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Introduction 1 

 

 

1.1 BASIC CHEMICAL DESCRIPTION OF FLUORIDE  

Fluoride (F-) is a uni-negative ion of fluorine (F). Fluorine is the lightest halogen in the 

halogen family (Group 17 in periodic table) and the most chemically reactive non-

metal with atomic weight 18.998 and atomic number 9. Fluorine is highly toxic, 

corrosive diatomic light yellow-green colored gas, with a pungent smell. French 

scientist Henri Moissan was awarded the Nobel Prize in 1906 for the discovery fluorine 

in 1886. It is the most electronegative and the most reactive compared to all chemical 

elements in the periodic table (Greenwood and Earnshaw, 1984; Gillespie et al., 1989). 

It has an oxidation state of -1(F-) and occurs as both organic and inorganic compounds. 

It has the ability to make strong hydrogen bonds. The small size enables it to form 

strong covalent bonds and to have high coordination numbers in molecular fluorides. 

Of  all  metal  ions,  Al3+  makes  the  strongest  bonds  to  F-,  but  also  beryllium (Be) 

and calcium(Ca)  binds  with  high affinity (Li, 2003). The bonds in AlFx–complexes 

are mostly ionic, and the coordination number and configuration can be different 

depending on fluoride concentration (Schlichting and Reinstein, 1999, Strunecka et al., 

2002). F- and OH- ions have nearly the same size and same negative charge, which 

means that they have the same ionic potential. Therefore they can easily replace each 

other in many rock forming processes (Jones and Atkins, 1999; Saxena and Ahmed, 

2001). Fluoride does not exhibit any color, taste or smell when dissolved in water and 

therefore is not easy to determine it through physical examination. 

 

1.2 FLUORIDE POLLUTION 

Fluoride is recognized to be physiologically essential nutrient for the normal 

development and growth of human beings (Dhar and Bhatnagar, 2009). To a certain 

extent (as per WHO; 0.6 ppm) fluoride ingestion is useful for bone and teeth 

development, but excessive ingestion causes a disease known as Fluorosis. Fluoride 

intake through drinking water and food or through the occupational exposure in those 

engaged in aluminium production, magnesium foundries, fluorspar processing, and 

superphosphate, chronic fluoride intoxication may lead to various health hazards 

(Hodge and Smith, 1977). 
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Drinking water is typically the largest single contributor to daily fluoride intake 

(Murray, 1986). Enhanced fluoride intake through drinking water along with dietary 

intake significantly substantiates the total fluoride accumulation in body tissue (Pandey 

and Pandey, 2011). 1 ppm of fluoride in drinking water leads to a reduction in dental 

caries, with minor side effects such as dental fluorosis (da Cunha and Tomita, 2006; 

Pizzo et al., 2007). Dental fluorosis is a hypoplasia or hypomineralization of tooth 

enamel or dentin indicated by barely noticeable whitish striations to confluent pitting 

and staining produced due to the chronic ingestion of excessive amounts fluoride 

during the developing period of teeth (Horo-witz, 1986). Increased bioaccumulation of 

fluoride in bone causes skeletal fluorosis which leads to severe and permanent bone and 

joint deformities with pain and stiffness in the joints. WHO (World Health 

Organisation) (1984) has prescribed the range of fluoride from 0.6 to 1.5 mg/L in 

drinking water as suitable for human consumption. BIS (Bureau of Indian Standards) 

(1992) has set a desirable range of 0.6 to 1.2 mg/L fluoride in drinking water with the 

maximum permissible limit of 1.5 mg/L. But in areas with warm climate, the fluoride 

concentration in drinking water should remain below 1.0 mg/L, whereas in cooler 

climates, the recommended limit may increase up to1.2 mg/L (WHO, 1991). This is 

due to higher water consumption in warmer climates as a result of higher perspiration 

(Yadav et al., 2009). In tropical countries, the places like Ghana, people consume 3 to 4 

liters of water which is higher than the WHO estimate of 2 l/adult/day (Apambire et al., 

1997).Therefore fluoride intake and its harmful effects are more relevant in the context 

of India compared to Western countries, where the fluoridation of water is, instead, 

recommended to help prevent dental caries (Teotia and Teotia, 1991). Depending upon 

the source of fluoride contamination, there are two types of water pollution: artificial 

and natural. When fluoride contamination is caused by anthropological activities and/or 

industrial effluents, it is referred to as artificial fluoride pollution while significant 

presence of the chemical in water, soil and air is referred to as natural fluoride 

pollution. 
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1.3 FLUORIDE POLLUTION SCENARIO IN THE WORLD 

Worldwide, more than 200 million people (including 70 million in India and 45 mil-

lion in China) from 28 tropical countries are suffering from dental, skeletal and/or non-

skeletal fluorosis (Yang et al., 2003). According to UNICEF, fluorosis is endemic in at 

least 25 countries around the world with the highest prevalence rates in India, China 

and Africa (Mahapatra, 2007). The following studies on fluoride in different part of the 

world visualize the fluoride pollution scenario. 

Dean (1933) reported the prevalence of fluorosis in Arizona, Arkansas, California, 

Colorado, Idaho, Illinois, Iowa, Kansas, Minnesota, Nevada, New Mexico, North 

Carolina, North Dakota, Oklahoma, Oregon, South Carolina, South Dakota, Texas, 

Utah and Virginia. High concentration of fluoride (>3.5 mg/L) was noticed in South 

Carolina where 40% of the people depend on groundwater for their needs (South 

Carolina Ambient Groundwater Quality Report, 2003). The volcanic ash deposits in 

Texas which was the reason behind high fluoride in groundwater up to 6.27 mg/L 

showed better correlation with well depth (Hudak and Sanmanee, 2003). Emission from 

phosphate fertilizer production factory which was the cause of high fluoride in 

groundwater in southern Brazil was found to be influenced by vegetation cover 

(Mirlean and Roisenberg, 2007). In Belgium, drinking water contains fluoride below 

0.3 mg/L. However, cases of dental fluorosis have been reported by Carvalho et al., 

(1998) in Belgium. In 1984, the National Survey of Children’s Dental Health in Ireland 

examined people until 15 years and found that they had fluorosis from mild to 

questionable level but higher levels were absent (Whelton et al., 2004). Schwartz and 

Friedrich (1973) assessed the concentration of fluoride in spring and stream waters to 

determine occurrences of fluorite in Osor district, Spain. It was observed that dental 

fluorosis was detected in parts of Norway which are related to the bedrock source 

(Banks et al., 1998). Czarnowski et al., (1996) studied the groundwater quality in 

Poland with respect to fluoride and found that they were well below limits in most 

places. Even then fluoride concentrations of about 7 mg/L occur naturally in western 

Estonia which is due to Silurian-Ordovician aquifer system (Indermitte et al., 2009).   

Alumina   production   plants   had   increased   the   fluoride   concentration  in  Greece 
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 (Haidouti, 1991). Oruc (2008) stated that in Turkey endemic fluorosis related to high 

fluoride ranging from 1.5 to 4 mg/L in drinking water was observed since 1955. North 

Jordan has very low fluoride concentration (Rukah and Alsokhny, 2004) where it 

becomes necessary to provide fluorinated water to meet the daily requirement of 

fluoride by the human body. Moghaddam and Fijani (2008) found that groundwater 

occurring almost everywhere in basaltic rocks in north western Iran contain fluoride 

beyond the suitable range. Messaïtfa (2008) reported the concentration of fluoride up to 

2.3 mg/L in groundwater in Algeria. Fluoride contents in some rivers (12-26 mg/L), 

springs (15-63 mg/L) and alkaline ponds and lakes (60-690 mg/L) were found to be 

very high in Tanzania (Nanyaro et al., 1984). Gaciri and Davies (1993) noticed that in 

natural waters of Kenya, fluoride concentration was greater in lake water than 

groundwater and springs which was greater than river water. Groundwater studies on 

fluoride in South Korea show that the concentration of fluoride depends on the 

residence time (Kim and Jeong, 2005) due to geogenic source of fluoride (Chae et al., 

2006; Kim et al., 2010). Ash from volcanic explosion of Sakurajima volcano, Japan 

was found to contain average fluoride concentration of 788.1 mg/Kg (Nogami et al., 

2006). This forms a potential source of threat to groundwater around this area. 

Abdelgawad et al., (2009) found that weathering and alteration of granitic rocks was 

the factor affecting oversaturation of fluoride ion in groundwater in Mizunami area, 

Japan. The incidence of mottled enamel was first reported in 1930 by Anderson and 

Stevenson (1930) in China. Fluoride problems in China occur through drinking water, 

indoor coal combustion and brick tea in Taiyuan basin of China (Guo et al., 2007). 

Fertilizer containing leachable fluoride ranging from 53 to 255 mg/Kg and coal 

containing fluoride ranging from 5 to 20 mg/Kg were reported to pollute groundwater 

with high fluoride in east Punjab, Pakistan by Farooqi et al., (2007). The granitic rocks 

with average fluoride concentration of 1939 mg/Kg in Nagar Parkar area, Pakistan, 

contain fluoride in kaolin deposits between 468 and 1722 mg/Kg and secondary kaolin 

deposits have 270 mg/Kg which are the source of fluoride up to 7.85 mg/L in 

groundwater  in  this  area (Naseem et al., 2010).  Studies on fluoride in groundwater in  
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Sri Lanka carried out by Dissanayake (1991) and Young et al., (2010) shows that the 

condition has not changed even after about two decades with fluoride above 4 mg/L in 

groundwater. It was found that high fluoride areas lie within low plains and low 

fluoride areas were usually highlands. This was because the contact time with the 

geological material was longer in the plains and there exists slow groundwater 

movement compared to highlands (Dharmagunawardhane and Dissanayake, 1993). 

 

1.4 FLUORIDE POLLUTION IN INDIA AND WEST BENGAL 

Endemic fluorosis is prevalent in India since 1937 (Shortt et al., 1937). Of the 85 

million tons of fluoride deposits on the earth’s crust, the contribution of India is 12 

million (Teotia and Teotia, 1994). Naturally, in India fluoride contamination is 

widespread and intensive. Indians are living in about 200 districts of 20 states in 

endemic areas of fluorosis and are at risk of developing fluorosis (Susheela, 2005). 

Over 66 million of the total populations in India are consuming drinking water 

containing elevated levels of fluoride (FRRDF, 1999).  More and more fluoride 

affected areas are being discovered regularly in different parts of the country (Fluoride 

and fluorosis, 2012). In India, fluoride level in ground water varies substantially in 

different areas (Dhar and Bhatnagar, 2009). Fluoride concentration as high as 86 mg/L, 

has been reported from Motipura village of Haryana, India (Garg et al., 2009). 50-

100% districts of various states like Andhra Pradesh, Tamil Nadu, Uttar Pradesh, 

Gujarat and Rajasthan are fluoride affected (RGNDWM, 1993). Some regions in north 

western and southern India are affected with fluorosis (Agarwal et al., 1997; Yadav et 

al., 1999). In Delhi, about 50% of the groundwater exceeds the maximum permissible 

limit for fluoride in drinking water (Datta et al., 1996). Evapo-transpiration of 

groundwater with residual alkalinity raises the fluoride concentration in many parts of 

India (Jacks et al., 2005). Due to long residence time higher fluoride content was 

observed in deeper aquifers of Maharashtra than shallow groundwater (Madhnure et al., 

2007). The granitic rocks in Nalgonda district of Andhra Pradesh contain average 

fluoride concentration of 1440 mg/Kg which is much higher than the world average 

fluoride concentration of  810 mg/Kg  (Wedepohl, 1969).  The mean fluoride content in 
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Hyderabad granites is 910 mg/Kg (Rao et al., 1993). In West Bengal, excess fluoride in 

groundwater has been detected so far in 43 blocks spread over seven districts, viz. 

Purulia, Birbhum, Bankura, Malda, South Dinajpur, North Dinajpur and South 24-

Parganas (PHED report, 2009). Fluoride contamination of ground water in the State of 

West Bengal was first detected during 1996 at Nasipur area of Nalhati-I Block in the 

district of Birbhum.  Basaltic rocks are the source of fluoride in this region (Patra et al., 

2010). There after many reports on fluoride contamination came forth from different 

parts of West Bengal (Gupta et al., 2006; Chatterjee et al., 2008; Kundu and Mandal, 

2009 and Ghosh et al., 2010). According to the report of Geological Survey of India 

(GSI), Precambrian terrain with fractured/shear zones are the possible locale for 

elevated level of fluoride in ground water in parts of Purulia and Bankura Districts. GSI 

also reported that the fluoride contamination occurs mostly within tube wells tapping 

ground water in the basaltic rocks of Rajmahal trap.  The dug wells, ponds and tube 

wells tapping water from alluvium sediments generally contain fluoride beyond 1.50 

mg/L.  

 

1.5 SOURCES OF FLUORIDE 

1.5.1 Natural source 

1.5.1.1 Rock, minerals  

Surface rocks, deposits and the oceans are the main sources of fluoride in the 

biosphere. According to Smith and Hodge (1979), fluoride is the 13th and according to 

Bell et al., (1970), 17th most abundant element in the earth’s crust in igneous and 

sedimentary rocks. Its natural concentration is estimated to be 0.06 to 0.09% in the 

upper layer of lithosphere (Fawell et al., 2006) and the average crustal abundance is 

300 mg/Kg (Tebutt, 1983). Hundreds of minerals are known to contain fluoride. The 

fluoride content in these minerals varies from as high as 73% in the rare mineral 

griceite (LiF) to many others with less than 0.2% (Weinstein and Davison, 2004). 

Fluoride occurs in the form of minerals such as biotite, muscovite and hornblende etc. 

which usually originate from micas, apatite and tourmaline. Fluorite (fluorspar) (CaF2), 

fluorapatite [3Ca3(PO4)2 Ca(F,Cl2)], fluormica (phlogopite) [KMg3(Si3Al)O10(F,OH)2],  



 
 

Introduction 7 

 

  

apatite [CaF2.3Ca3(PO4)], cryolite [Na3AlF6], epidote 

[Ca2Al2(Fe3+;Al)(SiO4)(Si2O7)O(OH)], sellaite [MgF2], topaz [Al2SiO4(F,OH)2], 

phosphorite [Ca3(PO4)2], tremolite[Ca2Mg5Si8O22(OH)2], biotite [K(Mg,Fe)3 

AlSi3O10(F,OH)2], hornblende [Ca2(Mg,Fe,Al)5(Al,Si)8O22(OH)2], phosphorite [Ca3 

(PO4)2], certain varieties of mica etc. are the fluoride bearing minerals (Raju et al., 

1979; Matthess, 1982; Hem, 1985; Handa, 1988; Gaumat et al, 1992; Gaciri and 

Davies, 1993; ; Datta et al., 1996; Apambire et al., 1997; Kundu et al., 2001; 

Mohapatra et al., 2009). Similar occurrence of fluoride both in igneous and sedimentary 

rocks is reported (Deer et al., 1983). Fluoride content varies from 0.8 to 3.6% in apatite 

rocks of the Singhbhum district of Bihar, the Vizianagaram district of Andhra Pradesh 

and the Purulia district of West Bengal (Sinha, 1986; Narasayya 1970). 

 

1.5.1.2 Soil 

Soil fluoride is derived from the minerals by weathering and actions of 

microorganisms, plants and animals. Deposition on the surface from atmosphere by 

rainfall or by flooding soil fluoride is also derived (Weinstein and Davison, 2004). 

Fluoride content in soil may vary from under 20 to several thousand mg/Kg (Davison, 

1983). The higher level of fluoride is found in areas with sedimentary phosphate or 

fluorite deposits but the level may also range up to 700 mg/Kg in absence of such 

sedimentation or deposits (McLaughlin et al., 1996; Cronin et al., 2000). Heavier soils 

tend to have higher concentration of fluoride than sandy soils as most of the fluoride is 

associated with clay fraction (Weinstein and Davison, 2004). . Fluoride content in the 

soil concentration can vary over a short distance due to variation in underlying parent 

rocks (Geeson et al., 1998).The fluoride content of soil is dependent mainly on the 

mineralogical composition of the soil, inorganic fraction, the extent of clay and pH. 

Mobility of fluoride in soil is influenced mainly by pH and formation of aluminium and 

calcium complexes (Pickering, 1985).  It has been found from most of the researches 

that in soils with pH< 6 fluoride  is  mainly  bound  in  complexes  with  either  

aluminium  or  iron  (e.g.  AlF2
+, AlF3, AlF4

–, FeF2
+, FeF3) (Elrashidi and Lindsay, 

1985). Al  is  the  most abundant  metal in the soil (Rayner-Canham and Overton, 2003) 
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and is present in free hydrous oxides, aluminosilicates. Adsorption and availability of 

fluoride is determined by the anion exchange of fluoride with minerals 

(Huang and Jackson, 1965) can be represented as: 

Mineral  ̶OH + F-             Mineral  ̶F + OH- 

 ZPC (Zero Point Charge), the pH at which the surface charge is equal to zero is an 

important parameter which determines the adsorption and availability of fluoride in 

soil. At a pH below ZPC, surface are charged positive and the adsorption of fluoride 

become more feasible. As the aluminium hydroxide has a ZPC of 7.1 to 9.5 and 

alumina has a ZPC of 8 (Müller, 2005), fluoride has a high affinity to be absorbed on 

these minerals in the neutral pH range. 

 

1.5.1.3 Aquifer 

Fluoride comes to the aqueous solution due to the weathering process of rocks and 

minerals through anthropogenic activities and leaching. The fluoride concentration in 

ground water depends on geology, chemistry, physical characteristics and climate of 

the area. As evaporative concentration, change in water chemistry and leaching 

concentrates the fluoride, higher fluoride concentrations tend to occur in arid regions 

(Weinstein and Davison, 2004).  

Although the solubility of fluoride bearing minerals are low under normal conditions 

but the slow kinetics for a long time often enhances leaching and enhancement of 

fluoride in ground water (Hem, 1989). Dissolution rates of fluorite minerals increase 

under alkaline condition in the range of specific conductivity between 750 and 1750 

µS/cm (Saxena and Ahmed, 2001).  

Granitic rocks contain fluoride ranging between 500 and 1400 mg/Kg (Koritnig, 1978; 

Krauskopf and Bird, 1995), which is much higher than any other rock type. The 

weathering of these rocks results in increased fluoride content in groundwater. 

Laboratory studies conducted by Chae et al., (2006) showed that leaching of fluoride 

from granitic rocks contributed 6 to 10 mg/L of fluoride to water. Enhancement 

fluoride levels in the groundwater occur due to longer residence time in aquifers with 

fractured fluoride rich rocks.  Granite and granitic  gneisses in Nalgonda,  India contain  
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fluoride rich minerals such as fluorite (0 to 3.3%), biotite (0.1 to 1.7%) and hornblende 

(0.1 to 1.1%) (Ramamohana Rao et al., 1993) where 460 to 1706 mg/Kg of fluoride 

containing rocks are reported Mondal et al., (2009).  

Sea water has an average fluoride level of 1.3 mg/L (Carpenter, 1969). Undersea 

volcano and vents increases the fluoride level in sea water which in turn entering into 

the river water increases the fluoride level. Another way of fluoride input in water is 

through the deposition of gases and particulate materials from the atmosphere to a little 

extent (Weinstein and Davison, 2004). 

 

1.5.1.4 Air 

Air borne fluoride arises both from natural and anthropogenic sources. However, a 

small fraction of the total fluoride exposure arises from air (USNRC, 1993). Fluoride is 

released into the atmosphere on a large scale due to volcanic ash, dust, industrial 

production of phosphate fertilizers, coal ash from the burning of coal, smoke in the 

brick field and volcanic activities. Amongst these aerial fluoride sources, volcanic 

activities have long been known to be the largest natural source as volcanic rocks are 

often enriched in fluoride. Magma soluble Hydrogen fluoride gas comes out partially 

during eruptive activity (D’Alessandro, 2006). During volcanic eruption the aerial 

emission of fluoride in the form of volcanic ash is deposited on the surface by fall out 

of particulate fluorides and during rainfall. Due to the high solubility of volcanic ash in 

rain water the risk of fluoride contamination in groundwater is very high. Percolating 

rainwater carries this fluoride from the soil surface the groundwater zone. Fluorosis in 

livestock and humans was identified long ago in 1978 from the Laki eruption 

(Fridriksson, 1983; Steingrímsson, 1998). Hekla eruption in 2010 contained 23-35 

mg/Kg of fluoride (Matvælastofnun, 2010). Fluoride contaminations in groundwater of 

Kenya have been found to be caused by volcanic eruption (Gaciri and Davies, 1993). 

Volcanoes are important source of organo fluorides including some CFCs. These have 

been shown to contain gaseous fluoride compounds like hydrogen fluoride (HF), 

ammonium fluoride (NH4F), silicon tetrafluoride (SiF4), ammonium fluorosilicate 

((NH4)2 SiF6),  sodium  fluorosilicate (Na2SiF6),  potassium fluorosilicate (K2SiF6)  and  
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potassium fluoroborate (KBF4) (Weinstein and Davison, 2004). In addition volcanoes 

erupt some solid fluorides like sodium fluoride (NaF), potassium fluoride (KF), 

magnesium fluoride (MgF2) and calcium fluoride (CaF2) (Roholam, 1937).  

 

1.5.2 Anthropogenic sources 

 

1.5.2.1 Industrial activities 

Many types of anthropogenic activities result in the emission and deposition of gaseous 

and particulate fluorides in the environment. Drying, grinding and calcining of fluoride 

containing minerals, their reactions with acids, smelting and electrochemical reduction 

of metals using fluoride containing fluxes or electrolytes, firing of brick or ceramic 

materials, high temperature melting of raw materials in glass manufacture and the use 

of fluoride containing chemicals for cleaning, electroplating and etching in various 

process etc. are the basic industrial activities that results in fluoride pollution 

(Weinstein and Davison, 2004). Aluminium smelting (Haidouti, 1991), cement 

production and ceramic firing (WHO, 2002), HF alkylation in petroleum refining 

(Weinstein and Davison, 2004) releases a high amount of fluoride into the 

environment. Fluorspar [CaF2], fluorapatite [3Ca3 (PO4)2 Ca (F, Cl2)] and cryolite 

[Na3AlF6] are the major minerals exploited commercially. Fluorspar is as source of 

hydrofluoric acid, which is a feed chemical for the production of thousands of organic 

and inorganic fluorine compounds, including insecticides, pharmaceutical and fabric 

conditioners. For example, about 80% is used for hydrofluoric acid production and the 

rest is used as a flux in a variety of industries in USA (Weinstein and Davison, 2004). 

The deposits of apatite mineral that are contained in the rock phosphates are mined for 

the production of phosphorus and phosphate fertilizers.  

 

1.5.2.2 Fertilizers 

Phosphate containing fertilizers enhances the fluoride content in soil and groundwater 

(Motalane and Strydom, 2004; Farooqi et al., 2007). Phosphatic fertilizers contain 

remarkable amount of  fluoride for example superphosphate (2750 mg of F/Kg), potash  
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(10 mg of F /Kg) and NPK (Nitrogen Phosphorous Potassium) (1675 mg of F /Kg) 

(Srinivasa Rao, 1997). In agricultural areas successive use of these fertilizers results in 

higher fluoride concentration in groundwater (Young et al., 2010). If an agriculture 

field of 1 ha receives 10 cm of irrigation water containing 10 mg/L of fluoride, then the 

soil can obtain 10 Kg of fluoride (Datta et al., 1996). 

 

1.5.2.3 Fly ash 

Fly ash from the combustion of fossil fuels emits high fluoride in atmosphere. Due to 

the combustion of coal especially from power  plants more than 100 to 150 million tons 

of fly ash is produced worldwide annually (Prasad and Mondal, 2006; Piekos and 

Paslawska, 1998). Inappropriate disposal of this fly ash ultimately leaches the fluoride 

into groundwater. Beside these, the combustion of coal is also a potential source of 

fluoride emissions in industrial processes (Weinstein and Davison, 2004). Brick kilns 

which use coal for burning is source of fluoride (Jha et al., 2008), but the amount of 

pollution depends on the type of coal being burnt as  the fluoride content in coal may 

vary from 40 to 295 mg /Kg (Churchill et al., 1948). 

 

1.6 WATER FLUORIDATION AND OTHER WATER PARAMETERS 

Drinking water is typically the largest single contributor to daily fluoride intake 

(Murray, 1986). Groundwater contributes only 0.6% of the total water resources on 

earth which is major and preferred source of drinking water particularly in India 

(Sharma et al., 2011). The chief sources of fluoride ion in the natural waters are 

fluorite, fluoroapatite as well as fluoride replacing hydroxyl in the ferromagnesium 

silicates. Presence of fluoride bearing minerals, amount of leachable F- in a terrain and 

the degree of weathering are the deciding factors for the fluoride content in water 

(Ramesam and Rajagopalan, 1985). 

Physicochemical parameters as well as hydrochemistry were studied by many 

researchers to assess the characteristics of groundwater (Sanchez Martos et al., 1999; 

Subba Rao et al., 2002; Bhardwaj and Singh, 2010). Amongst these parameters some 

play a vital role in fluoride dissolution and fluoride concentration in water.  
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The solubility of fluorite in water increases with increasing concentration of sodium 

(Kundu et al., 2001) indicting an important role of sodium content in water. During the 

process of chemical weathering, the minerals change to montmorillonite phase and 

sodium is released into the ground water (Patra et al., 2010). Therefore the degree of 

weathering is indicated by the sodium acquired by the ground waters.  

Water quality parameters such as alkalinity, pH and hardness have high impact on 

water fluoride levels due to the release of fluoride from fluoride-containing minerals by 

carbonates and dissolved solids (Viswanathan et al., 2009). High alkalinity of water 

containing high bicarbonate activity promotes leaching of fluoride and thus affects the 

concentration of fluoride in groundwater (Salve et al., 2008). Alkaline pH where 

bicarbonate activity is high, promotes the fluoride dissolution represented as (Salve et 

al., 2008): CaF2 +2NaHCO3= CaCO3 + 2Na+ 2F- + H2O + CO2  

The ionic radius of fluoride (0.136 nm) is the same as that of hydroxyl ion, which can 

be easily substituted from water at high pH (Sreedevi et al., 2006; Gupta et al., 2006). 

In acidic medium, fluoride is absorbed in clay, whereas high pH, alkalinity of the 

draining solution favors the leaching of fluoride from the rocks (Patra et al., 2010). 

Calcium and magnesium sometimes show positive correlation with fluoride 

(Alagumuthu et al., 2010). The positive correlation with calcium observed may be 

attributed to the presence of limestone in those areas (Taher and Ahmed, 2001). High 

fluoride and very low Ca in water may also arise in some cases due to prior 

precipitation of CaCO3 from water with limited incorporation of F- in CaCO3 structure 

or due to replacement of calcium by sodium in cation exchange reactions (Patra et al., 

2010). 

Few other water quality parameters show both positive and negative correlation with 

fluoride depending on the rock minerals and weathering processes. For example, 

chloride shows negative correlation with fluoride (Mondal et al., 2012) as well as 

positive correlation (Dutta et al., 2010; Karthikeyan and Shunmugasundarraj, 2000). 

Iron and sulfate had a significant positive correlation with fluoride in some case 

(Ramakrishnaiah et al., 2009) but showed insignificant negative (iron) or insignificant 

positive (sulphate) in the study of Mondal et al., (2012).  



 
 

Introduction 13 

 

 
1.7 SAFE LIMIT OF FLUORIDE 

 

1.7.1 Recommendations 

As water is the major source of daily fluoride intake (Murray, 1986), assigning the safe 

limit of fluoride in water is so important. Fluoride intake and its harmful effects are 

more relevant in the context of India compared to Western countries, where the 

fluoridation of water is, instead, recommended to help prevent dental caries (Teotia and 

Teotia, 1991). There is a risk of endemic fluorosis where the fluoride level is more than 

1.0 mg/L in drinking water (Bo et al., 2003). The guidelines published by the World 

Health Organization (WHO, 1984) suggested that in areas with a warm climate, the 

optimum concentration of fluoride in drinking water should remain below 1 mg/L, 

while in cooler climate the recommended limit may increase up to 1.2 mg/L. This is 

due to higher water consumption in warmer climates as a result of higher perspiration 

(Yadav et al., 2009). Enhanced fluoride intake through drinking water coupled with 

dietary intake could significantly substantiate the total fluoride accumulation in body 

tissue to cross the risk limit (Pandey and Pandey, 2011). The permissible upper limit 

for fluoride in drinking water recommended by WHO (1997) was 1.5 mg/L, 

considering this threshold limit to there, where the benefit of resistance to tooth decay 

did not yet shade in to a significant task of dental fluorosis. The WHO guideline value 

for water is not universal as the climate and other factors deviate in different habitation. 

In India, for example, the permissible upper limit was lowered from 1.5 ppm to 1.0 

ppm in 1998. For human consumption, Bureau of Indian Standards (BIS) permitted 1.5 

mg/L as a safe limit of fluoride in drinking water (BIS, 2009). But more than 1 ppm of 

fluoride in drinking water can be positively dangerous to human health leading to 

dental and skeletal fluorosis, calcification of ligaments, crippling bone deformities and 

many other physiological disorders that might ultimately result in death. These diseases 

have no cure; prevention is the only means of controlling the disease. Scientists 

working on the issue of lowering the upper limit of fluoride to at least 1 ppm in India as 

there is enough  

evidence to prove that constant exposure to fluoride even at the level of 0.7 mg/L could 

lead to fluorosis and other allied diseases (Mahapatra, 2007).  
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The Food and Nutrition Board at the Institute of Medicine recommended a safe limit of 

dietary intake for fluoride. According to this recommendation, infants of 0-6 months 

can intake 0.01 milligrams of fluoride per day and infants of 7 - 12 months age can 

intake fluoride up to 0.5 mg/day. The recommended limit of fluoride intake for the 

children of the age 1-3 years, 4-8 years and 9-13 years are 0.7 mg/day, 1.0 mg/day and 

2.0 mg/day respectively. The limit of fluoride that can be ingested to the adolescents 

and adults are - males of ages 14 to 18 years: 3.0 mg/day, males over 18 years of age: 

4.0 mg/day and females over 14 years of age: 3.0 mg/day. 

 

1.7.2 Lethal dose 

The probable toxic dose has been set to 5 mg/Kg and acute toxicities of fluoride have 

symptoms as nausea, vomiting, diarrhea and cardiac arrhythmia. (Hayes, 2001; 

Gazzano et al., 2010). 

 

1.8 SOURCE OF FLUORIDE IN HUMAN BODY 

 

1.8.1 Fluoride in Water, Food and vegetables 

As discussed before, water is the main source of daily fluoride ingestion in human 

body. Permissible upper limit for fluoride in drinking water recommended by WHO 

(2011) is 1.5 mg/L. Food is the next important source of fluoride in human body. Most 

food derived from plant or animal, contain fluoride ion at least in minute amounts. 

Local food habit determines the contribution of food to the total daily intake. Fluoride 

enters into the food stuffs from soil and water used for irrigation. Some foods 

concentrate additional fluoride from boiling, processing or contamination. Fluoride 

levels may vary widely even between samples of the same kind of food.  Foodstuffs 

like vegetables and fruits normally contain fluoride at low concentration (0.1-0.4 

mg/Kg).  Higher levels (up to 2 mg/Kg) of have been found in barley and rice (WHO, 

1986). Diets with high fat level increase  deposition of  fluoride in  bone enhancing the 

toxicity (USDHHS, 1991). There is a little difference between fluoride contents of leaf 

or  root  vegetables  and  cereals  with  the  exception  of  spinach  which  is  unusually 
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enriched in fluoride (Gautam et al., 2010). Potato peelings can contain up to 75% of the 

total fluoride in the whole tuber. The food items carrying high levels of fluorides are 

rice, wheat, cereal, maize, pulses, cabbage, cucumber, tomato, brinjal, lady’s finger, 

beetroot, potato, onion and sweet potato, banana, grapes, mango, apple, coconut, 

ground nut, mustard, mutton, beef, pork, fish, egg etc. Food Fluoride concentration in 

% given in the parentheses are (Mahapatra, 2007): 

Banana (2.9 - 4.58), Grapes (0.84 - 1.74), Mango (3.7 - 8.18), Apple (5.7 - 5.22), 

Vegetables (9.0 - 45.0), Cereals (16.0 - 52.0), Pulses (6.0 - 22.0), Mutton (3.0 - 3.5), 

Fish (1.0 - 6.5), Wheat (5.9), Rice (1.7 - 2.23), Maize (5.6), Cabbage (3.3), Tomato 

(3.4), Brinjal (1.2), Lady’s finger (4.0), Potato (2.8), Onion (3.7). 

 

1.8.3 Fluoride in Beverages 

Tea, coffee, coconut water, beer and wine etc. contain higher levels of fluoride. Tea is 

enriched with fluoride and about two thirds of the fluoride in leaves is soluble in the 

beverage (Fung et al., 1999). Each cup of tea may contain 0.3 - 0.5 mg of fluoride. 

Bottled beverages, have a variable and some have high content of fluoride. Fluoride 

concentrations in different beverages are (Mahapatra, 2007): 

 Tea (Dry leaves) 39.8-68.5, Tea infusion 18.13-56.19 (1 gm boiled for 5 min. in 125 

ml. water), Tea infusion (1 gm in 125 ml of hot water) 11.13-37.34, Aerated drinks 

0.77-1.44, Coconut Water 0.43-0.60. 

 

1.8.4 Fluoride in other sources 

Spices like Almond, Garlic, Ginger, Coriander, Cumin Seeds, Garlic, Turmeric, Black 

Salt etc contain fluoride. Fluoride concentrations (%) in Coriander, Cumin Seeds, 

Ginger, Garlic, Turmeric are 2.3, 1.8, 2.0, 5.0 respectively (Mahapatra, 2007). Nuts and 

oilseeds such as almond, coconut, mustard oil and groundnut also have higher 

concentration of fluoride. Fluoride concentrations in % in Almond, Coconut, Mustard 

Seeds, and Groundnut are 4.0, 4.4, 5.7, and 5.1 respectively (Mahapatra, 2007). 

Significant sources of ingested fluoride are toothpaste in very young children (who tend 

to  swallow  most of  their toothpaste). The fluoride content in raw material used for the 
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manufacture of toothpaste can be as high as 800-1000 ppm which may range from 

1,000 to 4,000 ppm in fluoridated brands (Mahapatra, 2007). Prolonged use of certain 

drugs leads to chronic adverse effects of fluoride, e.g., sodium fluoride for treatment of 

osteoporosis, Niflumic acid for the treatment of rheumatoid arthritis, fluoride mouth 

rinse (Proflo) for the stronger tooth etc. (Kadu et al., 2012). 

 

1.9 HEALTH IMPACT OF FLUORIDE 

 

Fluoride is said to be the greatest scientific fraud of this century. It has been used for 

many years in carries prevention, mainly as community water fluoridation, whereby 1 

ppm of fluoride in drinking water leads to reduction in dental carries with minor side 

effects such as dental fluorosis (Clarkson and McLoughlin, 2000; da Cunha and 

Tomita, 2006; Pizzo et al., 2007). Metabolism of ingested fluoride distributed in the 

organs, bone and teeth shows it adverse effect after long time exposure. Therefore it is 

important to know the metabolism process for better understanding of health impact of 

fluoride on human body.  

 

1.9.1 Metabolism of Fluoride 

Fluoride can be incorporated in human body through gastrointestinal tract after 

ingestion, following inhalation, and through the skin. Inhalation and skin absorption are 

not so important except some occupational exposure situations.  

The overall metabolism of fluoride is a three steps process, namely, absorption, 

distribution, and excretion.  In absorption process, the majority of the ingested fluoride 

is absorbed from the stomach and small intestine into blood stream (Whitford, 1990). 

This absorption process depends mainly on the solubility of the ingested fluorides, the 

pH in the digestive system and the presence of compounds in the diet that can complex 

fluoride (Ekstrand, 1996; Whitford, 1996; WHO, 2002; Weinstein and Davison, 2004; 

Buzalaf and Whitford, 2011). Just after absorption the fluoride levels increase quickly 

to reach a peak concentration within 20-60 min. as the ions pass the central component, 
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plasma, before being distributed and eliminated (Buzalaf and Whitford, 2011). Usually 

within 3-6 hours fluoride level decline rapidly due to the uptake of fluoride by hard 

tissue and efficient removal of fluoride by the kidneys (Whitford, 1994). Fluoride is 

removed from plasma by urinary excretion or by incorporation into mineralized tissues. 

The distribution process is understood by Tissue-water to plasma-water ratio (T/P) 

index. An agent with T/P higher than 0.4 means that it can penetrate cells and T/P >1 

indicates that it can be accumulated in the tissue. T/P ratio of fluoride is 0.4-0.9 in most 

organs, such as in liver, lung, heart, salivary gland. It indicates that fluoride is able to 

penetrate cells but is not accumulated intracellularly (as T/P is less than 1). 

Exceptionally high T/P ratio of fluoride in kidney (4.16) does not indicate accumulation 

but is related to the excretion of fluoride by kidney (Buzalaf and Whitford, 2011). 

Fluoride exists largely in bound forms in plasma, with ionic form (Dhar, 2009). 

Fluoride in calcified tissues may be released during normal remodeling of bone 

(Buzalaf and Whitford, 2011). The biological half-life of bound fluoride is several 

years and for this reason fluorosis persists for a long time. The excretion of fluoride 

occurs through urine and roughly 50% of the absorbed fluoride is excreted during the 

following 24 hours (Kadu et al., 2012). Approximately 50% of the fluoride absorbed is 

deposited in the bones and teeth and the remaining is excreted in urine storing about 99 

% of the fluoride retained in the mineralized bones and teeth due to its affinity for 

calcium phosphate (Teotia et al., 2003, Robinson et al., 1996; Whitford, 1996; Buzalaf 

and Whitford, 2011).Soluble forms of fluoride, such as fluoridate water, have been 

found to be absorbed at an efficiency of 90 percent or greater. Fluoride intoxication is 

much effective in case of children as in children less than three years of age only about 

50% of total absorbed amount is excreted, where as in adults and children over 3 years 

about 90% is excreted (Kadu et al., 2012). Fluoride may also pass through the placenta 

and a minute amount of it is present in saliva, sweat, and milk (Buzalaf and Whitford, 

2011).  
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The metabolism of fluoride can be represented as (Mahapatra, 2007): 

 

 

   

   

  

    

    

 

 

 

 

 

1.9.2 Effect of fluoride 

Excessive amount of fluoride is ingestion for a long period leads to a dreaded, 

crippling, incurable disease known as Fluorosis. Fluorosis is a result of abnormal 

deposition of fluoride in hard tissues. Dental fluorosis or mottled teeth in children is the 

first indication of fluorosis (Mahapatra et al., 2005). Long-term exposure to fluoride 

causes skeletal fluorosis (IPCS, 2002). There are basically three types of fluorosis 

namely, (i) Dental Fluorosis, (ii) Skeletal fluorosis (iii) Non-skeletal fluorosis. 

 

1.9.2.1 Dental fluorosis  

Dental fluorosis, a hypoplasia or hypominarilation of tooth enamel or dentin produced 

due to the chronic ingestion of excessevie amounts fluoride during period when teeth 

are developing ranges in intensity from barely noticeable whitish striations to confluent  
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pitting and staining (Horowitz, 1986).  The severity of dental fluorosis depends on 

when and for how long the over exposure of fluoride occurs (Den Besten, 1994).  

Teeth are composed of a protein matrix (poly-proline) intimately mixed with an 

inorganic mineral hydroxy-apatite (3Ca3(PO4)2.Ca(OH)2 ). Fluoride ion (F-) forms 

small amounts of fluorapatite through an ion-exchange with the hydroxyl ion (OH -) in 

the mineral phase according to the reaction (NHMRC, 1999):  

3Ca3(PO4)2.Ca(OH)2 + x F -            3Ca3(PO4)2.Ca(OH)2-x .CaFx  + xOH -  (x < 0.1) 

As a result of the substitution of fluoride for hydroxyl ion, the volume of the unit cell 

decreases due to more efficient ionic packing resulting in denser lattice leading to  

stronger, acid resistant tooth surface supporting the anti-caries effect of fluoride in 

drinking water (Aoba, 1997). Disodium monofluorophosphate (MFP = Na2FPO3 ), the 

most commonly used fluoride dentifrice,  may ion-exchange the FPO3 2- ion  with the  

isostructural phosphate ion (PO4 
3-)  according to the reaction (NHMRC, 1999): 

3Ca3(PO4)2.Ca(OH)2 + yFPO3 2-       3Ca3 (PO4)2-y(FPO3)y.Ca(OH)2 + y PO4 3-  (y < 0.1) 

But MFP can also behave as an indirect fluoride source as it is degraded to fluoride ion 

by oral bacteria utilising general purpose phosphatases present in dental plaque 

(Whitford, 1990). Both the ion-exchange processes lead to the incorporation of fluoride 

in teeth, principally in the outer enamel layer. 

But at the time of tooth and enamel development, chronic exposure to fluoride causes 

increased mineralization with the loss of matrix proteins resulting in dose-related 

disruption of enamel mineralization, excessive retention of enamel proteins, and 

increased porosity (Aoba and Fejerskov, 2002). Although it is has not yet been 

confirmed, some researchers have suggested that chronic fluoride exposure causes aged 

dentin to crack more easily (Doull et al., 2006). 

The appearance of white horizontal striations on the tooth surface or opaque patches of 

chalky white discolorations indicates a mild dental fluorosis (WHO, 1999; Susheela, 

2003; Rao, 2003). The opaque patches can become stained yellow to brown or even 

black, and increased tooth porosity leads to structural damages, such as pitting or 

chipping in case of moderate to severe forms of fluorosis (Rao, 2003). Drinking water 

is  the  most  important factor of dental fluorosis and it has been reported that at least 60 
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percent of the population are affected where drinking water contains more than 2 mg/L 

fluoride (Fordyce et al., 2007) reaching upto 100% of the population where fluoride 

content is 6 mg/L in drinking water (Apambire et al., 1997). The symptoms of dental 

fluorosis that appears in different stages are – (i) Dull white or yellow patches and loss 

of shine; (ii) Yellow white spots turning brown in horizontal streaks; (iii) Brown streak 

at the tip, in the middle or in the upper part of teeth indicating a child to be exposed to 

high fluoride in food or water or both up to the age of 2 years, from the age of 2 years 

up to 4 years and from the age of 4 years up to 6 years and after respectively; (iv)  

Teeth turning black with pitting and even to be flaked and disfigured (v) Teeth loss at 

an early age; (vi) Delayed eruption of teeth. 

 

1.9.2.2 Skeletal Fluorosis 

Increased in bioaccumulation of fluoride in bone due to prolong fluoride exposure with 

the advancement of age, there are chances of appearance of skeletal fluorosis. Skeletal 

fluorosis leads to severe and permanent bone and joint deformities causing pain and 

stiffness in the joints and cripples a person. Skeletal fluorosis occurs due to the 

consumption of drinking-water containing high levels of fluoride. Exposure to 

additional sources of fluoride such as high-fluoride coal can also be a potential reason 

for it. Climate, water consumption, nutritional status and diet, additional sources of 

fluoride and exposure to other substances that modify the absorption of fluoride into the 

body etc. are the determining factor of skeletal fluorosis. Occupational exposure to 

higher concentrations of fluoride in the air may also be a cause of skeletal fluorosis. 

Crippling skeletal fluorosis can result in osteosclerosis, ligamentous and tendinous 

calcification and extreme bone deformity.  

 Skeletal  fluorosis  may  occur  when fluoride  concentrations  in  drinking  water  

exceed 4–8  mg/L (Teotia and Teotia, 1988).  Although the threshold level of fluoride 

in ground water to cause skeletal fluorosis varies depending on water intake, water 

quality, and other dietary factors (Jolly et al., 1969; Raja Reddy et al., 1985). In the 

U.S. there is no evidence of skeletal fluorosis occurrence in the general population 

when  fluoride  level in  drinking  water  is  less  than  4 mg/L;  but  in some cases renal  



 
 

Introduction 21 

 

 
deficiencies were observed who ingest large volumes of water at 2–8 mg/L (Kaminsky 

et al., 1990; Juncos and Donadio, 1972). Crippling skeletal fluorosis can occur when 

the drinking water contains more than 10 mg/L of fluoride (Boyle and Chagnon, 1995; 

Reddy and Prasad, 2003).  

Skeletal fluorosis is characterized by  increase  in  bone  density  leading to  thickness  

of  long  bones  and  calcification  of ligaments. Fluoride accumulated in bone has a 

biological half-life of several years in this tissue. It is well estabilished that fluoride 

exposure disrupts the synthesis of collagen and leads to the breakdown of collagen in 

bone (Susheela and Jha, 1981; Sharma, 1982a; Susheela and Mukerjee, 1981; Sharma, 

1982b). Fluoride stimulates bone growth, although it does not directly stimulate 

osteoblastic activity, and in vivo, there is a lag time (months to years) before the onset 

of osteoblastic activity (NHMRC, 1999). The enhanced stability due to replacement of 

hydroxyl ion by fluoride ion renders the skeletal structures more resistant to 

osteoblastic resorption, which alters the normal bone remodeling cycle. Because bone 

remodeling is an integral part of skeletal health, the two properties of fluoride, 

increased formation of bone and a greater resistance to resorption and remodeling leads 

to the production of abnormal bone (NHMRC, 1999). In an acute case, fluoride 

promotes the development of bone cancer (Hrudey et al., 1990; Mahoney, 1991). 

Although the mechanism that leads to skeletal fluorosis are little understood, the stages 

of development are well-documented (Hil-eman, 1988; WHO, 1999; Rao, 2003; 

Susheela, 2003; Edmunds and Smedley, 2005). In early stages, the symptoms include 

pain and stiffness in the backbone, hip region, and joints, along with increased bone 

density (osteosclerosis). With progress of this condition, various ligaments of the spine 

can also become calcified and ossified and in advanced stages, fluorosis produces 

neurological defects, muscle wasting, paralysis, crippling deformities of the spine and 

major joints, and compression of the spinal cord (Ozsvath, 2009). Severe pain and 

stiffness in the backbone, stiffness in joints, rigidity in the hip region, increased 

thickening and density of bone, besides calcification of ligaments, constriction of 

vertebral canal and inter-vertebral foramen pressure on nerves, deformities in limbs, 

hunch back, paralysis, muscular wasting and premature aging are the symptoms of 

skeletal fluorosis. 
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1.9.2.3 Non-skeletal Fluorosis 

This kind of fluorosis is often disregarded due to the wrong prevailing perception that 

fluoride affects only bone and teeth. Other non-skeletal health disorders that occur due 

to high fluoride intake through drinking water are muscle fibre degeneration, low 

haemoglobin levels, deformities in RBCs, excessive thirst, headache, skin rashes, 

nervousness, depression, urinary tract malfunctioning, nausea, abdominal pain, tingling 

sensation in fingers and toes, reduced immunity, repeated abortions or  still births, male 

sterility, etc (Meenakshi and Maheshwari, 2006).  

