CHAPTER 1

INTRODUCTION
1.1
FLUORIDE PROBLEM AND DISTRIBUTION


Fluoride is toxic to humans and animals in large quantities, while  small concentrations can be beneficial . Rajasthan is one of the highest endemic states suffering from presence of high fluoride  contents  in  the under ground waters in  most  of  the districts  . As per a survey carried out by Public  Health  Engineering  Department in year 1991-93 , for status of water  supply in villages / habitations, nearly 16560 (about 20%) villages/habitations  were found to be affected by excess fluoride (more than 1.5 ppm),  out of which 5461 villages /habitations had fluoride more than 3 ppm.(Table 1.1.1).

        The sources of fluoride in surface or ground waters are


(i)
The sea


(ii)
The atmosphere


(iii)
The earth's crust



*
Rock forming minerals 



*
Rocks



*
Commercial ores



*
Soils


The fluoride content of surface and underground waters depends on a wide variety of factors, the major  being  the availability and solubility of the parent fluoride minerals  with which these waters are in contact. ( WHO ,1970)

Table 1.1.1

Fluoride Affected Villages /Habitation

(PHED Survey 1991-93)

	S.NO.
	DISTRICT
	TOTAL 
	FLUORIDE >1.5mg/l
	FLUORIDE >3.0mg/l

	
	
	VILL.
	HABIT.
	TOTAL
	VILL.
	HABIT.
	TOTAL
	VILL.
	HABIT.
	TOTAL

	1
	AJMER
	985
	952
	1937
	654
	371
	1025
	352
	232
	584

	2
	ALWAR
	1946
	2449
	4395
	537
	342
	879
	155
	68
	223

	3
	BANSWARA
	1431
	3175
	4606
	293
	551
	844
	35
	60
	95

	4
	BHARATPUR
	1345
	549
	1894
	529
	81
	610
	152
	11
	163

	5
	BARMER
	1623
	2780
	4403
	597
	221
	818
	181
	68
	249

	6
	BHILWARA
	1566
	968
	2534
	678
	318
	996
	392
	227
	619

	7
	BIKANER
	580
	366
	946
	84
	2
	86
	7
	0
	7

	8
	BUNDI
	826
	332
	1158
	42
	9
	51
	3
	0
	3

	9
	CHITTORGARH
	2173
	904
	3077
	115
	48
	163
	14
	9
	23

	10
	CHURU
	926
	199
	1125
	240
	8
	248
	27
	1
	28

	11
	DHOLPUR
	551
	983
	1534
	142
	157
	299
	22
	18
	40

	12
	DUNGARPUR
	846
	681
	1527
	127
	235
	362
	30
	55
	85

	13
	GANGANAGAR
	4437
	4190
	8627
	426
	418
	844
	149
	129
	278

	14
	JAIPUR
	3140
	7618
	10758
	1187
	1985
	3172
	491
	739
	1230

	15
	JAISALMER
	518
	1172
	1690
	300
	184
	484
	96
	65
	161

	16
	JALORE
	666
	823
	1489
	369
	107
	476
	115
	45
	160

	17
	JHALAWAR
	1448
	124
	1572
	42
	5
	47
	15
	3
	18

	18
	JHUNJHUNU
	824
	208
	1032
	96
	3
	99
	15
	1
	16

	19
	JODHPUR
	860
	2801
	3661
	314
	99
	413
	59
	8
	67

	20
	KOTA
	1881
	288
	2169
	44
	0
	44
	17
	0
	17

	21
	NAGAUR
	1374
	1972
	3346
	778
	147
	925
	322
	42
	364

	22
	PALI
	904
	651
	1555
	242
	88
	330
	69
	34
	103

	23
	S. MADHOPUR
	1464
	2191
	3655
	452
	268
	720
	121
	69
	190

	24
	SIKAR
	931
	2401
	3332
	331
	461
	792
	125
	144
	269

	25
	SIROHI
	446
	92
	538
	176
	5
	181
	43
	1
	44

	26
	TONK
	1019
	881
	1900
	515
	209
	724
	199
	71
	270

	27
	UDAIPUR
	3179
	5561
	8740
	431
	497
	928
	74
	81
	155

	
	TOTAL
	37889
	45311
	83200
	9741
	6819
	16560
	3280
	2181
	5461



.


Fluorides in drinking water of Rajasthan have been found to  originate  from indigenous rocks which extend from  Delhi  to Gujarat  .  The  geological distribution of  rocks  in  Rajasthan reveals  that  fluorotic ores occupy large areas of  eastern  and south-east parts of this state, in constricted synclinical  bands in  the central region of Aravali synchronium.  Secondly,  around the  mica mines, ground water is rich in fluorides and  Rajasthan is a rich source of  mica. (Shiv Chandra, 1983).

1.2
SIGNIFICANCE OF FLUORIDE


Trace amounts  of fluoride intake are reported to be beneficial  for human health  as it is required for  caries  resistant dental enamel formation and mineralization of hard tissues. However, excess intake is deleterious and leads to dental and skeletal fluorosis.

1.3
ROUTES OF FLUORIDE INTAKE


Although  fluoride can be ingested through  drinking  water, some  food  items and beverages as well as  cosmetics,  the  most important  route  of fluoride intake has been  identified  to  be drinking water.

1.4
ALLOWABLE FLUORIDE CONCENTRATION IN POTABLE WATERS


The  permissible limits of fluoride in drinking  is  1.0-1.5 mg/l as F.(Manual on Water Supply and Treatment,1991)

      U.S. Public Health Service Drinking Water Standards allow a fluoride concentration in drinking water from 0.8 to 1.7 mg/l, dependent on the annual average of maximum daily air temperature of the area concerned. (Table 1. 4.1)   

Table - 1.4.1

Recommended Limits of Fluoride Concentration

(USPHS Drinking Water Standards, 1962)

	Annual Average of maximum daily air temperatures OC
	Recommended control limits mg F/l



	
	Lower
	Optimum
	Upper

	10.0-12.1
	0.9
	1.2
	1.7

	12.1-14.6
	0.8
	1.1
	1.5

	14.7-17.7
	0.8
	1.0
	1.3

	17.8-21.4
	0.7
	0.9
	1.2

	21.5-26.2
	0.7
	0.8
	1.0

	26.3-32.5
	0.6
	0.7
	0.8



The fluoride temperature relationship is based on the premise that children drink more water in warm climates, and therefore the  fluoride content in the water supply should be reduced to prevent excessive total fluoride consumption. (Choi et al., 1979)


World Health Organisation  guidelines allows up to 1.5 mg/l of  fluorides in drinking water. (WHO, 1984)

1.5
EFFECTS OF FLUORIDE INGESTION ON HUMAN BEINGS


Fluoride when consumed or inhaled in excess (more than  1.00 ppm) can cause several health problems .   It affects young and  old alike . An  individual may suffer from:

*
Skeletal Fluorosis, or

*
Dental Fluorosis, or

*
Non. Skeletal Fluorosis, or

*
All or a combination of the above


   Fluoride  is  also  known  to  induce  ageing(Susheela, 1991). Smith and Hedge(1959 ) have related the concentration of fluorides to  the biological effects as given in table 1.5.1.



