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Incidence of fluorosis and urinary
fluoride concentration are not always
positively correlated with drinking
water fluoride level
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The aim of this study was to assess the effect of fluo-
ride on human health, focusing on the incidence of
fluorosis, urinary fluoride concentration and fluoride
level in drinking water in three fluoride-affected vil-
lages of Birbhum district, West Bengal, India. In one
village urinary fluoride concentration was very high
along with the occurrence of severe dental and skeletal
fluorosis, though fluoride level in drinking water was
within the permissible limit. The present study sug-
gests that fluoride intake through other sources is also
an important contributing factor in fluorosis, corro-
borating previous reports on high fluoride contents in
crops and vegetables grown in fluoride-affected areas.
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FLUORINE, the most electronegative of all elements, is an
essential microelement for human health. Due to high
electronegativity, it is naturally found in combined form
with other elements and rarely occurs in its elemental
state. In aqueous solution, fluorine remains as fluoride
(F)', and is present in both surface water and groundwa-
ter. However, the natural concentration of fluoride in
groundwater depends on various factors such as geologi-
cal, physical and chemical characteristics of the area, soil,
porosity of rocks, pH, temperature and depth of the well’.
Regions with high geothermal or volcanic activity have
high fluoride concentration in the environment’. In India,
higher concentration of fluoride in groundwater is asso-
ciated with igneous and metamorphic rocks*. Anthropo-
genic activities such as the use of pesticides, fertilizers,
sewage and sludges can also amplify the fluoride level in
groundwater” .

The permissible limit of fluoride in drinking water is
1.5 ppm (mg/1)®. Fluoride, at low concentration in drink-
ing water, has beneficial effects on the teeth like preven-
tion of dental caries in children, whereas subjects
exposed to a higher concentration of fluoride are reported
to suffer from various adverse effects’. Absorption of flu-
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oride occurs in both the small intestine and stomach
through simple diffusion'®, and the absorbed fluoride is
readily integrated into developing bone and teeth. During
tooth development, ameloblast cells of the enamel remain
sensitive to fluoride. An adequate amount of fluoride
promotes mineralization of enamel and thus prevents den-
tal caries, although higher fluoride intake leads to dental
fluorosis''. Mild fluorosis is evidenced by opaque patches
of chalky-white discolouration of the teeth. In moderate
form, brown colouration is observed while severe dental
fluorosis is characterized by deep brown colouration with
pitting'?. Chronic fluoride exposure at a higher concentra-
tion is associated with formation of skeletal fluorosis,
characterized by increased bone mass and density, as well
as pain and stiffness in the backbone, hip region and
joints". In severe cases, joint movement is markedly
reduced in association with crippling deformities of the
spine and joints, muscle wasting, neurological defects
and compression of the spinal cord. In addition to its
effects on hard tissue, fluoride ingestion over a long
period of time also affects soft tissues such as liver, kid-
ney, gastrointestinal tract and reproductive organs'®.
Chronic fluoride exposure at high concentration causes
detrimental neurological effects', and abnormalities in
insulin secretion leading to impaired glucose tolerance'.
Toxicological studies on murine models revealed that it
causes extensive alterations in renal and hepatic histo-
architecture'’, and was found to be highly genotoxic to
mouse bone marrow cells'®. It is also reported to cause
alteration in tissue histoarchitecture and cell cycle in
mouse spleen'. In zebrafish, fluoride is found to be neu-
rotoxic, affecting its behaviour and leading to alteration
in mRNA expression of xenobiotic biomarker genes in
brain®.

As half of the absorbed fluoride after integration in
bone and teeth is excreted through urine®', urinary fluo-
ride concentration is recognized as a reliable bioindicator
of fluoride exposure in humans®, and thus was evaluated
in the present study.

The study aimed at evaluating fluoride concentration in
drinking water of a fluoride endemic area, followed by
assessment of dental and skeletal fluorosis status and uri-
nary fluoride concentration in the population residing
there to establish a possible relation among them.

