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Abstract: It has been noticed that the literature on effects of fluoride on domestic animals is controversial on
the basis that the amount of fluoride salts that can be tolerated by animal and its effect on the health of the
domestic animals due to continuous ingestion above normal level. Lots of investigations and surveys had
presented a data on the fluorosis in domestic animals, is surprising and alarming. Besides the skeletal and
dental deformities, significant damage was observed in the reproductive physiology and growth of the
domestic animals. Fluorosis became the severe health problem in domestic animals all over the world
including India. Many states are under the effects of high fluoride content and its effect on the livestock. This
is a brief review to grab the attention about the danger of fluoride to the livestock especially in domestic
animals.

Keywords: Fluoride, toxicity of fluoride, dental fluorosis, Skeletal fluorosis, non- skeletal fluorosis.
1.Introduction

The quality of life and the health of the environment are directly dependent on each other. Variations
in natural and anthropogenic activities leads to the contamination of ecosystem. The effect of fluoride on the
health of domestic animals has been studied for over 100 years by researchers from wide variety of
disciplines. Natural geological sources and increasing industrialization effectuates increasing incidence of
fluoride-induced human and animal health issues. Toxic pollutants are released via abiotic factors which in
due course accumulate in the food chain, affecting living population which shows deleterious effects for their
survival. Unlike human beings, animals also respond to the toxic effects of F which ultimately shows
deleterious effects. The reports indicating the chronic harmful effects of F on different organelles of domestic
animals and various studies have been reviewed in this article.
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2.Properties of fluoride

Latin term- “floure” means — to flow, giving fluoride its name. It is 13th more abundant trace element
in the Earth’s crust. It belongs to halogen family, represented as ‘F’ with atomic weight 19 and atomic number
9. It is most electronegative of all elements and can be rarely found in its elemental state. It is essential for
human and animal health. According to WHO (1984) and Bureau of Indian standard drinking water
specification (2003) the highest desirable limit is 1.0 ppm and maximum permissible limit of fluoride in
drinking water is 1.5 ppm. It is an inevitable industrial toxicant of geological origin found in water Mishra et
al., (2009). Concentrations above 1.5 ppm causes fluorosis Kumar and Puri, (2012). Which is a resultant of
excessive intake of fluoride. The permissible limit for fluorides in drinking water is 1.5 mg/l (WHO 2017).

Worldwide scenario of fluoride levels

Environmental pollution is a major global problem posing serious hazard to human and animals.
Chronic fluoride intoxication (fluorosis) is a worldwide health problem and is endemic in those areas where
fluoride content is high in drinking water. Billions of people are affected due to fluoride exposure. In India,
twenty million people are severely affected by fluorosis and 40 million people are exposed to risk of endemic
fluorosis Chinoy JN, (1991). In a study conducted above 50% of the groundwater sources were fluoride
contaminated Nandan et al., (2007). World-wide twenty-four nations are belonging to the critical region
regarding the fluoride level. Among them, India is one where 19 states are contaminated due to high fluoride
content varying from 2-20ppm in potable water sources. The ministry of health & family welfare has
identified at least 132 districts in 19 states severely affected by high fluoride content in drinking water, a
leading cause of fluorosis.

3. Sources of fluoride exposure in domestic animals

In recent years, alarming cases of fluoride exposure in domestic animals has been seen due to various
sources of fluoride emission. Hydrofluorosis, industrial fluorosis and endemic fluorosis shows hazardous
effects on majority of the population Swarup et al., (2001) and Sahoo et al., (2003).

a) Natural sources

Drinking water with high fluoride contents is the prime source of natural fluoride exposure to
animals. The majority of fluoride toxicity occurs via oral intake as compared to air borne fluoride
Swarup and Dwivedi (2002); Ranjan and Ranjan (2015). Contaminated soil and percolation of F into
the ground water via leaching causes F toxicity. Geological factors, consistency of the soil, nature of
rocks, pH and temperature of the soil, chelation of elements, leakage of shallow groundwater are the
factors responsible for the presence of F in groundwater Li et al., (2014).

b) Mineral Sources

Mineral and geochemical stores are prime sources of F whereas major part of discharge of F into subsoil
water takes place through the degradation of rocks containing fluorine Jacks et al., (2005). Mineral forms of F
are Cryolite (Na3AIF6), fluorite (CaF2) and Fluroapatite (Ca5(PO4)3F Edmunds and Smedley ;(2005)
Tavener and Clark; (2006).

¢) Anthropogenic sources

The main anthropogenic sources of F occur due to industrialization, motorization, fluoride containing
pesticides, fluoridation of drinking water supplies, dental products, fire extinguishers and refrigerators WHO,
(2002) and Paul et al., (2011). These sources releases fluoride in the environment in the form of gaseous like
HF, F2, SiF2 and particulate like CaF2, NaF, and Na2SiF6. Industrial emission contaminates the rainfall with
fluoride and responsible for fluorosis in nearby farm animals Fuge and Andrews, (1988)

d) Forage and grasses

Forages and grasses around industrial area are highly contaminated due to F rich dust, ash, fluorine from
industrial effluents, splashing on soil particles, on fodder by rain. This F contaminated food is also a source
for F toxicity. Some studies stated that the plants contamination depends on various factors like the distance
from the F source, types of vegetation, F released in to the atmosphere, atmospheric condition, height of the
plants and the seasons etc. NRC 1960 and Mascola et al., (1974)
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e) Volcanic sources