As fluoride is excreted in urine through the kidneys, it may affect the functioning of 

kidneys. A few studies reported that chronic ingestion of fluoride can have non-

carcinogenic effects on the kidney with the incidence of kidney stones (Doull et al., 

2006).  

Several researchers studied the effects of fluoride on the endocrine system found a 

relation between endemic goiter and fluoride exposure in human populations (e.g., 

Steyn, 1948; Day and Powell-Jackson, 1972; Obel, 1982; Desai et al., 1993; Jooste et 

al., 1999) although the exact causal mechanism for effect of fluoride on the thyroid has 

not yet been established (Doull et al., 2006).  

According to the report of Li et al., (1988) fluoride might have genotoxical effects. 

Several studies supported these effects on humans and animals (Sheth et al., 1994; 

Joseph and Gadhia, 2000; Tripathi et al., 2009).  

A number of studies conducted in China have suggested that dietary fluoride ingestion 

has an adverse effect on the intelligence of children (e.g., Li et al., 1995; Zhao et al., 

1996; Lu et al., 2000; Xiang et al., 2003; Wang et al., 2007). Trivedi et al., (2007) 

found a statistically significant inverse relationship between the intelligence quotient 

(IQ) and urinary fluoride levels of school-aged children. Although the actual 

mechanism occuring in human brain is not known but, according to the suggestion of 

Guan et al., (1999), changes in the membrane lipids may be the cause of alteration of 

phospholipids and ubiquinone in the brain of rats due to chronic fluoride ingestion. 

Several other studies also comply with this fact (Trivedi et al., 2007; Ge et al., 2010).  
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Fluorides are known to cause chromosome damage and mutations and are therefore 

considered possible carcinogens. Several studies have found evidence for a relationship 

between fluoride exposure and specific cancers prevalence, for example, uterine cancer 

(Tohyama, 1996; Yang et al., 2000) and colon cancer (Yang et al., 2000; Takahashi et 

al., 2001). The studies by Grandjean et al., (1990), Grandjean et al., (1992) and 

Grandjean and Olsen (2004) found that cryolite workers are in the risk of lung cancer. 

Although the human exposure is uncertain, the effect of fluoride on reproductive 

structure or function involving animals have been studied to find out the relationship 

(Doull et al., 2006). According to the study of Freni (1994), there is a association 

between increasing fluoride concentra-tions and decreasing birth rates in human being. 

The results of other studies suggest that high fluoride ingestion on males have an effect 

on the morphology and mobility of sperm (Chinoy and Narayana, 1994), or the levels 

of testosterone, folli-cle-stimulating hormones and inhibin-B (Susheela and 

Jethanandani, 1996; Ortiz-Perez et al., 2003). 

In cases of acute fluoride toxicity, a variety of gastrointestinal effects, including nau-

sea, vomiting, diarrhea and abdominal pain have been reported (Gessner et al., 1994; 

Penman et al., 1997; Sidhu and Kimmer, 2002). Studies involving animal reveal that 

fluoride can stimulate the secretion of stomach acid, reduce blood flow away from the 

stomach lining, and even cause the death of gastrointestinal tract epithelium cells 

(Doull et al., 2006). Adverse gastrointestinal symptoms are common in areas of 

endemic fluorosis with poor nutrition (Gupta et al., 1992; Susheela et al., 1993; 

Dasarathy et al., 1996). 

There is a possible link between fluoride ingestion and the prevalence of Down’s 

syndrome (Whiting et al., 2001), especially for children born to mothers under the age 

of 30 (Takahashi, 1998). Two small-scale studies conducted by Gupta et al., (1994, 

1995) in India have raised the possibility of being spina bifida occulta abnormally high 

in fluorosis-prone regions. 
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1.10 EFFECT OF FLUORIDE ON OTHER ANIMALS 

Along with human being, chronic fluoride toxicity in the environment imposes a 

harmful effect on animals. Chronic exposure to F in water can develop fluorotoxicosis 

in any animal and the severity varies among species, animals, and their habitat 

(Choubisa et al., 2011). Many studies dealt with bones and the teeth examination of 

wild and domesticated animals for indirect assessment of the fluoride contamination 

hazards. The bioaccumulation fluoride in mammals generally increases with age. Many 

studies have done to identify good bioindicators of fluoride pollution collecting the 

bone samples from herbivorous ungulates, like, European red deer (Cervus elaphus), 

white-tailed deer (Odocoileus virginianus), roe deer (Capreolus capreolus), sheep 

(Ovis aries) and horse (Equus caballus) etc. (Suttie et al., 1987; Kierdorf et al., 1996; 

Boulton et al., 1999; Tataruch and Kierdorf,  2004; Weinstein and Davison, 2004; 

Choubisa, 2008; Macicek and Krook, 2008; Telesiński and Śnioszek, 2009; Jelenko 

and Pokorny, 2010). Several studies have done on the fluoride concentration in teeth 

and bone of deer from the family Cervidae in north-west Poland, where a major 

producer of phosphatic fertilizers is located (Dabkowska et al., 1995; Zakrzewska, 

1996; Gutowska et al., 2004; Zakrzewska et al., 2005). But a few ecotoxicological 

analyses of fluoride were conducted taking omnivorous wild mammals and rarely 

performed on carnivores and canids (Walton, 1988; Kierdorf et al., 2000; Weinstein 

and Davison, 2004). 

In India, the effects of fluoride have been studied mainly among domestic animals and 

mostly in cattle (Bos taurus) and buffaloes (Bubalus bubalis) (Choubisa, 1999, 2008, 

2007). There are a few reports of ecotoxicological effects of fluoride on other animals 

like, horses (Equus caballus), donkeys (E. asinus), camels (Camelus dromedarius), 

goats (Capra hircus), and sheep (Ovis aries), (Choubisa, 2010c; 1999; 2008; 2007; 

2010a). Although A recent study also indicated a contributory role of food and its 

nutrient composition in ameliorating F toxicity in goats and sheep (Choubisa, 2010 b).  
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1.11 ACCUMULATION OF FLUORIDE AND ITS EFFECT ON PLANTS 

 

1.11.1 Accumulation 

The fluoride concentration in plant leaves varies from <1 to several thousand mg/Kg 

(Weinstein and Davison, 2004). Plants usually have from <2 to about 20mg/Kg fluoride 

in the leaves growing in soils containing about 600 to 800 mg/Kg fluoride (Weinstein, 

1977). Leaf concentration may reach several thousand mg/ Kg where the soil fluoride 

content is much higher such as in fluospar mine waste. Cooke et al., (1976) reported 

concentrations from 280 to over 4000 mg/Kg in arrange of grass and legume species.  

The controlling influence of concentration of fluoride in the soil solution has been 

established by growing plants in aqueous culture media. When groundwater is used in 

irrigation, the vegetables grown also incorporate fluoride. Fluoride is absorbed by plant 

roots (Kamaluddin and Zwiazek, 2003; Pant et al., 2008) and then transported via 

xylematic flow to the transpiratory organs, mainly leaves, where it can be accumulated 

with adverse effects. The fluoride content of the leaves increases approximately in 

proportion to the concentration bathing the roots in aqueous culture media (Cooke et 

al., 1978). The concentration of fluoride in plant increases with time and is highest in 

the roots and is progressively lower in younger leaves that are more distant from the 

root (Weinstein and Davison, 2004).The concentrations differ from species to species. 

Plant may also uptake fluoride from air when gases containing fluoride (mainly HF) 

deposited on leaf surfaces. Cuticular uptake of plant leaves is important in the case of 

plants in dry habitats (Areas et al., 1980). Boundary layers, nature of the surfaces and 

stomatal apertures of plant leaves determines the uptake of fluoride by plant. The 

quantitative relationship between exposure to HF and the fluoride content of vegetation 

were examined by Hitchcock et al., (1971) and McCune and Hitchcock (1971). The 

simplified dose rate equation (NAS, 1971; Weinstein, 1977) is:  

∆F= KCT 

Where is the change in fluoride concentration (mg/Kg), K= an accumulation 

coefficient, C= the concentration of hydrogen fluoride (µg/m3) and T= duration of 

exposure (days). The hydrophilic pores of cuticles through which low molecular weight  
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solutes in water solutions permeate are lined with fixed negative charges, and therefore 

cations can permeate but not the anions like fluoride (F-) (Marschner, 1995). But 

probably after weathering or insect damage fluoride penetrate cuticles (Davison, 1982). 

Spray of NaF solution applied to leaves can cause necrosis identical to that caused by 

HF. Heavy particulate deposits on wet leaf surface may also cause visible injury 

(McCune et al., 1965, 1977).  

 

1.11.2 Effect 

Certain physiological processes are known to be markedly affected by fluoride, 

including decreased plant growth, chlorosis, leaf tip burn and leaf necrosis (Miller et 

al., 1999; Elloumi et al., 2005; Mcnulty and Newman, 1961) This fluoride may affect 

the biochemical ratio of the plant body (Yang and Miller, 1963). The toxic effect of 

fluoride on pigments like chlorophyll and some secondary metabolites like sugar, 

ascorbic acid, amino acids and proteins are well documented (Elloumi et al., 2005; 

Mcnulty and Newman, 1961; Yang and Miller, 1963; Horvath et al., 1978; Verma and 

Dubey, 2001; Kim et al., 2003; Kundu and Mondal, 2010). Fluoride causes reduction in 

photosynthetic pigment concentration (Lal and Ambasht, 1981), inhibition of 

photosynthesis (Darral, 1989) and changes in carbohydrate metabolism (Asthir et al., 

1998). Some plant species have a very low tolerance to atmospheric fluorides 

(Szokolay et al., 1960; Lovelace et al., 1968; Oelschläger et al., 1967; Garber, 1967).  

The symptoms of  fluoride injury is manifested by an initial chlorosis of  the leaves 

(Hitchcock et al.,1962) which  is characterized by a yellow  to brown bleaching of  the 

tips and  upper margins of plant leaves,  with subsequent tissue collapse,  cupping,  and  

other distortions (Hitchcock et al.,1962; MacLean et al., 1968).  Although the precise 

mechanisms by which fluorides induce injury in plants is not known but the affects 

concerning the alteration of plant cell ultrastructure and  physiological processes by  

fluoride is well studied (Wei and Miller, 1972; Thomas and Alther, 1966). Effects of 

fluoride on photosynthesis, respiration, RNA structure, and on cellular metabolites 

involved in the reactions of certain enzymes are well documented (Brandt and Heck, 

1968; Lee et al., 1965; Chang, 1968; Yang and Miller, 1963). 
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Saini et al., (2013) made a mapping of F−1 endemic area of Newai Tehsil, Tonk district, 

Rajasthan, India. For the study, water, soil (0–45 cm), and vegetation samples were 

collected from 17 villages. Fluoride concentration in water samples ranged from 0.3 to 

9.8 mg/l. Out of 17 villages studied, the amounts of F−1 content of eight villages were 

found to exceed the permissible limits. Labile F−1 content and total F−1 content in soil 

samples ranges 11.00–70.05 mg/l and 50.3–179.63 µg g−1, respectively. F−1 content in 

tree species was found in this order Azadirachta indica 47.32–55.76 µg g−1 > Prosopis 

juliflora 40.16–49.63 µg g−1 > Acacia tortilis 34.39-43.60 µg g−1 while in case of leafy 

vegetables, F−1 content order was Chenopodium album 54.23-98.42 µg g−1 > Spinacea 

oleracea 30.41–64.09 µg g−1 > Mentha arvensis 35.48-51.97 µg g−1. The order of 

F−1 content in crops was found as 41.04 µg g−1 Pennisetum glaucum > 13.61 µg g−1 

Brassica juncea > 7.98 µg g−1 Triticum sativum in Krishi Vigyan Kendra (KVK) farms. 

Among vegetation, the leafy vegetables had more F−1 content. From the results, it was 

suggested that the people of KVK farms should avoid the use of highly F−1 containing 

water for irrigation and drinking purpose and to grow more F−1 hyperaccumulator 

plants in F−1 endemic areas to lower the F−1 content of the soils. 

 

Routroy et al., (2013) studied the seasonal variation of ground water in Nayagarh 

district, Odisha, analysing both pre and post monsoon water samples. The high fluoride 

content was an endemic problem in the area and special attention was attached to the 

point. The chemical compositions of the ground water of the area were dominated by 

Ca-Cl, Na-Cl and mixed Ca-Mg-Cl types in pre-monsoon and Ca-HCO3-mixed Ca-Mg-

Cl type in post-monsoon. This was largely due to chemical weathering of Eastern Ghats 

Mobile Belt rock types. Increasing alkalinity vis-a-vis F concentration in pre-monsoon 

was associated with sodium-bicarbonate water types having high pH (>7) and low 

calcium and magnesium contents. The percentage of total high fluoride containing 

water samples was nearly double in pre-monsoon than in post-monsoon. During both 

the seasons, pH values indicate mildly alkaline to weakly acidic nature of the water 

samples. Fluoride concentration had good correlation with pH in pre-monsoon whereas 

in post-monsoon it shows good correlation with Fe. Facies analysis indicated that water  
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is becoming predominantly Ca-Na cation and Cl-SO4-HCO3 anion type in premonsoon 

than Ca-Mg type and HCO3-Cl-SO4 type in post-monsoon. The seasonal variations in 

concentrations of anthropogenic components demonstrated that the groundwater system 

is very less liable to pollution by human activities. 

 

The ground water quality of drinking water of tube well, ring well and PHE of Hojai 

sub-division of Nagaon, district, Assam, had been studied by Mitra and Kumar (2013) 

with special reference to the presence of fluoride. Most of Fluoride levels were within 

permissible limits, whereas a ten water samples has higher concentration 

of fluoride than permissible limit (1 mg/L, WHO). Fluoride content had positive 

correlation with Na+ and K+ and negative correlation with Mg2+, Ca2+ and total 

hardness (TH). Fluoride showed fairly good positive correlation with depth of sources. 

The main source of fluoride came into contact with ground water from its source of 

origin, the rock minerals. They concluded that the concentration of fluoride in 

groundwater basically depends on easily weathered fluoride bearing minerals, the 

accessibility of circulating water to fluoride bearing minerals, extent of fresh water 

exchange in an aquifer, evaporation and evapotranpiration, formation of ionic 

compound such as CaSO4, CaHCO3 etc. and complexing of F with Al, Be, Ferric ions. 

 

Florence et al., (2013) studied on ground water samples of open wells, bore wells and 

hand pumps collected from 15 different locations in Gangavalli Taluk in Salem District 

during the Pre-Monsoon (PM1) period (June-July 2010) and Post-Monsoon (PM2) 

period (December 2010-January 2011) and were analyzed for their physico-chemical 

characteristics. Each parameter was compared with the standard permissible limit of the 

parameter as prescribed by World Health Organization (WHO). The multivariate 

statistical tools such as Correlation Coefficient Analysis (CCA), Factor Analysis (FA) 

and Cluster Analysis (CA) were also used for the interpretation of water quality data 

and its spatial variations. Most of the physico-chemical parameters measured for 

groundwater samples were within the limits set by the World Health Organization. The 

study revealed that in few villages, water had high hardness and fluoride content. 

Correlation analysis indicated that the water quality parameters  viz., EC, TDS, salinity,  
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CH and F were significantly correlated with one another. FA showed high loading of 

physical parameters viz., Temperature, TS, TDS and TS in the PM1 season while high 

loading of Temperature, EC, Salinity, TS, TDS and TSS in the PM2 season indicated 

that the contamination of ground water may be due to agricultural runoff, solid waste 

disposal and surface water pollution from industrial discharges. FA showed high 

loading of chemical parameters F and TA in the PM1 season indicating the presence of 

carbonates and bicarbonates added to water when it passed through the soil and rocks. 

Factors showing high loading of TH, CH and F indicated soil /rock containing 

Fluorospar (CaF2) in the study area. Thus the factors extracted reduced the overall 

complexity of the data. Ward’s method of CA indicated four clusters in the PM1 season 

and three clusters in the PM2 season that represented specific patterns of trends in 

groundwater quality. This study demonstrated the application of multivariate statistical 

methods in assessing the hydro chemical characteristics of the Gangavalli Taluk and 

also provided preliminary assessment of the ground water quality that can serve as a 

database for future investigations and monitoring of groundwater quality in the study 

area. 

 

Sajil Kumar et al., (2013) investigated the physicochemical properties of the 

groundwater in Thirupathur region in Tamil Nadu, India to understand the status of 

water quality and also detect the sources of contamination. A wide seasonal variation 

was showed for the majority of the samples; higher concentration was observed in the 

pre-monsoon season. Concentration of fluoride was quite alarming in many locations. 

Groundwater is found to be dominated by Na+, Ca2+, HCO3
- and Cl-. Four types of 

water were identified, which are Ca–Cl, Na–Cl, Ca–Na– HCO3 and mixed Ca–Mg–Cl 

in which Na–Cl type was observed in 50 % of the samples. All the samples were 

alkaline in nature and a higher value was shown in 38 % of the samples. In general, all 

the parameters showed a higher concentration in the pre-monsoon season except F-. 

High fluoride concentration (up to 2.75 mg/l) exceeding the guideline value 1.5 mg/L 

was observed in 62.5 % of the post-monsoon season. A lower F- concentration in the 

pre-monsoon  season  may be  due to the  precipitation of F- as CaF2.  High TDS values  
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are observed in the pre-monsoon season, with 50 % of samples exceeding the 

permissible limit 1,000 mg/l in the case of Na; 50 % of the post-monsoon and 75 % of 

the pre-monsoon samples were exceeded the drinking water guideline 200 mg/L. K and 

Ca concentrations were under the permissible limit, except three samples during pre-

monsoon season exceeding the permissible level of Ca 75 mg/l. Mg concentration in 

the study area with exceeded in the 62.5 % of pre- and 75 % in post-monsoon season. 

Since the study area does not have carbonate rocks in the geological formations, the 

origin of Ca and Mg may be attributed to the weathering of silicate minerals. 

Bicarbonate was the dominant anion that imparting alkalinity to groundwater, this is 

supporting the alkaline pH in the study area. Chloride concentration was within the 

limit during post-monsoon and showed higher concentration with 50 % samples 

exceeded the permissible limit during pre-monsoon. Sulphate was under the guide- line 

value and nitrate was higher in one sample near the agricultural field. Fluoride posing 

serious problems especially in the post-monsoon season with 62.5 % of the samples 

exceeded the permissible limit 1.5 mg/l. Evaluation of the source of ions and 

controlling process were carried out initially with Gibbs plot and later with bivariate 

plots of ionic ratios. Rock–water interaction was identified as the major process in the 

study area. Further investigation on the rock–water interaction was to indicate the 

dominance of silicate weathering on the other processes in contributing the ions such as 

Na, Ca, Mg, HCO3
-, etc. The odd behavior of few samples from the normal silicate 

weathering process was attributed to the cation exchange process in the study area. 

However, the origin of fluoride was largely controlled by the fluoride rich minerals in 

the hard rock’s of the study area.  

 

Chakrabarti et al., (2013) studied the accumulation of fluoride in roots, leaves and 

seeds of two paddy varieties (i.e. Oryza sativa L. var. IR-36 and Oryza sativa L. var. 

Swarno) when treated with different concentrations of fluoridated water. The 

translocation pattern of fluoride was also observed. The water soluble fluoride (FH2O) in 

the soil and plant parts increased substantially with increasing fluoride concentration in 

treated water. The Swarno variety showed a slight but consistent higher uptake of 

fluoride than the IR-36 variety. Fluoride uptake by the germinated seedlings was many  
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folds higher than the uptake by mature plants. At 30 mg l-1 fluoride exposure, the mean 

FH2O accumulation (mg kg-1 dry weight) in root, leaves, and seeds of Swarno was 54.1, 

51.4 and 42.3, whereas the corresponding values in IR-36 were 50.9, 48.5 and 39.2. For 

the same exposure, the fluoride accumulation in root and shoot of Swarno and IR-36 

seedlings were 3,480, 3,463 and 3,386, 3,360 mg kg-1, respectively. Normally, the 

fluoride accumulation followed the order of soil > root > shoot > grain. However, at 

early stage of fluoride contamination (5 mg l-1 NaF) roots tended to hyper accumulate 

fluoride from the soil. They concluded that paddy had an alarmingly high efficiency in 

translocation of fluoride to the rice grains through the root and leaves enhancing the 

risk of increased dietary intake of fluoride in fluorosis endemic areas. 

 

The work of Ravikumar et al., (2013) aimed at assessing the water quality index (WQI) 

in the surface water of Sankey tank and Mallathahalli lake situated in Bangalore Urban 

district by monitoring three sampling locations within Sankey tank (viz., A, B and C) 

and Mallathahalli lake (viz., Inlet, Centre and outlet) for a period of 3 months from 

March to May 2012. The surface water samples were subjected to comprehensive 

physico-chemical analysis involving major cations (Ca2+, Mg2+, Na+, K+, Fe2+), anions 

(HCO3
-, Cl-, SO4

2-, NO3
-, F-, PO4

3-) besides general parameters (pH, EC, TDS, 

alkalinity, total hardness, DO, BOD, COD, CO2, SiO2, color, turbidity). For calculating 

the WQI, 14 parameters namely, pH, electrical conductivity, total dissolved solids, total 

hardness, alkalinity, calcium, magnesium, sodium, potassium, chloride, sulphate, 

nitrate, fluorides and iron were considered. SAR values indicated that both Sankey tank 

and Mallathahalli lake waters are excellent (S1) for irrigation, while electrical 

conductivity values classified these lake waters, respectively under medium salinity 

(C2) and high (C3) salinity category. Correlation between SAR and electrical 

conductivity revealed that Sankey tank water is C2S1 (medium salinity-low sodium) 

type while Mallathahalli lake water was C3S1 (high salinity-low sodium) type. Sankey 

tank and Malla-thahalli lake water were, respectively hard and very hard in nature. 

Further,  it  was  apparent  from  WQI  values  that  Sankey  tank water belongs to good  
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water class with WQI values ranging from 50.34 to 63.38. The Mallathahalli lake water 

with WQI value ranging from 111.69 to 137.09, fell under poor water category. 

 

Brahman et al., (2013) worked on fluoride ion (F-), total arsenic (tAs) and inorganic 

arsenic (iAs) species contamination in underground water of Mithi and Nangarparkar 

subdistricts of Tharparkar, Pakistan. In this study, different multivariate statistical 

techniques, SI and SAR were used to evaluate variations in underground water quality 

in sub districts Mithi and Nangarparkar of the Tharparkar. It was concluded that As and 

F- concentration in most of the underground water samples were higher than the 

permissible limits proposed by WHO. The alkaline environment further sustains high F- 

and promotes the replacement of OH- with F- in the underground water of study area. 

The granite and mica of the study area contains abundant F bearing minerals, which 

upon weathering, leached out and dissolved in underground water. The calcite and 

fluorite are the two main minerals abundantly available and controlling the aqueous 

geochemical changes. Cluster analysis grouped fourteen sampling sites into three 

clusters of similar water quality characteristics. Based on obtained information, it is 

possible to design a future, optimal sampling strategy, which could reduce the number 

of sampling sites and associated cost. Principle component analysis helped in 

identifying the factors or sources responsible for water quality variations. PCA results 

may convincingly be presumed that the contamination in underground water samples 

might be geologic and climatic but not anthropogenic. The multivariate techniques of 

analysis of study area clearly showed the high, medium and less polluted sites for 

underground water.  

 

Borah (2013) worked on fluoride concentration and some other parameters of the 

ground water of Tengakhat circle of Dibrugarh district, Assam was measured. 35 water 

samples were collected from different villages of the circle. The sources of all the water 

samples were hand tube wells, motor pumps and deep tube wells. Ground water of the 

region was found slightly acidic in nature. Fluoride level varied from 0.0785 mg/L to 

0.8152  mg/L.  Calcium  and  magnesium  concentration  were  found  quite  low.  His 
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conclusion about his study was that, due to low level of fluoride concentration in 

ground water there is a possibility of occurring dental caries among the children. 

 

Parikh and Parikh (2013) made a research on fluoride endemic villages of Kheralu 

taluka of Mehsana district which is rich in agricultural production but is largely 

dependent on groundwater, both for irrigation and drinking water requirements. In their 

study, the ground water samples of 60 villages of the taluka were collected and were 

analyzed for flouride concentration along with other potable parameters during winter 

months of the year 2012. Out of total villages surveyed, 33 villages (i.e. 55% ) are in 

the range of 1 - 1.5 ppm of which 16 villages( i.e. 27 %) had fluoride content below 

permissible limit i.e. below 1 ppm. 27 Villages (i.e. 45%) had Fluoride concentration 

beyond permissible limit i.e. beyond 1.5 ppm. It is envisaged that the sedimentary rock 

basin, semi-arid climate and high loss of surface water due to extreme evaporation in 

the study area might have lead to fluoride enrichment in the ground water. 

 

Abdulrahman et al., (2013) undertook a survey of wells (n = 1,060) in all the 13 regions 

of the Kingdom of Saudi Arabia to assess the contained fluoride (F) levels. The results 

indicated variation in fluoride levels from 0.10 to 5.4 mg/L as F throughout the 

kingdom. The average fluoride levels in milligrams per liter as F were as follows in 

descending order: 1.80 (Hadwood Shamalyah), 1.37 (Hail), 1.33 (Eastern Province), 

1.16 (Al Jouf), 1.11 (Qassim), 1.01 (Riyadh), 0.90 (Madina Al Munnawara), 0.81 

(Tabouk), 0.74 (Makkah Al- Mukaramma), 0.73 (Jizan), 0.66 (Asir), 0.64 (Najran), and 

0.60 (Al Baha). The results indicated that fluoride levels exceeded the USEPA 

maximum contaminant limits for drinking water (4 mg/L) in several wells (n = 7) in 

different regions of the kingdom and that 13.96 % of the wells exceeded the World 

Health Organization recommended levels (1.5 mg/L). The results were also compared 

with the secondary USEPA contaminant standards of 2.0 mg/L for fluorides.  

 

A work was undertaken by Mazhar Nazeeb Khan and Ravikumar (2013) to study the 

specific relationship between alkalinity and presence of fluoride ion in groundwater. 

Groundwater samples were collected from  24  different stations in Tiruchengode taluk,  
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Namakkal district, Tamilnadu, India during the month of December 2011 and July 

2012. The samples were stored in sterilized 2 L polythene containers and used to carry 

out the analysis of various physicochemical parameters. The alkalinity values were 

found to be more than the permissible limit. It plays an important role for the release of 

fluoride ion from its ore to the groundwater. It was observed that an increase in the 

alkalinity value made a similar increase in the amount of fluoride. In alkaline 

environment, the fluoride ion can be easily liberated from their ore because OH- and F- 

ions have similar radii. Hence they easily exchange with each other. They concluded 

that the increased fluoride level in the groundwater of Tiruchengode taluk was due to 

some geological process such as dissolution of fluoride rich mineral (Fluorspar) in the 

environment of alkaline pH, excess of bicarbonates, evaporation, semi aridity and high 

temperature. Geochemical behavior of groundwater from the study area suggested that 

the high fluoride content groundwater contains low levels of Ca and has high alkalinity. 

 

Chakrabarti and Patra (2013) conducted a study on four common plants to understand 

the effect of fluoride on them focusing mainly on superoxide dismutase activity. Radish 

(Raphunus sativa), coriander (Coriandrum sativum), mustard (Brassica juncea), and 

spinach (Spinacea oleracea) plants were grown in earthen pots watered with aqueous 

solutions containing 0, 5, and 10 mg F/L. Fluoride (F) uptake and superoxide dismutase 

(SOD) activity (unit/mg protein/min) were estimated from the edible plant parts 

following harvest after 60 days. The values of both entities rose with increasing F 

exposure in the order radish > coriander > spinach > mustard. The results indicated that 

plant species tolerant to F toxicity induce higher antioxidant SOD activity, which may 

be an adaptive reaction in plant cells to attenuate the damaging effect of reactive 

oxygen species (ROS) generated during F stress. Their study concluded on the fact that 

F exposure possibly increases SOD activity through enhanced metabolism or SOD 

biosynthesis in the crop plants, which can be considered as a positive feedback 

mechanism. 
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Chen et al., (2012) conducted successive surveys in 1984, 2006 and 2007, of all 

villages in Yuanmou County, China, highlighting 40 villages with groundwater fluoride 

levels higher than 1.0 mg/L and related cases of human fluorosis. Using the data from 

these surveys and by employing geographic information system (GIS) techniques, high 

fluoride levels and fluorosis cases were mapped. The results show high fluoride 

concentrations and fluorosis hotspots were found to be predominately located in the 

lowlands of central Yuanmou County. Spatial distribution of high fluoride levels was 

found to be primarily determined by geology, arid climate, and topography. Both dental 

and skeletal fluorosis had dramatically decreased due to a program of low-fluoride 

drinking water supply supported by local governments. The prevalence of dental 

fluorosis in children had dropped from 43.26% in 1984 to 21.97% in 2006, and the 

number of skeletal fluorosis cases had decreased from 327 in 1984 to 148 in 2006, 

respectively. Despite a decline in fluorosis cases, the emergence of fluorosis in new 

areas indicates the need for both continuous monitoring of drinking water in affected 

areas and increased public awareness. Mapping showed that 70% of all townships were 

affected by fluorosis, and helped to identify hotspots of fluorosis in the central areas of 

the county, especially in the 3 townships of the basin area. Fluoride concentration in 

drinking water has decreased over the period between 1984 and 2007, in terms of 

extent of the fluoride levels and number of villages with fluoride levels exceeding the 

national standard. Severity of dental and skeletal fluorosis in humans had been reduced 

during the same period regarding to prevalence of dental fluorosis and number of cases 

of skeletal fluorosis.  

 

This study of Rango et al., (2012) aimed to assess the link between fluoride content in 

groundwater and its impact on dental health in rural communities of the Ethiopian Rift. 

A total of 148 water samples were collected from two drainage basins within the Main 

Ethiopian Rift (MER). In the Ziway – Shala basin in particular, wells had high fluoride 

levels (mean: 9.4 ± 10.5 mg/l; range: 1.1 to 68 mg/l), with 48 of 50 exceeding the 

WHO drinking water guideline limit of 1.5 mg/l. Total average daily intake of fluoride 

from drinking groundwater  (calculated per weight unit)  was also found to be six times  
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higher than the No-Observed-Adverse-Effects-Level (NOAEL) value of 0.06 

mg/kg/day. The highest fluoride levels were found in highly-alkaline (pH of 7 to 8.9) 

groundwater characterized by high salinity; high concentrations of sodium (Na+ ), 

bicarbonate (HCO3
−), and silica (SiO2); and low concentrations of calcium (Ca2+ ). A 

progressive Ca2+ decrease along the groundwater flow path was associated with an 

increase of fluoride in the groundwater. The groundwater quality problem was also 

coupled with the presence of other toxic elements, such as arsenic (As) and uranium 

(U). The health impact of fluoride was evaluated based on clinical examination of 

dental fluorosis (DF) among local residents using the Thylstrup and Fejerskov index 

(TFI). In total, 200 rural inhabitants between the ages of 7 and 40 years old using water 

from 12 wells of fluoride range of 7.8 – 18 mg/l were examined. Signs of DF (TF score 

of ≥ 1) were observed in all individuals. Most of the teeth (52%) recorded TF scores of 

5 and 6, followed by TF scores of 3 and 4 (30%), and 8.4% had TF scores of 7 or 

higher. Sixty percent of the teeth exhibited loss of the outermost enamel. They did not 

found any correlation between fluoride content and DF. Preliminary data suggested that 

milk intake reduces the severity of DF. The study highlighted the apparent positive role 

of milk on DF, and emphasized the importance of nutrition in management efforts to 

mitigate DF in the MER and other parts of the world.  

 

Investigation done by Dey et al., (2012), reported the assessment of hydro chemical and 

geochemical processes controlling the concentration of fluoride in groundwater of a 

village in India (Boden block, Orissa). The study elucidated the relations between high 

fluoride concentration in groundwater and geology. From the investigation, it has been 

concluded that 36.60% water samples of the study area exceed the WHO prescribed 

limit of 1.5 mg/l. Based on total hardness values, 90% of the water samples of the study 

area fall under “very hard” category. Whereas, based on TDS value, majority, i.e., 95% 

of water samples belonged to fresh water type. The groundwater with high HCO3
−, Na+, 

and higher pH value under the control of water–rock interactions could be responsible 

for the release of F− from the aquatic matrix into groundwater level. The study of hydro 

geochemical facies  revealed a strong association exists between  high  fluoride  content 
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and soft alkaline groundwater depleted in calcium content. Calcite and fluorite are main 

minerals controlling the aqueous geochemistry with respect to elevated fluoride 

contamination of the groundwater. The R, calculated as a function of fluoride level in 

drinking water. Geochemical classification of groundwater based on Chadha 

rectangular diagram showed that most of the groundwater samples having fluoride 

concentration more than 1.5 mg/l belonged to the Na-K-HCO3 type. The saturation 

index values evaluated for the groundwater of the study area indicated that it is 

oversaturated with respect to calcite, whereas the same is under saturated with respect 

to fluorite content. The deficiency of calcium ion concentration in the groundwater 

from calcite precipitate ion favored fluorite dissolution leading to excess of fluoride 

concentration. The risk index was calculated as a function of fluoride level in drinking 

water and morbidity of fluorosis categorized high risk for villages of Amera and 

Karlakote panchayat of Boden block. 

 

The study of Mangukiya et al., (2012) aimed at assessing the water quality index 

(WQI) for the groundwater of Surat city. This had been determined by collecting 125 

groundwater samples from 39 areas of Surat city and subjecting the samples to a 

comprehensive physicochemical analysis. For calculating the WQI, the following 13 

parameters have been considered: pH, total hardness, calcium, magnesium, chloride, 

nitrate, sulphate, total dissolved solids, iron, boron, and fluorides, COD and DO. The 

WQI for these samples ranged from 15.93 to 977.86. The high value of WQI had been 

found to be mainly from the higher values of iron, nitrate, total dissolved solids, 

hardness, fluorides, and boron in the groundwater. The results of analyses had been 

used to suggest models for predicting water quality.  

 

Gupta et al., (2012) undertook a research work on the hydro-geochemical 

characterization as well as demarcation of fluoride (F-) contaminated area by means of 

GIS modeling. F- Concentration in the study area ranged from 0.20 mg/l to 1.67 mg/l 

with a mean of 0.72 mg/l. Among the twenty six (26) collected samples from water 

table sedimentary aquifer of study area 54 %  samples had  F- concentration < 0.6 mg/l;  
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and 8% of the samples have concentration > 1.5 thereby unsuitable for drinking 

purpose. Majority of the water samples fall under the category of Ca-Mg-Cl followed 

by Ca-HCO3 type hydro facies. Fluoride had a significant (p < .05) positive correlation 

with bicarbonate (HCO3
-) ion and it also shows a positive correlation with sodium 

(Na+) but higher negative correlation with calcium (Ca2+). This was attributed to ion-

exchange process where Ca2+ ions in water may react with clay minerals (sodium-

montmorillonite) to release Na+ ion in groundwater. All the groundwater samples had 

Ca2+<<HCO3
- thereby reflects its precipitation as carbonate. Ion exchange between 

Ca2+ and Na+ due to the movement of groundwater in the weathering zone may also 

result in high F- associated with high Na+ and low Ca2+ concentration. Gibb’s ratio 

suggested that majority of high-fluoride groundwater samples were mainly attributed to 

weathering of rocks. Activity diagram between Ca2+ vs. F- suggested that all the water 

samples were unsaturated with respect to fluorite. Raniganj sandstone, containing 248 

mg/kg of total F- may be the major contributor of F- in the water-table aquifer of the 

study area. Output of GIS based thematic map revealed that fluoride distribution might 

also be structurally controlled. Their study concluded that ion-exchange within 

Raniganj Sandstone and to some extent evaporation is the major contributing factors of 

fluoride contamination in the Raniganj coal field area.  

 

The quality of groundwater in the coastal aquifer of eastern Niger Delta had been 

assessed by Amadi et al., (2012) using Geostatistical techniques. The range, standard 

deviation and variance of the dataset showed that multi-chemical processes controlled 

the groundwater quality/facies and their spatial distributions. The result of the 

multivariate statistical analysis provided an insight into the underlying factors 

controlling hydro geochemical processes in the area. Six Factors, accounting for 

91.18% of the total variance were identified. Factors 1 (Conductivity, Cl-, TH, TSS, 

TDS, Na and Mg), factor 2 (Ca, Fe, pH, NO3
-, K and SO4

2-), factor 3 (BOD, COD, 

PO4
2-, EC and TC), factor 4 (Cu, F, Mn and Zn), factor 5 (Cr, Pb and Ni) and factor 6 

(Ar and Hg) represented the signatures of saltwater intrusion, chemical weathering, 

leaching and various human  activities domiciled in the area. The observed wide  range,  
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high standard deviation and variance in some of the parameters indicated that there 

were substantial differences in the groundwater quality within the study area. The WQI 

value was 285.20, which suggested that the groundwater in the area was very poor in 

quality. The high value of WQI obtained was due to the high concentration of copper, 

iron, lead, nitrate, TC, EC, COD, chromium, nickel and zinc in the groundwater which 

can be attributed to both natural and anthropogenic sources. Factors analysis reduced 

the dataset into six major components representing the different sources of the 

contaminant. Major contributors to factor 1 and 2 are natural phenomenon while those 

of factors 3 to 6 were of anthropogenic origin. The water in the area was Calcium-

Chloride type from Piper diagram, which suggested that the water might be from a 

marine source. The effectiveness of Geostatistical techniques (WQI and FA) in 

groundwater quality studies had been demonstrated in the study. 

 

Shyam and Kalwania (2012) identified the controlling factors of groundwater 

chemistry, including chemical leaching and fluoride contaminations. The geochemical 

processes were identified using characterization of the major physico-chemical 

parameters of ground water from northern part of Sikar city. For this purpose, 15 

ground water samples were collected and analyzed for different water quality 

parameters, such as pH, EC, TDS, TH, TA, DO, calcium, magnesium, sodium, 

potassium, carbonate, bicarbonate, chloride, nitrate, sulfate and fluoride with the help 

of standard methods recommended by American Public Health Association. The 

analysis indicated that fluoride concentrations in four samples are at alarming state as 

compared to the World Health Organization standards for drinking purposes, thereby 

suggesting the need for treatment and precautionary measures for use of the particular 

ground water. To classify the ground water ability for different purposes various 

graphical plots like Piper tri-linear, Durov, Schoeller, Bar, Scatter diagrams had been 

drawn. The analysis revealed that most of the samples in the western part of Sikar city 

were slightly alkaline. Some of the samples showed the value of TDS, EC, nitrate and 

chloride more than the permissible limit prescribed by WHO. The other water quality 

parameters such as pH, K+, Mg2+, CO3
2-, HCO3

-, SO4
2- and DO were within permissible  
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limit. The fluoride ion concentration in four samples was more than 1.5 mg/l.Sample no 

S-58 and S-71 contains this concentration more than 2.5 mg /l Most of the samples 

showed the negative value of CAI-I index suggesting a exchange between sodium and 

potassium (Na+, K+) in water with calcium and magnesium (Ca2+, Mg2+) in the rocks 

through a type of base-exchange reaction. The increased fluoride level in the ground 

water of Sikar city was due to the some geological process such as dissolution of 

fluoride rich mineral (fluorspar) in the environment of alkaline pH, excess of 

bicarbonates, evaporation, semi aridity and high temperature.  

 

High fluoride contents in the water supply of the city of Ponta Delgada, located in the 

volcanic island of São Miguel (Azores, Portugal) had been reported by Cordeiro et al., 

(2012). The study was carried out in order to characterize the natural F-pollution of a 

group of springs (30) and wells (3) that were associated to active central volcanoes of a 

trachytic nature. Two springs known for their high content in fluoride were sampled, 

both located in the central volcano of Furnas. The sampled waters were cold, ranging 

from slightly acidic to slightly alkaline (pH range 6.53–7.60), exhibiting a low 

electrical conductivity (springs range 87–502 µS/cm; wells range 237–1761 µ S/cm), 

and were mainly from the Na–HCO3, Na–HCO3–Cl and Na–Cl–HCO3 water types. 

Results suggested two main trends of geochemical evolution: silicate weathering, 

enhanced by CO2 dilution, and seawater spraying. Fluoride contents range between 

0.17 mg/l and 2 mg/l, and no seasonal variations were detected. Results in the sources 

of the water supply system were lower than those of the Furnas volcano, which reached 

5.09 mg F/l demonstrating the effect of F-rich gaseous emanations in this area. Instead, 

the higher fluoride contents in the water supply were mainly due to silicate weathering 

in aquifers made of more evolved volcanic rocks. The composition of the groundwater 

sampled during the study was modified by two main geochemical processes: CO2 

dissolution and water–rock interaction and marine airborne salts. Considering the 

fluoride content in groundwater, it was possible to establish a closer positive relation 

between F and Na in the more F-enriched samples. The relation between F and Ca 

content, with the former  suggested a contribution from leaching of more evolved rocks  
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of acidic nature, such as pumice pyroclastic deposits. In fact, results gathered showed 

that the higher F contents are associated to Na in aquifers made of trachytic rocks due 

to silicate weathering, and not from a direct volcanic input, which influenced the waters 

of Furnas. 

 

The hydro-geochemical study by Sarath Prasanth et al., (2012) was confined to the 

coastal belt of Alappuzha district, which lies in the coastal lowland division of Kerala. 

Groundwater quality and its suitability for irrigation and domestic purpose were 

examined by various physico-chemical parameters such as pH, electrical conductivity, 

total dissolved solids, total hardness, calcium, magnesium, sodium, potassium, 

bicarbonate, sulfate, and chloride. These parameters were used to assess the suitability 

of ground-water for domestic purpose by comparing with the WHO and Indian 

standards. TDS, sodium adsorption ratio (SAR), and permeability index were used for 

irrigation suitability assessment. The sample analysis revealed that the ground-water 

was not entirely fit for drinking with respect to pH, EC, Ca, Mg, Na, and Cl-. In some 

of the collected samples, the concentrations of these parameters exceed the permissible 

limits of WHO and ISI standards. Based on TDS and SAR almost all samples were 

suitable for irrigation purpose except a few locations, which showed values beyond the 

permissible limits. They found that Ca–Mg–HCO3 is the dominant water type in the 

study area. The sequence of the abundance of the major cations and anions was Ca > 

Na > Mg > K = HCO3 > Cl > SO4. Based on the total hardness and TDS, 96 % of 

groundwater samples were found suitable for drinking purpose. 

 

The study of Gupta et al., (2011) reports fluoride (F) accumulation in vegetables and a 

cultivated crop together with dietary F intake among a selected group of adults in 

Junitpur, an F-endemic area of the Birbhum district, West Bengal. Variable F 

accumulation occured in a cultivated crops (mustard) and vegetables (spinach, 

coriander, marcellia, potato, tomato, brinjal, onion, and beans). The fluoride content of 

leafy vegetables was found to be higher [transfer factor (TF)>1] than that of fruiting 

and tuber  vegetables  as well as seed crops.  Analysis of  the diet of eight adults in four  
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families (4 males and 4 females, age 30–40 and 25–35, respectively), revealed that 

drinking water contributed 43%, rice meal 26%, and vegetables 30% to the total mean 

F intake. They suggested that to reduce the risk of human exposure to F, the use of F-

contaminated irrigation water, especially for crops that tend to accumulate F, should be 

reduced as much as possible. They advised to grow crops with relatively low 

capabilities to enrich F, such as those with seeds or tubers as the main edible parts. 

 

An extensive geochemical study was performed by Gautam et al., (2011) taking 27 

villages of eastern, south-eastern and southern zone of Nawa tehsil was done. Total 46 

ground water samples were collected and analyzed for various physicochemical 

parameters as well as fluoride content. The ground water samples collected in clean 

polyethylene plastic containers were analyzed for pH, electrical conductivity, total 

dissolved salts, calcium, magnesium, total hardness, chloride and alkalinity. The 

fluoride concentration in the three different zones ranged from 0.64 to 14.62 mg/l 

where 13.04% samples were found within permissible limit while 86.96% had fluoride 

beyond permissible limit (> 1.5 mg/l). It was found that among the three different zones 

south-eastern zone was under serious fluoride contamination where fluoride 

concentration ranged between 1.10 to 14.62 mg/l. In the eastern zone fluoride 

concentration was recorded from 1.52 to 5.13 mg/l whereas in the southern zone it was 

found between 0.64 to 3.63 mg/l. 

 

Borah (2011) made a study collecting the ground water samples from different 

locations of the Dibrugarh district. He measured for fluoride concentration and some 

other physico-chemical properties. Water samples were collected from tea gardens and 

brick industry areas of the district in the month of January-February of 2011. Ground 

water of the study area was found slightly acidic in nature with pH range 5.3-7.3. Ion 

selective electrode method was employed for measuring the fluoride concentration. 

Fluoride level was found in the range from 0.0222 to 0.5789 mg/l, which is quite below 

the maximum permissible level, 1.5 mg/l. No case of fluorosis was found in the study 

area. He concluded that low level of fluoride in the study area may be attributed to the 

absence of fluoride bearing minerals. He assumed that due to the adsorption of fluoride  
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by acidic soil and dilution because of heavy rain inhibited the increase of fluoride level 

in spite of using huge amount of fertilizers and pesticides containing fluoride impurities 

in the tea gardens.  

