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Abstract: The role of fluoride in reducing the risk of dental caries is well documented and is the basis for current
intake recommendations. The aim of this study was to evaluate the fluoride content of tap and bottled water
currently consumed in Babil-Iraq and to determine whether fluoride intakes by Iraqi consumers fell within the
recommended ranges. Fluoride concentrations of 50 samples of tap water (originated from the Euphrates River)
and forty popular brands of bottled water currently sold in Babil-Iraq were determined using an lon-selective
electrode. The mean fluoride content of tap and bottled water were 0.184+£0.041 and 0.073+0.066 mg 1.7,
respectively. The average volume of water consumed by Iraqi adults daily was estimated to be 800+240 mL in
winter to 2000+650 mL in summer. Based on these data the average daily mtake of fluoride by Iragi consumer
from tap and bottled water were 0.147+0.055 to 0.36840.1 45 mg and 0.058+0.056 t0 0.1 4640.1 40 mg, respectively.
These levels revealed that whether tap or bottled water are used as the primary source of drinking water, then
Tragi consumers are at a higher risk of tooth decay. Water fluoridation is recommended as a relevant public
health measure to increase the resistance to dental caries.
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INTRODUCTION

Water, used directly as a drink or indirectly to prepare
beverages and foods, 1s generally, the mam source of
ingested fluoride (National Research Council (US)
Committee on Fluoride m Drinking Water, 2006). A
concentration of about 1 mg 17" in drinking water was
identified now as being “optimal” both in reducing caries
prevalence and keeping dental fluorosis below 10% in the
population (Griffin et al, 2007, Ferla et al, 2010;
Hussam ef al., 2010). From this “optimal” water fluoride
concentration derives the estimated adequate fluoride
mntake of Infants, children and adults.

As fluoride concentrations in drinking water differ
between countries and within countries dependent on
natural circumstances and on water fluoridation. Then
knowledge of the fluoride levels in drinking water is an
umportant 1ssue to all health care professionals especially
dentists (Shailaja and Tohnson, 2007).

In Traq the main source used for producing drinking
water 1s surface water, taken from the Euphrates and
Tigris rivers and their tributaries. The municipalities are
responsible for the production and delivery of drinking
water. The production of drinking water involves

generally, conventional water treatmment processes

(coagulation, flocculation and clarification) that remove

suspended matter and dismfection to remove biological
agents (Barboot1 ef al., 2010). Chlorine 1s the most widely
used and approved disinfectant in Trag.

Two destructive wars and a decade of debilitating
sanctions, have left the Traqi water infrastructure
struggling and for the most part, failing to provide Iragis
with potable water. During 2004 and 2005 the quality of
drinking water in Traq was greatly deteriorated. The failure
of chemical and bacteriological analysis reached about
40% of the collected samples (Barbooti e al., 2010). These
events have resulted in many Iraqis turmng to bottled
water with a strong believe that bottled water is healthier
than tap water and free of inpurities. As a result, the
consumption of bottled water has increased dramatically
over the last six years.

However, this shift to bottled water may be a concern
from a dental health perspective. There has bheen
speculation that if the level of fluoride mn bottled water 1s
too low, optimal caries prevention will not be achieved
whilst if the levels are too high, developing teeth may be
at risk of fluorosis.

Previous research attempts in various countries
(Dobaradaran et af., 2008, Ghaderpoor et al., 2009) found
that the majority of the commercially available bottled
water failed to list the {luoride content. Some studies have
shown several top selling brands contaimng a fluoride
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content above the recommended level. On the other hand,
some products may have low fluoride content in their
composition (De Souza et al., 2009).

In Iraq, few reports have been published about the
fluoride content of tap and bottled water. Only recently
Alsudani et al. (2009) and Barbooti et al. (2010) reported
that the fluoride concentration of tap water (originally
from Tigris River) collected during 2008 to 2009 from
public water plants in Baghdad was between 0.160 and
1.5mg L.~ None of these studies, however, measured the
amounts of fluoride in drinking tap water originated from
Euphrates River or in bottled water currently sold in Iraqi
markets.