From the volcanic eruption, F has been released in the form of hydrogen fluoride. Erupted F may cover
several places and exists for long time. After decaying and leaching, F caused severe effects on domestic and
wild animals. Weinstein and Davison;(2004, Araya et al., (1993) and Bellomo et al., (2007). The common
sources of excess fluorine for animals have been reported by many workers as follows:

[ Mineral weathering ]
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[ Vegetation ]
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Figure 1. Sources of Fluoride in Animals

4. Bioavailability and absorption

Fluorides are ubiquitous in nature. The three main routes of absorption of fluoride are ingestion,
inhalation, and percutaneous absorption. Only ingestion is significant in a farm context as well as in polluted
environments Weinstein and Davidson, (2004). Absorbed fluoride is rapidly distributed in the circulation to
the intracellular and extracellular fluid irrespective of route of intake. It is retained only in calcified tissues of
bone and teeth. Ninety-nine percent of the total fluoride content of the body is concentrated in calcified tissue
and the remainder is excreted in the urine EFSA (2005); ATSDR, (2003).
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Figure 2. Summary of metabolism and excretion of Fluoride

Excess intake of fluoride for lengthened period results in its accumulation predominantly in hard
tissues, teeth and bones and causes adverse effects which appear in the form of dental and skeletal fluorosis.
Prolonged ingestion of fluoride also affects other organs and alters their architecture and physiology. It has
been observed that, dental, skeletal and non-skeletal fluorosis have been described in different species of
domestic animal due overexposure of fluoride in their drinking water, however maximum permissible limit
for these animals has not been well studied yet.

Fluorotoxicosis is both beneficial and harmful to the living population, and is also required for various
physiological functions: calcification of teeth and bones, fertility, haematopoiesis, and certain enzyme
activation systems hence, it has been considered as one of the 14 essential elements for animal life
Anonymous (1973). But as per Wheeler and Fell (1983), the necessity of fluoride in biological functions is
still doubted, as the amount required is so negligible that deficiency cannot be produced under even the most
careful laboratory conditions. Swarup and Dwivedi, (2002) observed that the readily soluble inorganic
fluoride compounds are relatively more toxic and are easily absorbed by digestive tract of animals. Due to
accumulation of fluoride in biological systems, constant and increasing intake of F results in pathognomonic
signs of intoxication and is referred to as fluorotoxicity Wheeler and Fell, (1983). Overall, these signs appear
in teeth, bones and soft tissues or organs of body and are known as dental, skeletal and non-skeletal fluorosis,
respectively.

It has been observed in many studies that young animals are more prone to fluoride deposition in body
tissues. It is reported to be dependent on various factors as species, age, food, nutrients, fluoride exposure,
intake frequency, ambient factors, etc. Choubisa (1999) and Choubisa (2007). In a study conducted by
Kaminsky et al., (2011) it was reported that fluoremia increases with the age of the animals.
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Domestic animals have a threshold level of fluoride tolerance, above which fluorotoxicosis develops.

SKELETAL SYSTEM NERVOUS SYSTEM
DENTAL SYSTEM \ / CARDIOVASCULAR
—
FLOURIDE ____ SYSTEM
EXCRETORY SYSTEM REPRODUCTIVE SYSTEM

Figure 3. Toxicity of Fluoride On Organ System
5.1. Dental fluorosis

Dental fluorosis is a well-known developmental enamel defect due to excessive intake of fluoride
which interferes with amelogenesis and dentinogenesis resulting in defective enamel and dentin formation
Swarup and Dwivedi (2002). Mascarenhas (2000) reviewed that fluorosis was correlated with excessive
fluoride intake especially during teeth development. According to Shearer et al., (1978) dental lesions in
animals include hypomineralized outer enamel, coronal cementum hyperplasia, disrupted subsurface pigment
band, hypoplastic pits, puckered incremental lines, periodic radiolucent regions, and decreased microhardness
of the outer enamel. Pitches and fine dots on the enamel surface of teeth causing loss of natural shine and
early loss of the teeth Shupe (1980). In Goats living in an industrial F polluted areas saw teeth, excessive
abrasion or wearing of enamel, and loss of teeth were more frequently seen Wang (1987). Damage to all of
the enamel surface of the fluorosed teeth has been also observed. Wang (1992) and Wang (2003). Singh et al.,
(2002) observed clinico-pathological signs of fluorosis. In dogs with chronic fluorosis, Kilicalp et al., (2004)
reported that teeth were abnormal in shape, size, color, orientation, and structure. The incisors and the molars
were pitted and abraded respectively. Petrone et al. (2013) studied that long-term exposure of high levels of
fluorides revealed hypomineralization and mottling in teeth. Choubisa (1997) and Choubisa (2000) mentioned
the prevalence of dental fluorosis in calves is relatively higher than the prevalence in adult bovines rearing in
the same F endemic areas. Also, Choubisa (1998) reported highest prevalence (100%) of dental mottling in
bovine calves at 4.7 ppm of F concentration in drinking water. It indicates that Cows which are affected with
fluorosis often shown a gingivitis. An adult cow might show indications of fluorosis without any remarkable
effect on the teeth.