 

Paul et al., (2011) estimated fluoride levels of water, soil and vegetables from four 

irrigation farms at the bank of Basawa River, Zaria, Nigeria using Alizarin red 

spectrometric method. The soil samples from the four farms had a mean soil leachable 

fluoride in the range of 0.091 mg/Kg to 0.135 mg/Kg, while the river water had mean 

fluoride levels in the range 0.081 to 0.191 mg/Kg. The mean concentration of soil 

leachable fluorides for soils from the farms, at 95% confidence limit, were 0.110 ± 

0.011, 0.108 ± 0.001, 0.114 ± 0.012 and 0.108 ± 0.001 mg/Kg for farms A, B, C and D 

respectively. At the same confidence limit, the mean fluoride concentration for the river 

water Upstream, Midstream and Downstream were 0.148 ± 0.027, 0.152 ± 0.036 and 

0.137 ± 0.013 mg/Kg, respectively. T-test was used to evaluate and compare mean 

values of fluoride in the different vegetables. At 95% confidence interval (p = 0.05) and 

18 degrees of freedom, with critical value of 2.26, the │texp│ were 0.600, 1.986, 2.649, 

1.924, 2.858 and 0.772 for Cabbage and Garden Egg, Cabbage and Onion, Cabbage 

and Tomato, Garden Egg and Onion, Garden Egg and Tomato and Onion and Tomato 

respectively. The only significant difference was observed for the fluoride levels of 

Cabbage and Tomato, and Garden Egg and Tomato where texp > Critical value. The 

fluoride values obtained were all below the toxic limit of 2.57 to 16.44 mg/Kg for soil 

and maximum contaminant level of 4.0 mg/Kg for water, food and vegetables as 

stipulated by the joint EPA, FAO, and WHO Standard limit for fluoride. The 

implications of the results are discussed. The results showed that the use of the Basawa 

river water for irrigation had no deleterious effect on the soil and vegetables cultivated 

at the precinct of the river. Also, the contribution of fluoride to the soil, river water and 

vegetables from anthropogenic sources within and around the Basawa river area was 

not ultimately damaging to human health. But they suggested to employ caution in the 

utilization of the crops as continuous ingestion may result in considerable increase in 

the daily dietary intake leading to deleterious bioaccumulation in the human body. 
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A study was carried out by Jha et al., (2011) to assess toxicological risk from the 

fluoride (F) exposure due to ingestion of vegetables and cereal crops such as rice and 

wheat grown in potentially fluoridated area (brick kiln and sodic areas), of different age 

groups in Unnao district, Uttar Pradesh, India. Fluoride contents in vegetables and 

cereal were found to be in the order brick kiln sites 4 sodic sites 4 normal sites. Among 

vegetables maximum F concentration was found in spinach and mint, whereas in cereal 

crops, wheat accumulated more F than rice. The exposure dose of F was determined 

using estimated daily intake (EDI) and bio-concentration factor (BCF) of F. The 

children of age group 3–14 years in the potentially fluoridated area were found to be at 

the risk of fluorosis. The mean BCF value of F was the highest in mint (36.6 mg/kgdwt 

plant/mg/kgdwt soil), followed by spinach (33.99 mg/kgdwt plant.mg/kgdwt soil). The 

exposure doses of F from the consumption of vegetables and cereal crops in children 

(3–14 years of age) were found to be higher than the limits laid down by IOM. This 

means the children in this age group were more likely at the risk of fluorosis from 

consumption of vegetables and cereal grown in the fluoridated areas. They concluded 

that in children (15–18 years) and adults the exposure dose did not exceed the toxicity 

threshold limits prescribed by ATSDR and IOM but when the dietary intake from all 

other sources such as water used in cooking food, drinking water, tooth paste, etc. are 

considered, it may exceed the limits and will be having toxic effects on human health. 

The bio-concentration factors calculated in this study clearly indicated that the F 

accumulation in vegetables and cereal crops is mainly due to soluble F present in the 

soil, taken by the plant.  

 

According to Sharma et al., (2011) high concentration of fluoride is present in 

groundwater in Agra district in Uttar Pradesh, India and weathering of rocks and 

evaporation of groundwater are responsible for the high fluoride concentration. The 

study was carried out to understand the status of groundwater quality in Agra and also 

to assess the possible causes for high concentration of fluoride in groundwater. The 

fluoride concentration in groundwater of this region ranged from 0.1 to 14.8 mg/l.  

 



 
 

Review of literature 45 

 

 

Fluoride in groundwater of this region was mainly due to dissolution from fluoride 

bearing minerals like Fluorspar, Fluorite etc. 71% Samples were found exceeding 

permissible limit in the study area and local people ingested the groundwater without 

any medical attention. 

 

Brindha et al., (2011) conducted a study to find out the status of groundwater in parts of 

Nalgonda district. Samples from 45 wells were collected once every 2 months and 

analyzed for fluoride concentration using an ion chromatograph. The fluoride 

concentration in groundwater of this region ranged from 0.1 to 8.8 mg/l with a mean of 

1.3 mg/l. About 52% of the samples collected were suitable for human consumption. 

However, 18% of the samples were having less than the required limit of 0.6 mg/l, and 

30% of the samples possessed high concentration of fluoride, i.e., above 1.5 mg/l. 

Weathering of rocks and evaporation of groundwater were responsible for high fluoride 

concentration in groundwater of this area apart from anthropogenic activities including 

irrigation which accelerated weathering of rocks. 

 

Borah and Saikia (2011) monitored the quality of ground water of Tinsukia town 

master plan area of the Tinsukia district, Assam. In their study fluoride concentration 

along with metals-calcium and magnesium and some physico-chemical properties were 

measured. 30 water samples were collected from different locations of the study area. 

All the water samples were collected from hand tube wells, motor pumps and public 

water supply schemes. Ground water of the study area was found slightly acidic in 

nature. Fluoride level varied from 0.0912 mg/l to 0.2283 mg/l. In all the water samples 

fluoride concentration was found quite below than the acceptable range 0.6 mg/l to 1.2 

mg/l.  

 

The study of Arveti et al., (2011) examines the fluoride content of well water in 

different parts of Talupula area of Anantapur district, Andhra Pradesh. It also focused 

on fluorides and their relationship to water-quality parameters and their impacts on 

humans through groundwater resources.  Most  parts of the area  covered in this  region  
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were inherently enriched with fluorides threatening several ecosystems. The fluoride 

concentration ranged between 0.78 and 6.10 mg/l. Large percentage of the groundwater 

samples possessed fluoride concentrations greater than 1.5 mg/l. The water samples in 

the study area showed enrichment of sodium, magnesium, and calcium among cations 

and bicarbonate among anions. They concluded that the alkaline pH and high 

bicarbonate were responsible for release of fluoride-bearing minerals into groundwater. 

The arid climate of the region, the granitic rocks and the low freshwater exchange due 

to periodical drought conditions are the factors responsible for the higher incidence of 

fluorides in the ground- water resources.  

 

Vinod et al., (2011) assessed the groundwater quality for drinking, domestic and 

irrigation in the village Lutfullapur Nawada, Loni, district Ghaziabad, U.P., India. 

Groundwater samples were collected, processed and analyzed for temperature, pH, 

conductivity, salinity, total alkalinity, carbonate alkalinity, bicarbonate alkalinity, total 

hardness, calcium hardness, magnesium hardness, total solids, total dissolved solids, 

total suspended solids, nitrate-nitrogen, chloride, fluoride, sulfate, phosphate, silica, 

sodium, potassium, calcium, magnesium, total chromium, cadmium, copper, iron, 

nickel, lead and zinc. A number of groundwater samples showed levels of electrical 

conductivity (EC), alkalinity, chloride, calcium, sodium, potassium and iron exceeding 

their permissible limits. Except iron, the other metals (Cr, Cd, Cu, Ni, Pb, and Zn) were 

analyzed below the permissible limits. The correlation matrices for 28 variables were 

performed. EC, salinity, TS and TDS had significant positive correlations among 

themselves and also with NO3
−, Cl−, alkalinity, Na+, K+, and Ca2+ . Fluoride was not 

significantly correlated with any of the parameters. NO3
− was significantly positively 

correlated with Cl−, alkalinity, Na+, K+ and Ca2+. Chloride also correlated significantly 

with alkalinity, Na+, K+ and Ca2+. Sodium showed a strong and positive correlation 

with K+ and Ca2+. pH was negatively correlated with most of the physicochemical 

parameters. This groundwater was classified as a normal sulfate and chloride type. 

Base-exchange indices classified 73% of t he groundwater sources as the Na+ -SO4
2-

type.   Meteoric genesis indices demonstrated that 67% of groundwater sources belong 
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to a deep meteoric water percolation type. Hydro chemical groundwater evaluations 

revealed that most of the ground waters belong to the Na+ - K+ -Cl− -SO4
2 − type 

followed by Na+ -K+ -HCO3
− type. Salinity, chlorinity and SAR indices indicated that 

majority of groundwater samples can be considered suitable for irrigation purposes. 

 

Hydro geochemical investigation of fluoride contaminated groundwater samples from 

Kolar and Tumkur Districts in Karnataka were undertaken by Mamatha and Rao (2010) 

to understand the quality and potability of groundwater from the study area, the level of 

fluoride contamination, the origin and geochemical mechanisms driving the fluoride 

enrichment. Majority of the groundwater samples did not meet the potable water 

criteria as they contained excess (1.5 mg/l) fluoride, dissolved salts (500 mg/l) and total 

hardness (75–924 mg/l). Hydro geochemical facies of the groundwater samples 

suggested that rock weathering and evaporation–crystallization control the groundwater 

composition in the study area with 50–67% of samples belonging to the Ca–HCO3 type 

and the remaining falling into the mixed Ca–Na–HCO3 or Ca–Mg–Cl type. The 

saturation index values indicated that the groundwater in the study area is oversaturated 

with respect to calcite and under-saturated with respect to fluorite. They concluded that 

the deficiency of calcium ion concentration in the groundwater from calcite 

precipitation favors fluorite dissolution leading to excess fluoride concentration. 

 

Ghosh et al., (2010) assessed the health risks associated with fluoride- contaminated 

groundwater in Birbhum district of West Bengal, India. They analyzed the fluoride-

induced oxidative stress damage parameters of the male inhabitants and to mitigate 

such impact by antioxidant vitamin supplementation. Seventy-five male dwellers 

residing at Noapara, Nasipur, Zunitpur, Bhabanandapur, Chakpara, and Atla of 

Birbhum district within the age group of 25-35 years were selected. From the 

physiological and clinical point of view, almost 95% of the subjects were found to 

suffer from dental and skeletal fluorosis. Some of the photographs taken ensured the 

fact. They were randomly divided into three groups of 25 men each. Vitamin E (clinical 

dose);  a  mixture  of  vitamin E,  vitamin C,  ß-carotene  and  reduced glutathione were 
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supplemented in the three groups for 21 days along with peppermint lozenges as 

placebo. The hemoglobin levels, body mass index, glucose-6-phosphate dehydrogenase 

level, and malondialdehyde status were assessed before and after supplementation. 

Standard methods were used to analyze the groundwater samples from these areas for 

their chloride, fluoride, and iron concentrations. The acute fluoride toxicity had been 

established in the groundwater samples. Results indicated that vitamin mixture and 

glutathione supplementation together may be treated as an important detoxification 

technique against detrimental effects of fluoride toxicity to male inhabitants, at least 

partially.  

 

Fluoride concentrations in water samples (surface and ground) were determined by 

Dutta et al., (2010) in fifteen small tea gardens of Sonitpur district, Assam, India. 

Forty-five samples were collected and analyzed for Fluoride content along with pH, 

electrical conductivity (EC), total hardness (TH), sulphate (SO4
2-), nitrate (NO3

-), 

phosphate (PO4
2-), chloride (Cl-), calcium (Ca++) and magnesium (Mg++). Fluoride 

concentration varied from 0.17 ppm to 5.602 ppm Fluoride concentration was not 

uniform of all the tea gardens area. Physicochemical conditions like decomposition, 

dissociation, subsequent dissolution and agrochemicals might be responsible for 

leaching of fluoride in to the drinking water sources. From the correlation analysis F- 

contents was found to be negatively correlated with Ca2+, Mg2+ and Total hardness and 

positively correlated with pH, SO4
2- and Cl-. 

 

Groundwater in Keta strip of Keta basin was assessed by Yidana et al., (2010) for its 

quality for use for both domestic and irrigation purposes. A groundwater classification 

scheme had been developed for groundwater in the area using a robust water quality 

index (WQI) modified for the case of the Keta basin. On the basis of the WQI so 

computed, groundwater in the area had been spatially classified into ‘good’, ‘fair’, and 

‘marginal’ water types using ordinary kriging developed from a well fitted linear 

semivariogram function. The analysis of the data suggested that 51.5% of the wells 

sampled provided water of  good quality for drinking purposes.  Thirty eight and a half  
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percent (38.5%) and 10% of the wells deliver groundwater of fair and marginal quality 

respectively for human consumption. They concluded that the poor performance of 

most of the samples on the WQI is attributable to high concentrations of the F-, NO3
-, 

and TDS. Multivariate manalysis of the hydrochemical parameters suggested that 

groundwater quality is attributed largely to the weathering of silicate and accessory 

minerals as well as seawater effects. This study found that the salinity of groundwater 

in the basin is largely attributed to mineral weathering and seawater intrusion. 

Groundwater is stable within kaolinite and Na-smectite field, suggesting the 

predominance of Na-rich silicate minerals over the high temperature Ca-rich minerals. 

Four groundwater clusters had been distinguished: clusters 1 and 4 are low salinity Ca–

HCO3 waters distinguished by differences in pH, whereas clusters 2 and 3 represented 

high and intermediate salinity Na–Cl waters respectively. The study found that clusters 

1 and 4 present the best water types for irrigation purposes in the Keta basin. On 

account of high salinity, cluster 2 members were not suitable for irrigation of any crop 

in the basin. Sodium adsorption ratio (SAR) appears to displayed weak seasonal 

variations. During dry seasons when the water table became low, saline water intrusion 

elevated the content of sodium in groundwater.  

 

The work of Avishek et al., (2010) involved the assessment of water quality with 

special reference to fluoride in Majhiaon block of Garwa district in Jharkhand. Iron, 

nitrate and arsenic were also tested for the water samples collected from site. Eight 

hundred forty samples were tested for fluoride on site using colorimetric method, and 

one tenth of the samples were brought to laboratory for iron, nitrate, and arsenic and 

fluoride analysis. Results showed that 402 samples were having fluoride above 

permissible limit. Iron and nitrate were found to be beyond permissible limits in 302 

and 286 water samples, respectively. More than 50% of samples collected from school 

had fluoride levels above permissible limits. Arsenic was well within the limits. 

However, few samples shown were excessive of iron and nitrate. It was also observed 

that more than 50% samples collected from schools had non-permissible limits of 

fluoride concentration. Dental  fluorosis  was  widely  seen  in  the  study  area;  

however there were cases of  skeletal  fluorosis. But the cases of skeletal fluorosis were 
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mainly identified in families that were malnourished. It could be attributed to the lower 

intake of calcium-based products like milk. Cases of dental fluorosis had been observed 

in all age groups of population. Eighty percent of samples surveyed from 12 villages 

(Fig. 7) had shown non-permissible limits of fluoride.  

 

Gautam and Bhardwaj (2010) illustrated the groundwater quality of randomly selected 

villages of Nawa tehsil. Fluoride in ground water showed positive correlation with 

alkalinity in their study. A positive correlation had also been observed between fluoride 

and pH (r = 0.75), Total Dissolved Solids (r = 0.14), Total Alkalinity (r = 0.82), Na (r = 

0.62) and SO4
-2 (r = 0.56). This positive correlation of fluoride with pH and alkalinity 

explained on the basis that high bicarbonate concentration in water at relatively higher 

pH can replace fluoride from minerals surfaces. In the study area hardness varied from 

20 mg/L (Shimbhupura village) to 4560 mg/l (Rulaniyo ki Dhani in Govindi village). 

The study revealed a negative correlation between total hardness and fluoride 

concentration. Calcium content ranged from 3.20 mg/l (Shimbhupura village) to 769.53 

mg/l (Rulaniyo ki Dhani in Govindi village) whereas magnesium contents were 

recorded between 2.93 mg/l (Shimbhupura village) to 643.79 mg/l (Rulaniyo ki Dhani 

in Govindi village). Chloride was recorded minimum 38.34 mg/l in Kukanwali and 

maximum 4245.8 mg/l in Rulaniyo ki dhani in Govindi village. Discharge of domestic 

sewage is the most important source of chloride in water. Electrical conductivity ranged 

between 1062 lmho/cm (Motipura ki dhani in Anandpura village) to 9760 lmho/cm 

(Rulaniyo ki dhani in Govindi village), while TDS varied from 760 mg/l in Deosar 

village to 6420 mg/l in Rulaniyo ki dhani in Govindi village. 

 

Patra et al., (2010) studied on the occurrence of fluoride rich groundwater in Asanjola, 

Madhabpur and Narayanpur villages of Birbhum District in West Bengal, India and its 

relation with major chemical constituents of the ground water. High concentration (1.3 

to 20.9 mg/L) of fluoride was detected in 6 out of the total 43 sampled tube wells. 

Fluoride content was found to exhibit considerable variation within short distances.  
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Fluoride enriched tube wells appeared to follow a linear tract; however, no relation 

with topography could be ascertained. Fluoride concentration showed a significant 

(>0.389 at probability level<0.01) positive relation to pH, sodium and carbonate 

whereas a negative relation to magnesium and calcium. The degree of weathering of the 

silicate minerals as indicated by the sodium acquired by the ground waters seems to 

have a decisive role in fluoride enrichment process. According to their study, during the 

process of chemical weathering, sodium was released into the ground waters, as the 

minerals change to montmorillonite phase. Thus the degree of weathering is indicated 

by the sodium acquired by the ground waters. High fluoride and very low Ca in water 

may be due to prior precipitation of CaCO3 from water with limited incorporation of F- 

in CaCO3 structure. Alternatively, Ca might have replaced by Na in cation exchange 

reactions. In acidic medium, fluoride was absorbed in clay, whereas high pH, alkalinity 

(CO3
-2) of the draining solution favours the leaching of fluoride from the rocks. They 

concluded that the availability of F- in leachable state in a soil horizon is more 

important in deciding the fluoride in water rather than the mere presence of fluoride 

rich minerals. 

 

Veeraputhiran and Alagumuthu (2010) analyzed the most extensive database on 

fluoride and other chemical constituent distribution in arid tract of Ottapidaram block, 

Tamilnadu, India where it is the only source of drinking water. The study was 

conducted in the summer season (May – June, 2010). The water samples of 61 village 

panchayats were tested; 81.97% had injurious fluoride level above than 1.5 mg/l. The 

fluoride concentration in drinking waters varied from 0.936 to 4.34 mg/L in the study 

area. Due to the high concentration of fluoride, dental fluorosis was also identified. 

Majority of the samples do not comply with Indian as well as WHO standards for most 

of the water quality parameter. In addition, Fluoride concentration was not correlated 

with other physicochemical parameters significantly in ground water. Overall water 

quality was found as unsatisfactory for drinking purposes without any prior treatment 

except at eleven locations out of 61.  
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Kundu and Mandal (2010) reported the fluoride concentration in groundwater in the 

north 24-paraganas district of west bengal, india. In their study one hundred and sixty 

samples of ground source drinking water were collected at different depths in the 24-

Paraganas District of West Bengal and analysed for pH, electrical conductivity (EC), 

and fluoride (F). Nearly all the samples had pH ~ 7.0, low salinity (EC < 1.0 ds/m), and 

low F (0.01–1.18 mg/l). While exhibiting little dependence on location or depth of 

sampling, only 2.5% of the samples contained more than 1.0 mg F/L that might pose a 

potential threat of endemic fluorosis. On the other hand, the F content in the water had 

a significant positive correlation (r = 0.16, p<0.05) with the amount of phosphate 

fertilizer use, thereby indicating its possible role in F enrichment of the groundwater. 

The threat of F toxicity existed for a few villages in the district. 

 

In 2010, Alagumuthu and Rajan made Chemometric studies of water quality 

parameters of Sankarankovil block of Tirunelveli, Tamilnadu. They determined the 

fluoride concentration in ground water in Sankarankovil block of Tirunelveli district of 

Tamilnadu (India) where it is the only source of drinking water. Various other water 

quality parameters such as pH, electrical conductivity, total hardness and total 

alkalinity as well as calcium, magnesium, carbonate, bicarbonate and chloride 

concentrations were also measured. A systematic calculation of correlation co-efficient 

among different physico-chemical parameters was performed. The analytical results 

indicated considerable variations among the analyzed samples with respect to their 

chemical composition. Majority of the samples do not comply with Indian as well as 

WHO water quality standards. The fluoride concentration in the ground water of these 

villages varied from 0.66 to 3.84 mg/l, causes dental fluorosis among people especially 

children of these villages. The high and low fluoride containing areas were located 

using isopleth mapping technique. Overall water quality was found unsatisfactory for 

drinking purposes without any prior treatment except at few locations out of 50 

villages. 
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Okibe et al., (2010) reported the fluoride Content of Soil and Vegetables from 

Irrigation Farms on the Bank of RiverGalma, Zaria, Nigeria. Fluoride content of the 

soils and some vegetables from three farms near the bank of river Galma, Zaria, 

Nigeria were estimated by Alizarin red spectrometric method. The mean soil leachable 

fluorides for all the soils were in the 0.075 - 0.200 mg/Kg range. At 95 % confidence 

limit (p=0.05), the mean concentration of soil leachable fluoride for soils from the 

farms A, B, and C investigated were 0.139 ± 0.030, 0.115 ± 0.041, and 0.080 ± 0.005 

mg Kg-1 respectively. The mean fluoride content in vegetable at the same confidence 

limit was Cabbage: 0.054 ± 0.0093 mg Kg-1, Carrot: 0.035 ± 0.01mg Kg-1, and Lettuce: 

0.096 ± 0.0199 mg Kg-1. The texp evaluated to compare the averages of fluoride levels 

in the vegetables using t-test at 95% confidence level (p=0.05) for 18 degrees of 

freedom, 2.10 critical value, were 1.62, 5.77, and 1.84 for lettuce and cabbage, carrot 

and cabbage, and carrot and lettuce respectively. Significant difference only exists in 

the fluoride levels of carrot and cabbage with texp > the critical value. All the values 

obtained were well below the toxic limit of 2.57-16.44 mg/Kg in soil and maximum 

contaminant level of 4.0 mg/Kg in food and vegetable stipulated by EPA, FAO, and 

WHO Joint Standard limit for fluoride. The implication of the results was that the use 

of the Galma river water for irrigation, and the contribution of fluoride to the soil and 

vegetables from anthropogenic sources within and around the Galma river area, had no 

deleterious effect on the soil and some vegetables cultivated in farms at the river bank. 

 

Gautam and Bhardwaj (2010) investigated bioaccumulation of fluoride in different 

plant parts of Hordeum vulgare (barley) var. rd-2683 from irrigation water. 

Investigation of fluoride (F) accumulation in Hordeum vulgare (barley) var. RD-2683 

and its effect on the growth and crop yield was conducted in a pot experiment. Six 

different concentrations of F in the water were used for irrigation ranging from 4 to 20 

ppm with distilled water as the control. Potentiometric determinations of the F content 

in different parts of the plant were made 45, 90, and 135 days after sowing the seeds 

(first, second, and third harvest, respectively). At the third harvest the highest mean 

plant part concentrations of  F were recorded with 20 ppm F in the irrigation water and  
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17.36 µg/g in the roots, 13.06 µg/g in the shoots, 11.74 µg/g in the leaves, and 14.44 

µg/g in the crop (grain).  

 

Bhargava et al., (2010) studied the effect of sodium fluoride on seed germination and 

Seedling growth of Triticum aestivum var. Raj. 4083. They studied the effects of 4, 8, 

12, 16 and 20 mg/l sodium fluoride (NaF) were studied on Triticum aestivum var. Raj. 

4083 seeds and seedling growth. After 7 days of treatment with control, 100% 

germination occurred, but at 20 mg NaF/L, germination was reduced to 88%. 

Physiological parameters, viz., root length, shoot length and dry weight decreased with 

increasing NaF concentration. At 20mg NaF/L, the average root length, shoot length 

and dry weight were reduced by 36.6%, 24% and 20.54% respectively. At 20 mg 

NaF/L, Vigor index was reduced by 37.20% compared to control. The chlorophyll 

content of the leaves was also reduced monotonically. At 20mg NaF/L, it was 0.074 

mg/g which was 27.45% lesser compared to control. Ascorbic acid content initially 

decreased and then increased with increasing concentration of NaF (20 mg/l).So our 

study concludes that sodium fluoride has significant impact on seed germination and 

seedling growth of wheat. 

 

Dave et al., (2010) studied the status of fluoride in ground water of several villages of 

Modasa Taluka, North Gujarat for drinking purpose. Fluoride concentration of ground 

water samples from several villages of Modasa taluka, Dist-Sabarkantha (N.G.) was 

determined. Out of 88 sources of 23 villages 34 sources were found to have fluoride 

concentration 1.0 mg / l. 52 sources were found to have fluoride concentration 1.0 to 

1.5 mg/l. which is maximum desirable limit of drinking water standards. 2 sources were 

found to have fluoride concentration between 1.5 to 3.0 mg/l. In these villages there are 

maximum possibilities of dental and skeletal fluorosis. 

 

Paya and Bhatt (2010) reported fluoride contamination in groundwater of Patan district, 

Gujarat, India. They found that the major source for drinking and irrigation water in 

North  Gujarat  is  groundwater.  High  concentration  of  fluoride  in  the  groundwater  
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posing health hazard has been observed in Patan district. The upper unconfined aquifers 

consisting of weathered mantle represents the main source for fluoride in groundwater 

of this region. Study was conducted to work out seasonal variation in fluoride content 

of ground water from different sites in Patan district of North Gujarat region. Water 

samples were collected from dug well bore well and water-harvesting structures of 

selected sites during different seasons. Seasonal variations in fluoride concentration in 

groundwater had been studied during the period from December 2006 to November 

2007. Maximum value of fluoride was recorded during summer (May-June) and 

minimum during post monsoon (September-November) period. The physicochemical 

and microbiological analysis of groundwater was performed by employing standard 

water analysis methods. The physico-chemical parameters tested were DO, BOD, 

COD, pH, conductivity, TDS, nitrate, nitrite, sodium, potassium etc and the results of 

physico-chemical analysis of water were discussed.  

 

Raju and Das (2009) reported Fluoride contamination in groundwaters of Sonbhadra 

District, Uttar Pradesh, India Preliminary investigations indicated that severe health 

disorders had been identified in parts of the Kachnarwa region, which was in the upper 

Panda river basin, Sonbhadra District, Uttar Pradesh, due to excess intake of fluoride 

through drinking water. The lithological units of the study area mainly consisted of 

granite and gneissic complex rocks of the Chota-Nagpur Plateau. In order to understand 

the probable source of fluoride and its concentration, 17 groundwater samples mostly 

from granite and phyllite regions were collected for fluoride estimation during May 

2006. The concentration of fluoride in the groundwater of the study area varied from 

0.483 to 6.7 mg/l. Among the 17 samples analyzed, 8 exceeded the maximum 

permissible limits of fluoride in the study area. The source of fluoride in the 

groundwater of the study area was mainly from geological occurrence (i.e. fluoride 

bearing minerals, viz. apatite and biotitic mica). Microscopic analysis of the rock 

samples showed 5–10% apatite and 20–25% biotite, but other fluoride-bearing minerals 

like fluorite and hornblende were characteristically absent. X-ray diffraction studies 

showed  that  apatite  mineral  peak  profile of  the  rock samples  corroborated with the  
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fluorapatite of the standard set by the JCPDS. Most people in these villages suffered 

from dental and skeletal fluorosis such as mottling of teeth, deformation of ligaments, 

bending of spinal column and ageing problem.  

 

Ramakrishnaiah et al., (2009) assessed the Water Quality Index for the Groundwater in 

Tumkur Taluk, Karnataka State, India. They aimed at assessing the water quality index 

(WQI) for the groundwater of Tumkur taluk. This had been determined by collecting 

groundwater samples and subjecting the samples to a comprehensive physicochemical 

analysis. For calculating the WQI, the following 12 parameters had been considered: 

pH, total hardness, calcium, magnesium, bicarbonate, chloride, nitrate, sulphate, total 

dissolved solids, iron, manganese and fluorides. The WQI for these samples ranged 

from 89.21 to 660.56. The high value of WQI had been found to be mainly from the 

higher values of iron, nitrate, total dissolved solids, hardness, fluorides, bicarbonate and 

manganese in the groundwater. The results of analyses had been used to suggest 

models for predicting water quality.  

 

Gupta et al., (2009) made study on the phytotoxicity of fluoride in the germination of 

paddy (oryza sativa) and its effect on the physiology and biochemistry of germinated 

seedlings. The study reported the influence of 0, 10, 20, and 30 mg/l sodium fluoride 

(NaF) on paddy (rice, Oryza sativa) seeds and seedlings. After 15 days of treatment 

with 0 and 10 mg NaF/L, 100% germination occurred, but at 20 and 30 mg NaF/L, 

germination reduced to 96 and 92%, respectively. Physiological parameters (root 

length, shoot length, and dry weight) decreased monotonically with increasing NaF 

concentration. At 30 mg NaF/L the average root length, shoot length, and dry weight 

were reduced to 50%, 27%, and 29%, respectively. The chlorophyll content of the 

leaves also decreased monotonically, but the reducing sugar and ascorbic acid content 

initially decreased and then increased with increasing concentration of NaF. Uptake of 

fluoride in the whole plant body increased with increasing levels of NaF; at 10 mg 

NaF/L. The accumulation was less than 75 mg/kg dry mass, but at 20 mg/l NaF it 

increased to 2000 mg/kg and doubled this level at 30 mg/l NaF. 
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Kundu et al., (2009) found a functional relationship between nitrate and fluoride 

contamination in groundwater of an intensively managed agroecosystem. They 

conducted a study to assess the potential hazards of nitrate-nitrogen (NO3-N) and 

fluoride (F) contamination in drinking groundwater as a function of lithology, soil 

characteristics and agricultural activities in an intensively cultivated district in India. 

Two hundred and fifty two groundwater samples were collected at different depths 

from various types of wells and analyzed for pH, electrical conductivity (EC), NO3-N 

load and F content. Database on lithology, soil properties, predominant cropping 

systems, fertilizer and pesticide uses were also recorded for the district. The NO3-N 

load in groundwater samples were low ranging from 0.12 to 6.58 µg/ml with only 8.7% 

of them contained greater than 3.0 µg/ml well below the 10 µg/ml, the threshold limit 

fixed by WHO for drinking purpose. Samples from the habitation areas showed higher 

NO3-N content over the agricultural fields. The content decreased with increasing 

depth of wells (r = − 0.25, P ≤ 0.01) and increased with increasing rate of nitrogenous 

fertilizer application (r = 0.90, P ≤ 0.01) and was higher in areas where shallow- rather 

than deep-rooted crops (r = − 0.28, P = ≤ 0.01, with average root depth) are grown. The 

NO3-N load also decreased with increasing bulk density (r = − 0.73, P ≤ 0.01) and clay 

content (r = − 0.51, P ≤ 0.01) but increased with increasing hydraulic conductivity 

(r = 0.68, P ≤ 0.01), organic C (r = 0.78, P ≤ 0.01) and potential plant available N 

(r = 0.82, P ≤ 0.01) of soils. Fluoride content in groundwater was also low (0.02 to 

1.15 µg/ml) with only 4.0% of them exceeding 1.0 µg/ml posing a potential threat of 

fluorosis. On average, its content varied little spatially and along depth of sampling 

aquifers indicating little occurrence of F containing rocks/minerals in the geology of 

the district. The content showed a significant positive correlation (r = 0.234, 

P = ≤ 0.01) with the amount of phosphatic fertilizer (single super phosphate) used for 

agriculture. Results thus indicated that the groundwater of the study area was safe for 

drinking purpose but some anthropogenic activities associated with intensive 

cultivation had a positive influence on its loading with NO3-N and F. 
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Chunlei Li et al., (2009) reported the effect of fluoride on chemical constituents of tea 

leaves. Seedlings of the tea plant, Camellia sinensis (L.), were grown hydroponically 

for 30 days to study the effect of fluoride (F) on the chemical composition and minerals 

in the leaves. Polyphenols, total catechins, and protein decreased significantly with 

increasing exposure to F. Except for epigallocatechin, most of the monomeric catechins 

also decreased significantly. These changes are not considered beneficial. On the other 

hand, the content of amino acids and soluble sugars increased significantly, but the 

differences in caffeine and water-soluble extracts were not statistically significant. 

Except for magnesium and manganese, the uptake of most of minerals was inhibited, 

whereas the content of F increased markedly. These results suggested that the main 

chemical constituents of tea leaves decreased under F treatment and that individuals 

who consume these teas may ingest excessive amounts of F.  

 

Fluoride accumulation in paddy (oryza sativa) irrigated with fluoride-contaminated 

groundwater in an endemic area of the birbhum district, west bengal was investigated 

by Gupta and Banerjee (2009). Substantial accumulation of fluoride (F) was observed 

in different parts of paddy (rice, Oryza sativa) irrigated with F-contaminated 

groundwater (0.62–4.06 mg/L) grown in soil containing 1.45–3.80 mg water-

extractable (FH2O) and 140–144 mg total (FTOTAL) F/kg dry wt. Statistically significant 

correlations (p<0.05 and 0.01) were found in the irrigation water between F, TH, Mg2+, 

and Na+. The mean FH2O and FTOTAL accumulation (mg/kg dry wt) in paddy decreased 

in the order: root (FH2O 6.28, FTOTAL 80.83) > leaf (FH2O 5.88, FTOTAL 50.30) > stem 

(FH2O 3.26, FTOTAL 19.57) > seeds (FH2O 2.88, FTOTAL 12.31). The transfer factor (TF) 

with respect to water-extractable soil F and in different parts of paddy also showed a 

high translocation pattern similar to the accumulation pattern. 

Jha et al., (2009) conducted a study in Nagar of Unnao district, Uttar Pradesh (India), 

and estimated fluoride concentration along with other physico-chemical parameters in 

ground water samples where it was the only source of drinking water for the villagers. 

The fluoride concentration in the water varied from 0.8 to 13.9 mgl−1 with a mean of 

4.02 mgl−1. The  correlation  analysis  revealed  that  fluoride  had a positive correlation  
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with pH, CO3, HCO3, and sodium adsorption ratio (SAR), whereas a negative 

correlation with Ca and Mg was found. A soil profile was also dug in the area to assess 

depth-wise fluoride content in the soil. The soil samples and underneath calcium 

carbonate (CaCO3) concretion were analyzed for fluoride content. The percent of 

soluble fluoride to total fluoride in the soil varied from 25.15 to 4.76% down the soil 

profile. The soluble fluoride was found to decrease with the increase in the clay content 

in the soil. The total leachable fluoride in CaCO3 concretions was found to be 6.08%. It 

was inferred from this study that the soil and underneath layer of CaCO3 concretions 

may be the potential source of fluoride contamination in the shallow drinking water 

sources of the area. 

Kumar et al., (2009) investigated the effect of fluoride on catalase, guiacol peroxidase 

and ascorbate oxidase activities in two verities of mulberry leave (Morus alba L.). They 

stated that regulated balance between oxygen radical production and destruction is 

required of metabolic efficiency and function is to be maintained either in normal or 

toxic conditions. A continually high anti oxidant capacities under toxicity conditions 

can present the damage correlated with resistance to that of particular toxicity. Hence 

the mechanisms that reduce oxidative stress are expected to play an important role in 

imparting toxicity tolerance in plant. A significant alleviation in activities of 

peroxidase, catalase and ascorbic acid oxidase was recorded on both cultivars on 

exposure to fluoride. Further the degree of increase was found to be dependent on 

severity and duration of exposure. Further degree of elevation in enzyme activity was 

relatively high in fluoride tolerant cultivar M when compared to sensitive cultivar V1. 

Mulberry cultivar M on the whole, 5 1 5 exhibited more fluoride toxic tolerance than 

mulberry cultivar V1. 

 

Kundu and Mandal (2009) assessed the potential hazards of fluoride contamination in 

drinking groundwater of an intensively cultivated district in West Bengal, India. They 

assessed the potential of fluoride (F) contamination in drinking groundwater of an 

intensively cultivated district in India as a function of its lithology and agricultural 

activities. Three  hundred  and  eight  groundwater  samples  were  collected at different  
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depths from various types of wells and analyzed for pH, EC, NO3–N load and F 

content. A typical lithology was constructed and database on fertilizer and pesticide 

uses were also recorded for the district. The water samples were almost neutral in 

reaction and non-saline in nature with low NO3–N content (0.02 to 4.56 µg/ml). 

Fluoride content in water was also low (0.01 to 1.18 µg/ml) with only 2.27% of them 

exceeding 1.0 µg/ml posing a potential threat of fluorosis. On average, its content 

varied little spatially and along depth of sampling aquifers because of homogeneity in 

lithology of the district. The F content in these samples showed a significant positive 

correlation (r=0.12, P ≤0.05) with the amount of phosphatic fertilizer (single super 

phosphate) used for agriculture but no such relation either with the anthropogenic 

activities of pesticide use or NO3–N content, pH and EC values of the samples was 

found. The results suggest that the use of phosphatic fertilizer may have some role to 

play in F enrichment of groundwater. 

 

Salve et al., (2008) conducted a study in the summer season (April–May 2007). The 

fluoride concentration along with physico-chemical parameters in ground water 

samples was determined in various villages of Kadi tehsil at Mehsana district of 

Gujarat state (India), since in most of the villages it is the only source of drinking 

water. The fluoride con- centrations in these villages varied from 0.94 to 2.81 mg/L 

(1.37 ± 0.56) with highest fluoride level at Visalpur (2.08 mg/L) and lowest at Adaraj 

(0.91 mg/L). There was found a positive correlation of pH with fluoride and a negative 

relationship of fluoride with bicarbonate which is generally observed in deep ground 

water. They concluded that correlation of Ca and Mg indicates a possible ion-exchange 

process in the ground water system. The HCO3, Cl, Na, SO4 ions constituted 92% of 

major ions indicating the active secondary geochemical process controlling the ground 

water chemistry. 

 

Kumar and Rao (2008) performed the study of photosynthetic capacity, chlorophyll a 

and b concentrations and leaf area showing differences in the responses of two cultivars 

of mulberry growing in high fluoride content of soil. Mulberry variety (S54) is believed  
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to be sensitive to fluoride, showed reduction in all of these parameters which are 

significantly, correlated with leaf fluoride contents and fluoride in soil. The same 

parameters in mulberry variety kanva (M5) which is believed to be tolerant to fluoride 

showed no significant differences in high fluoride containing soil. The results of this 

study suggested that the physical and biochemical changes may be manifested as a 

reduction in leaf chlorophyll content and may influence photosynthetic capacity under 

chronic fluoride exposure conditions. Therefore significant correlations were found in 

the present study between fluoride flux in the soil, foliar fluoride concentrations in both 

leaf chlorophyll concentration and photosynthetic rate. They concluded that 

correlations do not necessarily employ a casual relationship, but they may add support 

to the hypothesis that fluoride effects on leaf chlorophyll concentrations in S54 and M5 

may result in a reduced photosynthetic capacity. Further, the lesser inhibition in the 

parameters like leaf area, chlorophylls and photosynthetic rates with fluoride 

concentrations reflects the fluoride tolerance nature of M5.  

 

Nitrate-N and Fluoride concentrations were analyzed by Sankararamakrishnan et al., 

(2008) in shallow and unconfined groundwater aquifers of Kanpur district along the 

Ganges Alluvial Plain of Northern India. Kanpur district was divided into three zones 

namely, Bithore, Kanpur City and Beyond Jajmau and sampling was carried out three 

seasons (summer, monsoon and winter). The data set consisted of the results of water 

samples from around 99 India Mark II hand Pumps, which were analyzed for summer 

monsoon and winter seasons. In Bithore zone, 19% of the samples exceeded the BIS 

(Bureau of India Standards) limit 10.2 mg/l as nitrate–N and as high as 166 mg/l as 

nitrate – N was observed. 10% and 7% samples in Kanpur city and beyond Jajmau zone 

respectively, exceeded the BIS limit. The Frequency distribution histogram of nitrate - 

N revealed a skewed (non-normal) distribution. Both point and non-point sources 

contributed to the ground water contamination. Especially in Bithore zone, the point 

sources could be attributed to the animal wastes derived from cows and buffaloes and 

nonpoint sources could be due to the extensive agricultural activity prevalent in that 

area. Fluoride level in most samples were within the BIS maximum permissible level of 
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1.5 mg/ l. No significant seasonal variation in water quality parameters was observed. 

 

Bishnoi and Arora (2007) performed a study in ten villages of Rohtak district of 

Haryana state (India). The fluoride concentration in the underground water of these 

villages varied from 0.034-2.09 mg/l. Various other water quality parameters, viz., pH, 

electrical conductivity, total dissolved salts, total hardness, total alkalinity, sodium, 

potassium, calcium, magnesium, carbonate, bicarbonate, chloride and sulfate were also 

measured. A systematic calculation of correlation coefficients among different 

physicochemical parameters indicated considerable variations among the analyzed 

samples with respect to their chemical composition. Majority of the samples do not 

comply with Indian as well as WHO standards for most of the water quality parameters 

measured. Overall water quality was found unsatisfactory for drinking purposes. 

Fluoride content was higher than permissible limit in 50% samples. On the basis of 

physicochemical analysis of the studied water sources in ten villages of Rohtak district 

(India), it had been concluded that the groundwater and dug well water quality varied 

spatially and at most of the locations was not suitable for drinking purposes as per 

WHO guidelines.  

 

The concentration of fluoride ion (F) in groundwater samples from different sites in 

Nalhati-1 block of the Birbhum district, West Bengal, was determined by Gupta et al., 

(2006). Most of the F levels were within permissible limits, whereas a significantly 

higher concentration of 1.95 mg/L was found in artesian well samples of Nasipur 

village. The F in groundwater appears to be controlled by the distribution of Ca2+ and to 

some extent SO4
2–, ionic strength, and the presence of complex ions. From correlation 

coefficient analysis, F was found to be inversely related to Ca2+ and positively related 

to Na+. Basaltic rock and water interaction with it may be responsible for the increased 

F in the artesian well samples from the study area. 

 

Fluoride concentrations in surface and ground water samples were determined by 

Ramanaiah et al., (2006) in eight villages of  Prakasham  district  in  India.  Thirty-eight  
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samples were collected and analyzed for fluoride content along with pH, electrical 

conductivity, and total dissolved solids (TDS), total hardness, total alkalinity, chlorides 

(Cl-), sulfates (SO42-) and nitrates (NO3-). Fluoride concentrations in surface and 

ground water samples of these villages varied between 0.5 and 9.0 mg/L. Groundwater 

samples contained high concentrations of fluorides compared to open well and pond 

water samples, which could be a major source of fluoride in water since the geological 

formation of this area consists of fluorite and fluoropatite. From the data, it is evident 

that the population in the study area is severely affected by fluorosis. Dental and 

skeletal fluorosis and deformation of bones in children as well as adults were observed 

in the study area indicating the consequences of excess fluoride concentration. Fluoride 

concentrations showed good correlation with TDS concentrations (R2 of 0.61) 

compared to other physico-chemical parameters [EC (R2 - 0.36), nitrate (R2 - 0.24), 

total hardness (R2 - 0.12), chloride (R2 - 0.06) and sulfate (R2 - 4×10-5)]. They 

concluded that the excess fluoride concentration in the study area may be attributed to 

the geological formation of that particular area and rapid ground water depletion.  
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To encounter the prevalence of fluoride and its deleterious effect on human being, the foremost 

necessity is to find out the main sources of fluoride in ground water through which fluoride is 

ingested directly in human body when used in drinking purpose and indirectly via vegetables when 

used in irrigation purpose. In Birbhum district, West Bengal, many ground water sources have been 

identified containing fluoride and the study revealed new locations where the people residing there 

are not aware of the problem. 

Focusing on the fluoride in ground water and its probable effect on vegetation, the research work 

was framed on the basis of the following objectives: 

 

• To find out new locations containing high level of fluoride in Birbhum district 

• To substantiate the ground water quality used for drinking in the locality 

• To justify the validity of the ground water used for irrigation 

• To find out the probable relations between physico-chemical parameters of water  

• To pursue the probable seasonal variation of water quality 

• To find out the transportation of fluoride from soil to edible parts of locally grown 

vegetables 

• To estimate the biochemical parameters from vegetables available in fluoride 

affected area of Birbhum district 

• To find out a relation between fluoride level in ground water and changes in 

biochemical parameters of the vegetables 

• To make aware the local people where fluoride is detected during the study 
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4.1 MATERIALS 

4.1.1 Study area  

The study area is in the Birbhum district, which is located between 23°32’30” and 

24°35’0” N and 87°05’25” and 87°01’40” E having an area of 4,545 km2. Geo-

graphically, this district lies at the north eastern end of Chota Nagpur Plateau, as it 

slopes down and merges with alluvial plains of the Ganges. The climate on the western 

side is dry and extreme, but it is relatively milder on the eastern side. During the 

summer, the temperature can shoot to well above 40°C and, in the winter, it can drop to 

around 10°C with an annual average rainfall of 1,405 mm. It has been observed that 

rainfall is higher in the western areas as compared to the eastern areas and the rainfall 

mostly occurs in the monsoon months (June to October).  Ground water is the main 

source of drinking and irrigation in most of the part of this district. The present cross 

sectional study was conducted among twenty two villages, viz., Nasipur, 

Vabanandapur, Deshnabagram (under Nalhati I block); Kamdebpur , Chalk Atla, 

Nowapara, Junitpur (under Rampurhat II block); Loha Bazar, Kaijuli, Chak Sehara, 

Seharakuri, Sankarpur (Mahammad Bazar block); Gostho Dangal, Sarsa, Tithikapur, 

Lauberia, Tarapur, Nowpara, Bhadulia, Paschim Sibpur, Rasa (Khoyrasole block) and 

control area of Hazratpur (Nalhati-I block) of  Birbhum district, West Bengal, India 

(Fig.1-4). The population, average rainfall and GPS readings are listed in Table 1. The 

most interesting part of the geology of this area stems from the gradient of red soil. A 

kind of sandy hard red soil of the alfisoil type and laterite soil of this area give rise to 

potential aquifers at depth. Open wells and bore wells are the main source of water 

supply for domestic and agricultural purposes in this arid region. 

 

4.1.2 Sampling                                                                                      

Samples were picked up from randomly chosen 220 sites of 22 villages from 4 blocks 

namely, Nalhati I, Rampurhat II, Khoyrasole and Mahammad Bazar in Birbhum district 

(Fig. 1) during pre monsoon (PRM) and post monsoon (POM) seasons. The month of 

April- May (in a few cases, Feb- March) was designated as PRM and September- 

October as POM. The sample spots were marked at the time of sampling during PRM.  
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All the water samples were collected in 500 ml sterilized polypropylene (Turson made) 

bottles and stored in freezing condition (temperature <10 0C), by following standard 

protocols. Geographical positions of all the sampling sites are recorded during the 

sampling by using GPS (Model: GARMIN GPS 12). Vegetable samples were also 

collected depending on its availability from the aforesaid areas in zippered polyethene 

packets and refrigerated immediately after collection and analyses were done as quickly 

as possible.114 soil samples were collected from the vegetable fields near each 

collected vegetables plants in the polluted area and stored in zippered polyethene 

packets for fluoride analysis. Thirty six soil samples from the control area were also 

collected from the fields where the vegetables grown, to check the availability of 

fluoride. 