The present study was designed to assess the
concentration of fluoride m tap and bottled water
currently consumed in Babil-Iraq, as part of a national
program to monitor fluoride ingestion.

MATERIALS AND METHODS

The site: The study was undertaken in a province
situated on the Euphrates River named Babil (100 km
south of Baghdad). The governorate is located on the site
of the ancient Babyloman civilization, which dates back to
the beginning of the second millennium BC. Babil, with an
estimated population of 1, 385, 783 people in 2003
(Coalition Provisional Authority, 2003) is one of five
governorates 1n south of Baghdad (Basrah, Al-Muthanna,
Babil, Kerbala, Al-Qadisiva), in which less than half of the
households have access to safe and stable drinking water
(MPDC, 2005).

Sampling: Fifty samples of drinking tap water (originally
from the Euphrates River) were collected for this study.
Forty samples were taken from different locations in Babil
and the remaining ten were freshly produced from the
production stations. None of the water systems in Traq
had fluoridation or defluoridation units; therefore, fluoride
concentration of treated water would be approximately
equal to fluoride content of raw water.

All the drinking water samples were monitored in
Tune 2010 to May 2011. To account for seasonal variation
of flucride in water, sampling in each site was replicated
3-4 tumes in various seasons and the mean value was
presented. The water samples were collected directly into
labeled plastic bottles with pressure caps. The water from
the tap was allowed to flow from 1 to 2 min before the
bottles were filled.

Of the 40 bottled water tested, 17 brands had their
source or production site from the central Tragi cities
(Babil, Baghdad, Najaf and Kerbala), 11 were from north
Iraqi cities (Duhok, Zakho, Sulaimanya and Kurkook) and

12 were imported water from Tran, Kuwait, Saudi Arabia,
Tukey and Jordan. Bottled water manufactured in Traq are
either: spring water from the mountainous region m the
north, or tap water purified by reverse osmosis. The
bottles were made of Polyethylene Terphethalate (PET)
and presented in the following forms: 300 mL plastic cups,
500 mL bottles and 1.5 L bottles.

The average volume of water consumed by Iraqi
adults daily was assessed via two questionnaires among
200 university students (ages 19 to 26 years), one in
January to account for winter consumption and one in
July to account for summer consumption. The amounts of
drinking water and beverages consumed were estimated
by measuring the veolume in ml, using drinking vessels
such as glasses, cups, mugs and bottles.

Instruments and chemicals: The fluoride concentration in
water samples was determined with a combination fluoride
selective electrode (WTW, model F800), coupled with an
1on analyzer (WTW, model noLab pH/ION 735, GmbH
Company). The fluoride ion selective electrode is the most
widely used for the determination of F due to its
simplicity and short analysis time. Prior to fluoride
determmation, the samples were mixed with equal
quantities by volume of TISAB (Total Tonic Strength
Adjustment Buffer). The TISAB contains an acetic
acid/acetate buffer that fixes the pH of the solution at
about 5. At this pH the formation of HF 1s negligible and
the concentration of OH™, the only other anion that the
electrode responds to, is insignificant. Tt also contains
NaCl to establish a lugh and constant 1onic strength and
a complexing agent that removes cations that could
interfere by forming complexes with fluoride. Fluoride
standards ranging from 0.020 to 0.500 mg L~ flucride
were used to calibrate the measurement. The pH and
conductivity of the water samples were also measured
using a pH-meter (Model 720, WTW) and a
conductometer (Model 720, WTW), respectively.
Electrical conductivity and pH values were used as basis
to measure total soluble salt concentration in drinking
water and the activity of hydrogen/hydroxide in water,
respectively.

Analytical-reagent grade chemicals
{(Merck, Darmstadt, Germany) were used without further
purification. Doubly distilled water was used throughout
the experiments. The glassware was kept overnight in a
5% nitric acid solution prior to bemng used.
Statistical analysis: Quantification of fluoride
concentrations in the samples was carried out by use of
the standard addition method. This is the preferred
method as the sensitivity of the potentiometric analysis
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may vary between samples of different ionic strength
(Skoog et al, 2004). Data were analyzed using the
Statistical Package for Social Sciences (SPSS, version
11.0). The Analysis of Vanance (ANOVA) was employed
when necessary to detect significance differences among
means. Unless otherwise indicated, data are presented as
Mean+SD. A probability level of p<0.05 was considered
statistically sigmficant.