Table 1.5.1
Relation  between Concentration of Fluorides and  Biological  Effects .

(Smith and Hedge , 1959)

	Concentration of Fluoride in mg/l
	Medium
	Effect

	0.002
	Air
	Injury to  vegetation


	1
	Water

	Dental caries reduce

	2 or more
	Water

	Mottled enamel

	8
	Water

	10% osteosclerosis

	50
	Foods & water

	Thyroid changes

	100
	Foods & water

	Growth retardation

	120
	Foods & water

	Kidney changes.


1.5.1
Types of Fluorosis

1.5.1.1     Skeletal  Fluorosis   

                Prevalence  of   skeletal fluorosis  increases with increase in fluoride concentration  and age.  (Choubisa, 1996) Following are the symptoms of skeletal  fluorosis .

*
Severe pain and stiffness in the back bone 

*
Severe pain and stiffness in joints 

*
Severe pain and rigidity in hip region.

*
X-ray:- Increased girth /thickening and density of bone 


besides calcification of ligaments.

*
Constriction of vertebral canal and intervertebral  foramen 


pressure on nerves 

*
Paralysis

1.5.1.2
Dental Fluorosis


Dental  fluorosis is prevalent in children who are born  and brought up in an endemic area for fluorosis. Dental fluorosis can occur  in  milk teeth and permanent teeth. Discoloration  due  to excess fluoride intake will be visible to naked eye.


Dental  fluorosis  occurs in human  beings  consuming  water containing  1.5 mg /l or more of fluorides,  particularly  during the first eight years of life.(Bulusu et at. 1979)


The incidence and severity of mottling was found to increase with increasing concentration of  fluoride  in drinking water.


Following are the symptoms of dental fluorosis:

*
Yellowish  white-glistening tooth -become dull,  lose  their shine and 

            develop yellow white spots.

*
Yellow  white spot turns brown and presents itself in  horizontal streaks .

*
The  brown streak is at the tip of the teeth, in the  middle of the teeth or in the upper part of teeth, indicates that  child has  been exposed to high fluoride in food or water or both  upto the  age of 2 years, from the age of 2 years upto 4  years,  from the age of 4 years upto 6 years and after respectively.

*
In  late stages the whole teeth may became black. They  will be pitted or perforated and may even get chipped off.

*
Loss of teeth at an early age.

*
Delayed eruption of teeth.

1.5.1.3   Non-Skeletal Manifestations

This aspect of fluorosis is often over looked because of the wrong  notion prevailing that fluoride will only affect bone  and teeth. Fluoride when consumed in excess can cause several ailments besides. Skeletal and Dental fluorosis viz.

*
Neurological Manifestations.

*
Muscular Manifestations

*
Allergic Manifestations

*
Gastro-intestinal Problems

*
Urinary Tract Manifestations.

*
Headache

1.6
METHODS OF DEFLUORIDATION OF WATER


When  the concentration of fluoride in water source  exceeds the permissible level of 1.5 mg/l consistently, it is  essential to  consider some remedial measures to prevent the  incidence  of fluorosis . First approach is to check the aquifers from  different depths around the same location for the possible water source having   fluoride  level within the permissible  levels.  Another option  is  to consider a different water source  altogether.  If these approaches fail, then the defluoridation of water  has to be practised.


Several  methods have been suggested from time to  time  for removing  excessive  fluorides. These methods can  be  classified into  four categories based on the principle of fluoride  removal (Killedar et al. 1988) 


(A)
Adsorption


(B)
Ion Exchange Methods


(C)
Precipitation Methods


(D)
Miscellaneous Methods.


The  materials  used in these methods that have  been  shown significant defluoridation capacity can be summarized as given in Table  1.6.1  . All these methods suffer from one or  more  of  the drawbacks  of  high initial cost, lack of selectivity  for  fluorides,  poor  fluoride  removal  capacity,  separation  problems, complicated or expensive regeneration.


Fluoride removal capacity of material, working pH, interference,  merits and demerits of different existing  defluoridation methods are presented in table 1.6.2.

Table  1.6.1
Existing Methods and Materials
[D.J.Killedar and D.S. Bhargava, 1988]

	Adsorption
	Ion Exchange
	Precipitation

	
	
	

	Activated carbon
	 1. Fluoride exchangers
	 1. Lime slurry

	 I Raw materials for A.C.
	 (i) Degreased and alkali treated bones
	 2. Alum treatment  (Nalgonda)

	 (i)   Wood
	(ii)  Bone charcoal
	 (i)  Fill & draw Method

	 (ii)  Lignite
	(iii) Inorganic Ion Exchanger
	(ii) Continuous flow method

	 (iii) Coal
	(iv)  Tricalcium phosphate
	(iii)Package  treatment plant for HP installation

	 (iv)  Bone
	(v)   Florex
	(iv) Alum floc blanket technique

	 (v)   Petroleum residues
	 2. Anion Exchangers
	

	 (vi)  Nut shells
	Weak base/strong base anion exchanger resin
	

	 II Other materials
	3. Cation exchangers
	

	 (i)   Rice husk
	(i)    Saw dust carbon
	

	 (ii)  Saw dust
	(ii)   Defluron-1
	

	 (iii) Cotton waste
	(iii)  Polystyrene cation exg.  Resin
	

	
	(iv)  Carbion
	

	
	  (v)   Defluron-2
	

	
	4. Activated Alumina
	


                                  Table -1.6.2

                           Treatment options for Defluoridation

                                           (Solsona, 1985]
	Method
	Capacity/ dose
	Working pH
	Inter-ference
	Advantages 
	Disadvantages

	Aluminium sulphate
	150 mg/mg F
	Ambient
	--
	Well known process 
	Sludge produced low pH of treated water

	Lime Softening
	30 mg/mg F
	Ambient
	--
	Well known process 
	Sludge produced high pH of treated water

	Alum & Lime(Nalgonda Technique)
	(150 mg alum +7mg lime)/mg F
	Ambient
	--
	Low techno logy 
	Sludge produced High chemical dose

	Bone
	900 g F/ cum
	Ambient
	Arsenic
	Locally Available
	Loss of mater ial, Taste problems

	Bone char
	1000 g F/ cum
	Ambient
	--
	Locally Available
	Control of raw water pH

	Activated Carbon
	Variable
	<3.0
	Many
	--
	pH. changes before and after treatment

	Carbon prepared  agricultural waste like rice husk, coffee waste etc.
	300 mg/kg
	7 
	--
	Locally Available
	Required treatment with KOH

	Defluoron-2
	350 g F/ cum
	7 
	Alkalinity 
	--
	Steep decline in capacity with alkalinity

	Activated Alumina
	2000-4000 g F/cum
	5 
	Alkalinity
	Effective, simple in application
	

	Electro dialysis 
	High
	Ambient
	Turbidity
	Can remove other ions used with high salinity
	Requires skilled operators, costly, not much used

	Reverse osmosis
	High
	Ambient
	Turbidity
	"
	"


1.7 ORIGIN OF THE PROBLEM


Several  defluoridation technologies are available,  however only  a few are suitable for field application. Ideally  the  defluoriadation technology of choice should use indigenously available  inexpensive  material  having an  excellent  potential  for fluoride  removal and at the same time simple for field  application.