 

4.2 METHODS 

 

4.2.1 Physico-chemical analysis of the water samples 

 

4.2.1.1 Estimation of fluoride (Tokalioğlu, 2004) 

Principle: The fluoride is analyzed using ion-meter in conjunction with a combination 

fluoride electrode. Total ionic strength adjustment buffer TISAB (4g 1,2-

cyclohexanedi-amine-N,N,N',N'-tetraacetic acid (CDTA) + 57 g NaCl  and 57 g glacial 

CH3COOH in 1 L of distilled water adjusted to pH 5-5.5 with 6 N NaOH) solution is 

used to regulate the ionic strength of samples or standard solutions and to adjusts the 

pH, to avoid interferences by polyvalent cations such as Al(III), Fe(III) and Si(IV), 

which are able to complex or precipitate with fluoride resulting in reduction of  free 

fluoride concentration in the solution. CDTA forms stable complexes with polyvalent 

metal cations (e.g., Al (III), Fe (III) and Si (IV)), which are more stable than metal-

fluoride complexes (AlF6
3-, FeF6

3- etc.) in solution. The CDTA preferentially 

complexes with polyvalent cations present in aqueous solution (e.g., Si4+, Al3+ and 

Fe3+). There are 6 complexing groups in CDTA and it forms metal-CDTA complexes in 

a metal-ligand ratio of 1:1(Christian, 1986), freeing the fluoride ion from its complexes  
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with the cations. The electrode used for the estimation is selective for the fluoride ion 

over other common anions by several orders of magnitude; only the hydroxide ion 

appears to offer some interference. 

Equipments:  

(i) Instrument: Jenway 3040 model ion-meter in conjunction with a combination 

fluoride electrode (Orion ISE 940900).  

(ii) Analytical-reagent grade NaF for standard preparation 

(iii)TISAB buffer (4g 1,2-cyclohexanedi-amine-N,N,N',N'-tetraacetic acid (CDTA) 

+ 57 g NaCl  and 57 g glacial CH3COOH in 1 L of distilled water adjusted 

to pH 5-5.5 with 6 N NaOH) 

Procedure: Distilled water was used throughout the experiments. The use of glass 

ware was avoided. Fluoride stock solution (1000 µgml−1) was prepared from sodium 

fluoride and stored in polyethene labware. 25 ml of the water sample and 25 ml of 

TISAB solution (1:1 ratio) were mixed with a magnetic stirrer for 3 min. The electrode 

potentials of the sample solutions were directly compared with those of fluoride 

standard solutions and the concentration of fluoride in samples were obtained. The limit 

of detection (LOD) of the method was 0.01 mg/L. 

 

4.2.1.2 Estimation of pH (APHA, 1998) 

Principle: The pH of a solution is defined as negative logarithm of hydrogen ion 

activity to the base 10 i.e., pH = - log10aH+ 

When the solution is very dilute aH
+ = cH

+, i.e., pH = - log10cH
+ 

Equipments:  

 (i)  pH meter (Orion Thermo) 

(ii) Standard pH buffer solutions (Orion) 

Procedure: At first the digital pH meter was calibrated by standard pH solutions (pH 4, 

pH 7 and pH 10). After calibration, the pH of water samples was measured at a room 

temperature (27ºC). During sampling, pH was measured by using hand analyzer 

(HANNA-HI 98121). 
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4.2.1.3 Estimation of Electrical Conductivity (APHA, 1998)  

Principle: Electrical conductivity (EC), also called specific conductance is a measure 

of the ability of water samples to convey electrical current, and it is related to the total 

concentration of ionized substances in water. Organic compounds have little influence 

on the conductivity. The water conductivity increases with temperature owing to a 

decrease in viscosity and increasing dissociation. Normally EC value of distilled water 

range from 1 to 5 µmho or µS conveniently measured at 25º C. 

Equipments:  

(i) Standard KCl solution (0.01 M) which has a conductivity of 1412 µS/cm at 25ºC 

(ii) Conductivity meter (Eutech CON 510) 

Procedure: Digital conductivity meter (Systronics) was calibrated with standard KCl 

solutions (1N, 0.1N and 0.01N). The EC values of water samples were analyzed taking 

sample (50 mL) in a 100 ml beaker and immersing the probe into it.  

During field study, EC of onsite samples were measured by using hand analyzer (HI- 

98301). 

 

4.2.1.4 Estimation of Total Dissolved Solids (APHA, 1998) 

Principle: The inorganic and organic solid compounds dissolved in water remaining in 

the solution phase is the measure of total dissolved solid (TDS). When the water 

(solvent) is evaporated to dryness the remaining solid represents the TDS which can be 

measured gravimetrically.  

Equipments:  

(i) Hot water bath 

(ii) Dish, Glass goods 

Procedure: An evaporating dish of appropriate size is heated in an oven at 180ºC for 

1hr, cooled in desiccators and weighed. 100 ml of accurately measured water samples 

is filtered with slight suction. The filtrate is then transferred to a pre weighed 

evaporating dish and evaporated to dryness. It is dried for at least 1hr at 180oC, cooled 

in room temperature and weighed again. 

Calculation: 
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Total dissolved solid (TDS) in mg/L =1000×(Y-X)/V 

Where V= volume of water sample taken, X =Weight of empty dish (mg), Y= Weight 

of the dish after evaporation of water taken (mg).  

 

4.2.1.5 Estimation of Total Alkalinity (TA) and Bicarbonate by titrimetric method 

(APHA, 1998) 

Principle: Alkalinity is the quantitative capacity of an aqueous medium to react with 

hydrogen ions to pH 8.3 and then to pH 3.7. The equation in its simplest form is as 

follows: 

CO3
2-+H+ = HCO3

- (at pH 8.3) 

From pH 8.3 - 3.7, the following reaction may occur: 

HCO3
-+H+ = H2CO3 

Reagents: 

(i) Standard sulfuric acid (0.02N) 

(ii) Phenolphthalein indicator 

(ii) Methyl Orange indicator 

Procedure: Samples were analyzed in the laboratory after collection. 10 ml of sample 

were taken in a flask and add 2-3 drops of phenolphthalein indicator. If a slight pink 

color appears, phenolphthalein alkalinity is present. Solution was titrated against 

sulphuric acid until the solution becomes color less (end point). The reading was noted, 

after that, 2-3 drops of methyl orange indicator was added in the same flask and 

continue to titrate against sulfuric acid until yellow color of solution tern orange (end 

point). The reading was noted as‘t’ which is the total volume of titrant used for both the 

titrations. 

Calculations: 

Phenolphthalein alkalinity (P) as CaCO3 (mg/L) = p×N×50000/s 

Total alkalinity (T) as CaCO3 (mg/L) = t×N×50000/s 

Where, p = Volume of titrant (standard acid) used against phenolphthalein indicator 

(ml); s = Volume of sample (ml); and t = Total volume of titrant (standard acid) used 

for the two titrations (ml), N =normality of the titrant (standard acid). 



 
 

Materials and Methods 70 

 

 

The value of different forms of alkalinities (hydroxide, carbonate and bicarbonate) in 

terms of CaCO3 (mg/L) is computed using following table: 

Result of 

Titration 

Hydroxide 

alkalinity as 

CaCO3 

Carbonate 

alkalinity as 

CaCO3 

Bicarbonate 

concentration as 

CaCO3  

P=0 0 0 T 

P < ½ T 0 2P T-2P 

P = ½ T  0 2P 0 

P > ½ T  2P-T 2(T-P) 0 

P=T 0 0 0 

P = Phenolphthalein alkalinity; T= Total alkalinity 

 

4.2.1.6 Estimation of Total Hardness (TH) by titrimetric method (APHA, 1998) 

Principle: The total hardness of water is generally due to dissolved Ca and Mg salts, 

and may be determined by complexometric titration using EDTA and Eriochrome 

Black T indicator. A buffer (pH = 10) is used to keep the acid groups deprotonated. 

Reagents: 

(i) Standard ethylenediaminetetra-acetate (EDTA) solution (0.01 M): 3.723 g of 

EDTA was dissolved in distilled water and diluted to 1 litre. 

(ii) Eriochrome Black T indicator: 0.2 g of the dyestuff was dissolved in 15 ml of 

triethanolamine and 5 ml of absolute ethanol. 

(iii) Buffer solution (pH = 10): 142 ml of concentrated ammonia solution was added  

to 17.5 g A.R. ammonium chloride and diluted to 250 ml with distilled water. 

 Procedure: To 50 ml of the sample water 1 ml of the buffer solution and 3 -4 drops of 

Eriochrome Black T indicator was added. The solution was titrated with 0.01 M EDTA 

solution until the color changed from wine red to violet to pure blue (end point) with no 

reddish tinge remaining.  

 Calculation: 

Total hardness (mg/L, as CaCO3) = T×B×1000/V 
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Where, T= Volume of titrant (ml); V= Volume of sample (ml) and B= mg CaCO3 

equivalent to 1.00 ml EDTA titrant (for 0.01 M EDTA, B = 1 as 1 ml 0.01 M EDTA ≡ 

1.00 mg of CaCO3). 

 

4.2.1.7 Estimation of Calcium by titrimetric method (APHA, 1998) 

Principle: In a solution containing both calcium and magnesium, calcium can be 

determined directly with EDTA when the pH is made sufficiently high (12 - 13) so that 

the magnesium is largely precipitated as the hydroxide and an indicator is used which 

combines, only with calcium. 

Reagents: 

(i) Sodium hydroxide solution (8%) 

(ii) Murexide indicator 

(iii) EDTA solution (0.01M) 

Procedure: 50 ml of the sample was taken in an Erlenmeyer flask and 1 ml of sodium 

hydroxide solution and a pinch of murexide indicator were added. Then it was titrated 

against EDTA solution until the pink color turned into purple (end point). 

Calculation: 

Calcium (mg/L) = T×B×400.8/V 

where, T= Volume of titrant (ml); V= Volume of sample (ml) and B= mg CaCO3 

equivalent to 1.00 ml EDTA titrant at the calcium indicator end point. 

To determine the calcium hardness expressed as mg CaCO3/ liter, following formula 

was used. 

Calcium hardness (mg/L, as CaCO3) = T×B×1000/V 

where, T= Volume of titrant (ml); V= Volume of sample (ml) and B= mg CaCO3 

equivalent to 1.00 ml EDTA titrant at the calcium indicator end point (for 0.01 M 

EDTA, B = 1 as 1 ml 0.01 M EDTA ≡ 1.00 mg of CaCO3). 
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4.2.1.8 Estimation of Magnesium titrimetric method (APHA, 1998) 

Method and calculation: Total hardness and calcium hardness of water as CaCO3 are 

determined using the methods described above (4.2.1.6 and 4.2.1.7). From these values 

magnesium content in calculated as given below: 

Magnesium (mg/L) = (T – C) × 0.244 

Where, T = Total hardness (as CaCO3); and C = Calcium hardness (as CaCO3) 

 

4.2.1.9 Estimation of Sodium by flame photometric method (APHA, 1998) 

Principle: Trace amounts of sodium can be determined by flame emission photometry 

at 589 nm. Sample is nebulised into a gas flame under carefully controlled, 

reproducible excitation conditions. The sodium resonant spectral line at 589 nm is 

isolated by interference filters or by light- dispersing devices such as prisms or 

gratings. Emission light intensity is measured by a phototube, photomultiplier, or 

photodiode. The light intensity at 589 nm is approximately proportional to the sodium 

concentration. The appropriate wavelength setting, which may slightly more or less 

than 589 nm, can be determined from the maximum emission when aspirating a sodium 

standard solution, and then used for emission measurements. 

Reagents 

(i) Double distilled water 

(ii) Standard stock sodium solution (1000 mg/L) 

(iii)Intermediate standard sodium solution (100 mg/L). 

Procedure: Different standard sodium solution of following concentrations (for 

calibration curve) was prepared from intermediate standard sodium solution (100 

mg/L) such as 2, 4, 6, 8, 10 mg/L. A blank solution was also prepared. The intensity of 

the different standard solutions was measured with a flame photometer (Systronics-

128) using a Na-filter. The intensity of the sodium in the unknown sample was 

measured in a similar manner by taking 5 ml sample water in 50 ml volumetric flasks 

and then diluted it up to the mark. 
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4.2.1.10 Estimation of Potassium by flame photometric method (APHA, 1998) 

Principle: Trace amounts of potassium can be determined in either a direct reading or 

internal standard type of flame photometer at a wavelength of 766.5 nm. Because much 

of the information pertaining to sodium applies equally to the potassium determination, 

careful study of entire discussion is required dealing with the flame photometric 

determination of sodium before making a potassium determination. 

Reagents: 

(i) Double distilled water 

(ii) Standard stock potassium solution 

(iii)Intermediate standard potassium solution (100 mg/L) 

Procedure: Different standard potassium solutions (for calibration curve) of following 

strength (2, 4, 6, 8, and 10 mg/L) were prepared from the intermediate standard 

potassium solution. A blank solution was also prepared. Intensity of the different 

standard solutions was measured with a flame photometer (Systronics-128) with a K-

filter. The sample waters were analyzed in the same procedure. 

 

4.2.1.11 Estimation of Chloride by titrimetric method (APHA, 1998) 

Principle: In a natural or slightly alkaline medium K2CrO4 can indicate the end point 

in chloride titration. AgCl is precipitated quantitatively before red silver chromate is 

formed. 

Reagents: 

(i) 0.0141 (N) AgNO3 (Silver nitrate) 

(ii) K2CrO4 (Potassium Chromate) indicator 

Procedure: 5 ml. samples was taken in a conical flask, then 2-3 drops of K2CrO4 

indicator was added to it and solution was titrated against 0.0141 (N) AgNO3. The end 

point was marked by a brick red precipitate. The titrant volume was noted and the 

chloride content was calculated. A blank titration is performed in the same procedure 

using same volume of distilled water in place of the sample. 

Calculation: 

Cl-(mg/L) = (V-B) × N × 35.45/S 
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Where, V = Volume of titrant (ml) needed for the sample; B = Volume of titrant (ml) 

needed for the blank; N = Normality of titrant (ml); S = Volume of Sample (ml). 

 

4.2.1.12 Estimation of Sulfate by turbidimetric method (APHA, 1998) 

Principle: Sulphate ion (SO4
2-) is precipitated in an acetic acid medium with barium 

chloride (BaCl2) so as to form barium sulphate (BaSO4) crystals of uniform size. Light 

absorbance of the BaSO4 suspension is measured by a photometer and the SO4
2- 

concentration is determined by comparison of the reading with a standard curve. 

Reagents: 

(i) Buffer solution: 30 gm MgCl2.6H2O, 5g CH3COONa.3H2O, 1g KNO3, 0.111g 

Na2SO4 and 20 ml acetic acid (99%) is dissolved in 500 ml distilled water and made 

up to 1000 ml. 

(ii) Barium chloride 

(iii)Standard sulphate solution 

Procedure: 100 ml of clear sample (not containing more than 40 of SO4
2–) or a suitable 

aliquot diluted to 100 ml in a 250 ml conical flask is taken. 5.0 ml of buffer reagent was 

added to it. Care should be taken not to add the conditioning reagent in all the samples 

simultaneously. This is to be added to each sample just prior to the further processing. 

The sample was stirred using a magnetic stirrer and during stirring a spoonful of BaCl2 

crystals is added to the solution and after addition of BaCl2 stirring is continued for 1 

minute. Then after 4 minutes, the optical density reading on a spectrophotometer at 

420nm was taken. Same procedure described above is applied for the standards of 

different concentrations. Framing the standard curve using Microsoft excel, the 

concentrations of suphate in water samples were determined.  

 

4.2.1.13 Estimation of Phosphate by Spectrophotometric Method (APHA, 1998) 

Principle: Molybdophosphoric acid is formed when phosphate reacts with ammonium 

molybdate and reduced by stannous chloride to intensely coloured molybdenum 

blue.This method is more sensitive than others and makes feasible measurements down  
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to 100 µg /L by use of increased light path length. Below 100 µg /L an extraction step 

may increase reliability and lessen the interference. 

Regents: 

(i)  Stannous chloride solution (2.5%) 

(ii)  Ammonium molybdate solution (2.5%) 

(iii) Conc. H2SO4 (Sulfuric acid) 

(iv)  Standard Phosphate Solution of anhydrous potassium hydrogen phosphate 

(KH2PO4) 

Procedure: To each 50 ml volumetric flask containing different samples, 4 ml 

ammonium molybdate solution and 2 - 4 drops of stannous chloride solution were 

added. A blue colour appeared. The volume was made up to the mark with distilled 

water and absorbance was measured at 690 nm in spectrophotometer (Systronics-169).  

Standard solutions of different concentrations were made. Standard solutions were 

analyzed in the same procedure mentioned above and the standard calibration curve 

was prepared to estimate the concentration of phosphate in the samples. 

 

4.2.1.14 Estimation of Iron by Spectrophotometric Method (APHA, 1998) 

Principle: Iron is brought into solution, reduced to the ferrous state by boiling with 

acid and hydroxilamine, and treated with 1, 10 phenanthroline at pH 3.2 to 3.3. Three 

molecules of phenanthroline chelate each atom of ferrous iron to form an orange 

colored complex which is stable and the intensity is independent of pH from 3 to 9. 

Measuring the color intensity (optical density or absorbance), the concentration of iron 

can be estimated. 

Reagents: 

(i) Concentrated HCl 

(ii) Hydroxylamine (NH2OH.HCl) solution: 10 g Hydroxialmine was dissolved 100ml 

water. 

(iii) Ammonium acetate buffer solution: 250 g ammonium acetate was dissolved in 150 

ml water. 700ml concentrated glacial acetic acid was added to it. 

(iv) Sodium acetate solution: 200 g of sodium acetate was dissolved in 800 ml water. 
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(v) Phenthroline solution: 100mg 1, 10- Phenathroline monohydrate was dissolved in 

10 ml water by stirring and heating to 80 ˚ C. 

(vi) 0.1 M Potassium permanganate (KMnO4) 

(vii) Stock iron solution for standard: 20 ml of concentrated H2SO4 was slowly added 

to 50 ml water and 1.404 g ferrous ammonium sulphate was dissolved. 0.1 M KMnO4 

was added drop wise until a faint pink color persisted. The solution was diluted and the 

volume was made up to 1000 ml with distilled water. Standard solutions of different 

concentrations were prepared from the stock solution. 

Procedure: 2 ml of concentrated HCl and 1 ml NH2OH.HCl solution were added to 50 

ml sample and was heated to boiling until the volume reduced to 20 ml. Then after 

cooling, 10 ml ammonium acetate buffer solution and 4 ml phenanthroline solution was 

added. The solution was kept for 10 minutes after dilution up to the mark for the color 

development and the optical density was measured at 510 nm in the spectrophotometer 

(Systronics). The same procedure was performed to find out the absorbance of standard 

solutions. The standard curve was then drawn by plotting concentration vs. absorbance 

using MS Excel and concentrations of the samples were calculated. 

 

4.2.1.15 Estimation of Silica by Spectrophotometric Method (APHA, 1998) 

Principle: Ammonium molybdate at low pH reacts with silica and any phosphate 

present to produce molybdosilicate giving a yellow color. Oxalic acid is added to 

destroy the molybdophosphoric acid. The intensity of the color can be measured at 410 

nm. 

Reagents: 

(i) Ammonium molybdate regent 

(ii) Oxalic acid solution 

(iii)Hydrochloric acid solution (HCl: Water =1:1) 

(iv) Standard solution of Sodium metasilicate nonahydrate (Na2SiO3.9H2O)  

Procedure: 100 ml of each sample or a suitable aliquot diluted to 100 ml in a 250 ml in 

a conical flask was taken. 1.0 ml of 1:1 HCl and 2 ml ammonium molybdate solution 

was added to it and shaken well. After 5-10 minutes, 2 ml of oxalic acid was added and  



 
 

Materials and Methods 77 

 

 

mixed thoroughly. Then the optical absorbance was recorded after 2 minutes but before 

20 minutes in spectrophotometer (Systronics, 169) at 410 nm.  Standard solutions of 

different concentrations were made. Standard solutions were analyzed in the same 

procedure mentioned above and the standard calibration curve was prepared to estimate 

the concentration of silica in the samples. 

 

4.2.2 Estimation of fluoride in soil 

Principle: The fluoride in soil is estimated after bringing the soil fluoride in solution 

phase using the method indicated by Lori (1987). The fluoride is analyzed using ion-

meter in conjunction with a combination fluoride ion selective electrode.  

Materials:  

(iv) Instrument: Jenway 3040 model ion-meter in conjunction with a combination 

fluoride electrode (Orion ISE 940900).  

(v) Analytical-reagent grade NaF for standard preparation 

(vi) TISAB buffer (4g 1,2-cyclohexanedi-amine-N,N,N',N'-tetraacetic acid (CDTA) 

+ 57 g NaCl  and 57 g glacial CH3COOH in 1 L of distilled water adjusted 

to pH 5-5.5 with 6 N NaOH) 

Procedure: The method of partial leaching described by Lori (1987) was applied in the 

preparation of the soil extract for analysis. The air dried soil samples were crushed to 

powder. 10g each of the oven dried powdered soil samples were separately weighed 

into a 100 ml plastic beaker (Turson made) and 20 ml of distilled water was added. The 

mixtures were stirred and allowed to stand for six hours. They were filtered into a 100 

ml volumetric flask. The residues were leached slowly over a two-hour period with 

distilled water on to the same filter paper and the leachate going into the same beaker 

containing the filtrate. The filtrates and the leachate mixture were made up to the mark 

with distilled water. 25 ml of this extract was used for the detection. The samples and 

fluoride standard solutions were diluted 1:1with the TISAB. The solutions, which 

contained 25 mL of the sample and 25 mL of TISAB solutions, were mixed with a 

magnetic stirrer for three minute. The electrode  potentials of the sample solutions were  
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directly compared with those of fluoride standard solutions and the concentration of 

fluoride in samples were obtained. The limit of detection (LOD) of the method was 

0.02 mg/L. 

 

4.2.3 Biochemical Parameters 

 

4.2.3.1 Estimation of Fluoride in Vegetable Samples (McQuaker and Gurney, 1977) 

Principle: Fluoride in the vegetable samples are extracted by the alkali fusion method 

described below and then analyzed using the same ion selective electrode used for 

water and soil samples. 

Equipments:  

(i) 16.8 N NaOH solution 

(ii) 37% HCl solution 

(iii)Ni crucible 

(iv) Whatman No. 40 filter paper 

(v) Polythene labwares 

Procedure: After thorough washing with water, the leaves and fruits of the fresh 

vegetables harvested from the contaminated and control area were dried at 105°C and 

crushed into powder so as to pass through a 40 mesh sieve. About 0.5 g each of the 

powdered samples was transferred into a 150 ml nickel crucible and moistened with a 

small amount of de-ionized water. Six mL of 16.8 N NaOH was added and the crucible 

was placed in an oven (150°C) for 1.5-2.0 hr until NaOH was solidified. The crucible 

was placed in a muffle furnace set at 300°C, then raised to 600°C and kept at 600°C for 

30 min in order to fuse the sample in the crucible. The crucible was placed in a hood 

and allowed to cool, and 10 mL distilled water was added. Then, 37% HCl solution 

(about 7 mL) was added slowly to adjust the pH to 7-9. The sample solution was 

transferred to a 100 mL plastic volumetric flask, made up to volume with distilled 

water and filtered  through a Whatman  No. 40 filter  paper.  The  filtrate  was  used  for  
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analysis of fluoride with the same procedure with the same ion selective electrode used 

for water analysis. 

 

4.3.3.2 Estimation of total soluble sugar (Mc. Cready et al., 1950)   

Principle: The method of Mc. Cready et al., (1950) was followed where the reagent 

anthrone gives a blue-green coloration with sugar solution.  The sugar is estimated 

calorimetrically measuring its intensity at an absorbance maximum of 630 nm and 

comparing with standard curve of D-glucose. 

Reagents: 

(i) 0.2% anthrone solution 

(ii) Standard D-glucose 

Procedure: 

Extraction: About 0.1 g of fresh leaves weighted and crushed with a pestle in a mortar 

first with 3 ml and then with 7 ml distilled water. This was transferred into a centrifuge 

tube and centrifuged for 10 minutes at 10,000 rpm. The supernatant was collected. 

From this, 1 ml extracted solution was pipetted out in a test tube, 4 ml freshly prepared 

0.2 % anthrone reagent was added in it and incubated for 10 minutes at 100 0C. This 

was allowed to cool at room temperature. Blank is prepared in the same process taking 

distilled water in place of extract. The absorbances were measured at 630 nm wave 

length. 

Standard: Standard solution is prepared using D-glucose by diluting with water at 

different concentrations. Adding 4 ml of anthrone regent to 1 ml of each standard of 

different concentrations were heated for 10 minutes in a boiling water bath at 100º C 

temperature. Standard curve was prepared measuring absorbance at 630 nm.  

Calculation: A plot of the absorbance against the concentration is drown using 

Microsoft excel and from the calibration curve, the concentration of soluble sugar was 

calculated. 
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4.2.3.4. Estimation of Total chlorophyll (Arnon, 1949) 

Principle: For the estimation of chlorophyll content Aron’s(1949) method was 

employed. Chlorophyll is extracted in 80% acetone and the absorption at 645nm; 

652nm and 663nm are read in spectrophotometer. Using the absorption co-efficient, the 

amount of chlorophyll is calculated. 

Reagents: 

(i) 80% acetone 

(ii) 0.1g of fresh leaf sample 

Procedure: 

0.1g of fresh leaf sample was taken. 5ml of 80% acetone is added to the sample in test 

tube in the ratio of 2:1. The test tube is plugged with cotton and is kept in refrigeration 

for 24 hours. The test tube containing green solution taken out and the supernatant is   

collected in another test tube. The leaves are finally washed with 5ml of 80% acetone 

to extract further chlorophyll from the leaves. The supernatant liquid is again collected. 

The absorbance of the solution was read at 645,652,663 nm against the solvent (80% 

acetone) blank. 

Calculation: 

Calculation of the amount of chlorophyll (mg) present in extract per g of tissue was 

determined using the following equations. 

 Chlorophyll-a (mg g-1 FW) = [12.7 × D663 – 2.69 × D645] × V/1000 × W 

 Chlorophyll-b (mg g-1 FW) = [22.9 × D645 – 4.68 × D663] × V/1000 × W 

 Total Chlorophyll (mg g-1 FW) = D652 × 1000/34.5 × V/1000 × W 

              Where, D = Optical density,  

                           V = Final volume of 80% acetone (10ml),  

                           W = Fresh wt. Sample taken (0.1 g), 

                            FW = Fresh weight. 
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4.2.3.5 Estimation of total ascorbic acid (Sadasivam and Manickam, 1996)              

Principle: 

Ascorbic acid is first dehydrogenated by bromination. The dehydro ascorbic acid is 

then reacted with 2, 4- Dinitrophenyl hydrazine to form osazone and dissolved in 

sulphuric acid to give an orange red color solution which is measured at 540 nm. 

Material: 

 (i) 4 % oxalic acid solution 

 (ii) 0.5 N H2SO4 

(iii) 2% 2,4- Dinitrophenyl hydrazine (DNPH) reagent: 2 g DNPH in 100 ml 0.5 N 

H2SO4 is dissolved by heating and filtered to use. 

(iv) 10% Thiourea solution 

(v) 80 % H2SO4 

 (vi) Bromine water: 1-2 drops of of liquor bromine in approximately 100 ml cool 

water. 

(vii) Stock standard solution: 100mg ascorbic acid is dissolved in 100 ml of 4% oxalic 

acid solution (1mg/ml). Working standard solutions of different concentrations were 

prepared from this stock solution. 

Procedure: 

 Extraction: 0.5-5 g of sample material was grinded using a mortar pestle in 25- 50 ml 

4% oxalic acid solution and centrifuged.  

A 10 ml aliquot was transferred to conical flask and bromine water was added drop 

wise with constant stirring. The enolic H atoms in ascorbic acid are removed by 

bromine. When the extract turned orange yellow due to excess bromine expelled it by 

blowing in air. The volume was made up to 100 ml with 4% oxalic acid solution. 

10-100 µg standard dehydro ascorbic solution was pippeted out into the tubes. Different 

amount of aliquots (0.1 ml to 2 ml) of brominated sample extract were pipetted out 

depending upon the probable concentrations. The volume was made up to 3 ml by 

adding distilled water. 1 ml of DNPH reagent was added followed by 1-2 drops of 

thiourea to each tube. A blank was set with water ion place ascorbic acid solution. The 

contents were  mixed  thoroughly and incubated at  37˚ C for 3 hrs. After incubation the  
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orange red osazone crystals formed by adding 7 ml of 80% H2SO4 was dissolved. Then 

the absorbance was measured at 540 nm. The ascorbic acid contents of the samples 

were calculated using the standard curve obtained by plotting ascorbic acid 

concentration vs. absorbance. 

 

4.2.3.6 Estimation of protein (Lowry et al., 1951) 

Principle: 

Estimation of protein was performed by following the method of Lowry et al., (1951). 

The blue color developed by the reaction of the phosphomolybdic- phosphotungstic 

components in the Folin-Ciocalteau reagent by the amino acids tyrosine and tryptophan 

present in the protein plus the color developed by the biuret reaction of the protein with 

the alkaline cupric tartarate are measured in the Lowry’s method. 

Reagent: 

(i) Reagent A: 2 gm of Na2CO3 and 400 mg of NaOH were dissolved in 100 ml of 

distilled water. 

(ii) Reagent B: 0.5 % of copper sulphate ( CuSO4.5H2O) in 1 % sodium-potassium-

tartarate. 

(iii) Reagent C: 50 ml of reagent A is mixed with 1 ml of reagent to prepare reagent 

C. 

(iv) Reagent D (Folin-Ciocalteau reagent): A mixture containing 100 g Sodium 

tungstate (Na2WO4.2H2O), 25 g sodium molybdate (Na2MoO4.2H2O), 700 ml 

water, 50 ml 85% H3PO4 and 100 ml concentrated HCl is refluxed in a 1.5 liter 

flask. After adding 150 g lithium sulphate, 50 ml water and a few drops of 

bromine water the mixture is boiled for 15 min without condenser to remove 

excess bromine. Then it is cooled and filtered after dilution to 1 liter. The 

reagent should not have the greenish tint. The purchased Folin-phenol solution 

may also be used after preparation of 1: 1 solution with distilled water. 
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(v) Standard protein solution: After making 1mg/ml Bovine Serum Albumin 

(Fraction V) as stock solution working standards of different concentrations are 

made. 

Procedure: 

Extraction: 10 mg of the plant material was weighed out and crushed first with 3 ml 

and then 7 ml of distilled water. This was transferred into a centrifuge tube and 

centrifuged for 10 minutes at 1000 rpm. 0.2 ml from the supernatant liquid was pipette 

out in a test tube and added all the protein reagents. 

Standard:  A set of standard solutions including the blank was prepared into test tubes 

with different aliquots of stock solution (protein) along with water using micro and 

macro pipettes respectively 0.9 ml of reagent a was added to each test tube and 

incubated for 15 minutes at room temperature. Then 0.1 ml of reagent B was added and 

allowed to stand for 30 minutes. After some time 5 ml of distilled water was added to 

each test tube and mixed well. 

Calculation: A plot of the absorbance against the concentration is drown using micro-

soft excel and from the calibration curve, the concentration of protein was calculated. 

 

4.2.3.7 Estimation of amino acid (Moore and Stein, 1948) 

The amino acids are colorless ionic compounds that form the basic building blocks of 

proteins. Apart from being bound as protein, amino acid can exist in free form mostly 

of which is water soluble and known as free amino acid. Measurement of free amino 

acid content indicates the physiological and health status of the plant. 

Principle 

Amino acids are decarboxylated by a powerful oxidizing agent, Ninhydrin to yield an 

intensely colored bluish purple colored compound. Measuring the intensity of the color 

at the wave length 570 nm, amino acid content can be measured. 

The reaction can be represented as: 

Ninhydrin + alpha- amino acid         Hydrindantin + Decarboxylated Amino acid + CO2 +NH3 

Hydrindantin + Ninhydrin + NH3  Purple colored product + H2O 



 
 

Materials and Methods 84 

 

 

Materials 

(i) 0.2 M Citrate Buffer (pH 5.0) 

(ii) Ninhydrin solution: 0.8 gm of Stannous chloride (SnCl2.2H2O) is dissolved in 500 

ml of 0.2 M citrate buffer (pH 5.0) and added to 20 g of ninhydrin in 500 ml of 

methyl cellosolve (2-Methoxyethanol). 

(iii) Diluent solvent: Equal volume of water and n- Propanol mixed to prepare the 

diluents solvent. 

Procedure: 

Extraction: 500 mg of plant sample is ground in mortar- pestle with a small quantity of 

acid washed sand. 5-10 ml of 80 % ethanol is added to it. After repeated extraction 

(twice) of the residue after centrifugation with ethanol, all the supernatant was collected 

and the volume of the extract is reduce by evaporation. For tough tissues boiling 80% 

ethanol is used for extraction. 

Examination:1 ml of ninhydrin is added to 0.1 ml of extract and the volume is made up 

to 2 ml with distilled water. Keeping this solution in boiling water bath for 20 minute, 5 

ml of the diluents is mixed. After 15 min. colorimetric estimation is done at an wave 

length of 570 nm. The color is stable for 1h, therefore lingering should be avoided. 

Blank reagent is prepared by the same process by taking 0.1 ml 80% ethanol in the 

place of the extract. 

Standard: Standard solutions of different concentrations are prepared by dissolving 

leucine in distilled water. The same procedure is maintained as for the sample to 

estimate the standard. 

Calculation: Using the absorbance vs. concentration standard curve concentration of the 

total free amino acid is determined and expressed as percentage equivalent of leucine. 

 

4.2.4 Statistics and diagrams 

The results were statically analyzed (Mean, Median, Standard Deviation, Standard error 

mean and correlation analysis among various parameters) with the help of   Minitab 16 

and SPSS 7.5 software package. Gw_chart software was used to draw the Piper 

diagrams.  
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4.2.5 Other Calculations 

4.2.5.1 Water Quality Index (WQI):               

For calculating the WQI in the present study, 13 parameters namely, pH, electrical 

conductivity, total dissolved solids, total hardness, alkalinity, calcium, magnesium, 

sodium, potassium, iron, chloride, sulphate, phosphate and fluorides have been considered 

(Table 23). There were three steps for computing WQI of a water sample. 

a. Each of the chemical parameters was assigned a weight (wi) based on their perceived 

effects on primary health and relative importance in the overall quality of water for 

drinking purposes (Table 23). The highest weight of 5 was assigned to parameters 

which have the major effects on water quality (e.g., F
-
 and TDS) and a minimum of 2 

was assigned to parameters which are considered as not harmful (Ca
2+
, Mg

2+
, K

+
). 

b. Computing the relative weight (Wi) of each parameter using Eq. 1.Table 23 present the 

weight (wi) and calculated relative weight (Wi) values for each parameter. 

c.  A quality rating scale (qi) for each parameter is computed by dividing its concentration 

in each water sample by its respective standard according to the guidelines laid down 

by BIS (2009) and then, the result was multiplied by 100 using Eq. 2. Finally, for 

computing the WQI, the water quality sub-index (SIi) for each chemical parameter is 

first determined, which is then used to determine the WQI as per the Eqs. 3 and 4. 

   Wi = Wi

� wi����
      (1) 

Where Wi is the relative weight, wi is the weight of each parameter and n is the 

number of parameters.    

   qi = 
 �
 
�
 � × 100     (2) 

where qi = quality rating, Ci = concentration of each chemical parameter in each water 
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sample in mg/L, Si = Indian drinking water standard (BIS 2009) for each chemical 

parameter in mg/L except for conductivity (mS/cm) and pH.  

    SIi =Wi×qi      (3) 

WQI = � SIi�

��      (4) 

Where SIi is the sub-index of ith parameter; qi is the rating based on concentration of i
th
 

parameter and n is the number of parameters. 

4.2.5.2 Percent Sodium (% Na)           

Percent sodium in water is a parameter computed to evaluate the suitability for irrigation 

(Wilcox 1955) and is expressed as follows: 

% Na = Na × 100
(Ca +  Mg +  Na +  K)  

where all the ions are expressed in meq/L. 

4.2.5.3 Sodium Adsorption Ratio (SAR)        

Sodium adsorption ratio (SAR) is an important parameter for determination of suitability 

of irrigation water (Todd 1980) and is expressed as below: 

SAR =  
Na 

%(Ca +  Mg)/2
 

where all the ions are expressed in meq/L. 

4.2.5.4 Permeability index (PI)          

Doneen (1964) evolved a criterion for assessing the suitability of water for irrigation based 

on permeability index (PI).  

PI =
)Na +  *HCO3-/ × 100

(Ca + Mg + Na)  

where all the ions are expressed in meq/L. 
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4.2.5.5 Magnesium hazard (MH)                   

A ratio namely index of magnesium hazard was developed by Paliwal (1972). According 

to this, high magnesium hazard value (>50 %) has an adverse affect on the crop yield as 

the soil becomes more alkaline. Magnesium hazard ratio can be computed using the 

following equation: 

MH = Mg × 100
(Ca +  Mg) 

where all the ions are expressed in meq/L. 

4.2.5.6 Percent biochemical change (PBC)          

Percent change in biochemical constituents with respect to control area were calculated for 

better perception of the effect of fluoride on them. Percent Biochemical Change (PBC)  

was calculated using the following formula: 

PBC =
(S −  C) × 100

S  

where S = amount of biochemical constituent (sugar, chlorophyll, ascorbic acid, protein 

and amino acid) in vegetable samples collected from fluoride affected area; C = amount of 

biochemical constituent (sugar, chlorophyll, ascorbic acid, protein and amino acid) in 

vegetable samples collected from control area. 

4.2.5.7 Bioconcentration Factor (BCF)                

For estimating fluoride concentrations in vegetables the common parameter is the Bio 

concentration Factor (BCF). BCF is the ratio of F concentration in the vegetable and F 

concentration in soil, and is computed using the following equation:   

               F concentration in vegetable (mg /kg of vegetable)  

BCF =    ––––––––––––––––––––––––––––––––––––––––  

                       F concentration in soil (mg/Kg soil) 
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5.1 WATER 

 

5.1.1 Fluoride  

Fluoride along with other water parameters were estimated in 220 sites of 22 villages 

from 4 blocks, namely, Nalhati I, Rampurhat II, Khoyrasole and Mahammad Bazar in 

Birbhum district during pre monsoon (PRM) and post monsoon (POM) seasons (Table 

2-9). Thorough investigations regarding the water parameters showed that mean 

fluoride levels in Nalhati I block during PRM and POM were 3.15 mg/L and 2.98 mg/L 

respectively (Table 10) which are much higher than the recommended level of fluoride 

(F
-
) in drinking water of 1.5 mg/L (WHO, 2011; BIS, 2009). About 90 % of the water 

samples exceeded the recommended value (WHO, 2011; BIS, 2009) during both PRM 

and POM (Table 2, 3) in Nalhati- I block. In Rampurhat -II block during PRM and 

POM the mean fluoride concentration in ground water were 3.96 mg/L and 3.57 mg/L 

respectively (Table 11) which are much higher than the aforesaid recommended level 

of fluoride in drinking water. In this block, all the samples (Table 4) collected during 

PRM and 97.5 % of the samples collected during POM (Table 5) exceeded the 

recommended value indicating high health and environmental hazards. Although the 

other two blocks investigated namely, Khoyrasol and Mahammad Bazar showed 

relatively lower fluoride level in comparison to these two blocks of Nalhati- I and 

Rampurhat –II. Khoyrasol block is in alarming position where some cases of dental 

fluorosis were observed. This block had the mean fluoride level of 2.26 mg/L and 2.06 

mg/L during PRM and POM seasons respectively (Table 12). Water analysis results 

indicated (Table 6, 7) that 69.5 % and 66 % water examined had the fluoride level 

above the recommended value of 1.5 mg/L during PRM and POM respectively in 

Khoyrasol block. The mean fluoride levels in examined waters were 0.97 mg/L and 0.9 

mg/L during PRM and POM respectively in Mahammad Bazar block indicating lower 

risk. But in few cases, fluoride levels were greater than the recommended value of 1.5 

mg/L during PRM (6 % of the total samples examined) and POM (4 % of the total 

sample examined) in Mahammad Bazar block (Table 8, 9). The highest level of 

fluoride  observed  in  the  whole  study considering all the four blocks was observed in  
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Nowapara village (9.98 mg/L) of Rampurhat-II block during PRM season (Table 4). 

An overview of the results indicates that the average fluoride level in all four blocks 

decreased slightly during POM season in comparison to PRM season. A comparative 

status of fluoride concentration during PRM and POM season in all the four blocks is 

illustrated in Fig. 43. This type of decreasing tendency of fluoride level during POM 

with respect to PRM was noticed before by Vasanthavigar et al., (2010). The lowering 

of fluoride concentration in POM with respect to PRM in all the four blocks supported 

the fact of high fluoride incidence in the arid region. The cause of decreasing tendency 

of fluoride level during POM with respect to PRM may be attributed to the fact of 

higher weathering and leaching of fluoride bearing minerals during PRM. The rain fall 

during the monsoon may cause the dilution effect, which in turn decreases normally the 

concentration of fluoride in water during POM (Vasanthavigar et al., 2010).  

 

5.1.2 Other physico-chemical parameters  

Along with F
-
, other physico-chemical water-parameters, such as, pH, EC,TH, TA, Cl

-
, 

HCO3
-
, Ca, Mg, SO4

2-
, Fe, PO4

3-
, TDS, Na, K and SiO2 of each water sample collected 

from four blocks of Birbhum district during PRM and POM were measured and the 

values were listed (Table 2-9). From Table 2 and 3, the measured values of these 

parameters of water samples collected during PRM and POM in different villages 

(Nasipur, Vabanandapur and Deshnabagram) of Nalhati-I block can be inspected 

explicitly. The aforesaid physico-chemical parameters of ground water collected from 

Kamdebpur, Chak Atla, Nowapara and Junidpur villages in Rampurhat-II block during 

PRM and POM are listed in Table 4 and Table 5 respectively. Table 6 and Table 7 

comprises of the estimated values of various physico-chemical parameters (F
-
, pH, EC, 

TH, TA, Cl
-
, HCO3

-
, Ca, Mg, SO4

2-
, Fe, PO4

3-
, TDS, Na, K and SiO2) of ground water 

samples collected from the ten villages, namely, Gostho Dangal, Sarsa, Tithikapur, 

Lauberia, Tarapur, Nowpara, Bhadulia, Paschim Sibpur, Rasa and Hazratpur of 

Khoyrasol block during PRM and POM respectively. The estimated values of the same 

physico-chemical parameters of the ground water  samples  collected during  PRM  and  
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POM seasons from the villages of Chak Sehara, Kaijuli, Lohabazar, Seharakuri and 

Sankarpur in Mahammad Bazar block are listed in the Table 8 and Table 9 respectively. 

Going over the computed statistical values listed in Table 10, Table 11, Table 12 and 

Table 13, interpretations can be done explicitly regarding minimum (min), maximum 

(max), mean, standard deviation (SD) and standard error mean (SE Mean) values of the 

aforesaid water parameters collected from the Nalhati-I, Rampurhat- II, Khoyrasol and 

Mahammad Bazar block respectively. The percent sample exceeding the water 

parameter limit of BIS (2009) can be viewed from Table 22. From the table it is evident 

that most of the samples collected showed EC values higher than the permissible limit. 

As EC value denotes the presence of high concentration of cation and anion, it can be 

inferred that high amount of minerals are dissolved in the water through leaching 

process. Most of the water parameters in Nalhati- I block during both PRM and POM 

(7 parameters, viz., pH, EC, TH, Mg, K, Fe, PO4
3-

) exceeded the BIS (2009) 

permissible limit. Eight parameters, viz., pH, EC, Mg, Na, K, SO4
2-

, Fe, and PO4
3-

 in 

water samples of Rampurhat-II during both PRM and POM exceeded the BIS (2009) 

permissible limit. In Khoyrasol and Mahammad Bazar block, all the water parameters 

of the water samples were below the BIS (2009) permissible limit during both in PRM 

and POM except six parameters, viz., pH, EC, Mg, K, Fe and PO4
3-

. Therefore from the 

above results it can be concluded that much concentration of fluoride in water makes 

the other physico-chemical parameters to go beyond the desirable limit in ground 

water. 

Comparative approaches were made to relate the effect of seasonal variation with water 

parameters and are illustrated in the Fig. 7, Fig. 8, Fig. 9 and Fig. 10 for Nalhati-I, 

Rampurhat- II, Khoyrasol and Mahammad Bazar block respectively. A throughout 

inspection of these figures revealed that mean of Na and K level in all four blocks 

decreased in POM in comparison to PRM. The higher level of Na during PRM may be 

ascribed to the fact of weathering from plagioclase bearing rocks and over exploitation 

(Hem, 1985) and the higher level of K in PRM may also arise from weathering of 

potassium bearing rocks along with the dilution effect in POM. Average concentrations 

of HCO3
-
, Fe and TA also showed such decreasing tendency indicating a dilution effect  
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except in Mahammad Bazar block where increasing propensity were noticed in case of 

these parameters. The mean value of SiO2 also showed this trend except in the case of 

Nalhati -I block. 

Elevation of mean Mg and Cl
- 
level were noticed in POM in comparison to PRM in all 

four blocks. Increase in Cl
- 
level during POM may be due to leaching from upper soil 

layers derived from industrial and domestic activities and dry climates 

(Srinivasamoorthy et al., 2008). Higher level of Mg during POM might have been 

derived from dissolution of magnesium calcite, gypsum, and dolomite from the source 

rocks (Garrels and Christ, 1965). The mean level of Ca was observed to be higher in 

magnitude in POM in comparison to PRM in all the blocks except Mahammad Bazar. 

Ca was higher during POM due to probable dissolution of precipitates of CaCO3 and 

Ca Mg (CO3)2 during recharge of ground water in monsoon season (Datta and Tyagi, 

1996; Lakshmanan et al., 2003). The mean values of TDS, SO4
2-

, TH and pH showed 

the same trend during POM in Nalhati-I and Rampurhat- II block where high mean 

fluoride levels were noticed. SO4
2-

 was higher in POM due to probable action of 

leaching and anthropogenic activities in a metamorphic environment by release of 

sulfur gases from industries that get oxidized and enter into the groundwater system 

(Saxena, 2004). These parameters (TDS, SO4
2-

, TH and pH) showed the reversed 

propensity in Khoyrasol and Mahammad Bazar block. In Khoyrasol and mahammad 

Bazar the mean values of PO4
3-

 were same in PRM and POM but the elevated level was 

observed in Nalhati-I and Rampurhat- II during POM in comparison to PRM. The 

increase may be attributed to the fact of leaching from phosphate fertilizers used in 

these agriculture based areas. 

