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ABSTRACT: Almost all the drinking water sources, in the rural areas of the 33 districts
of Rajasthan, the largest state in India, are contaminated with varying amounts of the
fluoride ion (F). Most of the sources, from groundwater, bore-wells, and hand-pumps,
contain F beyond the country standard for India set by the Bureau of Indian Standards,
a requirement (acceptable limit) of 1.0 ppm (mg/L) or a permissible limit in the absence
of an alternate source of 1.5 ppm, or the World Health Organization “desirable” upper
limit of 1.5 ppm. No extensive epidemiological studies on water-borne hydrofluorosis
(chronic fluorosis) have been conducted in many of these endemic high drinking water
F level districts. However, many reports on endemic hydrofluorosis in villagers and their
domesticated animals are available from southern Rajasthan and in the present review
these are critically reviewed and areas for possible future research are identified. The
review considers the sources of F exposure, the distribution of F in potable water, F
tolerance and the development of hydrofluorosis, the clinical features of chronic F
toxicity, factors affecting the severity of F toxicity, biomarkers for chronic F poisoning,
and the mitigation and prevention of hydrofluorosis. These factors may be useful in the
framing and implementation of health policies at the state level for the mitigation and
control of endemic hydrofluorosis.
Keywords: Domestic animals; Fluoride; Groundwater; Humans; Hydrofluorosis; Rajasthan, India. 

INTRODUCTION

Almost all the drinking sources, in the rural areas of the 33 districts of Rajasthan,
the largest state in india, are contaminated with varying amounts of the fluoride ion
(F). Most of the sources, from groundwater, bore-wells, and hand-pumps, contain F
beyond the country standard for India, a requirement (acceptable limit) of 1.0 ppm
(mg/L) or a permissible limit in the absence of an alternate source of 1.5 ppm,1-6 or
the WHO “desirable” upper limit of 1.5 ppm.7-9 No extensive epidemiological
studies on water-borne hydrofluorosis (chronic fluorosis) have been conducted in
many of these endemic high drinking water F level districts. However, many reports
on endemic hydrofluorosis in villagers and their domesticated animals are available
from southern Rajasthan and in the present review these are critically reviewed and
areas for possible future research are identified. The review considers the distribution
of F in potable water sources at the district level, the prevalence of dental and skeletal
fluorosis in relation to F concentrations, the irreversibility of chronic fluorosis, the
susceptibility to chronic fluorosis, and the bio-indicators of chronic F poisoning.
These factors may be useful in the framing and implementation of health policies at
the state level for the mitigation and control of endemic hydrofluorosis.
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RAJASTHAN

Rajasthan is the largest state in India and lies between latitude 23º30’ and 30º11’ N
and longitude 69º29’ and 78º17’ E. The area of Rajasthan is 342,239 km2 and it
comprises 10.4% of the area of the country. The state is eco-geographically divided
by the Aravalli mountain range into two regions: (i) the Thar Desert region in the
west, and (ii) the forest belt in the east. At present, Rajasthan has a total number of 33
districts of which 12 districts are located in the western desert region. The human
population of Rajasthan in 2015 was 73.53 million and the domestic animal
population in 2012 was 57.73 million. 

SOURCES OF F EXPOSURE

The principal sources of F for man and animals are: drinking water, vegetation and
crops grown on fluorotic soils, certain edible marine animals, F-rich phosphate feed
supplements, mineral mixtures, medicines, cosmetics, dust in the air, and certain F-
emitting industrial processes.9,10 The first two F sources, drinking water and plants
grown on fluorotic soils, are natural and generally responsible for endemic fluorosis
while the remaining sources are anthropogenic and are restricted to particular
locations. In the state of Rajasthan, the main F source for the development of
hydrofluorosis (chronic F intoxication or chronic fluorosis caused by F in drinking
water) in both man and domestic animals is groundwater. 

