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bstract

The objective of this study was to determine the fluoride content in drinking water and urine samples of adolescent males aged 11–16 years
iving in Southern Haryana, India. A total of 30 drinking water sources in the studied habitations were assessed for fluoride contamination. Fluoride
as estimated in the urine of 400 male children randomly selected from these habitations. The fluoride concentration in drinking water and
rine samples was determined using USEPA fluoride ion selective electrode method. The mean fluoride concentration in drinking water samples of
ataudi, Haily Mandi and Harsaru villages was 1.68 ± 0.35, 3.22 ± 1.18 and 1.78 ± 0.12 mg/l, respectively. The mean urinary fluoride concentration

as 2.26 ± 0.024 mg/l at Pataudi, 2.48 ± 0.77 mg/l at Haily Mandi and 2.43 ± 0.84 mg/l at Harsaru village. The higher fluoride levels in the urine
f children may be associated to higher fluoride levels in drinking water. The accuracy of measurements was assessed with known addition method
n water and urine. Mean fluoride recovery was 98.0 and 99.1% in water and urine. The levels obtained were reproducible with in ±3% error limit.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Fluoride is an essential microelement for human health.
maller quantities in the order of 1.0 mg/l in ingested water
re usually considered good to have a beneficial effect on the
ate of occurrence of dental carries, particularly among children
1]. On the other hand due to its strong electronegativity, flu-
ride is attracted by positively charged calcium ions in teeth
nd bones. Excessive intake results in pathological changes in
eeth and bones, such as mottling of teeth or dental fluorosis fol-
owed by skeletal fluorosis [2]. Along with it metabolic changes
ave been reported on soft tissues such as thyroid, reproductive
rgans, brain, liver and kidneys. Fluoride may cause an increase
n the concentration of thyroid stimulating hormone (TSH) and
decrease in the concentration of T3 and T4 hormones in the

hyroid gland resulting in hypothyroidism [3]. Adverse effects
n reproductive potential of humans have also been reported [4].
he levels of mental work capacity and the intelligence quotient

f children who were born and raised in fluorosis endemic area
ave been reported lower than normal [5].
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tive electrode

Traditionally fluorosis has been connected with higher intake
f fluoride through drinking water. High fluoride concentration
ay be found in ground water especially in areas with volcanic

ocks [6]. According to WHO [1] permissible limit for fluoride
n drinking water is 1.0 mg/l, whereas, USPHS [7] has set a
ange of allowable concentrations for fluoride in drinking water
or a region depending on its climatic conditions because the
mount of water consumed and consequently the amount of flu-
ride ingested being influenced primarily by the air temperature.
esan [8] suggests a limit of fluoride in drinking water as low
s 0.6 mg/l under tropical conditions.

Several methods are available to assess the fluoride exposure
o human beings. But it is generally accepted that the best indi-
ator of fluoride exposure is the urinary fluoride concentration
n the population under investigation [9]. Fluoride levels in urine
nd hair of occupationally exposed persons and children living
n the vicinity of phosphate fertilizer waste were directly pro-
ortionate to the fluoride levels in drinking water [10]. It has
lso been reported that dental fluorosis and fluoride content of
namel, plaque, saliva, urine, nails and hairs are directly related
o fluoride levels of drinking water and dietary fluoride intake

11]. The purpose of this investigation was to measure and com-
are the urinary fluoride levels in adolescent children in a study
f the health effects of chronic fluoride exposure from drinking
ater. We used an ion selective electrode method to determine

mailto:vinodkgarg@yahoo.com
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uoride in drinking water and urine samples. This paper reports
he fluoride levels in drinking water sources from three habi-
ations in Southern Haryana (India) and also urinary fluoride
evels in children from these habitations.

. Experiments

.1. Site specifications and sampling

Study area is situated in Gurgaon district in Southern-East
art of Haryana state (Fig. 1). It is bounded in north by
nion Territory of Delhi, in west by Rohtak district (Haryana),

n east by Mohindergarh district (Haryana) and) in south by
aridabad district (Haryana). The study area lies between

ongitudes 76◦40′ and 77◦10′ and between latitudes 27◦37′
nd 28◦30′. The climate of the study area is semi-arid with
xtreme temperature conditions in summer and winter. Sum-
er spans over April to July and October have moderate

emperature conditions. Summer is typified by strong dusty
inds.
It has been reported that rocks of Ajaib Garh series form the

asement in the eastern part of the study area. The maximum

hickness of the alluvium is 238 m which thins out towards the
orthern part. In the western part around Pataudi Tehsil, the
hickness varies around 175–203 m. The unconsolidated allu-
ium forms the principal aquifer.