Most commonly used defluoridation methods in India are 


i.)
Nalgonda Technique


ii.)
Activated Alumina Technique


These methods have certain limitations.

1.7.1 Limitations of Nalgonda Technique.

(i).
Water  sample can be defluoridated provided the  total  dissolved solids(TDS) are below 1500mg/l. Desalination may be necessary when the total dissolved solids exceed 1500 mg/l . Most  of the  ground water samples in fluoride affected area have  a  high TDS.

 (ii).
Defluoridation  is  possible if total hardness of  water  is below 250 mg/l.

(iii).
With  increase  in alum dose, due to more  initial  fluoride concentration and alkalinity , the fluoride concentration in  the treated  water decreases while the residual aluminium  increases. Percent fluoride removal increases with initial fluoride  concentration  for  a given alkalinity but decreases with  increase  in alkalinity  for a given fluoride concentration .(  Selvapathy  et al. 1995).

 (iv).
Water  samples  require to be analysed for water  quality  . Fluoride  content, alkalinity, TDS and hardness should  be  known for assessing and fixing the dosage of alum and lime.

(v).
Daily  operations need to be monitored to ensure that  fluoride is reduced and there is no residual aluminium in water.

(vi).
Accidental  extra  addition of alum would  reduce  pH  below optimum  range  for flocculation resulting in high  aluminium  in treated water and low F removal efficiency.

1.7.2
Limitation of use of Activated Alumina

(i)
Capacity of activated alumina depends upon the alkalinity of water and decreases considerably with increasing alkalinity.

(ii)
The output decreases significantly with progress of  cycles. Within 40 cycles of operation, the capacity of activated  alumina has been reported to  reduce 50  to 80  % of the original depending upon basicity and fluoride level of influent water and required fluoride in effluent . (Water quality and defluoridation  techniques, 1993 & Bulusu et al. ,1983)

(iii).
Higher cost than Nalgonda technique.

(iv).
Requires a cumbersome process of alkali/acid regeneration.


Keeping in view these limitations of Nalgonda technique  and Activated  Alumina method, and fluorosis problem it becomes  necessary to  develop  a simple and low cost method for  defluoridation  of water.

1.8  THE PRESENT STUDY


A survey was made in village. Rampura of district Jaipur for study  of dental fluorosis and an attempt has been made  in  this work  to evalute the practical usefulness of a material  searched by  Dr. Sunil Kumar Gupta (The composition is under patent ) and  abundantly available at a very low price, as a support material in column studies for removing excess fluorides from  drinking water samples  of fluoride  affected area.

1.9
SPECIFIC OBJECTIVES 

a)
To study the dental fluorosis in village Rampura of district  Jaipur.

b)
To study the effective  size and uniformity  coefficient of material 

c)         To study the removal capacity of support material with  reference to   

            fluorides .

d)        To study the fluoride removal capacity after recharging  the support

             material with different amounts of alum solution.

e)         To study the effect of initial fluoride concentration and pH of  water on F 

              removal capacity.

f)          To study the change in hardness , alkalinity and total dissolved solids 

               after treatment .

g)   
   Comparison  with Nalgonda Technique and  Activated  Alumina w.r.t. 

               residual aluminium in treated water.

h)
   Cost comparison with  Activated Alumina and Nalgonda  Method.

CHAPTER 2       

LITERATURE REVIEW
2.1
DENTAL FLUOROSIS


Extensive work has been done regarding fluorosis problem  by many researchers.


Dean  and  Co-workers(Dean  &  Elvove  1935,1937;Dean,  1942) related the appearance and severity of dental fluorosis to different  fluoride  levels  in the drinking water with the  aid  of  a special  classification and weighing of the severity of  the  lesions.  (Dean  1934,1942). A graphical  representation  of  their results is given in Fig.2.1.1

Fig.2.1.1 Graphical  representation of Dean's Results

(Dean,1942)


As  the  fluoride content of drinking  water  increases  the community  index  increases. Dean (1942) reported  the  following community indices.


Very mild


2-3mg F/l


Mild 


           4 mg F/l


Moderate 


5-6 mg F/l


Thergaonkar and Bhargava (1974) studied water  quality and incidence of fluorosis in Jhunjhunu district of Rajasthan and observed that the incidence of mottled teeth and fluorosis was 65 percent.  The  permissive  and excessive values  of  fluoride  in drinking  water  are  1.0 to 2.0 mg F/l. But  according  to  this survey wide spread incidence of mottled teeth were observed  even with  range  of  0.7-1.5 mg F/l. The incidence  of  fluorosis  is probably reduced by calcium beyond 30 mg/l.


The minimal daily fluoride intake in infants that may  cause very  mild or mild fluorosis in human beings was estimated  about 0.1  mg per kg body weight (Forsman , 1977). This figure was derived from examination of 1094 children from areas with water  fluoride concentrations of 0.2-2.75 mg/ l.


Myers(1978)  concluded that fluorosis is of a very  mild  or mild character in areas with drinking water naturally  containing fluoride levels of upto 1.5-2 mg/l.


Mathur and Mathur(1996) studied 40 patients of fluorosis  in three  villages of Jalore district where fluoride level of  water  is more than 5 ppm and found 100% mottling of teeth.


Choubisa  et al. (1996) were conducted a survey  in  fifteen villages of Dungarpur district of Rajasthan for the prevalence of dental  and  skeletal fluorosis in villagers and  their  domestic animals.  Fluoride  concentration (mean ) in drinking  waters  of these  villages varied between 1.7 to 6.1 mg/l. An  overall  73.0 and  82.9 percent prevalence of dental fluorosis was observed  in children (below 18 year age) and adults respectively. 100% prevalence of dental fluorosis in children and adults was observed  at 5.2 and 3.8 mg/l fluoride concentration respectively . The prevalence  of skeletal fluorosis in adults was 32.5 percent  and  the highest  prevalence  (60.8%) was observed at  6.1  mg/l  fluoride concentration. Male subjects relatively showed higher  prevalence of skeletal fluorosis 66.2% cattle and 67.5% buffaloes showed  the evidence  of dental fluorosis. Cent percent prevalence of  dental fluorosis  in calves of both animal species was observed  at  the above 2.8 mg/l fluoride concentration. The highest prevalence  of skeletal  fluorosis, 61.6 percent in cattle and 66.6  percent  in buffaloes has been observed at 6.0 mg/l fluoride concentration.

