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Abstract To assess the status of severity of fluoride contam-
ination in lateritic Bankura and Purulia districts of West Ben-
gal, concentrations of fluoride in different water sources and
agricultural field soils were investigated. The fluoride content
(mg/1) was observed to differ with aquifer depths: 0.19-0.47
in dug wells, 0.01-0.17 in shallow tube wells, and 0.07-1.6 in
deep tube wells. Fluoride within the World Health Organiza-
tion (WHO) prescribed range (1.0-1.5 mg/l) was estimated
only in ~17 % of the total collected water samples while
~67 % showed <0.7 mg/] fluoride and thus may impede in
the production and maintenance of healthy teeth and bones of
the residents, especially children. Fluoride in water was found
to be significantly correlated (»=0.63) with pH. The exposure
dose of fluoride (mg/kg/day) from drinking water in infants,
children, and adults was estimated in the ranges 0.02—0.53,
0.01-0.24, and 0.01-0.14, respectively against the standard
value of 0.05. A clear risk of dental fluorosis is apparent in
infants and children of the study area. The fluoride in soil (55—
399 mg/kg) was detected to be significantly correlated with
the fluoride content in deep tube wells and soil pH (»=0.56
and 0.71, respectively). The relationships of soil fluoride with
total hardness and that with phosphate were not significant.
There is a high possibility of bioaccumulation of fluoride from
contaminated soil and water of the study area to cultivated
crops. This will enhance the quantity of fluoride intake into
human food chain in addition to drinking water pathway.
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Introduction

Alarming concentration of fluoride in groundwater associ-
ated with weathering of igneous and metamorphic rocks
such as granites and gneisses has been globally reported to
be a burning environmental issue from Algeria, Brazil,
Canada, China, Ethiopia, Ghana, India, Iran, Italy, Japan,
Jordan, Kenya, Korea, Malawi, Mexico, Norway, Pakistan,
Sri Lanka, Thailand, Turkey, and the USA (WHO 2006;
Brindha and Elango 2011). An estimated 200 million peo-
ple from 29 countries are under health-related risks due to
the consumption of high fluoride-contaminated groundwa-
ter (Ayoob and Gupta 2006; Bhattacharya and Chakrabarti
2011). In India, fluorosis has been pronounced endemic in
20 out of total 29 states including 65 % of rural habitations
by the United Nations International Children’s Emergency
Fund (UNICEF) (UNICEF 1999; Kundu and Mandal
2009). Presence of moderate to high concentration of fluo-
ride in groundwater has been reported from different states
of India (Salve et al. 2008; Sankararamakrishnan et al.
2008; Suthar et al. 2008; Mishra et al. 2009; Brindha
et al. 2011; Dar et al. 2011) including West Bengal (Chat-
terjee et al. 2008; Kundu and Mandal 2009; Bhattacharya
and Chakrabarti 2011; Chakrabarti and Bhattacharya
2013). More than 65 million Indians including 6 million
children are at risk due to the presence of excessive con-
centration of fluoride beyond the desirable limits in
groundwater (Andezhath et al. 1999; UNICEF 1999). The
natural dissolution of fluorite, apatite, and topaz from local
bedrocks leads to high fluoride concentration in ground-
water (Suthar et al. 2008). Along with it, different man-
made activities such as usage of phosphate fertilizers and
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pesticides, discharge of untreated or partially treated sew-
age and sludge in groundwater, overexploitation of
groundwater for irrigation leading to depletion of water
table, etc. have been argued to cause an increase in fluoride
concentration in groundwater (EPA 1997; Ramanaiah et al.
2006).

