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Introduction 

Fluorine is the 13th most abundant element on the earth. It cannot exist outside a controlled environment without 
combining with other substances to become fluorides. Three main anthropogenic sources were identified as: 
fertilizers, combusted coal and industrial waste, with phosphate fertilizer being the most significant source of 
fluoride1. There are ionisable and non-ionisable, organic and inorganic fluorides2. Fluorine is probably an essential 
element for animals and human beings. Low concentrations of fluorides provide protection against dental caries, 
especially in children. Minimum concentration of fluoride in potable water required to produce protective effects is 
approximately 0.5 mg/L. Soluble organic fluorides ingested through water and foods is almost completely absorbed 
from the gastrointestinal (GI) tract by a process of simple diffusion3. When ionic fluoride enters the acidic 
environment of stomach lumen, it is largely converted into hydrogen fluoride4. It is rapidly distributed by the 
systemic circulation to the intercellular and extracellular sites of tissues5.  
 
However, ion normally accumulates only in calcified tissues such as bone and teeth. In blood, ion is asymmetrically   
distributed between plasma and blood cells, so that the plasma concentration is ~ twice as high as that associated 
with the cells7. Fluoride is distributed from plasma to all tissues and organs. In human beings and laboratory, 
approximately 99% of the total body burden of fluoride is retained in bones and teeth, with remaining distributed in 
highly vascularised soft tissues and the blood7. Fluoride is concentrated to high levels within kidney tubules, so this 
organ has a higher concentration than plasma8. Ingested fluoride that is not absorbed into GI tract is excreted in the 
faeces. Some fluoride also gets removed from the body through sweat25-27. Several years of fundamental research on 
fluoride action on animal and human body tissues at the cellular and molecular levels generated a wealth of 
information and knowledge. The path breaking discoveries emerged through unconventional approach adopted for 