 

5.1.3 Hydrochemical facies  

Hydrochemical concepts may become helpful for the explication of the mechanisms of 

flow and transport in groundwater systems (Pierre et al., 2005) as the hydrochemical 

facies of groundwater depends on lithology, resident time and regional flow pattern of 

water (Domenico, 1972). Piper plot (Piper, 1944; 1953) is used for the conjecture of 

hydrogeochemical  facies  of  groundwater.  The   interpretation  of  the  results  of  the  
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chemical analyses of water samples were done using Piper diagrams to discriminate the 

type of waters in terms of the major constituent cations (Na, K, Ca, and Mg) and anions 

(Cl
-
, SO4

2-
, HCO3

-
, and CO3

2-
) of the water samples fetched from the four blocks of the 

study area (Figure 6- 9).  

On the basis of the explanation after Piper (1944) and Walton’s classification (Walton 

1970), 46.67 % of the water samples of Nalhati I block during PRM (Fig. 11), the 

carbonate hardness (secondary alkalinity) exceeded 50 %, i.e., alkaline earths (Ca + 

Mg) and weak acids (HCO3
-
 + CO3

2-
) dominated. No one cation – anion pair > 50 % 

was observed in 40 % (mixed Ca- Na- HCO3
-
 facies: 26.67 % and mixed Ca-Mg-Cl

-
 

facies:13.33 %) samples of this block during PRM. 43.33 % (mixed Ca- Na- HCO3
-
 

facies: 30 % and mixed Ca-Mg-Cl
-
 facies: 13.33 %) samples of this block during POM 

exhibited both no one cation - anion pair > 50 % and the carbonate hardness (secondary 

alkalinity) > 50 % (Fig. 12). 

In Rampurhat II block, 40 % and 45 % of the water samples collected during PRM and 

POM respectively showed non carbonate alkalinity to be greater than 50 %, i.e., an 

excess of alkaline earth with respect to alkalis (Na + K) (Fig. 13, 14). In both PRM and 

POM, 40 % of the water samples showed no one cation – anion pair > 50 % (mixed Ca-

Mg-Cl
-
 facies) in this block. 

Non-carbonate hardness > 50 % were observed in 48 % sample of Khoyrasol block in 

both PRM and POM (Fig. 15, 16). Non carbonate alkali exceeding 50 %, i.e. alkali and 

strong acid dominance were observed in 28 % and 36 % of the samples in this block 

collected during PRM and POM respectively. The rest of the samples of this block 

collected in two different seasons showed no one cation – anion pair to exceed 50 % 

(mixed Ca- Na- HCO3
-
 facies).  

In Mahammad Bazar block, non carbonate alkali exceeding 50 %, i.e. alkali and strong 

acid dominance were noticed in 36 % and 32 % samples collected during PRM and 

POM respectively (Fig. 17, 18). Non-carbonate hardness >50 % were observed in 34 % 

and 36 % of the samples in PRM and POM respectively. In this block, 30 % and 32 % 

of the water samples collected during POM and POM respectively showed no one 

cation – anion pair > 50 % (mixed Ca- Na- HCO3
-
 facies). 
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The concentrations of major constituent cations and anions taken in account of the 

Piper diagram varied widely throughout the study areas as they mainly depends upon 

the metamorphism of groundwater geochemistry which is a function of salinity 

concentration and depth below the Earth's surface (Chebotarev, 1955). The Chebotarev 

sequence, which explicates transformation of water chemistry with depth, expressed in 

simpler terms as follows (Chebotarev, 1955): 

Bicarbonate waters ⇒ Sulfate waters ⇒ Chloride waters 

HCO3 ⇒ HCO3 + Cl ⇒ Cl + HCO3 ⇒ (Cl + SO4) or (SO4 + Cl) ⇒ Cl 

According to Chebotarev (1955) bicarbonate waters occur near the Earth's surface, 

while chloride waters occur in the deeper geologic strata. The region of active exchange 

between these two water types varies widely. The deepest ground waters belong to the 

chloride type, at depths over 11,000 ft while bicarbonate waters occur at shallower 

depths, with sulfate waters of a transitional type.  

 

5.1.4 Correlation between physico-chemical parameters 

An attempt was taken to correlate the fluoride and other water parameters of the four 

blocks during both PRM and POM season and the correlation values with level of 

significance are indicated in the tables attached (Table14 -21).  

All the parameters showed positive correlation with fluoride except pH, iron (Fe), 

phosphate (PO4
3-

), total alkalinity (TA), silica (SiO2) and potassium (K) in Nalhati I 

block during both PRM (Table 14) and POM (Table 15), although the magnitude of 

correlation were different. pH (PRM: r = -0.552, POM: r = -0.480) and PO4
3- 

(PRM: r = 

-0.418, POM: r = -0.413) had a significant negative correlation with fluoride during 

PRM and POM.  

In Rampurhat II block, all the parameters were positively correlated with fluoride 

except pH, chloride (Cl
-
), calcium (Ca), and phosphate (PO4

3-
) during both PRM (Table 

16) and POM (Table 17) with different correlation coefficients. pH (PRM: r = -0.509, 

POM: r = -0.546), PO4
3-

 (PRM: r = -0.410, POM: r = -0.371) had a negative and HCO3
-
 

(PRM: r = 0.504, POM: r = 0.373), TDS (PRM: r = 0.358, POM: r = 0.424), Na (PRM:  
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r = 0.614, POM: r = 0.592) had a positive correlation with fluoride in this block during 

both PRM and POM. There were significant positive correlation in this block between 

SO4
2-

 and F
- 

(r = 0.321), negative correlation between Ca and F
- 

(r = -0.436) during 

PRM. But during POM, Mg showed a significant positive correlation (r = 0.356) with 

fluoride in this block.  

Mg, SO4
2-

, Fe, PO4
3-

, Na, K and SiO2 had the negative correlation with fluoride in 

Khoyrasole block in both PRM (Table 18) and POM season (Table 19). Amongst the 

other parameters, namely, pH, EC, TH, TA, Cl
-
, HCO3

-
 and Ca were positively 

correlated with fluoride in this block in both PRM and POM. EC (PRM: r = 0.23, 

POM: r = 0.226), TA (PRM: r = 0.279, POM: r = 0.304) and HCO3
-
 (r = 0.356, POM: r 

= 0.351) had significant correlation with fluoride in PRM and POM. 

In Mahammad Bazar block all the parameters showed a positive correlation with 

fluoride except TA, HCO3
-
 and K during PRM (Table 20). During POM, there were 

positive correlation between all the parameters and fluoride except TA, HCO3
-
, Fe and 

K in this block (Table 21). But only pH had a significant correlation with F
-
 (r = 0.566) 

during PRM. 

Although all the parameters did not show any consistent correlation with fluoride in all 

the four blocks during two seasons but a few were very significant in the blocks with 

high fluoride level. Positive correlations of Ca and Mg with fluoride in some cases as 

were observed in the study to comply with the report of Alagumuthu and Rajan (2010). 

The positive correlation with calcium observed in some of the cases stated above, may 

be attributed to the presence of limestone in those areas (Taher and Ahmed, 2001). But 

the negative correlation of fluoride with Ca indicates that it has higher affinity for 

sodium than calcium, and this may be due to the dominance of ion exchange between 

Na and Ca ions (Singh et al., 2011). All the fluoride prone blocks (Nalhati- I, 

Rampurhat-II and Khoyrasol) showed a positive correlation between F
-
 and HCO3

-
 

(significant in Rampurhat-II and Khoyrasol block) during both PRM and POM. 

According to Saxena and Ahmed (2003), high concentration of HCO3
- 
and alkaline pH 

are the favorable conditions for the dissolution of fluorite (CaF2) minerals.  

  



 
 

Results and Discussion 95 

 

 

The chemical process of fluoride dissolution according to Salve et al., (2008) can be 

represented as: 

CaF2 + 2NaHCO3 = CaCO3 + 2Na
+
 + 2F

-
 + H2O + CO2  

Elaborate discussion may provide better understanding of chemical process involved in 

fluoride dissolution. The solubility product (Ksp) of fluorite mineral (CaF2) is 

determined according to the following equation as: 

CaF2= Ca
2+

 +2F
-
 

Ksp = (aCa
2+

 ) × (aF
-
)
2
 =10

-9.4
 (at 25º C) 

Where  aCa
2+ and aF

-
 are the activities of the concerned ions.  

Due to the low solubility of CaF2 (low Ksp) the occurrence of aqueous fluoride is 

predominantly governed by availability of free Ca
2+ 

ion in water (Jacks, 1973). But the 

solubility product of CaCO3is much larger than that of fluorite (CaF2): 

CaCO3+ H
+
 = Ca2

+
 + HCO3

-
 

Ksp = aCa
2+ 

×a HCO3
-
/aH

+
 = 0.97×10

2 

As the solubility product (Ksp ) for fluorite is constant, the activity of fluoride is directly 

proportional to HCO3
-
, if the pH is constant. A combined equation is derived to 

compute the thermodynamic equilibrium in the ground water system in contact with 

both Calcite (CaCO3) and Fluorite ( CaF2) ( Handa, 1975). 

CaCO3+ H
+
 +2 F

-
= HCO3

-
 + CaF2 (s) 

Ksp = (a HCO3
-
)/[(aH

+
)× (aF

-
)
2
] = 1.06×10

-11
 (Helgeson, 1969) 

 From above equation, it can be concluded that aqueous fluoride concentrations are 

proportional to bicarbonate concentrations and pH values. High bicarbonate level in 

water increases the dissolution of fluoride in water and for this reason high bicarbonate 

concentration was noticed in the fluoride contaminated water.  

 

5.15 Principal component analysis 

Principal component analysis (PCA) represents the original dataset in a new reference 

system characterized by new orthogonal variables called Principal Components. The 

first principal component (PC) explains the maximum possible amount of residual 

variance in the overall data while the second one explains the residual variance.  
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The coefficients of the linear combination describing each PC, i.e. the weights of the 

original variables on each PC, are called loadings. The loading plots help the 

identification of groups of samples showing similar behaviors (samples close one to the 

other in the graph) or different characteristics (samples far from each other). The most 

important variables in the plot are found on the periphery, whereas non-influential 

variables are encountered around the origin of plot. Furthermore, the direction of each 

vector has an importance as a constituent of the samples lying in the direction in which 

the vector points. Therefore the analogies or the differences between the water 

parameters can be detected easily from the corresponding loading plots.  

Speculation of PCA loading plot of all four blocks during PRM and POM can depict 

the dominant parameters ranking the water bodies (Fig. 19-26). According to Ayoko et 

al., (2007), most important variables are those with first component loadings > 0.20 or 

< 0.20 and second component loadings > 0.35 or < 0.35.  

The PCA loading plot of the water parameters in PRM season of Nalhati-I block 

portrayed the first principal component loading vector to have fairly large positive 

coefficients for Cl
-
, Mg, SO4

2-
, TH, EC, TDS, Na, K and relatively large negative 

coefficients for PO4
3-

 (Fig. 19). The second principal component loadings vector had 

relatively large positive coefficients for Fe and large negative coefficients for HCO3
- 

and TA. The same findings were obtained for the water parameters in POM season of 

this block from the PCA loading plot (Fig. 20). Parameters having significant 

influences on fluoride have been found to make clusters among themselves. The 

relationship of fluoride with chloride (Cl
-
) can explicitly be visualized in the upper right 

quadrant of the graph plot with a slight relation with Mg, SO4
2-

 and TH (Fig. 19) for the 

parameters of this block during PRM. Fluoride showed a relationship with Cl
-
 in 

addition to a slight relation with Mg, SO4
2-

, TH and SiO2 in POM (Fig. 20) in PRM. 

The above facts can be corroborated with the correlation values. 

The loading plot of the water parameters in PRM season of Rampurhat-II depicted that 

the first principal component loading vector had large positive coefficients for Mg, TH, 

EC, TDS, F
-
, Na and relatively large negative coefficients for pH, PO4

3- 
(Fig. 21). The 

second  principal component  loadings vector  had  relatively large positive coefficients  
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for SO4
2-

 and large negative coefficients for Fe, HCO3
- 

and TA. In this block during 

PRM, the water parameters Na, Fe, TH, TDS, EC and Mg were associated with fluoride 

in lower right quadrant of the graph plot indicating influences on fluoride; although 

TDS, EC and Mg depict the nearest association. In POM season the PCA loading plot 

rendered that first principal component loading vector had large positive coefficients 

for Mg, TH, EC, TDS, F
-
, Na, Fe and relatively large negative coefficients for pH, 

PO4
3-

 (Fig. 22). The second principal component loadings vector had relatively large 

positive coefficients for SO4
2-

 and large negative coefficients for HCO3
- 

and TH in 

POM. In this plot fluoride is associated with TDS, Mg, TH, EC, Na, Fe and K
 
in lower 

right quadrant indicating TDS as the nearest association.  

 From the loading plot of the water parameters in PRM season of Khoyrasol block it is 

evident that the first principal component loading vector had large positive coefficients 

for Mg, TH, EC, TDS, Ca, Cl
-
 and relatively large negative coefficients for pH (Fig. 

23). The second principal component loadings vector had large negative coefficients 

for F, HCO3
- 
and TA. In this block during PRM, the water parameter EC is associated 

with fluoride in lower right quadrant of the graph plot indicating influences on fluoride. 

In POM season the PCA loading plot rendered the same findings as in the PRM season 

except the nearest association of fluoride to be with TA and EC (Fig. 24).  

The first principal component loading vector of PCA loading plot of water parameters 

during PRM season in Mahammad Bazar block had large positive coefficients for Mg, 

TH, EC, Ca, Cl
-
 and relatively large negative coefficients for SO4

2-
, PO4

3- 
(Fig. 25). The 

second principal component showed large negative coefficients for F, Fe, TDS, pH
 
and 

SiO2. In this block during PRM, the water parameters Fe and TDS were closely 

associated with fluoride in lower right quadrant of the graph plot indicating influences 

on fluoride. In POM season the PCA loading plot depicted that first principal 

component loading vector had large positive coefficients for PO4
3-

 and SO4
2-

 and
 

relatively large negative coefficients for Mg, TH, EC, Ca, Cl
-
 (Fig. 26). The second 

principal component loadings vector had relatively large positive coefficients for SiO2 

and  large  negative  coefficients  for  HCO3
-  

and  TA  in  POM.  In this plot fluoride is  
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closely associated with TDS in upper left quadrant. All these findings are very 

consistent with the hierarchical cluster analysis that can be found elsewhere.  

 

5.1.6 Cluster analysis 

Cluster analysis technique is used for the investigation of the relations between the 

objects or the variables for the recognition of the existence of groups. The clustering 

algorithm in agglomerative hierarchical method determines the defined similarity 

between multiple-member clusters (Roy et al., 2012). The most similar objects or 

groups of objects are linked and the result of such analyses graphically represented as 

dendrogram, where the objects along X axis are connected at decreasing levels of 

similarity (Y axis). The height of the node is depicted as the distance value between the 

sub-branch clusters. The distance measure between two clusters is calculated by the 

equation, D = 1-C; where D = Distance and C = correlation between spot clusters. 

Plot of hierarchical cluster regarding the water parameters collected from all the four 

blocks with Ward’s linkage is portrayed in Fig. 27-34.  

From the component analysis (CA) dendogram of the water parameters during PRM 

season in Nalhati- I block (Fig. 27) portrayed that EC and TDS had the close similarity 

(96.92). This fact is inevitable as the dissolved solids or ions are responsible for the 

conductance. Electrical conductivity of water is a direct function of its total dissolved 

salts (Harilal et al., 2004) representing the total concentration of soluble salts in water 

(Purandara et al., 2003; Gupta et al., 2008). But if the branching of fluoride is focused, 

a little similarity (56.93) is seen with Fe and SiO2. All other parameters had similarity 

of 63.15 with fluoride. Close inspection of the dendogram during POM revealed that F
-
 

shows highest similarity (63.51) with all the parameters except phosphate and iron (Fig. 

28). 

In the case of Rampurhat-II block in PRM, the CA dendogram (Fig. 29) showed that 

fluoride had the highest similarity with sodium (78.65) and potassium (77.31). This 

similarity may be attributed to the fact that fluoride comes to the solution phase being 

bound with the alkali metals (Na and K). During POM, CA dendogram (Fig. 30) also 

depicted that fluoride has the nearest similarity with Na and K (79.62). 
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Fluoride showed the closest similarity (82.75) in dendogram (Fig. 31) with TA and 

bicarbonate during PRM in Khoyrasol block ascertaining high concentration of HCO3
- 

and alkalinity to be the favorable conditions for the dissolution of fluorite (CaF2) 

minerals (Saxena and Ahmed, 2003). About the same type of dendogram is obtained 

during POM (Fig. 32) indicating the closest similarity of both TA and HCO3
-
 with 

fluoride (84.4). 

Dendogram obtained from CA with water parameters of Mahammad Bazar block 

during PRM (Fig. 33) indicated the closest relation between fluoride and pH (78.32) 

due to higher dissolution of fluorite minerals at higher pH. In POM, the CA dendogram 

(Fig. 34) predicted no close similarity of fluoride with other parameters, only a distance 

of 60.33 was observed with all the parameters.  

 Although the similarity of fluoride was the only matter of attention other close 

similarity and relation can be depicted with the other parameters from the dendograms.  

 

5.1.7 Water Quality Index (WQI)  

The Water Quality Index (WQI) was computed for each water samples collected from 

the villages of four blocks to assess the quality of water that the dwellers intake as 

drinking water. The computed WQI values are classified into five types namely, 

excellent water (WQI <50), good water (50 < WQI < 100), poor water (100 < WQI < 

200), very poor water (200 < WQI < 300) and water unsuitable for drinking (WQI > 

300) (Ravikumar et al., 2013). 

The WQI value computed in Nalhati-I block during PRM (Feb 2011) was found to be 

117.58 ± 45.89 (expressed as mean ± SD) with the minimum and maximum value of 

59.36 and 342.52 respectively (Table 24). The maximum percentage (46.67 %) of 

water samples collected during this season was found to be of poor quality (Table 28). 

The samples collected during POM (Sep 2010) showed the WQI value 116 ± 45.1 with 

the minimum and maximum value of 59.1 and 336.6 respectively (Table 24). The 

maximum percentage (46.67 %) of the samples was poor in quality during this season 

also.  The WQI values during  both  PRM  and  POM  are graphically represented in the  
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Fig. 39. The poor water quality in this block originated mainly from high fluoride 

concentration. 

Computed WQI value in Rampurhat-II block during PRM (Feb 2011) was found to be 

122.1 ± 39.72 and the range of WQI value was 66.02 to 226.67 (Table 25). The 

maximum percentage (60 %) of water samples collected during this season was found 

to be of poor quality (Table 28). The samples collected during POM (Sep 2010) 

showed the WQI value 116.5 ± 35.25 with the minimum and maximum value of 64.04 

and 218.67 respectively (Table 25). The maximum percentage (62.5 %) of the samples 

was poor in quality during this season also. The graphical representation in the Fig. 40 

of WQI values during both PRM and POM gives us an overview of the water quality. 

The poor water quality in this block also instigated from high fluoride concentration as 

most of the other water parameters remain in the BIS (1998) permissible limit. 

The WQI value in Khoyrasol block during PRM (April 2011) was 100.5 ± 25.9 with 

the minimum and maximum value of 39.81 and 165.41 respectively (Table 26). The 

maximum percentage (53 %) of water samples collected during this season was found 

to be of poor quality (Table 28). The samples collected during POM (Sep 2012) 

showed the WQI value 95.1 ± 24 with the minimum and maximum value of 37.9 and 

155.28 respectively (Table 26). The maximum percentage (55 %) of the samples was 

good in quality during this season. Here in this block, the water quality changed 

abruptly with the seasonal variation. Most of the water samples turned to good water 

during POM from poor water during PRM. The recharge of good water during 

monsoon in ground water may have leaded the change with the dilution effect. The 

graphical representation in the Fig. 41 of WQI values during both PRM and POM gives 

us an overview of the water quality. 

The average WQI values in Mahammad Bazar block during PRM (May 2011) was 

found to be 80.84 (SD = 20.75) and the range of WQI value was 36.58 to 124.56 (Table 

27). The maximum percentage (70 %) of water samples collected during this season 

was found to be of good quality (Table 28). The samples collected during POM (Oct 

2012) showed the WQI value 79.29 ± 19.67 with the minimum and maximum value of 

38.85  and  122.91  respectively  (Table 27). The  maximum  percentage (56 %)  of  the  
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samples was good in quality during this season also. In this block, a seasonal effect on 

WQI was observed like Khoyrasol block with a reversed trend. Here the water quality 

depleted during POM in comparison to PRM. This may be due to leaching of 

weathered minerals in to the ground water during monsoon season. An overview of the 

water quality can be depicted from the graphical representation in Fig. 42. 

The summarized indication of comparative study regarding the average WQI and 

fluoride level of all four blocks during PRM and POM can be rendered in Fig. 44. To 

frame this diagram, WQI was divided with a numerical figure 25 to reduce the value 

comparable to the value of fluoride concentration (mg/L). The same pattern of peak and 

trough of WQI/25 and fluoride level (mg/L) indicated the vital role of fluoride in 

determining the WQI. The highest mean WQI/25 was observed (5.26) parallel to the 

highest mean level of fluoride (3.96 mg/L ) in Rampurhat- II during POM and the 

lowest mean WQI/25 was observed (3.17) parallel to the lowest mean level of fluoride 

(0.9 mg/L ) in Mahammad Bazar block during POM. 

 

5.1.8 Irrigational quality parameters  

Irrigational quality parameters were computed from the value obtained estimating the 

water parameters. Irrigational quality parameters deserve great importance when the 

study deals with the study of vegetation.  

 

5.1.8.1 Sodium percentage (% Na) 

The percentage of sodium (% Na) was calculated to depict the water classification both 

for drinking and irrigation. The widely recommended value of percentage of sodium in 

irrigation water should not exceed 50–60, to avoid its deleterious effects on soil. When 

the percent sodium exceeds 60, the water can be considered unsuitable for irrigational 

purposes. It is considered that water is of class I quality if the % sodium is less than 30 

%, class II quality if the % sodium is between 30 and 75, and of class III quality if it is 

more than 75 (Ravikumar et al., 2013). Water quality reflected by sodium percentage 

values can be categorized according to Wilcox (1995) as < 20: Excellent, 20–40: Good, 

40–60: Permissible, 60–80: Doubtful, >80: Unsuitable. 
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Computed % Na value in Nalhati- I block during PRM was found to be 33.04 ± 11.75 

(expressed as mean ± SD) and the range was 11.74 to 60.66 (Table 24). Therefore in 

view of mean value of percent sodium the water of Nalhati- I block during PRM can be 

categorized as class I quality for irrigation and good for drinking.  

The samples collected during POM showed the % Na value 31.6 ± 11.45 with the 

minimum and maximum value of 11.08 and 58.74 respectively (Table 24). The mean % 

Na value during POM indicated the water to be good in quality (according to Wilcox 

categorization) and class I category for irrigation. From the lower mean value of % Na 

in comparison to fluoride corroborates the negative correlation of fluoride with sodium 

in this block.  

Percentage of sodium value in Rampurhat-II block during PRM was 58.71 ± 14.36 with 

minimum and maximum value of 24.74 and 91.13 (Table 25). In view of mean % Na 

value the water of Rampurhat-II block during PRM can be categorized as class II 

quality for irrigation and permissible for drinking. The samples collected during POM 

showed the % Na value 57.5 ± 14.53 with the minimum and maximum value of 23.54 

and 90.35 respectively (Table 25). The mean % Na value during POM indicated the 

water to be permissible in quality according to Wilcox categorization and class II 

category for irrigation. In Rampurhat-II block during both PRM and POM, the elevated 

level of sodium was observed in correlation to higher level of fluoride; which in turn 

gave rise to higher % Na with respect to the other blocks. 

In Khoyrasol block during PRM, the % Na value was found to be 43.33 ± 18.16 with 

minimum and maximum value of 12.18 and 84.29 respectively (Table 26). Therefore, 

considering the mean % Na value, the water of Khoyrasol block during PRM can be 

categorized as class II quality for irrigation and permissible for drinking. The samples 

collected during POM showed the % Na value 41.46 ± 18.47 with the minimum and 

maximum value of 11 and 84.11 respectively (Table 26). The mean % Na value during 

POM indicated the water to be permissible in quality according to Wilcox 

categorization and class II category for irrigation. 

Mahammad Bazar block during PRM had the % Na value of 42.51 ± 16.47 with 

minimum and maximum value of  12.19 and 83.06  respectively  (Table 27). Therefore,  
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with respect to mean % Na value, the water of Mahammad Bazar block during PRM 

can be categorized as class II quality for irrigation and permissible for drinking. The 

samples collected during POM showed the % Na value 41.23 ± 16.1 with the minimum 

and maximum value of 11.15 and 81.11 respectively (Table 27). The mean % Na value 

during POM indicated the water to be permissible in quality (according to Wilcox 

categorization) and class II category for irrigation.  

 

5.1.8.2 Sodium Adsorption Ratio (SAR) 

Sodium adsorption ratio (SAR) measures the suitability of water for use in agricultural 

irrigation due to its ability of reducing soil permeability and soil structure (Todd 1980). 

SAR is also a measure of alkali or sodium hazard to crops as it has a significant 

relationship with the extent to which sodium is absorbed by the soils when the water is 

used in irrigation. Sodium in the water can displace the calcium and magnesium in the 

soil causing a decrease in the ability of the soil to form stable aggregates and loss of 

soil structure (Sarath Prasanth, 2012). Problems with crop production also arise due to 

high SAR value leading to a decrease in infiltration and permeability of the soil to 

water. The groundwater based on SAR values can be classified in to four types (Todd 

1959; Richards 1954): Excellent (SAR < 10), Good (10 < SAR <18), Doubtful (18 < 

SAR < 26) and Unsuitable (SAR >26).  

The calculated values of SAR in Nalhati –I block during PRM had the mean value of 

1.71 (SD = 0.78) and the values varied between 0.32 and 3.7 (Table 24). All the water 

samples had the SAR value well below 10. Therefore, classification of groundwater 

samples based on mean SAR values depicted the water samples to be excellent for 

irrigation purpose. During POM the SAR value was 1.61 ± 0.73 (mean ± SD) with the 

minimum and maximum value of 0.3 and 3.48 indicating the excellence of all the water 

samples (Table 24). 

The values of SAR in Rampurhat - II block during PRM was 5.11 ± 2.96 and the values 

varied between 1.11 and 12.47 (Table 25). The classification of groundwater samples 

based on mean SAR values depicted the water samples to be excellent for irrigation 

purpose.  Only two water samples  (one (Rpr 5)  from Kamdevpur and the other (Rpr 30)  
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from Nowapara) had the SAR value greater than 10 indicating their goodness (instead 

of excellence) for irrigation. During POM the SAR value was 4.77 ± 2.76 with the 

minimum and maximum value of 1.04 and 11.6 respectively (Table 25). The SAR 

values of all the water samples during POM were of the excellent category except 3 

samples (one (Rpr 5) from Kamdevpur and two (Rpr 26, Rpr 30) from Nowapara). 

In Khoyrasole block during PRM had the mean SAR value of 3.1 (SD = 1.99) and the 

values varied between 0.67 and 9.9 (Table 26). All the water samples had the SAR 

value well below 10. Therefore, classification of groundwater samples based on mean 

SAR values depicted the water samples to be excellent for irrigational purpose. During 

POM the SAR value was 2.88 ± 1.88 (mean ± SD) with the minimum and maximum 

value of 0.63 and 9.72 indicating the excellence of all the water samples (Table 26). 

The mean SAR value of 2.94 (SD = 1.99) was observed with the range of 0.68 to 8.9 in 

Mahammad Bazar block during PRM (Table 27). All the water samples had the SAR 

value well below 10. Therefore, the groundwater samples based on SAR values can be 

classified as excellent for irrigation purpose. During POM the SAR value was 2.76 ± 

1.57 (mean ± SD) with the minimum and maximum value of 0.61 and 7.9 indicating 

the excellence of all the water samples (Table 27). 

 

5.1.8.3 Permeability Index (PI) 

The permeability index (PI) values in the study area of Nalhati-I block varied from 

28.19 to 85.7 during the PRM period with an average value of 56.11 (Table 24). 

According to the classification based on PI proposed by World Health Organization 

(WHO) for assessing suitability of groundwater for irrigation purpose, 76.67 % of the 

samples fitted in the class 2 (25 < PI < 75) and 23.3 % belonged to class 1 (PI > 75) 

during PRM in this block . During POM, the mean value of PI was 54.57 with the 

minimum and maximum value of 27.01 and 84.13 respectively. In this season also 

76.67 % samples belonged to the class 2 and the rest belonged to class 1.  

The average permeability index (PI) values calculated in the study area of Rampurhat-II 

block varied from 43.6 to 139.03 during the PRM period with an average value of 

90.99 (Table 25). According WHO proposition  of  classification  regarding PI, 70 % of  
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the samples were of class 1 category and the rest 30 % belonged to class 2 during PRM 

in this block. During POM, the mean value of PI was 90.18 with the minimum and 

maximum value of 42.34 and 141.02 respectively. In this season also 70 % of the total 

samples belonged to the class 1 and the rest 30 % belonged to class 2.  

In the study area of Khoyrasol block, the PI varied from 16.98 to 97.43 during the PRM 

period with an average value of 53.61 (Table 26). Going over the PI values revealed 

that 70 % of the water samples had the class 2 category, 21 % belonged to class 1 and 

rest 9 % was of class 3 category (PI < 25) during PRM in this block. During POM, the 

mean value of PI was 51.52 with the minimum and maximum value of 15.70 and 97.37 

respectively. In this season 70 % samples belonged to the class 2, the 20 % belonged to 

class 1 and the rest 10 % were of class 3 category.  

The permeability index (PI) values in the study area of Mahammad Bazar block varied 

from 16.64 to 96.76 during the PRM period with an average value of 53.28 (Table 27). 

According WHO classification based on PI, 76 % of the samples were under the class 

2, 16 % belonged to class 1 (PI < 75) during PRM in this block. During POM, the 

average value of PI was 52.03 and the value ranged from 15.69 to 94.85. In this season 

74 % of the samples were of the class 2 category, 16 % class 1 and the rest 10 % 

belonged to class 3.  

An overview of all the results obtained from four blocks revealed that Rampurhat-II 

block during both PRM and POM had the highest percentage of class 1 category 

samples according to WHO classification based on PI. Because, the water samples of 

Rampurhat-II had high fluoride levels and in correlation had high Na and HCO3
-
 level 

which resulted in higher permeability index. 

 

5.1.8.4 Magnesium Hazard (MH) 

In most waters calcium and magnesium maintains a state of equilibrium and maintains 

a ratio (Sarath Prasanth, 2012). Paliwal (1972) developed an index of magnesium 

hazard (MH) to understand the ratio. According to this, soil becomes more alkaline 

with high magnesium hazard value (MH > 50) of water which in turn implies an 

adverse affect on the crop yield. 
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The calculated values of magnesium hazard index (MH) in Nalhati –I block during 

PRM was found to be 51.26 ± 21.40 (mean ± SD) and the values varied between 20.3 

and 95.25 (Table 24). During POM, the MH value was 50.77 ± 21.4 with the minimum 

and maximum value of 10.21 and 95.21 (Table 24). In both the seasons, 43.3 % of the 

water samples had the MH value above 50 indicating only 56.7 % of the water samples 

to be suitable for irrigation. 

In Rapurhat- II block, the MH ratio had the value of 57.45 ± 27.96 (mean ± SD) and 

fell in the range of 8.19 to 94.37 during PRM season (Table 25). During POM, the MH 

value was 57.02 ± 27.95 with the minimum and maximum value of 7.88 and 94.73 

(Table 25). In both the seasons, evaluation illustrated that 60 % of the samples can 

cause adverse effect on the agricultural yield due to the elevated MH ratio (> 50).  

Magnesium hazard index (MH) in Khoyrasol block during PRM was found to be 46.14 

± 16.99 (mean ± SD) and the values varied between 22.27 and 88.20 (Table 26). In this 

season, 43 % of the samples collected showed MH ratio > 50 (unsuitable for irrigation) 

although the average value lied below the limit of 50 (suitable for irrigation). During 

POM, the MH value was 46.35 ± 17.07 with the minimum and maximum value of 

21.67 and 88.74 (Table 26). Only 55 % of the water samples were distinguished to be 

suitable for irrigation (MH <50) during this season. 

In Mahammad Bazar block, the MH ratio had the value of 47.07 ± 17.41 (mean ± SD) 

and fell in the range of 22.29 to 89.23 during PRM season (Table 27). During POM, the 

MH value was 47.76 ± 17.50 with the minimum and maximum value of 22.34 and 

88.82 (Table 27). In both the seasons, evaluation illustrated that 46 % samples can 

cause adverse effect on the agricultural yield due to the elevated MH ratio (> 50) 

although the average value of MH indicated them to be suitable for irrigation. 

The study rendered an overview that in Rampurhat -II block had the highest percentage 

of water samples unsuitable for irrigation. Here, the average value of MH was also the 

highest amongst the blocks. This fact might have been originated from high level of 

fluoride present there. 

The overall observation regarding the mean values of all the irrigational parameters (% 

Na,  SAR,  PI,  MH) and water quality index of water samples collected from the four  
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blocks during PRM and POM depicted that about all the parameters and WQI 

decreased during POM ( Fig. 35-38). Only MH showed a reverse trend in Khoyrasol 

and Mahammad Bazar block (Fig. 37, 38). The effect of dilution on sodium (Na), 

calcium (Ca) and magnesium (Mg) encounters the problem of higher % Na, SAR, PI, 

MH and WQI in the ground water during POM. 

 

5.2 VEGETABLES 

Along with the water study, some vegetables were also collected depending on their 

availability from selected spots in these four blocks and control area to find out the 

stress effect of fluoride on them. The vegetables namely, Cabbage (Brassica oleracea 

var. botrytis) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, Radish 

(Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower (Brassica 

oleracea) leaf, Papaya (Carica papaya) fruit, Kundri (Coccinia grandis) fruit, Brinjal 

(Solanum melongena) fruit, Seem (Dolichos lablob) fruit, Korola (Momordica 

charantia) fruit, Squash (Cucurbita maxima) fruit were selected for the study and 

collected during harvesting seasons. The edible parts of the vegetables were considered 

for the study through which fluoride can be ingested in human body. The biochemical 

parameters namely, chlorophyll, amino acids, proteins, soluble sugars, ascorbic acid in 

those vegetable leaves and fruits were estimated to find the probable effects of fluoride 

on them. The bio concentration factors (BCF) were also determined in each vegetable 

by measuring the fluoride concentrations in the vegetable parts and in the field soils 

collected.  

 

5.2.1 Bio chemical parameters 

Biochemical constituents (chlorophyll, amino acids, proteins, soluble sugars, ascorbic 

acid) in different vegetable plants collected from Nalhati-I, Rampurhat-II, Khoyrasol, 

Mahammad Bazar block and control area are listed in Table 29, Table 30, Table 31, 

Table 32 and Table 33 respectively. Mere the biochemical data gathered did not have 

any significance about measuring the stress effect of fluoride, therefore the percent 

biochemical  change  with  respect  to control area were counted taking the mean values  
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of biochemical constituents. Table 34, Table 35, Table 36 and Table 37 represent the 

percent biochemical change (PBC) calculated with respect to control in different 

vegetable plants collected from Nalhati-I, Rampurhat-II, Khoyrasol, Mahammad Bazar 

block respectively. The positive values of PBC indicate the decrement of that particular 

biochemical constituent of that particular vegetable collected from the specified 

fluoride affected area with respect to the control area and the reverse is indicated by the 

negative value.  

 

5.2.1.1 Sugar 

From the Table 34, it can clearly be designated that the reducing sugar contents of 

Cabbage (Brassica oleracea) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia 

oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, 

Papaya (Carica papaya) fruit, Squash (Cucurbita maxima) fruit, Seem (Dolichos 

lablob) fruit and Korola (Momordica charantia) fruit collected from Nalhati-I block 

decreased with respect to the control area and the reduction was found to be maximum 

in papaya fruit (PBC = 8.7) and minimum in seem fruit (PBC = 2.2). But in Cauliflower 

(Brassica oleracea var. botrytis) leaf (PBC = -1.5) and Brinjal (Solanum melongena) 

fruit (PBC = -2.5) increment in sugar content were noticed. 

In Rampurhat-II block, the reducing sugar contents in all the vegetable samples 

namely, Cabbage (Brassica oleracea var. botrytis) leaf, Onion (Allium cepa) leaf, 

Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum 

tuberosum) leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, Papaya (Carica 

papaya) fruit, Kundri (Coccinia grandis) fruit, Brinjal (Solanum melongena) fruit, 

Seem (Dolichos lablob) fruit, Korola (Momordica charantia) fruit decreased 

consistently with respect to the control area (Table 35). The maximum reduction was 

found in papaya fruit (PBC = 10.65) and minimum in cauliflower leaf (PBC = 1.17).  

Table 36, clearly indicates that the reducing sugar contents of Spinach (Spinacia 

oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, 

Squash (Cucurbita maxima) fruit, Seem (Dolichos lablob) fruit and Korola 

(Momordica charantia) fruit collected from Khoyrasol block decreased with respect to  
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the control area and the highest reduction was found in Korola fruit (PBC = 4.00) and 

the lowest in Seem fruit (PBC = 2.05). But in Cauliflower (Brassica oleracea var. 

botrytis) leaf (PBC = -1.4) and Brinjal (Solanum melongena) fruit (PBC = -2.32) 

increment in sugar content were noticed. 

Sugar content in Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, 

Potato (Solanum tuberosum) leaf, Papaya (Carica papaya) fruit, Squash (Cucurbita 

maxima) fruit, Seem (Dolichos lablob) fruit and Korola (Momordica charantia) fruit 

collected from Mahammad Bazar block showed a steady decrease in comparison to the 

control area (Table 37). The maximum reduction was found in Papaya fruit (PBC = 

6.40) and minimum in Seem fruit (PBC = 0.87). An increment in sugar content was 

noticed only in Brinjal (Solanum melongena) fruit (PBC = -3.12).  

The sugar levels in plants are directly related to stress factors (Verma and Dubey, 

2001). From the previous description it is evident that the reducing sugar in most of the 

vegetable leaves and fruits collected from fluoride-affected area decreased considerably 

in comparison to the control area. This may be due to a lower level of photosynthesis 

leading to lower accumulation of photo assimilate in leaves and fruits under fluoride 

stress, decreasing the sensitivity of different crop plants (Elloumi et al., 2005). Since 

formation of reducing sugars such as glucose, fructose, and mannose is thought to be 

inhibited by F, the tendency of plants exposed to F to decrease the concentrations of 

such sugars indicated the possible conversion of these sugars to non-reducing sugars, 

such as sucrose and raffinose or sugar alcohols. Under these conditions, increased 

levels of non-reducing sugars in tissues might be a mechanism adopted by plants to 

reduce F toxicity (Kim et al., 2003).  

 

5.2.1.2 Chlorophyll 

The chlorophyll a, chlorophyll b and total chlorophyll contents of all the vegetable 

samples namely, Cabbage (Brassica oleracea) leaf, Onion (Allium cepa) leaf, Spinach 

(Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) 

leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, Papaya (Carica papaya) fruit, 

Squash (Cucurbita maxima) fruit, Brinjal (Solanum melongena) fruit, Seem (Dolichos  
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lablob) fruit and Korola (Momordica charantia) fruit collected from Nalhati-I block 

showed a  steady decrease with respect to the control area (Table 34). The decrement in 

Chl a  was found to be maximum in Cauliflower leaf (PBC = 57.81) and minimum in 

squash fruit (PBC = 1.35) collected from this block. The highest reduction in Chl b was 

found in cabbage leaf (PBC = 72.89) and the least in squash fruit (PBC = 1.21). In 

potato leaf (PBC = 59.16) and in squash fruit (PBC = 1.59), the highest and lowest 

decrease in total chl were observed respectively. 

In Rampurhat-II block, the chlorophyll (Chla a, Chl b and total Chl) contents in all the 

vegetable samples namely, Cabbage (Brassica oleracea var. botrytis) leaf, Onion 

(Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, 

Potato (Solanum tuberosum) leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, 

Papaya (Carica papaya) fruit, Kundri (Coccinia grandis) fruit, Brinjal (Solanum 

melongena) fruit, Seem (Dolichos lablob) fruit, Korola (Momordica charantia) fruit 

decreased compatibly with respect to the control area (Table 35). The decrement in Chl 

a was found to be maximum in Cauliflower leaf (PBC = 61.9) and minimum in Kundri 

fruit (PBC = 4.17) collected from this block. The highest reduction in Chl b was found 

in cabbage leaf (PBC = 96.73) and the least in radish leaf (PBC = 5.19). In cabbage leaf 

and (PBC = 126.89) and seem fruit (PBC = 2.97), the highest and lowest decrease in 

total chl were observed respectively. 

Table 36, clearly indicates that the Chlorophyll (Chl a, Chl b, total Chl) contents of 

Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum 

tuberosum) leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, Squash (Cucurbita 

maxima) fruit, Brinjal (Solanum melongena) fruit, Seem (Dolichos lablob) fruit and 

Korola (Momordica charantia) fruit collected from Khoyrasol block decrease 

consistently in comparison to the samples collected from control. The decrement in Chl 

a was found to be maximum in Cauliflower leaf (PBC = 53.85) and minimum in squash 

fruit (PBC = 1.22) collected from this block. The highest reduction in Chl b was found 

in potato leaf (PBC = 64.2) and the least in squash fruit (PBC = 0.76). In potato leaf 

and (PBC = 55.09) and squash fruit (PBC = 1.33), the highest and lowest decrease in 

total Chl were observed respectively. 
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Chlorophyll a content of Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) 

leaf, Potato (Solanum tuberosum) leaf, Papaya (Carica papaya) fruit, Seem (Dolichos 

lablob) fruit and Korola (Momordica charantia) fruit samples collected from 

Mahammad Bazar block reduced with respect to the samples collected from control 

area (Table 37). The highest reduction was observed in potato leaf (PBC = 44.52) and 

the lowest in seem (PBC = 2.06). A reverse trend was noticed in case of Squash 

(Cucurbita maxima) fruit (PBC = -3.49) and Brinjal (Solanum melongena) fruit (PBC = 

-1.03). Steady decrements were noticed in Chlorophyll b content of Spinach (Spinacia 

oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, 

Papaya (Carica papaya) fruit, Squash (Cucurbita maxima) fruit, Brinjal (Solanum 

melongena) fruit, Seem (Dolichos lablob) fruit and Korola (Momordica charantia) fruit 

collected from this block in comparison to the control area (Table 37) with the 

maximum reduction in potato (PBC = 46.54) and minimum in radish (PBC = 0.62). All 

the vegetables except seem (PBC = -1.39) had the decreased total chlorophyll content 

in comparison to the vegetables collected from control. The maximum and minimum 

decrement were observed in potato (PBC = 48.1) and squash (PBC = 1.67).  

An overview of the PBC in chlorophyll content (Chl a, Chl b, total Chl) rendered that 

about in all vegetables there were lesser amount of chlorophyll in the fluoride affected 

areas with respect to control area. The highest reduction in chlorophyll content (Chl a, 

Chl b, total Chl) were found mainly the leafy vegetables namely, cauliflower, potato 

and cabbage. It is reported that tuberous vegetables such as potato appear to accumulate 

relatively higher levels of fluoride (Ravichandran et al., 2007) and a high stress effect is 

observed. Reduction in the Chl a, Chl b and total Chl content may be due to the 

breakdown of chlorophyll under stress or due to inhibition of chlorophyll biosynthesis 

(Gupta et al., 2009). Magnesium is a central component of chlorophyll; it traps fluoride 

as MgF2 in a detoxification mechanism (Abdallah et al., 2006) and this may cause 

decrease in the chlorophyll content in the plant body. Decrease in chlorophyll content 

may also be due to the disruption of chloroplast membranes as described by Horvath et 

al., (1978). Earlier studies confirm that fluoride causes a reduction in the chlorophyll 

content of foliage  (Mcnulty  and  Newman,  1961). The biochemical basis of this effect  
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may be a consequence of inhibition by fluoride of incorporation of γ-aminolevulinic 

acid into chlorophyll synthetic pathway (Wallis et al., 1974).  

 

5.2.1.3 Ascorbic acid 

Ascorbic acid as an antioxidant plays an important role in protection against 

physiological stress (Guo eta al., 2005). The assessed ascorbic acid content of the 

vegetables namely, Cabbage (Brassica oleracea) leaf, Onion (Allium cepa) leaf, 

Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum 

tuberosum) leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, Papaya (Carica 

papaya) fruit, Squash (Cucurbita maxima) fruit showed a decreasing tendency in 

Nalhati- I with respect to those of Control area (Table 34). The highest decrement was 

found in onion leaf (PBC = 55.63) and lowest in squash fruit (PBC = 2.76). Brinjal 

(Solanum melongena) fruit (PBC = -17.38), Seem (Dolichos lablob) fruit (PBC = -7.41) 

and Korola (Momordica charantia) fruit (PBC = -10.55) showed a reverse trend.  

In Rampurhat- II block the amount of ascorbic acid contents in Cabbage (Brassica 

oleracea var. botrytis) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, 

Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower 

(Brassica oleracea var. botrytis) leaf were of lower amount in comparison to those of 

control area (Table 35) and decrement was maximum in onion leaf (PBC = 58.56) and 

minimum in radish leaf (PBC = 25.0). But in Papaya (Carica papaya) fruit (PBC = -

6.05), Kundri (Coccinia grandis) fruit (PBC = -29.05), Brinjal (Solanum melongena) 

fruit (PBC = -12.3), Seem (Dolichos lablob) fruit (PBC = -4.33) and Korola 

(Momordica charantia) fruit (PBC = -11.11) increment in ascorbic acid were found.  

The vegetable samples namely, Spinach (Spinacia oleracea) leaf, Radish (Raphanus 

sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower (Brassica oleracea var. 

botrytis) leaf and Squash (Cucurbita maxima) fruit collected from Khoyrasol block 

showed a decreased level of ascorbic acid content (Table 36) and decrement was 

highest in potato leaf (PBC = 43.88) and lowest in Squash (PBC = 2.42). The ascorbic 

acid  contents  in Brinjal  (Solanum  melongena) fruit  (PBC = -16.27),  Seem (Dolichos  
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lablob) fruit (PBC = -6.9) and Korola (Momordica charantia) fruit (PBC = -9.68) were 

in higher amount collected from this block in comparison to that of the control area. 

Ascorbic acid content of Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) 

leaf, Potato (Solanum tuberosum) leaf, Papaya (Carica papaya) fruit and Seem 

(Dolichos lablob) fruit samples collected from Mahammad Bazar block reduced with 

respect to the samples collected from control area (Table 37). The highest reduction 

was observed in potato leaf (PBC = 43.15) and the lowest in seem (PBC = 6.11). A 

reverse trend was noticed in case of Squash (Cucurbita maxima) fruit (PBC = -2.75) 

and Brinjal (Solanum melongena) fruit (PBC = -14.98), and Korola (Momordica 

charantia) fruit (PBC = -8.2).  