        Fluorosis is a preventable crippling disease. No effective therapeutic agent is available which can cure fluorosis. ( Krishnamachari,1996)


Even in areas where defluoridation was adopted a large population had already developed toxic effects considered irreversible. Jenkins et al. (1970) studied the reversal of these effects through vitamins C and D and salt of calcium, magnesium or aluminium  but their results were in conclusive.

          Gupta  et al. (1994) tried experiments for  reversal of  clinical and dental fluorosis and observed significant improvements in 29  children by  controlled calcium , vitamin D3 and ascorbic  acid supplementation well below the toxic dosage.

2.2
Fluoride Removal Methods


Extensive  work  has been done for the removal  of  fluoride from water by many researchers.

2.2.1
Adsorption Methods

          Mckee  and Johnston (1934) studied powdered activated carbon  for fluoride  removal  and found it to possess an  excellent  removal capacity  .  The process was found to be pH dependent,  and  good removal was reported at a pH of 3.0 or less. At a pH of 7.0, only little fluoride removal could be achieved .


    Srinivasan  (1959)  prepared carbon from paddy husk  by  its digestion  in one percent KOH and its over night soaking in   two percent alum solution. The material removed about 320 mg of F per Kg  and  showed a maximum removal efficiency at a pH  of  7.  The carbon  was  regenerated by soaking the spent material in  a  two percent alum solution for 12-14 hours.

2.2.2
Ion Exchange Methods


Studies  by Smith and Smith (1937) on a  degreased,  caustic and acid treated bone material showed that it could reduce  fluoride  concentration  very effectively from 3.5 to less  than  0.2 mg/l.  The  removal mechanism suggested was an exchange  of  the carbon radical with the fluoride . Because of the high costs  of the bone, it was not used widely.

   
Maier (1953)studied the removal of fluoride  using  "Bone Char" . The principle of the method is the exchange of  carbonate ion  of  the bone char with fluoride ion present in  water.  Bone char  could  be regenerated with NaOH to  remove  bound  fluoride after exhaustion and can be reused.


Bellack (1971) investigated that bone char would not be very practical  for fluoride rich waters that contain arsenic  because arsenic  competes with fluoride and it cannot be stripped off  by the normal caustic- regeneration process. As a result, the  fluoride exchange capacity of the bone char was reduced.


Bulusu  et. al . (1979) studied green and yellow  varieties of serpentine using jar tests as well as column tests. The  yellow variety  showed better fluoride removal capacity than  the  green variety.  The medium could not be regenerated and had to be  discarded after use.


Thomson  and Mc Garvey (1953) reported on the use of  strong base anion exchange resins for fluoride removal when these resins are used in their chloride form. Because other anions in the  raw water  will also be removed, the fluoride exchange  capacity  depends upon the fluoride to total anions ratio.


Bhakuni (1970) studied defluoron -2 , a   cation exchanger which  was  developed from sulphonated coal. This  was  initially treated  with  aluminium and used  for  defluoridation.  Fluoride levels  of less than 1 mg/l were achieved when the raw water F  concentration  varied between 3-10 mg/l. Capacity of defluoron - 2  varied with  alkalinity  and fluoride concentration.  After  exhaustion, defluoron- 2 was required to be regenerated with alum. 

2.2.3
Precipitation Methods


Alum was investigated by Culp and Stoltenberg(1958) for  use at a municipal plant in Lacrosse, Kansas to treat a soft,  highly mineralized  water supply containing 3.6 mg/l of  fluoride.  Good fluoride  removal  was achieved in the pH range  corresponding  to minimum  solubility  of  Al(OH)3, and at an alum  dosage  of  225 mg/l. An alum dose of 315 mg/l was required to reduce the fluoride to 1.0 mg/l.


When  alum is added to water, it reacts with the  alkalinity in  the  water  to  produce in  soluble  Al(OH)3  .  Rabosky  and Miller(1974) suggested that fluoride ions are removed from  solution  by adsorption onto the Al(OH)3 particles. The  Al(OH)3  and adsorbed fluorides can then be separated from water by sedimentation.


Excess  fluoride can be removed from water  containing  high magnesium  hardness  by  the addition of lime.  (Scott et al., 1937). This method is economical only when  removal of  both  hardness and fluoride are desired. Even then,  this  is effective  only for waters having fluoride concentration in  the range of 3-4 mg/l. Empirically the amount of fluoride removed is 0.07 F (Mg)1\2,  where F represents initial fluoride present (mg) and  Mg is  the  magnesium removed in the forms of flocs. High pH  of  the treated water as well as requirement of high magnesium  hardness limits its application for defluoridation of drinking water.

2.2.4
Field Methods

2.2.4.1
Activated Alumina Method

Boruff  (1934)  was first to study  activated  alumina  for fluoride removal and shortly  there after Fink and Lindsay (1936) and  Swope  and Hess (1937) successfully demonstrated its  use  on small scale.


Studies by Savinelli and Black (1958) showed that the capacity is a function of the fluoride concentration, pH of the treated  water,  and the amount of regenerant used.  Higher initial fluoride concentration , low pH and higher amount of regenerant resulted in increased F removal capacity .   They also  found that the capacity was not affected by the sulphate  or chloride  concentration ( upto 1000 mg/l of each ) of the  water. The  medium was regenerated by caustic solution first followed  by an acid rinse.


Rubel  Woosley (1979) concluded that to reduce the  fluoride concentration to a low level, activated alumina is the most popular and most effective because of its ease of application and cost effectiveness.


Wu and Nitya (1979) Studied water defluoridation with  activated  alumina  and reported an optimum pH of 5 for the  removal  of fluoride  in water. At the optimum pH for fluoride  removal,  the rate of adsorption of fluoride ion in water is a function of  the ratio  of  the initial fluoride concentration  to  the  activated alumina  dose . The Langmuir isotherm can be used to model  fluoride adsorption on activated alumina. From the Langmuir model the total  adsorptive  capacity  of activated  alumina  for  fluoride removal was found to be 12 mg/g.

 
Chio and Chen (1979) studied  the removal of fluoride from waters by  adsorption and reported maximum removal of fluoride by  activated alumina at pH 5.0-8.0 . The efficiency of fluoride  removal generally  increases when the initial concentration of  fluorides in solution is decreased.


Hao  and Huang (1986) studied adsorption  characteristics  on hydrous  alumina and observed that the fluoride removal by  activated  alumina  is governed by the solution pH  and  the  surface loading. The optimal pH was found to be 5. However, at pH of less than  6.0, the aluminium- III dissolved from  activated  alumina reacts  with  fluoride ions and  forms  alumino-fluoro  complexes. These  complexes are unstable in neutral or alkaline pH  regions. As a result, the role of pH value in minimizing alumina  dissolution should be considered. As the surface loading increases,  the adsorption  density of fluoride increases, but the percentage  of fluoride removal decreases.


Bulusu and Nawlakhe (1988) studied the effect of controlling factors   such   as   pH,  the  contact  time,   the   ratio   of adsorbate (Fluoride  ion) to adsorbant (activated alumina) on  the rate  of fluoride removal in batch operations. Important  conclusions  were

(i)  Initial  rates  of adsorption of fluoride on  AA  of  105-88 micron  size decreases progressively after the initial 30  minutes and  give  rather slow approach to equilibrium , which  are  not attained completely even after 144 hours.