Fluoride may enter into the biological systems via water,
food, industrial exposure, drug, and cosmetic products al-
though drinking water has been established to be the major
contributor (Susheela 1999). The intake of fluoride within
permissible limits of 0.5-1.0 mg/l is beneficial for human
health in production and maintenance of healthy teeth and
bones (Wood 1974), while excessive intake causes chronic
dental and skeletal fluorosis, manifested by mottling teeth in
mild cases, softening of bones and neurological damage in
severe cases (Steinberg et al. 1955). The World Health Orga-
nization (WHO) has made 1.5 mg/] as the permissible limit for
fluoride (WHO 2006) while the Bureau of Indian Standards
(BIS) and Indian Council of Medical Research (ICMR) have
made 0.6—1.2 and 1.5 mg/1 as the desirable range and permis-
sible limit for fluoride, respectively (ICMR 1975; BIS 2003).
Fluoride concentration in excess of 2.0 mg/1 causes conditions
for dense and brittle bone, and also dental problems (Chatter-
jee et al. 2008). The United States Public Health Service
(USPHS) has recommended a range of allowable concentra-
tions for fluoride in drinking water for a region depending on
its climatic conditions. This is because the amount of water
consumed and consequently the amount of fluoride ingested
being influenced primarily by the air temperature of that
region (USPHS 1962).

In West Bengal, fluoride contamination has been reported
from 60 blocks spread over eight districts (Chatterjee et al.
2008). The present study was carried out in lateritic Bankura
and Purulia districts of West Bengal, where groundwater is the
main source of drinking as well as irrigation water. But, there
is no centralized drinking water treatment facility in the area.
The Public Health Engineering Department (PHED), Govern-
ment of West Bengal by conducting a preliminary survey in
2007 had previously reported the presence of fluoride in some
of the blocks of these two districts (PHED Report 2007). On
the basis of the report, the PHED had sealed numerous unsafe
deep tube wells of this region and painted them with red color.
Keeping an account of the importance of public health, the
main objectives of this survey were to investigate the present
status of quality and safety of drinking water (with respect to
fluoride contents) for the villagers dependent on groundwater
from the currently used deep tube wells in Bankura and
Purulia districts, and to determine the fluoride content of
agricultural field soil for understanding the possibility of
bioconcentration of fluoride from soil and water to cultivated
crops. An attempt has also been made to assess the exposure
dose of fluoride in drinking water from the deep tube wells of
the study area.

Materials and methods
Study area

The Bankura district is geographically located between lati-
tude 22°38'-23°38' N and longitude 86°36'-87°46" E, cover-
ing an area of 6882 km? with a population of 3,596,674, and
out of this, nearly 91.7 % live in rural areas whereas the
Purulia district is located between latitude 22°42'-23°42' N
and longitude 85°49'-86°54' E, having an area of 6259 km®
with 2,930,115 populations, and out of this nearly 87.3 % live
in rural areas (Census 2011). During summer, the climate in
the study area is dry and tremendously hot (the maximum
temperature rises to ~52 °C) with low to moderate monsoons
(average rainfall in Bankura district is 1345 mm and that in
Purulia district is 1329 mm), while in winter, it is very cool
with the minimum temperature dropping down to ~4 °C. The
average elevation of Bankura and Purulia districts are 78 and
228 m, respectively. The overall drainage pattern of the area is
parallel to sub-parallel and is mainly controlled by geological
structural elements. The average slope of land in the districts
varies from 0.4 to 10 %. Some parts of the two districts were
reported to be affected with fluoride (PHED Report 2007).
The mostly affected ten blocks of Bankura district (Chhatna,
Shaltora, Gangajal Ghati, Bankura II, Indpur, Hirbundh,
Khatra, Sarenga, Raipur, and Simlapal) and six blocks of
Purulia district (Hura, Kashipur, Raghunathpur I, Santuri,
Puncha, and Manbazar I) have been chosen for the present
study (Fig. 1). The major occupation of the residents of these
two districts is farming, and irrigation is mainly carried out
through shallow and deep tube wells. Rice is the main crop of
both the districts. Besides rice, the major cultivated crops are
potato, wheat, vegetables, mustard, til, and maize.