The accuracy has been tested using spike recovery
approach. Three additions (spikes) to 5 samples produced
average recovery of 97.8%. Relative Standard Deviation
(R3D) obtained from 10 measurements during one day has
been 3.1%. During one year of work, the calibration curve
was always linear in the range 0.050-0.500 mg L.™! with a
slope between 52 and 58 mV/pF which 1s very close to
Nernstian calibration slope.

RESULTS AND DISCUSSION

Table 1 and 2 demonstrate the Fluoride content
(mgL.™", pH and EC (uS cm™") of tap water and forty
brands of bottled water samples available in Babil-Traq.

Electrical Conductivity (EC): The drinking tap water in
Babil is characterized by relatively high EC values

{923-1384 S cm™'), probably due to concentrated
colloids and dissolved salts in Huphrates River. The EC
values for Iraqi bottled water were in the range
84-428 uS cm™' which suggests that bottled water
under consideration have low to moderate salinity
(Masoud et al., 2003).

The TDS values of tap and bottled water in Babil, are
perfectly correlated with EC values. The corresponding
values fall between 486 and 860 mg L~' and 50to
270 mg L.7', respectively. There is no WHO guideline
values derived for the permissible level of EC or TDS.
However, the palatability of water with a TDS level of less
than 600 mg L™ is generally considered to be good,
drinking-water becomes significantly and increasingly
unpalatable at TDS levels greater than about 1200 mg L™
(WHO, 2006, 2008). Based on this criterion, bottled and
tap water in Babil, may be considered palatable.

Currently, the water level in the FEuphrates is
declimng and the salimity of the river has increased,
especially in the southern governorates (including Babil).
This increased salinity of the water is limiting the
provision of potable water from cheaper technology and
as such, production of water i1s and will continue to
depend heavily on high technology such as reverse
OSMOSIS.

Table 1: Fluoride content (mg L), pH and EC (uS cm™") of tap and bottled drinking water samples in Babil-Iraq

Water type Source of water Fluoride label information Average fluoride concentration  Conductivity pH
Tap water Babil's Municipality 0.184+0.041 1159+139 7.75+0.17
(50 sammples) (0.129-0.260) (923-1384) (7.54-8.02)
BRottled water*
Babbete Babil <0.1 0.053 289 7.31
Oasis Babil NL 0.026 300 7.21
Alghadeer Babil NL 0.042 215 7.35
BRikhal Babil 0.11 0.063 385 7.23
Daly Babil 0.11 0.035 106 7.14
Nakee Babil 0.11 0.038 159 7.20
Zamzam Babil NL 0.045 220 6.83
Nabaa Alfurat Babil 0.70 0.056 296 6.92
Aali Dijlah Baghdad NL 0.041 172 7.50
Jeema Baghdad NL 0.036 3 6.96
Ater Al Nada Baghdad NL 0.037 159 6.96
Furat Baghdad NL 0.061 274 7.59
Warda Baghdad 0.02 0.036 118 7.06
Al Farah Baghdad NL 0.046 285 7.20
Joud Baghdad NL 0.069 207 6.85
Alsaffa Najaf NL 0.043 146 7.21
Noor Hayat Kurkook NL 0.079 393 8.06
Mina Kurkook NL 0.043 202 7.49
Karmeran Kurkook NL 0.127 248 7.15
Daiana Kurkook NL 0.068 317 7.65
Altoon Alhayat Kurkook NL 0.077 112 7.67
Lolav Trihok 0.03 0.101 223 7.45
Mazi Duhok NL 0.056 176 7.22
Rama Trihok NL 0.071 245 6.88
Rovian Duhok <0.11 0.242 285 7.72
Life Trihok 0.03 0.078 210 7.05
Sulav Zakho NL 0.049 185 7.28
Ala Sulaimanya NL 0.337 428 7.50
Total 0.073 230 7.27

NL: Not labeled; *All averages derived from five readings with a maximum standard deviation of 15%
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The pH values: The pH values of tap and bottled water
samples in Babil lie between 6.83 and 8.06 (Table 1). They
are positively cormrelated with electrical conductivity
(r=038).

