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Abstract

Fluorosis usually develops in domestic animals that are continuously exposed to a potential source of fluoride over a long period
of time. In India, thousands of domestic animals of different species, such as cattle (Bos taurus), water buffalo (Bubalus bubalis),
sheep (Ovis aries), goats (Capra hircus), camels (Camelus dromedarius), horses (Equus caballus), and donkeys (E. asinus)
suffer from fluorosis due to drinking fluoridated water. But in these species, industrial fluorosis can also develop due to exposure
to industrial fluoride emissions or pollution. In the country, there are more than 300 coal-based thermal power plants (TPPs)
for power generation. These require coal to operate. Burning of coal in these thermal power projects releases various types of
poisonous gases, including fluoride-containing gases like HF, SiF’,, and CF,, which spread in the surrounding environment and
contaminate freshwater reservoirs, forest vegetation, agricultural crops, soil, grasslands, air, etc. The fly ash and fly ash pond of
TPP also contain fluoride, up to 12.6 mg/kg and 9.94 ppm, respectively, which causes fluoride contamination of freshwater and
groundwater in the surrounding areas. If animals drink such fluoride contaminated water, they also develop hydrofluorosis. Due to
fluorosis (hydro and industrial fluoroses), teeth and bones of animals get severely damaged. Many animals also become severely
weak and lame due to this. This also affects the productivity of animals, which has a deep impact on the economy of livestock
farmers. But livestock farmers around TPPs do not know that TPPs can also cause fluorosis disease in their domesticated animals.
However, there is a need for detailed research on industrial fluorosis due to TPPs in the country. In the present communication,
the current status of TPPs in India and the fluoride contamination and industrial fluorosis in domestic animals caused by them are
briefly reviewed and the research gaps are also highlighted. This review will be useful in planning health policy to protect animals

from chronic fluoride poisoning caused by fluoride emissions from TPPs in the country.

Keywords: Domestic Animals, Coal, Fluoride Emission, Fluoride Poisoning, Freshwater, Groundwater, Health, Industrial Fluorosis,

Thermal Power Plants (TPPs)

1. Introduction

In India, the main cause of fluorosis in human and animals,
especially in rural areas, is due to drinking of fluoridated water
for prolonged period [1,2]. In the country, almost all drinking
groundwater sources such as hand- pumps, bore- wells, and deep
dug- wells in rural areas are contaminated with fluoride [3]. Many
of them have fluoride levels higher than the recommended level of
1.0 mg/l or even 1.5 mg/1 [1,4,5]. Hence, millions of people in the
country suffer from fluorosis (hydrofluorosis) due to consumption
of water from these sources for drinking and cooking. However,
endemic hydrofluorosis in humans has been widely studied in the
country, especially in the tribal areas of Rajasthan state where
almost all drinking groundwater sources are contaminated with
high levels of fluoride [6-16]. The important thing is that due to
easy availability of water from these drinking water sources in rural
areas, most of the livestock owners started providing water from
these groundwater sources to their domestic animals such as cattle

(Bos taurus), water buffalo (Bubalus bubalis), sheep (Ovis aries),
goat (Capra hircus), horse (Equus caballus), donkey (E. asinus).
This results in the development of hydrofluorosis in these animals
[17-27], which causes heavy financial losses to the livestock
farmers [28-30]. Thousands of animals in India are suffering from
this disease. But livestock owners are hardly aware of this.

The second biggest cause of chronic fluoride poisoning or fluorosis
in humans and animals in the country is industrial fluoride
emission or pollution from coal-burning industries such as thermal
power plants (TPPs) and brick kilns [31-33]. However, some
industries producing steel, iron, aluminium, zinc, phosphorus,
chemical fertilizers, glass, plastics, cement and hydrofluoric acid
are also responsible for fluoride pollution in the country [1,34].
This industrial fluoride is released into the environment around
them which ultimately contaminates freshwater sources, soil, air,
agricultural crops, forest vegetation, etc. Prolonged exposure to
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this industrial fluoride pollution easily leads to the development
of fluorosis (industrial fluorosis) in humans [35-37] and animals
[38-45]. Generally, industrial fluorosis is restricted to the areas
around TPPs. Recent studies have also shown that continuous
exposure to fluoride pollution adversely affects various species of
agricultural and horticultural crops. This results in the destruction
of the crop yields and causes huge economic losses to farmers
[46,47]. However, in the country, no comprehensive research
has been done on industrial fluorosis in domestic animals due
to TPPs. This is urgently needed. In the present communication,
the current status of TPPs in India and the fluoride contamination
and industrial fluorosis in domestic animals caused by them are
briefly reviewed and the research gaps are also highlighted. This
review will be useful in planning health policy to protect animals
from fluorosis caused by fluoride emissions from TPPs in the
country. The author also aims to draw the attention of concerned
departments, veterinarians, national animal health policy makers,
and environmentalists to the industrial fluorosis in domestic
animals due to exposure to fluoride emissions from these coal-
fired TPPs in the country.