Choubisa, (2010) conducted a study in Bikaner district of Rajasthan where, calves (33.3%) and cows (40.0%)
exhibited the signs of dental fluorosis. Pati, (2014) studied fluorosis in calves and observed that the
prevalence of dental fluorosis was 79.5% and also brownish-yellow staining was seen. But in some cases,
deep blackish colour instead of brownish-yellow was reported. Affected camels (Camelus dromedarius)
showing varying degrees of dental fluorosis were recorded. Also enamel of mandibular and maxillary teeth
were bilaterally and vertically stained from brown to deep yellow Choubisa, (2008). It is the most noticeable,
irreparable, sensitive and indexive sign of chronic fluoride poisoning. Choubisa, (2010) conducted a survey in
F endemic areas of Rajasthan on 18 domesticated dromedary camels of which 15 were mature and 3 were
immature. It was reported eight of these camels showed mild to severe dental fluorosis.
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Table 1: Showing classification in dental lesions in fluorosis Shupe et al., (1979)

0 Normal Translucent, smooth, glossy white enamel, teeth are normal in shape.

1 Questionable effect Slight deviation from the usual translucency of normal enamel. Cause is no
precise. May have enamel flecks; cavities, if present may be unilateral or
bilateral, but no mottling is evident.

2 Slight effect Slight mottling of enamel; may have some discolouration, but no abrasion.
Teeth have normal shape.

3 Mild effect Moderate mottling (large patches of chalky enamel), discolouration of enamel;
teeth may have slight abrasion.

4 Marked effect Definite mottling, discolouration, hypoplasia and hypocalcification; may have
pitting of enamel; enamel maybe cream coloured; definite abrasion of teeth.

5 Excessive effect Definite mottling, discolouration, hypocalcification, may have pitting of
enamel; enamel may be cream coloured, excessive abrasion of teeth.

The animals reared within 0.5 km of the aluminium smelter Odisha had more dental fluorosis
(91.02%). However, the percentage of animals with severe dental fluorosis decreased with increasing distance
from the smelter plant. A rough body coat, stunted growth, emaciation, decrease in milk yield, unthriftiness,
and chronic wasting were the prominent clinical findings in the fluorotic cattle. Ray et al., (1993); Patra et al.,
(2000); Maiti et al., (2004) Horses and donkeys were also afflicted with mild to severe dental fluorosis.

In a study conducted by (Shupe 1980) few mature buffaloes also showed deep black dental fluorosis
instead of yellowish, striated, horizontal lines. A survey was conducted among domestic ruminants in the
Dungarpur district of Rajasthan, included cattle (Bos taurus), buffaloes (Bubalus bubalis), camels (Camelus
dromedarius), sheep (Ovis aries), and goats (Capra hircus) showed signs of dental fluorosis among mature
and immature animals. It was reported that 55.9% buffaloes, 48.0% cattle, 10.7% goats, 7.3% sheep and 5.3%
camels were prevalently affected among the mature ruminants. Among 43 immature cattle and 37 buffalo
calves, the prevalence rate was 51.1% and 62.2% respectively Choubisa, (2011). Choubisa, (2013) conducted
another study on buffaloes in which, adult ones were found to be affected with varying degrees of dental
mottling.

In advanced condition of dental fluorosis, pronounced loss of teeth supporting alveolar bone
with recession and swelling of gingival and excessive wearing of teeth giving a wavy appearance are also due
to chronic fluoride exposure/intoxication.

From the above reviewed it can be concluded that dental fluorosis is directly proportional to the
concentration of F present and is variable from place to place and species to species. Discoloured, mottled
enamel, uneven wearing of teeth were common symptoms in cattle. The maximum susceptibility to fluoride
toxicosis was found in bovines (buffaloes and cattle) followed by equines (donkeys and horses), flocks (goats
and sheep) and camelids (camels). The maximum prevalence to F toxicosis was shown by bovine. The
severity of F toxicity in camels was found less in comparison with other domestic animals Overall, fluoride is
slow toxicant and causes chronic health hazards in domestic animals.

5.2. Skeletal fluorosis

Bone is the principal site of F accumulation, which stimulates the proliferation of (osteoblasts) and
gradually builds up the bones by increasing the uptake of calcium by bones Farley et al., (1983). Common
symptoms of skeletal fluorosis are poor body condition, muscle wasting, locked up joints, diffidence to move,
painful and rigid joints, bony outgrowths and osseous lesions in animals. In calves during developmental
condition, over exposure of fluoride in cows causes skeletal fluorosis in calves and it was also reported that
fluoride could pass through placenta during gestational period Krook and Maylin, (1979). Maylin et al.,
(1987) also reported that calves born from fluoride intoxicated cows had severe symptoms of osteo fluorosis
such as severe malfunctioning in cartilage cell differentiation, osteoblasts bone marrow atrophies and stunted
growth. Changes appear clinically in the form of vague aches and pains in the body and joints associated with
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rigidity or stiffness and lameness, stunted growth, palpable bony lesions and snapping sound in feet during
walking, lesions in the mandibles, ribs, metacarpus and metatarsus regions.