In recent years in Rajasthan, another source of F exposure has been industrial F
emissions. A number of coal-burning and industrial activities11 now discharge F, in
both gaseous and particulate/dust forms, into the surrounding environment. This
industrial F pollution is an important cause of occupational F exposure in many
districts. F emitted by industry contaminates not only the surrounding soil, air, and
water but also the vegetation, crops, and many other biotic communities on which
people, domestic animals, and wild animals are generally dependent for food. The
long-term of inhalation or ingestion of industrial F also causes mild to severe toxic
effects in the form of industrial12 and neighbourhood fluorosis.13

DISTRIBUTION OF F IN POTABLE WATER

Currently, in Rajasthan, the water supply for drinking, cooking, and other domestic
uses in urban areas is mainly from fresh water sources, including large reservoirs,
ponds, dams, rivers, and streams, which are mostly free from F contamination. Up
until 1986, in the rural areas of Rajasthan, there were only a limited number of bore-
wells or tube-wells fitted with hand-pumps which provided drinking water. A bore-
well is a deep narrow well that is drilled into the ground, has a pipe fitted as a casing
in the upper part of the borehole, and is typically equipped with a pump to draw the
water to the surface. However, in 1986 a programme to eradicate a human nematode,
the guinea-worm (Dracunculus medinensis) was commenced14,15 and numerous
bore-wells or tube-wells with hand-pumps were dug in the villages, even in remote
areas of Rajasthan. Simultaneously, all the traditional drinking water sources step-
wells, in which the water is reached by descending a series of steps, and open-wells,
dug wells in which the groundwater is visible, were closed down as part of the
strategy to break the life-cycle of the guinea-worm. 
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Based on the available scientific reports, almost every hand-pump and bore-well
located in the rural areas of Rajasthan are contaminated with F and are not safe for
either human or animal health. Most of these water sources have a F level beyond the
country standard for India, a requirement (acceptable limit) of 1.0 ppm (mg/L) or a
permissible limit in the absence of an alternate source of 1.5 ppm,1-6 or the WHO
“desirable” upper limit of 1.5 ppm.7-9 In addition, the Bureau of Indian Standards has
stated that the “lesser the fluoride the better, as fluoride is injurious to health.”1-4 In
the first revision of the Indian Standard Drinking Water—Specification, in 2003,5 the
word “requirement” is followed in parentheses by “desirable limit” while in the
second revision, in 2012,6 the requirement for the limit of 1 ppm has been
strengthened by using description in parentheses of “acceptable limit” instead of
“desirable limit.”

Recently, the data on the F concentration (ppm) in the drinking water sources in all
of the 33 districts of Rajasthan were reviewed.16 The highest amount of F in drinking
water was observed in Nagaur (90.0 ppm) district followed by Churu (32.0 ppm), Sri
Ganganagar (28.2 ppm), Jaipur (28.1 ppm), Bhilwara (24.0 ppm), Jodhpur (22.0
ppm), Udaipur (21.6 ppm), Bikaner (20.0 ppm), Barmer (19.6 ppm), Bharatpur (18.4
ppm), Pali (18.3 ppm), Ajmer (17.6 ppm), Sirohi (16.0 ppm), Tonk (15.8 ppm), Sikar
(15.0 ppm), Dausa (14.9 ppm), Jalore (14.2 ppm), Jaisalmer (12.0 ppm), Jhunjhunu
(12.0 ppm), Dungarpur (10.8 ppm), Sawai Madhopur (10.0 ppm), Alwar (9.9 ppm),
Hanumangarh (8.5 ppm), Bundi (6.8 ppm), Chittorgarh (6.6 ppm), Dholpur (4.9
ppm), Kota (4.8 ppm), Pratapgarh (4.7 ppm), Banswara (4.6 ppm), Karauli (4.5
ppm), Rajsamand (4.5 ppm), Baran (2.0 ppm), and Jhalawar (1.5 ppm) district
(Figures 1 and 2).16 

Rajasthan

Image courtesy of Wikipedia; https://
en.wikipedia.org/wiki/Rajasthan

Figure 1. Location of the state of 
Rajasthan in India.
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The occurrence of anomalously high F concentrations in the groundwaters of all 33
districts of Rajasthan is not anthropogenic in origin but is a natural phenomenon and
due to the presence of a heavy deposition of F-bearing minerals in the host rocks and
sediments. The important F-bearing rocks and minerals contain a mean F in the range
of 180–31,000 ppm and include granites, gneisses, mica, schists, limestone, sand
stone, phosphorite, shales, clays, acidic igneous rocks, basalts, and alluvium. Their
chemical properties like decomposition, dissociation, dissolution, and interaction
with water are considered to be the main cause of F in groundwater. The distribution
of F in the various regions is also influenced by the regional physiography, climate,
and hydrogeological conditions.16   
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Figure 2. Map of Rajasthan showing the district-wise F distribution in groundwater sources. The 
ranges for the F concentrations (ppm) in the districts are: deep-blue: 1.5–5.0; light-blue 5.1–10.0; 
light-red: 10.1–20.0; and deep-red: >20.0.16
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F TOLERANCE AND THE DEVELOPMENT OF HYDROFLUOROSIS