Until now, no health base guidelines are proposed for
the pH of drinking water, but WHO proposes a desirable
range of 6.5 to 8.0 (WHO, 2008). Accordingly, the pH
values of all the water sources in the present work are
within the WHO desirable limit.

Fluoride concentration: In general fluorides of tap and
bottled water showed positive comrelation with pH
(r = 0.344) and electrical conductivity (r = 0.51). The
fluoride concentration of Babil’s tap water sources was
ranged from 0.129 to 0.260 mg L™ with an average level of
less than 0.184 mg L™ (Table 1). These low levels are
consistent with similar studies performed outside Traq for
unpolluted drinking water. They are usually considered
by WHO to be msufficient to prevent caries (WHO, 2002,
2008; Zohouri ef al., 2003; Mesdaghimia et al., 2010,
Shams et al., 2009, Pehrsson et al., 2006; Al-Salamah and
Nasgsar, 2009, Vandevijvere et al, 2009). In some
countries, particularly parts of Baltic countries, Central
Europe, India, China, Central Africa and South America
drinking water can contain very high concentrations of
naturally cccurring fluoride-well in excess of the WHO’s
recommended Guideline Value of 1.5 mg L™
(Indermitte ef al, 2009, Ayoob and Gupta, 20086
Fordyce et al., 2007, WHO, 2008).

The mean flueride content of the 28 bottled water
manufactured in Iraq was 0.073 mg L™ with a range from
0.026 tc0.337 mg L " (Table 1). The highest mean fluoride
concentration was found in Ala which contained
0.337 mg L', followed by Rovian which contained
0.242 mg L™". The lowest concentration of flucride was
found in Oasis (0.026 mg L™ and Daly (0.035 mg L™
from Babil. These levels were expected for bottled water
in Traq since reverse osmosis technology (currently
employed in Iraq) is well known effective method for the
reduction of flucride concentrations below 1 mg L™ in
drinking water.

No significant difference was found in fluoride levels
between Iraqi bottled water and those imported from Iran,
Turkey, Kuwait and Jordan, whereas there was a
remarkable difference with all the 6 Saudi brands of
bottled water which range from 0.793to 1.052 mg L.~
(Table 2). The last difference support the assumption that
Saudi packaged water may be fluoridated.

The fluoride levels in the present work are very close
to those recorded in Twkey (Tokalioghu et al., 2004),
Beljlum (Vandevijvere et al, 2009), England
(Zohouri et al., 2003), Australia (Cochrane et al., 2006),

Table 2: Fluoride content (mg L), pH and EC (uS cm™!) of imported
bottled water samples occasionally consumed in Babil-Irag

Fluoride  Average

Source of label fluoride
Water type water information concentration* Conductivity pH
Hana Raudi Arabia (.85 0.846 274 7.24
Aquafina  Saudi Arabia  1.00 1.052 213 7.00
Tama Raudi Arabia (.85 0.946 27 6.99
Sahatak Saudi Arabia  0.80 0.793 167 7.01
Berain Raudi Arabia  0.90 0.850 209 7.00
Hayat Saudi Arabia (.85 0.903 234 6.88
Aquafina  Kirwait NL 0.031 219 6.69
Rawdatain Kuwait NL 0.093 304 7.84
Sama Jordan NL 0.180 642 7.68
Zamzam  Iran NL 0.064 305 7.32
Taksu Tran NL 0.066 276 7.42
Hamidiya Turkey NL 0.029 68 7.04

NL: Not labeled; *All averages derived from five readings with a maximum
standard deviation of 15%%

USA-Ohio (Lalumandier and Ayers, 2000), TIran
(Ghaderpoori et al, 2009, Amanlou et al, 2010,
Dobaradaran ef al., 2008), Brazil (De Souza et ai., 2009),
Greece (Ahiropoulos, 2006), Poland (Opydo-Szymaczek
and Opydo, 2009) and Mexico (Timenez-Farfan et al., 2011)
which report average fluoride concentrations varying from
0.06 to <0.74mg L ™" The general range and pattern found
in this study appears to be universal although the
variation in mean values from study to study is
significant. However, higher levels of fluoride (up to
48 mg L™" in bottled drinking water has also been
reported (Ahiropoulos, 2006, Grec et al., 2008).