Progressive and unrepairable osteal changes become more severe with advancing of age Choubisa
(1999). Swarup and Dwivedi, (2002) noticed mild to moderate intermittent lameness in hind legs, stiffness of
leg tendons, and wasting of main mass of hind quarters in camels. Industrial skeletal fluorosis was observed
near aluminium smelter Odisha, it was reported that skeletal lesions in the fluorotic cattle were found as
exostoses of ribs, mandible, metacarpal, metatarsal and pelvic vertebrae, swelling of joints, lameness, bending
of limbs, and deformed over growth of hooves. Such pathognomic signs of chronic industrial F intoxication in
cattle were also observed and reported earlier. Ray et al., (1993); Patra et al., (2000); Maiti et al., (2004).
Kilicalp et al., (2004) conducted a study on dog and observed pulp cavities were exposed to fracture. Also,
osseous lesions included exostoses of the jaw and long bones, usually accompanied by thickening and change
of the bones. The dogs were lame and showed pain and difficulty when moving. In goats, physical weakness,
indolence, and reluctancy to move was seen. They also showed mild to severe intermittent lameness,
especially in the hind legs, stiffness of the leg tendons, and wasting of the main mass of the hind quarters were
noticed. They also showed a lowering of the neck while walking. Kant et al (2009) also experimented with
goats of Jammu and Kashmir. Sodium fluoride without and with aluminium sulphate was supplied in their
diet. Goats exhibited decreased movement with muscle wasting, thickened and dense bones.

In a study conducted in endemic areas of the Dungarpur district, Rajasthan 16.7% mature camels
showed periosteal exostoses, moderate intermittent lameness, and hardening of tendons in the legs as
pathognomonic signs of skeletal fluorosis abortions Choubisa, (2010). In Horses and donkeys slight to severe
intermittent lameness in their hind legs, stiffness of tendons in the legs, wasting of main mass of hind quarter
and shoulder muscles, deformed hooves, snapping sounds, and lowering of neck and head during walking was
observed Choubisa, (2010). Choubisa, (2011) reported prevalence of skeletal fluorosis in mature ruminants.
48.3% in buffaloes, 39.8% in cattle, 8.4% in goats, 5.6% in sheep, and 5.3% in camels. In another study, it
was reported that goats were physically weak, indolent, and reluctant to move, mild to severe intermittent
lameness, especially in the hind legs, stiffness of the leg tendons, and wasting of the main mass of the hind
quarters were also observed Choubisa, (2013) The seasonal variation in the F intake in the goat may also
contribute to the lower prevalence and severity of osteo fluorosis Choubisa (2013).

Highest frequency of exostosis was recorded in metacarpal and metatarsal (20% in buffalo, 15% in
cattle and 10% in goat) followed by in ribs (15% in buffalo and 15% in cattle and 5% in goats) and frontal
bones (10% in buffalo 10% in cattle and 5% in goat Swarup and Dwivedi (2002) and Modasiya et al., (2014).
In fluorotic bovines, snapping sound was heard from legs during walking. In addition to these, poor body
condition, stunted growth, decreased draught power were observed. The present findings are in
correspondence with Modasiya et al., (2014).

Kumar et al. (2015) conducted a study and stated that excessive intake of fluoride causes
abnormalities or damage in skeleton and immature cattle are highly liable and more susceptible and less
tolerant to fluoride Kumar et al., (2015).

Painful walking due to periosteal exostoses at ligament & tendons, osteomalacia and osteoporosis has
been reported in fluorotic animals by Samel et al., (2016). Sheikh and Panchal (2018) reported skeletal
fluorosis in cows, goats and buffaloes of Udaipur, Rajasthan.

From the various available reports, it can be reviewed that animals showing severe skeletal fluorosis
were bodily weak, indolent and more reluctant to stand. High fluoridated groundwater, fodder, soil, emission
from various factories and mining of rock phosphate were responsible for the severity of skeletal fluorosis.

Prevalence of skeletal fluorosis was severe among immature animals as compared to the matured ones.

5.3. Non-skeletal fluorosis

Non skeletal forms of fluorosis are earlier manifestations which develop long before the onset of
typical changes in teeth and skeletal bones these are seen as gastro-intestinal symptoms and may overlap with
other diseases. Toxic effects of F in various organ systems are referred to as non-skeletal fluorosis. Singh and
Swarup (1999) observed biochemical changes in serum and urine in fluorotic cow and buffaloes and higher
levels of F in urine and serum were noticed. Industrial fluoride toxicity in cattle was studied by Patra et al.
(2000) in Udaipur. Toxic effects of NaF has been found to produce deleterious effects in soft tissues such as
gastrointestinal tract, lungs, heart, kidneys and liver of domestic animals. Shinde and Shinde (2006) also
stated that fluorosis is caused by ingestion of excess fluoride over a long period. It affected multiple systems
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of the body and resulted in several clinical deformities. Kumar and Choudhary, (2015) reported about the
other signs of chronic F intoxication as colic, intermittent diarrhoea, polydypsia, and polyuria, Sheep were
reported to be less susceptible to fluorosis as compared to cattle.