In 1973, a World Health Organization (WHO) report, Trace elements in human
nutrition, noted that fluorine had emerged as an essential nutrient in only the last 3–4
years, was now considered to be one of 14 essential trace elements, and to be one of 7
trace elements of special significance.17 In 1983, Wheeler and Fell noted that the
necessity of F in biological functions was still doubted, probably because the amount
required was so small that a deficiency could not be produced, under even the most
careful laboratory condition using trace element sterile isolators.18 In 1996, a WHO
report, Trace elements in human nutrition and health,19 considered fluoride in the
section on “Potentially toxic elements, some possibly with essential functions” and
commented that “Although fluoride should probably be regarded as essential, there is
no evidence so far from human studies that overt clinical signs of fluoride deficiency
exist. No specifically diagnostic clinical or biochemical parameters have been related
to fluoride inadequacy. The Expert Consultation was therefore unable to specify a
minimum desirable intake. However, in view of the toxicity associated with
excessive fluoride ingestion from a variety of sources, recommendations for
maximum safe intakes are required. For this purpose, dental mottling may be taken as
definitive evidence of toxicity.” They recommended that “Total intakes at 1, 2, and 3
years of age should, if possible, be limited to 0.5, 1.0, and 1.5 mg/day respectively,
with not more than 75% in the form of highly soluble fluorides of drinking water.”
They noted that “Adult intakes exceeding 5 mg of fluoride per day from all sources
probably pose a significant risk of skeletal fluorosis.” In 2011, the opinion of a
Scientific Committee on Health and Environmental Risks (SCHER) of the European
Commission, European Union, was that although F has an anticaries effect when
applied topically to the teeth, fluorine is not an essential trace element and is not
necessary for the development of healthy teeth and bones.20

More soluble F compounds are relatively more toxic and are easily absorbed in the
digestive tract of animals. In general, inorganic forms of F are more toxic than its
organic forms.10 If drinking water contains F beyond the threshold value of 1 or 1.5
ppm, 1-9,21 then its consumption for a prolonged period will cause serious damage to
both hard (teeth and bones) and soft tissues (organs). Based on these
recommendations, in Rajasthan, the drinking groundwater of the rural areas of all 33
districts is highly toxic and not safe for human or animal health. Because Rajasthan
has a persistently warm climate, the author suggests that the optimal F concentration
in drinking water should remain below 1.0 ppm. Physiologically, people perspire
more in hot weather and consequently drink more water. More debate and scientific
studies are needed to reset the permissible upper limit for F in drinking water in
India.

In India, hydrofluorosis was recognized and reported for the first time in people
from the Nellore district of the Madras Presidency of south India.22,23 In Rajasthan,
the first case of hydrofluorosis was reported from Jobner of the Jaipur district in
195924 whereas, in domestic animals, hydrofluorosis was first reported from the
Dungarpur district in 1996.25 At present, based on the available reports, out of 33
endemic high drinking water F districts, hydrofluorosis has been reported in only 14
districts viz. Ajmer, Alwar, Banswara, Bharatpur, Bhilwara, Bikaner, Dungarpur,
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Jaipur, Jalor, Jhunjhunu, Jodhpur, Nagaur, Sirohi, and Udaipur.26-60 In only five
districts, namely Banswara, Bikaner, Dungarpur, Sirohi, and Udaipur districts, has
endemic hydrofluorosis been reported in diverse species of domestic animals,
including cattle (Bos taurus), buffaloes (Bubalus bubalis), horses (Equus caballus),
donkeys (Equus africanus asinus), camels (Camelus dromedarius), sheep (Ovis
aries), and goats (Capra hircus). The prevalence of dental and skeletal fluorosis in
people and domestic animals in relation to the F concentration in the drinking water
is shown in Tables 1–3 and the endemic hydrofluorosis districts are shown in Figure
3. In southern Rajasthan (Banswara, Dungarpur, and Udaipur districts), studies have
been carried out on F distribution29, 61-63 and endemic osteo-dental fluorosis in
different human populations64 and different species of domestic animals.65,66 The
first description of the occurrence anywhere of hydrofluorosis in donkeys and the
first description of the occurrence in India of hydrofluorosis in horses were made in
2010.43 However, more district level epidemiological studies on hydrofluorosis are
needed to assess the current status of chronic F poisoning in Rajasthan. 