Abstract 
Drinking water with excessive concentration of fluoride causes fluorosis which progresses gradually and 
becomes a crippling malady in the long run. It affects young, old, poor, rich, rural, and urban population. It has 
attained a very alarming dimension. The state has extreme climatic and geographical condition. Rajasthan 
suffers both the problems of quantity and quality of water. In most part of the Rajasthan state groundwater is 
either saline or having high nitrate and fluoride contents. Obviously, groundwater is the major source of 
drinking water and over 94% of the drinking water demand is met by groundwater. Excess fluoride 
concentration in drinking water has deleterious effects on human health.  All the districts in Rajasthan are 
engulfed by the clutches of fluorosis, to a varying degree. There being no perennial surface source for drinking 
water, the state is dependent chiefly on groundwater and its level is deepening year-by-year due to over 
exploitation. As the water table is receding, more and more water sources are becoming prone to higher 
fluoride concentration. The pattern and prevalence of fluorosis in human population are determined by a 
number of epidemiological factors like water chemistry, demographic and nutritional profile of the community 
and high mean annual temperature of the area. Adsorbent prepared from Opuntia dilleni is employed to 
defluoridate contaminated water in this research paper. 
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multidisciplinary investigations of both soft and hard tissues were a revelation. The true disease characteristics 
emerged, ted to early diagnostic procedures for the disease. Differential diagnoses of fluorosis from other diseases 
with overlapping clinical manifestations become necessary. Simple tests with focus on assessing the poison levels in 
body fluids provided meaningful information. No sooner the disease could be correctly diagnosed at very early 
stages, it become necessary to eliminate / reduce the poison levels in the body fluids, leading to disappearance of 
health complaints that are non-responding to medication. What are the health complaints which are referred to? 
There are various health complaints due to fluorosis. First and foremost gastrointestinal discomfort with pain, 
constipation, nausea and loss of appetite should never be dismissed as casual. Low haemoglobin content (< 9  g/dL) 
should alert. Anaemia, depression, fatigue and muscle weakness are the health complaints that are generally 
overlooked. It is equally important to be aware of excess thirst (polydipsia) and tendency to urinate more frequently 
(polyurea), which can also be due to fluoride interfering with hormonal production which has adverse effects on 
kidney function. If any of the above health complaints is confirmed to be closed by fluoride poisoning, it require no 
medication except for practice of interventions.  Withdrawal of the source (s) of fluoride entry to the body results in 
arrest of the progression of the disease and health complaints referred to above shall cease to exist. However, if 
speedy recovery is the aim, yet another intervention i.e. diet enriched by essential nutrients along with micro 
minerals (Zn, Cu, Mg and Se) besides vitamin C and E, and other antioxidants need to be promoted through fruits 
and vegetables28. An enriched diet ensures repair and maintenance of the damaged parts of the body, rise in 
haemoglobin and total recovery from the disease. It is a new era for practice of integrated disease management. A 
patient of fluorosis if diagnosed correctly and early by the consulting physician and if the source of fluoride entry is 
through drinking water, then the responsibility lies on the Water Supply Agency to guide/ advise and direct the 
patient as to how to obtain ‘safe water’ for consumption. The intervention procedure dealing with enriched diet with 
nutrients and antioxidants shall be dealt with by the consulting physician. Monitoring the patient for complete 
recovery and assessing the impact of the practice of the interventions shall be of the responsibility of the hospital or 
the physician dealing with the patient. The Water Supply Agency (ies), till date have never practiced nor is aware 
how a patient is going to look-upon to the Public Health Engineer(s) for quality water for getting rid of the disease 
after obtaining the diagnosis of the disease from a physician. The present practice of indiscriminate supply of 
defluoridated water to the community leaving in an endemic area may not relieve those who are afflicted with 
fluorosis, as the fluoride entry to the body may be much more from the sources other than drinking water.  
Clinical Manifestations of Fluoride Toxicity 
Fluoride predominantly affects the skeletal system, teeth and also the structure and function of skeletal muscle, brain 
and spinal cord9. General symptoms of acute fluoride poisoning include non-skeletal fluorosis viz.  nausea, 
salivation, vomiting, diarrhoea and abdominal pain10-11. Fluoride is also found to be involved in the alteration of 
metabolism of some essential nutrients which leads to hyperlemia, hypocalcemia, hypomagnesemia, 
hypopophosphatemia. Persistent fluoride serum level leads to mineral homeostatis which ultimately causes cellular 
damage. Chronic fluoride toxicity occurs after the long-term ingestion of small amount of fluoride. It inhibits the 
synthesis of DNA (Deoxyribose Nucleic Acid), proteins and inhibits cell proliferation and is cytotoxic at the high 
doses12. Symptoms of long term fluoride toxicity include emaciation, stiffness of joints, hyper salivation, tremors, 
tetanic contractions and abnormal teeth and bones. Other effects include lowered milk production and detrimental 
effects on reproduction. Fluoride is known to cross the blood brain barrier and accumulate in the brain of animals 
exposed to high fluoride levels13. Recent studies have shown accumulation of fluoride in the hippocampus of the 
brain causing degeneration of neurons, decreased aerobic metabolism and altered free-radical metabolism in liver, 
kidney, and heart14. Long term exposure to fluoride through various fluoride containing water and other products 
leads to development of fluorosis, which is also known as a crippling and is a painful disease. Fluorosis includes 
skeletal, dental and non-skeletal fluorosis. Dental fluorosis occurs during the period of enamel formation. It is linked 
to excessive incorporation of fluoride into dental enamel and dentine, which prevents normal maturation of enamel. 
Skeletal fluorosis is a pathological condition which includes inhibition of bone hardening (mineralization), causing 
the bones to become brittle and their tensile strength may be reduced15. Symptoms include limited movement of 
joints, skeletal deformities, and intense calcification of ligaments, muscle wasting and neurological defects16.  
 
