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Abstract We studied chronic fluoride intoxication in 10

villages of Udaipur receiving F emissions from phosphate

fertilizer factories. Although fluoride remained below per-

missible limit in most of the drinking water samples, the

incidence of fluorosis in adults as well as in children was

surprisingly high. Khemli appeared to be the most affected

village (with [48% cases) where, about 93% of 2 h air

samples contained fluoride above 2.0 lg m-3 and crops and

vegetable F ranged from 27.5 to 143.4 lg g-1. Concentra-

tions of fluoride and inorganic P in urine showed asynchrony

and were well linked with prevalence of fluorosis. The study

indicated that air-borne fluoride was the major factor for

higher prevalence of fluorosis in these rural areas.
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For developing countries such as ours, where majority of

population live in rural areas with poor infrastructure and

sanitation, availability of safe drinking water has always

been a critical issue. Particularly in dry regions of our

country, per capita availability of safe drinking water has

become a matter of serious concern. The Rajasthan state of

India, which witness high frequency of drought and faces

water paucity at many parts, has also been identified as one

of the endemic States for fluorosis (Susheela 1999). This

disease is endemic in many parts of our country where F

content is high in drinking waters. Recent years however,

have witnessed high concentrations of this toxicant in air

and in food stuffs especially around pollution emitting

sources. Lakdawala and Punchar (1973) have made

extensive study on prevalence of fluorosis and total fluoride

intake through drinking water and dietary intake in Bom-

bay (India).

Fluoride is ubiquitous and its concentration varies

widely, reaching sometimes as high as 18,000 lg L-1 in

hot springs (Madhavan and Subramanian 2001). Certain

rock types contain fluoride ranging from 180 lg g-1 in

sandstone and greywaeke to 800 lg g-1 in granite

(Madhavan and Subramanian 2001). Rock phosphate,

phosphatic nodules and phosphorites contain high con-

centrations of fluoride. Agricultural application of pesti-

cides and fertilizers coupled with industrial activities most

often contaminates ground water, surface waters and agro-

ecosystems with fluoride (Samal 1988). Air-borne fluoride

in the vicinity of aluminium factory, glass fibre factory and

phosphate fertilizer factory often contaminate edible crops

and dietary vegetables along with surface water bodies

(Samal 1988; Pandey 2005a). Thus, in addition to drinking

water, dietary intake and inhalation of air-borne fluoride

could significantly enhance human exposure to fluoride. In

a recent field trial, it was observed that, despite low level of

fluoride in drinking water, a number of persons including

school going children suffer from dental fluorosis (Pandey

2005a). It seemed that the total fluoride intake from dif-

ferent components of environment including those from

air-borne sources need to be considered for explicitly

addressing source-link relationships and fluoride associated

human health issues. This has particular concern in the

vicinity of pollution emitting sources. A number of reports

focusing on endemic fluorosis are available for many parts
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of our country (Desai et al. 1993; Susheela 1999; Choubisa

2001; Susheela et al. 2010). However, so far no reports are

available explicitly addressing the role of air-borne fluoride

on human health in our country. This systematic study was

an attempt to examine the cases of dental fluorosis in

school going children and adult population in some rural

areas of Udaipur exposed to air-borne fluoride emitted

from phosphate fertilizer factories.

The present study was conducted in some rural areas of

NE Udaipur (24� 350 N lat and 72� 860 E long; 530 m

above msl), Rajasthan during 2004–2006. The studied area

is not listed under endemic fluorosis. The climate of the

region is tropical with three distinct seasons, a hot and dry

summer (April to June), a warm and wet rainy (July to

September) and a cool and dry winter (November to Feb-

ruary). October and March constitute transitional months.

The day time summer temperature ranged from 33.0 to

44.5�C. During winter, temperature varied between 8.6 and

23.5�C and night temperature some time dropped below

freezing. The annual rainfall averaged 615 mm and relative

humidity ranged between 14% and 97%. Wind direction

shifts from pre-dominantly westerly and north-westerly in

October to April and easterly and south-westerly in the

remaining months.