In comparison to the desirable and maximum
permuissible limit for fluoride m drinking water determined
by WHO and Europeans’ Directive (1.5 mg L™") or by
Bureau of Tragi Standards (1 mg L™ (WHO, 2006;
Indermitte et al., 2009), the fluoride levels of the tap and
bottled drinking water i Babil and may be in Traq are
rather low.

Fluoride intake: Total daily fluoride exposure can vary
markedly from one region to another. This depends on the
concentration of fluoride in drinking water and the amount
of water drunk, levels in foodstuffs and the use of
fluoridated dental products (WHO, 2008). Whilst almost
all foodstufls contain at least traces of fluoride, water and
non-dairy beverages are the main sources of ingested
fluoride, accounting for 66 to 80% of fluoride intake in US
adults according to the concentration of fluoride in the
public drinking water (WHO, 2005).

The average quantity of water consumed by Iraq
adults in Babil was estimated (via two questionnaires) to
range from 8004£240 ml in winter to 20002630 ml in
summer daily, compared with 2000 mL commonly used by
WHO 1n computing drinking water guidelines and
standards (WHO, 2005). Based on these volumes and the
average fluoride levels presented in Table 1, the average
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daily intake of fluoride by Traqi consumers from tap and
bottled water are estimated to be 0.147+£0.055 to
0.36840.145 and 0.058+0.056 to 0.146+0.140 mg,
respectively. These values matched well those recently
reported by other workers for fluoride intakes in
non-fluoridated communities assuming body weights of
70 kg for individuals (Health Canada, 2010).

Because data are not available to determme an
Estimated Average Requirement (EAR), the reference
value that was adopted in the present work is the
American Canadian Adequate Intake (AI). The AT 1s
based on estimated intakes that have been shown to
reduce the occurrence of dental caries maximally in a
population without causing unwanted side effects
mcluding moderate dental fluorosis. The adequate intake
values are 3.8 mg day ' for males and 3.1 mg day ' for
females assuming a reference weight of 76 and 61 kg for
males and females respectively (Institute of Medicine
I0M, 1997). These reference values are much higher than
the fluoride mtakes estimated for Iraqis, indicating that
whether tap or bottled water are used as the primary
source of drinking water, then Tragi consumers are at a
higher risk of dental caries.

Recent surveys of South Australian school children
have provided strong evidence that the incidence of
dental caries is increasing for the first time in decades.
One of many possible contributing factors for this change
in carles incidence may be the increased use of bottled
water as a sowrce of drinking and cooking water
(Cochrane et al., 2006). These results confirm the need for
a well organized water fluoridation program in Iraq.

Fluoridation: The results of the original epidemioclogical
studies of the relationships between the concentration of
fluoride in drinking water and dental caries indicated that
reduction in the average number of dental caries per cluld
was nearly maximal in communities having water fluoride
concentrations close to 1.0 mg 1.7, This is how 1.0 mg .7
became the “optimal” concentration (WHO, 2002) and
artificial fluonidation of reticulated drinking water
(elucidated over 60 years ago) has been instituted in many
countries to reduce the incidence of dental caries.

Water fluoridation i1s found to be effective at
reducing caries and has been hailed as one of the 10
greatest achievements in public health in the 20th century
(Thippeswamy et al., 2010; Griffin et al., 2007; Centers for
Disease Control and Prevention, 1999). The outcome of
120 fluoridation studies from different countries have
shown ranges of reductions in dental caries of between
40-60% for permanent teeth and 50-60% for primary teeth
in children aged 5 to 15 years who consumed fluoridated
water for long periods (Zohoun et al., 2003). Reduction in

dental caries has also been reported for all age groups up
to 65 vyears when fluoridated water is consumed
(Zohour et al., 2003).