              100 km

Figure 3. Map of Rajasthan showing where endemic hydrofluorosis was studied in humans (H)
and domestic animals (DA) in 14 districts (indicated in green).
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Table 1. Prevalence (%) of dental fluorosis (DF) and skeletal fluorosis (SF) in people and domestic
 animals in relation to the F concentration (ppm) in drinking groundwater sources reported from
 various districts of Rajasthan (India). (NE=not estimated; – = not determined; Animal species: 

cattle [Bos taurus], buffaloes [Bubalus bubalis], sheep [Ovis aries], goats [Capra hircus], 
horses [Equus caballus], donkeys [Equus africanus asinus], 

and camels [Camelus dromedarius]).

District Range of F 
in ground 

water
(ppm)

Subjects
studied

Sample 
size 
(n)

DF
(%)

SF
(%)

Reference

1 Ajmer 7.6–8.1 Adults 98 43.0 48.0 26
Ajmer 13.9–14.3 Adults 357 83.5 26.9 27

2 Alwar NE Children 173 53.0 – 28

3 Banswara 0.2–5.5 Children 978 31.9 – 29
Banswara 0.2–5.5 Adults 1350 33.4 10.2 29
Banswara 0.2–5.5 Calves 22 13.6 – 29
Banswara 0.2–5.5 Cattle 102 6.8 2.5 29
Banswara 0.2–5.5 Buffaloes 54 7.4 2.7 29
Banswara 1.2–4.6 Cattle 598 – 5.4 30
Banswara 1.2–4.6 Buffaloes 75 – 12.0 30
Banswara 1.2–4.6 Children 521 36.5 – 31
Banswara 1.2–4.6 Adults 826 41.0 19.1 31

4 Bharatpur NE Children 700 54.5 – 32

5 Bhilwara 0.4–13.0 Adults 4252 76.9 47.5 33

6 Bikaner 1.5–2.5 Calves 24 41.7 – 34
Bikaner 1.5–2.5 Cows 75 37.3 40.0 34
Bikaner 1.6–2.2 Cattle 85 21.8 8.2 35
Bikaner 1.5–2.5 Adults 60 36.7 22.4 36

7 Dungarpur 1.7–6.1 Children 2217 73.0 – 37
Dungarpur 1.7–6.1 Adults 2497 82.9 32.5 37
Dungarpur 1.7–6.1 Cattle 1521 66.2 35.8 37
Dungarpur 1.7–6.1 Buffaloes 471 67.5 37.5 37
Dungarpur 1.4–6.0 Cattle 901 59.3 35.6 25
Dungarpur 1.4–6.0 Buffaloes 122 48.3 26.2 25
Dungarpur 1.2–5.2 Adults+children 1272 93.5 – 38
Dungarpur 0.3–10.8 Children 1953 62.7 – 39

Dungarpur 0.3–10.8 Adults 1955 69.7 – 39

Dungarpur 1.1–4.1 Cattle 538 – 9.6 30

Dungarpur 1.1–4.1 Buffaloes 101 – 13.8 30
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Table 2. Prevalence (%) of dental fluorosis (DF) and skeletal fluorosis (SF) in people and domestic
 animals in relation to the F concentration (ppm) in drinking groundwater sources reported from
 various districts of Rajasthan (India). (NE=not estimated; – = not determined; Animal species: 

cattle [Bos taurus], buffaloes [Bubalus bubalis], sheep [Ovis aries], goats [Capra hircus], 
horses [Equus caballus], donkeys [Equus africanus asinus], 

and camels [Camelus dromedarius]).