(ii)  Nearly linear variation of the amount adsorbed with  square root  of  the time of reaction has been found to obtain  for  the initial fraction of the adsorption reaction studies at pH 9 to 4.

(iii)
The  rate of adsorption of fluoride increases with  the decreasing pH of the solution.


Bulusu  and  Nawlakhe (1990) studied the  defluoridation  of water with activated alumina in continuous contact system. The fluoride  removal capacity at 1 mg F/l break through were 727  , 587 and 308 mg F per litre of AA medium at 4,8 and 16 meq/l basicity  respectively and the corresponding values at 2 mg F/l  break through  were 1292,880 and 578 mg F per litre AA medium . The hydrochloric acid regenerant requirements for treating 1  cum water containing 5.2-5.6 mg F/l for 1 mg\l  break through value were 268,332, and 632 gm respectively at 4,8 and 16 meq/l basicity values , the corresponding requirement to 2 mg F /l break through was 151,222 and 339 gm.


Venkobachar  and  Iyengar  (1996) reported  the  fluoride removal capacity  of  activated alumina grade G-87 and AD-101 a 1900 and 1750 mg F/kg respectively. AA G-87 exhibited a decrease in the binding capacity as   pH varied from  3 to 8 with no optimum pH. An increase in  alkalinity from 400 to 600 and  800 mg/l,  decreases the fluoride uptake capacity of 1900 mg/kg to 1642 mg/kg and 1337 mg/kg  respectively. Hardness even upto 800 mg/l as CaCO3  did not  affect fluoride  binding capacity  of AA G-87. Capacity of AA  increased  as  initial fluoride concentration increased.

2.2.4.2
Nalgonda Technique


Nawlakhe  et al. (1975) studied the usefulness of  alum  in removing fluorides from drinking waters and brought out the scope of  its  application in water supplies. The method  is  known  as Nalgonda  Technique and involves the addition of lime,  alum  and bleaching  powder  (optional) to the raw water . The  addition  of these  chemicals is followed by flocculation,  sedimentation  and filtration. Main conclusions were :-

a)
The  alum  dose required depends upon the  concentration  of fluorides , alkalinity and total dissolved solids in raw water.

b)
The  lime  dose required in the process is 1/20   to  1/25 that of alum.

c)
Adequate  alkalinity is necessary in raw water to achieve  1 mg F/l in treated water.

d)
The  proportion  of fluoride removal per unit of alum increases with test water fluorides.


Selvapathy  et al. (1995) studied the influence of  fluoride and alkalinity on the residual aluminium concentrations during the treatment  of water using alum and lime/ bleaching  powder.  With increase in alum dose, the fluoride concentration in the  treated water  decreased while the residual aluminium registered a significant increase.  Percent fluoride removal increased with initial fluoride concentration for a given alkalinity but decreased, with increase in alkalinity for a  given fluoride concentration. Aluminium is now  regarded as  a  neuro toxin and  far from innocuous. Hence, WHO has recommended  a  guideline limit of 0.2 mg/l in drinking water.(WHO,1984) Limits of aluminium in drinking water may severely restrict the choice of treatment strategies for defluoridation .


Brief of literature review is given below.


Fluorosis is  of a very mild or mild character in areas with drinking water naturally containing fluoride levels of upto 1.5-2 mg/l. But 100% prevalence of dental fluorosis in children and adults was observed at 5.2 and 3.8 mg/l fluoride concentration respectively. The highest prevalence (60.8%) of skeletal fluorosis in adults was observed at 6.1 mg/l fluoride concentration. Wide-spread incidence of mottled teeth were also observed even with range of 0.7-1.5 mg/l fluoride concentration. Fluorosis in all forms is considered untreatable but reversal of clinical and dental fluorosis is possible.


As a preventive measure several options for defluoridation of drinking water are available. However only a few are suitable for field applications. Only two methods, Nalgonda technique and Activated Alumina technique appear to be prevalent in the Indian context. These methods have certain limitations. Treated water through Nalgonda technique contains aluminium which is a neurotoxin. Activated Alumina method requires cumbersome regeneration through acid/alkali and is costlier than Nalgonda method.


Due to certain limitations of available defluoridation techniques, there is an urgent need to develop a simple & cheap defluoridation technique. 

CHAPTER 3

THEORETICAL CONSIDERATIONS

3.1
CLASSIFICATION OF MOTTLED ENAMEL


Dean (1942)  classified  the degree  of  clinically  observed mottling into six categories, ranging from "normal" to "severe". Brief description of each category along with severely related weightage on 0 to 4 scale is presented below .

(i).
Normal:


The  enamel  presents the usual  translucent  semi-vitriform type of structure. The surface of enamel is smooth, glossy and usually of a pale creamy white colour.


Weight = 0

(ii).
Questionable:


Slight  aberrations from the translucency of  normal  enamel seen  , ranging from few white flecks to occasional white  spots. This classification is used in instances where a definite  diagnosis  of  the  mildest form of fluorosis is not  warranted  and  a classification of "normal" not justified.


Weight =0.5

(iii).
Very mild fluorosis


Small  opaque, paper white areas scattered irregularly  over the  tooth  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.


Weight = 1.0 

(iv).
Mild fluorosis:


The  white opaque areas in the enamel of the teeth are  more extensive, but do not involve as much as 50% of the teeth.


Weight = 2

(v).
Moderate Fluorosis:


All  enamel surfaces of the teeth are affected and  surfaces subject to attrition show marked wear. Brown stain is  frequently a disfiguring feature.


Weight=3

(vi).
Severe Fluorosis:


All enamel surfaces are affected and hypoplasia is so marked that the general form of tooth may be affected. The major diagnosis of this classification is the discrete or confluent  pitting. Brown stains are wide spread, and teeth often present a corroded - like appearance.

       Weight = 4

3.2 MECHANISM OF DEFLUORIDTION BY NALGONDA TECHNIQUE


Nalgonda  technique is a combination of several unit  operations  and process incorporating rapid mixing, chemical  interaction,  flocculation, sedimentation, filtration,  disinfection  and sludge concentration to recover water and aluminium salts.  (Water Quality and Defluoridation Techniques,1993).

3.2.1 Rapid Mix


Rapid  mixing provides thorough mixing of alkali,  aluminium salts  and  bleaching powder with the water . The  chemicals  are added just when the water enters the system.

3.2.2 
Flocculation


Flocculators  provide subsequent agitation before entry  to the  sedimentation  tank.  The flocculation  period  permits  close contact  between the fluoride in water and  polyaluminic  species formed  in the system. The interaction between fluoride and  aluminium species attains equilibrium.

*
The  chemical  reaction involving  fluorides  and  aluminium species is complex. It is a combination of polyhydroxy  aluminium species complexation with fluorides and their adsorption on  polymeric  aluminium hydroxides (Floc) Besides fluorides,  turbidity, colour,  pesticides and organics are also removed. The  bacterial load  is also reduced significantly. All these are by  adsorption on the Floc.

