CHAPTER – 1

INTRODUCTION

1.0 Fluoride Problems and Distribution

Fluoride,  the most electronegative of all elements is  physiologically more active than any other element  ion and therefore, it displays  physiological properties of great interest  and importance for human health and well being.  Fluoride   in small doses has remarkable influence on the dental system by inhibiting the dental carries, while in higher  doses it causes a disturbance of enamel structure. The  concentration of the fluoride ions in drinking water is  of a great significance  from the physiological point of view. Several  developing countries including India and Pakistan are  largely affected by the system fluorosis which is caused by the continued  consumption of fluoride rich water.


In India at least 14 states are endemic  for fluorosis. These states are Andhra Pradesh, Maharashtra, M.P. Bihar, Delhi, Gujarat, Haryana, Karnataka, Orissa, Punjab Rajasthan, Tamil Nadu  and Uttar Pradesh.


Among these 14 states  5 states (A.P., Rajasthan, Punjab, U.P. and Gujarat) have indicated hyperendemicity for fluorosis in more than 50% of their districts.


Rajasthan  is one of the hyperendemic states for fluorosis, where all the 31 districts have been identified  as fluorosis prone areas. 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 5641 villages/habitations had fluoride more than 3 ppm (Table 1.1.1)

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


1.1 Sources of Fluoride

The source of fluoride in surface or ground water 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 the waters are in contact. (WHO, 1970).


Other factors affecting the dissolution fluoride in water are pH, alkalinity and metals ions in water.


High pH of water favours the dissolution of fluoride in water. However, at acidic pH fluoride tends to complexes with the metal present in water. Aluminium is found to be a very active information of  complexes with fluoride at acidic pH.


Solubility of fluoride in water also increases with the  increase of alkalinity of water. 

It is also  found that around mica mines, ground water is rich is fluorides and Rajasthan is a rich source of mica (Shiv Chandra, 1983).

1.2
Allowable Fluoride Concentration in Potable Waters


The permissible  limits of fluoride in drinking water is 1.0 – 1.5 mg/l as F(-) (Manual on water supply and treatment 1991).


US Public works 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 – 1.2.1).

Table – 1.2.1

Recommended Limits of Fluoride Concentration

(USPHS Drinking Water Standards, 1962)

	Annual average of max. daily air temperatures (oC)
	Recommended control limits mg/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).


WHO guidelines allows up to 1.5 mg/l of fluoride in drinking water (WHO, 1984).


Although there are several sources of fluoride, it is regularly estimated that 60% of the total fluoride intake is through drinking water. Fluoride in water is almost completely absorbed and distributed rapidly throughout the body. High fluoride foods such as tea and some fish may increase this intake significantly. Consumption of fluoride in small concentration prevents the  dental carries, however its consumption in large quantity (> 1.5 mg/l) for a prolonged  period causes  dental and skeletal fluorosis. Dental fluorosis in children in the age group between 7 to 12 years  is common with consumption of water having fluoride above 1.5 mg/l.


There have been reports of thyroid or kidney problems with water containing fluoride in excess of 20 mg/l . [Nath, K.J., (1996)]. Fluoride is also know to induce ageing [Susheela, 1991)]. Neurological complications of fluorosis have been reported in India [Mishra, U.K., 1991)].


Defluoridation  of water, though a simple process has not been put to successful use in most areas.


There are various treatment options available for the defluoridation of water. Existing defluoridation options available are:

· Line softening method

· Nalgonda technique
· Activated alumina method
· Ion exchange methods.
However all these process are site specific and need skilled operations.

Among the various existing methods of defluoridation there are two most commonly used method in India are Nalgonda treatment technique and activated alumina method.
1. Nalgonda Technique

This process involves direct addition of lime in water to maintain the pH of water and  addition of a known quantity of aluminium in water depending on water fluoride content. The quantity  of time and alum depends upon the quality, and fluoride content of water, therefore it is difficult to control  the alum dose as it is different  for each source of water. It is a cumbersome technique, and hence is not suitable for use by illiterate persons, who needs  it most. Further,  the process can be used only for water having a fluoride content less than 10 mg/l.

There is a high free residual aluminium content  available in output water, where treated with alum in this process. It is relevant to note that aluminium is a neuro-toxin and concentration as low as 0.08 ppm of aluminium in drinking water is reported to have caused Alzheimer’s disease. [Gupta, S.K., (1997)]

2. Activated Alumina Method 

It is  an expensive process. Reactivation of field material is cumbersome (done by treatment of bed by acid and alkali) and it can be done only with the help of trained persons, who are generally not  available in most of  our villages. This process also results in high  residual aluminium in output water ranging from  0.16 ppm to 0.45 ppm. [Gupta, S.K., (1997)]

Since both  these commonly used techniques are site specific, expensive and require skilled operation, there is an urgent need to develop a new defluoridation technique  which is  not only  Aluminium free but  cost effective, simple and practical for less educated rural population. 

1.3
Neurological Effects of Endemic Fluorosis


Fluorosis presents with dental and  skeletal involvement because of high affinity of fluoride for  hard tissues of the body.  Fluorosis in India has three special features.

(1) Neurological complications

(2) Severe clinical manifestations at relatively low water fluoride levels.

(3) Severe osteoarticular  deformities.

The neurological complications in fluorosis for the first time in India were reported in 1937. The neurological involvement in fluorosis has almost exclusively been reported from India. [Mishra, U.K. (1994)]

Since children are prone to fluorosis, neurological complications of fluorosis are also highest in children. In high fluoride zone areas the children suffering from  fluorosis have also been reported  to suffer from the mental retardation.

The clinical manifestations of  fluorosis in western countries have been reported in the water fluoride level exceeds 4 ppm. In India, however, the water fluoride levels as low as 1.2 – 1.35 ppm have been associated with neurological complications. [Mishra, U.K. (1994)]

1.4  Aluminium and Neurotoxicity

Toxic effects of  heavy metals  like iron, lead mercury, arsenic and cadmium are well  known for years.  However, the global significance and human health impact of Aluminium metal pollution have become a issue of public concern only in last few years. Medical research studies have indicated high Aluminium intake  into body as a consative agent in neurological diseases such as Alzheimer’s disease and presenitle dementia.  Aluminimum is a very potent  neurotoxicant and causes excephalopathy, ostemalacia and anemia.


Aluminum in drinking water makes only a small  contribution to the total intake of Aluminium, but the relation between Aluminium concentration in municipal water and  Alzheimer’s disease is significant.

Martya, C.N. et al., (1989) 
in his study demonstrated a positive relationship between  aluminium in drinking water and Alzheimer’s diseases. Alzheimer’s is a disease which is characterized by pre-senile dementia, sclerosis and neurological degeneration  is associated with Aluminium accumulation in brain tissue. Aluminium is a potential neuro-toxic agent in humans (Steingger et al. 1990) Humans have highly efficient  natural barriers to limit aluminium concentration within the central nervous system except under specific conditions such  as renal failure.


Other neurological diseases, such as asytrophic lateral sclesrosine, and Parkinsonism, have been related to Aluminium accumulation in the brain.


A number of neurological effects have been associated with occupational exposure  to aluminium including impairment  of cognitive function, motor dysfunction and peripheral neuropathy.

1.5        Interaction of Aluminium with Fluoride

Aluminium is capable  of forming strong co-ordinate bonds with substances other than water. Aluminium complexes  formation is predominant with inorganic ligands such  as fluoride, silicates sulphate, nitrate etc. Fluoride is one of the inorganic  ligands which have a strong affinity  to aluminium at acidic pH. At acidic pH and high fluoride  concentration, complex reactions between Aluminium and fluoride are  quite efficient (Van Benschaten, et. al., 1994) The solubility  of aluminium in equilibrium with solid phase Aluminium (OH3) is  highly dependent   on pH and  on complexing agent fluorine.  Owing to the high charge /radius ratio of Al3+ in agenous  solutions, aluminium can complex with electron species such as fluoride.


Property of fluoride to combine with aluminium and forming Al-F complexes  is extensively utilized in the various processes of defluoridation. In these processes alum is being used as fluoride precipitator.


However higher use of higher close of alum presented with a new problem of high Aluminium residuals in treated water which further creates a health problem as Aluminium is neuro-toxic. 


Surface groundwater source of Aluminium are the rocks/rich in Aluminium coming in contact to this water. However the occurrence  of Aluminium in water is affected by the presence  of  inorganic ligands, particularly  fluoride in water.


In groundwater or surface water system  an equilibrium is formed that controls the extent to which Aluminium dissolution  can occur. The degree of hydrolyses of  aquo-complex Aluminium (H2O6)3+ increases with increases in pH,  resulting in a series of Al – OH species such as  Al (OH)2+, Al (OH)p2  etc. As fluoride  is smaller in size to hydrolyic ions, it will readily substitute in these complex. A pH range of 4-6 water favours the combination of Al-F complexes in water. [WHO, (1997)]

1.6       KRASS process

For meeting out the limitations of Nalgonda an activated alumina techniques commonly used in India, anew lost cost,  simple defluoridation technique was developed  recently [Gupta, S.K., (1997)]. The importance  of the KRASS defluoridation  process is its  simplicity, cost effectiveness and traces of aluminium in outlet water. This process is not  effected  by the temperature, pH, alkalinity, TDS and initial fluoride concentration  of the input water. It is a practical approach especially for our illiterate villagers which requires minimal involvement of technical  personnel. 

