. intake (Dominguez-Morueco et al., 2014). Risk

characterization was investigated by calculating the noncancer
hazard quotient NHQ. As stated earlier, if the NHQ value is
above unity, then there is a possibility for noncancer effects

(U.S. EPA, 1989). For a child and an adult, samples 1, 4, 8,
10, 15, 16, and 17 exhibited NHQ values above zero. For a
child, samples 4, 10, 16, and 17 exhibited NHQ values above
1, with a NHQ range 1.78–7.50 (sample 17 exhibited the high-

est NHQ value), suggesting that with those samples there
might be a concern for potential non-cancer effects (U.S.
EPA, 1989). For an adult, only sample 17, exhibited a NHQ

value above 1, with a 2.14 value, suggesting that there might
be a concern for potential noncancer effects (U.S. EPA,
1989). Therefore, such results suggest, that there is a potential

of noncancer effects from some samples, and that regular mon-
itoring of fluoride is important, to reduce problematic health
effects associated with fluoride exposure.
3.7. Fluoride levels: UAE compared to other Gulf (neighboring)
countries

Compared to the neighboring countries (that included Saudi
Arabia, Bahrain, Qatar, Kuwait, and Iran), the bottled water

samples analyzed in this research and purchased from the
UAE demonstrated a wider range of fluoride (0.0–4.5 mg/L),
with the highest level of 4.5 mg/L (Table 5). In this research,

such a range was characteristic of the locally produced and
analyzed bottled water samples, while imported bottled water
presented a fluoride range that is comparable with the range

reported by neighboring countries, in the literature (Table 5).
Comparing the information in Table 5 to the set standard

limits and the HHS recommended optimal level demonstrates

that neighboring countries exhibited fluoride levels that is
below the international set standard limits, except for two
countries. When compared to the HHS recommended optimal
level, neighboring countries exhibited fluoride levels above and

below the HHS recommended optimal level; therefore, fluoride
levels may contribute to healthy teeth or health problems,
depending on the amount of ingested fluoride (Fig. 2).

4. Conclusions

Meeting the required quality of bottled water for better health

is important, especially in countries where bottled water is con-
sidered as the major source of fresh water. As a result, in this
research, fluoride in bottled water sold in the UAE was

assessed, as fluoride may provide health benefits or problems.
Results in this research demonstrated the following:

� The UAE depends on locally and imported (higher percent-
age) bottled water. Fluoride was detected in bottled water
originating from the UAE, Fiji, France, Lebanon, and
New Zealand. The bottled water represented different types

of water, mainly mineral and spring water.
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� Fluoride levels fluctuated from one brand to another and

between locally produced and imported bottled water.
Therefore, fluoride levels in the bottled water should be
reported and considered, to achieve the required health

benefits.
� Compared to the regional (GCC) and international (U.S.
EPA, EC/DWD, and WHO) set standard limits, one sam-
ple exceeded those limits, suggesting that it may cause

health problems as well as aesthetic and cosmetic effects,
depending on the ingested level. Other samples, when
compared to the set standard limits, will not have an

effect if the level of fluoride ingested totals less than
the set standard limits.

� Compared to U.S. FDA/CFR standards for imported bot-

tled water, one sample exceeded the maximum set level (for
whether fluoride is added or not); some samples exceeded
the maximum set level when fluoride is added; and the rest
of the samples exhibited levels below the maximum set level.

� Compared to the HHS optimal level, no special trend was
demonstrated among locally produced and imported bot-
tled water. One sample exhibited high fluoride levels above

the HHS optimal level, and may lead to dental, crippling
and skeletal fluorosis, depending on the level of fluoride
ingested. Some samples exhibited fluoride levels (not high)

above the HHS optimal level and may contribute to healthy
teeth or health problems, depending on amount ingested.
Other samples exhibited fluoride levels below the HHS opti-

mal level, and therefore, might not contribute to the preven-
tion of dental caries.

� Risk assessment results, presents a potential for non-cancer
effects from the ingestion of some water samples, suggesting

the need for regular monitoring of fluoride, to reduce prob-
lematic health effects associated with fluoride exposure.

� No consistency in reporting of fluoride levels on the labels

of bottled water exists, as it is not required by the FDA,
for example. Therefore, this research calls for reporting of
fluoride levels on the label of bottled water, as it will help

consumers make a better choice.

Therefore, this study calls for monitoring of fluoride levels
in bottled water and the reporting of fluoride levels on the

labels of bottled water, as this may contribute to better health
or health problems.
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