The Bankura district is the connecting link between the
plains of Bengal on the east and Chotanagpur plateau on the
west. The areas to the east and north-east are low-lying recent
alluvial plains containing seams of coal belonging to the
Raniganj system. The surface gradually rises to the west,
giving way to undulating lateritic terrain, interspersed with
hillocks of metamorphic or gneissose rocks (O’Malley 1995).
Thus, geomorphologically, the Bankura district can be divided
into three zones. The western part is dominated by hilly hard
rock (comprising 8 blocks out of the total 22 blocks) while the
eastern part by sedimentary alluvial plains (comprising 6
blocks). The central part is a mixed formation of both rocky
and alluvial segments (comprising 8 blocks) (Chakrabarti and
Bhattacharya 2013). Strong massive runs of hornblendic va-
rieties stretch across the region in tolerably continuous lines,
the general strike being nearly east and west. Due to undulated
topography of the Purulia district (comprising total 20 blocks)
nearly 50 % of the rainfall flows away as surface runoff. The
district is mostly covered with residual soil formed by
weathering of bed rocks. Lateritic soil prevails in the uplands
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Fig. 1 Map of the study area and
sampling locations

West Bengal

while in the plains, reddish clay loam or white to reddish clay
are common. The entire area is reported to be underlain by
Pre-Cambrian metamorphic rocks like (Chotanagpur) granite
gneiss, biotite granite gneiss, calc-granulites, ultra-basic and
meta-basic rocks, meta-sedimentaries, including crystalline
limestone, hornblende schist, biotite gneiss, pegmatite, and
quartz-vein containing fluoride bearing minerals like apatite,
fluorite, and mica (Bhattacharya and Chakrabarti 2011).

Sample collection

A total of 124 water samples were randomly collected from
different sources such as deep tube well, shallow tube well,
dug well, and pond spread over the two districts during the
month of December, 2013, following standard sampling tech-
niques. A total of 79 agricultural field soil samples were also
collected from a depth of 045 cm by composite sampling
technique and stored in plastic zipper bags with proper label-
ing for further analysis. The global positioning system (GPS)
was used to map the sampling sites. The sampling was done
purposefully in December with the premise that it will help to
record the highest possible value of fluoride in groundwater
over the other months since the heavy rains received during
monsoonal months (July—October) would leach out whatever
amount of fluoride present in soil and also applied through
nitrogen and phosphate fertilizers to groundwater aquifers
(Kundu and Mandal 2009). The sampling was done at a
spatial distance of around ~2 km away from each other points.
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Before collection, the water was left to run from the sources
(shallow and deep tube wells) for about 10 min to get repre-
sentative samples with stable electrical conductivity (Khaiwal
and Garg 2007). All the water samples were collected in pre-
cleaned polyethylene bottles of 500-ml capacity. The sam-
pling bottles were soaked in 1:1 diluted HCI solution for
24 h, washed with distilled water, and were washed again
prior to each sampling with the filtrates of the sample.

Sample treatment

The water samples were filtered through 0.45-p Millipore
filter paper, and 50-ml filtered samples were kept in polyeth-
ylene bottles at 4 °C for analysis. The soil samples were
immediately sun-dried after collection and later dried in the
hot air oven at 60 °C for 72 h. The dried soil samples were
then grinded by cautiously disaggregating in a mortar and
screened through 2.0-mm-pore-sized sieve to get homoge-
nized representative powder sample. Finally, the samples were
stored in airtight polyethylene bags at room temperature.
Proper care was taken at each step to minimize any
contamination.