In this process, once the filter are laid at a door step, the flow of fluoride free water is without further expenditure except for recharging according to the  capacity of filter. This process achieves better removal of suspended matter, better clarity and maintains taste of water.

1.7      The Origin of Problem

In recent  years, several epidemiological studies have been carried out to evaluate the neuro-toxicity of Aluminium and  positive relationship between Aluminium in drinking water and  Alzheimer’s  disease and almost all of these studies have confirmed this relationship. Hence today, Aluminium is widely  regarded as neuro-toxin and far from innocuous. Various neurological disease including Alzheimer’s  disease have been correlated with Aluminium  concentration  in drinking water.

Municipal drinking water treated with Aluminium compounds reported high Aluminium residuals and inadvertent overdose of alum used in various defluoridation process also results in high residual Aluminium in finished water.

Aluminium is found to have a high affinity with fluoride and it combines readily with available fluoride to form Al-F complexes. The association of Aluminium with fluoride enhances the possibility of aluminium concentration in water of the areas having high fluoride concentration in their groundwater.

Recent medical studies conducted by  Mishra, U.K. (1994) reported neurological complications in the fluorosis prone areas.

The high aluminium ingression is related with neurological as well as bone toxicity. The effect on bone takes longer time to appear and gives a similar presentation as fluorosis. The neurological  effect specially effects on higher mental function,  gives its clinical presentation of  the earliest / specially in children. The reflection of HMF disorder may give varied presentation and the earliest  scholastic performance. Therefore a study was designed to evaluate the effect  of high aluminium investigation on scholastic performance in two areas having similar fluoride concentration.

Analysis of groundwater samples of two adjoining areas endemic to fluorosis reported the high fluoride in water of both the areas, however one of the area also reported traces of Al in its water. Preliminary  survey of the children of both area had shown the significant difference in performance level of the children of the areas.

1.8     Object of the present Study

A pilot-plant study of KRASS defluoridation process was carried out RIICO office in Sitapura Industrial Area of Jaipur  to evaluate its  working efficiency.  Groundwater  samples of the low fluoride areas in Jaipur city and fluoride rich villages (i.e. Raipuria, Shivdas Pura, Padampura, Ram Chandarpura and Sitapura Industrial Area) of Sanganer town were collected and analyzed for various chemical parameters  like pH, TDS, Fluoride and Aluminium. A health survey through a questionnaire of the children of two fluorosis prone villages Shivdas Pura and Raipuria was conducted.

1.9 Specific Objectives

(i) Performance evaluation of a domestic defluoridation unit based on the KRASS process.

(ii) To analyze groundwater samples in Jaipur city and some fluorosis prone villages namely Shivdas Pura, Raipuria, Padampura, Ram Chandrapura and Sitapura Industrial Area of Sanganer town for various chemical parameters.

(iii) To carry out health survey through questionnaire in Raipuria and Shivdas Pura to establish any ill effects caused due to fluorosis and F-Al combination.


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

CHAPTER – 2

LITERATURE REVIEW 

2.1
Fluoride Distribution and Problem


Fluoride is toxic to humans  and animals in large quantities, while small concentrations can be beneficial. Systemic  fluorosis  is an endemic problem in several developing countries especially in India and Pakistan  and has been reported sporadically in other parts of the world.


In India at least 14 states are endemic  for fluorosis. Rajasthan is one of the highest endemic states suffering from presence of high fluoride  contents in the underground water in most of the districts in  Rajasthan.  A survey of the groundwater sample analysis showed that the fluoride concentration > 1.5 mg/l was present in many water sources in all the 32 districts of Rajasthan. While  the WHO standards permit only 1 mg/l as a limit for human consumption, people in several  districts are consuming  water with fluoride concentrations up to 44 mg/l.

A review of the hydro chemical parameters of ground water of the districts  of Rajasthan reveals that apart  from high salinity, they have significant concentration of fluoride.  Arid areas of Rajasthan like Barmer, Nagaur and  Churu have a formidable  quality problem  regarding fluoride in drinking water. In Nagaur the problem  is extremely  critical and it has been reported that more than 50% of the ground water sources have fluoride  greater than permissible value of 1.5 mg/l. The maximum  concentration of fluoride  in Barmer and Churu is reported to be 30 mg/l and 13 mg/l. [Nath, K.J., (1996)].


Even in the southern districts  of Rajsthan namely, Ajmer, Bhilwara, Dungarpur, Udiapur & Kota, fluoride in ground water  is a matter of deep concern,  as more than 25% ground water sources in these districts have fluoride content more than 1.5 mg/l. Maximum values reported from Ajmer and Bhilwara  districts  are as high as 16 mg/l and 10 mg/l respectively. [Nath, K.J., (1996)].


Remaining districts  of Rajasthan have also reported significant concentration of fluoride in their ground water sources.

2.2
Sources of Fluoride in Water


The sources of fluoride is surface or groundwater are:

(i) The sea

(ii) The atmosphere

(iii) The earth is 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 materials with which  these waters are in contact (WHO, 1970). Fluoride 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 fluoride  areas occupy areas of eastern and south east  part of this  state, in the constricted synclinal bends in the  central region of Aravali synchronium.  Around the mica mines, groundwater is found to  be rich in fluoride and Rajasthan is a rich source of mica (Shiv Chandra, 1983).

2.3
Routes of Fluoride Intake


Although fluoride can be ingested through drinking water, some food items and beverages as well as cosmetics,  may contain high concentration of fluorosis. However, the most important route of intake of fluoride has been identified to be the drinking water. It is estimated that 60% of the total fluoride intake is through drinking water [Gupta, S.K., (1997)].

2.4
Allowable Limits of Fluoride in Water


The permissible limit of fluoride in drinking  water 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, dependant on the  annual average of maximum daily temperature of the area concerned.


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

2.5
Effects of Fluoride Ingestion on Human Beings


Fluoride when consumed or inhaled in excess (more than 1 ppm) can cause several health problems. It affects  young and old alike. An individual may suffer from

· Skeletal fluorosis, or

· Dental fluorides, or

· Non-skeletal fluorosis,

· All  or a combination of the above.

Fluoride is also known to induce aging  (Susheela, 1991), Smith and Hedge, 1959, have related the concentration of fluorosis to the biological effects  as given in Table 2.5.1.

Table – 2.5.1

Relation Between Concentration of Fluorides and Biological Effects

	Concentration of fluoride in mg/l
	Medium
	Effect

	0.002
	Air
	Injury to vegetation

	1
	Water
	Dental carries reduce

	2 or more
	Water
	Mottled enamel

	8
	Water
	100% osteosclerosis

	50
	Foods & water
	Thyroid changes

	100
	Foods & water
	Growth retardation

	120
	Foods & water
	Kidney changes


2.5.1
Types of Fluorosis

2.5.1.1  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.

· Paralysis

2.5.1.2 
Dental Fluorosis


Dental fluorosis prominent in children who are brought up in an endemic area of fluorosis. Dental fluorosis can occur in milk teeth and the permanent teeth both.  Discolouration 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. al., 1979)

2.5.1.3
Non-skeletal Manifestations


This aspect of fluorosis is often overlooked 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.

2.5.1.4  Neurological Manifestations of Fluorosis


The neurological complications in fluorosis for the first time in India were reported in 1937. The neurological  involvement in fluorosis have almost exclusively been reported from India. Till 1988, approximately 214 such patients have  been reported from India  whereas only a few such patients reported from other parts of the world (Mishra & Nag, 1988). (Mishra et. al., 1994).

The neurological complications of fluorosis  occur mainly due to compression of spinal cord,  nerve roots or  peripheral nerves secondary to bone hypertrophy or ligaments  calcification or both (Mishra U.K.,  1994).


Spinal cord involvement in fluorosis is common most in the cervical region and has been reported in 56% patients of fluorosis with neurological complications  (Reddy, et al., 1994).


The clinical manifestations of fluorosis in western countries have been reported if the water  fluoride  level exceeds 4 ppm. However, in India, the fluoride levels  as low as 1.2 – 1.35 ppm have been associated with clinical 

evidence of fluorosis with neurological complications (Siddiqui, et al., 1973).


Fluorosis is a preventable crippling disease 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 effect considered irreversible. Jenkins et al. (1970) studied the reverse of these effects through vitamin C and D  salts of calcium, magnesium or Al but their results were inconclusive .


Considerable works have been done on treatment  of fluorosis but their results have indicated its affects as irreversible. But latest studies have indicated that fluorosis can be cured, at least in children by a treatment  which is inexpensive and easily available. (Gupta et al, 1996) experimented on the reversal in 29 children by controlled  calcium, vitamin D3 and  ascorbic acid supplementation well below the toxic dosage.