District Range of F 
in ground 

water
(ppm)

Subjects
studied

Sample 
size 
(n)

DF
(%)

SF
(%)

Reference

7 Dungapur 1.3–6.7 Children (Tribal) 1827 84.9 – 40
Dungapur 1.3–6.7 Adults (Tribal) 1811 84.0 32.7 40
Dungapur 1.3–6.7 Calves 280 89.6 – 40
Dungapur 1.3–6.7 Bovines 1237 88.9 37.8 40
Dungapur 1.2–8.9 Children 444 93.2 2.9 41
Dungapur 1.2–8.9 Adults 1418 91.7 26.2 41
Dungapur 0.8–7.6 Calves 326 67.7 – 42
Dungapur 0.8–7.6 Cattle 1127 2.6 36.0 42
Dungapur 0.8–7.6 Buffaloes 414 74.6 36.7 42
Dungapur 0.8–7.6 Goats 516 – – 42
Dungapur 0.8–7.6 Sheep 486 – – 42
Dungapur 0.8–7.6 Lambs 236 – – 42
Dungapur 1.4–3.3 Horses 14 78.7 78.7 43
Dungapur 1.4–3.3 Donkeys 9 100.0 100.0 43
Dungapur 1.4–3.3 Foals 2 100.0 – 43
Dungapur 1.4–3.3 Camels 18 44.4 16.7 44
Dungapur 1.5–4.4 Cattle 836 50.0 42.7 45
Dungapur 1.5–4.4 Buffaloes 131 70.2 64.1 45
Dungapur 1.5–4.4 Goats 158 32.9 29.1 45
Dungapur 1.5–4.4 Sheep 67 28.3 25.7 45
Dungapur 1.5–4.4 Horses 11 81.8 81.8 45
Dungapur 1.5–4.4 Donkeys 7 71.4 71.4 45
Dungapur 1.5–4.4 Tribals 996 73.8 29.5 46

8 Jaipur 1.2–15.0 Adults+children 221 82.3 – 47
Jaipur – Children 3200 34.5 – 48
Jaipur NE Patients 477 89.0 – 49

9 Jalor 3.56–4.07 Adults 658 94.9 – 50

10 Jhunjhunu 0.3–2.7 Children 401 68.2 – 51

11 Jodhpur 0.7–1.2 Children 1810 18.9 – 52

12  Nagaur NE Adults 244 95.9 – 53
0.2–14.6 Adults – 93.1 – 54
0.5–8.5 Adults 1136 69.4 – 45
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THE CLINICAL FEATURES OF CHRONIC F TOXICOSIS

Chronic F exposure through the ingestion of drinking water with a high F level will
result in its accumulation, predominantly in hard tissues such as teeth and bones, and
cause diverse adverse changes that appear in the form of dental mottling (dental
fluorosis) and bone deformities (skeletal fluorosis) in both humans1and animals.2
Dental fluorosis in humans only occurs with F ingestion while the teeth are still
developing, up to approximately the age of 6 yr. Besides these maladies, there are
also reports, in humans as well as in domestic and laboratory animals, of non-skeletal
fluorosis or toxic effects of chronic F exposure in soft tissues or organs including
gastrointestinal discomforts, neurological disorders, impaired endocrine and
reproductive functions, teratogenic effects, renal effects, genotoxic effects, apoptosis,
and excitotoxicity.67 

 F toxicity in teeth (dental fluorosis): In both humans and animals, the earliest
visible pathognomic sign or manifestation of chronic F poisoning is dental mottling
(dental fluorosis) It is the most recognizable and sensitive index. Dental fluorosis,
which is irreversible, is rampant in Rajasthan. In general, dental fluorosis is
characterized by horizontal staining on the enamel of the teeth in humans (Figure 4),
as well as in immature (Figure 5) and mature (Figure 6) domestic animals, which is

Table 3. Prevalence (%) of dental fluorosis (DF) and skeletal fluorosis (SF) in people and domestic
 animals in relation to the F concentration (ppm) in drinking groundwater sources reported from
 various districts of Rajasthan (India). (NE=not estimated; – = not determined; Animal species: 

cattle [Bos taurus], buffaloes [Bubalus bubalis], sheep [Ovis aries], goats [Capra hircus], 
horses [Equus caballus], donkeys [Equus africanus asinus], 

and camels [Camelus dromedarius]).