Materials and Methods

For the present study, ten villages were selected and based

on population size, 80–286 cases of adults in age group

21–65 (both men and women) were examined for dental

fluorosis. Children of ten schools (115–364 students in age

group 5–15) were also examined. Teeth of children and

adults of both sexes were examined for dental fluorosis

using grade II mottling as a criterion (WHO 1970).

Drinking water sources and food habits of the villagers

were also enquired. The main occupation of the residents is

agriculture. Borewells and well waters are used for drink-

ing, cooking and irrigation purposes. Since the area

receives air emissions from two phosphate fertilizer units

(Udaipur Phosphate Fertilizer Factory and Rama Phosphate

Fertilizer Factory), in order to asses total fluoride intake we

also analyzed locally grown crops and vegetables along

with drinking water samples. Common agricultural crops

and vegetables include Maize (Zea mays L.), Wheat

(Triticum aestivum L.), Pearl millet (Pennisetum typhoides

L.), Chick pea (Cicer arietinum L.), Tomato (Lycopersicon

esculentum Mill.), Brinjal (Solanum melongena L.), Cau-

liflower (Brassica oleracea L.), Lady’s finger (Abelmos-

chus esculentus L.), Radish (Raphanus sativus L.) and

Spinach (Spinacea oleracea L.). Samples of crops and

vegetables were analyzed for fluoride concentration fol-

lowing Bellack (1972). Drinking water samples, collected

in pre-sterilized bottles from all the sources were analyzed

for fluoride concentration using a fluoride ion electrode

(Model 90–91, Orion Research, USA; detection limit

0.019 ppm). Citrate was included in the total ionic strength

adjustment buffer (TISAB) as a chelating agent in order to

avoid interference by fluoride binding metal ions. Fluoride in

ambient air was measured using High Volume Samplers

(Envirotech APM-415) following Pandey (2005b). Extrac-

ted fluoride in air and urinary fluoride was analyzed using

fluoride ion electrode. Inorganic phosphate in urine was

analyzed using an automatic analyzer system. Quality con-

trol measures were taken to assess contamination and reli-

ability of data. For quality assurance, blank and standards

were run after five determinations to calibrate the instrument.

Analytical variances of the data remained below 10% for all

the measurements.

Significant effects were assessed using analysis of var-

iance (ANOVA) following appropriate transformations

whenever required. Standard error of means (SEM) and

coefficients of variation (CV) were computed for express-

ing data variability. The statistical analysis were done

using SPSS programme.

Results and Discussion

Fluoride concentration in drinking water samples ranged

from 0.03 to 2.24 ppm (Table 1). For most of the water

samples, the values remained below the permissible limit as

established by Ministry of Health, Government of India. For

Khemli village however, the concentrations of fluoride in

both, well water (1.87–2.24 ppm) and borewell water

(1.14–1.42) remained above the permissive limit. The area

considered in this study receives high amount of air-borne

fluoride from phosphate fertilizer factories (Table 1). Con-

centration of fluoride in air was found to be the highest at

Khemli (1.95–7.61 lg m-3) and lowest at Devali village

(0.36–2.46 lg m-3). About 93% of 2 h air samples at

Khemli contained fluoride above 2.0 lg m-3. Fluoride

concentration in agricultural crops and dietary vegetables

were substantially high (Table 2). In grains, the concentra-

tion, on dry weight basis, ranged between 27.5 and

121.4 lg g-1 and in vegetables, between 37.6 and

143.4 lg g-1 (Table 2). Among the grain crops, fluoride

accumulated maximally in maize (37.6–121.4 lg g-1 dry

weight) and among vegetables, in spinach leaf (56.2–143.4

lg g-1 dry weight). In school going children (aged 5–15),

the cases of dental fluorosis ranged from 14.0% to 43.0%

(Table 3). The incidence of dental fluorosis in boys and girls

did not differ significantly. Of the 10 villages selected in the

study, Khemli was found to be the most severly affected

(Table 4), where about 49.0% of the adult population has

shown the sign of dental fluorosis.
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Trends in fluorosis were found to be synchronous to

those with fluoride concentrations in drinking water, air,

crops and dietary vegetables. High concentration of fluo-

ride in air and in drinking water and other sources could

account for high incidences of fluorosis in Khemli village.