2. Current Status of TPPs in India

There are about 300 coal-based thermal power plants (TPPs) in
operation in India for electricity generation [48]. They require
continuous supply of fossil coal fuel and freshwater for their
operation. Hence, most of the TPPs are located at a place where
both are easily available. This is the reason why most of the TPPs
in India are located near perennial freshwater reservoirs such as
dams, rivers, lakes, large ponds, etc. (Figure la-c). But it is not
necessary that coal mines are usually found in the vicinity of TPPs.
However, TPPs located in areas like Singrauli in central India have
both coal mine and large reservoir available which is one of the
ideal areas for setting up TPPs in the country. This region shares
the border of three states i.e. Uttar Pradesh in the north, Madhya
Pradesh in the west and south and Chhattisgarh in the east. Three
major super thermal power stations are located in this region, viz.
Singrauli, Vindhyachal, and Rihand. These plants use coal obtained
from local mine and water from the Rihand reservoir. Agricultural
and horticultural crops, grasslands, and forest vegetation are
also found around many TPPs in the country, on which not only
domesticated animals but also wild herbivorous animals usually
depend for their food (Figure 1a-c).

3. Fluoride Contamination from TPPs

A total of 859.25 million tons of fossil coal is required annually to
run TPPs in the country [49]. These natural coals contain traces of
fluorine/fluoride. In most of these coals, the fluoride concentration
range is found to be between 20-500 pg g—1, with an average value
of about 150 pg g—1 [50-52]. In Indian coals, the fluoride range is
generally between 10—20 g/ton [53, 54]. These coals are burned in
TPPs to produce electricity or power. With the combustion of coal,
several fluoride-containing toxic gases, such as hydrogen fluoride
(HF), silicon tetrafluoride (SiF,), and carbon tetrafluoride (CF,),
are emitted into the atmosphere [50,52]. These fluoride-containing
gases (industrial fluoride emissions) not only contaminate soil,
air, and freshwater sources, but also grasslands, agricultural and

horticultural crops, and forest vegetation found around TPPs.
These industrial fluoride emissions can also contaminate food
grains and crop fodder on which humans and animals generally
depend for their food, respectively. All these fluoride contaminated
sources are potential sources of fluoride exposure for both humans
and domestic animals.

Interestingly, in addition to fluoride emissions, these coal-based
TPPs also generate about 233 million metric tons of coal fly ash
annually in the country. This figure is constantly rising, with
forecasts suggesting it could exceed 300 million tons by 2025
[55]. This represents a significant environmental challenge due
to the need for land-based disposal and the potential for heavy
metal and fluoride leaching into groundwater. Fly ash is a fine
powder generated as the primary byproduct of coal combustion,
accounting for about 80% of the total coal ash generated while the
remaining 20% is bottom ash. This fly ash is also rich in fluoride,
nevertheless, the amount of which depends on the quality of coal.
Generally, the fluoride content in fly ash ranges from 0.73 to 1.27
ppm. However, some studies have also shown that fluoride levels
in fly ash from some Indian power plants can be as high as 12.6 mg/
kg [56]. This fluoride-rich fly ash is usually transported in dry form
or as a wet slurry to silos or ash ponds near the TPP, respectively.

Wet slurry or fly ash ponds are also potential sources of fluoride
contamination. Through leaching from fly ash, fluoride can be
released into soil and water, which eventually reaches groundwater
aquifers. Slurry water from ash ponds is typically discharged into
freshwater reservoirs located near TPPs, which leads to freshwater
being contaminated with fluoride. Fluoride in slurry water from
ash ponds of some TPPs has been reported to be >10.0 ppm
[56]. Similarly, fluoride in reservoir water near TPPs in Singauli
area has been found to be around 5.0 ppm [56]. These fluoride
contaminated groundwater and freshwater are potential sources of
fluoride exposure to both humans and animals, which may cause
hydrofluorosis in them (Figurelc).

4. Can Coal-Based TPPs Cause Industrial Fluorosis in Domes-
tic Animals?

Yes, domestic animals can certainly develop industrial fluorosis
if they are repeatedly and over a long period of time exposed to
fluoride emissions from coal-fired TPPs. The disease has also been
observed in sheep and other species of domestic animals that graze
and live near coal-fired TPPs [57-59]. Even people living near
coal-fired TPPs can develop chronic fluoride toxicosis if they are
exposed to fluoride pollution. Animals can also develop fluorosis
if they drink surface and groundwater contaminated with fluoride
due to fly ash ponds or slurry water for a long time.