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. There are two options for preventing the fluorosis incidences. First is to check the aquifer from different depths around the same location for the possible water source having fluoride level with in the permissible levels. Another option is to consider a different water source altogether.  Though  both the options are possible but not practical and feasible in rear sense. In that case, only feasible practicable option available at large scale is defluoridation of water.

2.6
Methods of Defluoridation of Water


Several methods have been suggested from time to time for removing excessive fluorides. These methods can be  classified into four categories based on the principles 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 in Table 2.6.1. All these methods suffer from one or more of drawbacks of  high initial cost, requiring  skilled operation and poor fluoride removal capacity.

Table  2.6.1
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
	


Fluoride removal capacity of material, working pH, interference, merits and demerits of different  existing defluoridation methods are presented in Table 2.6.2.

Table -2.6.2

                           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
	"
	"


Process like electro-dialysis, reverse osmosis etc. require special equipment, a lot of power, especially trained persons  to operate, require a lot of maintenance and are very expensive.

Among the above listed techniques, Nalgonda treatment technique and activated alumina technique are most commonly used methods in India. These have been discussed in detail in following sections.

2.6.1
Nalgonda Technique (NT)


This process involves direct addition of lime in water to maintain the pH of water and addition  of a known quantity of alum in water directly depending on water fluoride content. The quantity of lime and alum depends upon quality, and fluoride content of water.  Addition of bleaching powder is optional in this process.  The addition of these chemicals is followed by flocculation, sedimentation and filtration.

2.6.2
Activated Alumina  Method


Boruff (1934) was first to study activated alumina for fluoride removal. Further studies by Savinelli and Black  (1958)  showed that the capacity is a function of the fluoride concentration, pH of treated water, and the amount of regenerant used.  High initial  fluoride concentration, low pH and higher amount of regenerant resulted  in increased fluoride removal  capacity.


Rubel Woosely (1979) concluded that to  reduce the fluoride  concentration to a low level, activated alumina is the most popular and most effective, because of its  application ease and cost effectiveness. This process works on the principle of adsorption.


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 surface loading.


However, both Nalgonda and activated alumina methods, commonly used in India are associated  with many draw backs.

2.6.3
  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.


It is relevant to note that aluminium is a potent neurotoxin and concentrations as low as 0.08 ppm of  aluminium  in drinking water is  reported to have  caused Alzheimer’s  disease. (Martyn and Barkei et al, 1989). In Nalgonda treatment process the maximum permissible limit for aluminium (0.2 mg/l as prescribed in IS 10500) is for exceeded. Also the taste of water treated by this process is not acceptable. 

2.6.4
  Limitations of Activated Alumina Process

(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.

2.7
KRASS defluoridation Process 


This process relates to a process of treatment of fluoride rich water to make it defluoridated and useful for drinking water. In this process of defluoridation, the water is passed through the  media with an arrangement to prevent the media to pass through the outlet hole.  The fluoridated water can be treated by passing through the said media. The fluoride contaminated water can be passed through the bed of said media by any means such as filter. When the fluoridated water passes through the bed of said media, the fluoride contents are retained by this through physical/chemical adsorption process and water free from fluoride and contamination is obtained.


As we have mentioned that there are many processes for defluoridated of fluoride rich water. This process differs from the known processes in its simplicity, cost effectiveness and traces of residual aluminium in outlet water. There is no limit  on fluoride concentration in input water. This process is not effected by temperature, pH, alkalinity and total dissolved solids  of input water. The ambient conditions like atmospheric temperature and humidity do not have nay effect on this process. It is a practical approach especially for our rural population.


The importance of the process is a defluoridation process which  is easy to use by illiterate villagers, requires minimal involvement of technical personnel, is harmless and is cost effective. In the process, one the filter are laid at a door step, the inflow of the fluoride rich water is without further expenditure in terms of cost except recharging according to the capacity of filter (one recharge can provide fluoride free water even for 6 months). The exhausted media bed can be easily recharged again without replacing  the material at least up to 25 cycles. As a by product, the process achieves better removal of suspended matter, better clarity and maintains taste of water.

2.8
Presence of Aluminium in Water


Aluminium is a silverly white, ductile  and malleable material. It belongs to  group IIIA of the periodic table and in compounds aluminium is third most common element in the earth’s crust, after  oxygen and silicon.  Its accounts for  approximately 8.1% of the crust by weight. (Ware, W. George, 1996). Aluminium has widest applications in the Industrial sector and it is now being  regarded as the metal of twenty first (21st) century. Also due to its  abundance in nature, it can not be regarded as a contaminant in the usual sense of  words. However, intensive mining operators and  processing of Aluminium metal to meet the ever increasing need of our industrial society have generated the problems related to environmental pollution in specific locations all over the world. A broad distribution of Aluminium on earth is shown in Table 2.8.1.

Table – 2.8.1

Distribution of Aluminium  of Earth

(Ref. Athar Mohammad & Vora, 1995)

	Atmosphere ((g/m3)
	Lithosphere (%)
	Hydrosphere
	Biosphere kg/hectare
	Human body mg/ of body weight

	
	
	Sea water (mg/m3)
	Fresh water (mg/m3)
	
	

	0.04 – 0.39
	8.1
	2.0
	300
	711
	50-100


2.8.1  Environmental Transport and Distribution


Several processes influence aluminium mobility and its subsequent transport within the environment, these include chemical, hydrological flow paths, soil water interactions and the compositions of the underlying geological material  (Grant et. al, 1990).

2.8.1.1  Air


Aluminium enters the atmosphere as a major constituent of a number of atmospheric particular, such as soil derived dusts  from erosion and particulars from coal combustion (Grant et. al, 1990). Aluminium processing industries release aluminium in atmosphere in form of dust or fumes. It is found that aluminium is generally associated with large particles  ( > 2 (m diameter) and that these are  deposited near the  source. However, the contribution of air in environmental aluminium is very small.

2.8.1.2 
Fresh Water


Aluminium is one of the toxic metals found in natural water. The high level of aluminium in fresh water (as shown in Table 2.8.1) of rivers and lakes.


Ground or surface water aluminium concentrations vary significantly, being dependent on the various physiochemical and mineralogical  factors.  Aluminium can occur in a number  of different forms in fresh water. It can be  suspended or dissolved in water. It can be bound with organic  or inorganic ligands, or it can be exist as a  free aluminium in water.


Table 2.8.2 shows the ambient level of aluminium in natural water sources of U.S.A. and Canada.

Table – 2.8.2

Ambient Aluminium Level in Natural Water

(Ref. Ware W. George, 1996)

	Source
	PH
	Aluminium level ((g/L)

	Precipitation
	-
	520 – 1120

	Snow
	-
	56 – 1300

	Adirond back lakes
	4.7 – 5.1
	69.9 – 208

	Main lakes
	4.7 – 6.5
	18.9 – 472

	Floride
	4.9
	37.8

	Wisconsin
	4.6 – 5.5
	35 – 172

	New Jersey
	3.6 – 6.2
	13 – 508

	Ontario Canada
	4.0 – 5.6
	73 – 1097

	Coal pile leaching
	6.6 – 4.8
	6 – 480

	Kentucky stream
	8.5 – 2.6
	65-26, 500



Aluminium speciation is determined by pH, dissolved organic carbon (DOC), fluoride, sulfate, phosphate, silicate and suspended particulate matter.


Dissolved aluminium concentration for water in the  circum-neutral range of pH are usually quite low, ranging from 1.0 to 50 (g/L, and rises to 500 to 1000 (g/L in more acidic waters (WHO, 1997).


Tipping et al., (1989 b) studied the adsorption of aluminium in water from various acidified  streams in northern  England and the adsorption of aluminium by particles was found to increase with total aluminium, pH and  particle concentration. He concluded that adsorbed aluminium may commonly account for a significant proportions ( > 10%)  of total  monomeric  aluminium in such water.


Aluminium levels in surface water can increase by urban and industrial activities (Eisenreich, 1980), Kopp and Kjroner (1970) monitored the rivers and lakes in USA from 1962 to 1967 and detected aluminium in 31% of the samples. Mean dissolved aluminium levels ranged from 11  to 333 (g/L. The highest level of 2760 (g/L being measured in the  Missouri river. Aluminium  can also be leached from landfill containing coal combustion ash and aluminium smelting waters. (Sornenson et al, 1974). High aluminium concentrations occur  in surface  water where the pH is less than 5 (Filipeketal,1987).


In Germany, aluminium levels up to 10,000 (g/L, were reported in drinking water from private wells in areas  where soil had low buffering capacity and was subjected  to high acidic stress (M Uhlenberg et. al, 1990).


Aluminium concentration in streams and lakes is  impacted by acidification. Surface mining can be  important source of high aluminium concentration is streams & lakes. Leachate from coal-pile also increase the aluminium level in natural lakes significantly. Direct alum sludge discharge  into natural streams add high aluminium concentration in the  streams. (Sludge committee report, 1987).