Mechanism of Toxicity   

• Fluoride leads to toxicity as follows6: 
• Binds calcium ions and may lead to hypocalcemia which could further lead to osteoid formation. 
• Disrupts oxidative phosphorylation, glycolysis, coagulation, and neurotransmission (by binding calcium). 
• Inhibits Na+/K+-ATPase (Adenosine Tri Phosphotase), which could lead hyperkalemia by extracellular 

release of potassium.  
• Inhibits acetyl cholinesterase, which may be partly responsible for hyper salivation, vomiting, and 

diarrhoea (cholinergic signs). 
Exact mechanism of fluoride toxicity is not known. It has been suggested that oxidative stress can be a possible 
mechanism through which fluoride induces damage to the various tissues. Due to high electronegativity, fluoride ion 
(F-) has a proclivity to form strong hydrogen bonds, especially with –OH and –NH moieties in biomolecules. 
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Fluoride is also able to exert powerful influence on various enzymes and endocrine gland functions that affect or 
control the status of oxidant/antioxidant systems in living organisms. Hydroxyl radicals (°OH) were previously 
proposed as initiation of lipid peroxidation (LPO) through iron catalyzed Fenton reaction in membranes17. The cell 
has several ways to alleviate the effects of oxidative stress, either by repairing the damage or by directly diminishing 
the occurrence of oxidative damage by means of enzymatic (SOD, Catalase, GPx, GR) and non-enzymatic 
antioxidants (GHS, vitamins and several essential micronutrients). Some studies have shown LPO as one of the 
molecular mechanisms involved in chronic fluoride-induced toxicity18. It may impair a variety of intra and extra 
mitochondrial membrane transport systems that may contribute to apoptosis. It leads to the formation of secondary 
products such as conjugated dienes, hydrocarbon gases (ethane), and carbonyl compounds (malondialdehyde) and 
decreased levels of polyunsaturated fatty acid (PUFA)19. In addition to this, ROS (reactive oxidative species) is also 
found to play major role during pathogenesis of fluoride. It may directly oxidize amino acids leading to a loss of 
function of proteins and a deactivation of enzymes20.  
 
A possible mechanism of DNA damage induced by fluoride is as follows – (i) fluoride has a dense negative charge 
and is biochemically very active thus directly effect on DNA due to strong affinity for uracil and amide bonds by –
NH...F-interactions21; (ii) fluoride can combine stably with DNA; (iii) fluoride can induce the production of free 
radicals, which can damage DNA strands directly or by LPO initiated by free radicals21 and (iv) fluoride may 
depress enzyme’s activity, such as DNA polymerase which might further affect the process of DNA replication or 
repair and thereby damage DNA22. However few studies have reported, fluoride does not induce DNA damage, 
while others have observed the genotoxic potential of fluoride in rats and human cells18. Effect of fluoride on DNA 
damage in lymphocytes and its possible relation with oxidative stress needs extensive research. Fluoride was found 
to be an equivocal carcinogen by the NCITP (National Cancer Institute Toxicological Program)23. IARC 
(International Agency for Research on Cancer) evaluated that there is limited data, which provide inadequate 
evidence about fluoride-induced carcinogenicity. In a recent study, rats and mice given sodium fluoride (NaF) in 
drinking-water at 11, 45 or 79ppm (mg/L) have shown only the incidence of osteoporosis in bones of male rats24. 
 
Treatment of Synthetic wastewater Containing Fluoride 
Most of the carbon prepared from different carbonaceous sources showed fluoride removal capacity after alum 
impregnation. McKee and Johnston have reported fluoride-removing capacity of various types of activated good 
carbons. Adsorbent was prepared from Opuntia dilleni by digestion in 1% KOH and soaking it overnight in 2% alum 
solution. The treatment of synthetic wastewater containing different concentration of fluoride ionwas achieved using 
batch experiment. The known amount of adsorbent were mixed and shaken vigorously for different contact time 
ranging 0 to 700 minute. The concentration of fluoride ion of synthetic wastewater was measured at different time 
interval and percentage adsorbance of fluoride removal were studied using following formula: 

                                Initial conc. of fluoride – Final conc. of fluoride 
 % Adsorbance =                                                                                    x100 
                                            Initial conc. of fluoride 
 

 The experimental data were studied kinetically using integrated form of first order rate constant.  