Worldwide around 355 million people are receiving
artificially fluoridated water. In addition, around 50 million
people receive water naturally fluoridated at a
concentration of around 1 mg L™ (WHO, 2005). Currently,
countries ike USA, Canada, Brazil, Argentina, Columbia,
Chile, Australia, New Zealand, Malaysia and cities like
Hong Kong and Singapore (Pizzo et al., 2007) all employ
fluoridation schemes. The Australian Dental Association
Policy Statement 2007 states that “water fluoridation
continues to be the most cost-effective, equitable and
safe means to provide protection from dental caries and
has been successfully utilized n Australia for over 50
years’ (FSANZ, 2009).

In the light of these directives, it is recommended that
drinking water in Traq should be fluoridated. The optimal
concentration of fluoride varies according to climatic
conditions with the range 0.5-1.0 mg L™ being generally
recommended (WHO, 2005).

Optimizing flucride levels in water supplies is an ideal
public health measure because it 1s effective and
nexpensive and does not require alert daily cooperation
from individuals. Fluorine can be added to water by either
adding a slurry of sodium fluorosilicate, a solution of
hydroflucrosilicic acid or less commonly a saturated
solution of sodium fluoride. These solutions are added
using a metering dosing solution to ensure accurate
addition of fluoride into the water flow.

Labeling of bottled water: Regarding the quality of the
labeling of bottled water, 19 of the Tragi water samples
(63.5%) did not state the fluoride concentration on the
label (Table 1), while the labeled bottles did not display
precise values for fluoride content. One of the samples
{Rovian) listed the level at <0.11 mg L.™" fluoride on the
label compared with a measured fluoride content of
0.242 mg L', Another brand (Nabaa Alfurat) was found
to contain 0.056 mg L' flucride but it listed a flucride
level at 0.7 mg L.~ on the label. Within the imported
samples only Saudi bottled water stated the fluoride level
and presented reliable agreement between the fluoride
content measured and that shown on the product label
These discrepancies were commonly found even in
developed countries (Zohouri et al., 2003).

So far no strict regulation on the labeling of fluoride
contents of bottled drinking water i Irag;, thus,
appropriate regulation seems to be necessary. Strategies
such as direct periodic inspection of the producing plants
and application of warmng and penalization measures may
cause regularization of the fluoride levels found in bottled
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water. The inclusion of the actual fluoride content on the
label would allow the consumer to be aware of the
presence or absence of fluoride in drinking water. This
way, the consumer would be able to know the amount of
ingested fluoride and then make an informed decision
about the choice of drinking water.

CONCLUSION

The tap and bottled water are the main sowrces of
drinking water for people of Babil, Iraq. After evaluating
the fluoride concentration by 1onic selective electrode, it
18 found that the level of fluoride is far below the upper
level recommended by WHO and by Bureau of Traqi
Standards. To prevent dental caries, it 13 recommended
that drinking water in Iraq should be fluoridated.
Regarding the quality of the labeling of bottled water,
most of the Traqi water samples did not state the fluoride
concentration on the label, while the labeled bottles did
not display precise values for fluonide content. Strategies
such as direct periodic inspection of the producing plants
and application of warming and penalization measures
may cause regulanzation of the fluoride levels found in
bottled water.

The results of the present study as well as other
available data from water quality should be taken into
account when developmg strategies for safe drinking
water supplies.

REFERENCES

Ahiropoulos, V., 2006. Fluoride content of bottled water
available in Northern Greece. Int. I. Pediatric Dent.,
16:111-116.

Al-Salamah, I.S. and I.N. Nassar, 2009. Trends in drinking
water quality for some wells in Qassim, Saudi Arabia,
1997-2009. 1. Applied Seci., 9: 3555-3561.

Alsudam, HML., R1. Al-Bayati and M.M. Barbooti, 2009.
Determination of anions by ion chromatography n
water samples of Baghdad city. Afr. . Pure Applied
Chem., 3: 165-169.

Amanlou, M, M Hossempour, H. Azizian,
MR. Khoshayand, M. Navabpoor and E. Souri, 2010.
Determination of fluoride in the bottled drinking
water in Iran. Iranian J. Pharmaceut. Res., 9: 37-42.