a. Hepatotoxicity of fluoride- An increase in activities of serum transaminases, sorbitol dehydrogenase, and
decreased levels of serum total protein and albumin reflecting altered liver function were reported in fluorotic
cattle Araya et al., (1990) and goats Tsunoda et al., (1985). Liver is an important organ for metabolism and
detoxification of foreign substances WHO, (2002). Evidences of changes in liver may relate to that the liver
has a central role as a detoxifying organ towards xenobiotics and chemicals. Thus, fluoride shows adverse
effect by altering the regular hepatic functioning in domestic animals.

b. Reproductive toxicity of fluoride- Adverse effects on sperm motility, sperm morphology, and semen
hyaluronidase activity was also recorded invitro studies on bovine semen Schoff and Lardy (1987); Tanyildizi
and Bozkurt (2002). In fluoride endemic areas calves of fluorosed cattle and buffaloes showed abnormal
morphology which indicates placental transfer of fluoride Choubisa (2011). In female goats, repeated
abortions, still births, and irregular estrous cycles were also prevalent in Rajasthan due to industrial fluorosis
Choubisa, (2015). Chronic fluoride intoxication can impair reproductive function. High prevalence of sterility,
still birth, repeated oestrus cycle, and birth of weak offspring have been reported in domestic animals in the
areas with high fluoride contents in water. Since fluoride has the ability to cross the placental barrier, it can
alter reproductive processes in animal species in diverse ways which leads to reproductive toxicity.

c. Renal toxicity of fluoride- Kidneys are primary organs concerned with excretion and retention of fluoride
and thus are generally involved in chronic fluoride intoxication. High levels of serum urea and creatinine in
the affected cows, buffaloes and goats are therefore indicative of degenerative changes in the kidney Singh
and Swarup (1994). Elevated serum urea, nitrogen and creatinine are reported in cows and buffaloes afflicted
with fluorosis Suttie (1957) and Singh and Swarup (1999). Enhanced fluoride levels have also been reported
in the serum of camels Zhang et al., (2015). In short it is observed that intoxication of fluoride in domestic
animals causes degenerative effects on kidney.

d. Gastrointestinal toxicity of fluoride- Readily soluble fluoride compounds are relatively more toxic and
are easily absorbed by digestive tract of animals Swarup and Dwivedi (2002). Being a highly electronegative
element, fluoride has strong affinity towards electropositive elements. In the gastrointestinal tract, fluoride
binds with calcium, thereby reduces its absorption. Significant decrease in serum calcium in fluorotic animals
such as cattles and buffalo was recorded Maiti et al., (2004) and Bharti et al., (2007). Discomforts such as
decreased appetite, abdominal pain, constipation, excess gas production or formation and loose watery faecal
matter were seen, body muscles of calves were found to be weakened. Such health problems have also been
reported in the immature equine animals Choubisa (2010). Thus, it is observed that due to higher dissolution
rate of fluoride in the gastrointestinal tract of animals, it decreases the rate of absorption and causes
discomfort in the other body parts.

e. Cardiovascular toxicity of fluoride- The vascular wall is rich in collagen fibres and are one of the major
sites of action of fluoride. Cardiac changes and cardiac arrest can occur due to hypocalcemia and/or
hyperkalemia that develop following exposure to high doses of fluoride Cummings and Mclvor (1988).
Electrocardiogram changes along with a decrease in heartbeat were also reported in dogs Kilicalp et al.,
(2004) and sheep Donmez and Cinar, (2003). It can be seen that diffusion of fluoride into the vascular wall
increases the risk of cardiovascular changes in the affected animals.

f. Neurotoxicity of fluoride- Cattle, buffaloes and other domestic animals living in hyper-endemic areas for
long time developed para and quadriplegia, polyurea and neurological disorders Choubisa (1999) and
Choubisa (2007). Hence the toxicity of fluoride gives rise to various neurological disorders in the animals.

g. Endocrine toxicity of fluoride- According to Wheeler (1983) and Swarup Dwivedi (2002) extremely high
intake of fluoride influences function of thyroid, parathyroid and adrenal gland causing subsequent changes in
humoral profile. Fluoride-induced effects on reproductive organs, gametogenesis, embryogenesis and brain
are also not well studied in domestic animals. Thus, it is observed that excessive intake of fluoride leads to
malfunctioning of the endocrine organs in the animals, which further causes changes in their humoral profile.
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Conclusion:

This review encapsulates the F toxicity in animals. High F intake leads to acute and chronic health
problems in livestock. Anthropogenic sources of F causes health issues but majority of the problem arises
from natural sources via ingestion. Since animals are economically important, more epidemiological studies
are needed on natural fluorotoxicosis or hydrofluorosis in relation to different fluoride concentrations in
drinking water and biological and non-biological determinants in diverse species of domestic animals to
determine safe limit of fluoride in drinking water. Fluorosis is also responsible for a decline in zootechnical
performance which explains the economic losses. In addition to this more studies are also required on
molecular, histochemical, histoenzymological, biochemical and radiological aspects so as to assure the
mechanism involved in fluoride toxicosis. Also, ameliorative measures are important to prevent their
endemicity of fluorosis.

References:

1. Anonymous (1973): Trace element in human nutrition. A report of WHO expert.

2. Araya O. Wittwer F. Villa A. (1993): Evolution of Fluoride Concentration in Cattle and Grass
Following Volcanic Eruption. Vet Hum Toxicol, 35: 437-440.