Fig. 1. Location map of study area.
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.2. Water samples

The study area included three villages namely, Pataudi, Haily
andi and Harsaru in Gurgaon district (Haryana), India. Water

amples were collected from 30 different groundwater sources in
he month of April to July. Groundwater is the main water source
vailable to the residents of these villages. It is extracted either by
and pumps or tube-wells. The samples were collected after the
xtraction of water either from privately owned (manually oper-
ted hand-pumps) or from electricity operated tubewells (which
orms a part of public water supply system of above three habi-
ations). The water was left to run from the sources for about
–6 min until temperature, conductivity and pH were stabilized.
he samples were collected in pre-cleaned, sterilized polyethy-

ene bottles of one litre capacity. The samples were taken by
olding the bottle at the bottom to avoid any contamination. The
amples were analyzed within 6–12 h after collection [12].

.3. Urine samples

The first voided urine samples were collected in polyethy-
ene beakers from Pataudi, Haily Mandi and Harsaru villages
n the month of April to August. The samples were collected
rom 418 male school children in the age group of 11–16 years
nd analyzed on the spot for fluoride concentration. The total
umber of male school children in the study area was 1654. The
rine samples of female children were not made available by the
esidents of these villages to the authors due to social customs
f the study area. Eighteen samples were discarded due to the
oubt of contamination at the time of sampling.

.4. Methodology

The fluoride concentration in water was determined electro-
hemically, using the USEPA ion selective electrode method.
his method is applicable to the measurement of fluoride in
rinking water in the concentration range of 0.1–1000 mg/l
13]. The electrode used was an Orion 96-09 fluoride electrode,
oupled to an Orion 420 A electrometer. Standards solutions
0.1–10 mg/l) were prepared from a stock solution (100 mg/l) of
odium fluoride. To estimate the fluoride in urine, the method
eported by Czarnowaski and Krechnike [10] was followed. Flu-
ride concentration in the urine samples was determined as given
bove for water samples. The urines samples were diluted with
qual volumes of total ionic strength adjustment buffer (TISAB)
f pH 5.2 before fluoride estimation. The composition of TISAB
olution was as follows: 58 g NaCl, 4 g of CDTA (Cyclohexy-
ene diamine tetraacetic acid) and 57 ml of glacial acetic acid
er litre.

Analytical grade chemicals were used throughout the study
ithout further purification. To prepare all the reagents and cal-

bration standards, double glass distilled water was used. Each
ample was analyzed thrice and the results were found repro-

ucible within ±3% error. For quality control purposes, known
ddition method was used together with the collected water as
ell as urine samples [14]. Mean fluoride recovery was 98.0%

n water samples and 99.1% in urine samples. The analytical
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esults were used as input for special package for social sciences
SPSS) for statistical analysis [15].

. Results and discussion

Haryana is a relatively smaller state of the Indian Union.
he total geographical area of the state is 44212 km2 which
onstitutes 1.4% of the country’s geographical area. The state
s bounded in the north by Shivalik hills and in the south and
outhwest by Aravalli hills. The study area has undulating land-
cape. The central region is more or less a plain Indo-Gangatic
rea. The river Yamuna flows along the eastern boundary of
aryana and is the only perennial river of the state. The aver-

ge population density of state is 478 km−2. Haryana state is
n disadvantageous position with regard to rainfall pattern, sur-
ace water quantum and groundwater quality. On an average,
he state receives 545 mm rainfall annually, as compared to the
nvironmental requirement of 1550 mm.

Fluorine is the 13th most abundant element in earth’s crust.
uman body is exposed to fluoride mainly through consumption
f water. Fluoride enters the human body through gastrointesti-
al tract and remains there as hydrofluoric acid. Table 1 shows
he number of ground water samples and their fluoride concen-
ration. The fluoride concentration ranged from 0.95 to 2.42 mg/l
t Pataudi, 1.90–5.20 mg/l at Haily Mandi and 1.65–1.90 mg/l
t Harsaru, respectively. The maximum acceptable concentra-
ion of fluoride in drinking water may be extended to 1.5 mg/l if
lternative source of water is not available, while in present study

