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 Groundwater is very important natural source of fresh water that is extracted from the earth crusts and rocks below the 

surface of earth. It is comparatively good from surface water and any other forms of water because it is filtered by soils and rocks. 

Therefore, the groundwater is pure and free from gases and suspended undissolved particles (Fetter, 1994). 

 According to Dr. V. P. Kudesia (1985), “Water is life” and “It is a supreme soul of nature and hope for future” 

(Kudesia, 1985; Kudesia and Kudesia, 1998). Due to its unique properties, it is a universal solvent that can dissolve and process a 

broad range of materials, therefore it is also known as “Liquid gold” (Naveen et al., 2009). Dr. F. Batmanghelidj (1992) gives an 

essay on water in his book “Your body’s many cries for water” and he said “Since the ‘water’ we drink provides for cell funct ion 

and its volume requirements, the decrease in our daily water intake affects the efficiency of cell activity….. As a result, chronic 

dehydration causes symptoms that equal disease…” (Batmanghelidj, 1995). Dr. P. K. Mohanty (2006) said that water is the 

wonderful gift to us by nature and it is also called as “Elixir of life” (Mohanty, 2006). Therefore, water is most important element 

on earth for both human beings and environments. 

 Water is a principal natural resource of earth that constitutes ~65% of human body and ~95% of some plants and 

organism’s body by weight (Saxena, 1994). Therefore, water is most essential molecule for human body and all other living 

beings, and it plays a very important role as a body lubricant in food digestion and in almost all other body processes such as 

regulate cells and its functions, organs and tissue functions, maintain body temperature, moistens tissues and skin, carries 

nutrients and oxygen (O2) to cells and organs etc. (Saxena, 1994). 

 Water is also important for the photosynthesis and photorespiration process in plants. In photosynthesis process, the 

plant cells absorb sun light energy to split off water’s hydrogen and oxygen atoms. These hydrogen atoms are combined with CO2 

(absorb from air) to form glucose and O2 releases to atmosphere. All living organisms use such glucose as source of energy that 

oxidized in living cells and reform water and CO2. 

 Water is not only important for the lives of living beings but also important for industrial processes. Water is consumed 

in power plants and chemical plants generator as a cooling agent (Raju, 1995). Apart from these, water is widely used and 

important for other fields such as production of paper, atomic energy, textile, chemical, steel, rayon and ice (Raju, 1995). Water is 

also important for the acid-base neutrality and enzyme function. An acid (a proton donor; H+) can be neutralized by a base (a 

proton acceptor; OH–) to form water molecules. Water molecule is considered to be a neutral with a pH value of 7.0. 

 The potable water, also named as drinking water, is the safest form of water which is non-hazardous for human or to 

usage in food preparation. The demand of potable water is still a big challenge for human and for other living beings, since water 

is the most abundant molecule of earth. According to WHO, “access to safe drinking-water is essential to health, a basic human 

right and a component of effective policy for health protection” (Guidelines for drinking water, WHO, 2004). 

 

Groundwater Pollution 

Water is a unique molecule and is primary necessities for life on earth surface. Naturally, water can replenish and clean itself from 

pollutants by allowing them to settle down (through the process of sedimentation) or diluting them to a lower concentration range 

where they are not hazardous to human beings and surrounding ecosystems. Globally, water pollution is a massive problem where 

the water reservoirs (like oceans, rivers, lakes, ponds, aquifers etc.) are largely contaminated with toxic substances. The toxic 

substances get dissolved in water or suspended on the water surface or get accumulated on the bottom of the reservoirs. This 

results as water contamination and the qualities of water deteriorates as they may change the color, odor and taste of water. Thus, 

water is said to be polluted when there is slightly change in water qualities such as physical, chemical or biological change in 

water bodies that may adversely disturbs the all living beings or make water unacceptable for drinking or for it’s any other 

proposed use. 