2.8.1.3 Treated Drinking Water

Aluminium sulfate used in coagulation process for removing  particulate matter from municipal drinking water has  been reported to be an important  source of Aluminium intake  in human body.  Inadvertent  overdose of alum results in high residual  overdose of alum results in high residuals  aluminium in finished waters. Driscoll & Letterman (1988)  reported that approximately 11% of the Aluminium inputs remains in the finished water as residual aluminium and is  transported through the distribution system without  any significant loss. There are  40-50% chances of increase in aluminium residuals in finished water for the plant using aluminium based coagulants (Miller et al, 1984).

The aluminium residuals is more in case of alum than low cost poly-hydroxy aluminium sulphate (Koether et. al, 1997) Table 2.8.3 shows  the aluminum residuals in a pilot plant using alum and PAHS as coagulants. From this table it is shown that aluminium  contaminant level of 0.05 mg/L for all dosages of alum.

Table – 2.8.3

Pilot Plant Test : Coagulant Dosages and Residual Aluminium

(Ref. Koether et al., 1997)

	Dosage Range (ppm)
	Residual Aluminium

	
	Alum
	* PAHS (mg/L)

	0.87 – 1.09
	0.12
	0.07

	1.17 – 1.45
	0.15
	0.11

	1.53 – 1.93
	0.13
	0.05

	2.22 – 2.54
	0.09
	0.01


*
PAHS = Poly Aluminium Hydroxy  Sulphate


Driscoll & Letterman (1988) concluded from their survey of  194 water treatment plants using alum that  approximately only 25% of treatment plant met total aluminium standard of 0.2 mg/L.


Residuals Aluminium in finished water  from jar filtration test using alum and PAHS is shown in Fig. 2.8.1.


Alum is also used in conjunction with lime in Nalgonda technique defluoridation. (Nawalakhe et. al., 1975). The dosage of alum used in Nalgonda techniques is quite  higher than that used in coagulation, hence the aluminium residuals in Nalgonda treated water are supposed to be higher than coagulation process.


Selvapathy et al. (1995) reported the aluminium residuals in Nalgonda defluoridation water of Madras city (Table 2.8.4) A perusal of the data shows that the residual aluminium  concentration is above the recommended value  of 0.2 mg/L (WHO, 1984) in all the samples.

Table – 2.8.4

Distribution of Fluoride and Aluminium in the Nalgonda 

Treatment Process *  (Madras city)

(Ref. Salvapathy et al., 1995)

	
	
	Sample No.

	Parameter
	Minimum Mean**  / Maximum
	1
	2
	3
	4
	5

	pH
	Minimum

Mean

Maximum
	7.30

7.70

8.00
	7.60

8.00

8.30
	5.7

6.10

6.40
	6.00

6.30

6.70
	6.90

7.40

7.80

	Turbidity
	Minimum

Mean

Maximum
	19

23


	14

19


	6

9


	ND

3


	ND

1.5

	Fluoride (mg/L)
	Minimum

Mean

Maximum
	1.80

2.10

2.40
	1.70

1.90

2.20
	0.70

0.90

1.10
	0.70

0.75

1.00
	0.40

0.50

0.60

	Aluminium (mg/L)
	Minimum

Mean

Maximum
	0.24

0.27

0.34
	0.17

0.20

0.22
	1.06

1.20

1.83
	0.23

0.43

0.53
	0.40

0.45

0.50


*
Values recorded on 10 consecutive days.

**
Mean was calculated for detected values

ND
Not detectable

***
Description of sampling points

	Sample No.
	Sampling Point

	1.
	Collection well

	2.
	After sedimentation tank

	3.
	After clariflocculator 

	4.
	After slow sand filter

	5.
	After bleaching powder addition



Jar test study conducted by Selvapathy et al. (1995) indicated that the residual concentration in treated water increases with the increase of alum dose.

2.8.1.4  Soil and Sediment

Aluminium partitions from water to sediment and particulate matter especially at circum neutral pH. Mean aluminium concentrations range from 20,000 to 80,000 mg/kg. Subranmainam et al. (1988) measured heavy metals in the bed sediments and particulate matters  of Ganges Estuary, India. Average aluminium concentrations were 56526 mg/kg for bed sediments and 70222 mg/kg for suspended sediments.


Although  aluminium is ubiquitous in soil, it  varies from 0.4% of total in carbonates to 9.4% in marine clays as shown in Table 2.8.5.

Table – 2.8.5

Synoptic list of Ambient Aluminium Levels in Soils

(Ref. Ware W., George, 1996)
	Source
	Igneous rock
	Basalt
	Granite
	Sand stone
	Lime stone
	Shale
	Clay
	Mineral clay
	Coal

	Al (mg/ kg.)
	81,300
	83,000
	67,000
	25,000
	4,000
	82,000
	86,000
	94,000
	10,000

	Al %
	8.1
	8.3
	6.7
	2.5
	0.4
	8.2
	8.6
	9.4
	1.0



In lithosphere aluminium may be found as part of the mineral components of the soil or bound to charged soil.  In alkaline  soils the solubility of aluminum increases but  its bio-availability  is poorly known. For terrestrial ecosystem, soil is the point of entry of aluminium in living matter.

2.8.2  Environmental Chemistry Of Aluminium

The environmental chemistry of Aluminium is essentially driven by pH and hence its toxicity is interacted with that of hydroxide ion (H+). Aluminium is found in organically bound non-labile and labile (Al3+) form. The dissolved form of Aluminium is most readily assimilated by living organisms. Bio-availability  of dissolved form  of Aluminium is essentially driven by solubility of Aluminium in water. Residual Aluminium in treated drinking water is also estimated from solubility product of Aluminium.

2.8.2.1  Solubility in Water 

One of the most fundamental variables affecting dissolved Aluminium concentration is solubility of Aluminium is solid phase. The solubility product (p K50) for Aluminium varies depending on what form of Aluminium (OH)3 (s) is present (amorphous or crystalline). Numerous hydrolysis intermediates are formed prior to precipitation of Aluminium(OH)3(s). Aluminium salts dissolved in water first hydrate to form an aquometal ion Aluminium (H2O)63+ . This ion further reacts to form several hydrolysis species which are monomeric and dimeric hydro complexes.

Conventionally solubility diagrams have been used widely to examine Aluminium solubility in water treatment. The solubility of Aluminium in the presence of solid Aluminium (OH)3 can be  plotted as a function of pH (Fig. 2.8.2). In the  given solubility diagram It is  shown that the solubility of Aluminium is minimum in pH range 5-7 and being absolute minimum at pH 6.0. Beyond the pH range 5-7 the solubility of Aluminium increases significantly. Solubility of Aluminium is 0.025 – 0.075 mg/l in pH range 6.5 – 7.0 compared to 0.50 mg/l and 0.135 mg/l at pH 8 and 5 respectively [Quershi et al. 1985]. 

Solubility of Aluminium  importantly depends upon various parameters like pH, temperature, and inorganic ligands.

2.8.2.2   Factors Affecting Aluminium Solubility / Residuals

Various parameters affecting the solubility of Aluminium in water are:

· pH

· Temperature

· Inorganic ligands

pH


Soluble  Aluminium concentrations are pH dependentes, pH  adjustment to the pH of minimum Aluminium solubility has been found to be effective in reducing Aluminium residuals in water.


The solubility of Aluminium rises sharply with increasing pH (10 times for every pH unit above pH 6) [Haarhoff et al., 1988] lowering of pH below 6 also increases Aluminium residuals. Quershi et al. (1985) has observed that with an alum dosage of 10 mg alum/l, lowering the pH from 9.41 to 8.57 results in lowering the Aluminium residuals in filtered water from 0.42 to 0.26 mg/l.


The pH also determines the species predominating at equilibrium (Fig. 2.8.3). At high pH, if the total Aluminium  concentration is high enough, Aluminium (OH)3 (s) will precipitate and exist in equilibrium with high concentration of soluble Aluminium. At pH below 5.5, Aluminium solubility increases and more of it is in inorganic forms Al3+, Al (OH)2+ or AlF3 forms which are usually  more toxic than organically bound Aluminium.

Temperature


Temperature affects solution chemistry through changes in equilibrium constants. The significance of this effect depends upon the enthalpy of the reaction. The solubility product for Aluminium is affected significantly by temperature due to its high standard enthalpy of 22.8 Kcal/mole [Hem et al., 1967]. The net effect of a decrease in temperature is to shift the point of minimum Aluminium solubility to higher pH as shown in Fig. 2.8.4.

Inorganic Ligands


Aluminium is capable of forming strong co-ordinate bounds with substances other than water. Complexes are formed with inorganic ligands such as fluoride and silicates. At acidic pH and high fluoride concentrations, complex reactions between Aluminium and fluoride are quite efficient [van Benschaten et al, 1994]. However at basic pH, hydroxyl ions outcompete fluoride for Aluminium which theoretically  should minimize the impact of fluoride on residual Aluminium.