Sample analysis

The fluoride concentration in water samples was deter-
mined electrochemically using the Thermo Scientific Ori-
on 4star pH/Ion Selective Electrode bench top meter by an
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approved American Society for Testing and Materials
(ASTM) standard test method for fluoride ion in water
(ASTM D 1179). This method is applicable to the mea-
surement of fluoride in water in the concentration range of
0-19,990 ppm. The electrode used was an Orion ISE
9609BNWP and 960900 fluoride combination electrode.
Standard fluoride solutions (0.1-10 mg/l) were prepared
from a stock solution (100 mg/l) of Na,F. As per exper-
imental requirement, 1 ml of total ionic strength adjusting
buffer grade III (TISAB III, Orion) was added in 10 ml of
sample. The ion meter was calibrated for a slope of —59.2
+2.0. Total fluoride content in soil samples was estimated
through NaOH fusion method (McQuaker and Gurney
1977). This method involves fusion of soil samples with
16 N NaOH in Ni crucibles placed in muffle furnace and
slowly raising the temperature to 600 °C for 30 min,
followed by dissolving the residue by heating with water
on a hot plate. After the treatment samples were removed
and allowed to cool, then 10 ml of distilled water was
added to the samples with stirring to adjust the pH to 8-9.
Then, the samples were filtered, transferred to 100-ml
volumetric flasks, and finally diluted with double-
distilled water to make 100 ml. To 10 ml of the above
extract, 1 ml of TISAB III solution was added and mixed
well, and the fluoride content was estimated using the
fluoride selective electrode in the same way as discussed
in case of water sample analysis. The detection limit of
this method is 0.005 mg/l. All the experiments were
carried out in triplicate and the results were found repro-
ducible with +2 % error.

The pH values of the water and soil samples were measured
in situ immediately after collection with the help of a portable
pH meter (Eutech multi-parameter tester: PCSTestr 35). Total
hardness of water and soil samples (by titrimetric method
using standard EDTA solutions) and total phosphate content
of soil samples (by molybdenum blue method using a
Systronics 166 VIS spectrophotometer) were analyzed fol-
lowing standard method (APHA 2005).

Assessment of exposure dose of fluoride

The exposure doses for infants (6-kg body weight), children
(20 kg), and adults (70 kg) were calculated by following the
generic equation (Jha et al. 2009),

ED = (C/Bw) x WI

where

ED  Exposure dose of fluoride (mg/kg/day)
C Concentration of fluoride in water (mg/1)
BW  Body weight (kg)

WI  Water intake (I/day)

The evaluated minimum, maximum, and average fluoride
concentrations of deep tube wells of the study area were used
for the calculation of fluoride intake. Sixty-eight families
comprising of total 242 individuals residing in the 16 blocks
of the study area were interrogated during our investigation to
evaluate the daily average water intake values for infants,
children, and adults. On average, infants, children, and adults
living in the study area drink 1, 3, and 6 1 of water per day,
respectively. The exposure doses of fluoride were estimated
on the above said water intake values.

Statistical analysis

Means of three replicates, standard deviation, and Pearson’s
correlation coefficient () on the experimental data were cal-
culated using SPSS, version 15.0 for windows (SPSS Inc.,
Chicago, USA). The sampling location map and contour map
were prepared using Golden surfer, version 8.0 (Golden Soft-
ware Inc., Colorado, USA).

Results and discussion
Fluoride contamination in water

The collected water samples irrespective of their sources were
found to be free from color, odor, and turbidity. The fluoride
contents in water samples of the study area varied greatly in
different blocks as depicted in Table 1, but the concentration
of fluoride in most of the samples was within the WHO- and
BIS-recommended maximum permissible limit of 1.5 mg/l.
The intake of fluoride in the range of 0.7—1.2 mg/1 is beneficial
for the production and maintenance of healthy teeth and bones
in human beings (USEPA 2010). But, the results revealed that
~67 % water samples had fluoride contents <0.7 mg/l and thus
cannot be utilized as sources of potable water. Figure 2 pre-
sents the district wise distribution of fluoride in water samples
in different concentration ranges (<0.50, 0.50-1.0, 1.0-1.5,
and >1.5 mg/l). In the Bankura district, none of the collected
water sample was detected to exceed the permissible 1.5 mg/l
fluoride content but in the Purulia district, four deep tube well
water samples from Kashipur block were found to cross that
limit. Figure 2 clearly indicates that the maximum habitations
(more than 49 % in the Bankura district and 63 % in the
Purulia district) have fluoride concentrations <0.50 mg/l.
The maximum and minimum concentrations of fluoride in
sampled water was 1.6 mg/l (deep tube well water, Kashipur
block, Purulia) and 0.01 mg/1 (shallow tube well water, Raipur
block, Bankura), respectively, with the average value of 0.55+
0.24 mg/l. After evaluating the data, it is suggested that water
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Table 1 Concentration (mean+SD) of fluoride, pH, and total hardness in different sources of water in the Bankura and Purulia districts of West Bengal