The summarized vision made it to be observed that the ascorbic acid content in most of 

the vegetable leaves and fruits of different blocks decreased due to inhibition of 

ascorbic acid synthesis under fluoride stress (Yang and Miller, 1963). In few vegetables 

like, Brinjal, Seem and Korola, the ascorbic acid content of the affected area showed an 

increasing trend over the controlled area, which may be attributed to binding of fluoride 

with ascorbic acid oxidase enzyme thereby inhibiting the breakdown of ascorbic acid in 

the plant system (Gupta et al., 2009). 

 

5.2.1.4 Protein 

From the Table 34 it can be designated explicitly, that the protein contents of Cabbage 

(Brassica oleracea) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, 

Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Squash (Cucurbita 

maxima) fruit, Brinjal (Solanum melongena) fruit, Seem (Dolichos lablob) fruit and 

Korola (Momordica charantia) fruit collected from Nalhati-I block decreased with 

respect to the control area and the reduction was found to be maximum in Cabbage leaf 

(PBC = 6.32) and minimum in Spinach leaf (PBC = 2.2). But in Cauliflower (Brassica 

oleracea var. botrytis) leaf (PBC = -1.02) and Papaya (Carica papaya) fruit (PBC = -

1.13), increment in protein content were noticed. 

In Rampurhat-II block, the protein contents in most of the vegetable samples namely, 

Cabbage  (Brassica  oleracea  var. botrytis)  leaf,  Onion  (Allium  cepa)  leaf,  Spinach  
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(Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) 

leaf, Cauliflower (Brassica oleracea var. botrytis) leaf, Brinjal (Solanum melongena) 

fruit, Seem (Dolichos lablob) fruit, Korola (Momordica charantia) fruit decreased 

consistently with respect to the control area (Table 35). The maximum reduction was 

found in onion leaf (PBC = 7.38) and minimum in spinach leaf (PBC = 1.12). But in 

Papaya (Carica papaya) fruit (PBC = -0.11) and Kundri (Coccinia grandis) fruit (PBC 

= -24.82) a reversed trend was noticed. 

In all the vegetable samples namely, Spinach (Spinacia oleracea) leaf, Radish 

(Raphanus sativus) leaf, Cauliflower (Brassica oleracea var. botrytis) leaf and Squash 

(Cucurbita maxima) fruit, Brinjal (Solanum melongena) fruit, Seem (Dolichos lablob) 

fruit and Korola (Momordica charantia) fruit except in Potato (Solanum tuberosum) 

leaf, (PBC = -1.41) collected from Khoyrasol block showed a decreased level of protein 

content in comparison to those of the control area (Table 36). The decrement was found 

to be the highest in seem fruit (PBC = 4.96) and the lowest in Cauliflower leaf (PBC = 

0.95).  

Protein content in Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, 

Potato (Solanum tuberosum) leaf, Squash (Cucurbita maxima) fruit, Brinjal (Solanum 

melongena) fruit, Seem (Dolichos lablob) fruit and Korola (Momordica charantia) fruit 

collected from Mahammad Bazar block showed a steady decrease in comparison to the 

control area (Table 37). The maximum reduction was found in seem fruit (PBC = 4.71) 

and minimum in spinach fruit (PBC = 0.95). A little increment in sugar content was 

noticed only in Papaya (Carica papaya) fruit (PBC = -1.3).  

An overview of the study regarding protein content of different vegetables collected 

from the fluoride affected study areas, explicitly inferred that in most of the vegetables 

had a relatively lower amount of protein with respect to the protein content of the 

vegetables collected from the control area. This fact can be elucidated according to 

Chang (1970). He stated that fluoride decreases the number of ribosomes and destroys 

the structure of ribosomal proteins, which negatively affects the entire protein synthesis 

and thereby a decrease in protein content is noticed. Protein content in the vegetables of  
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different species under fluoride stress might also appear due to reduced rate of amino 

acid synthesis under fluoride stress (Yang and Miller, 1963).  

 

5.2.1.5 Amino acid 

The assessed amino acid content of the vegetables namely, Cabbage (Brassica 

oleracea) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, Radish 

(Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower (Brassica 

oleracea var. botrytis) leaf, Papaya (Carica papaya) fruit, Squash (Cucurbita maxima) 

fruit and Korola (Momordica charantia) fruit showed a decreasing tendency in Nalhati- 

I with respect to those of Control area (Table 34). The highest decrement was found in 

spinach leaf (PBC = 110.71) and lowest in papaya fruit (PBC = 1.13). Brinjal (Solanum 

melongena) fruit (PBC = -8.25) and Seem (Dolichos lablob) fruit (PBC = -15.93) 

showed a reversed trend.  

In Rampurhat- II block the amount of amino acid contents in Cabbage (Brassica 

oleracea var. botrytis) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, 

Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower 

(Brassica oleracea var. botrytis) leaf and Korola (Momordica charantia) were of 

relatively lower amount in comparison to those of control area (Table 35) and 

decrement was maximum in spinach leaf (PBC = 322.36) and minimum in cabbage leaf 

(PBC = 8.27). But in Papaya (Carica papaya) fruit (PBC = -8.81), Kundri (Coccinia 

grandis) fruit (PBC = -13.69), Brinjal (Solanum melongena) fruit (PBC = -8.68) and 

Seem (Dolichos lablob) fruit (PBC = -18.87) relative increment in amino acid contents 

were found.  

The vegetable samples namely, Spinach (Spinacia oleracea) leaf, Radish (Raphanus 

sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower (Brassica oleracea var. 

botrytis) leaf, Brinjal (Solanum melongena) fruit and Korola (Momordica charantia) 

fruit collected from Khoyrasol block had comparatively lower level of amino acid with 

respect to that of the vegetables collected from the control area (Table 36). The 

decrement was highest in Spinach leaf (PBC = 102.99) and lowest in Brinjal (PBC = 

7.67). Oppositely, the amino acid contents in Squash (Cucurbita maxima) fruit (PBC =  
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-2.67) and Seem (Dolichos lablob) fruit (PBC = -14.88) collected from this block were 

in higher amount in comparison to those of the control area. 

Amino acid content of Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) 

leaf, Potato (Solanum tuberosum) leaf and Brinjal (Solanum melongena) fruit samples 

collected from Mahammad Bazar block reduced with respect to the samples collected 

from control area (Table 37). The highest reduction was observed in potato leaf (PBC = 

63.85) and the lowest in Brinjal (PBC = 9.83). A reverse trend was noticed in case of 

Papaya (Carica papaya) fruit (PBC = -0.93 ), Squash (Cucurbita maxima) fruit (PBC = 

-0.74 ), Seem (Dolichos lablob) fruit (PBC = -17.13), and Korola (Momordica 

charantia) fruit (PBC = -3.25 ).  

The total free amino acid content in some of the different vegetables of the polluted site 

showed a decreasing trend with respect to the control site. This may be due to less 

degradation of storage protein, amino acid synthesis and amino acid utilization for 

protein synthesis and for respiration under fluoride stress (Kundu and Mondal, 2010). 

The increased amino acid content in few of the vegetables in the affected area in 

comparison to control area may be attributed to increased rates of dark CO2 fixation 

under fluoride stress (Yang and Miller, 1963).  

The magnitude of percent biochemical changes with respect to control in different 

vegetables collected from different blocks with average fluoride levels in water are 

plotted (Fig. 45-56) to get an overview of the changes in biochemical parameters with 

respect to the average fluoride level in water in different blocks. The average fluoride 

levels in water of different blocks were calculated averaging the mean values of 

fluoride concentrations in water collected during PRM and POM and was found to be 

the highest in Rampurhat- II block (3.77 mg/L). PBC of most of the biochemical 

parameters of almost all vegetables namely, Cabbage (Brassica oleracea) leaf, Onion 

(Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, Radish (Raphanus sativus) leaf, 

Potato (Solanum tuberosum) leaf, Papaya (Carica papaya) fruit, Squash (Cucurbita 

maxima) fruit, Seem (Dolichos lablob) fruit and Korola (Momordica charantia) fruit 

were higher in amount in Rampurhat – II block where the mean value of water is 

comparatively higher than the other blocks. This phenomenon can be easily speculated  
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from the higher peaks of Rampurhat- II block on the graphical representations of 

different vegetables (Fig.45-56). This study clearly indicates the hazardous effect of 

biochemical changes due to higher level of fluoride in irrigational water which in turn 

may affect the food value of different vegetables in the fluoride affected area. 

 

5.2.2 Fluoride concentration and Bio concentration Factor (BCF)  

To understand the transfer of fluoride from soil to foliage, fluoride concentration in 

different vegetables and nearby field soils were measured and the Bio Concentration 

Factors (BCF) of fluoride were computed using the average values. Because of its 

simple application, BCF is widely used as an indicator of affinity for the accumulation 

of F in plants (Tome et al., 2003; Alonso et al., 2003).  

The maximum average fluoride concentration in the vegetable samples collected from 

Nalhati – I block was found in Papaya (Carica papaya) fruit (1.19 ± 0.05) and 

minimum in Korola (Momordica charantia) fruit (0.4 ± 0.02) (Table 38). But the mean 

BCF was highest in Potato (Solanum tuberosum) leaf (1.3) and lowest in Seem 

(Dolichos lablob) fruit (0.45) (Table 38). 

In Rampurhat –II block, the highest and lowest levels of fluoride were observed in 

Radish (Raphanus sativus) leaf (3.21 ± 0.04) and Korola (Momordica charantia) fruit 

(0.4 ± 0.03) respectively amongst the vegetable samples collected (Table 39). The 

highest mean BCF in Radish (Raphanus sativus) leaf (1.4) complied with the fluoride 

concentration. But the lowest Mean BCF in Kundri (Coccinia grandis) fruit (0.36) was 

not compatible with the fluoride concentration. 

Among the vegetables collected in Khoyrasol block Radish (Raphanus sativus) leaf had 

the highest fluoride concentration (2.94 ± 0.10) and highest mean BCF (1.26) (Table 

40). The lowest concentration of fluoride was observed in Brinjal (Solanum 

melongena) fruit (0.61 ± 0.03) and lowest mean BCF was noticed in Seem (Dolichos 

lablob) fruit (0.47). 

Spinach (Spinacia oleracea) leaf had the maximum fluoride concentration (1.25 ± 0.09) 

and Mean BCF (1.06) among the vegetables collected from Mahammad Bazar block 

(Table 41).  The  lowest  level  of  fluoride  and  mean  BCF  observed  was  in  Brinjal  
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(Solanum melongena) fruit (0.61 ± 0.03) and Squash (Cucurbita maxima) fruit (0.48) 

respectively.  

Although no exclusive conclusion can be portrayed from the above results but it can be 

conjectured that the leafy vegetables like potato, radish, spinach shows higher value of 

BCF. Earlier investigations found increased fluoride translocation in plants where 

metabolism is higher (Ribang et al., 1975). Leafy vegetables like radish, potato, 

papaya, spinach, cabbage and cauliflower leaves had BCF values of F greater than 1.0 

collected from all these four blocks, which indicates a higher rate of photosynthesis in 

leafy vegetables associated with higher intake of water resulting in a higher BCF value 

of F. However, Swartjes et al., (2007) reported that BCF values are not always constant 

in specific vegetables and are largely affected by soil properties like soil pH, clay 

content, organic matter and fluoride concentration in soil and plant factors like the type 

of plant and growth rate.  

The graphical representations (Fig. 57-60) were framed to illustrate the comprehensive 

study of understanding the relation between fluoride in soil and BCF of different 

vegetables fetched from different blocks.  

From Fig. 57, it can be indicated explicitly that higher level of mean fluoride 

concentrations near Potato (1.3 mg/L ) and Papaya (1.22 mg/L ) field in Nalhati – I 

block resulted in higher BCF in them (0.89 and 1.19 respectively). In Rampurhat- II 

block also, high BCF were found in Radish (1.4) and Spinach (1.31) in consequence of 

high mean fluoride concentration (3.2 and 4.5 mg/L respectively) in soil of the 

respective fields (Fig. 58). Potato and Radish had high BCF values (1.3 and 1.26 

respectively) with the high mean fluoride concentrations (2.22 and 2.33 mg/L 

respectively) in their nearby field soils collected from Khoyrasol block (Fig. 59). 

Spinach showed the highest BCF value (1.06) in Mahammad Bazar block, where in the 

field soil fluoride concentration was also high (1.18 mg/ L) (Fig. 60).  

From the summarized view it can be speculated that higher fluoride in soil resulted in 

higher BCF of fluoride. This fact might have been arisen from the higher transition of 

fluoride from soil to foliage during water absorption depending on the rate of 

photosynthesis. 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 1 Average rainfall, population and exact location of study area 

Block Average Rain fall  Villages  Population  G.P.S. reading  

Nalhati-I 

1420 mm 

 

 

Nasipur  800 
N 24

0
06’0.15” 

E 087
0
46’53.5” 

Deshnabagram  600 
N 24

0
17’32.1” 

E 087
0
45’14.2” 

Vabanandapur 1500 
N 24

0
17’34.1” 

E 087
0
45’13.9” 

Rampurhat-II 1430.5 mm 

Kamdebpur 200 
N 24

0
06’30.4” 

E 087
0
47’24.0” 

Chak Atla  150 
N 24

0
06’30.3” 

E 087
0
47’23.9” 

Nowapara 150 
N 24

0
06’20.7” 

E 087
0
47’03.1” 

Junidpur 350 
N 24

0
06’01.4” 

E 087
0
46’53.5” 

Mahammad Bazar  1435 mm 

Loha Bazar  1120 
N 23

0 
59’35” 

E 087
0
34’08”  

Kaijuli  350 
N 23

0
59’30” 

E 087
0
33’45.4”  

Chak Sehara  450 
N 24

0
00’24” 

E 087
0
34’43”  

Seharakuri  1250 
N 23

0
57’44” 

E 087
0
31’43”  

Sankarpur  1340 
N 23

0
57’44” 

E 087
0
31’38”  

Khoyrasol  

  
1405 mm 

Gostho Dangal  350 
N 23º 47’ 20” 
 E 87º 15’ 46”  

Sarsa  750 
N 23 º47’ 22” 
E 87 º15’ 9”  

Tithikapur  250 
N 23 º47’ 46” 
E 87 º15’ 7”  

Lauberia  825 
N 23 º47’ 33” 
E 87 º14’ 32”  

Tarapur  430 
N 23 º47’ 53” 
E 87 º14’ 43”  

Nowpara  410 
N 23 º47’ 51” 
E 87 º14’ 02”  

Bhadulia  460 
N 23 º48’ 22” 
E 87 º13’ 21”  

Paschim Sibpur  380 
N 23 º48’ 11” 
E 87 º13’ 33”  

Rasa  650 
N 23 º47’ 18” 
E 87 º13’ 12”  

Hazratpur  780 
N 23 º46’ 56” 

E 47 º14’ 09”  

Nalhati  

(Control area)  
1420 mm Jagdhari  240 

N 24º 16’44” 
E 087º50’12” 
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Table 10 Statistical summary of various physico-chemical parameters for groundwater samples of Nalhati-I block  

Units of all water parameters are expressed in mg/L except pH and EC (mS/cm) 

  

Water 

Parameters 

PRM POM 

 Min Max  Mean 
SE 

Mean  
 SD Median Min Max Mean 

SE 

Mean 
SD Median 

F- 1.27 7.11 3.15 0.28 1.53 2.76 1.19 6.58 2.98 0.26 2.68 1.42 

pH 
7.21 8.81 8.09 0.06 0.33 8.12 7.64 9.34 8.49 0.06 8.53 0.35 

EC 
0.1 3.3 1.26 0.18 0.98 0.77 0.1 3.47 1.32 0.19 0.79 1.03 

TH 
20.4 954 286.6 47.1 258.1 169.3 20.2 992.2 293.7 48.9 171.8 267.8 

TA 
45 324 198 13 69 203 44 334 197 13 206 69 

Cl 
10.5 445.5 116.5 17.3 94.7 120.2 10.8 454.4 119.9 17.7 123.2 96.9 

HCO3
-
 

15.5 175.7 98.4 8.4 45.7 94 14.9 179.2 97.1 8.2 93 44.9 

Ca 
12.2 128.6 41.4 4.7 26 37.5 12.6 131.2 42.6 4.8 39 26.4 

Mg 
5.6 209.4 40.3 8.8 48.2 21.6 5.7 211.5 40.7 8.9 21.7 48.8 

SO4
2-

 
11.8 280.2 71.9 14.4 78.6 18.4 12.2 291.4 74.7 14.9 19.1 81.7 

Fe 
0.03 3.26 0.33 0.11 0.59 0.16 0.03 3.29 0.32 0.11 0.15 0.59 

PO4
3-

 
0 0.8 0.44 0.04 0.22 0.48 0 0.85 0.46 0.04 0.51 0.23 

TDS 
67 1811 644 76 416 503 70 1902 674 80 525 437 

Na
+
 

8.7 142.2 61.4 6.7 36.7 46 8.3 135.1 58.1 6.4 43 35 

K
+
 0.2 148.5 26.5 6.9 37.6 10.9 0.2 139.6 25.1 6.5 10.6 35.4 

SiO2 
18.6 65 39.9 1.8 9.8 40.9 18.5 70.4 39.3 2 39.4 10.8 
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Table 22 Percent sample exceeding the BIS (2009) permissible of water parameters limit in the 

four blocks during PRM and POM 

Parameters 

BIS (2009) 

permissible 

limit 

% Sample exceeding the BIS (2009) upper limit 

Nalhati Rampurhat Khoyrasol 
Mahammad 

Bazar 

PRM POM PRM POM PRM POM PRM POM 

pH 6.5-8.5 3.33 53.33 5 47.5 21 14 4 12 

EC 0.3 90 96.67 85 75.0 92 91 92 92 

TDS 2 0 0 0 0 0 0 0 0 

TH 600 13.33 16.67 0 0 0 0 0 0 

TA 600 0 0 0 0 0 0 0 0 

Ca 200 0 0 0 0 0 0 0 0 

Mg 30 33.33 16.67 12.5 12.5 50 50 50 50 

Na 200 0 0 7.5 5 0 0 0 0 

K 10 53.33 53.33 97.5 97.5 58 46 50 36 

Cl
- 

1000 0 0 0 0 0 0 0 0 

SO4
2- 

400 0 0 12.5 12.5 0 0 0 0 

Fe 0.3 23.33 3.33 62.5 57.5 75 48 52 58 

PO4
3- 

0.3 73.33 73.33 57.5 55.0 18 18 20 18 

Each chemical parameter in BIS (2009) permissible limit are expressed in mg/L except for 

conductivity (mS/cm) and pH 

 

 

Table 23 The weight and relative weight of each of the physico-chemical parameters 

used for WQI determination 

 

Each chemical parameter in BIS (2009) desirable limit are expressed in mg/L except for 

conductivity (mS/cm) and pH 
 

Parameters BIS desirable limit 

(1998) 
Weight Relative weight 

pH 6.5-8.5 3 0.075 

EC 2 3 0.075 

TDS 0.5 5 0.125 

TA 200 2 0.05 

TH 200 3 0.075 

Ca 75 2 0.05 

Mg 30 2 0.05 

Na 100 3 0.075 

K 10 2 0.05 

Fe 0.3 2 0.05 

Cl
- 

250 3 0.075 

F
- 

1.0 5 0.125 

PO4
3- 

0.3 2 0.05 

SO4
2- 

200 3 0.075 

    Σwi= 40 ΣWi= 1 
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Table 24 Computed values of %Na, SAR, PI, MH and WQI in Nalhati- I Block 

Sample 

No. 
PRM Sample 

No. 

POM 

%Na SAR PI MH WQI %Na SAR PI MH WQI 
Npr1 25.41 1.82 37.2 80.77 242.52 Npo1 24.36 1.72 35.7 80.31 236.59 

Npr2 34.93 1.22 66.92 29.04 116.12 Npo2 33.06 1.14 64.3 28.44 111.92 

Npr3 28.82 2.55 41.23 81.23 206.04 Npo3 27.81 2.41 39.64 80.77 202.33 

Npr4 31.11 2.69 51.61 78.58 198.4 Npo4 30.17 2.54 49.87 78.06 195.19 

Npr5 22.85 1.93 29.17 95.35 201.23 Npo5 21.86 1.82 27.95 95.21 202.9 

Npr6 48.22 2.89 79.86 34.41 133.61 Npo6 46.75 2.71 77.71 33.69 129.27 

Npr7 48.67 3 69.83 45.6 122.36 Npo7 47.21 2.81 67.83 44.93 116.65 

Npr8 15.6 0.82 30.38 64.96 129.56 Npo8 14.91 0.77 28.99 64.29 127.91 

Npr9 29.24 1.25 42.29 52.25 123.1 Npo9 27.94 1.18 40.48 51.5 120.56 

Npr10 60.66 3.71 81.92 33.21 116.36 Npo10 58.74 3.48 79.97 32.55 113.19 

Npr11 49.11 2.51 85.69 31.44 73.77 Npo11 48.02 2.36 84.83 31.4 72.25 

Npr12 35.97 2.29 45.29 22.44 126.13 Npo12 34.33 2.16 43.79 22.47 125.53 

Npr13 35.3 2.26 48.24 27.31 140.3 Npo13 33.68 2.13 46.8 27.33 137.51 

Npr14 24.47 0.98 50.7 49.44 82.25 Npo14 23.22 0.92 49.55 49.47 81.63 

Npr15 20.84 1.24 30.49 75.68 122.53 Npo15 19.7 1.16 29.37 75.7 126.11 

Npr16 19.72 0.91 39.62 64.32 132.71 Npo16 18.7 0.85 38.55 64.33 131.85 

Npr17 29.18 0.99 65.66 20.3 92.10 Npo17 27.79 0.93 64.65 20.21 94.81 

Npr18 36.14 1.56 61.21 34.72 110.25 Npo18 34.59 1.47 59.93 34.79 110.11 

Npr19 21.56 1.59 28.19 80.59 163.15 Npo19 20.45 1.5 27.01 80.6 163.21 

Npr20 19.71 0.91 34.76 37.27 98.35 Npo20 18.69 0.86 33.59 37.3 98.3 

Npr21 11.74 0.32 34.69 36.37 74.32 Npo21 11.08 0.3 33.55 35.43 74.5 

Npr22 54.56 2.29 76.88 61.02 109.42 Npo22 52.42 2.11 75.34 60.04 109.49 

Npr23 42.99 2.05 61.6 34 69.61 Npo23 40.91 1.9 59.59 33.09 69.19 

Npr24 35.95 1.31 76.64 62.44 59.36 Npo24 33.82 1.2 75.03 61.52 59.09 

Npr25 31.22 1.17 64.1 75.78 98.38 Npo25 29.39 1.08 62.72 75.09 99.92 

Npr26 29.6 1.3 52.77 47.72 77.16 Npo26 28.04 1.21 51.02 46.77 76.64 

Npr27 31.98 1.21 81.95 47.68 86.72 Npo27 30.39 1.13 80.27 46.6 84.92 

Npr28 36.83 1.26 70.5 24.05 64.01 Npo28 34.93 1.17 68.37 23.43 63.81 

Npr29 47.23 1.94 84.18 38.97 74.63 Npo29 45.07 1.79 82.51 37.94 72.63 

Npr30 31.71 1.33 59.87 70.74 82.99 Npo30 29.92 1.22 58.32 69.88 81.82 
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Table 25 Computed values of %Na, SAR, PI, MH and WQI in Rampurhat-II Block 

Sample 

No. 
PRM Sample 

No. 

POM 

%Na SAR PI MH WQI %Na SAR PI MH WQI 

Rpr1 44.1 2.25 99.05 23.95 84.04 Rpo1 43.17 2.1 97.12 23.3 81.09 

Rpr2 57.78 5.25 131.0 29.65 95.98 Rpo2 57.41 4.92 130.7 28.91 91.83 

Rpr3 72.59 7.34 103.1 8.19 109.2

9 

Rpo3 71.62 6.85 102.1 7.88 103.7

Rpr4 66.41 9.07 103.4 71.34 155.9

7 

Rpo4 65.99 8.55 102.9 70.76 148.5

Rpr5 74.24 11.03 108.6 55.66 140.1

6 

Rpo5 73.83 10.34 108.3 55.15 133.3

Rpr6 75.96 8.62 111.0 24.31 114.1

9 

Rpo6 75.35 8.06 110.5 23.58 108.9

Rpr7 43.17 2.82 74.06 35.35 97.33 Rpo7 42.16 2.64 72.03 34.72 94.47 

Rpr8 59.23 5.05 107.0 13.37 99.75 Rpo8 58.6 4.72 105.9 12.95 96.28 

Rpr9 49.63 2.07 95.35 23.25 66.02 Rpo9 48.12 1.94 93.14 22.57 64.04 

Rpr10 40.87 2.11 86.07 18.54 89.49 Rpo10 39.71 1.97 83.72 17.97 86.1 

Rpr11 42.84 2.82 90.44 20.06 132 Rpo11 42.09 2.66 89.66 20.09 113.2

Rpr12 37.05 2.3 63.08 41.16 127.1

4 

Rpo12 35.94 2.16 61.69 41.18 137.8

Rpr13 58.09 4.24 89.77 28.01 118.7

2 

Rpo13 57.04 3.99 89.04 27.88 129.4

Rpr14 72.83 6.18 103.2 71.25 124.4

2 

Rpo14 71.61 5.8 103.0 71.25 105.6 

Rpr15 62.83 5.07 87.42 78.25 129.3

6 

Rpo15 61.45 4.77 86.62 78.29 118.4

Rpr16 66.12 6.53 110.2 55.75 139.9 Rpo16 65.09 6.13 110.4 55.9 133.4

Rpr17 39.77 2.2 67.75 41.2 102.0

2 

Rpo17 38.38 2.07 66.42 41.2 124.1

Rpr18 24.74 1.11 43.6 46.72 83.57 Rpo18 23.54 1.04 42.34 46.74 105.7

Rpr19 58.12 4.96 78.5 52.75 126.9

3 

Rpo19 56.74 4.67 77.4 52.74 128.9

Rpr20 48.54 2.7 67.36 27.07 82.03 Rpo20 46.94 2.54 66.04 27.07 83.13 

Rpr21 77.72 7.4 113.9 16.02 199.1

3 

Rpo21 76.66 6.93 113.6 15.54 174.5

Rpr22 91.13 7.72 139.0 61.11 126.4

4 

Rpo22 90.35 7.11 141.0 60.05 108.8

Rpr23 65.74 3.88 134.0 83.61 145.8

4 

Rpo23 64.38 3.61 135.0 82.93 128.7

Rpr24 69.95 6.03 107.2 69.45 79.35 Rpo24 68.81 5.62 107.2 68.95 72.83 

Rpr25 44.61 3.11 68.55 93.58 207.8

4 

Rpo25 42.98 2.89 67.3 93.36 181.4

Rpr26 78.93 12.47 105.1 92.48 161.1

9 

Rpo26 78 11.6 105.4 91.95 143.4

Rpr27 70.81 5.5 99.56 93.09 109.5

2 

Rpo27 69.65 5.15 99.37 92.64 101.5 

Rpr28 52.93 3.44 77.38 78.58 104.6

3 

Rpo28 51.09 3.18 76.1 77.9 94.86 

Rpr29 72.17 9.22 111 82.62 135.1

3 

Rpo29 71.06 8.55 111.3 82.1 122.2

Rpr30 69.6 10.94 98.32 59.17 190.1

5 

Rpo30 68.33 10.12 97.93 58.13 171.8

Rpr31 50.17 1.94 80.09 91.37 68.48 Rpo31 48.26 1.79 78.97 90.93 68.54 

Rpr32 74.37 7.91 101.0 94.77 169.8

5 

Rpo32 73.38 7.41 101.1 94.73 164.7

Rpr33 66.03 8.31 84.74 83.9 226.6

6 

Rpo33 64.7 7.74 83.81 83.42 218.6

Rpr34 69.32 6.39 90.93 77.49 160.9

7 

Rpo34 67.88 5.93 90.17 76.8 155.4

Rpr35 59.46 4.66 74.62 83.03 145.9 Rpo35 57.82 4.33 73.26 82.4 141.7

Rpr36 47 2.42 64.76 34.94 86.09 Rpo36 44.74 2.22 62.55 33.99 85.85 

Rpr37 44.84 2.67 62.48 77.53 120.6

9 

Rpo37 43.26 2.49 60.96 76.82 119.3

Rpr38 53.46 2.27 71.59 93.99 69.03 Rpo38 52.06 2.13 70.49 93.6 68.77 

Rpr39 50.53 2.42 70.86 81.16 84.48 Rpo39 48.79 2.24 69.43 80.63 84.62 

Rpr40 44.6 2.04 63.95 84.31 74.01 Rpo40 43.03 1.91 62.56 83.88 71.31 
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Table 26 Computed values of %Na, SAR, PI, MH and WQI in Khoyrasol  block 

Sample 

No. 
PRM Sample 

No. 

POM 

%Na SAR PI MH WQI %Na SAR PI MH WQI 

Kpr1 40.88 1.94 52.22 23.24 65.04 Kpo1 38.9 1.76 50.84 24.73 61.18 
Kpr2 40.11 1.51 59.23 49.77 39.81 Kpo2 37.76 1.36 57.55 51.8 37.89 
Kpr3 44.45 1.73 66.17 32.97 50.7 Kpo3 42.35 1.57 65.21 34.83 47.73 
Kpr4 76.35 4.66 95.66 69.74 59.2 Kpo4 74.15 4.16 95.12 71.17 55.42 
Kpr5 44.55 1.73 62.03 32.97 65.53 Kpo5 42.44 1.57 60.73 34.83 61.48 
Kpr6 35.39 2.2 42 52.32 125.59 Kpo6 33.01 1.98 39.84 54.3 118.87 
Kpr7 40.91 2.84 46.69 53.47 100.86 Kpo7 38.36 2.56 44.36 55.48 95.63 
Kpr8 31.99 2.23 37.44 51.58 126.08 Kpo8 29.74 2.01 35.37 53.58 118.57 
Kpr9 51.21 2.54 78.23 66.37 65.63 Kpo9 48.33 2.27 76.69 68.1 61.79 
Kpr10 34.02 2.45 37.99 56.2 106.77 Kpo10 31.62 2.2 35.71 58.15 102.02 
Kpr11 38.05 2.88 42.65 55.72 112.04 Kpo11 35.2 2.57 39.86 55.73 107.84 
Kpr12 31.95 2.31 36.09 45.42 129.29 Kpo12 29.34 2.06 33.57 45.43 120.31 
Kpr13 39.1 3.29 48.37 45.07 149.58 Kpo13 36.01 2.93 45.55 45.04 138.47 
Kpr14 40.78 3.31 49.99 36.36 115.24 Kpo14 37.66 2.95 47.2 36.34 111.4 
Kpr15 32.89 2.41 37.03 41.07 124.8 Kpo15 33.51 2.51 37.64 41.1 122.81 
Kpr16 34.8 1.72 44.79 22.29 105.18 Kpo16 34.52 1.72 44.58 22.37 101.62 
Kpr17 37.95 1.46 59.79 30.6 100.63 Kpo17 37.65 1.47 59.62 30.7 85.58 
Kpr18 27.37 1.14 41.15 59.86 89.12 Kpo18 27.16 1.14 40.97 59.9 80.7 
Kpr19 36.81 2.04 45.5 24.81 97.08 Kpo19 36.55 2.04 45.32 24.77 88.16 
Kpr20 19.93 0.94 28.18 28.38 130.35 Kpo20 19.74 0.94 28.03 28.42 123.9 
Kpr21 56.29 3.51 67.04 31.64 98.82 Kpo21 56.55 3.56 67.48 32.78 82.74 
Kpr22 53.98 3.81 61.06 66.55 102.5 Kpo22 53.78 3.82 60.93 67.7 95.82 
Kpr23 54.47 3.7 62.52 88.2 92.32 Kpo23 54 3.69 62.1 88.74 78.81 
Kpr24 35.77 1.84 45.08 26.58 87.99 Kpo24 36.07 1.86 45.57 27.58 73.09 
Kpr25 52.68 3.82 61.78 74.78 97.31 Kpo25 52.32 3.82 61.53 75.8 91.51 
Kpr26 63.82 5.03 71.09 23.26 68.72 Kpo26 64.13 5.11 71.57 24.17 63.47 
Kpr27 57.94 5.66 80.86 49.81 90.56 Kpo27 57.4 5.7 81 51.07 84.43 
Kpr28 67.24 7.32 86.33 32.97 99.22 Kpo28 66.84 7.4 86.54 34.29 87.24 
Kpr29 84.21 9.71 97.43 69.79 91.76 Kpo29 84.11 9.72 97.37 70.83 80.85 
Kpr30 73.81 6.24 82.66 32.97 83.26 Kpo30 73.98 6.31 82.9 34.29 71.46 
Kpr31 23.63 1.23 30.56 52.31 111.28 Kpo31 23.67 1.24 30.64 53.64 119.43 
Kpr32 14.65 0.72 22.31 53.47 88.06 Kpo32 14.65 0.72 22.35 54.78 93.18 
Kpr33 12.18 0.67 18.78 51.57 102.2 Kpo33 12.21 0.68 18.85 52.92 96.45 
Kpr34 53.76 2.85 78.9 66.46 103.76 Kpo34 53.59 2.86 78.76 67.61 93.79 
Kpr35 12.21 0.67 16.98 56.18 114.33 Kpo35 12.22 0.68 17.01 57.5 112.73 
Kpr36 28.11 1.83 32.58 55.73 100.46 Kpo36 28.11 1.84 32.6 57.04 97.04 
Kpr37 30.9 2.24 35.04 45.43 124.81 Kpo37 31.01 2.26 35.18 46.77 120.25 
Kpr38 34.62 2.37 40.61 45.07 109.61 Kpo38 34.74 2.39 40.79 46.43 98.91 
Kpr39 41.22 2.99 52.13 36.39 165.41 Kpo39 41.48 3.02 52.5 37.65 154.17 
Kpr40 27.89 2.24 35.06 41.06 162.4 Kpo40 25.09 1.98 31.36 40.17 155.28 
Kpr41 49.06 4.01 62.18 22.28 132.8 Kpo41 45.64 3.54 57.67 21.67 122.98 
Kpr42 66.81 4.92 78.96 30.49 113.09 Kpo42 63.33 4.34 75.11 29.66 104.39 
Kpr43 57.25 4.32 65.76 59.88 104.37 Kpo43 53.55 3.84 61.67 58.93 104 
Kpr44 51.59 3.8 58.37 24.83 128.85 Kpo44 47.48 3.35 53.82 24.18 112.18 
Kpr45 45.03 3.04 50.28 28.37 132.13 Kpo45 40.94 2.68 45.86 27.61 125.57 
Kpr46 42.16 2.03 55.69 31.63 110.72 Kpo46 38.31 1.79 50.81 30.87 102.37 
Kpr47 23.06 1 33.76 66.57 101.48 Kpo47 20.54 0.88 30.26 65.75 105.56 
Kpr48 26.89 1.15 38.44 88.19 103.73 Kpo48 24.24 1.03 34.87 87.83 102.72 
Kpr49 38.96 2.13 47.59 26.53 74.45 Kpo49 35.15 1.88 43.05 25.83 75.3 
Kpr50 24.6 1.08 36.16 74.73 90.74 Kpo50 22.02 0.96 32.56 74.03 77.86 
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Table 26 continued 

Sample 

No. 
PRM Sample 

No. 

POM 

%Na SAR PI MH WQI %Na SAR PI MH WQI 

Kpr51 55.69 3.48 64.73 23.23 63.62 Kpo51 51.66 3.06 60.17 22.63 69.72 
Kpr52 70.68 6 82.42 49.69 52.93 Kpo52 67.8 5.31 79.22 48.7 53.41 
Kpr53 72.94 5.76 84.27 32.99 57.57 Kpo53 70.34 5.2 81.27 32.16 63.14 
Kpr54 48.95 4.16 95.55 69.94 119.6 Kpo54 47.66 3.77 92.42 69.11 111.88 
Kpr55 64.28 6.32 83.5 32.99 89.37 Kpo55 62.36 5.71 80.74 32.16 86.82 
Kpr56 46.8 3.49 52.52 52.36 103.6 Kpo56 43.9 3.19 49.26 52.36 102.28 
Kpr57 41.84 2.94 47.79 53.49 91.62 Kpo57 39.06 2.68 44.47 53.49 91.54 
Kpr58 39.79 3.1 44.87 51.58 114.3 Kpo58 37.02 2.83 41.62 51.57 113.16 
Kpr59 72.93 6.46 84.44 66.37 91.52 Kpo59 70.78 5.9 81.68 66.39 92.71 
Kpr60 36.58 2.64 40.03 56.19 102.4 Kpo60 33.84 2.41 36.97 56.2 106.76 
Kpr61 21.56 1.24 26.47 55.71 108.9 Kpo61 19.65 1.13 24 55.72 106.16 
Kpr62 12.48 0.69 17.57 45.43 111.2 Kpo62 11.24 0.63 15.7 45.41 112.21 
Kpr63 17.15 0.87 23.74 45.07 98.43 Kpo63 15.58 0.79 21.39 45.04 95.76 
Kpr64 30.23 1.78 37.29 36.34 87.82 Kpo64 27.19 1.57 33.56 36.33 89.11 
Kpr65 13.36 0.75 18.43 41.09 113.4 Kpo65 11.71 0.66 16.18 41.11 110.56 
Kpr66 49.31 3.09 57.56 22.27 99.04 Kpo66 45.67 2.73 53.31 22.23 92.2 
Kpr67 68.92 5.81 82.1 30.52 96.16 Kpo67 66.1 5.13 78.74 30.51 86.26 
Kpr68 54.78 3.79 64.6 59.85 103.3 Kpo68 51.14 3.35 60.35 59.85 98.79 
Kpr69 28.42 1.82 43.65 24.81 154.1 Kpo69 25.88 1.61 39.54 24.83 143.13 
Kpr70 43.49 3.44 54 28.36 141.5 Kpo70 40.21 3.04 49.89 28.34 132.04 
Kpr71 63.82 5.13 72.08 23.26 75.49 Kpo71 60.37 4.54 68.27 23.21 73.91 
Kpr72 71.18 5.77 80.73 49.8 58.72 Kpo72 68.88 5.3 77.89 49.33 51.25 
Kpr73 76.66 7.47 85.44 32.97 70.29 Kpo73 74.62 6.85 82.98 32.64 71.11 
Kpr74 84.29 9.9 95.1 69.79 73.91 Kpo74 82.94 9.1 93.37 69.3 76.67 
Kpr75 73.87 6.36 86.51 32.97 68.13 Kpo75 71.66 5.83 84.15 32.64 61.05 
Kpr76 23.65 1.26 28.47 52.3 99.34 Kpo76 21.56 1.15 26.07 51.81 96.63 
Kpr77 14.64 0.73 22.15 53.47 100.6 Kpo77 13.28 0.68 20.2 53 95.03 
Kpr78 12.19 0.69 17.88 51.58 111.1 Kpo78 11 0.63 16.23 51.1 105.73 
Kpr79 53.84 2.91 69.58 66.45 99.89 Kpo79 51.1 2.67 66.29 66.03 91.56 
Kpr80 12.23 0.69 18.8 56.18 115.3 Kpo80 11.04 0.63 17.1 55.71 109.58 
Kpr81 28.14 1.87 32.56 55.73 107.8 Kpo81 25.86 1.71 29.99 55.27 106.8 
Kpr82 30.92 2.29 34.58 45.43 131.9 Kpo82 28.03 2.06 31.47 44.96 126.16 
Kpr83 34.67 2.42 40.52 45.07 118.9 Kpo83 31.66 2.18 37.13 44.6 112.23 
Kpr84 23.45 1.33 29.64 36.39 92.16 Kpo84 21.03 1.19 26.78 35.97 94.68 
Kpr85 27.99 2.29 35.66 41.06 164.2 Kpo85 25.63 2.06 32.46 40.63 145.62 
Kpr86 49.24 4.09 62.05 22.28 137.4 Kpo86 47.25 3.74 59.37 22.73 125.22 
Kpr87 66.88 5.01 77.29 30.5 115.1 Kpo87 64.62 4.57 74.97 31.06 107.55 
Kpr88 57.37 4.41 65.23 59.88 116.2 Kpo88 55.11 4.05 62.89 59.65 107.15 
Kpr89 51.55 3.87 59.53 24.83 129.6 Kpo89 49.17 3.56 57.04 24.69 116.17 
Kpr90 44.23 3.1 50.67 28.36 138.3 Kpo90 41.9 2.85 48.18 28.14 124.02 
Kpr91 39.51 1.85 52.27 31.63 92.72 Kpo91 37.34 1.7 49.75 31.43 83.3 
Kpr92 21.96 0.91 32.85 66.57 82.14 Kpo92 20.35 0.84 30.91 66.36 69.33 
Kpr93 24.78 1.05 36.42 88.19 101.4 Kpo93 23.15 0.97 34.41 88.14 88.42 
Kpr94 36.32 1.95 45.14 26.53 82.97 Kpo94 34.15 1.79 42.59 26.33 74.63 
Kpr95 22.77 0.99 33.31 74.73 91.92 Kpo95 21.2 0.91 31.24 74.52 89.11 
Kpr96 48.39 2.87 58.35 62.21 70.55 Kpo96 46.13 2.64 55.8 61.92 69.55 
Kpr97 59.88 4.21 69.26 23.26 66.64 Kpo97 57.62 3.86 66.78 23.08 62.36 
Kpr98 68.8 4.99 79.42 49.81 61.84 Kpo98 66.91 4.59 77.37 49.61 61.85 
Kpr99 53.56 2.82 72.34 32.98 69.1 Kpo99 51.7 2.59 69.83 32.67 69.78 
Kpr100 81.53 7.81 94.5 69.8 59.4 Kpo100 80.38 7.18 93.38 69.54 60.57 
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Table 27 Computed values of %Na, SAR, PI, MH and WQI in Mahammad Bazar block 

Sample 

No. 

PRM Sample 

No. 