Whether domestic animals are suffering from chronic fluoride
poisoning due to chronic exposure to industrial fluoride emission
or pollution and fluoridated water can be known by the assessment
of fluoride in their urine [60,61]. However, examination of teeth of
immature animals is also one of the ideal methods for confirmation
and evidence of chronic fluoride poisoning in animals. If the
teeth of these animals show evidence of hypocalcification or
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discoloration, it indicates that the animal is suffering from chronic
fluoride poisoning also known as dental fluorosis. This entity is the
earliest visible pathognomonic or clinical sign of chronic fluoride
poisoning in animals, characterized by the presence of bilateral
striated, condensed or diffused, and horizontal light to dark
brown staining stripes of varying degrees on the surface of the
anterior teeth (Figure 2) [61]. In some animals, it may also appear
as brownish black spots, patches, and fine dots on tooth enamel.
In some children, this type of dental fluorosis is also found to be
caused by long-term fluoride exposure. But sometimes researchers
get confused about the presence of this type of dental fluorosis.
While it is caused by chronic fluoride poisoning.

In animals, excessive bioaccumulation of fluoride in bones causes
various pathological changes in the skeletal bones known as
skeletal fluorosis which is more dangerous and highly painful [62].
Skeletal fluorosis ultimately reduces mobility of animals at a very
young age by various changes in their bones such as periosteal
exostosis, osteosclerosis, osteoporosis, and osteophytosis [63-65].
These changes appear clinically as unexplained aches and pains
in the muscles and joints associated with stiffness, small body
growth, and recognizable bone lesions (Figure 3) [62]. Excessive
bioaccumulation of fluoride in muscles also reduces activities
or movements in animals and this condition causes lameness in
them. Development of lameness in animals also shows evidence
of chronic fluoride exposure.

Animals suffering from fluorosis also develop certain health
problems orissues such as muscle/body weakness, frequent drinking
of water (polydipsia), frequent urination tendency (polyuria),
digestive problems (loss of appetite, bloating, abdominal pain,
constipation, intermittent diarrhea, etc.), reproductive problems
(irregular reproductive cycles, abortions, stillbirths, etc.), allergies,
aneamia, etc. [61, 66, 67]. However, it is not necessary that all these

health problems are found in the same animal suffering with chronic
fluoride intoxication. However, these health results are helpful in
diagnosing fluorosis at an early stage. They can give an initial idea
whether the animal is suffering from ill effects of chronic fluoride
poisoning or not. The severity of industrial fluoride poisoning in
animals also depends on several determinants or factors such as
age, diet, nutrients, chemicals in water, environment, individual
sensitivity, tolerance, and genetics, etc. [68-72]. However, bovines
are more susceptible to chronic fluoride intoxication or industrial
fluorosis [73]. Industrial fluorosis also significantly affects the
body health and productivity of livestock, often causing heavy
financial losses to livestock farmers.

5. Conclusion

There are more than 300 coal-burning thermal power plants (TPPs)
in operation in the country which continuously emit fluoride
into the atmosphere contaminating water, soil, air, horticultural
and agricultural crops, grasslands and forest vegetation in their
vicinity. Fluoride emissions from TPPs and fluoride contaminated
these natural sources are potential sources of fluoride exposure.
If domestic animals living and grazing in the vicinity of TPPs are
exposed to any of these potential sources of fluoride for a long
time, they will be affected by fluoride poisoning in the form of
industrial fluorosis. But most livestock keepers are not aware
of this. This disease can also develop in humans if they are
continuously exposed to industrial TPP fluoride pollution. Very
limited studies have been done on industrial fluorosis in domestic
animals due to exposure to fluoride emissions from TPPs in the
country. This disease can also occur in wild animals. Hence, there
is a dire need for such studies in the country. The present brief
review will be very useful in formulating effective health policies
on how to protect health of domestic animals from chronic fluoride
poisoning or industrial fluorosis due to chronic exposure to fluoride
emissions from TPPs in the country.
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Figure 1a-c. Fluoride emissions and fly ash from TPPs and slurry water from fly ash pond are contaminating air, soil, freshwater
reservoirs, agricultural crops, forest vegetation, and groundwater (a, b, and c). In Figure 1c, domestic animals are drinking fluoride-
contaminated water, causing fluorosis.

Figure 2. Dental fluorosis in bovine calves chronically exposed to fluoride is characterized by bilateral striated, dense, and horizontal
deep brown mottled bands or strips on the surface of the anterior teeth.
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Figure 3: Older buffaloes (B. bubalis) suffer from severe skeletal fluorosis due to long-term exposure to fluoride, characterized by weak

bodies, bone lesions, and lameness in the hind legs.
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