3. Araya O. Wittwer F. Villa A. Ducom C. (1990): Bovine fluorosis following volcanic activity in
southern Andes. Vet Rec, 126: 641-642.

4. ATSDR Agency for toxic substances and disease registry; toxicological profile for fluorides, hydrogen
fluoride, and fluorine. (2003): US Department of Health and Human Services; Public Health Service,
Atlanta, GA.

5. Bellomo S. Aiupp A. D Alessandro W. Parello F. (2007): Environmental Impact of Magnetic Fluorine
Emission in the Mt. Etna Area J. Volcanol Geoth Res, 165: 87-101.

6. Bharti K., Gupta M., Lall D. and Kapoor V. (2007): Effects of boron on haemogram and urine profile
in buffalo calves fed a high F ration. Fluoride, 40(4): 238-243.

7. Chinoy J.N. (1991): Effects of fluoride on physiology of animals and human beings Indian J Environ
Toxicol, 1: 17-3

8. Choubisa S. L. (1998): J. Environ. Biol, 19: 341-352.

9. Choubisa L., Modasiya V., Bahura K. and Sheikh Z. (2012): Toxicity of fluoride in cattle of the Indian

Thar Desert, Rajasthan, India. Fluoride, 45(4): 371-376.

10.Choubisa S.L. (1999): Some observations on endemic fluorosis in domestic animals in Southern
Rajasthan (India). Vet Res Comm, 23: 457-65.

11.Choubisa S.L. (2007): Fluoridated ground water and its toxic effect on domesticated animals residing
in rural tribal areas of Rajasthan India. Int J Environ Stud, 64: 151-159.

12.Choubisa S.L. (2010): Fluorosis in dromedary camels in Rajasthan, India. Fluoride, 43(3): 194-9.

13.Choubisa S.L. (2010): Natural amelioration of fluoride toxicity (Fluorosis) in goats and sheep. Curr
Sci, 99(10): 1331-1332.

14.Choubisa S.L. (2010): Osteo-dental fluorosis in horses and donkeys of Rajasthan, India. Fluoride,
43:5-12 20.

15.Choubisa S.L. (2010): Osteo-dental fluorosis in horses and donkeys of Rajasthan, India. Fluoride,
43(1): 5-10.

16. Choubisa S.L. (2013): A note on bovine calves as ideal bio-indicators for endemic fluorosis. Indian
Water Works Association, Proceedings of IWWA-National Seminar- 2013, Water- Present & Future,
169- 171.

17.Choubisa S.L. (2013): Fluorotoxicosis in diverse species of domestic animals inhabiting areas with
high fluoride in drinking water of Rajasthan, India. P Natl Acad Sci India B, 83: 317-321.

18.Choubisa S.L. (2014): Bovine calves as ideal bio-indicators for fluoridated drinking water and endemic
osteo-dental fluorosis. Environ Monit Assess, 186(7): 4493-4498.

19.Choubisa S.L. (2000): Fluoride toxicity in domestic animals in Southern Rajasthan. Pashudhan, 15(4):
5.

20.Choubisa S.L. (2013): Fluoride toxicosis in immature herbivorous domestic animals living in low
fluoride water endemic areas of Rajasthan, India: an observational survey. Fluoride, 46(1): 19-24.

21.Choubisa S.L. (1998): Fluorosis in some tribal villages of Udaipur district (Rajasthan). J Environ Biol,
19(4): 341-352.

IJCRT2111248 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | ¢232


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 11 November 2021 | ISSN: 2320-2882

22.Choubisa S.L. (2008): Dental fluorosis in domestic animals. Curr Sci, 95: 1674-5.

23.Choubisa SL., Choubisa DK., Joshi SC., Choubisa L. (2000) Fluorosis in some tribal villages of
Dungarpur district of Rajasthan, India. Fluoride. 30(4): ss223-228.

24.Choubisa, S.L. (2015): Industrial fluorosis in domestic goats (Capra hircus) Rajasthan, India.
Fluoride, 48(2): 105-115.

25.Choubisa SL., Choubisa SL., Choubisa D.K. (2001): Endemic fluorosis in Rajasthan. Indian Journal of
Environmental Health, 43: 177-189.

26.Choubisa SL., Mishra VG., Sheikh Z., Bhardwaj B., Mali P., Jaroli V.J. (2011): Toxic effects of
fluoride in domestic animals. Adv Pharmacol Toxicol, 12: 29-37.

27.Cronin J., Manoharan V., Hedley J. and Loganathan P. (2000): Fluoride: A Review of its Fate,
Bioavailablity and Risks of Fluorosis in Grazed-Pasture Systems in New Zealand, N.Zeal. J.Agric Res,
43: 295-321.

28.Cummings C. and Mclvor E. (1988): Fluoride-induced hyperkalemia: the role of Ca2+ dependent K+
channels. Am J Emerg Med, 6: 1-3.

29.Domingos M., Klumpp A., Rinaldi S., Modesto F., Klumpp G. and Delitti C. (2003): Combined effects
of air and soil pollution by fluoride emissions on Tibouchina pulchra Cogn., at Cubatao, SE Brazil, and
their relations with aluminium. Plant and Soil. 249: 297-308.