POM 

%Na SAR PI MH WQI %Na SAR PI MH WQI 
Mpr1 61.64 6.54 87.45 33 116.96 Mpo1 59.79 5.93 86.8 34.84 112.6 
Mpr2 36.95 2.76 45.13 52.32 117.3 Mpo2 34.65 2.48 42.76 54.29 105.79 
Mpr3 44.28 3.29 49.85 53.48 93.61 Mpo3 41.66 2.96 47.45 55.47 90.09 
Mpr4 37.32 2.78 41.4 51.56 90.26 Mpo4 34.88 2.5 39.15 53.57 86.88 
Mpr5 67.81 5.12 79.18 66.46 84.4 Mpo5 65.26 4.58 77.35 68.17 80.26 
Mpr6 18.63 1.09 24.49 56.16 93.37 Mpo6 17.02 0.98 22.98 58.13 89.55 
Mpr7 12.9 0.68 18.1 55.72 87.32 Mpo7 11.73 0.61 17 57.68 84.35 
Mpr8 12.19 0.69 16.64 45.42 107.22 Mpo8 11.15 0.62 15.69 47.41 101.34 
Mpr9 27.04 1.59 32.94 45.04 85.18 Mpo9 25.1 1.43 31.18 47.03 81.8 
Mpr10 16.24 0.81 23.09 36.39 100.17 Mpo10 15.03 0.74 22.07 38.25 95.64 
Mpr11 26.16 1.79 31.74 41.07 102.26 Mpo11 23.85 1.6 29.49 41.08 98.52 
Mpr12 53.64 3.74 61.11 22.29 93.33 Mpo12 50.62 3.33 58.37 22.34 89.72 
Mpr13 53.86 4.84 77.59 30.41 108.09 Mpo13 50.26 4.31 75.61 30.51 108.86 
Mpr14 31.3 1.86 48.43 59.88 90.57 Mpo14 28.5 1.66 46.06 59.85 96.28 
Mpr15 49.23 3.41 56.89 24.86 80.78 Mpo15 49.92 3.54 57.53 24.81 79.41 
Mpr16 49.32 3.56 54.7 28.36 67.34 Mpo16 49.09 3.56 54.5 28.32 66.89 
Mpr17 61.6 4.39 70.44 31.62 65.54 Mpo17 61.26 4.39 70.19 31.7 66.13 
Mpr18 57.42 4.42 64.38 66.57 73.95 Mpo18 57.14 4.42 64.18 66.61 73.78 
Mpr19 59.99 4.62 66.97 88.19 88 Mpo19 59.73 4.62 66.79 88.18 87.12 
Mpr20 53.03 3.72 60 26.54 67.8 Mpo20 52.74 3.72 59.77 26.5 67.83 
Mpr21 37.42 1.64 49.39 25.68 57.04 Mpo21 37.73 1.66 50 26.64 56.93 
Mpr22 35.97 1.25 55.63 53.17 36.58 Mpo22 35.91 1.26 55.85 54.47 38.85 
Mpr23 40.64 1.45 63.61 36.14 48.99 Mpo23 40.74 1.47 64.01 37.44 49.18 
Mpr24 72.41 3.82 93.99 72.35 48.77 Mpo24 72.22 3.82 93.84 73.36 48.65 
Mpr25 40.73 1.45 59.07 36.14 60.51 Mpo25 40.83 1.47 59.43 37.44 60.7 
Mpr26 31.29 1.83 38.06 55.55 79.33 Mpo26 31.26 1.83 38.08 56.84 78.58 
Mpr27 36.49 2.35 42.45 56.71 91.6 Mpo27 36.43 2.36 42.44 58.04 91.2 
Mpr28 28.11 1.85 33.67 54.83 87.65 Mpo28 28.1 1.86 33.71 56.13 86.97 
Mpr29 46.33 2.08 74.76 69.23 46.27 Mpo29 46.14 2.09 74.59 70.36 45.98 
Mpr30 29.9 2.02 33.93 59.36 86.15 Mpo30 29.85 2.03 33.9 60.64 85.64 
Mpr31 33.43 2.37 38 56.97 100.63 Mpo31 33.4 2.38 37.99 58.27 98.73 
Mpr32 27.81 1.9 32.01 46.69 111.09 Mpo32 27.89 1.91 32.12 48.04 110.39 
Mpr33 34.51 2.71 43.75 46.32 124.56 Mpo33 34.6 2.73 43.9 47.68 122.91 
Mpr34 36.18 2.73 45.54 37.49 106.72 Mpo34 36.38 2.75 45.83 38.78 105.49 
Mpr35 31.91 2.32 36.02 42.33 107.06 Mpo35 32.07 2.34 36.22 43.63 104.42 
Mpr36 33.1 1.6 43.19 23.31 70.07 Mpo36 33.49 1.62 43.75 24.21 68.96 
Mpr37 36.16 1.36 58.2 31.85 55.5 Mpo37 36.39 1.37 58.71 32.99 53.51 
Mpr38 25.58 1.05 39.24 61.12 52.85 Mpo38 25.47 1.05 39.17 62.41 51.84 
Mpr39 35.1 1.89 43.89 25.67 61.49 Mpo39 35.48 1.92 44.41 26.72 60.67 
Mpr40 18.75 0.87 26.96 29.49 71.85 Mpo40 16.36 0.77 23.68 28.71 70.6 
Mpr41 54.87 3.29 65.96 33.98 64.83 Mpo41 50.96 2.91 61.43 33.17 62.98 
Mpr42 51.67 3.51 58.82 68.75 79.51 Mpo42 47.95 3.11 54.71 67.95 77.15 
Mpr43 51.69 3.37 59.75 89.23 62.7 Mpo43 48.18 3 55.81 88.82 61.86 
Mpr44 34.58 1.73 44.1 28.55 62.31 Mpo44 31.03 1.53 39.69 27.79 62.24 
Mpr45 50.22 3.5 59.32 76.7 80.44 Mpo45 46.75 3.12 55.31 76.01 79.25 
Mpr46 62.71 4.74 70.26 25.09 65.31 Mpo46 58.88 4.18 66.09 24.34 65.06 
Mpr47 56.14 5.25 79.61 52.38 87.33 Mpo47 53.73 4.65 76.16 51.45 86.41 
Mpr48 65.77 6.84 85.58 35.53 91.24 Mpo48 63.32 6.04 82.52 34.73 88.88 
Mpr49 83.06 8.91 96.76 71.96 66.91 Mpo49 81.11 7.91 94.85 71.28 66.26 
Mpr50 72.65 5.83 81.79 35.53 63.07 Mpo50 69.54 5.14 78.46 34.73 61.56 
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Table 38 Fluoride concentration levels of different types of vegetable samples and BCF in 

Nalhati-I block 

Vegetable  F
-
 (mg.Kg

-1
) Mean BCF  

Radish (Raphanus sativus) leaf 0.96 ± 0.04  0.86 

Potato (Solanum tuberosum) leaf 0.89±0.07  1.3 

Spinach (Spinacia oleracea) leaf 1.06±0.09  0.94 

Papaya (Carica papaya) leaf 1.19±0.05  1.22 

Squash (Cucurbita maxima) fruit 0.79±0.03  0.76 

Brinjal (Solanum melongena) fruit 0.61±0.03  0.76 

 Seem (Dolichos lablob) fruit 0.73±0.03  0.45 

Korola (Momordica charantia) fruit 0.4±0.02 0.47 

Fluoride concentrations in vegetable samples are represented as mean ± standard deviation (n=3) 

 

Table 39 Fluoride concentration levels of different types of vegetable samples and BCF in 

Rampurhat-II block 

Vegetable  F
-
 (mg.Kg

-1
) Mean BCF  

Cabbage (Brassica oleracea) leaf 1.25± 0.07  1.22 

Onion (Allium cepa) leaf 3.19± 0.07 0.92 

Radish (Raphanus sativus) leaf 3.21± 0.04  1.4 

Potato (Solanum tuberosum) leaf 0.65±0.07  0.23 

Cauliflower (Brassica oleracea var. botrytis) leaf 1.11±0.12  1.01 

Spinach (Spinacia oleracea) leaf 2.56±0.09  1.31 

Papaya (Carica papaya) fruit 0.68±0.05  0.82 

Kundri (Coccinia grandis) fruit 0.80±0.03  0.36 

Brinjal (Solanum melongena) fruit 1.35±0.03  0.51 

 Seem (Dolichos lablob) fruit 0.65±0.03  0.62 

Korola (Momordica charantia) fruit 0.40±0.03 0.51 

Fluoride concentrations in vegetable samples are represented as mean ± standard deviation (n=3) 
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Table 40 Fluoride concentration levels of different types of vegetable samples and BCF in 

Khoyrasol block 

Vegetable  F
-
 (mg.Kg

-1
)  Mean BCF  

Cabbage (Brassica oleracea) leaf 1.22± 0.07  1.13 

Radish (Raphanus sativus) leaf 2.94± 0.1  1.26 

Potato (Solanum tuberosum) leaf 2.89±0.06  1.3 

Cauliflower (Brassica oleracea var. botrytis) leaf 0.62±0.02  0.85 

Spinach (Spinacia oleracea) leaf 1.36±0.09  0.94 

Papaya (Carica papaya) fruit 2.39±0.05  1.22 

Squash (Cucurbita maxima) fruit 0.79±0.03  0.76 

Brinjal (Solanum melongena) fruit 0.61±0.03  0.76 

 Seem (Dolichos lablob) fruit 0.84±0.03  0.47 

Fluoride concentrations in vegetable samples are represented as mean ± standard deviation (n=3) 

 

 

Table 41 Fluoride concentration levels of different types of vegetable samples and BCF in 

Mahammad Bazar block 

Vegetable  F
-
 (mg.Kg

-1
)  Mean BCF  

Radish (Raphanus sativus) leaf 0.94± 0.035  0.96 

Potato (Solanum tuberosum) leaf 0.69±0.067  0.89 

Spinach (Spinacia oleracea) leaf 1.25±0.090  1.06 

Papaya (Carica papaya) fruit 1.19±0.05  0.68 

Squash (Cucurbita maxima) fruit 0.76±0.03  0.48 

Brinjal (Solanum melongena) fruit 0.61±0.03  0.72 

 Seem (Dolichos lablob) fruit 0.62±0.01  0.56 

Fluoride concentrations in vegetable samples are represented as mean ± standard deviation (n=3) 

 

 

 

Tables 155 



Fig. 1 Birbhum District in West Bengal

Fig. 2 Study locations in Nalhati
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Fig. 3 Study locations in Rampurhat

Fig. 4 Study locations in Khoyrasol

 

 

Rampurhat-II block 

Khoyrasol block 

Figures
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Fig. 5 Study locations in Mohammad Bazar

Fig. 6 Study location of Control area (Jagdhari)

 

 

Mohammad Bazar block 

Control area (Jagdhari) 
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 Fig.11 Piper trilinear diagram showing hydrogeochemical facies for groundwater of 

 

Fig. 12 Piper trilinear diagram showing hydrogeochemical facies for groundwater of 

 

 

Piper trilinear diagram showing hydrogeochemical facies for groundwater of Nalhati

trilinear diagram showing hydrogeochemical facies for groundwater of Nalhati

Figures

  

Nalhati-I in PRM 

 

Nalhati-I in POM  
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Fig. 13 Piper trilinear diagram showing hydrogeochemical facies for groundwater of Rampurhat

     

Fig. 14 Piper trilinear diagram showing hydrogeochemical facies for groundwater of 

 

 

Piper trilinear diagram showing hydrogeochemical facies for groundwater of Rampurhat

Piper trilinear diagram showing hydrogeochemical facies for groundwater of Rampurhat
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Figures

   

Piper trilinear diagram showing hydrogeochemical facies for groundwater of Rampurhat-II in PRM  

 

Rampurhat-II in POM  
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Fig. 15 Piper trilinear diagram showing hydrogeochemical facies for groundwater of Khoyrasol in PRM

 

     Fig. 16 Piper trilinear diagram showing hydrogeochemical facies for groundwater of Khoyrasol in POM

 

 

trilinear diagram showing hydrogeochemical facies for groundwater of Khoyrasol in PRM

trilinear diagram showing hydrogeochemical facies for groundwater of Khoyrasol in POM
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trilinear diagram showing hydrogeochemical facies for groundwater of Khoyrasol in PRM  
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Fig. 17 Piper trilinear diagram showing hydrogeochemical facies for groundwater of Mahammad Bazar

      

Fig.18 Piper trilinear diagram showing hydrogeochemical facies for groundwater of Mahammad Bazar
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Fig. 19 PCA loading plot of the water parameters in PRM season of Nalhati –I block 
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Fig. 20 PCA loading plot of the water parameters in POM season of Nalhati –I block 
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Fig.21 PCA loading plot of the water parameters in PRM season of Rampurhat -II block 
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Fig. 22 PCA loading plot of the water parameters in POM season of Rampurhat -II block 
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Fig. 23 PCA loading plot of the water parameters in PRM season of Khoyrasol block 
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Fig. 24 PCA loading plot of the water parameters in POM season of Khoyrasol block  
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Fig. 25 PCA loading plot of the water parameters in PRM season of Mahammad Bazar block 
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Fig. 26 PCA loading plot of the water parameters in POM season of Mahammad Bazar block  
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Fig. 27 Cluster Analysis Dendrogram of the water parameters in PRM season of Nalhati-I Block 
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Fig. 28 Cluster Analysis Dendrogram of the water parameters in POM season of Nalhati-I Block  
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Fig. 29 Cluster Analysis Dendrogram of the water parameters in PRM season of Rampurhat-II Block  
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Fig. 30 Cluster Analysis Dendrogram of the water parameters in POM season of Rampurhat-II Block 

 

 

Figures 170 



PO4SO4pHSiO2FeKNaTDSMgCaClTHECHCO3TAF

53.19

68.79

84.40

100.00

Variables

S
im
ila
ri
ty

Dendrogram
Single Linkage, Correlation Coefficient Distance

 
Fig. 31 Cluster Analysis Dendrogram of the water parameters in PRM season of Khoyrasol Block  
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Fig. 32 Cluster Analysis Dendrogram of the water parameters in POM season of Khoyrasol Block 
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Fig. 33 Cluster Analysis Dendrogram of water parameters in PRM season of Mahammad Bazar Block  
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Fig. 34 Cluster Analysis Dendrogram of water parameters in POM season of Mahammad Bazar Block 
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 Fig. 43 Average Fluoride level in different four blocks during PRM and POM in Birbhum district 

 

 

Fig. 44 Comparison between average Fluoride level and average WQI/25 in different four blocks 

of Birbhum district during PRM and POM  
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Fig. 57 BCF of different vegetables and Fluoride in soil in Nalhati-I block 

 

 

Fig. 58 BCF of different vegetables and Fluoride in soil in Rampurhat-II block 
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Fig. 59 BCF of different vegetables and Fluoride in soil in Khoyrasol block 

 

 

 

Fig. 60 BCF of different vegetables and Fluoride in soil in Mahammad Bazar block 
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The villages of Birbhum district of West Bengal, India, is showing endemic fluorosis 

caused by ground water as the main source of drinking water as well as the irrigational 

water. Throughout the study, fluoride and other water parameters were estimated in 220 

sites of 22 villages from 4 blocks, namely, Nalhati-I, Rampurhat-II, Khoyrasole and 

Mahammad Bazar in Birbhum district during pre monsoon (PRM) and post monsoon 

(POM) seasons along with fluoride accumulation and biochemical changes of locally 

grown vegetables. On the basis of mean fluoride level in ground water during both PRM 

and POM these four blocks can be arranges as: Rampurhat-II > Nalhati-I > Khoyrasol > 

Mahammad Bazar. There is a potential threat of endemic fluorosis in these three blocks 

namely, Nalhati-I, Rampurhat-II and Khoyrasole among these four blocks. Fluoride 

incidence in groundwater is of greater inconvenience in Khoyrasol block as the people 

residing in this area are not well aware about it. The average fluoride level in all four 

blocks decreased slightly during POM season in comparison to PRM season. This fact 

might have been originated from the dilution effect due to ground water recharge during 

monsoon season. 

 Other physico-chemical parameters of water rendered the relations between fluoride and 

the parameters, accounted for the hydrogeochemical facies of ground water, assessed the 

water quality for drinking acceptability computing WQI and analyzed the irrigational 

quality of the water samples.  

Thorough analysis of the water parameters did not reveal any consistent correlation 

between fluoride and other water parameters in all the four blocks. But the positive 

correlation of calcium and magnesium with fluoride found in almost all cases indicates the 

presence of limestone in those areas which on leaching raises the fluoride level. A positive 

correlation was found between fluoride and bicarbonate in the fluoride prone blocks 

namely Nalhati-I, Rampurhat-II and Khoyrasole during both PRM and POM complying 

with the favorable dissolution of fluorite minerals at higher bicarbonate concentration.  
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Principle component analysis (PCA) loading plots portrayed different associations with 

fluoride corroborating correlation among the water parameters in different blocks during 

different seasons. The cluster analysis of the water parameters in all the four blocks during 

PRM and POM, graphically represented in the dendograms according to Ward’s linkage 

was adopted for the revelation of the similarity between the parameters. From all the 

dendograms obtained, remarkable and closest similarity was observed with fluoride, total 

alkalinity and bicarbonate in Khoyrasol block during PRM settling high concentration of 

bicarbonate and alkalinity to be favorable condition for the dissolution of fluoride bearing 

minerals. 

Piper diagrams used to discriminate the hydrogeochemical facies depicted separate type of 

water in terms of major constituent cations (Na, K, Ca, and Mg) and anions (Cl
-
, SO4

2-
, 

HCO3 
-
and CO3

2-
) in each different block. The difference may be attributed to the 

difference in regional lithology and different leaching pattern in correlation with fluoride 

abundance. 

Different irrigational quality parameters namely, percentage of sodium, sodium adsorption 

ratio, permeability index, magnesium hazard were computed to judge the reliability of the 

water used for irrigation from different speculative aspects. In view of average percent 

sodium value the water collected from Rampurhat-II, Khoyrasol, Mahammad Bazar block 

during both PRM and POM were categorized as class II (30 < % Na < 75) rendering the 

water samples permissible to doubtful for irrigation. But in Nalhati-I block the water 

collected during both PRM and POM were of class I (% Na < 30) category indicating its 

goodness to use for irrigation. From the point of mean SAR values, all the water samples 

collected (except a few in Rampurhat-II block) from Nalhati-I, Khoyrasol, Mahammad 

Bazar block during both PRM and POM were of excellent category (SAR < 10) to use in 

irrigation. On the basis of permeability index Rampurhat-II block during both PRM and 

POM had the highest percentage of class 1 (PI > 75) category samples according to WHO 

classification. Because, the water samples of  Rampurhat-II had high fluoride  levels and in  
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correlation had high Na and HCO3
-
 level which resulted in higher permeability index. 

Magnesium hazard ratio depicted the highest percentage (60 %) of unsuitable water for 

irrigation (MH > 50) in Rampurhat- II block during both PRM and POM indicating the 

ability to cause adverse effects on agricultural yield. The origin of this fact is the elevated 

level of fluoride and its significant positive correlation with magnesium. 

The study of biochemical parameters (chlorophyll, amino acids, proteins, soluble sugars, 

ascorbic acid) in edible part of different vegetable plants namely, Cabbage (Brassica 

oleracea var. botrytis) leaf, Onion (Allium cepa) leaf, Spinach (Spinacia oleracea) leaf, 

Radish (Raphanus sativus) leaf, Potato (Solanum tuberosum) leaf, Cauliflower (Brassica 

oleracea) leaf, Papaya (Carica papaya) fruit, Kundri (Coccinia grandis) fruit, Brinjal 

(Solanum melongena) fruit, Seem (Dolichos lablob) fruit, Korola (Momordica charantia) 

fruit, Squash (Cucurbita maxima) fruit) collected from Nalhati-I, Rampurhat-II, Khoyrasol, 

Mahammad Bazar block and control area was conducted to understand the effect of 

fluoride along with the accumulation. For the conjecture of stress effect of fluoride, the 

new parameter PBC (percent biochemical change) was introduced to calculate the 

biochemical changes with respect to control. 

The study revealed that the reducing sugar in most of the vegetable leaves and fruits 

collected from fluoride-affected area decreased considerably (PBC >0) in comparison to 

the control area. This may be due to decreased photosynthesis resulting in lower 

accumulation of photo assimilate in leaves and fruits under fluoride stress, decreasing the 

sensitivity of different crop plants. Since formation of reducing sugars such as glucose, 

fructose, and mannose in leaves presumably inhibited by F, the tendency of plants exposed 

to F decrease the concentrations of such sugars indicating the possible conversion of these 

sugars to non-reducing sugars, such as sucrose and raffinose or sugar alcohols. Increased 

levels of non-reducing sugars in some cases might have been arisen from a mechanism 

adopted by plants to reduce F toxicity.  
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The PBC in chlorophyll content (Chl a, Chl b, total Chl) rendered that about in all 

vegetables collected from all four blocks there were lesser amount of chlorophyll in the 

fluoride affected areas with respect to control area. The highest reduction in chlorophyll 

content (Chl a, Chl b, total Chl) were found mainly the leafy vegetables namely, 

cauliflower, potato and cabbage. Reduction in the Chl a, Chl b and total chl content may be 

due to the breakdown of chlorophyll under stress or due to inhibition of chlorophyll 

biosynthesis. Decrease in chlorophyll content may also be due to the disruption of 

chloroplast membranes as described by earlier researchers. The higher PBC in leafy 

vegetables occurred presumably due to the higher stress of fluoride as a consequence of 

higher fluoride adsorption during photo assimilation.  

 The ascorbic acid content in most of the vegetable leaves and fruits of different blocks 

decreased in comparison to control probably due to inhibition of ascorbic acid synthesis 

under fluoride stress. However, In few vegetables like, Brinjal, Seem and Korola, the 

ascorbic acid content collected from the fluoride affected area showed the opposite trend, 

which may be explained on the basis of previous thoughts of binding of fluoride with 

ascorbic acid oxidase enzyme inhibiting the breakdown of ascorbic acid in the plant. 

Protein content in most of the vegetables collected from the fluoride affected sites had a 

relatively lower amount of protein with respect to the protein content of the vegetables 

collected from the control area. As the fluoride decreases the number of ribosomes and 

destroys the structure of ribosomal proteins which negatively affects the entire protein 

synthesis, a decrease in protein content is therefore observed. Reduced rate of amino acid 

synthesis under fluoride stress may also be a probable reason of lower protein content in 

the vegetables collected from fluoride affected area. The total free amino acid content in 

some of the different vegetables collected from polluted areas was in lower amount with 

respect to the control area and in few the reversed trend was noticed. This may be due to 

less degradation of storage protein, amino acid synthesis and amino acid utilization for 

protein  synthesis  and  for  respiration  under  fluoride  stress.  Increased rates of dark CO2  
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fixation under fluoride stress may be the reason of increased amino acid content in few of 

the vegetables in the affected area in comparison to control area. 

In this district, substantial amounts of different vegetables are cultivated with fluoride 

contaminated groundwater. As a result, fluoride accumulation in different parts of 

vegetables grown there is likely leading to fluoride contamination in the food chain. The 

changes in biochemical parameters with respect to the average fluoride level in water in 

different blocks portrayed higher biochemical changes due to higher level of fluoride in 

irrigational water. Fluoride accumulation and the cumulative change in biochemical 

parameters due to fluoride stress may affect the food value of different vegetables in the 

fluoride affected area. 

The transport of fluoride from soil to vegetation was measured by calculating the 

bioconcentration factor (BCF) and the effect of fluoride on biochemical constituents of 

leaves and fruits of the fluoride affected area in comparison to the control area. The high 

value of BCF were found in the leafy vegetables due to higher rate of metabolism and 

consequent absorption of water soluble fluoride from soil. Furthermore, it was observed 

that higher fluoride in soil resulted in higher BCF of fluoride. This fact might have been 

arisen from the higher transition of fluoride from soil to foliage during water absorption 

depending on the rate of photosynthesis. 

Along with the water quality both for drinking and irrigation in the four blocks studied, it 

is presumable that stress effect fluoride on plant metabolism can produce disturbances in 

natural biosynthetic turnover. Therefore, future mitigation attempts should consider 

alternative fluoride-free water sources for drinking and irrigation purposes in these fluoride 

affected areas of Birbhum district.  
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ABSTRACT 
 
High fluoride concentrations in natural groundwater of 
Nowapara and Junidpur villages of the Birbhum 
District in India has recently been highlighted as a 
serious environmental concern. A study has been 
conducted to estimate fluoride concentrations and 
water quality along with the translocation of fluoride 
into vegetables through soil and the stress effect of 
fluoride on some biochemical parameters in this area. 
The result has been compared with a non-
contaminated area of Burdwan University farm of the 
Burdwan District as a control zone by collecting equal 
numbers and types of samples. The results showed a 
positive correlation of fluoride concentration with 
depth, indicating higher concentrations of fluoride in 
drinking water drawn from deep tubewells in this 
semi-arid region. A high bioconcentration factor 
(BCF) of fluoride in vegetables imposes a high health 
risk due to fluoride intake both from water and 
vegetation. Probable exposure to the inhabitants of 
these villages is speculated due to changed bio-
chemical parameters like chlorophyll, sugar, amino 
acid, ascorbic acid and protein in the vegetables as a 
result of fluoride stress. In the future, ground water 
monitoring to supply safe drinking water may be an 
effective way against the negative impact of fluoride 
on the inhabitants.  

                                                 
* Corresponding author: Tel.:+919434545694  Email : 
nkmenvbu@gmail.com 

Keywords: Fluoride; birbhum district; vegetables; 
chlorophyll; ascorbic acid; amino acid  
 
 
1. INTRODUCTION  
 
Water-related problems have become a modern day 
challenge and a worldwide health problem is caused 
by the consumption of drinking water containing high 
fluoride [1]. There is a risk of endemic fluorosis where 
the fluoride level is more than 1.0 mg L-1 in drinking 
water [2]. Fluorosis is endemic in 20 states of India, 
affecting more than 65 million people, including 6 
million children [3]. The villages of the Birbhum 
District of West Bengal, India, are under threat of 
fluorosis [4]. Harmful effects of fluoride are more 
relevant in the context of India compared to most 
Western countries where fluoridation of water is 
recommended to help prevent dental caries [5]. In 
nature, fluoride mainly occurs in ground water [6]. 
Enhanced fluoride intake through drinking water 
coupled with dietary intake could significantly 
substantiate total fluoride accumulation in body tissue 
[7]. 

Lithology and soil are the main factors that 
control the quality of water [8].The amount of fluoride 
occurring naturally in groundwater is governed 
principally by climate, composition of the host rock 
and hydrogeology. Some anthropogenic activities such 
as use of phosphate fertilizers, pesticides, sewage and 
sludges for agriculture, depletion of groundwater, etc., 
are also implicated as causes of increased fluoride 
concentration in groundwater [9,10]. These activities 
may take decades to increase the fluoride level in 
water by exceeding the adsorption capacity of soil 
[11]. Weathering of rocks and leaching of fluoride-
bearing minerals are the major reasons of elevated 
concentrations of fluoride in groundwater [12,13]. 
Evaporation is another important phenomenon that 
concentrates the fluoride in arid regions [14]. When 
groundwater is used in irrigation, the vegetables 
grown also incorporate fluoride. Fluoride is absorbed 
by plant roots [15,16] and then transported via 
xylematic flow to the transpiratory organs, mainly 
leaves, where it can be accumulated with adverse 
effects. Certain physiological processes are known to 
be markedly affected by fluoride, including decreased 
plant growth, chlorosis, leaf tip burn and leaf necrosis 
[17-19]. This fluoride may affect the biochemical ratio 
of the plant body [20]. The toxic effect of fluoride on 
pigments like chlorophyll and some secondary 
metabolites like sugar, ascorbic acid, amino acids and 
proteins are well documented [18-24]. Fluoride causes 
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reduction in photosynthetic pigment concentration 
[25], inhibition of photosynthesis [26] and changes in 
carbohydrate metabolism [27].  

An inventory of fluoride concentration in 
drinking groundwater and its effect on plant phys-
iology is thus an important step toward curbing the 
spread of fluorosis. The ability of plants to uptake and 
accumulate the non-essential element fluorine makes a 
potential threat to human health through its entrance 
into the food chain. 

In the present study, we concentrate on the semi-
arid zone of Birbhum District. Its groundwater is 
known to have elevated level of fluoride as reported 
by the School of Environment Studies, Jadavpur  
University, Kolkata. In this district, substantial 
amounts of different vegetables are cultivated with 
fluoride contaminated groundwater. As a result, 
fluoride accumulation in different parts of vegetables 
grown there is likely leading to fluoride contamination 
in the food chain. Therefore, in continuation of the 
authors’ previous study by sampling the water, soil 
and vegetable, an attempt was made to assess the 
water quality, the transport of fluoride from soil to 
vegetation by examining the bioconcentration factor 
(BCF) and the effect of fluoride on biochemical 
constituents of leaves and fruits of the fluoride-
contaminated area in comparison with the control 
area.  
 
 
2. MATERIALS AND METHODS 
 
2.1. Study Area  
 
Two areas are chosen for the present study: one is a 
highly endemic fluoride region and the other is the 
control region where fluoride pollution is not reported 
so far. The polluted regions Nowapara (24°6’20.7”N 
and 77°47’3.1”E) and Junidpur (24°6’1.4”N and 
77°46’53.5”E) are located in the Birbhum District of 
West Bengal, India (Fig. 1). The most interesting part 
of the geology of this area stems from the gradient of 
red soil. A kind of sandy hard red soil of the alfisoil 
type and latterite soil of this area give rise to potential 
aquifers at depth. Bore wells and open wells are the 
main source of water for domestic and agricultural 
purposes in this arid region. The Burdwan University 
seed multiplication farm and the nearby locality 
(23°15’12”N and 77°50’51”E) of the Burdwan 
District were chosen as the control area for the study 
(Fig. 1). Different types of soil are encountered in 
different topographical, biological and hydrological 
sites as well as geological conditions within the 

Burdwan District. In the study area, alluvial soil 
attains an enormous thickness. This alluvial soil is 
formed of alluvium brought down by the Damodar 
and numerous other rivers. These soils are sandy, well 
drained and slightly acidic in nature. Here also bore 
wells is the main source of drinking water; water of 
shallow pumps and river water is used for irrigation 
purposes. 
 
2.2. Sampling  
 
Water from ponds (S4, S9); tube wells (S1, S2, S3, 
S5, S6, S7, S8, S10, S11) having depths of 10 ft,12 ft, 
100 ft, 65 ft, 65 ft, 97 ft, 67 ft, 60 ft, 60 ft, 75 ft, 90 ft, 
respectively, and shallow (S12, S13) (which is used 
for irrigation) having depths of 75ft and 70ft, 
respectively, were collected from the polluted zone 
during the winter season and stored in pre-cleaned and 
sterilized polythene bottles of one-liter capacity 
following standard protocols. The water samples were 
immediately refrigerated after collection. Vegetable 
samples were also collected from the polluted area, 
refrigerated immediately after collection and analysis 
was done as quickly as possible. Thirty-three soil 
samples were collected from the vegetable fields near 
the plants (three samples near each plant) in the 
polluted area and stored in zippered polyethene 
packets. Pond water (C1, C2); tube well water (C3, 
C4, C5, C6, C7, C8, C9, C10, C11) and shallow water 
(C12, C13) having depths of 11 ft,12 ft, 110 ft, 60 ft, 
45 ft, 110 ft, 60 ft, 60 ft, 60 ft, 90 ft, 116 ft, 70 ft and 
60 ft, respectively, along with vegetables and fruits 
similar to the polluted zone were collected from the 
control area.  
 
2.3. Analysis of Water Quality Parameters 
 
Some of water quality parameters such as pH , 
bicarbonate (HCO3

-), calcium (Ca), magnesium (Mg), 
iron (Fe), nitrate (NO3

-), phosphate (PO4
3-), chloride 

(Cl- ), electrical conductivity (EC), sodium (Na), 
potassium (K), sulfate (SO4

2-) values of the water 
samples were measured quantitatively using Standard 
methods of examination of water and waste water 
[28]. 
 
2.4. Analysis of Fluoride in Water and Soil  
 
After adding 25 mL TISAB (4g 1,2-cyclohexanedi-
amine-N,N,N',N'-tetraacetic acid (CDTA) + 57 g NaCl 
and 57 g glacial CH3COOH in 1 L of distilled water 
adjusted to pH 5-5.5 with 6 N NaOH) to 25 mL of a 
water sample, fluoride concentration was measured 
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with a fluoride ion selective electrode using an 
ORION 5 star ion analyzer. For the determination of 
water soluble fluoride in soil [29], an extract was 
made (1:1) using distilled water. Then the same 
procedure was followed as used for the water samples 
using 25 mL of the extract in the place of 25mL water 
sample. The limit of detection (LOD) of the method 
was 0.02 mg/L. All of the water parameters were 
analyzed following standard methods [28]. Bio-
chemical parameters such as sugar [30], chlorophyll 
[31], ascorbic acid [32], protein [33] and amino acid 

[34] were studied from leaves and fruits of different 
vegetables. 
 
2.5. Analysis of Fluoride in Vegetable Samples 
 
Fluoride concentrations in vegetables and leaves were 
measured by the following method. After thorough 
washing with water, the fresh vegetables/leaves 
harvested from the contaminated and control area 

were dried at 105°C and crushed into powder so as to 
pass through a 40 mesh sieve. About 0.5 g each of the 
powdered samples was transferred into a 150-mL 
nickel crucible and moistened with a small amount of 
de-ionized water. Six mL of 16.8 N NaOH was added 
and the crucible was placed in an oven (150°C) for 
1.5-2.0 hr until NaOH was solidified. The crucible 
was placed in a muffle furnace set at 300°C, then 
raised to 600°C and kept at 600°C for 30 min in order 
to fuse the sample in the crucible. The crucible was 
placed in a hood and allowed to cool, and 10 mL 
distilled water was added. Then, 37% HCl solution 
(about 7 mL) was added slowly to adjust the pH to 7-
9. The sample solution was transferred to a 100 mL 
plastic volumetric flask, made up to volume with 
distilled water and filtered through a Whatman No. 40 
filter paper [35]. The filtrate was used for analysis of 
fluoride with the same procedure and the same ion 
selective electrode used for water analysis. 

 

 
 
Figure 1 Study area 
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2.6. Bioconcentration Factor (BCF) 
 
For estimating fluoride concentrations in vegetables 
the common parameter is the Bioconcentration Factor 
(BCF). BCF is the ratio of F concentration in the 
vegetable and F concentration in soil, i.e.,  
 

F concentration in vegetable (mg /kg of vegetable) 
BCF = –––––––––––––––––––––––––––––––––––––––– 

F concentration in soil (mg/Kg soil) 
 
2.7. Statistical Analysis 
 
The data were expressed as mean ± standard 
deviation. A correlation study between the water 
fluoride level and the other water quality parameters 
was performed with SPSS statistical version 16.0. 
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Figure 2 Correlation of depth of source with fluoride 
concentration in selected ground water samples in the 
polluted zone 
 
 
3. RESULTS  
 
3.1. Water Quality Parameters  
 
The pond and shallow water samples were acidic (pH 
<7.0) and the water samples from the tube-wells were 
alkaline with pH values ranging from 7.1 to 8.7 in the 
polluted area. All the samples from different sources 
(pond, tube-well, shallow) were non-saline (EC <1.0 
mS/cm) and soft in nature as the values of Ca and Mg 
were below the permissible limit of 75 mg/L and 150 
mg/L, respectively [36]. Nitrate, chloride and iron 

contents of all the water samples from different 
sources (pond, tube-well, shallow) were below the 
permissible limit of 45 mg/L, 500mg/L and 1 mg/L, 
respectively [36]. The phosphate content of 23.07% 
water sources was above the limit of 0.1mg/L 
permitted by USPH [37]. The phosphate content of 
shallow water samples were well below the 
permissible limit. 

The concentration of fluoride in the water from 
different source types ranged from 3.05 mg/L to 10.2 
mg/L for tube wells, 1.54 to 2.30 mg/L for ponds and 
0.560 to 0.612 mg/L for shallow samples (Table 1). 
All the water samples from tube wells had fluoride 
concentration above the permissible limit of 1.5 mg/L 
[36]. The water samples from the control zone were 
non-fluorinated (F- <1.5mg/L), slightly alkaline (pH 
>7), non-saline (EC <1mS/cm). The Cl-, total iron, Ca 
and Mg contents, of this water was well below the 
permissible limit [36] (Table 2). 
 
3.2. Depth Variation of Fluoride 
 
The approximate depths of sources of the samples 
showed a positive correlation with the fluoride 
concentration in the polluted area (Fig. 2). But this 
correlation is not so significant (Fig. 3) in the control 
area as the control area contains low level of fluoride. 
The highest mean values of fluoride were found to be 
10.0 mg/L in groundwater having the highest depth 
(100 ft) in the fluoride-contaminated area. The 
amounts of fluoride in surface water were lower in 
comparison to groundwater (Table 1). 
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Figure 3 Correlation of depth of source with fluoride 
concentration in selected ground water samples in the 
control zone. 
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Table 1 Analytical data of selected water samples of Nowapara and Junidpur in the Birbhum District 
 

ample (with 
depth) 

F- 

(mg/L) pH 
HCO3

- 
(mg/L) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Fe (mg/L)
NO3

-  
(mg/L) 

PO4
3- 

(mg/L) 
Cl- 

(mg/L) 
EC 
(mS/cm)

Na 
(mg/L) 

K (mg/L) 
SO4

2- 

(mg/L) 

S1(100ft) 10.00± 
0.27 

8.4± 
0.2 

200.60
±4.69 

40.0±5.3 4.7± 
1.2 

0.153± 
0.013 

1.093± 
0.092 

0.048± 
0.005 

31.48± 
0.81 

0.3± 0.0 116.30
±2.92 

19.93±0.23 426.13
±6.12 

S2(65ft) 6.56± 
0.35 

7.7± 
0.1 

144.17 
± 1.90 

2.7±1.2 3.3± 
1.2 

0.218± 
0.004 

0.759± 
0.035 

0.152± 
0.003 

44.07± 
0.40 

0.6± 0.1 68.57± 
2.64 

32.97±0.57 216.43
±4.06 

S3(65ft) 6.62± 
0.29 

8.1± 
0.2 

71.5± 
1.9 

4.7±1.2 8.0± 
2.0 

0.135± 
0.003 

2.151± 
0.069 

0.219± 
0.013 

195.17
± 0.38 

0.5± 0.1 80.23± 
1.22 

45.13±0.57 129.93
±2.89 

S4(10ft) 2.24± 
0.10 

6.9± 
0.4 

81.67± 
3.13 

4.7±1.2 24.0± 
3.5 

0.200± 
0.007 

1.622± 
2.105 

0.084± 
0.006 

56.66± 
0.63 

0.4± 0.1 51.67± 
1.26 

53.10±0.44 173.27
±8.28 

S5(98ft) 9.80± 
0.18 

7.9± 
0.2 

32.8± 
2.6 

2.0±2.0 230.0± 
7.2 

0.620± 
0.036 

14.145
±0.403 

0.000± 
0.00 

119.62
± 0.52 

0.8± 0.1 135.00
±2.55 

23.30±1.01 309.27
±6.50 

S6(68ft) 6.78± 
0.17 

7.8± 
0.3 

28.13± 
0.47 

2.7±1.2 44.0± 
5.3 

0.480± 
0.015 

2.668± 
0.161 

0.010± 
0.009 

44.07± 
0.25 

0.4± 0.0 98.23± 
2.61 

56.40±0.66 103.87
±7.83 

S7(60ft) 3.31± 
0.23 

7.3± 
0.3 

59.50± 
2.36 

3.3±1.2 64.0± 
6.9 

0.190± 
0.020 

1.380± 
0.322 

0.114± 
0.008 

37.78± 
0.70 

0.5± 0.0 234.1± 
1.3 

107.33±0.9
3 

144.53
±4.87 

S8(60ft) 3.42± 
0.92 

8.5± 
0.3 

135.77
± 2.16 

36.0±5.3 132.0± 
5.3 

0.174± 
0.005 

2.001± 
0.127 

0.030± 
0.014 

188.87
± 0.61 

0.7± 0.1 147.93
±2.47 

31.26±1.03 329.70
±7.13 

S9(12ft) 1.67± 
0.11 

6.7± 
0.2 

19.33± 
1.85 

4.0±2.0 56.0± 
5.3 

0.246± 
0.219 

1.909± 
0.053 

0.012± 
0.002 

62.96±
0.06 

0.4± 0.0 199.07
±3.09 

33.40±0.70 227.63
±5.48 

S10(85ft) 7.10± 
0.13 

8.5± 
0.1 

110.33
±2.15 

2.0±2.0 50.0± 
6.0 

0.709± 
0.004 

1.714± 
0.127 

0.015± 
0.003 

44.07± 
0.14 

0.8± 0.1 64.30± 
1.45 

87.17±0.83 213.77
±3.96 

S11(90ft) 8.88± 
0.23 

8.2± 
0.2 

70.80± 
6.12 

24.0±4.0 132.0± 
10.6 

0.700± 
0.006 

0.667± 
0.064 

0.010± 
0.002 

62.96± 
0.29 

0.9± 0.0 135.33
±2.01 

61.67±0.71 401.10
±8.78 

S12(75ft) 6.94± 
0.12 

6.6± 
0.2 

50.03± 
1.99 

36.0±3.5 76.0± 
5.3 

0.632± 
0.008 

1.576± 
0.058 

0.029± 
0.004 

94.44± 
0.43 

0.7± 0.0 90.30± 
1.45 

71.40±0.46 214.90
±8.69 

S13(70ft) 0.58± 
0.03 

6.2± 
0.1 

64.83± 
1.40 

28.0±4.0 128.0± 
10.6 

0.290± 
0.004 

0.334± 
0.040 

0.031± 
0.005 

44.07± 
0.03 

0.4± 0.0 76.80± 
1.45 

92.57±0.71 137.63
±7.07 
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Table 2 Analytical data of selected water samples of control area of the Burdwan District 
 

Sample 
(with 
depth) 

F- 

(mg/L) pH 
HCO3

- 
(mg/L) 

Ca 
(mg/L) 

Mg 
(mg/L) 

Fe 
(mg/L) 

NO3
-  

(mg/L) 

PO4
3- 

(mg/L) 
Cl- 

(mg/L) 
EC 
(mS/cm) 

Na 
(mg/L) 

K 
(mg/L) 

SO4
2- (mg/L) 

C1(11ft) 0.00± 
0.00 

8.6± 0.1 16.27± 
0.50 

34.1± 
2.2 

14.1± 
2.2 

0.053± 
0.013 

0.22± 
0.03 

0.082± 
0.004 

63.01± 
0.06 

0.8±0.1 35.53± 
0.70 

11.47± 
0.57 

130.04±2.39 

C2(12ft) 0.00± 
0.00 

8.5± 0.2 40.37± 
0.07 

14.0± 
2.2 

36.2± 
4.2 

0.061± 
0.004 

0.25± 
0.07 

0.066± 
0.011 

44.11± 
0.41 

0.6±0.0 24.30± 
0.75 

8.93± 
0.25 

144.87±3.55 

C3(110ft) 0.00± 
0.06 

7.8± 0.2 34.70± 
0.92 

22.2± 
2.0 

44.0± 
5.3 

0.124± 
0.003 

0.10± 
0.02 

0.121± 
0.010 

63.10± 
0.29 

0.7±0.0 43.47± 
0.03 

15.57± 
0.38 

92.80±2.51 

C4(60ft) 0.01± 
0.06 

8.2± 0.1 46.73± 
0.50 

36.0± 
4.2 

18.1± 
2.0 

0.082± 
0.007 

0.334± 
0.08 

0.154± 
0.004 

37.81± 
0.71 

0.4±0.0 52.47± 
0.76 

21.33± 
0.87 

47.03±3.85 

C5(45ft) 0.01± 
0.11 

8.1± 0.1 51.67± 
0.63 

10.3± 
2.0 

20.9± 
2.1 

0.061± 
0.004 

0.121± 
0.01 

0.100± 
0.015 

47.12± 
2.01 

0.5±0.0 49.37± 
0.70 

12.43± 
0.21 

198.83±5.40 

C6(110ft) 0.01± 
0.06 

7.8± 0.2 36.27± 
0.41 

56.2± 
5.3 

24.2± 
4.0 

0.174± 
0.005 

1.33± 
0.11 

0.265± 
0.004 

44.07± 
0.25 

0.7±0.1 60.13± 
1.20 

13.47± 
0.61 

173.2±2.82 

C7(60ft) 0.00± 
0.00 

8.0± 0.2 27.77± 
0.38 

50.4± 
6.0 

22.1± 
2.0 

0.290± 
0.004 

1.02± 
0.21 

0.351± 
0.016 

45.80± 
0.71 

0.4±0.0 21.90± 
0.36 

16.67± 
0.45 

221.27±3.33 

C8(60ft) 0.00± 
0.00 

7.9± 0.1 23.43± 
0.70 

18.1± 
2.0 

36.1± 
4.2 

0.120±
0.008 

0.226±
0.01 

0.045± 
0.002 

56.66± 
0.63 

0.4±0.1 14.47± 
0.94 

10.20± 
0.56 

83.30±2.69 

C9(60ft) 0.00± 
0.00 

7.8± 0.1 13.83± 
0.35 

21.0± 
2.1 

22.3± 
2.0 

0.051± 
0.011 

0.76± 
0.04 

0.115± 
0.009 

52.92± 
0.78 

0.8±0.1 12.40± 
0.66 

8.93± 
0.25 

152.73±3.23 

C10(90ft) 0.01± 
0.06 

7.7± 0.1 43.87± 
0.31 

36.0± 
4.2 

10.0± 
2.0 

0.075± 
0.010 

0.25± 
0.08 

0.282± 
0.075 

44.07± 
0.14 

0.3±0.0 17.87± 
0.65 

17.30± 
0.44 

232.1±3.72 

C11(116ft) 0.01± 
0.06 

8.1± 0.1 17.73± 
0.50 

24.2± 
3.5 

36.0± 
5.3 

0.133± 
0.012 

0.12± 
0.01 

0.131± 
0.007 

75.52± 
1.15 

0.6±0.1 15.93± 
0.35 

25.93± 
0.25 

187.13±5.04 

C12(80ft) 0.00± 
0.00 

7.7± 0.1 25.40± 
0.78 

56.1± 
4.2 

40.2± 
2.0 

0.095± 
0.012 

0.67± 
0.07 

0.057± 
0.005 

30.22± 
3.20 

0.5±0.1 24.77± 
0.55 

32.37± 
0.42 

78.10±4.03 

C13(60ft) 0.01± 
0.06 

8.0± 0.2 54.57± 
1.81 

40.1± 
5.3 

10.3± 
2.0 

0.046± 
0.008 

0.10± 
0.02 

0.081± 
0.004 

44.07±
0.03 

0.4±0.0 31.83± 
1.23 

20.03± 
0.40 

210.33±2.15 
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Table 3 Correlation matrix of different parameters in ground water of a fluoride polluted area of Birbhum 
 

 F- pH HCO3
- Ca Mg Fe NO3

- PO4
3- Cl- EC Na K 

pH 0.756**            

HCO3
- 0.271 0.494*           

Ca 0.088 0.169 0.446          

Mg 0.081 -0.017 -0.38 0.145         

Fe 0.482* 0.264 -0.357 -0.039 0.475        

NO3
- 0.391 0.140 -0.335 -0.301 0.665** 0.326       

PO4
3- -0.076 0.011 0.221 -0.289 -0.571* -0.604* -0.255      

Cl- 0.043 0.353 -0.057 0.128 0.265 -0.159 0.290 0.287     

EC 0.429 0.501* -0.088 0.01 0.565* 0.727** 0.330 -0.260 0.288    

Na -0.164 -0.074 -0.247 -0.045 0.270 -0.175 0.125 -0.157 -0.002 -0.019   

K -0.388 -0.319 -0.295 -0.075 0.009 0.230 -0.377 -0.015 -0.335 0.081 0.059  

SO4
2- 0.536* 0.527* 0.513* 0.549* 0.303 0.175 0.156 -0.379 0.054 0.369 0.189 -0.511* 

* Correlation is significant at the 0.05 level    ** Correlation is significant at the 0.01 level 
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Table 4 Correlation matrix of different parameters in ground water of the control area of Burdwan 
 

 F- pH HCO3
- Ca Mg Fe NO3

- PO4
3- Cl- EC Na K 

pH -0.156            

HCO3
- -0.279 0.509*           

Ca -0.149 -0.333 -0.351          

Mg -0.309 -0.152 0.265 -0.214         

Fe -0.184 -0.241 -0.198 0.454 0.212        

NO3
- -0.301 -0.348 -0.134 0.664** -0.039 0.598*       

PO4
3- 0.192 -0.299 -0.236 0.499* -0.361 0.700** 0.586*      

Cl- -0.033 0.235 -0.15 -0.481* 0.229 0.044 -0.378 -0.146     

EC -0.303 0.247 0.090 -0.160 0.244 -0.160 0.182 -0.254 0.456    

Na 0.558* 0.126 -0.123 0.199 -0.143 0.005 0.156 0.112 -0.235 0.152   

K 0.147 -0.309 -0.326 0.528* 0.176 0.116 -0.023 0.006 -0.224 -0.343 -0.036  

SO4
2- 0.256 -0.081 -0.023 0.06 -0.501* 0.2 0.117 0.533 0.09 -0.178 -0.187 0.256 

* Correlation is significant at the 0.05 level      ** Correlation is significant at the 0.01 level 
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Table 5 Variation of biochemical constituents in leaves of different vegetable plants 
 

Name of vegetables 

Sugar 

Chlorophyll 

Ascorbic acid Protein Amino acid 

Chl-a Chl-b Total Chl 

Control  Polluted Control Polluted Control Polluted Control Polluted  Control Polluted Control Polluted Control Polluted 

Cabbage (Brassica 
oleracea) 

578.9±
8.3 

566± 
4.07** 

0.11±
0.01 

0.10±
0.02a 

0.42±
0.01 

0.25±
0.001* 

0.41±
0.02 

0.36±
0.01* 

0.30±
0.01 

0.241
±0.01
* 

560.1
±3.2 

555.41
±3.51a 

6.13±
0.14 

6.03±
0.08a 

Onion (Allium cepa) 
718.1±
5.3 

703.6±
3.4* 

0.08±
0.001 

0.05±
0.003* 

0.43±
0.008 

0.28±
0.01* 

0.66±
0.01 

0.53±
0.03* 

0.24±
0.01 

0.22±
0.01a 

192.4
±3.3 

188.6±
3.8a 

4.18±
0.04 

3.54±
0.09* 

Spinach (Spinacia 
oleracea) 

762.45
±3.1 

751.84
±3.61* 

0.20±
0.006 

0.18±
0.01** 

0.59±
0.016 

0.54±
0.01* 

1.00±
0.003 

0.89±
0.01* 

0.18±
0.03 

0.17±
0.01a 

895.5
±4.6 

892.48
±7.54a 

1.28±
0.04 

0.32±
0.01* 

Radish (Raphanus 
sativus) 

559.2±
8.1 

554.2±
13.9a 

0.34±
0.004 

0.23±
0.01* 

0.66±
0.01 

0.15±
0.01* 

1.02±
0.15 

0.57±
0.01* 

0.08±
0.01 

0.06±
0.08a 

492.8
±3.5 

491.8±
5.9a 

4.18±
0.16 

2.89±
0.07* 

Potato (Solanum 
tuberosum) 

891.4±
12.5 

883.3±
7.3a 

0.96±
0.047 

0.13±
0.01* 

1.48±
0.04 

0.24±
0.01* 

1.02±
0.05 

0.38±
0.003* 

0.25±
0.01 

0.19±
0.01* 

418±
1.9 

411± 
4.1** 

2.25±
0.11 

1.29±
0.03* 

Cauliflower (Brassica 
oleracea var. botrytis) 

952.4±
3.4 

951.4±
19.2a 

0.33±
0.006 

0.21±
0.01* 

0.37±
0.008 

0.29±
0.02* 

0.73±
0.02 

0.60±
0.01* 

0.21±
0.02 

0.16±
0.01* 

742.9
±6.4 

739.9±
4.9a 

2.25±
0.02 

1.93±
0.13* 

 * Change is significant at 1% level, ** Change is significant at 5% level, a Change is not significant. All the biochemical constituents are measured in terms of mg/100g leaf 
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Table 6 Variation of biochemical constituents in different vegetables 
 

Name of the 
sample 

Sugar Ascorbic acid Protein Amino acid 

Control Polluted Control Polluted Control Polluted Control Polluted 

Papaya (Carica 
papaya) 

154.68±4.30 148.48±5.24 a 1.012±0.019 1.12±0.10a  766.22±6.11 763.17±7.06a  5.99±0.19 6.79±0.91a  

Kundri (Coccinia 
grandis) 

107.92±7.80 107.81±2.49a 0.290±0.100 0.38±0.04a  425.33±4.46 423.98±6.14a  18.12±2.75 19.3±3.01a  

Radish (Raphanus 
sativus) 

290.49±8.66 287.49±6.89a 0.480±0.119 0.57±0.06a  806.44±8.92 805.56±5.00a  15.44±3.03 16.08±2.83a  

Potato plant 
(Solanum 
tuberosum) 

307.46±8.81 307.36±7.89a 0.364±0.061 0.44±0.04a 580.42±5.03 572.37±8.01a  21.75±3.51 22.5±3.06a  

Brinjal (Solanum 
melongena) 

153.33±2.94 152.26±5.70a  0.278±0.022 0.32±0.01** 300.11±8.10 296.79±6.57a  33.21±3.75 35.37±3.72a  

Seem (Dolichos 
lablob) 

554.41±8.43 549.45±7.97a  0.243±0.002 0.25±0.02a  311.68±9.56 301.58±6.83a  21.49±4.00 28.94±1.49 **

Korola 
(Momordica 
charantia)  

98.11±8.03 96.80±6.78a 0.052±0.012 0.06±0.01a  496.66±4.49 487.57±7.86a  14.00±1.15 14.27±2.53a  

* Change is significant at 1% level, ** Change is significant at 5% level, a Change is not significant. All the biochemical constituents are measured in terms of of mg/100g 
vegetable 
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3.3. Correlation between Water Parameters 
 
An attempt was made to correlate the fluoride with 
various parameters for both the polluted and control 
zones, as indicated in Tables 3 and 4, respectively. All 
the parameters showed positive correlation with 
fluoride except phosphate, sodium and potassium in 
the polluted area. The positive correlation between 
bicarbonate and fluoride along with the significant 
positive correlation between pH and fluoride was 
found in the fluoride-contaminated area.  