Four adjacent villages, namely Kamdebpur (24°06'32.6”N,
87°47°28.4”E), Chalk Atla (24°06"30.1”N, 87°47'23.6"E),
Noapara (24°06"18”N, 87°47°02.2”E) and Junidpur
(24°06°04.6”"N, 87°46'54.4”"E) of Rampurhat I Block,
Birbhum district, West Bengal, India, were selected. The
selected villages are situated in the floodplain of Dwarka
river basin, and the study area has extreme temperature
conditions in summer and winter. Summer spans over
April to June and winter from December to February.
Groundwater is the main source of drinking water in
these villages. To provide safe (fluoride-free) water,
various non-governmental organizations in association
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Table 1. Drinking water fluoride level, urinary fluoride concentration and incidence of dental fluorosis among the affected population
Drinking water (hand pump) Urinary fluoride concentration Evidence of dental fluorosis (%)
Village fluoride level in ppm (range) in ppm (range) (Mi, Mild; Mo, Moderate; Se, Severe)
Noapara 7.17 £ 1.96 2.40+£0.28 Mi=5.2
(2.10-11) (1.1-8) Mo =21.05
(n=4) (n=24) Se =47.36
(n=31)
Kamdebpur 1.16 £ 0.40 3.5+£0.40 Mi = 57.69
(1.1-2.40) (1.5-7.3) Mo =7.69
(n=3) (n=14) Se =3.84
(n=26)
Chalk Atla 1.71 £0.22 2.05+0.17 Mo =33.33
(1.40-2.60) (1.4-2.8) (n=18)
(n=5) (n=17)
Junidpur 0.43+0.16 1.18£0.23 Mi =8.33
(0.22-1.10) (0.59-2.5) Mo =25
(n=73) (n=238) (n=27)

with the local Gram Panchayat supply small-scale filters,
but many of them are not in working condition due to
lack of periodical maintenance. A large number of villag-
ers are still using hand-pump/tube-well water for drinking
purposes. Water samples were also collected from adja-
cent fluoride-free villages, where no cases of fluorosis
have been reported.

A questionnaire having various criteria such as name,
sex, address, food habits, health problems, etc. was
designed for the survey. Water samples from pond and
hand pump, and urine samples were collected in clean,
sterilized 50 ml polyethylene tubes. A total of 108 water
samples and 80 urine samples were collected for the
study. Urine samples were collected with the consent of
the subjects. For dental fluorosis, teeth of individuals of
different age groups were examined by a qualified
dentist following Dean’s'' classification criteria for den-
tal fluorosis.

Fluoride concentration in water samples was deter-
mined electrochemically by an ion selective electrode
(Thermo Scientific ORION STAR A214 ISE Meter)
using the US EPA ion selective electrode method™**.
Standard solutions of 0, 1 and 10 ppm fluoride were pre-
pared from the 100 ppm fluoride standard (Orion 940907)
for calibration. Urinary fluoride concentration was
determined following the method of the National Institute
for Occupational Safety and Health (NIOSH)®. Fluoride
concentration in the samples was determined directly
after dilution with equal volumes of total ionic strength
adjustment buffer (TISAB) solution (pH =5.2; Orion
940911, Thermo Scientific, USA).

Fluoride concentration in hand-pump water was found
to be within the permissible limit (<1.5 ppm) in Kamdebpur
and Junidpur, slightly higher in Chalk Atla (1.71 %
0.22 ppm) and much higher in Noapara (7.17 = 1.96 ppm;
Table 1). Fluoride level of pond water was within the
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permissible limit in all the villages. In case-control study,
fluoride level of hand-pump water (range 0.03—0.48 ppm)
and pond water (0.16—1.1 ppm) in all the villages was
within the permissible limit.