*
Lime  or  sodium carbonate ensures adequate  alkalinity  for effective hydrolysis of aluminium salts, so that residual  aluminum does not remain in the treated water.

*
Simultaneous disinfection is achieved with bleaching  powder and  also  keeps  the system free  from  undesirable  biological growths.

Chemical Reactions

1.
3 Al2(SO4)3.18H2 O +NaF + 9 Na 2CO3



-->[5Al(OH)3.Al(OH)2.F]+ 9Na2SO4+NaHCO3+8CO2+9H 2O

2.
3 Al2(SO4)3.18H 2O+NaF+17NaHCO3+NaF-->




[5Al(OH)2.F]+9Na 2SO4+17CO2+18H 2O

3.2.3 
Sedimentation


It permits  settleable floc loaded with  fluorides,  turbidity, bacteria  and other impurities to be deposited and  thus  reduces the concentration  of suspended solids hence the load on filters  . Sedimentation theory is complex and of little avail, as the flocs are  not  uniform and hence its  basic  sedimentation  properties cannot  give quantitative values and because the influence  of eddy currents cannot be predicted .Hence , various factors  which influence sedimentation in relation to design and operation  rely largely on experience.

3.2.4
Filtration


Rapid  gravity sand filters are suggested to receive  coagulated and settled water . In  these filters unsettled gelationous floc  is retained . Residual fluorides and bacteria are  adsorbed on the gelatinous floc retained on the filter bed.

3.2.5
Disinfection and Distribution


The  filtered water collected in the storage water  tank  is rechlorinated with bleaching powder before distribution.

3.3
MECHANISM OF DEFLUORIDATION BY ACTIVATED ALUMINA


Activated  alumina  is a granular,  highly  porous  material consisting essentially of aluminium trihydrate Al2O3.  Activated alumina has been used successfully for defluoridation of drinking water supplies. Some researchers have concluded that removal  was the  result of ion exchange (Savinelli and Black, 1958),  but  Wu and Nitya (1979) showed that the process is one of adsorption and follows the Langmuir isotherm Activated Alumina can be regenerated with HCL , H2SO4 , alum, or NaOH.  The use of NaOH followed  by a  neutralization  step  to remove residual NaOH  from  the  bed, appears  to be the most practical approach to  regeneration.(Benefield,1982)

3.3.1
General  Characteristics  of Activated Alumina  


 The main component of activated alumina is aluminium  oxide which is an amphoteric compound. When this compound is mixed with an acid solution the following surface reaction can occur. Wu  and Nitya, 1979)

(Al 2O3)nAl 2O3+3H 2O <=>(Al 2O3)nAl(OH)3

It is apparent from the preceding reaction that the  product of  aluminium hydroxide complex (Al 2O 3)nAl(OH)3 , will raise  the pH of the solution.


When  activated alumina is introduced into alkali  solution, the surface reaction can be described as follows.

(Al 2O3)nAl 2O3 +3H 2O <==>(Al 2O3)n 2H 3AlO3
The complex form of activated alumina (Al 2O3)n2H 3AlO3 will  lower the pH of the solution.


Therefore,  the type of aluminium complex  formed  strictly depends upon the acidity and alkalinity of the solution in  which the process of fluoride adsorption is to take place.

3.3.2
Adsorption


Adsorption is the process by which ions or molecules present in one phase tend to condensate and concentrate on the surface of another  phase  . Adsorption of fluoride present  in  water  onto activated  carbon  or activated alumina is  frequently  used  for defluoridation of the water.


The  process  can occur at an interface between  the  phases such as liquid- liquid, gas solid, gas-liquid, liquid-solid.


The  material being concentrated  is the adsorbate, and  the adsorbate solid is termed the adsorbent.(Sawyer,1978) 

3.3.2.1
Types of Adsorption 


There are generally three types of adsorption .


1.
Physical Adsorption


2.
Chemical Adsorption.


3.
Exchange Adsorption.


Physical adsorption is relatively non specific and is due to the  operation  of  weak forces of attraction  or  van der  Waal's forces  between  molecules.  Here the adsorbed  molecule  is  not affixed to a particular site on the solid surface, but is free to move  about over the surface. In addition, the  adsorbed  material may condense and form several superimposed layers on the  surface of the adsorbent. Physical adsorption is generally quite reversible  i.e.  with a decrease in concentration the material  is  desorbed to the same extent that it was originally adsorbed.


Chemical  adsorption is the result of much stronger  forces, comparable  with  those  leading to the  formation  of   chemical compounds. Normally the adsorbed material forms a layer over  the surface  which is only one molecule thick, and the molecules  are not  considered  free to move from one surface site  to  another. When  the  surface  is covered by the  mono molecular  layer,  the capacity of the adsorbent is essentially exhausted. Also,  chemical adsorption is seldom reversible. The adsorbent must generally be heated to higher temperature to remove the adsorbed materials.


Exchange  adsorption is used to describe adsorption  characterised  by electrical attraction between the adsorbate  and  the surface Ion exchange is included in this  class. Here, ions of  a substance concentrate at the surface as a result of electrostatic attraction to sites of opposite charge on the surface. In  general,  ions  with greater charge, such as trivalent ions,  are  attracted  more strongly toward a site of opposite charge than  are molecules with lesser charges  such as monovalent ions. Also, the smaller  the  size of the ion(hydrated  radius) the  greater  the attraction.


Although  there are significant differences among the  three types of adsorption, there are instances in which it is difficult to assign a given adsorption to a single type.


Since  adsorption  is  a surface phenomenon,  the  rate  and extent  of  adsorption is a function of the surface area  of  the solids used.

3.3.2.2
Adsorption Models


In  order to understand the adsorption of fluoride on  activated  alumina two models commonly employed for adsorption  study were chosen by Wu and Nitya (1979). The models are :

(i).
Langmuir Isotherm.

(ii).
Freundlich Isotherm.


According  to  the study of Wu and  Nitya  (1979),  Langmuir adsorption  model is  better than the Freundlich  adsorption  model. This  indicates  that  adsorption of fluoride  ion  by  activated alumina is a single layer adsorption process.

Langmuir Isotherm:


The  Langmuir  Isotherm  is used to  describe  single  layer adsorption and can be written as follows:


qe= Qo*b*Fe/1+bFe


1/qe=(1/Qo*b)*1/Fe+1/Qo

Where 

qe =  Concentration  of fluoride ion adsorbed per unit  weight  of activated alumina in mg/gm.

Fe =  Concentration  of fluoride ion in  solution  at  equilibrium condition in mg/gm.

Q0 = Maximum concentration of fluoride ion adsorbed per unit weight of  activated alumina solids in forming a complete  monolayer  on the surface of activated alumina in mg/gm.

b = Constant.