 Water pollution has defined by WHO as insertion of any foreign substances either from natural or from other sources 

into the water, that altering the natural abilities of water and making it unacceptable for its proposed use (Murthy and Kumar, 

2011). Felfoldy (1982) stated that, “Water pollution changes the quality of surface and sub–soil water to such a degree that its 

suitability either for human consumption or for the support of man’s natural life processes decreases or ceases” (Gurdeep, 1998). 

 American College Dictionary has described the water pollution as, “to make foul or dirty”. The water pollution happens 

when a water molecule is adversely affected by the foreign substances that largely added to the water bodies. When the water is 

unsuitable for its proposed use, it is reflected as polluted particle (Murthy and Kumar, 2011). 

 Indiscriminate disposal from various sources (like domestic waste, industrial waste, mining waste, agricultural waste, 

municipal sewage waste etc.) enters to the natural water bodies without any pretreatment causes water pollution that affecting the 

aquatic ecosystems as well as the surrounding ecosystems. After polluting the surface water, the dissolved pollutants can leak 

down into the earth inner core and further contaminated the groundwater. 

 The polluted water may have unpleasant color, odor and taste, unnecessary hazardous chemical contents, organic matter 

contents, heavy metals, toxic substances, pesticides, industrial waste, radioactive substances, high TDS, high turbidity, excessive 

acidity and alkalinity, domestic sewage effluents, pathogens (bacteria, virus, fungi, worms, protozoa) etc. This shows that certain 

pollutants can decrease the quality of water and contribute water shortage for both human consumption, domestic use and for the 
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environment. Therefore, the water pollution considered hazardous for human consumption as well for other human activities such 

as irrigational activities, industrial activities, recreational use, domestic use, etc. 

 

Fluoride Contamination in Groundwater 

The fluoride contamination in groundwater has affected theeconomy of several countries of the world which significantly cause 

dental and skeletal fluorosis, one of the severe health threats for human beings.In the course of past three decades, extreme 

fluoride concentration in groundwater sources occurred and thesubsequentthreats ‘fluorosis’ is being highlighted all over the 

world. The ‘Global Burden of Disease Study 2016’ has studied the significance of fluoride contamination in drinking water and  

found that the dental fluorosis is the most prevailing disease all over the world (GBD, 2016). It is estimated that more than 2400 

million people and 486 million children are suffering from the permanent dental fluorosis all over the world (GBD, 2016). 

Universally, fluoride is identified to frequently contaminate groundwater reserves. Regular occurrence of fluoride in groundwater 

resources has been reported from various countries including China, West Indies, Sri Lanka, Pakistan, Bangladesh, Australia, 

South Africa, Holland, India, Italy, Mexico, Spain, American states, etc. The igneous and metamorphic rocks accompanying with 

high fluoride concentrations has been reported from Thailand, China, India, Sri Lanka, Pakistan, South and West Africa (Jain and 

Singh, 2014). 

 As a result, the concentration of fluoride in groundwater were witnessed above the maximum standard limits of fluoride 

all over the world as per WHO (2011) (Guidelines for drinking water, WHO, 2011; Ali et al., 2016). The WHO’s maximum 

standard limit of fluoride is restricted to 1.5 ppm in drinking groundwater and above 1.5 ppm has been categorized as fluoride 

contamination of groundwater (Sarkar et al., 2016).As per WHO, large number ofpeoplesdrinks water beyond 1.0 ppm fluoride 

concentration and fluorosis is prevalent in more than 25 countries across the world. The recordand severe teething 

troublesaccompanying with high fluoride groundwater that broadly occurs in China, India, Sri Lanka, Rift Valley countries in 

Africa, Kenya and Tanzania. 

 

Groundwater Fluoride Contamination in India 

In the Indian background, high concentration of fluoride in groundwater has reported and turn into a most imperative geo-

environmental and toxicological problem throughout the several states and districts of India.In India, more than 230 districts of 

around 20 states were reported for their high fluoride concentration in the groundwater and more than 66 million peoples were 

also reported at risk in dental and skeletal fluorosis due to high fluoride concentration in those regions of India (Annadurai, 2014). 