Calcium and magnesium showed positive 
correlation with fluoride as found by Alagumuthu and 
Rajan [38]. However, the correlations between 
fluoride and other water parameters are not as 
significant as the fluoride level is very low in the 
control area (Table 4). 
 
3.4. Piper Diagrams 
 
Figures 4 and 5 show Piper diagrams taking the mean 
values of the parameters of the water samples 
collected from the study and polluted areas to 
illustrate the chemical analyses. On the basis of 
Walton’s classification [39], in 92% of the water 
samples of the polluted area, the non-carbonate 
hardness (secondary salinity) exceeds 50%, i.e., by 
alkaline earths and weak acid.15.4% of the water 
samples showed an excess of alkalis with respect to 
alkaline earths and 7.7% showed an excess of weak 
acid with respect to strong acid in the polluted area. 
 

 
 

Figure 4 Piper diagram of water parameters of 
Nowpara and Junidpur 

 
 
Figure 5 Piper diagram of water parameters of the 
control area 

 
In the control area 69.2% of the water samples 

showed an excess of alkaline earths with respect to 
alkalis, 7.7% showed an excess of weak acid with 
respect to strong acid and 23.1% showed an excess of 
strong acid with respect to weak acid. 
 
3.5. Fluoride in Soil 
 
Fluoride concentrations in the soil samples were 
measured to access the translocation of fluoride from 
soil to plant body by calculating the BCF. The fluoride 
content was found to be highest (4.5 mg/kg soil) in the 
soil of a radish field (Fig. 6). High fluoride 
concentrations in soil are indicated by high mean 
concentrations of fluoride in radish (4.21 mg/kg 
vegetables) and its leaves (3.21 mg/kg vegetables). 
 
3.6. Biochemical Parameters 
 
Along with the water study, biochemical parameter 
such as chlorophyll, amino acids, proteins, soluble 
sugars, ascorbic acid in some vegetables and vegetable 
leaves were studied and are listed in Tables 5 and 6. In 
Table 5, we see that the reducing sugar contents of the 
leaves decreased monotonically with respect to the 
control area and the reduction was maximum in case 
of cabbage (2.15%) and minimum in case of 
cauliflower (0.11%). The chl. a, chl. b and total 
chlorophyll of leaves in the fluoride-affected area 
were reduced considerably comprised to the control 
area. For potatoes, maximum reduction of 86.1%, 
84.1%, 62.7% of chl a, chl b and total chl content, 
respectively were obtained, indicating the 
susceptibility, of potato plants to fluoride. 
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Figure 6 Fluoride concentration in soil where 
vegetables are cultivated. Values are means  SE N(3) 
from two independent experiments. 
 

Lesser amounts of ascorbic acid were found in 
leaves of different vegetables in the fluoride-affected 
area than in the control area. Reduction caused by 
fluoride was found to be highest in cauliflower 
(26.2%) and lowest in spinach (6.5%). The change of 
total protein content in leaves of different vegetables 
of the polluted site due to the stress of fluoride was 
not as significant but showed a decreasing trend with 
respect to the control site. The highest reduction was 
found in onion (1.9%) and lowest in radish (0.2%). 

The free amino acid contents in the leaves and 
vegetables of different species under fluoride stress 
showed significant reduction in comparison to the 

control area. For spinach the maximum reduction was 
78.8% of ascorbic acid was found and minimum 
reduction was found in cabbage (1.5%). 

For vegetables, sugar and protein levels showed a 
decreasing tendency, whereas ascorbic acid and amino 
acid showed increasing tendency due to the fluoride 
stress in the affected area in comparison to the control 
area. The highest and lowest reductions of sugar were 
found in papaya (4.0%) and potato (0.03%) 
respectively. The reduction of protein was highest in 
seem (3.2%) and lowest in radish (0.10%). Ascorbic 
acid and amino acid contents in the vegetables were 
significantly higher in the fluoride affected area with 
respect to the control area. Enhancement of ascorbic 
acid content due to fluoride stress was found to be the 
highest in kundri (31.0%) and lowest in seem (4.5%). 
Seem showed the highest degree of augmentation of 
amino acid (34.7%) and korola showed the lowest 
(1.9%). 
 
3.7. Bioconcentration Factor 
 
Fluoride concentration along with mean BCF values 
of F in vegetable leaves and vegetables are presented 
in Tables 7 and 8. The fluoride concentration and 
mean BCF value of F was found to be highest in 
leaves and vegetable of Raphanus sativus (radish). 
Higher concentrations of fluoride in soil where the 
vegetable is cultivated may be the reason for higher 
BCF. Other than radish, leafy vegetables like spinach, 
cabbage and cauliflower leaves had BCF values of F 
greater than 1. 

 
Table 7 Mean fluoride concentration levels of different types of vegetable leaf samples and BCF 
 

Sl.No. vegetable 
Polluted zone 
(F- mg.kg-1) 

control zone 
(F- mg.kg-1) 

Mean BCF in 
polluted zone 

1. 
Cabbage (Brassica oleracea)  
(N = 3) 1.25 0.07 ND 1.22 

2. 
Onion (Allium cepa) 
(N = 3) 3.19 0.07 ND 0.92 

3. 
Radish (Raphanus sativus) 
(N = 3) 3.21 0.04 

0.0090.001 
 

1.40 

4. 
Potato (Solanum tuberosum) 
(N = 3) 

0.650.07 
 

0.0040.001 
 

0.23 

5. 
Cauliflower (Brassica oleracea var. 
botrytis) 
(N = 3) 

1.110.12 
 

ND 1.01 

6. 
Spinach (Spinacia oleracea) 
(N = 3) 

2.560.09 
 

0.010.001 1.31 

ND: Not Detectable 



 
 
 

Pal et al., Annals of Environmental Science / 2012, Vol 6, 123-139 

www.aes.northeastern.edu, ISSN 1939-2621 135

Table 8 Mean fluoride concentration levels of different types of vegetable samples and BCF 
 

Sl.No. vegetable 
Polluted zone 
(F- mg.kg-1) 

control zone 
(F- mg.kg-1) 

Mean BCF in 
polluted zone 

1. Papaya (Carica papaya) 
(N = 3) 0.580.05 ND 0.82 

2. Kundri (Coccinia grandis) 
(N = 3) 0.800.03 

ND 
 

0.36 

3. Radish (Raphanus sativus) 
(N = 3) 4.210.02 0.0060.001 1.06 

4. Potato (Solanum tuberosum) 
(N = 3) 1.470.03 

0.0050.001 
 

1.1 

5. Brinjal (Solanum melongena) 
(N = 3) 1.350.03 

ND 
 

0.51 

6.  Seem (Dolichos lablob) 
(N = 3) 0.650.03 ND 0.62 

7. Korola (Momordica charantia) 
(N = 3)  0.400.03 

ND 
 

0.51 

ND: Not Detectable 
 
 
4. DISCUSSION 
 
4.1. Variation of Fluoride with Depth 
 
A positive correlation between fluoride concentration 
and depth of sampling indicates that fluoride is present 
in the form of fluorite minerals in the Precambrian 
granite or granitic-gneiss of the underground basement 
[40,41]. The process of weathering of rock releases 
fluoride in soil and groundwater. With <1.0 μg/L of F 
in drinking water as the optimum level for warmer 
climates as suggested by WHO [42], people living in 
the villages Nowapara and Junidpur in the Birbhum 
District are under threat from potential F toxicity from 
groundwater as well as contamination from surface 
water sources. Depth-wise variation in F concentration 
may be attributed to the lithological homogeneity of 
the area. Trace amounts of F found in surface water 
and shallow water may be attributed to long time 
application of phosphate fertilizers and subsequent 
leaching as agricultural runoff into the surface water-
body sources [24]. 
 
4.2. Correlation of F with other Water Parameters 
 
Water quality parameters such as alkalinity, pH and 
hardness have high impact on water fluoride levels 
due to the release of fluoride from fluoride-containing 
minerals by carbonates and dissolved solids [43]. The 
positive correlation between bicarbonate and fluoride 
indicates that high alkalinity water promotes leaching 
of fluoride and thus affects the concentration of 

fluoride in groundwater [44]. The ionic radius of 
fluoride (0.136 nm) is the same as that of hydroxyl 
ion, which can be easily substituted from water at high 
pH [45,46]. Alkaline pH where bicarbonate activity is 
high, promotes the fluoride dissolution represented as: 
CaF2 +2NaHCO3= CaCO3 + 2Na+ + 2F- + H2O + CO2 

[44]. Calcium and magnesium showed positive 
correlation with fluoride [38]. The positive correlation 
with calcium observed may be attributed to the 
presence of limestone in those areas [40]. There was a 
positive correlation between chloride and fluoride 
[47,48]. Iron and sulfate had a significant positive 
correlation with fluoride [49]. However, the 
correlation between fluoride and other water 
parameters are not so significant as the fluoride level 
is very low in the control area.  
 
4.3. Biochemical Parameters 
 
Chlorophyll. It is reported that tuberous vegetables 
such as potato appear to accumulate relatively higher 
to levels of fluoride [50] and a high stress effect is 
observed. Reduction in the chl a, chl b and total chl 
content may be due to the breakdown of chlorophyll 
under stress or due to inhibition of chlorophyll 
biosynthesis [51]. Magnesium is a central component 
of chlorophyll; it traps fluoride as MgF2 in a 
detoxification mechanism [52] and this may be cause 
decrease in the chlorophyll content in the plant body. 
Decrease in chlorophyll content may also be due to 
the disruption of chloroplast membranes as described 
by Horvath et al. [21]. Earlier studies confirm that 
fluoride causes a reduction in the chlorophyll content 
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of foliage [19]. The biochemical basis of this effect 
may be a consequence of inhibition by fluoride of 
incorporation of γ-aminolevulinic acid into 
chlorophyll synthetic pathway [53]. 
 
Sugar. The sugar levels in plants are directly related 
to stress factors [22]. The reducing sugar of both 
leaves and vegetables of the fluoride-affected area 
were significantly decreased considerably in 
comparison to the control area. This may be due to a 
lower level of photosynthesis leading to lower 
accumulation of photo assimilate in leaves and fruits 
under fluoride stress, decreasing the sensitivity of 
different crop plants [18]. Since formation of reducing 
sugars such as glucose, fructose, and mannose in 
leaves is thought to be inhibited by F, the tendency of 
plants exposed to F to decrease the concentrations of 
such sugars in their leaves indicates the possible 
conversion of these sugars to non-reducing sugars, 
such as sucrose and raffinose or sugar alcohols. Under 
these conditions, increased levels of non-reducing 
sugars in tissues might be a mechanism adopted by 
plants to reduce F toxicity [23] 
 
Ascorbic acid. Ascorbic acid as an antioxidant plays 
an important role in protection against physiological 
stress [54]. Ascorbic acid content in leaves of different 
vegetables of the fluoride-affected area decreased due 
to inhibition of ascorbic acid synthesis under fluoride 
stress [20]. In vegetables, the ascorbic acid content of 
the affected area showed an increasing trend over the 
controlled area, which may be attributed to binding of 
fluoride with ascorbic acid oxidase enzyme thereby 
inhibiting the breakdown of ascorbic acid in the plant 
system [51]. 
 
Protein. Chang [55] stated that fluoride decreased the 
number of ribosomes and destroyed the structure of 
ribosomal proteins, which negatively affected the 
entire protein synthesis. We can reach the same 
inference with our results. Protein content in the 
leaves and vegetables of different species under 
fluoride stress showed significant reduction in 
comparison to the control area due to the reduced rate 
of amino acid synthesis under fluoride stress [20].  
 
Amino acid. The total free amino acid content in 
leaves of different vegetables of the polluted site 
showed a decreasing trend with respect to the control 
site. This may be due to less degradation of storage 
protein, amino acid synthesis and amino acid 
utilization for protein synthesis and for respiration 
under fluoride stress [24]. The increased amino acid 

the content in vegetables in the affected area in 
comparison to control area may be attributed to 
increased rates of dark CO2 fixation under fluoride 
stress [20]. 
 
4.4. BCF of Fluoride 
 
BCF has been used as an indicator of affinity for the 
accumulation of F in plants and because of its simple 
application, it is widely used [56,57]. Earlier 
investigations found increased fluoride translocation 
in plants where metabolism is higher [58]. Leafy 
vegetables like radish, spinach, cabbage and 
cauliflower leaves had BCF values of F greater than 1, 
which indicates a higher rate of photosynthesis in 
leafy vegetables associated with higher intake of water 
resulting in a higher BCF value of F. However, 
Swartjes et al. [59] reported that BCF values are not 
always constant in specific vegetables and are largely 
affected by soil properties like soil pH, clay content, 
organic matter and fluoride concentration in soil and 
plant factors like the type of plant and growth rate.  
 
 
5. CONCLUSION 
 
Keeping in view the ground water quality that is the 
source of drinking water, the residents of this locality 
of the Birbhum District are in an alarming position. A 
positive correlation was found with the depth of water 
sample, which imposes a greater risk in these fluoride-
affected villages. Because the drinking water level got 
down deep due to dryness in this area, the fluoride 
levels were higher in the drinking water. Vegetable 
plants are also under stressed conditions. It is 
presumable that this kind of stress effect on plant 
metabolism could produce disturbances in natural 
biosynthetic turnover. Working on cell tissue culture, 
Diesendorf and Sutton [60] reported that in the 
presence of fluoride, DNA molecules may be 
damaged and genetic malformations may be induced. 
Genetic malformation can produce any type of 
physiological or biochemical change in a plant body, 
imposing harmful effect on plant species and the 
agricultural system. Beside this fact, by estimating the 
BCF it may be speculated that the people in this area 
are in chronic toxic exposure to organo-fluourine 
compounds which can be synthesized by crops and 
vegetable plants after transportation of fluoride from 
water and soil. Future mitigation attempts should 
consider alternative fluoride-free water sources for 
drinking and irrigation purposes.  
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Abstract In relation to fluoride in ground water, dental

fluorosis is studied in seven villages, viz., Nasipur, Vaba-

nandapur, and Deshnabagram under Nalhati I block and

Kamdebpur, Chalk Atla, Nowapara, and Junitpur under

Rampurhat II block, of Birbhum district, West Bengal,

India. Water samples (N = 70) were collected from the

tube wells of the mentioned villages in the months of

December 2010 to February 2011 and analyzed for fluoride

and other water parameters. The study result revealed that

the fluoride levels of almost all the water samples (95.7%)

were higher than 1.5 mg/L, with mean values of 3.15 and

3.83 mg/L in Nalhati I block and Rampurhat II block,

respectively. Dental fluorosis of 490 respondents was

visually determined by a competent dentist using Dean’s

index (DI) and the tooth surface index of fluorosis (TSIF).

According to the DI, the percentage of severely affected

respondents was lowest in Chalk Atla (0%) and highest in

Deshnabagram (50%). The percentage of severely affected

respondents was lowest in Kamdebpur and Chalk Atla

(0%) and highest in Nowapara (20%) according to the

TSIF score. The age group 10–20 years showed the highest

percentage of severe DI (40.8%) and the age group 21–30

years showed the highest percentage of severe TSIF

(22.51%) compared to the other age groups in the study.

The positive relationship between the fluoride level in

water and the severity of dental fluorosis has been proved

statistically. The high mean score of dental fluorosis indi-

cates that dental fluorosis is endemic throughout the study

area.

Keywords Ground water � Fluoride � Dental fluorosis �

Dean’s index � Tooth surface index of fluorosis

1 Introduction

Chronic fluoride intoxication (fluorosis) is a worldwide

health problem which originated mainly due to the con-

sumption of drinking water containing high fluoride con-

centration (Susheela et al. 1993). The quality of ground

water, which is the main source of drinking water, depends

mainly on the lithology and soil of the contaminated area

(Arveti et al. 2011). The amount of fluoride has increased

in the subsoil water with the lowering of the water level

(Gautam and Bhardwaj 2010). The problem of high fluo-

ride concentration in ground water sources is one of the

most important toxicological and geo-environmental issues

in India. The weathering of rocks and leaching of fluoride-

bearing minerals are the major reasons for elevated con-

centrations of fluoride in ground water (Brindha et al.

2011). Evaporation is another important phenomenon that

concentrates fluoride in arid regions (Weinstein and Dav-

ison 2004). Besides the climate, the composition of the host

rock, and hydrogeology, some anthropogenic activities

such as the use of phosphatic fertilizers, pesticides, sewage,

and sludges for agriculture, depletion of ground water, etc.

are also implicated as causes of increased fluoride con-

centration in ground water (Office of Environmental Health

Hazard Assessment [OEHHA] 1997; Ramanaiah et al.

2006). Handa examined the geochemistry and genesis of

fluoride-containing ground water from different parts of
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India and observed that there is an inverse relation between

fluoride and soluble calcium content in ground water

(Handa 1975; Kundu et al. 2001). Evapo-transpiration,

which precipitates calcite in ground water and increases the

sodium-to-calcium ion ratio, may be contributing to the

increase in the fluoride ion concentration (Jacks et al. 2005;

Mamatha and Rao 2010). Studies have also shown that

fluoride and bicarbonate ions in ground water are positively

correlated and bicarbonate accelerates the dissolution of

calcium fluorite to release fluoride into the water.

Fluoride intake and its harmful effects are more relevant

in the context of India compared to Western countries,

where the fluoridation of water is, instead, recommended to

help prevent dental caries (Teotia and Teotia 1991). In

areas with warm climate, the fluoride concentration in

drinking water should remain below 1.0 mg/L, whereas in

cooler climates, the recommended limit may increase up to

1.2 mg/L (World Health Organization [WHO] 1991). This

is due to higher water consumption in warmer climates as a

result of higher perspiration (Yadav et al. 2009). Enhanced

fluoride intake through drinking water coupled with dietary

intake could significantly substantiate the total fluoride

accumulation in body tissue (Pandey and Pandey 2011).

Drinking water is typically the largest single contributor to

daily fluoride intake (Murray 1986). For a given individual,

fluoride exposure (mg/kg of body weight per day) via

drinking water is determined by the fluoride level in the

water and the daily water consumption (liters per day).

Fluoride has been used for many years in carries pre-

vention, mainly as community water fluoridation, whereby

1 ppm of fluoride in drinking water leads to a reduction in

dental caries, with minor side effects such as dental fluo-

rosis (Clarkson and McLoughlin 2000; da Cunha and To-

mita 2006; Pizzo et al. 2007). Approximately 50% of the

fluoride absorbed is deposited in the bones and teeth, and

the remainder is excreted in urine, storing about 99% of the

fluoride retained in the mineralized bones and teeth due to

its affinity for calcium phosphate (Teotia et al. 2003).

Dental fluorosis, a hypoplasia or hypomineralization of

tooth enamel or dentin, produced the chronic ingestion of

excessive amounts fluoride during a period when teeth are

developing in a range of intensity from barely noticeable

whitish striations to confluent pitting and staining (Horo-

witz 1986). The severity of dental fluorosis depends on

when and for how long the overexposure of fluoride occurs

(Den Besten 1994). The duration of exposure of fluoride

may be indicated by the age of male and unmarried

respondents, but for married females (belonging to the age

group over 21 years old), it is indicated by the duration of

married life. Radiographically detectable mineralization of

the primary incisors occurs by 24 months of age and prior

to 6 years of age for the second molars and premolars.

Therefore, dental fluorosis does not occur when exposure

occurs in children\6–7 years of age (Ishii and Suckling

1986).

Keeping in mind the above facts, the present study was

conducted in a semi-arid zone of Birbhum district in order

to determine the fluoride levels in ground water which is

used for drinking purposes and the dental fluorosis status of

the target locations.

2 Materials and methods

2.1 Study area

The study area is in the Birbhum district, which is located

between 23°3203000 and 24°350000N and 87°0502500 and

87°0104000E (Fig. 1), having an area of 4,545 km2. Geo-

graphically, this district lies at the north eastern end of

Chota Nagpur Plateau, as it slopes down and merges with

alluvial plains of the Ganges. The climate on the western

side is dry and extreme, but it is relatively milder on the

eastern side. During the summer, the temperature can shoot

to well above 40°C and, in the winter, it can drop to around

10°C, with an annual average rainfall of 1,405 mm.

The present cross sectional study was conducted among

seven villages, viz., Nasipur (24°17033.700N and 87°450

13.600E), Vabanandapur (24°17034.100N and 87°45013.900E),

Deshnabagram (24°17032.100N and 87°45014.200E) under

Nalhati I block and Kamdebpur (24°6030.400N and

87°4702400E), Chalk Atla (24°6030.300N and 87°47023.900E),

Nowapara (24°6020.700N and 87°4703.100E), Junitpur (24°

601.400N and 87°46,53.500E) under Rampurhat II block of

Birbhum district, West Bengal, India. The most interesting

part of the geology of this area stems from the gradient of

red soil. A kind of sandy hard red soil of the alfisoil type

and laterite soil of this area give rise to potential aquifers at

depth. Open wells and bore wells are the main source of

water supply for domestic and agricultural purposes in this

arid region.

2.2 Analytical methods

Ground water samples (N = 70) were collected from each

of the mentioned villages of the two blocks during the

winter season and stored in precleaned and sterilized

polythene bottles of 1-L capacity following standard pro-

tocol. The water samples were immediately refrigerated

after collection. The pH and EC values of the water sam-

ples were measured in situ immediately after collection.

Water samples were analyzed for fluoride with an ion-

selective electrode (model: Thermo Scientific Orion 4-Star)

and the rest of the water parameters were analyzed fol-

lowing standard methods (American Public Health Asso-

ciation [APHA] 2005).
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For the dental study, the recruitment of respondents was

performed at seven primary schools in the study area with

pupils in the age range of 4–10 years and the rest of the age

group samples were collected from the respective villages,

confirming their permanent residency in these villages

from birth. Written permission was given from school

teachers and parents. Dental fluorosis was visually

determined by a competent dentist using the Dean’s index

(DI) and the tooth surface index of fluorosis (TSIF),

improvised by Horowitz et al. (1984). The DI identified six

gradations of clinical symptoms, denoting them as none,

questionable, very mild, mild, moderate, and severe, and

assigned them the respective numeric values 0, 0.5, 1, 2, 3,

and 4 (Table 1). This diagnosis process requires the

Fig. 1 Study area

72 Environmentalist (2012) 32:70–84

123



inspection of dry and clear dental surfaces under a good

light source. But in the TSIF, there was no need to dry the

tooth prior to the determination of the score of fluorosis. In

the TSIF, the minimum score is 0 and the maximum score

is 7 (Table 2). All the children and other respondents were

instructed to brush their teeth before the examination by a

trained dental hygienist. The dental fluorosis examinations

were carried out with artificial light, using a plane dental

Table 1 Dean’s index (DI)

Classification Description

Normal The enamel represents the usual translucent semivitri form type of structure. The surface is smooth, glossy, and usually of a pale

creamy white color

Questionable The enamel discloses slight aberrations from the translucency of normal enamel, ranging from a few white flecks to occasional

white spots. This classification is utilized in those instances where a definite diagnosis of the mildest form of fluorosis is not

warranted and a classification of ‘‘normal’’ not justified

Very mild Small, opaque, paper-white area scattered irregularly over the tooth but not involving as much as approximately 25% of the tooth

surface. Frequently included in this classification are teeth showing no more than about 1–2 mm of white opacity at the tip of

the summit of the cusps of the bicuspids or second molars

Mild The white opaque areas in the enamel of the teeth are more extensive but do not involve as much as 50% of the tooth

Moderate All enamel surfaces of the teeth are affected, and surfaces subject to attrition show marked wear. Brown stain is frequently a

disfiguring feature

Severe Includes teeth formerly classified as ‘‘moderately severe’’ and ‘‘severe.’’ All enamel surfaces are affected and hypoplasia is so

marked that the general form of the tooth may be altered. The major diagnostic sign of this classification is the discrete or

confluent pitting. Brown stains are widespread and teeth often present a corroded appearance

Table 2 Tooth surface index of fluorosis (TSIF) (Horowitz et al. 1984)

Score Description

0 Enamel shows no evidence of fluorosis

1 Enamel shows definite evidence of fluorosis, namely, areas with parchment-white color that total less than one-third of the visible enamel

surface. This category includes fluorosis confined only to incisional edges of anterior teeth and cusp tips of posterior teeth (snow

capping)

2 Parchment-white fluorosis totals at least one-third of the visible surface, but less than two-thirds

3 Parchment-white fluorosis totals at least two-thirds of the visible surface

4 Enamel shows staining in conjunction with any of the preceding levels of fluorosis. Staining is defined as an area of definite discoloration

that may range from light to very dark brown

5 Discrete pitting of the enamel exists, unaccompanied by evidence of staining of intact enamel. A pit is defined as definite physical defect

in the enamel surface with a rough floor that is surrounded by a wall of intact enamel. The pitted area is usually stained or differs in

color from the surrounding enamel

6 Both discrete pitting and staining of the intact enamel exist

7 Confluent pitting of the enamel surface exists. A large area of the enamel may be missing and the anatomy of the tooth may be altered.

Dark brown stain is usually present

Table 3 Population, demography, soil type, and average rainfall of the different villages under study

Block Villages Population Demography Soil type Average

rainfall (mm)

Nalhati I Nasipur 800 Flat horizon Old alluvial and red lateritic (pH 5–6.5) 1,420

Deshnabagram 600 Flat horizon Old alluvial and red lateritic (pH 5–6.5) 1,420

Vabanandapur 1,500 Flat horizon Old alluvial and red lateritic (pH 5–6.5) 1,420

Rampurhat II Kamdebpur 200 Very near to the ‘Dwarka’ river Old alluvial and red lateritic (pH 5–6.5) 1,430.5

Chalk Atla 150 Very near to the ‘Dwarka’ river Old alluvial and red lateritic (pH 5–6.5) 1,430.5

Nowapara 150 Very near to the ‘Dwarka’ river Old alluvial and red lateritic (pH 5–6.5) 1,430.5

Juntpur 350 Very near to the ‘Dwarka’ river Old alluvial and red lateritic (pH 5–6.5) 1,430.5
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mirror. Prior to the examination, the teeth were dried with

an air syringe for 1 min. The survey team was composed of

an examiner, a recorder, and a logistical human resource.

The first phase of the examination using the DI and the

second examination phase using the TSIF with a 5-day

interval between the two was performed. The interval

between the examinations using the two processes was to

minimize the habits (possible memorization) of clinical

examinations.

3 Results and discussion

Both the areas of Birbhum district are prone to being highly

dry and the average rainfall lies in the range of

1,420–1,430.5 mm. The soil type, demography, average

rainfall, and population of all these seven villages are given

in Table 3. The minimum values of fluoride concentrations

in ground water are 1.27 and 1.7 mg/L (Tables 4, 5) with

average values of 3.15 and 3.83 mg/L in Nalhati I block

and Rampurhat II block, respectively. The average fluoride

concentration was minimum in the village of Deshnaba-

gram (2.11 mg/L). One hundred percent of the water

samples of Rampurhat II block and 90% of the samples of

Nalhati I block had a fluoride concentration level of more

than 1.5 mg/L (Table 6).

When this fluorinated water was consumed by the

dwellers of these villages in these two blocks, they take in

more than 3.15 mg/day of fluoride in Nalhati I block and

more than 4.21 mg/day in Rampurhat II block, irrespective

of their age and sex (Tables 7, 8). From several studies, a

rough estimate of the total daily fluoride exposure in a

temperate climate would be approximately 0.6 mg per

adult per day in an area in which no fluoride is added to the

drinking water and 2 mg per adult per day in a fluoridated

area (WHO 1984). Therefore, the inhabitants of these two

blocks are in endemic fluoride pollution.

Water sample analysis (Tables 3, 4) shows that almost all

the water samples of both blocks were alkaline (pH[ 7.0) in

nature. 97.14% of the water samples from the two blocks

were soft in nature, as the values of Ca and Mg were below

the permissible limits of 75 and 150 mg/L, respectively, by

the WHO (1997). The chloride and iron content of all the

water samples were below the permissible limits of 500 and

1 mg/L, respectively, as prescribed by theWHO (1997). The

phosphate content of 93.3 and 82.5% of water sources of

Nalhati I block and Rampurhat II block, respectively, were

found to be above the permissible limit of 0.1 mg/L per-

mitted by the United States Public Health Service (USPHS

1961). 80 and 93.3% water samples of Nalhati I block and

Rampurhat II block, respectively, were below the secondary

maximum SO4
2-contaminant level (SMCL) of 250 mg/L,

based on esthetic effects, i.e., taste and odor (WHO 2011).T
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An attempt was made to correlate the fluoride with

various parameters of both the blocks, as indicated in

Tables 9 and 10, respectively.

All the parameters showed positive correlation with

fluoride except pH, iron (Fe), phosphate (PO4
3-), and

potassium (K?) in Nalhati I block, but in Rampurhat II

block, all the parameters showed positive correlation with

fluoride except pH, chloride (Cl-), calcium (Ca2?), and

phosphate (PO4
3-). Calcium and magnesium showed posi-

tive correlation with fluoride in Nalhati I block. A similar

observation was reported by Alagumuthu and Rajan

(2010). The positive correlation with calcium observed

may be attributed to the presence of limestone in those

areas (Taher and Ahmed 2001). But the negative

correlation of fluoride with Ca2? indicates that it has higher

affinity for sodium than calcium, and this may be due to the

dominance of ion exchange between Na? and Ca2? ions

(Singh et al. 2011). Amongst all the villages of the two

blocks, Nowapara had the highest average sodium-to-cal-

cium ion ratio (36.72). The highest average fluoride con-

centration in this village (5.96 mg/L) indicates that an

elevated sodium-to-calcium ion ratio increases the fluoride

level in water (Jacks et al. 2005; Mamatha and Rao 2010).

A positive correlation was found between chloride and

fluoride in Nalhati I block (Dutta et al. 2010; Karthikeyan

and Shunmugasundarraj 2000). In both blocks, the HCO3
-

concentration shows a positive correlation with fluoride.

The plot of fluoride concentration versus bicarbonate

concentration also justifies the correlation (Figs. 2, 3).

According to Saxena and Ahmed (2003), high concentra-

tion of HCO3
- and alkaline pH are the favorable conditions

for the dissolution of fluorite (CaF2) minerals. The chem-

ical process of fluoride dissolution can be represented as:

CaF2 ? 2NaHCO3 = CaCO3 ? 2-

Na? ? 2F- ? H2O ? CO2 (Salve et al. 2008). The

interpretation of the results of the chemical analyses of

water samples was done using Piper diagrams to discrim-

inate the type of waters in terms of the major constituent

cations (Na?, K?, Ca2?, and Mg2?) and anions (Cl-,

SO4
2-, HCO3

-, and CO3
2-). Figures 4 and 5 show Piper

diagrams for the illustration of the chemical analyses of the

water samples taken from the two blocks of the study area.

On the basis of Walton’s classification (Walton 1970), 90%

of the water samples of Rampurhat II block and 30% of the

water samples of Nalhati I block showed an excess of

alkaline earth with respect to alkalis at the three drawing

points and 40% showed an excess of strong acid with

respect to weak acid in Nalhati I block. In water samples of

Nalhati I block, the carbonate hardness (secondary alka-

linity) exceeds 50%, i.e., by alkaline earths and weak acid.

The dental fluorosis status using the DI and TSIF scores

of all the villages of the two blocks is presented in Figs. 6

and 7. From the graphical representations, it is clear that

the village Nowapara is highly affected by severe dental

fluorosis, which is indicated both by the DI (50%) and the

Table 6 Sampling location and

percentage of samples having

different fluoride levels

Area Sampling

location

No. of

samples

Percentage of samples with different fluoride levels

\1.50 mg/L 1.50–4.00 mg/L [4.00 mg/L

Nalhati I block Nasipur 10 0 40 60

Vabanandapur 10 10 80 10

Deshnabagram 10 20 80 0

Rampurhat II block Kamdebpur 10 0 80 20

Chalk Atla 10 0 80 20

Nowapara 10 0 30 70

Junitpur 10 0 60 40

Table 7 Average fluoride intake in Nalhati I block

Age

(years)

Sex Average daily

water intake (L)

Average daily intake

of fluoride (mg)

\10 M 1.3 4.10

F 1.0 3.15

10–20 M 2.4 7.56

F 1.8 5.67

21–30 M 2.8 8.82

F 2.1 6.62

[50 M 2.0 6.30

F 1.6 5.04

Table 8 Average fluoride intake in Rampurhat II block

Age

(years)

Sex Average daily

water intake (L)

Average daily intake

of fluoride (mg)

\10 M 1.4 5.36

F 1.1 4.21

10–20 M 2.3 8.81

F 1.8 6.89

21–30 M 3.0 11.49

F 2.0 7.66

[50 M 1.9 7.28

F 1.6 6.13
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TSIF (20%). The relative comparison between fluoride

levels in drinking water revealed that the highest severity in

Nowapara is predicted by the highest average fluoride

concentration in this village (5.96 mg/L).

In the age group 21–30 years, a greater percentage of

male respondents are affected severely compared to the

female respondents in both the blocks, irrespective of the

DI or TSIF score (Tables 11, 12, 13, 14). This may be due

to the fact that, in this age range, virtually all the female

residents are married who were not inhabitants of these

villages before marriage and are not in prolonged fluoride

contamination as among the male respondents. The dif-

ferent pattern of fluorosis in the two blocks suggests that

the prevalence of dental fluorosis can vary widely between

different geographical locations having almost the same

average fluoride concentration in drinking water.

The study results revealed that all the villages are highly

fluoride affected. The dental fluorosis status indicates that

the age groups 10–20 years and 31–50 years are very

vulnerable according to the DI in both the Nalhati I and

Rampurhat II blocks, although only the age group

31–50 years showed the highest dental fluorosis percentage

in Rampurhat II block. Again, the highest percentage of the

DI was recorded in Nowapara and the minimum in Chalk

Atla (Fig. 4). The intermediate percentages of the DI of 4

were recorded in Vabanandapur, Kamdebpur, Nasipur, and

Fig. 2 Fluoride concentration versus HCO3
- concentration plot of

water samples in Nalhati I block

Fig. 3 Fluoride concentration versus HCO3
- concentration plot of

water samples in Rampurhat II block

Fig. 4 Piper diagram for

representing the analyses of the

ground water quality in Nalhati

I block
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Junitpur. The percentage of the TSIF values of the different

villages were recorded and highest was found to be in

Nowapara and the minimum in Kamdebpur and Chalk

Atla. It was found that dental fluorosis was more prevalent

with increasing age. This was due to the fact that dental

fluorosis occurs at an early age, especially at the time of

eruption of secondary teeth (Gautam et al. 2011). The

dental fluorosis status of the affected areas can be

observed in Figs. 8 and 9 (in the age group\10 years);

Fig. 10 (in the age group 10–20 years); Fig. 11 (in the age

group 21–30 years); Figs. 12 and 13 (in the age group

31–50 years); and Figs. 14 and 15 (in the age group

[50 years).

The data from this study indicate that the prevalence of

dental fluorosis increases with the fluoride concentration in

drinking water (Choubisa 1997; Choubisa et al. 2001;

Gopal 2000; Dhar et al. 2007). Fluorosis is a result of the

destruction of metabolic calcium and phosphorus, leading

Fig. 5 Piper diagram for

representing the analyses of the

ground water quality in

Rampurhat II block

Fig. 6 Graphical presentation

of the percentage of people

affected in the villages of the

two blocks with respect to the

Dean’s index (DI)
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to the inhibition of active enzymatic processes in the

human body, which interrupts the function of the endocrine

system, leading to fluorosis (Xiang et al. 2004). Therefore,

a more comprehensive study is necessary in order to

explore other endemic fluoride-contaminated areas and

make villagers aware of such irreversible damages.

Fig. 7 Graphical presentation

of the percentage of people

affected in the villages of two

the blocks with respect to the

tooth surface index of fluorosis

(TSIF) scores

Table 11 Frequency distribution of the dental fluorosis classification (DI) of inhabitants of Nalhati I block

Age (years) Sex Number

of respondents

DI classification

0, no. (%) 0.5, no. (%) 1, no. (%) 2, no. (%) 3, no. (%) 4, no. (%)

\10 M 21 6 (28.57) 6 (28.57) 0 (0) 3 (14.29) 2 (9.52) 4 (19.05)

F 21 7 (33.33) 4 (19.05) 0 (0) 2 (9.52) 4 (19.05) 4 (19.05)

10–20 M 21 5 (23.81) 4 (19.05) 2 (9.52) 4 (19.05) 3 (14.29) 3 (14.29)

F 21 7 (33.33) 6 (28.57) 2 (9.52) 1 (4.76) 3 (14.29) 2 (9.52)

21–30 M 21 4 (19.05) 9 (42.86) 1 (4.76) 2 (9.52) 3 (14.29) 2 (9.52)

F 21 9 (42.86) 6 (28.57) 1 (4.76) 1 (4.76) 3 (14.29) 1 (4.76)

31–50 M 21 4 (19.05) 7 (33.33) 1 (4.76) 1 (4.76) 5 (23.81) 3 (14.29)

F 21 9 (42.86) 5 (23.81) 0 (0%) 2 (9.52) 5 (23.81) 0 (0%)

[50 M 21 5 (23.81) 6 (28.57) 2 (9.52) 1 (4.76) 3 (14.29) 4 (19.05)

F 21 7 (33.33) 5 (23.81) 1 (4.76) 1 (4.76) 6 (14.29) 1 (4.76)

Table 12 Frequency distribution of the dental fluorosis classification (DI) of inhabitants of Rampurhat II block

Age (years) Sex Number

of respondents

DI classification

0, no. (%) 0.5, no. (%) 1, no. (%) 2, no. (%) 3, no. (%) 4, no. (%)

\10 M 28 3 (10.71) 8 (28.57) 3 (10.71) 5 (17.86) 3 (10.71) 6 (21.43)

F 28 3 (10.71) 7 (25) 4 (14.29) 5 (17.86) 3 (10.71) 6 (21.43)

10–20 M 28 0 (0) 6 (21.43) 4 (14.29) 6 (21.43) 3 (10.71) 9 (32.14)

F 28 2 (7.14) 9 (32.14) 3 (10.71) 5 (17.86) 3 (10.71) 6 (21.43)

21–30 M 28 1 (3.57) 8 (28.57) 3 (10.71) 5 (17.86) 5 (17.86) 6 (21.43)

F 28 3 (10.71) 5 (17.86) 6 (21.43) 7 (25) 4 (14.29) 3 (10.71)

31–50 M 28 1 (3.57) 6 (21.43) 5 (17.86) 4 (14.29) 6 (21.43) 6 (21.43)

F 28 4 (14.29) 7 (25) 4 (14.29) 5 (17.86) 5 (17.86) 3 (10.71)

[50 M 28 0 (0) 6 (21.43) 4 (14.29) 6 (21.43) 8 (28.57) 4 (14.29)

F 28 1 (3.57) 6 (21.43) 3 (10.71) 6 (21.43) 7 (25) 5 (17.86)
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4 Conclusion

The villages of Birbhum district of West Bengal, India, is

showing endemic fluorosis caused by drinking water where

ground water is the main source of drinking water. From

this study, it is concluded that the fluoride level in all the

drinking water sources should be tested and that the water

sources should be highlighted as to which are in a safe

condition for the use of drinking. This study gives an

overview of the existing caries in the people of Nalhati I

Table 13 Frequency distribution of the dental fluorosis classification (TSIF) of inhabitants of Nalhati I block

Age

(years)

Sex Number of

respondents

TSIF score

0, no. (%) 1, no. (%) 2, no. (%) 3, no. (%) 4, no. (%) 5, no. (%) 6, no. (%) 7, no. (%)

\10 M 21 8 (38.1) 8 (38.1) 0 (0) 0 (0) 4 (19.05) 1 (4.76) 0 (0) 0 (0)

F 21 10 (47.62) 5 (23.81) 1 (4.76) 1 (4.76) 3 (14.29) 1 (4.76) 0 (0) 0 (0)

10–20 M 21 8 (38.1) 5 (23.81) 1 (4.76) 2 (9.52) 2 (9.52) 0 (0) 1 (4.76) 2 (9.52)

F 21 6 (28.57) 7 (33.33) 2 (9.52) 2 (9.52) 2 (9.52) 1 (4.76) 0 (0) 1 (4.76)

21–30 M 21 5 (23.81) 7 (33.33) 0 (0) 0 (0) 2 (9.52) 2 (9.52) 2 (9.52) 3 (14.29)

F 21 7 (33.33) 3 (14.29) 2 (9.52) 3 (14.29) 3 (14.29) 2 (9.52) 0 (0) 1 (4.76)

31–50 M 21 4 (19.05) 5 (23.81) 0 (0) 3 (14.29) 2 (9.52) 0 (0) 2 (9.52) 5 (23.81)

F 21 7 (33.33) 7 (33.33) 2 (9.52) 2 (9.52) 3 (14.29) 0 (0) 0 (0) 0 (0)

[50 M 21 3 (14.29) 6 (28.57) 0 (0) 1 (4.76) 3 (14.29) 1 (4.76) 3 (14.29) 4 (19.05)

F 21 5 (23.81) 5 (23.81) 1 (4.76) 2 (9.52) 5 (23.81) 2 (9.52) 0 (0) 1 (4.76)

Table 14 Frequency distribution of the dental fluorosis classification (TSIF) of inhabitants of Rampurhat II block

Age

(years)

Sex Number of

respondents

TSIF score

0, no. (%) 1, no. (%) 2, no. (%) 3, no. (%) 4, no. (%) 5, no. (%) 6, no. (%) 7, no. (%)

\10 M 28 2 (9.52) 9 (32.14) 3 (10.71) 6 (21.43) 1 (3.57) 2 (9.52) 3 (10.71) 2 (9.52)

F 28 2 (9.52) 7 (25) 4 (14.29) 5 (17.86) 3 (10.71) 3 (10.71) 2 (9.52) 2 (9.52)

10–20 M 28 0 (0) 5 (17.86) 4 (14.29) 6 (21.43) 3 (10.71) 1 (3.57) 5 (17.86) 4 (14.29)

F 28 1 (3.57) 8 (28.57) 5 (17.86) 3 (10.71) 4 (14.29) 1 (3.57) 3 (10.71) 3 (10.71)

21–30 M 28 2 (9.52) 6 (21.43) 3 (10.71) 7 (25) 3 (10.71) 1 (3.57) 2 (9.52) 4 (14.29)

F 28 3 (10.71) 9 (32.14) 4 (14.29) 3 (10.71) 3 (10.71) 1 (3.57) 4 (14.29) 1 (3.57)

31–50 M 28 1 (3.57) 5 (17.86) 5 (17.86) 6 (21.43) 3 (10.71) 3 (10.71) 3 (10.71) 2 (9.52)

F 28 2 (9.52) 9 (32.14) 5 (17.86) 6 (21.43) 2 (9.52) 2 (9.52) 0 (0) 2 (9.52)

[50 M 28 1 (3.57) 4 (14.29) 2 (9.52) 6 (21.43) 5 (17.86) 4 (14.29) 3 (10.71) 3 (10.71)

F 28 3 (10.71) 6 (21.43) 4 (14.29) 6 (21.43) 3 (10.71) 1 (3.57) 4 (14.29) 1 (3.57)

Fig. 8 Dental fluorosis status of the age group\10 years Fig. 9 Dental fluorosis status of the age group\10 years
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block and Rampurhat II block of Birbhum district and

helps in the implementation of programs to achieve optimal

health. Apart from this study, other health hazards like

skeletal fluorosis and gastrointestinal problems are also

observed in this area. Therefore, it is of immense impor-

tance that any government or non-governmental organiza-

tions should help in the identification of the fluoride level

and to arrange for fluoride-free drinking water supplies to

help the poorer section of society.
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