District Block Source Number of sample Fluoride Range of fluoride pH Total hardness
(mg/) (mg/l) (mg/l)
Bankura Chhatna Pond 3 0.08+0.02 0.04-0.11 6.5£0.2 90+15
Deep tube well 5 0.60+0.10 0.35-0.87 7.7£0.3 202+38
Shaltora Deep tube well 6 0.37+0.11 0.22-0.68 7.4+0.2 289+44
Gangajal Ghati Deep tube well 5 0.96+0.21 0.64-1.3 7.8+0.1 172+54
Bankura II Deep tube well 4 0.76+0.17 0.49-1.2 7.9+0.1 241+37
Indpur Deep tube well 9 0.40+0.14 0.26-0.87 7.6+0.3 138+40
Hirbundh Deep tube well 11 0.85+0.23 0.67-1.3 7.9+0.3 140+41
Khatra Deep tube well 7 0.28+0.06 0.10-0.52 7.4+0.2 89+23
Sarenga Shallow tube well 3 0.15+0.02 0.09-0.25 72403 201+28
Deep tube well 4 0.83+0.17 0.70-1.1 7.8+0.2 205+42
Raipur Shallow tube well 3 0.02+0.01 0.01-0.03 7.3+0.3 259+19
Dug well 4 0.38+0.09 0.22-0.60 7.3£0.1 189+30
Deep tube well 5 0.09+0.02 0.04-0.17 7.2+0.1 766+97
Simlapal Deep tube well 6 0.51+0.07 0.36-0.83 7.8+0.2 227+70
Purulia Hura Deep tube well 4 0.47+0.15 0.38-0.86 7.6+0.3 240+89
Dug well 3 0.22+0.03 0.11-0.34 7.5+£0.2 388+40
Kashipur Deep tube well 6 1.3+0.32 1.1-1.6 7.9+£0.2 279+86
Dug well 4 0.23+£0.04 0.15-0.33 7.4+0.3 488+45
Raghunathpur | Deep tube well 9 1.1+£0.26 0.80-1.4 8.0+0.2 122455
Santuri Deep tube well 5 0.24+0.04 0.19-0.47 8.0+£0.2 329+88
Puncha Deep tube well 10 0.38+0.11 0.18-0.72 8.0+£0.3 208+92
Manbazar I Deep tube well 8 0.35+0.13 0.23-0. 66 8.0+0.1 205+71

from deep tube wells in the Kashipur block of Purulia district
is unsuitable for drinking purpose as prolonged use of this
fluoride-contaminated water (1.3+0.32 mg/l) can lead to den-
tal and skeletal fluorosis in residents. In surface water, the
concentration of fluoride generally has a range of 0.01-
0.30 mg/l (USEPA 2010). The pond water samples collected
from the Chhatna block of Bankura district thus had presence
of fluoride (0.08+0.02 mg/l) within the permissible range.
The fluoride content in water of the study area was observed
to differ with depth of aquifers. For example, it ranged 0.19—
0.47 mg/l in dug wells, 0.01-0.17 mg/1 in shallow tube wells,
and 0.07-1.6 mg/l in deep tube wells (Table 1). The spatial