Ayoob, 3. and A K. Gupta, 2006. Fluoride in drinking
water: A review on the status and stress effects.
Crit. Rev. Environ. Sci. Technol., 36: 433-487

Barbooti, M.M., G. Bolzoni, I.A. Mirza, M. Pelosi,
L. Barnlli, R. Kadhum and G. Peterlongo, 2010.
Evaluation of quality of drinking water from Baghdad,
Traq. Sci. World T, 5: 35-46.

Centers for Disease Control and Prevention, 1999. Ten
great public health achievements-United States,
1900-1999. Morbidity and Mortality Weekly Report.
http: //www.cde.gov/mmwr/PDF/wl/mm 481 2. pdf

Coalition Provisional Authority, 2003. South-central
region. Babil Province. http: //www. iragcoalition.
org/regions/south-central/provinces/english/babil
html

Cochrane, N.J., 8. Saranathan, M.V. Morgan and
S.G. Dashper, 2006. Fluoride content of still bottled
water 1n Australia. Australian Dental T., 51: 242-244.

De Souza, CFM., S.0. Paredes, F.D.S. Forte and
F.C.S. Sampaio, 2009. Flucride content of bottled
water commercialized in two cities of Northeastern
Brazl. Braz. J. Oral Sei., 8: 206-209.

Dobaradaran, S., A.H. Mahvi and S. Dehdashtia, 2008.
Fluoride content of bottled drinking water available
in Iran. Res. Note Fluoride, 1: 93-94.

FSANZ, 2009. Voluntary addition of fluoride to packaged
water. Final Assessment Report, Application No.
AS588. Food Standards Australia New Zealand.
http://www. foodstandards.gov.au/ srefiles/FAR
AS88.pdf

Ferla, J.O., J.A. Rodrigues, E.S. Leonetti, K. Suguio,
TA. Shibli and A. Cassoni, 2010. Knowledge of
dental fluorosis of undergraduate dental students at
a private umversity in Brazil. North Am. J. Med. Sci.,
2: 371-375.

Fordyce, FM., K. Vrana, E. Zhovinsky, V. Povoroznuk
and G. Toth et al., 2007. A health risk assessment for
fluonde in Central Europe. Environ. Geochem. Health,
29: 83-102.

Ghaderpoori, M., G R. Tahed Khaniki, M.H. Dehghani,
M. Shams and A. Zarei, 2009. Determmnation of
flucride in bottled water sold in Tehran market, Iran.
Am.-Burasian J. Agric. Environ. Sei., 6: 324-327.

Grec, RH.,P.G. de Moura, J.P. Pessan, I. Ramires, B. Costa
and M.A. Buzalaf, 2008. Fluoride concentration in
bottled water on the market m the muricipality of Sao
Paulo. Rev. Saude Publica, 42: 1-4.

Griffin, S.0., E. Regnier, P.M. Griffin and V. Huntley, 2007.
Effectiveness of fluoride in preventing caries in
adults. J. Dental. Res., 856: 410-415.

Health Canada, 2010. Guidelines for Canadian drinking
water quality. Guideline Technical Document. Federal
Provingial Territorial Committee on Drinking Water of
the Federal Provincial Territorial Committee on Health
and the Environment Ottawa, Ontario, Canada.

Hussain, I., I. Hussain and K.C. Sharma, 2010. Fluoride
and health hazards: Community perception in a
fluorotic area of central Rajasthan (India): An arid
environment. Environ. Momitor. Assess., 162: 1-14.

3320



J. Applied Sci., 11 (18): 3315-3321, 2011

Indermitte, E., A. Saava and E. Karro, 2009. Exposure to
high fluoride drinking water and risk of dental
fluorosis in estorna. Int. I. Environ. Res. Public
Health, 6: 710-721.

Institute of Medicine (TOM), 1997. Dietary Reference
Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D and Fluoride. 1st Edn., National Academy
Press, Washington, USA.