CHAPTER  - 4

MATERIALS AND METHODS

GENERAL 


The study of dental fluorosis was made in village Rampura of district Jaipur and children up to 15 years were examined. The defluoridation experiments were carried out in 5 cm & 6 cm diameter PVC columns run in continuous down flow mode. The columns, after exhaustion were regenerated by 10% alum solution. Effect of parameters like influent F-, pH, and quantity of recharging solution were studied on fluoride removal capacity. A domestic water filter of 22 cm diameter was operated subsequently and data were used for detailed cost analysis. Comparisons were made with Nalgonda process & Activated Alumina for process efficiency and costs.

4.1   
MATERIALS AND METHODS FOR STUDY OF DENTAL FLUOROSIS


The study was conducted in village Rampura of district Jaipur. Samples of water sources were collected for fluoride analysis. For the evidence of dental fluorosis teeth of children upto 15 year age were examined and classified as per Dean’s classification. Photographs were taken for each grade of dental fluorosis.

4.2   
MATERIALS: FOR DFLUORIDATION STUDIES


The materials required for this study were as follows.

4.2.1  Column Fabrication

4.2.1.1 PVC Pipes & Steel Filter


PVC pipes of diameter 5 cm and 6 cm and length 64 cm & 122 cm respectively with corks at one end were used. A domestic steel water filter of diameter 22 cm was also used.

4.2.1.2  Support Material for Filter


New defluoridating support  material was prepared by Dr. Sunil Kumar Gupta and same was used in this study. This material is in the process of patent and hence the details of preparation are with held. The material is abundantly available in nature at a very low cost.

4.2.1.3  Other Allied Articles


These included small glass tubes for out flow, cello tape, coconut-hair weighing machine for support material weights  and stand for clamping columns.

4.2.2  Preparation of High Fluoride Influent Water 


As there was no source  of water supply containing fluorides in the vicinity of the institute and since the quantities required daily for these studies were enormous, it was decided to prepare high fluoride water  synthetically. Tap water was used for the preparation.
Sodium Fluoride NaF of reagent grade was used for preparation of fluoride water.

4.2.3  Preparation of Recharging Solution 


Alum of commercial grade  was used for preparation of recharging solution.

4.3   APPARATUSES AND INSTRUMENTS 

4.3.1 Apparatuses

  The following apparatuses  were used in the experiment.

         (i) Measuring cylinders of various capacities

         (ii) Pipettes

         (iii)Burettes with stands

         (iv)Beakers

         (v)Flasks

         (vi)Test tubes

         (vii)Funnels

         (viii)Sample collection bottles.

4.3.2  Instruments 


The following instruments were used 

(i)  Digital pH meter “APX 175”

(ii)  Water & wastewater portable analysis kit

(iii)  Electronic weighing machine

(iv)  Spectrophotometer  “Spectronic 21 D”

(v)  Ion meter “ORION” with fluoride and reference electrode

(vi)  Oven

(vii)  Mechanical sieve vibrator and IS sieves

(viii)  Conductivity meter type MC I (Mark - IV)

4.4  METHODOLOGY

4.4.1 Sieve Analysis of Support material

4.4.2 Preparation of columns.

4.4.3 Preparation of water sample.

4.4.4 Preparation of recharging solution.

4.4.5 Running of columns with fluoride waters, collection of samples and        recharging of columns

4.4.6 Analysis of water samples.

4.4  .1 Sieve analysis of Support Material


The objective of this experiment was to determine grain size distribution of support material by sieving. For this analysis IS Sieves 425 micron, 300 micron, 150 micron and 75 micron were used. The set of sieves were arranged one above the other and fitted to a mechanical sieve vibrator such that the 425 micron sieve was at the top and the 75 micron sieve was at the bottom. A cover was placed on the top of the 425 micron sieve and a receiver was placed below the 75 micron sieve. 500 gram dry support material was placed on the 425 micron IS sieve. A minimum of 10 minutes sieving was used. The support material fraction retained on each sieve was collected in container and the weight  of each fraction determined and recorded.

4.4.2  Preparation of Columns

4.4.2.1   Column D,W and N 

        Initially column D,W and N were prepared of following specifications given in table 4.4.1.

Table 4.4.1

 Specifications of column D ,W and N

	Name of column
	D
	W
	N

	Support material weight (kg)
	0.7
	2.0
	1.5

	Height of Support Material (cm)
	30
	60
	50

	Diameter of column (cm)
	5
	6
	6

	Shown in plate no.
	4.4.1
	4.4.1
	4.4.2



All above three columns were secured in position with stands. The columns were provided with cork with small diameter glass tube at outlet end for collection of treated water. Coconut hairs were placed in columns before filling of support material to support this material. 

4.4.2.2  Steel Filter Column -S

Steel filter was used as 4th column. as shown in plate no. 4.4.3 . Material was filled in the upper part of filter and supported & retained with the help of coconut hairs. Treated water was collected in lower part and taken out with the help of a tap .The  specifications of Steel Filter Column - (S) were as follows .


 Support Material weight
= 6 kg.


Height of  Support material
= 17 cm.


Diameter

= 22 cm.

4.4.2.3  Column C and A
Lastly two columns of following specifications as shown in table 4.4.2 were prepared for a comparative study of proposed process & AA process.

Table 4.4.2
Specifications of column C and A

	Name of column
	A
	C

	Type of material
	Activated Alumina
	Proposed support material

	Weight of material(kg)
	0.7
	0.7

	Height of material (cm)
	30
	30

	Diameter (cm)
	5
	5

	Shown in plate no.
	4.4.4
	4.4.4


Plate no.4.4.1Photograph of column D and W 

Plate no.4.4.2Photograph of column N 

Plate no.4.4.3 Photograph of column S 

Plate no.4.4.4Photograph of column C & A


Flow rate of treated water from column A was controlled equivalent to column C with the help of plastic valve.

4.4.3 Preparation of Fluoride Water Samples


Fluoride solution of 100 ppm was prepared by dissolving, 221.0 mg anhydrous Sodium Fluoride NaF in distilled water and diluted to 1000 ml. Water samples of different fluoride concentrations were prepared with the help of this fluoride solution and tap water. Some sample water was also brought from nearby fluoride affected area.

4.4  .4 Preparation of Recharging Solution


For recharging of columns alum solution of 10% concentration was employed. This solution was prepared by dissolving 100 gm of alum in one litre of boiled water.

4.4   5 Running of Columns with Fluoride Water , Collection of Samples and Recharging of columns


Fluoride water was filled into columns up to top of the columns and level of water was also maintained manually . The samples of treated water were collected for analysis  and volume &collection time were  recorded .Columns were operated by following procedure.

4.4.5.1  Operation of column D


Twelve recharge cycles were carried out for different concentration of fluoride and pH of raw water using 400 ml, 10% alum solution as regenerant, after completion of initial cycle with original support material. The operation of initial cycle was terminated when the residual fluoride in the composite effluent water reached 1.5 mg/l to prevent over exhaustion of support material. In next cycles column was recharged when the residual fluoride in any sample of effluent reached more than 2.0 mg/l. The flow rate was maintained at 0.6-0.7 l/h in the column. 