 
Table. 1Adsorbance of fluoride with varying contact time at pH 6 by adsorbent (Opuntia dilleni)  

Time (min) % Adsorbance  (5 ppm)  % Adsorbance  (4 ppm) % Adsorbance (3 ppm) 
50 12.8 14.9 16.5 
100 21.4 25.8 28.7 
150 31.2 33.4 39.4 
200 37.4 41.8 48.4 
250 44.3 49.1 55.8 
300 47.4 55.5 61.6 
350 50.6 59.1 66.9 
400 54.1 61.9 69.4 
450 57.4 62.6 71.1 
500 58.7 65.2 73.1 
550 59.7 66.2 73.6 
600 59.7 66.2 74.2 
650 60.1 66.4 75.1 
700 60.2 66.5 75.9 
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Table.2 dsorbance of fluoride with varying contact time at pH 7 by adsorbent (Opuntia dilleni) 

Time (min) % Adsorbance (5ppm) % Adsorbance(4ppm) % Adsorbance (3ppm) 
50 14.5 15.4 19.1 
100 25.8 28.2 33.9 
150 35.3 38.9 45.8 
200 42.4 45.9 55.7 
250 48.1 54.9 63.6 
300 52.6 60.8 69.9 
350 57.2 66.7 75.8 
400 62.1 73.2 80.5 
450 65.2 76.4 84.4 
500 67.5 78.2 86.5 
550 68.9 78.3 87.4 
600 69.2 78.4 87.6 
650 69.3 79.2 87.9 
700 69.4 79.3 88.2 

 
Table 3Adsorbance of fluoride with varying contact time at pH 8 by adsorbent (Opuntia dilleni) 

Time (min) % Adsorbance (5ppm) % Adsorbance (4ppm) % Adsorbance (3ppm) 
50 11.3 12.4 14.2 
100 20.4 22.5 25.6 
150 27.3 31.2 35.4 
200 34.4 39.2 44.1 
250 40.4 46.3 51.3 
300 43.6 52.2 57.4 
350 48.4 54.6 62.1 
400 51.9 57.7 66.2 
450 54.6 60.3 68.4 
500 56.5 62.7 71.9 
550 56.6 62.8 72.1 
600 56.7 63.1 72.2 
650 56.9 63.2 72.9 
700 57.2 63.3 72.9 

 

 

Figure.1 Adsorbance of fluoride with varying contact time at pH 6 by adsorbent (Opuntia dilleni) 
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Figure.2 Adsorbance of fluoride with varying contact time at pH 7 by adsorbent (Opuntia dilleni) 
 

 
Figure.3 Adsorbance of fluoride with varying contact time at pH 8 by adsorbent (Opuntia dilleni) 

 
Inference of Adsorbance Studies & Conclusion 
Table 1to 3 and figure A to C disclose the effect of contact time on the percentage absorbance of fluoride at different 
concentration viz. 5,4,3ppm at pH 6, 7 and 8 utilizing adsorbent prepared from Opuntia dillenii. It was observed that 
with increase in contact time the percentage absorbance of fluoride increases rapidly up to 500 minutes after that the 
rate of adsorption of fluoride increases very slowly with increase in contact time up to 700 minutes.  The maximum 
adsorption of fluoride was observed at pH 7.0. The triumph in the fluoride and fluorosis mitigation achieved through 
persistent and consistent effects spanning over a period of 2 decades by researchers.  A variety of disciplines 
including the water sector and biomedical sciences across the country have made proud. It is no small an 
achievement. It is the desire of very Indian that let the success achieved in the fluoride and fluorosis front be a 
model for those involved in dealing with other contaminants like nitrate, salinity, arsenic, heavy metals and pesticides, 
to pursue a path, resulting in unquestionable victory. 
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