7% of the samples exceeded the maximum permissible limit.
luoride could have originated from fluoride bearing minerals
uch as fluorite in the rocks. Apambire et al. [16] have suggested
hat the main source of ground water fluoride in granitic rocks is

able 1
luoride content in drinking water samples of study area (mg F−/l)

ample no. Pataudi Haily Mandi Harsaru

1.60 2.35 1.90
2.42 2.20 1.65
2.12 4.00 1.80
1.60 3.90
1.10 2.35
1.71 1.90
1.20 5.20
1.44 3.90
1.71

0 0.95
1 1.71
2 1.90
3 1.52
4 1.90
5 1.80
6 1.80
7 1.90
8 1.90
9 1.71

ange 0.95–2.42 1.90–5.20 1.65–1.90
ean 1.68 3.22 1.78
S.D. 0.35 1.180 0.125
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he dissolution and anion exchange with micaceous minerals and
heir clay products. Presence of fluoride bearing minerals in the
ost rocks and their interaction with water is considered to be the
ain cause for fluoride in ground water. The decomposition, dis-

ociation and dissolution are the main chemical processes for the
ccurrence of fluoride in ground water. During rock water inter-
ction, concentration of fluoride in rocks, aqueous ionic species
nd residence time of interaction are also important parameters
17]. The geological formation in the study area ranges from
re-Cambrian to recent times. Aravalli system is the oldest for-
ation present in the study area. They are composed of quartzite

andstone, mica schists, phyllites, silica sand, china clay, ordi-
ary sand, crystalline limestone etc [18].

In the summer the temperature ranges in study area from 25
o 45 ◦C and a higher ingestion of water is expected. According
o the recommendations from the World Health Organization,
he optimal concentration of fluoride in drinking water should
e 0.5–0.7 mg/l in regions with extreme climates [19]. Tak-
ng into account the BIS recommended fluoride concentration
1.5 mg l−1) in drinking water, people in such habitations be
dvised to adopt some defluoridation technique prior to use of
roundwater for drinking purposes. Another problem for the
eople living in study area is the availability of drinking water
rom electricity operated tubewells which forms the part of pub-
ic water supply and as observed before these sources contain
igher levels of fluoride. Only at four sampling points, the fluo-
ide concentration was lesser than 1.5 mg l−1.

The authors have observed that water consumption is approx-
mately 2.5 l per children per day during the months of April to
ugust. If we take average fluoride concentration in the differ-

nt water sources into consideration then the fluoride intake by
hildren from ingested water could be 4.20, 4.45 and 8.05 mg
uoride/person/day at Pataudi, Harsaru and Haily Mandi vil-

ages, respectively. These values are higher than the recom-
ended fluoride intake from the diet by a person. It has been

bserved that absorption of fluoride from water ranges from
6 to 97% [20]. The dietary fluoride allowances are in the
ange of 0.1 to 1.0 mg/person/day for children under the age
f one year; 0.5 to 1.5 mg/person/day for children between one
nd three; up to 2.5 mg/person/day for children under 12 and
.5–4.0 mg/person/day for adults [21]. It is evident from the
esults that the people in study area are chronically exposed to
igher levels of fluoride from drinking water. The problem is

urther aggravated by the fact that the residents of the study area
either have access to bottled water nor economically so well
ff that they can afford the bottled water.

able 2
rinary fluoride concentration in the study area

illage Fluoride n ±S.D.

Range (mg/l) Mean (mg/l)

ataudi 1.00–3.20 2.261 200 0.024
aily Mandi 0.90–3.25 2.482 100 0.770
arsaru 1.00–3.15 2.430 100 0.845

otal 0.90–3.25 2.358 400 0.486
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Table 3
Age dependent urinary fluoride concentration in children from study area (mg F−/l)

Village Age (years)

11 12 14 15 16

Pataudi
Range 1.05–3.20 1–3.15 1.60–3.15 1.10–3.10 1–3.15
Mean 2.26 2.13 2.17 2.33 2.19
±S.D. 0.08 0.07 0.03 0.056 0.332
n 40 40 40 40 40

Haily Mandi
Range 1.10–3.00 0.90–3.25 1–3.10 1.40–3.00 1–2.90
Mean 2.16 2.20 1.98 2.29 2.85
±S.D. 0.676 0.640 0.590 0.446 3.617
n 20 20 20 20 20