30.Donmez N. and Cinar A. (2003): Effects of chronic fluorosis on electrocardiogram in sheep. Biol Trace
Elem Res, 92: 115-122.

31.Edmunds W.M. and Smedley P.L. (2005): Fluoride in natural Waters. In: Selinus O(ed) Essentials Of
Medical Geology, Elsevier Academic Press, Burlington M.A. pp.301-329.

32.EFSA (2005): Opinion of the scientific panel on dietetic products, nutrition and allergies on a request
from the Commission related to the tolerable upper intake level of fluoride. EFSA J, 192: 1-65.

33.Farley R., Wergedal E. and Baylink J. (1983): Fluoride directly stimulates proliferation and alkaline
phosphatase activity on bone forming cells. Science, 222: 330-332.

34.Fuge R. and Andrews J. (1988): Fluorine in the UK Environment, Environ. Geochem. Health 10(3-4):
96-104.

35.Jacks G., Bhattacharya P., Chaudhary V. and Singh K. (2005): Controls on the genesis of some high-F
groundwaters in India. Applied Geochemistry, 20: 221-8.

36.Kaminsky S., Mahoney L., Melius J. and Miller J. (2011): Fluoride: Benefits and Risks of Exposure in
International and American Association for Dental Research. SAGE Critical Reviews in Oral Biology
and Medicine.

37.Kant V., Verma K., Pankaj K. and Raina R. (2009): Experimental osteofluorosis in Goats of Jammu
and Kashmir. Vet Scan, 4(2).

38.Kilicalp D., Cinar A. and Belge F. (2004): Effects of chronic fluorosis on electrocardiogram in dogs.
Fluoride, 37: 96-101.

39.Krook L. and Maylin G.A. (1979): Industrial fluoride pollution. Chronic fluoride poisoning in
Cornwall Island cattle. The Cornell Veterinarian, 69(8): 1-70.

40.Kumar M. and Puri A. (2012): A review of permissible limits of drinking water.  Indian J Occup
Environ Med, 16: 40-4.

41.Kumar M., Yadav M. and Choudhary A. (2015): Effect of fluoride concentration on cattle of Nagaur
district (Rajasthan). International Journal of Scientific and Research Publications, 5(9)1-2.

42.Li C., Gao X. and Wang Y. (2014): Hydrogeochemistry of high fluoride groundwater at Yuncheng
Basin, northern China. Sci Total Environ, 508C: 155-165.

43.Maiti S.K. and Das P.K. (2004): Biochemical changes in endemic dental fluorosis in cattle. Indian J
Anim Sci, 74(2): 169-171.

44, Mascarenhas, A.K. (2000): Risk factors for dental fluorosis: A review of the recent literature. Pediatr
Dent, 22(4): 269-277.

45.Mascola J., Barth M.and McLaren B. (1974): Fluoride intake of cattle grazing fluoride-contaminated
forage, as determined by oesophageal fistulated steers. J Anim Sci, 38: 1298-1303.

46.Maylin A., Eckerlin H. and Krook L. (1987): Fluoride intoxication in dairy calves. The Cornell
Veterinarian, 77(1) : 84-98.

47.Mishra C., Meher K., Bhosagar D. and Pradhan K. (2009): Fluoride distribution in different
environmental segments at Hirakud, Orissa. African J Environ Sci Tech, 3: 260-4.

48.Modasiya V., Dau B., Ghanshyam D. and Bahura K. (2014): Observations of fluorosis in domestic
animals of the Indian Thar Desert, Rajasthan, India. Intl. J. Adv. Res, 2(4): 1137-1143.

IJCRT2111248 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | ¢233


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 11 November 2021 | ISSN: 2320-2882

49.Nayak B., Roy M., Das B., Pal A., Sengupta K. and De P. (2009): Health hazards of ground water
fluoride contamination. Clinical Toxicology (Phila), 47: 292—295.

50.NRC. (1974): Effects of fluorides in animals. Report of committee on animal nutrition. Washington,
National Research Council.

51.NRC. (1960): The Fluorosis problem in livestock production. A report of the NRC committee on
animal nutrition. Publication 824, National Research Council, Washington.

52.Pati M. (2014): Epidemiological study of fluorosis in calves in endemic fluorotic area and its
amelioration. (Thesis) Department of Veterinary Clinical Medicine, Ethics and Jurisprudence College
of Veterinary Science and Animal Husbandry Orissa University of Agriculture and Technology.
Bhubaneswar.

53.Patra C., Dwivedi K., Bhardwaj B. and Swarup D. (2000): Industrial fluorosis in cattle and buffalo
around Udaipur, India. Sci. Total Environ, 253(1): 145- 150.

54 .Paul D., Gimba E, Kagbu A., Ndukwe 1. and Okibe G. (2011): Spectrometric determination of fluoride
in water, soil and vegetables from the precinct of river Basawa, Zaria, Nigeria. J Basic Appl Chem,
1(6): 33-38.

55.Petrone P., Guarino M., Giustino S. and Gombos F. (2013): Ancient and recent evidence of endemic
fluorosis in the Naples area. J Geochem Explo, 131: 14-27.

56.Ranjan R. and Ranjan A. (2015): Fluoride toxicity in animals. Springer Briefs in Animal Sciences (part
of an E-book collection). Basel, Switzerland: Springer International Publishing, pp: 7-12.