Depending on the amount of complexing agents present in water, the amount of dissolved Aluminium in equilibrium with solid aluminium hydroxide  will increase in natural water [AWWA Report, 1987].

2.9
Toxicity Of Aluminium

2.9.1
Human  Bio-availability of Aluminium


Aluminium is such a common elements, the question of its  toxicity is more difficult to resolve than the other heavy metals. However, recent medical research have suggested the various environmental hazards of high aluminium concentration.


Singer et al. (1997) has linked aluminium inter body with several neuro-pathological diseases including  presenile dementia and Alzheimer’s disease (AD)  [Crapper, et al. (1973), Albey et. al. (1967)].

2.9.1.1  Air


Pulmonary exposure to aluminium is determined by air concentration, particulate size and  ventilatory volume [WHO, 1997]. Air concentrations vary between two levels in rural settings (20- 500 (g/m3) and higher levels in urban settings (1000 – 6000 (g/m3) particles larger than 5-10 (m diameter tend to be removed from inhaled air and penetrate poorly into lungs. Humans  living in an urban area with ambient aluminium concentrations of about 2000 ng/m3. Particle size < 5 (m and a ventilatory volume of 20 m3/day would be exposed to 40 (g aluminium per day by inhalation.

2.9.1.2    Foods & Beverages

Since aluminium is a major  components of earth’s  crust it is naturally present in varying amounts in most food stuffs consumed from plant foods as well as animal origin foods are reported to contain significant amount of aluminium. [Table 2.9.1 and 2.9.2].

Table – 2.9.1 

Aluminium in Common  Plant Foods (mg/kg. Fresh weight)

[Ref. Athar Mohd. & Vohra, 1991]

	Metal
	Cereals
	Potatoes
	Vegetables
	Fruits
	Mushrooms
	Tea
	Coffee

	Al
	1.2-5.4
	1.2-2.5
	0.1 – 5.0
	0.4-2.8
	4.0
	128.0
	30-45


Table – 2.9.2 

Aluminium Concentration in Food items of Animal origin

[Ref. Athar Mohd. & Vohra, 1991]

	Metal
	Milk and Dairy Products
	Meat, Pork, Beef, Chicken
	Fish

	Aluminium
	0.8 – 2 mg/l
	5 mg (meat)

0.2 mg (cooked beef)
	0.4 mg

(Cooked fish)



The actual concentration  in food and beverages from various  countries vary widely depending upon the food product, the type of processing used and in particular the level of aluminium containing food additives.


Foods naturally rich in aluminium include baked potatoes (Skin on), spinach, prune juice and tea (Athar Mohd. & Vohra, 1991).


The preparation and storage of food in aluminium vessels, foils or cans may increase the aluminium contents, particularly in the case of foods that are acidic, salty or alkaline (Nagy & Nikdel et al, 1986).


Beer, soft drinks, juices  sold in aluminium cans and aluminium foils used as wrappers are also the possible source of aluminium intake. (Rane, R.D., 1994).

2.9.1.3  Drinking Water

Aluminium levels in drinking water, whether distributed through house plumbing or as bottled water, vary according to the natural levels found in the source and weather  process. In Germany , levels of aluminium in public water supplies averaged 10 (g/L in the western region while 2.7%  of public supplies in the  eastern region exceeded 200 (g/L (Wilhelm & Idel, 1995).

Aluminium compounds used in coagulation process for removing particulate matter from municipal drinking  water has been reported to be an important source of  human exposure.

2.9.2 Regulation of Aluminium in Drinking Water

In an effort to control the Residual Aluminium various  states, federal and international regulations and guidelines for  aluminium concentration in drinking water have been established.

Table – 2.9.3 

Regulation and Guidelines for Aluminium in Water

[Ref. Van Benschoten et al. 1994]

	Regulation and Guidelines
	Concentration ((g/L)

	1968 AWWA Policy Statement 
	50

	1991 USEPA max. contaminant level (MCL)
	50 – 200

	1984 World Health Organization Guideline
	200

	European community regulations  

(i) Guidance level

(ii) Maximum contaminant level
	50

200



Except for the maximum permissible concentrations established by the European economic community, all the  limits are guidelines and not regulations. The USEPA has estimated that the average adult intake of  Aluminium is 20 mg/day (Lettlerman & Driscoll, 1988). International drinking water guidelines for aluminium were based on aesthetic rather than health grounds (WHO, 1993).


In India, the maximum permissible level to aluminium concentration  in drinking water is limited to 0.2 mg/L [IS : 10500 (1983)].

2.9.3 Total Human Intake of Aluminium from All Environmental Pathways

Total intake of aluminium must consider all routes of exposure i.e. inhalation, oral and demand. For humans, non occupationally exposed to aluminium, oral intake of aluminium represents the major route of exposure. Total intake of aluminium by the general  population varies between 2.5 – 13 mg/day depending upon the country of origin as well as the age and sex of the subject  [WHO, 1997]. Over 95% of the normal daily intake of aluminium comes from food and water.

2.9.4 Toxic Effects of Aluminium

2.9.4.1   Human Body
Toxic effects of aluminium can be categorized into two parts depending upon the route of exposure.

(A) General population effects

(B) Occupational effects

(A) General Population Effects
The total amount of aluminium present in an average adult human of 70 kg. Body weight is 50 – 100 mg [Athar Mohd. & Vohra (1991)]. Aluminium concentration in human blood is shown in Table 2.9.4.

Table – 2.9.4

Aluminium in Human Blood

[Athar Mohd. & Vohra (1991)]

	Metal
	Concentration ( (g/L) in blood

	
	Whole blood
	RBC
	Plasma
	Serum

	Aluminium
	100 – 720
	64 – 460
	280 – 410
	110 – 780



Aluminium is supposed to serve no known purpose in human body. Human have highly efficient natural barriers to limit aluminium concentration with in the central  nervous system except under specified conditions such as  renal failure. However, aluminium is regarded a potent neuro toxin in humans [Steinegger et al, 1990].

A.1
Neurotoxic Effects

A.1.1 
Aluminium and Alzheimer’s  Disease


It has been suggested that aluminium exposure is a risk factor for the  development or accelerator of onset of Alzheimer’s disease (AD) in humans. [Crapper, et al., 1986 and McLachlan, et al., 1989].


Alzheimer’s  disease which is characteristics by pre-senile  dementia, sclerosis  and neuro-fibral degeneration is associated with aluminium acculation in the  brain tissue.


Epidemiological studies has also shown an association  of aluminium intake in drinking water and an  increase in the prevalence of AD. Results of these studies were consistent for a positive  relationship between water borne aluminium and AD [Martyn et al., (1989), Neri & Hewitt, (1990), Flaten et al., 1991].


McLachlan et al. (1996) investigated a  possible relation between Al concentration in municipal drinking water and AD and concluded that this relation  depends directly on population exposure and characteristics. 

A.2
Other Neurological effects of Aluminium in General  Population


Other severe neurological disease, such as  amyotrophic  lateral sclerosis, Parkinsonism and dementia have  been related to aluminium accumulation in the brain (Gaiduesk & Salezai, 1982).


Dialysis dementia may result from prolonged  treatment with water containing more than 50 (g/L of aluminium from alum treated water.


An important relation emerged between the water aluminium concentration and death from dementia Fig. 2.9.1.


The clinical manifestations include bone pain and speech disorder followed by dementia  convulsions, myoclones and death.  The cumulative risk of death due to dialysis dementia in patients whose waster supply had a  aluminium concentration > 200 (g/L was significantly higher than the patients whose mean Aluminium concentration < 200 (g/L [Davison et al., 1982].


Aluminium exposure to human also causes allergic effect. Patients using aluminium chloride roll on antiperspirants regularly developed an  itchy dermatitis in the axially.

B. Occupational Effects

Workers working in aluminium processing industries are exposed to aluminium metal and  aluminium compounds in form of dust or fumes. Various effects observed on workers exposed to  aluminium compounds and metal are:

· Respiratory tract effects

· Central nervous effects

· Gastrointestinal effects

· Hematological changes and bone damage.

 2.9.4.2   Miscellaneous Effects of Aluminium

Besides the toxic effects of aluminium it has other possible effect as summarized below:

1. Increased aluminium concentration  deposit aluminium hydrolysis products on the pipe walls reducing the carrying capacity of pipe.

2. Aluminium precipitates in the distribution system may increase the turbidity of water.

3. Aluminium flocs in the system may interfere  with disinfecting process by enmeshing and protecting the micro-organisms [Leterman & Driscoll, 1988].

2.9.5  Interaction of Aluminium with Fluoride

In groundwater or surface water systems an equilibrium is formed that controls the extent  to which aluminium dissolution can occur.