Harsaru
Range 1.15–3.10 1–3.00 1.10–3.15 1–2.65 1–3.00
Mean 2.19 2.09 2.25 1.76 2.00
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±S.D. 0.540 0.713
n 20 20

Human body is exposed to fluoride through other edible prod-
cts also. Ingestion pattern of fluoride varies for each product.
nly a fraction of these is ingested in the body. Levels of fluoride

n tea, toothpaste, tobacco and pan masala have been reported by
ther workers [20]. Tea exposes human body to 3.88–137.09 �g
f fluoride per gram of tea and the same quantity of toothpaste
xposes the human body to 53–338 �g of fluoride. The range of
xposure varies 28–113 �g g−1 with a mean value of 75 �g g−1

or tobacco, while it was 16- 306 �g g−1 with a mean value of
14 �g g−1 for pan masala with tobacco.

The persons, who are not exposed to excessive levels of flu-
ride, the fluoride concentration in their urine is usually in the
ange of 1.0–1.5 mg/l [22]. Urinary fluoride concentrations in
he urine of the children of Pataudi, Haily Mandi and Harsaru
illages are given in Table 2. The mean urinary fluoride concen-
ration at Pataudi was 2.26 ± 0.024 mg/l; at Haily Mandi was
.48 ± 0.77 mg/l and at Harsaru was 2.43 ± 0.84 mg/l. The mean
rinary fluoride concentration of children from all the three habi-
ations was significantly higher.

The fluoride content in the studied urine samples ranged
rom 0.90 to 3.25 mg/l. The results showed that majority of the
hildren had abnormally higher levels of fluoride in urine. For
0% of the children, the urinary fluoride concentration was in
he range of 1.0–2.5 mg/l. The mean urinary fluoride excretion
as 2.35 ± 0.48 mg/l. This higher fluoride concentration in urine
ay be associated to the high fluoride content in drinking water

n study area. Children from Haily Mandi had maximum urinary
uoride excretion. In addition to this, no age dependent differ-
nces in urinary fluoride excretion were found in any of the three
abitations (Table 3).

Absorption of fluoride in the body depends on chemical and
hysical nature of the ingested fluoride. Soluble fluoride present
n the food is efficiently absorbed. Fluoride is distributed in

lasma, all tissues and other organs in the human body. But
he soft tissues do not accumulate fluoride and hence most
f the fluoride in the human body (99%) is found in miner-
lized tissue. Fluoride is incorporated into the crystal lattice

f
fl
t
t

0.641 0.425 0.629
20 20 20

tructure in the form of fluorapatite or fluorhydroxyapatite [23].
bsorption of fluoride in stomach and small intestine takes place

hrough passive diffusion. Body absorbs sodium fluoride very
apidly during fasting [24]. This is because fluoride in stom-
ch, primarily, present as weak hydrogen fluoride diffuses from
he stomach and easily reaches the blood [25]. In plasma, flu-
ride is transported as ionic fluoride and non-ionic fluoride.
onic fluoride does not bind to plasma proteins, and is easily
xcreted with the urine. However, in the form of HF, about
5–45% is reabsorbed and returned to the systemic circulation.
H of tubular fluid and urinary flow are the main factors which
nfluence reabsorption [24,25]. The amount of urinary fluoride
xcreted from the body reflects the amount of fluoride ingested.

report from WHO [23] has reported that absorbed fluoride is
xcreted mainly through kidney [23]. It has been documented
hat the urinary excretion of fluoride (age group 3–6 years) is
2–80% of total fluoride intake [26–28]. The fluoride excreted
n faeces, is that fraction which is not absorbed in the body
29].

. Conclusions

Urinary fluoride concentration is well-established indicator
f fluoride intake by individuals and should regularly be esti-
ated to detect the danger of fluoride toxicity in a population.

n the present study it is reported that urinary fluoride concentra-
ion increases with increasing fluoride concentration in drinking
ater. The higher fluoride levels in the urine of children from

he study area have been linked to a chronic exposure of fluoride
rom drinking water. Analysis of drinking water from the differ-
nt sources in this study showed that fluoride concentration in
rinking water from Haily Mandi was 3.5 times higher than per-
issible limit. Groundwater is the only source of drinking water
rom the study area and entire population is exposed to excessive
uoride. The population of the study area is at a higher risk due

o excessive fluoride intake especially when they are unaware of
he amount of fluoride being ingested due to lack of awareness.
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hronic exposure to high fluoride in this population represents
concern due to possible health effects from their long-term

xposure.
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