Fig. 2 Distribution of fluoride in 70 -
water in the lateritic Bankura and 60 1
Purulia districts of West Bengal
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variation of fluoride concentration in water resources of the
study area is shown in Fig. 3. After publication of the
PHED report (2007), different mitigation steps like
sealing of unsafe deep tube wells (fluoride concentration
>1.5 mg/l), mass awareness campaigns, rain water har-
vesting initiatives, etc. had been taken by the Government
of West Bengal. The present results show that those have
enlightened the status of groundwater fluoride pollution of
the study area. But, the presence of fluoride in ~67 %
water samples below the desirable range (0.7-1.2 mg/l)
has to be taken care of immediately. In drinking water
treatment, fluoride may be applied at low levels to aid in
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Fig. 3 Spatial variation of
fluoride concentration in water
sources of the study area
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dental and skeletal health of the residents, especially
children of the study area.

The presence of high pH and low calcium and magnesium
contents in water had been reported to be the two major factors
responsible for rapid leaching of fluoride and consequently
resulting into elevated concentration of it in water (Rao et al.
1993). In the study area, the pH in the sampled water was
found to vary from 6.5+0.2 to 8.0+0.3 (Table 1) and was
significantly correlated (r=0.63) with the fluoride contents
(Fig. 4a). This finding is in agreement with earlier reports
(Jha et al. 2009; Rao 2009; Brindha et al. 2011). According
to Salve et al. (2008), fluoride is desorbed in clay in alkaline
form and thus, alkaline pH is a more favorable condition for
fluoride dissolution activity than acidic pH condition. In lat-
eritic regions of West Bengal, alkaline groundwater had been
previously reported to be associated with higher leaching of
fluoride (Chatterjee et al. 2008; Chakrabarti and Bhattacharya
2013). Moreover, hardness, arising mainly due to the presence
of calcium and magnesium ions in water, was observed to
have a negative correlation with fluoride concentration (»=

—0.32) of the study area (Fig. 4b). The hardness of the studied
water samples (90—-766 mg/l) was found to gradually decrease
with increase in fluoride concentration (0.01-1.6 mg/1). This
is also concurrent with the previous findings by Jha et al.
(2009) and Brindha et al. (2011). The inverse relationship of
fluoride with calcium and magnesium is possibly due to ion-
exchange processes occurring in water systems (Salve et al.
2008).

Assessment of exposure dose of fluoride from drinking water

Residents of the study area in the absence of centralized
drinking water treatment and distribution facilities only use
the deep tube wells installed by the PHED for consuming
drinking water. The exposure doses of fluoride from those
deep tube wells of the study area were evaluated for infants,
children, and adults (Table 2). For the calculation of fluoride
intake, the minimum, maximum, and average fluoride levels
of deep tube wells (0.07, 1.6, and 0.55 mg/l, respectively) as
observed by us were employed. Due to prevailing scorching
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hot and dry tropical climate of the study area, on average,
infants, children, and adults were found to consume 1, 3, and
6 1 of water per day, respectively. The exposure doses were
estimated on the above said water intake values. For infants,
the exposure doses were found between 0.02 and 0.53 mg/kg/
day against the standard value of 0.05 mg/kg/day, which is the
minimum risk level (MRL) value recommended by the Agen-
cy for Toxic Substances and Disease Registry (ATSDR) (Ortiz
et al. 1998). In children and adults, the exposure doses were
evaluated in the ranges 0.01-0.24 and 0.01-0.14 mg/kg/day,
respectively. Thus, the maximum exposure doses of fluoride
for infants, children, and adults of the study area were esti-
mated to be around 11, 5, and 3 times higher than the

ATSDR’s MRL value. On average, infants, children, and
adults were found to consuming 0.18+0.11, 0.08+0.04, and
0.05+0.03 mg/kg/day fluoride, respectively. A clear endan-
germent of dental fluorosis is therefore apparent in infants and
children of the study area. The results show that the average
exposure dose of fluoride to adults is within the ATSDR’s
MRL value from drinking water but, when intakes of fluoride
from other sources (such as food, tea, vegetables, fruits, milk,
meat, etc.) are taken into consideration, then the total exposure
dose of fluoride to adults is expected to be much higher (Jha
et al. 2009).