District Range of F 
in ground- 

water
(ppm)

Subjects
studied

Sample 
size 
(n)

DF
(%)

SF
(%)

Reference

13 Sirohi 3.0–12.0 Bovines 260 59.2 31.5 56
Sirohi 3.0–12.0 Flocks 405 7.4 1.7 56

14 Udaipur 0.3–7.0 Children 1167 49.7 – 57
Udaipur 0.3–7.0 Adults 1396 58.2 16.4 57
Udaipur 0.3–7.0 Calves 143 39.1 – 57
Udaipur 0.3–7.0 Cattle 839 26.5 14.6 57
Udaipur 0.3–7.0 Buffaloes 318 41.8 16.6 57
Udaipur 0.2–4.6 Cattle 548 – 7.4 30
Udaipur 0.2–4.6 Buffaloes 114 – 15.1 30
Udaipur 0.2–5.1 Children 543 41.6 – 41
Udaipur 0.2–5.1 Adults 755 52.2 21.5 41
Udaipur NE Children 1587 36.7 – 58
Udaipur 0.0–1.0 Calves 75 42.6 – 59
Udaipur 0.0–1.0 Cattle 172 30.8 – 59
Udaipur 0.0–1.0 Buffaloes 116 34.4 – 59
Udaipur 0.8–4.1 Children – 69.8 – 60
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white or light to deep brownish in colour, bilateral, striated, and condensed or
diffuse.46,65,66 

 

Figure 4. A severe form dental fluorosis characterised with striated and horizontally deep
brownish staining on the upper anterior teeth in a young individual.

Figure 5. A severe form dental fluorosis characterised with striated and horizontal deep brownish
staining on the anterior teeth of a cattle calf.
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In some cases, dental fluorosis is also seen in the form of white or light to deep
brownish spots, patches, and fine dots or granules on the enamel surface of the
anterior teeth. In severe dental fluorosis, pronounced loss of the tooth-supporting
alveolar bone occurs with recession and swelling of the gingival tissues, and
excessive abrasion or irregular wearing of the teeth. In a recent study, conducted in
the villages of the desert district, Bikaner, where the drinking water contained F in
the range of 1.5–2.5 ppm, the teeth of calves showed two different forms of
staining.34 Some of the calves had blackish staining on their anterior teeth instead of
the usual brownish-yellow. The reason for this difference in staining is not yet clear.

In domestic animals, dental disfigurement is also important because it reduces their
life-span. When these dental lesions become severe enough to cause difficulty in
grazing and mastication, the animals die at a young age from hunger and cachexia.1
The death of animals at an early age has economic consequences for the herdsmen. It
is interesting to note that, despite these economic losses, the herdsmen/villagers and
many veterinarians in the rural areas of Rajasthan are unaware of the aetiology and
consequences of dental fluorosis. 

Toxicity in bones (skeletal fluorosis): It is well known that skeletal fluorosis is more
dangerous than dental fluorosis, very painful, and highly significant since it
diminishes the mobility of fluorotic humans and animals at a very early age by
producing varying changes in the bones such as periosteal exostosis, osteosclerosis,
osteoporosis, and osteophytosis.40, 41 These changes appear clinically in the form of
vague aches and pains in the body and joints which are associated with rigidity,
lameness, stunted growth, palpable bony lesions, and a snapping sound in the feet
during walking.42-44 The excess accumulation of F in muscles also diminishes or
restricts movements and the condition leads to crippling in humans and lameness in
domestic animals. Neurological complications such as paraplegia and quadriplegia,

Figure 6. A severe form of dental fluorosis in a mature buffalo with excessive attrition, irregular
wearing, and deep brownish yellow staining in the lower anterior teeth.
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(Figure 7) and the syndromes of genu-valgum or genu-varum (Figure 8) can result in
human beings from severe skeletal fluorosis. 

Figure 7. Cases of 
severe skeletal 
fluorosis showing 
common deformities: 
kyphosis, invalidism, 
paraplegia, 
quadriplegia, and the 
genu-varum 
syndrome.

Figure 8. Cases of severe 
skeletal fluorosis showing 
scissor-shaped legs (genu 
varum).
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An X-ray of the radius and ulna bones can be helpful in the diagnosis of skeletal
fluorosis due to the early appearance of calcification in the interosseous membrane
between these two bones (Figures 9–11).68-70 

Well recognized signs of fluorosis in fluorosed animals reared in Rajasthan include
intermittent lameness, swollen joints, debility, wasting of body muscles, bony
exostosis or lesions in the mandibles, ribs, metacarpal and metatarsal regions, and
increased mortality (Figure 12).