57.Ray K., Behra K., Sahoo N. and Dash K. (1993): Studies on fluorosis in cattle of Orissa due to
industrial pollution. Indian J Anim Sci, 67: 943-5.

58.sahoo N., Singh K., Ray K., Bisoi C. and Mahapatra K (2003): Fluorosis in sheep around an
aluminium factory. Indian Vet J, 80: 617-621.

59.Samal P., Jena D., Mahapatra A., Sahoo D. and Behera S. (2016): Fluorosis: An epidemic hazard and
its consequences on livestock population. Indian Farmer, 3(3):180-184.

60.Schoff P.K. and Lardy H.A. (1987): Effects of fluoride and caffeine on the metabolism and motility of
ejaculated bovine spermatozoa. Biol Reprod, 37: 1037-1046

61.Shearer R., Kolstad L. and Suttie W. (1978): Bovine dental fluorosis: histologic and physical
characteristics. Am J Vet Res, 39: 587-602.

62.Sheikh Z. and Panchal L. (2018): Anthropogenic fluoride contamination and osteofluorosis in bovines
inhabiting Umarda, Jhamarkotra and Lakkadwas villages of Udaipur, Rajasthan,-India. Int J Innov Res
Rev, 6 (1): 12-20.

63.Shinde A. and Shinde M. (2006): Environmental fluorine and associated morbidities. J Environ Res
Dev, 1(1): 32-34.

64.Shupe J.L. (1980): Clinicopathological features of fluoride toxicosis in cattle. J Anim Sci, 51: 746-58.

65.Shupe L., Olson E. and Sharma P. (1979): Effects of fluoride in domestic and wild animals. In: Oheme
FW (ed) Toxicity of heavy metals in the environment (part 11). Marcel Dekker Inc, New York and
Basel, pp: 517-540.

66.Singh L. and Swarup D. (1994): Fluorosis in buffaloes. Vet Rec, 135: 260—261.

67.Singh K., Sahoo N. and Ray K. (2002): Clinico-pathological features of fluorosis in goats. Indian Vet
J, 79: 776-779.

68.Singh L. and Swarup D. (1999): Biochemical changes in serum and urine in bovine fluorosis. Indian J
Anim Sci, 69: 776-779.

69.Susheela K. and Kumar A. (1991): A study of the effect of high concentrations of fluoride on the
reproductive organs of male rabbits, using light and scanning electron microscopy. J Reprod Fertil,
92:353-360.

70.Swarup D., Dey S., Patra C., Dwivedi K.and Ali L. (2001): Clinico-epidemiological observation of
industrial bovine fluorosis in India. Indian J Anim Sci 71:

71.Swarup D. and Dwivedi K. (2002): Environmental pollution and effect of lead and fluoride on animal
health. Indian Council of Agricultural Research, New Delhi, pp 68-106.

72.Tanyildizi S. and Bozkurt T. (2002): Investigation of in vitro effects of fluoride on bovine sperm. Turk
J Vet Anim Sci, 26: 325-328.

73.Tavener S.J. and Clark J.H. (2006): Fluorine: Friend or Foe. A Green Chemist’s Perspective. In:
Tressaud, A, (ed) Fluorine and the Environment: Agrochemicals, Archaeology, Green Chemistry and
Water, (ch.5)2, Elsevier, Amsterdam.

IJCRT2111248 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | c¢234


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 11 November 2021 | ISSN: 2320-2882

74.Tsunoda H., Makaya S., Sakurai S., Itai K., Yazaki K. and Tatsumi M. (1985): Studies on the effect of
environmental fluoride on goats. In: Susheela AK (ed) Fluoride Toxicity. International Society for
Fluoride Research, New Delhi.

75.Wang H.Z. (1987): Investigation of animal fluorosis in Baotou. Proceedings, Animal fluorosis in
China. pp: 30-42.

76.Wang D., Zhan W., Chen F.et al. (1992): A study of damage to hard tissue of goats due to industrial
fluoride pollution. Fluoride, 25(3): 123-8.

77.Weinstein H. and Davison A. (2004): Fluorides in Environment: Effects on Plants and Animals. CABI
Publishing Cambridge.

78.Wheeler S.M. and Fell L.R. (1983): Fluorides in cattle nutrition. Nut Abst Rev-B, 53:741-767.

79.Whitford G.M. (1996): The Metabolism and Toxicity of Fluoride. 2nd Rev. Ed. Monographs in Oral
Science, Vol.16, New York: Karger.

80.WHO (2000): Chapter 6.5 Fluorides. Air quality guidelines, 2nd edn. WHO regional office for Europe,
World Health Organization, Copenhagen.

81.WHO (2002): Fluorides. Environmental health criteria 227. World Health Organization, Geneva.

82.World Health Organization. (1984): Fluorine and fluorides. Geneva, Environmental Health Criteria,
No. 36.

83.zhang S., Zhang X., Liu H., et al. (2015): Modifying effect of COMT gene poly- morphism and a
predictive role for proteomics analysis in children's intelligence in endemic fluorosis area in Tianjin,
China. Toxicol Sci; 144(2):238-245.

IJCRT2111248 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | ¢235


http://www.ijcrt.org/