Aluminium is capable of forming strong co-ordinates bonds with inorganic ligands.  Fluoride is found to be one of the inorganic ligands which  readily combines to available aluminium in  water to form strong Al-F complexes. At acidic  pH and high fluoride concentrations complex relations  between aluminium and fluoride are quite efficient  [Van Benschoten et. al, 1994]. Making tea in aluminium  utensils  results in the leaching of aluminium from utensils. The possible cause of aluminium leaching is that the  tea leaves are rich in fluoride  and fluoride has a strong affinity with aluminium which causes the leaching of aluminium in utensils. [Rao & Rao, 1995].

Aluminium forms complexes with fluoride which are considerably more stable than the respective Fe3+ complexes.

Ingestion of relatively small amounts of aluminium decreases the fluoride concentrations available in the intestinal  human by  complexation and thus fluoride absorption from the intestine. [WHO, 1997].

There is enough evidence to suggest  that fluoride interacts with aluminium in the skeleton by antagonizing the aluminium induced reduction in osteoblast  numbers, but does not ameliorate the aluminium induced  decrease in mineralization (Ittel et al., 1992).

Toxic effects of aluminium are also reported in skeleton. Excess deposits of aluminium in the skeleton may results in a syndrome  commonly refereed as “aluminium  induced bone disease” (AIBD) [WHO, 1997]. AIBD presents a moderate  to severe low bone turn over osteomalacia, which is often intensive  to the vitamin D complex that reverse the osteomalacia of rickets. 

CHAPTER – 3

MATERIALS AND METHODS

General


For defluoridation studies a pilot plant based on KRASS defluoridation process was installed at RIICO office in the Sitapura Industrial Area of Jaipur city. The study was carried with two reactors in series, each having a capacity of 500 litres. Raw water (groundwater)  containing fluoride concentration > 1.5 mg/L of the Sitapura Industrial Area was used as the input for the reactors. 

The media bed was regenerated by 10% alum solution after exhaustion. The input  as well as out put water were  analyzed for various chemical parameters like pH, fluoride, aluminium, and total dissolved solids.

For water quality of groundwater samples of the high fluoride  belt around Jaipur city and low fluoride areas of Jaipur city were analyzed for pH, fluoride, aluminium and TDS parameter for establishing a possibility of aluminium  combination with fluoride in groundwater.

A detailed performance survey of the school children through questionnaire was carried out  in two similar level of fluorosis affected areas (Shivdas Pura and  Raipuria village).  The fluoride concentration  observed during analysis of their groundwater samples reported somewhat  same level of fluoride concentration. However, one of the two  areas (Raipuria village) reported the neurotoxic  aluminium concentration in water.  This survey was conducted  the children comprising age group  4-12 years. The aim of this survey was to evaluate the performance  of the children in two areas.

The details of materials used and procedure followed are given in the following sections.

3.1    Defluoridation Studies

Materials used for this study were as follows :

3.1.1   The Reactors
Two pilot plant  reactors, each having a capacity of 500 litres were used in series.  The reactors were plastic tanks (Syntex make) with their bottom dia as 90 cm and straight  height  equal to 78.5 cm. The top dia of the tanks was 35 cm.

3.1.2   Support  Material

A  new defluoridating support material was prepared  by Dr. Sunil Kumar Gupta and the same was used in this study.  This material is in the process of patent and hence the details of preparation were not revealed. The material is indigenous and is  abundantly available in nature at low cost.

3.1.3
  Other Allied Articles


These include a  measuring jar for collection of output water. A weighing box for weighing of support material, a 10 litre  capacity bucket for preparation of recharging solution. A stirring rod, 250 ml capacity sample collecting plastic bottles  (6 Nos.).

3.1.4
  Input  Water


Raw water of the Sitapura Industrial Area which has fluoride concentration  2 to 3  mg/L was used as the  input water for defluoridation. The reactors were connected the raw water supply line of the RIICO office. Reactors were fitted with floating valves for controlling the inflow of water and maintaining constant level of water in the reactors.

3.1.5  Preparation of Recharging Solution 

Alum of commercial grade was used  for preparation of recharging solution. For recharging the bed, alum solution of 10% strength was employed at the  rate of 100 mg/kg of filter material was  used. Preparation of the  solutions was made by dissolving 1 kg. Of commercial grade alum in 10 litre of water.

3.2 Instruments

The following equipment apparatus  were used:

(i) Digital pH meter “AP x 175”

(ii) Electronic weighing machine

(iii) Spectrophotometer  U V – 240

(iv) Ion meter “ORION” with fluoride and reference electrodes

(v) Mechanical sieve vibrator and IS sieves

(vi) Conductivity meter type MC-1 (Mark – IV)

3.3 Methodology : For Defluoridation Studies

· Sieve analysis of support material

· Installation of reactors

· Connection to input raw water

· Preparation of recharging solution

· Running of reactors with fluoride rich water, collection of water samples and recharging reactors

· Analysis of water samples.

3.3.1 Sieve Analysis of Support Material

For this analysis IS Sieves  425 microns, 300 micron, 150 micron and 75 micron were used. The set of sieves were arranged one above the other and fitted to mechanical vibrators such that 425 micron sieve  was at the top and the 75 micron at the bottom. A cover was placed over the 425 micron sieve and a receiver was placed below 75 micron sieve. The sieve analysis of the media depicted more than 50% was retained on 75 micron BIS sieves cumulatively 75% of the media was finer than 300 micron BIS sieves.

3.3.2 Installation of Reactors

Two plastic tanks, each having a capacity of 500 litres were installed in series one above the other. Dimensions and arrangement of both the reactors have been shown in Fig. 3.3.1. Both the reactors were filled with media bed with an arrangement at the water outlet to avoid the passing of material with water.

The arrangement of the graded media bed was so done that at the bottom of the bed, coarse gravels were  compacted to a 10 cm depth layer, above  which a 10 cm thick layer of fine gravels (sand) was spread. The top most layer of 15 cm depth was of the support material.

The quantity of the media bed used was different in both the reactors. In the upper reactor, 365 kg of material was filled while in the second reactor quantity of material filled was 3 70 kg.

Supply of the influent water was made from the RIICO office supply line with a flow control arrangement in both the reactors. For avoiding the passage of media bed with water, graded gravels  are used around the  pipe outlet which restrict the  passage of material.

3.3.3  Running of reactors and Recharging of the exhausted media bed

Water having fluoride > 1.5 mg/l was supplied continuously  to the reactors. A valve arrangement was made in both the reactors to control the flow as well as maintaining  constant level in  the tanks. The fluoride ions present in the water get adsorbed on the support material and fluoride retained water is passed through the filter media and got collected in the second reactor.  Here the second stage defluoridation took place and fluoride concentration  was still reduced to minimum. The  fluoride free water output filtering through the second reactor media bed was connected to the water cooler of the office so that a fluoride free water consumption ensured. The rate was calculated by measuring the output water in for certain period of time. The water samples of the  finished water was collected at regular interval and analyzed for  various chemical parameters like pH, TDS, fluoride & aluminium.

Exhaustion of the media beds were  identified with the level of fluoride concentration  in treated water. The cut off point for the recharging of bed was taken as the fluoride concentration in out put water of 1.5 mg/l. The beds were recharged with 10% alum solution at a rate of 100 ml/kg of support material. After charging the bed with this solution, the bed  was rinsed with 30-35 litres of water and  the out put water from the reactors was discarded  for consumption for next one hour duration.

3.3.4 Analysis of Samples

3.3.4.1 Fluoride

Fluoride ion concentration was  measured in influent water and treated water with ion selective electrode  method through the ORION model 94-09 fluoride at NEERI zonal laboratory, Jaipur ( APHA, 1989).

The basic principle is that 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.

3.3.4.2 pH

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

3.3.4.3 Conductivity

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

3.3.4.4 Aluminium

Aluminium in the water samples of treated water was measured with help of spectrometer UV – 240 in the MREC laboratory Jaipur by  Erichrome Cyanine  R method. 

3.3.4.5 Principle

With Erichrome Cyanine R dye, dilute aluminium solutions buffered to a pH of 6.0 produce a red to pink complex that exhibits maximum absorption at 535 nm. The intensity of the developed colour is influenced by the aluminium concentration, reaction time, temperature & pH.  The intensity of colour measured at 535 gives the corresponding aluminium concentration. (APHA, 1989).

3.4 Analysis of  Groundwater Samples of  Jaipur city and surrounding areas of Sanganer town 

Analysis  of groundwater samples of Jaipur city and  surrounding areas of Sanganer town was done for various chemical parameters including pH, TDS, fluoride and aluminium.


Criteria for selection of sampling areas was based upon the recorded data on fluoride content in the groundwater of various areas in and around Jaipur city.  Based on data, the areas were  categorized in two parts; one the high fluoride, and the low fluoride areas.


Previous studies and survey by PHED on the distribution and occurrence of fluoride in groundwater have shown various  areas of Jaipur city as low fluoride content areas while  the villages  around Sanganer town have been reported as high fluoride areas. 