Fluoride contamination in soil

Soil receives fluoride from weathering of various minerals like
apatite, fluorite, and mica which are the major natural sources
of fluoride in the environment. Different anthropogenic activ-
ities including agriculture are also responsible for disposal of
fluoride in soil. Irrigation increases the sodicity of the soil
while fertilizers applied for cultivation lead to high fluoride
content in soil which ultimately leaches to the aquifers
(Brindha et al. 2011). The fluoride content in agricultural field
soils of the study area is presented in Table 3. The maximum
and minimum fluoride in sampled soil was 399 mg/kg
(Raghunathpur I block, Purulia) and 51 mg/kg (Raipur block,
Bankura), respectively. The observed range is higher than
those that are reported for various tropical areas of the world
(Hall and Cain 1972). Moreover, a significant correlation (=
0.56) was detected between the fluoride content in deep tube
wells and that in soils, collected from nearby cropping fields
(Fig. 5a). Thus, it can be concluded that the soil of the study
area contains considerable labile fluorine which is not tightly
bound by silicate and phosphate minerals (Jha et al. 2009;
Saini et al. 2013). Soil pH, formation of stable aluminum and
calcium complexes, rate of deposition, and climatic conditions
are established to be the major factors that influence the
mobility of fluoride in soil (Pickering 1985). In this study, a
significant positive correlation (r=0.71) was observed be-
tween soil fluoride content and soil pH (Fig. 5b) whereas
relationship between soil fluoride content and total hardness
of'soil (»=0.30) and that between soil fluoride content and soil

Table 2 Estimation of exposure doses of fluoride from drinking water for residents of Bankura and Purulia districts of West Bengal

Population Average water consumption (1/day) Fluoride in water (mg/l) Exposure dose of fluoride (mg/kg/day)
Range Average Range Average
Infant (6 kg) 1.0 (boiled water) 0.14-3.2* 1.1 0.02-0.53 0.18
Children (20 kg) 3.0 0.07-1.6 0.55 0.01-0.24 0.08
Adults (70 kg) 6.0 0.07-1.6 0.55 0.01-0.14 0.05

#We have considered that in the boiled water, used for infants to prepare reconstitution milk formula products as well as drinking water, fluoride level
increases proportionally to the loss of volume of water (Grimaldo et al. 1995). Thus, the concentration of fluoride in water was doubled (Jha et al. 2009)
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Table 3 Concentration (mean+SD) of fluoride, pH, total phosphate, and total hardness in agricultural field soils of Bankura and Purulia districts, West

Bengal
District Block Number of sample Fluoride (mg/kg) Range of fluoride pH Total phosphate Total hardness
(mg/kg) (mg/kg) (mg/kg)

Bankura Chhatna 5 67+8.5 55-81 6.7+0.3 5.8+1.3 1443+152
Shaltora 5 110+29 74-157 6.8+0.4 34+1.7 10074153
Gangajal Ghati 5 281+40 213-372 7.6£0.6 8.9+3.9 1812+144
Bankura IT 4 249+44 175-344 7.8+0.4 44+1.7 1990+204
Indpur 6 117435 68-180 7.1+0.3 5423 1567+104
Hirbundh 5 93+22 57-139 7.8+0.4 5242.1 2106+299
Khatra 6 169+30 133-243 7.1+£04 4.8+1.6 849+105
Sarenga 4 92421 60-128 6.3£0.2 6.9+2.5 978+147
Raipur 3 64+9.4 51-78 6.5+0.2 3.1£0.82 2285+186
Simlapal 4 81£15 60-109 6.4+0.3 8.1+24 521+88