9                                10                             11 

Figures 9–11. Radiographs of the radius and ulna bones of the forearms of fluorosed subjects
showing calcification of the interosseous membrane (indicated by arrows), a diagnostic feature
of skeletal fluorosis. 
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In Rajasthan, none of the human fluorotic subjects showed evidence of the genu-
valgum syndrome (knock-knee) or hypothyroidism. The genu-valgum syndrome has
been found in endemic high drinking water F areas where the consumption of jowar
(sorghum) as food is more prevalent1 but, interestingly, it has not so far been detected
or reported in the desert and semi-desert districts of Rajasthan where the staple diet of
the people is jowar-bajra (sorghum-pearl millet). In some southern states (Andhra
Pradesh, Karnataka, and Tamil Nadu) and the middle region of India (Madhya
Pradesh), where skeletal fluorosis is hyperendemic, some cases of genu-valgum
deformity have also been reported.71,72 The way in which F causes these deformities

Figure 12. Emaciated <2-year-old cow calf afflicted with severe skeletal fluorosis. Note the
wasting of the body muscles and bulging lesions on the legs and ribs. 
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is still mysterious and uncertain. The relationship between F intoxication and thyroid
function is also poorly understood, although an association of fluorotoxicosis with
endemic goiter has been reported from several countries.73 In India, some workers
have failed to find evidence of goiter in areas of endemic fluorosis74,75 while others
have observed it.76 In Rajasthan, none of fluorotic individuals were found to have
evidence of goiter.67

Toxicity in soft tissues (non-skeletal fluorosis): F exposure for a prolonged period
through the drinking of water with a high F level may also cause harmful toxic effects
in the soft tissues or organs of both humans and animals. All the manifestations of F
toxicity in the various organ systems, besides the teeth and bones, are referred to as
non-skeletal fluorosis. In endemic high drinking water F provinces of Rajasthan, the
most common health complaints and signs in humans and animals resulting from
chronic F intoxication include gastrointestinal discomforts (nausea/loss of appetite,
gas formation or bloating, pain in the stomach/colic, constipation, intermittent
diarrhea, headache, etc.), frequent tendency to urinate (polyuria)/itching in the genital
area, excessive thirst (polydipsia), extreme weakness/muscle weakness, allergic
reactions, asthma, bronchitis with violent cough, nasal irritation, irregular
reproductive cycles, abortion, and still birth.46,66,77 These complaints are

 reversible after the withdrawal of the F exposure. 78 However, to demonstrate an
aetiological relationship between these symptoms and signs and F toxicity more
scientific research studies are needed, in both humans and domestic animals.

Regular F exposure for a long-time also causes neurological complications in
several ways besides the development of paraplegia and quadriplegia. Recently,
studies conducted in Rajasthan79 revealed that children living in endemic high
drinking water F areas have many neurological ailments such as headache, insomnia,
lethargy, polyuria, and polydipsia. In Rajasthan, chronic F exposure also affects
higher cognitive functioning and reduces the intelligence quotient (IQ) levels,
cognition, memory, and learning ability in children.80,81 In fact, F is responsible for
impairing central nervous system function.82 However, the exact mechanism
involved at the molecular level is, as yet, not clear. In recent studies,83-85 a significant
relationship was detected between the presence of mild, moderate, and severe dental
fluorosis and impaired cognition in children. These studies indicate that dental
fluorosis can be regarded as a marker for F-induced cognitive impairment.86

However, more such studies are needed to reach a final conclusion on F-induced
impaired cognition in children.

It has long been suspected that F may contribute to the formation of kidney stones.
A study conducted in endemic fluorosis areas of southern Rajasthan,87 suggested that
a high intake of F provoked nephrolithiasis in tribal populations. The data suggested
that F in vivo may behave as a mild promoter of urinary stone formation by leading to
the excretion of insoluble calcium fluoride, increasing oxalate excretion, and mildly
increasing the oxidative burden. Nevertheless, more such studies are needed to allow
unanimous acceptance of the role of F in kidney stone formation, especially in
Rajasthan where the drinking water contains a high amount of F. 
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FACTORS AFFECTING THE SEVERITY OF F TOXICITY