According to WHO standards, permissive limit for fluoride

in drinking water is 1.0 ppm (Meenakshi et al. 2004). In

dry tropics, where water intake is very high, fluoride in

water even at low level may induce harmful effects (Bassin

et al. 2004).

Furthermore, high concentration of air-borne fluoride

could result in high accumulation of fluoride in crops and

dietary vegetables grown in the area (Jelenko and Pokomy

2010). Air-borne fluoride also contributes to raised fluoride

levels in open water systems such as wells and ponds.

These sources, in addition to their use for drinking water

are often used for crops irrigation. Thus, enhanced fluoride

intake through drinking water coupled with dietary intake

could significantly substantiate total fluoride accumulation

in body tissue. Inhalation exposure to air-borne fluoride

could further substantiate total tissue level fluoride.

According to an US Department of Agriculture report, air-

borne fluoride has caused more worldwide damage to

domestic animals than any other pollutant (USDA 1972).

Devali was found to be the least affected village considered

in this study, where fluoride in drinking water (0.01–0.14

ppm) and in ambient air (0.36–2.46 lg m-3) remained the

lowest.

The incidence of fluorosis in villagers including school

going children in SE Udaipur appeared alarming. In

Table 1 Concentrations of fluoride in ambient air and in drinking water at selected villages of Udaipur

Village Fluoride in air (lg m-3)# Fluoride in water (ppm)#

Asna 3.26 (1.90–6.15) Well water: 0.08 (0.04–0.12)

Borewell water: 0.11 (0.06–0.15)

Bhagrio ka Guda 2.68 (1.47–5.36) Well water: 0.64 (0.53–0.97)

Chandesara 2.62 (1.56–5.16) Borewell water: 0.07 (0.05–0.11)

Devali 1.37 (0.36–2.46) Well water: 0.09 (0.07–0.14)

Gondoli 1.65 (0.58–2.85) Borewell water: 0.11 (0.07–0.16)

Gudali 1.97 (1.30–5.05) Well water: 0.07 (0.03–0.11)

Borewell water: 0.10 (0.05–0.16)

Junawas 2.78 (1.54–5.28) Borewell water: 0.07 (0.03–0.11)

Khemli 3.79 (1.95–7.16) Well water: 2.07 (1.87–2.24)

Borewell water: 1.28 (1.14–1.42)

Odwadia 1.58 (0.47–2.77) Borewell water: 0.08 (0.06–0.12)

Shangawa 2.61 (0.54–3.09) Borewell water: 0.51 (0.32–0.66)

Values in parenthesis represent range of concentrations
# Site-wise variations significant at p \ 0.01 (ANOVA)

Table 2 Fluoride concentration in common edible crops and dietary

vegetables in the study area

Crop/vegetable Fluoride (lg g-1 dry weight)

Mean Range CV

Maize 72.5 37.6–121.4 18.4

Wheat 66.9 34.1–107.6 19.2

Pearl millet 61.3 31.0–98.2 19.4

Chick pea 54.1 27.5–77.3 15.7

Tomato 75.0 41.2–118.5 15.3

Brinjal 75.9 43.5–124.8 15.9

Cauliflower 78.9 46.0–128.7 17.8

Lady’s finger 75.3 37.6–109.5 16.2

Radish leaf 81.2 51.8–139.5 13.5

Spinach leaf 87.5 56.2–143.4 12.6

CV coefficient of variation

Table 3 Cases of dental fluorosis in school going children (aged

5–15) in the study area

Name of the school Affected

boys

Affected

girls

Primary school, Khera (n = 143) 34 (56.7) 26 (42.3)

Primary school, Kanpur (n = 364) 26 (50.9) 25 (49.1)

Primary school, Umara (n = 186) 20 (58.8) 14 (41.2)

Primary school, Deekia (n = 125) 18 (51.4) 17 (48.6)

Primary school, Jhapa (n = 118) 17 (50.0) 17 (50.0)

Primary school, Umara Khera (n = 125) 12 (60.0) 08 (40.0)

Primary school, Dhama Talai (n = 145) 18 (51.4) 17 (48.6)

Primary school, Dhama Talai (n = 135) 34 (58.6) 24 (41.4)

Middle school, Kanpur (n = 135) 31 (54.4) 26 (45.6)