4.4.5.2  Operation of column W

Column - W  was prepared with 2 kg of material for optimization of recharging solution. The column was initially recharged with 2 liters ,of 10% alum solution and after two cycles, it was recharged with 1.4 liters of recharging  solution. The operation was terminated when the residual fluoride in any sample of effluent water reached more than 2 mg/l

4.4.5.3  Operation of column N


Column was prepared with 1.5 kg of support material and recharged with 400 ml recharging solution i.e. 267 ml per kg of support  material which was less than recharging solution quantity used in D and W column. Column was recharged when fluoride in any effluent sample of water reached more than 2.0 mg/l and operated for 3 cycles . 

4.4.5.4 Operation of column S


Column-S was prepared for treatment of fluoride water at domestic level. Seven recharge cycles were carried out for different concentrations of fluoride and pH of raw water using 250 ml per kg of  support material,10% alum solution as regenerant after completion of initial cycle with original support  material.


The operation of initial cycle was stopped when the residual fluoride in the composite effluent water reached near 1.0 mg/l. In next cycles column was recharged when the residual fluoride in composite sample of water reached more than 0.5 to 2.0 mg/l. The flow rate was maintained at 4-5 l/h .

4.4.5.5  Operation of column C.


C-Column was prepared to study the modification  in hardness, alkalinity and total dissolved solids of raw water after treatment. Aluminium concentration in treated water was also measured. Column-C was recharged with 357 ml alum solution per kg of support material and operated for two cycles. Flow rate was maintained nearly 0.6 l/h. Column operation was stopped when residual fluoride in any sample reached to 2.0 mg/l..
4.4.5.6  Operation of column A


Column-A was prepared with 0.7 kg activated alumina to study the aluminium concentration in the effluent water. Flow rate was maintained 0.6 l/h. equal to the column -C .

4.4.6  Analysis of Water Samples

4.4.6.1 FLUORIDE

Fluoride ion concentration was measured in influent water and treated water with the Ion Selective Electrode Method through the ORION Model 94-09 fluoride .(APHA,1989).

A.  Principle


The fluoride electrode is an ion selective sensor. The key element in the fluoride electrode is the laser-type doped lanthanium fluoride crystal across which a potential is established by fluoride solution of different concentrations. The crystal contacts the sample solution at one face and an internal reference solution at the other.


The fluoride electrode measures the ion activity of fluoride in solution rather than concentration. Fluoride ion activity depends on the total ionic strength of the solution and pH, and on fluoride complexing species. Adding an appropriate buffer provides a nearly uniform ionic strength back ground, adjusts pH, and breaks up complexes so that, in effect, the electrode measures concentration.

(B)  Apparatus

· Ion- meter , ORION make 

· Reference electrode

· Magnetic stirrer

· Fluoride electrode ORION Model 94-09

(C)  Reagents :

(i) Stock Fluoride Solution

221.0  mg anhydrous Sodium Fluoride dissolved in distilled water and diluted to 1000 ml. 1.00 ml of this solution had 100 ppm fluoride.

(ii) Standard Fluoride Solution


100 ml stock fluoride solution diluted upto 1000 ml with distilled water. 100 ml of this solution contained 10 ppm fluoride.

(iii) Fluoride Buffer: Total Ionic Strength Adjuster  (TISAB)


TISAB was prepared by taking 2500 ml distilled water and 285 ml glacial acetic acid ,290 gm NaCl and 60 gm di-sodium citrate ( in place of 1,2 cyclohexylencdiamine tetra acetic acid CDTA)  were added to this water and  stirred for dissolving. Beaker was placed in a cool water bath and slowly 6 N NaoH (625 ml) was  added with  slow continuously stirring until pH was between 5.3 and 5.5. Now distilled water added to make it upto 5 litre .

(D) Procedure

(i) Instrument calibration

* Preparation of fluoride standards.
Standards equivalent to 1.0 and 10 mg  F/l were required for calibration. Standards of 1.0 mg F/l was prepared by diluting 10.0 ml of standard fluoride solution with distilled water to 100 ml.
* Calibration


Instrument was calibrated with  the help of above standards before measurements of fluoride concentration by the  following procedure :

· 25 ml of 1.0 mg F/l standard  was measured and mixed with 25 ml TISAB in a breaker.

· After rising, electrode was  placed into beaker and the value of standard concentration  entered  at  ready mode of instrument .

· 25 ml of 10.0 mg F/l standard was measured and mixed with 25 ml TISAB in a beaker.

· Electrode  was rinsed with distilled water and placed in this beaker. The value of 2nd standard was entered at ready mode of  instrument .

· Slope of instrument was checked for  the desired range 54-60 mV.

(ii) Measurement of Fluoride Concentration of Samples


25 ml of sample and 25 ml of TISAB were  mixed in a breaker. Electrode was rinsed with distilled water and placed into beaker. Concentration was noted when “Rdy”  was displayed on the instrument.

4.4.6.2 pH

pH of influent water and treated water samples was measured through “Digital pH Meter APX 175” control dynamics. (APHA ,1989 )

4.4.6.3 Conductivity


Conductivity of water was measured through conductivity meter Type MC-I (Mark IV) , Electronic Switchgear  (London) Ltd. in units of umhos. The TDS was taken as 2/3 of the conductivity in ppm. (APHA,1989 )

4.4.6.4 Alkalinity


The total alkalinity of water was determined by titration with a 0.02 N H2 SO4 to methyl orange end point and expressed in CaCO3 scale. (Mathur, 93)

4.4.6.5 Hardness


The total hardness of water was  determined by titration with standard EDTA solution. Erichrome Black T was used as indicator. Ammonia buffer solution was also added to the samples. (Mathur, 93)

4.4.6.6 Aluminium


Aluminium in the water samples of treated water was measured with the help of  spectrophotometer “Spectronic 21 D, Milton Ray” in the PHED, laboratory Jaipur by following  the procedure given in Water & Waste Water Analysis. (1994).

(A) Reagents

(i) Buffer Solution
      76.2 gm of ammonium acetate was 
dissolved in water and  added 3 ml glacial acetic acid and made up 250 ml.

(ii) Ammonium Aurin Tricarboxylate,  0.1% aquous solution (Aluminone solution).

(iii) Standard Aluminium Solution


0.42 gm of aluminium ammonium sulphate (ammonia alum) was dissolved in distilled water containing 10 ml of concentrated HCl and made up to one litre. (1ml = 0.25 mg Al)

(B) Procedure

(i) Instrument was calibrated with 0.1, 0.3, 0.6, 0.9, 1.2, 1.6 and 2.0 mg Al. Graph was plotted between absorbance and Al concentration.

(ii) 50 ml sample and  2 ml buffer solution taken  was and stirred  with rod and 2 ml aluminone solution was added. It was  allowed to stand for 15 minutes. Absorbance was recorded at 525 nm from spectrophotometer and aluminium concentration found out through calibration graph.
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