The variations in the prevalence and severity of fluorosis in humans and animals
living in either the same or different geographical locations and having similar
concentrations of F in their drinking water can be attributed to a number of factors
such as the duration of F exposure, the concentration of F, the frequency of the F
intake, age, sex, other chemical constituents in the drinking water, habits, nutrition,
other food constituents, and environmental factors, as well as individual variations in
susceptibility, biological response, tolerance, and genetics.88-94 The prevalence and
severity of osteo-dental fluorosis has been studied in Rajasthan with respect to F
concentration, age, sex, other chemical constituents in the drinking water, nutritional
status, food constituents, and these findings may be helpful in the mitigation and
prevention of endemic hydrofluorosis.88-94

BIOMARKERS FOR CHRONIC F POISONING

A biomarker or biological marker generally refers to a measurable characteristic
which may be used as an indicator of some biological state or condition. Biomarkers
for chronic fluorotoxicosis should have a greater susceptibility to F exposure and thus
give an early sign of F intoxication. Recently, a study was conducted in 2,747 mature
and 887 immature domestic animals belonging to different animal species reared in
endemic high drinking water F areas of Rajasthan.95 The animals included bovines,
equines, flocks, and camelids. Among the animals, the immature ones were found
more susceptible to F toxicity. The presence of dental fluorosis in bovine calves was
found to be an ideal biomarker as it appeared early when F poisoning was present.95

In both humans and animals, the F content in biological samples (e.g., milk, urine,
blood serum, nails, teeth, etc.) is a better biomarker for F intoxication than the
presence of morbidity and mortality.96 At present, the level of F in the urine gives the
best indication of the presence of chronic F poisoning.96 

MITIGATION AND THE PREVENTION OF HYDROFLUOROSIS

Endemic hydrofluorosis can be prevented or minimized by using alternative water
sources or low F drinking water, which may be produced by the defluoridation of
high F drinking water, by improving the nutritional status of the population at risk,
and by generating public awareness.

Defluoridation of water can be done by adopting appropriate defluoridation
techniques at both the domestic and the community levels. Although several
defluoridation techniques are available, one of them, the Nalgonda defluoridation
technique is simple, effective, and low-cost.97 In many endemic high drinking water
F states, including Rajasthan, this technique has been adopted at the domestic and
community level for defluoridation of high F potable groundwater. Although this
technique is affordable and gives good results, its success rate at the community level
is still very poor. In many places it has failed totally at the community level due to
lack of public participation, a lack of responsibility for its supervision, and a lack of
proper monitoring and maintenance. In Rajasthan, the hand-pumps and bore-wells in
several villages are also attached to a defluoridation unit which is under the
supervision of the Public Health and Engineering Department of the Rajasthan
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Government. However, this initiative has not been particularly successful. Instead of
these efforts involving using and maintaining a defluoridation unit, the harvesting
and conserving of rainwater is a better method for obtaining low F water (<1 ppm) on
a regular basis. Another option is to supply treated surface water to villages. 

CONCLUSIONS

The drinking groundwater sources in rural areas of all 33 districts of Rajasthan are
contaminated with F and most of them have F beyond the Bureau of Indian Standards
requirement (acceptable limit) of 1.0 ppm or the permissible limit in the absence of
an alternate source of 1.5 ppm.5,6 The ingestion of such water for a long-time is not
safe for health and causes hydrofluorosis in both humans and animals. Therefore, the
provision of a regular supply of low F water (<1 ppm) is highly needed in all the
villages of Rajasthan with endemic high-F drinking water. More epidemiological
studies on hydrofluorosis in humans and animals in each district of Rajasthan are
needed for the proper assessment of the extent of this health problem in Rajasthan. 

It is well established that excessive F consumption leads to accelerated
haematological degeneration leading to red cell death and anaemia.98 In the endemic
high drinking water F Rajasthan state, lethal red cell genetic disorders such as sickle
cell anaemia (Hb-SS), α- and β-thalaseamia and glucose-6-phosphate dehydrogenase
(G-6-PD) enzyme deficiency are also endemic and many people, belonging to
different ethnic groups, suffer from these genetic diseases.99-108 Therefore, more
studies are required to reveal the effect of F in subjects with genetic red cell
disorders. 

The information in the present review on the distribution of high-F drinking water
at the district level in Rajasthan and on the prevalence of dental and skeletal fluorosis
in relation to the drinking water F concentrations in different endemic high-F districts
of Rajasthan may be useful in helping frame health policy at the state level for the
mitigation of hydrofluorosis. 
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