Middle school, Khera (n = 115) 20 (45.5) 24 (54.5)

Values in parentheses indicate per cent of the affected cases
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particular, children with fast growing tissues could get

affected more severely and quickly. Children have also

shown such symptoms as stomach pain, intermittent diar-

rhea, chronic constipation and gas formation which could

be linked with fluoride intake (Ando et al. 2001). Excess

intake of fluoride leads to the accumulation of dermaten

sulphate, which demineralize the area around teeth and

bones. Such demineralized area in teeth get perforated and

chipped besides being discoloured. A high percentage of

adults in these villages (aged 40–60) containing dental

fluorosis also complained for joint pains. These symptoms

may be indicative of skeletal fluorosis followed by dental

fluorosis (Pandey 2005b). Furthermore, in the fluorosis

areas, the residents including children showed high content

of urinary fluoride and low concentration of inorganic

phosphate in urine (Fig. 1). The latter is an indicative of

altered glomerular filtration. These determinants are often

used as biochemical marker of fluoride exposure (Choubisa

2001). Asynchrony in urinary fluoride and inorganic

phosphate indicate the state of fluoride exposure which

could be linked with the adverse health effects in residents

of fluorosis areas (Ando et al. 2001). In the studied area,

except for Khemli village, the concentrations of fluoride in

most of the water samples were found to be below the

permissible limit. It seemed that atmospheric emissions

from phosphate fertilizer factories could substantiate fluo-

ride intake through inhalation and dietary intake. The area

considered in this study is exposed to emission from

phosphate fertilizer factories where fluoride rich phosphate

rocks are processed for production of phosphate fertilizer.

The source add substantial amount of fluoride into the air

environment (Pandey 2005b). Air-borne fluoride can easily

accumulate in uncovered food stuffs. Since fluoride con-

tamination in food stuffs is hard to remove by washing,

consumption of contaminated food stuffs constitute an

important source of total fluoride. Air-borne fluoride

deposited onto the open waters such as wells and ponds could

further contribute to human exposure through drinking water

and irrigation-linked food chain contamination. These mul-

tiple routes of exposure could exacerbate the incidence of

fluorosis even in those villages where water fluoride levels

were below the permissible limit.

The study indicates that exposure to excess fluoride has

caused dental fluorosis and altered glomerular filtration

both, in adults and children in rural community of NE

Udaipur. However, unlike many other parts of Rajasthan,

fluorosis did not appear endemic to this area. Air-borne

fluoride being added from phosphate fertilizer factories

could substantiate the total fluoride intake in the residents

through multiple routes including inhalation and dietary

intake of contaminated food stuffs. Atmospheric sources

further add fluoride to open waters such as wells and ponds

leading to human exposure through drinking and irrigation

linked contamination. Hence the approaches such as pro-

vision of defluoridated drinking water would be least

productive unless the residents are getting relief from air-

borne fluoride being added from phosphate fertilizer

factories. Majority of the affected cases belong to poor

socio-economic status and could hardly afford to take

calcium and vitamin-C rich diet. It is therefore invitable to

Table 4 Cases of dental fluorosis in adults in the study area

Village Affected men Affected women

Asna (n = 186) 42 (51.2) 40 (48.8)

Bhagrio ka Guda (n = 195) 33 (50.8) 32 (49.2)

Chandesara (n = 212) 34 (51.5) 32 (48.5)

Devali (n = 186) 11 (57.9) 08 (42.1)

Gondoli (n = 172) 14 (51.9) 13 (48.1)

Gudali (n = 195) 27 (50.9) 26 (49.1)

Junawas (n = 80) 12 (50.0) 12 (50.0)

Khemli (n = 386) 76 (54.3) 64 (45.7)

Odwadia (n = 152) 13 (61.9) 08 (38.1)

Shangawa (n = 195) 33 (54.1) 28 (55.9)

Values in parentheses indicate per cent of the affected cases
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Fig. 1 Concentrations of fluoride (a) and inorganic phosphate (b) in

urine in residents of severe fluorosis area (Khemli) and low fluorosis

area (Devali). Variations significant at p \ 0.001 (ANOVA)
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develop and implement suitable control measures to reduce

air-emission linked health problems of this region.
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