Indian states which were reported to prevalent fluorosissuch as Rajasthan, Gujarat, Andhra Pradesh and Telangana are extremely 

affected, Panjab, Haryana, Madhya Pradesh and Maharashtra are moderately affected, and Tamil Nadu, West Bengal, Uttar 

Pradesh, Bihar and Assam are slightly affected states(Annadurai, 2014; Samal et al., 2020; Report: The state of fluoride in India). 

 In India, fluorosis is principally occurredowing to the extreme concentration of fluoride in drinking groundwater and it is 

found to dissolve in groundwater mainly from the geological sources. Since, India has more than 12 million tons of fluoride 

deposits in earth’s crust out of 85 million tons of global fluoride deposits (Samal et al., 2020).Apart from this kind of fluorosis, 

industrial fluorosis has also been occurred due to large number of industrial and commercial activities in few regions of Gujarat, 

Maharashtra and Uttar Pradesh (India) (Annadurai, 2014). As per Bureau of Indian Standards (BIS), the desirable limits of 

fluoride for drinking water in India is 1.0 ppm and beyond this desirable limit, the water is not suitable for drinking and other 

domestic purposes (BIS, 1992). 

 In India, the report has also shown that the fluorosis was reported to found in only 13 states of India in 1986 and 

recently, fluorosis is reported in more than 19 states and 230 districts of India (Narsimha and Sudarshan, 2017; Saxena and 

Sewak, 2015). Because of drinking fluoride contaminated water, recently more than 66 million peoples including 6 million 

children suffer from dental and skeletal fluorosis in India (Saxena and Sewak, 2015). As a result, dental and skeletal fluorosis is 

the most worrying public health problem of the country. Hence, the fluoride concentrationin groundwater of India varies 

considerably with various environment  

Groundwater Fluoride Contamination in Rajasthan 

Rajasthan is the biggest state of India in terms of geographical area and spread of water with ~95% population of Rajasthan is 

dependent merely upon the groundwater resources. It has national shares about 10.41% geographical area and 5.66% populations 

but has only 1.16% surface water and 1.72% groundwater resources of the country (Jain and Singh, 2014). Therefore, the 

availability of water in association to national shares is quite low and due to groundwater overexploitation, it is also critical 

andalarmingcondition that 218 blocks of the 243 blocks in Rajasthan are categorized as ‘unsafe’ blocks (Jain and Singh, 2014) . 

 Rajasthan is extremely affected state of India and the groundwater resources of all 32 districts of Rajasthan has already 

been declared to have high fluoride contaminations (Jain and Singh, 2014). In the midst of, Nagaur, Pali, Jhunjhunu, Jaipur, Sikar, 

Jaisalmer, Jalore, Ganganagar, Sirohi, Barmer, Jodhpur, Churu, Ajmer, and Bikaner are extremely affected districts of Rajasthan 

(Jain and Singh, 2014; Saxena and Sewak, 2015).Most of the districts of Rajasthan has high fluoride concentration due to the 

availability of metamorphic rocks and granites. Therefore, Rajasthan has serious water problem with respect to both quantity and 

quality, and almost all district of Rajasthan has highly saline groundwater with excessive amount of fluoride. 

 In Rajasthan, fluoride concentrations have been found in the range of 0.6 to 69.7 ppm, and the larger amount of fluoride 

is responsible for the endemic fluorosis. The first and second case of skeletal fluorosis in Rajasthan was reported from Jobner 

(Jaipur) in 1959 and in various villages of Nagaur and Bhilwara district in 1964, respectively (Kalsiwal and Solomon, 1959; Ozha 

et al., 2003). As a result, Rajasthan itself constitutes more than 10% of the world’s fluorosis problem (Rani, 2015). For the 

prevention, Rajasthan Government has instituted the ‘Fluorosis Shaman Samiti’ in collaboration with UNICEF. 
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