Purulia Hura 4 128+26 89-188 6.9+0.2 9+2.8 1795+240
Kashipur 6 198+37 137-280 7.1+0.4 3.2+0.81 1563+247
Raghunathpur I 7 331+£38 264-399 7.6+0.4 42+19 18044200
Santuri 4 134431 85-181 6.5+0.3 0.74+0.38 20044193
Puncha 6 203+40 156273 7.5+0.3 3.8+1.1 2164+355
Manbazar [ 5 98+20 60-145 6.4+0.4 1.2+0.32 1042+187

phosphate (#=0.04) were not significant (Fig. 5c, d, respec-
tively). The results thus show that the enrichment of fluoride
of the study area is associated with the slightly alkaline nature
of soil while use of phosphate fertilizers in agriculture has
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negligible impact. This is concurrent with the previous find-
ings by Farooqi et al. (2009), and Kundu and Mandal (2009).

If the present trend of using large amount of fluoride-
contaminated groundwater for irrigation continues, the
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Fig.5 Correlation between a fluoride content in deep tube wells and fluoride content in soil, b soil fluoride and soil pH, ¢ soil fluoride and total hardness
of soil, and d soil fluoride and soil phosphate in the Bankura and Purulia districts of West Bengal
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significant positive correlation between water fluoride and soil
fluoride contents of the study area indicates that there is a high
possibility of increase of fluoride concentration in water and
ultimately its bioaccumulation into irrigated crops in near
future. Plants by using their roots absorb fluoride from soil
and then transport it to different organs, mainly the leaves via
xylematic flow (Davison and Weinstein 1998). Different re-
searchers had shown bioconcentration of fluoride from soil
and water to plants at various degrees (Fornasiero 2001;
Kalinic et al. 2005; Kozyrenko et al. 2007; Saini et al.
2013). Thus, consumption of food, vegetables, and fruits is
becoming another potent route for fluoride entry into human
food chain along with the present drinking water pathway.
Ingestion of plants with a high fluorine concentration has been
reported to cause chronic toxicity in grazing animals and
humans and leads to bone damage as well as tooth wear (Clark
and Stewart 1983).

Conclusions

The present status of fluoride contamination in groundwater
and agricultural field soil of lateritic Bankura and Purulia
districts (West Bengal) was investigated in this study. The
range of fluoride in different water sources was estimated to
be 0.01-1.6 mg/l with average value of 0.55+0.24 mg/l. In
most of the samples, fluoride was present within the WHO-
recommended maximum permissible limit (1.5 mg/l). Use of
deep tube wells for drinking purpose in the Kashipur block
(fluoride content >1.5 mg/1) has to be restricted at an earliest as
it may cause health hazards to the local population. The
fluoride in water was observed to be significantly positively
correlated with pH and negatively correlated with hardness.
The sealing of unsafe deep tube wells has largely sorted out
the groundwater fluoride contamination in the study area
where fluorosis was previously prominent. The maximum
exposure doses of fluoride from drinking water for infants,
children, and adults were estimated to be around 11, 5, and 3
times higher than the MRL value (0.05 mg/kg/day). If intakes
of fluoride from other sources are taken into consideration,
then the total exposure dose of fluoride is anticipated to give
much higher values. The fluoride in soils (55-399 mg/kg) was
found to be related with pH of the soil while agricultural
activities had almost no impact. Transfer of fluoride from
contaminated soil and water to plants would enhance the
severity of fluoride toxicity in residents. Extensive monitoring
has to be thus conducted to assess the degree of bioaccumu-
lation of fluoride by locally cultivated crops and vegetables. A
centralized drinking water treatment and distribution facility,
defluoridation of the groundwater, and recharging groundwa-
ter by rain water harvesting are recommended to improve the

@ Springer

fluoride contamination problem in this area on long-term
basis.
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