3.4.1
Sample Collection


Samples were collected in 250 ml plastic bottles already rinsed and washed with distilled water. Groundwater samples were collected  from the various residential locations in Jaipur city and some villages of high fluoride around Sanganer town.  The sampling locations  in Jaipur city were MREC, Jaipur (5 No.), Malviya Nagar (1 No.), Vidhya Nagar (1 No.), Gandhi Nagar (1 No.), Raja Park (1 No.), Janta Colony (1 No.),  Adrash Nagar (1 No.), and C-Scheme (1 No.).  While all the five wells of MREC premises were analyzed separately, the samples for other colonies represented equalized samples of service reservoirs of that colony. The source of all  the samples was groundwater. Villages of high fluoride origin covered  for sampling were Raipuria (10 No.), Shivdaspura (6 No.), Padam Pura (5 No.), Ram Chandra Pura (3 No.) and Sitapura Industrial Area (4 No.).

3.4.2
  Analysis of Samples


All the samples were analyzed for various  chemical parameters such as pH, fluoride, aluminium and TDS.  Processes given in standard methods  (APHA, 1989) were followed for analysis  of various parameters. 

3.5       Questionnaire Survey of School Children


The reviewed literature indicates that fluoride interact with  aluminium and forms strong coordinate bond. This forms strong Al-F complexes. At acidic pH and high fluoride concentrations such complex relations between aluminium and fluoride are quite efficient (Van Benschoten, 1994).

Object of this survey was to establish  the hypothesis that aluminium complexes with fluoride may result into more severe health effects than that of fluoride alone. 

Villages Raipuria and Shivdaspura were selected for this a, because both had the high fluoride levels but they had different aluminium  concentration in their groundwater. In these villages a  performance survey on school children through questionnaire was carried out  for evaluating the possible neuro-toxic effects on the children of high aluminium.  

3.5.1 Selection of Children for Survey

Students from First to Third class were selected for survey on the basis of  syllabi of Hindi and Mathematics  covered by the students of both the villages. 

The various topics covered under Hindi were Alphabet  (Read, Write & Speak), Matra (Read, Write & Speak), word, sentence and grammer.


The topics considered for mathematics were counting, tables, addition, subtraction, multiplication, division and knowledge of geometry.


A student showing positive response to these aspects was given a number “1” while the negative response was marked as “0”. The age group covered for this survey was 4-12 years.


Social and family background of the children of both the villages was also enquired.


The survey data of the two villages has been reported as Group A (Shivdas Pura) and Group B (Raipuria).

CHAPTER – 4

RESULTS AND DISCUSSION 

General 


The experimental and field works described in the previous chapter have been  analyzed in this chapter. The results have been represented in the form of tables and graphs.  The present study is related to the evaluation of working efficiency of scaled up version of KRASS process of defluoridation and analysis of groundwater samples of Jaipur city and the villages around Sanganer town for various chemical parameters like pH, TDS, fluoride and aluminium. A performance evaluation survey through questionnaire of the children of two fluorosis  prone villages (Shivdas Pura and Raipura) with levels of high fluoride but different aluminium concentrations was conducted for  evaluating the neuro-toxicity of aluminium combined with fluoride.

4.1 Results of KRASS Process of Defluoridation

Chemical parameters analyzed for influent and treated water were pH, TDS, fluoride and aluminium. Volume of treated water was also measured for a certain duration for calculation of flow rate.

Results have  been presented in the tables and graphs show in the measured parameters. 

4.1.1  Results with Support Media 

In this stage it was found that the KRASS process brings down the fluoride concentration well below the permissible level for all raw  water samples having varying fluoride concentrations.

From the perusal of the data given in table 4.1.1, it has been observed that the input water fluoride concentration varied from 2.68 to 3.26 mg/l  and the fluoride concentration of treated water was below 0.50 mg/l in almost all the samples except at the exhaustion stage  of the media where its recharging was required. In addition to this aluminium content in the treated water was in traces.

TDS

The raw water containing TDS up to 1210 mg/l was used for  treatment and observation of the output water indicated that this process reduces the TDS of the input water to a small extent. The curve shown between cumulative volume of treated water and TDS also depicts this variation. 

pH

pH of the raw water samples  was reduced to a range of  7.2 – 7.5 in the initial stage and it remained constant during the defluoridation process. However, at the exhaustion  stage of the support material  the pH increased. A curve between cumulative  volume of treated water and  pH in Fig. 4.1.1 (b)  shows this phenomenon.

Fluoride


In this process fluoride was removed to the safe level of consumption as shown in Table 4.1.1, it indicated that fluoride removal capacity of the reactors was higher in the initial stages of the treatment. Water containing  fluoride concentration from 2.6 – 3.26 mg/l was treated to a safe level of  less than 0.5 mg/l. But at the exhaustion stage the fluoride removal capacity of the media reduced and recharging of the media was required. A curve shown between cumulative volume and fluoride in treated water in [Fig. 4.1.1(b) ] indicated that at the start of the process, fluoride in output water was 0.6 mg/l and it started decreasing during the progress of the run and attained a minimum between 52-300 litre of cumulative volume. Beyond 400 litre of treated water is fluoride concentration increased to a level of 1.68 mg/l which is higher than the safe limit of 1.5 mg/l. Media was recharged  at this stage.

Aluminium 


Since no aluminium compound was used in the treatment of fluoride rich water in this cycle there was no question of aluminium residuals in the finished water by this process. But it was observed that aluminium was found in traces (0.015 mg/l) in the water samples of Sitapura Industrial Area. 

4.1.2 Results of Recharge Cycle  - I

The recharging of the support material of both reactors was done at the stage when the fluoride concentration in the treated water increased above a limit of 1.5 mg/l. 

Results of recharging cycle – I have been shown in table 4.1.2. From this table it was observed that after recharging  the bed media, the fluoride concentration in the treated water  dropped sharply below 0.50 mg/l. 

TDS 


Total dissolved solids in the raw water were reduced to some extent in the initial state of the treatment. From Fig. 4.2.1 (a)  it can be seen that the at 100 litre of cumulative volume of treated water TDS increased to a level of 1300 mg/l, but at 150 litre of volume it dropped sharply and again increased to a constant level of  1200 mg/l.  In this cycle variation of TDS have been very irregular. 

pH

In the beginning of the treatment pH of water reduced to acidic  level. This  was due to recharging of  material with alum solution.  However, it recovered to  a normal range of 7.20 – 7.50 and remained constant during the treatment.

Fluoride


Fluoride removal capacity was increased with recharging of the media

From Fig. 4.1.2 (b) it has been observed that fluoride concentration  reduced to traces in between 50 – 150 litre of treated water. Beyond that fluoride removal decreased and at 200 litre of treated water the fluoride level in treated water increased sharply to a high level of 1.68 mg/l. 

Aluminium


As shown in Table 4.1.2  aluminium concentration in the treated water has been higher than the safe limit of 0.2 mg/l. This has been due to addition of strong alum solution for recharging. However, in the due course of process this concentration dropped to a untraceable level. This showed that this process reduces the residual aluminium in treated water, which have been observed higher in other processes of defluoridation. Fig. 4.1.2 (b) shows the variation of aluminium concentration in treated water with cumulative volume of water.

4.1.3  Result of recharge Cycle - II


Result recharge cycle – 2 were taken to evaluate the capacity of the media bed of treating water containing high fluoride concentration.


Results have been shown in Table 4.1.3 from this table it is  evident that the  process is well capable of treating the high fluoride  water. In this  cycle water containing fluoride up to  7.2 mg/l was used for treatment and it was observed  that the fluoride removal efficiency improved with high fluoride of input water.


Aluminium in treated water was observed in the beginning but it was not measured in the later stage.


The main feature observed of this cycle was the increased efficiency of the process with the high input fluoride concentration.


The fluoride in composite sample was 0.36 mg/l, well below 1.5 mg/l. Capacity of fluoride removal was found to be very high (167.07 mg/kg of alum).      

4.2 Results of Ground Water Sample Analysis

Results of analysis of water samples of Jaipur and Sanganer areas have been shown in table 4.2.1 and 4.2.2.

From these tables it has been observed that the fluoride concentrations in villages surrounding Sanganer town were very high  exceeding the limit of 1.5 mg/l. But in Jaipur city the water was found to contain  a very low (< 1.5 mg/l) fluoride concentration.

Although in both the areas, the source of water was ground water and pH of the water was in the same range but the fluoride concentration was widely different.  Fluoride concentration in these villages  was observed to be high with a maximum level of 11.3 mg/l  in Shivdas Pura. However, average fluoride concentration  was found to be highest in villages Padam Pura (i.e. 6.40 mg/l). The reason of high fluoride concentration in this water of these areas may be underground strata and which contain fluoride bearing rocks. The groundwater while seeping through these rocks gets contaminated with fluoride. 


As far as aluminium is concerned, in all the samples the concentration was found to be in traces except in village Raipuria.


The aluminium concentration in Jaipur city and in Villages  (except Raipuria ) around Sanganer town was found to be in the range of  0.0015 to 0.023 mg/l. But in village Raipuria the aluminium concentration was found to be manifold higher than that of other samples. The average aluminium concentration in Raipuria village was found to be 0.125 mg/l.