The urinary fluoride concentration of individuals not
exposed to fluoride was found to be within the range 1.0—
1.5 ppm. It was also noted that the urinary concentration
in these control subjects varied over different time points
selected (1.06 £0.12 ppm (morning void urine), 1=
0.09 ppm (noon), 0.89 = 0.12 ppm (night)). Since ground-
water is the main source of fluoride in the study area,
higher levels of urinary fluoride were considered to be
due to chronic exposure to fluoride through drinking
water. In subjects of Noapara, exposed to maximum
fluoride through drinking water, the urinary fluoride
concentration was interestingly found to be similar
(2.40 £ 0.28) to that of individuals residing in Kamdeb-
pur, Chalk Atla and Junidpur (3.5 £ 0.40, 2.05 £ 0.17 and
1.18 £ 0.23 respectively), exposed to much less fluoride
in drinking water (Table 1).

In Noapara village, 47.36% of the population surveyed
was found to suffer from severe dental fluorosis (Figures
le, f and 2), much more than in the other three villages.
This can be attributed to more fluoride exposure and less
fluoride excretion through urine, probably resulting in its
deposition and formation of such condition. Also, 52.63%
of the surveyed population was found to suffer from
severe pain in the hip, joints and backbone, indicating
skeletal fluorosis. The occurrence of mild dental fluorosis
was highest (57.69%) in Kamdebpur village. The number
of fluoride-affected individuals was comparatively less in
Chalk Atla and Junidpur. Again, 41.66% subjects in
Junidpur had both hip and joint pain (not severe). Among
people in all four villages, 39.13% suffered from
gum-bleeding, 8.69% had nausea and 19.56% had abdo-
minal pain.
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Figure 1.
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Figure 2.

Though the concentration of fluoride in drinking water
in Noapara was much higher than that in Kamdebpur,
Chalk Atla and Junidpur, the urinary fluoride concentra-
tion in subjects of Noapara did not differ much. The
predominance of severe skeletal and dental fluorosis in
subjects of Noapara can probably be linked to high
fluoride exposure but relatively less excretion (as evident
from urinary fluoride levels). Interestingly, despite low
fluoride (within the permissible limit) levels in drinking
water, the urinary fluoride concentration of individuals
residing in Kamdebpur village was found to be very high
(highest 7.3 ppm). Again, 69.22% of the people surveyed
from Kamdebpur were found to suffer from different
forms of dental and skeletal fluorosis (Figure 1¢, d and
g). Thus, the evidence of fluorosis and elevated urinary
fluoride concentration was not positively correlated with
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Graph showing the percentage of subjects suffering from dental fluorosis.

drinking water fluoride level in this sample population. In
Junidpur, fluoride concentration in both drinking water
and urine was low, but 30% of the population suffered
from mild to moderate dental fluorosis. Data from the
present study could not establish a direct correlation
between drinking water fluoride level, urinary fluoride
concentration and evidence of fluorosis among subjects
inhabiting these four fluoride-endemic villages. There-
fore, it led us to hypothesize that drinking water may not
always be the major source for causing fluorosis. Ana-
suya and Paranjape®® and Tegegne er al.”’ reported that
processing parboiled rice and cooking rice with high fluo-
ride-containing water can increase the level of fluoride
significantly. Arora and Bhateja®® estimated mean
fluoride concentration in the soil, wheat, rice and potato
in and around Mathura city to be 1.41, 0.39, 0.42 and
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1.01 ppm respectively. They observed a significant rela-
tion between mean fluoride concentration of the soil and
mean fluoride concentration of rice and wheat. They con-
cluded that the soil and crops, namely wheat, rice and
potato can be an additional dietary source of fluoride. The
present study indirectly corroborates these reports show-
ing that not only drinking water, but fluoride intake
through food, especially rice, pulses and vegetables might
also significantly contribute to the development of fluo-
rosis.

Improving the quality of water supplied and defluo-
ridation of water are major steps necessary to combat
fluorosis in fluoride-endemic areas. However, fluoride
intake through other food sources and anthropogenic
activities, e.g. use of pesticides, fertilizers and coal burn-
ing also should be properly monitored, since these might
act as significant contributory factors along with fluoride-
contaminated drinking water.
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