Timenez- Farfan, M.D., I.C. Hernandez-Guerrero,
L.A. Tuarez-Lopez, I.F. Tacinto-Aleman and J. de la
Fuente-Hermandez, 2011. Fluoride consumption and
its impact on oral health. Int. J. Environ. Res. Public
Health, 8: 148-160.

Lalumandier, T.A. and L.W. Ayers, 2000. Fluoride and
bacterial content of bottled water vs. tap water.
Arch. Family Med., 9: 246-250.

MPDC, 2005. Traq living conditions survey 2004, Volume
IT:  Analytical report. Central Organization for
Statistics and Information Technology, Mimstry of
Planming and Development Cooperation, Baghdad,
Traq.

Masoud, M.S., M. Zaid and A.M. Abdou, 2003, Study of
ground water quality in Kom Hamada Area, beheira
governorate Egypt. Bull. Chem. Technol. Macedoma,
22: 143-154.

Mesdaghinia, A., K.A. Vaghefi, A. Montazeri,
M.R. Mohebbi and R. Saeedi, 2010. Mortoring of
fluoride n groundwater resources of Iran Bull.
Environ. Contaminant. Toxicol., 84: 432-437.

National Research Council (US). Committee on Fluoride in
Drinking Water, 2006. Fluoride in Drinking Water: A
Scientific Review of EPA’s Standards. National
Academies Press, Washington, DC, ISBN:
9780309101288, pp: 507.

Opydo-Szymaczek, J. and I. Opydo, 2009. Fluoride
content of bottled water recommended for infants
and children in Poland. Res. Rep. Fluor., 42: 233-236.

Pehrsson, P.R., C.R. Perry, R.C. Cutrufelli, K. Y. Patterson
and J. Wilger er al., 2006, Sampling and iutial
findings for a study of fluonide n drinking water in
the United States. J. Food Composit. Analy.,
19: 545-852.

Pizzo, G., M.R. Piscopo, [. Pizzo and G. Giuliana, 2007.
Community water fluoridation and caries prevention:
A critical review. Clin Oral Investigat., 11: 189-193.

Shailaja, K. and M.E. Johnson, 2007. Fluorides in ground
water and its impact on health. I. Environ. Biol.,
28: 331-332.

Shams, M, R . N. Nodehi, M. Almochammadi and
AH. Mhvi, 2009. A survey of nitrate and fluoride
water distribution networks of Tabas, Iran. World
Applied Sci. J., 7: 1516-1520.

Skoog, D.A., D.M. West, F.J. Holler and S.R. Crouch,
2004, Fundamentals of Analytical Chemistry.
8th Edn., Brooks/Cole, UK., pp: 337-349.

Thippeswamy, HM., N. Kumar, SR. Anand,
G.M. Prashant and G.N. Chandu, 2010. Fluoride
content m bottled drinking water, carbonated soft
drinks and fiuit juices in Davangere city, India. Indian
T. Dental Res., 21: 528-530.

Tokalioglu, S., 5. Kartal and U. Salun, 2004. Determination
of fluoride n various samples and some infusions
using a fluoride selective electrode. Turk. T. Chem.,
28: 203-211.

Vandevyvere, S., B. Horon, M. Fondu, M.J. Mozin and
M. Ulens et al., 2009. Fluoride intake through
consumption of tap water and bottled water in
Belgium. TInt. J. Environ. Res. Public Health,
6: 1676-1690.

WHO, 2002. Environmental Health Criteria for Fluorides
(EHC 227). World Health Organization, Geneva.
WHOQ, 2005. Nutrients in Drinking Water. World Health

Organization, Geneva, ISBN: 9241593989, pp: 186.

WHO, 2006. A compendium of drinking-water quality
standards in the Eastern Mediterranean Region.
World Health Organization, Regional Office for the
Eastern Mediterranean Regional Centre for
Environmental Health Activities (CEHA), pp: 1-44.

WHOQO, 2008. Drinking-Water Quality. 3rd Edn., World
Health Organization, Geneva, Switzerland.

Zohouri, FV., A, Maguire and P.J. Moynihan, 2003.
Fluonide content of still bottled water available i the
North-East of England, UK. Br. Dental T
195: 515-518.

i

3321