Both villages, Shivdas Pura and Raipuria have shown  high fluoride in their water and both have been reported as fluorosis prone villages but the severity of fluorosis is much higher in village Raipuria.


Moreover the concentration of aluminium in the water of Raipuria is about 10 times more than that of the Shivdas pura village. Most importantly, the well named as Beri (North of village) having highest fluoride concentration  is used for drinking and also has incidentally a high aluminium concentration of 0.134 mg/l.


In recent years, the neurological aspect of fluorosis have been reported in India [Mishra, U.K., (1994)]. And aluminium being a strong neuro-toxin to human body readily combines with fluoride to form Al-F complexes. Hence to establish the hypothesis of possible effects of Al-F combination on human health, a further survey of performance evaluation was conducted in these two villages Shivdas Pura & Raipuria.

4.3
Result of Questionnaire Survey for Performance Evaluation of School Children 


The type of aluminium reaction in water is an important  factor in areas having high fluoride concentration. Apart  from forming a complex, a certain amount of aluminium in water is favoured  by acidic pH of the water ([Tipping et al., (1989b) and WHO 1997]. The high fluoride concentration in water favours the reduction in pH and hence also  favours the dis-solution of aluminium. Therefore, high aluminium ingestion would be imperative with  the ingestion of this water.


The excess aluminium ingestion causes many neurological, skeletal  and gasterointestinal toxic  effects. The major toxic effects relating to neurological manifestations are disturbance in higher mental functions. In skeletons it may cause a disease known as osteomalacia. Considering the interaction of fluoride with aluminium in drinking  water and the toxicity of aluminium due to the ingestion of high aluminium it was proposed to conduct a epidemiological survey in two high fluoride areas having different concentration   of aluminium in water. One of the  earliest manifestation of neuro-toxicity is the scholastic  performance of the children.


A performance  survey was conducted in two villages, Shivdas Pura (Group A) and Raipuria (Group B) to evaluate the neuro-toxic effects of aluminium on children. The results of statistical  analysis of data are presented below.


A statistical analysis under t-test was  performed on the sample data of the two groups of villages. Similar aspects for students of same class of two villages were compared for finding out the probability of the two samples  having  significant difference in their mean values of response. The level of significance of the two sample data was  compared at 5% probability having equal mean  value. Under t-test samples giving p value  greater than 5% were regarded as insignificant and the samples having the  value of p less than 5% were regarded  as significant.


By  performing the t-test analysis following observations were made :

(I) Hindi

In the subject of Hindi, five topics (Alphabet, Matra, Word, Sentence and Grammer)  were covered for writing, reading and speaking capabilities. 

In class first of the two groups number of  students questioned in Group A  were 22 and in Group B 31 students were questioned.

In Group A and Group  B the performance of the students in Alphabet, writing, reading and speaking was similar and there was  no significant difference in these aspects as value of P was greater than 5%. However, in  other topics like Matra, Word and Sentences the difference was significant. For example  in Matra, reading, 64% of the students of  Group A village responded positively  while  only 3% of the  students of Group B have shown positive responses.  Similarly in word writing and reading, 82 and 64% respectively have  also shown positive while it was zero in Raipuria. “P” value was less than 0.05  of for all these aspects.

Sentence writing, reading and  speaking have also been responded positively by the Group A students but in Group B none of the students responded positive.

In class second total students  questioned in   Group A & Group B  were 24 each. In this class the response of the students of both villages is similar for alphabet (Write, read  & speak) matra and words but the difference is significant in the topics of words, speaking and grammar.

71% of the students can read words in Group A while in group & Group B only 8% of the students  responded positively. Grammar knowledge was shown by 17% of the students in Group A and zero in group B.

Twenty two students of Group A and 20 students of Group B were questioned in third class. The difference was not significant up to the  word reading, but in sentence and grammar, the difference was significant. In sentence writing, 68% of Group A showed positive response but in Group B none of the students was able to write a sentence. 

(II) Maths

The performance of students of the groups of class first differed widely in almost all  the  aspects (i.e. counting, tables, addition, subtraction etc.). This variation was  found to be maximum and highly significant in tables and addition / subtraction.

However, in class second,  the difference in performance level was observed significant only in addition / subtraction, multiplication and division. Response of students differed  in higher level table (i.e. > 15). 

In class third, the significance in the groups was observed at the stage of tables above 10. There was no significant difference in addition/subtraction  and multiplication but in division and geometry, the difference was significant.

These observations of epidemiological studies indicated a significant  difference in the two areas. As far as the  Hindi language is concerned, the  comprehension was observed to be the major  defect. Another major defect observed  was poor writing performance in  children of Group B having high aluminium concentration  in drinking water.

This observation indicates  a poor coordination neural functioning reflecting as poor comprehension  and writing. The  difference in reading and speaking ability  in both areas was insignificant (as the value of “P” was greater than 0.05). It  indicates  that the learning through perception is normal. The same observation has been confirmed in mathematics. 

Since the preliminary investigation have supported the hypothesis that fluoride and aluminium combination may have synergistic effects, it is imperative to review a fluorosis control policy  in view of the fact that high residual aluminium is being reported in water treated with Nalgonda and activated alumina defluoridation techniques.

CHAPTER – 5

CONCLUSION 


Studies were carried out to evaluate a domestic scale unit of a newly developed KRASS defluoridation techniques; analysis  of water samples of residential colonies of Jaipur and many areas of Sanganer town, was made for various  physio-chemical parameter  including fluoride and aluminium; and a questionnaire  survey  for performance analysis of children of Shivdas Pura & Raipuria villages  was carried out to evaluate synergistic effects of aluminium & fluoride.

Newly developed KRASS process of defluoridation has been found to be efficient, practical and simple to operate for the less educated rural population.  The fluoride removal in this process has been principally carried out by the  indigenously prepared support material and this  capacity of fluoride removal has been further increased by recharging of the support material with 10% alum solution.  The process has been  found to be independent from the effects of  various parameters of raw water like  pH (7.90 – 8.6), TDS (620-1640 mg/l), fluoride concentration (2.68 – 7.2 mg/l) etc. The treated water consistently  had a fluoride concentration between 0.01- 1.5 mg/l. A high fluoride removal capacity of alum was obtained (31.9 mg/kg to 167.07 mg/kg) in this process. 


One of the most significant outcome of this process was the reduction of aluminium residuals in the finished water. Aluminium is a neuro-toxin and  far from innocuous. Nalgonda treatment process, used commonly in rural areas of India is reported to have high aluminium concentration (2.01-5.81mg/l)in the treated water. However, KRASS process have aluminium  concentration in treated water was found to be in traces. Moreover the aluminium present  in input raw water was also retained by the support material. The process has been found to be environmentally  adaptable and can protect the human health from the toxic effects of aluminium and fluoride. It can be applied on a large scale basis in developing the domestic  defluoridation  filters for the unskilled rural  populations of high fluoride areas of nation.


Analysis of the groundwater samples has shown high concentrations  of fluoride in groundwater of the villages around Sanganer town (1.19-11.3 mgl). However, Jaipur city was  found to be very low in fluoride concentration in drinking water (0.27 – 0.46 mg/l).  Most interesting and significant outcome of this analysis was the presence of aluminium in drinking water of  Raipuria village in addition to high fluorides in its natural water (2.3 – 11.0 mg/l). Other villages were found to be relatively free form aluminium concentration (0.109 – 0.140 mg/l). Important aspect of this analysis was that both villages, Raipura and Shivdaspura have  high fluoride levels in water, they are in close vicinity to each other and the socio-economic status & food habits inhabitants are similar, however, the presentation of fluorosis in children is highly different. The severity of fluorosis and  presence of aluminium in groundwater of Raipuria have indicated a scope  of further study to establish the hypothesis of possible  neuro-toxin effect of aluminium combined with fluoride.


For this, a scholastic  performance survey through questionnaire of children  in both the villages was conducted. Students of class I, II, & III were evaluated for their relative performance in Hindi & Maths. There was significant difference ( P < .05) in Matra, word  &  sentence  in Hindi & counting, tables, addition /subtraction in Maths , for Class I, and in  Class II a significance difference was observed in words (speaking), sentence  and Grammar in Hindi & tables (> 15), & add/sub.,  multiplication and division in Maths in both vilages.  Significance difference was shown in Class III in word, (speaking), sentence and grammar in Hindi and tables (> 15), multiplication (with C.O.), division and geometry in Maths in both villages. Raipura students  consistently perform worse.


The results of this study have supported this hypothesis. From the observations of the epidemiological studies it  was concluded that there was a significant difference  in both areas. These observation have indicated a poor  coordinate  neural functioning in the students of Raipura village.

Since the preliminary investigation have supported the hypothesis that fluoride and aluminium combination may have synergistic effects, it is imperative to review a fluorosis control policy  in view of the fact that high residual aluminium is being reported in water treated with Nalgonda and activated alumina defluoridation techniques.
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