CONTENTS





				


CHAPTER	�
PARTICULARS	�
PAGE�
�
1�
�
�
�
Introduction�
1�
�
�
1.1�
�
�
 Fluoride problem and distribution �
1�
�
�
1.2�
�
�
Significance of fluoride�
3�
�
�
1.3�
�
�
Routes of fluoride intake�
3�
�
�
1.4�
�
�
Allowable fluoride concentration in potable waters.�
4�
�
�
1.5�
�
�
Effects of fluoride ingestion on human beings�
5�
�
�
�
1.5.1�
�
Types  of fluorosis�
6�
�
�
�
�
1.5.1.1�
Skeletal fluorosis�
6�
�
�
�
�
1.5.1.2�
Dental fluorosis�
7�
�
�
�
�
1.5.1.3�
Non-skeletal manifestations�
8�
�
�
1.6�
�
�
Methods of defluoridation of water �
8�
�
�
1.7�
�
�
 Origin of the problem�
12�
�
�
�
1.7.1�
�
 Limitations of Nalgonda technique�
12�
�
�
�
1.7.2�
�
 Limitations of use of activated alumina�
13�
�
�
1.8�
�
�
The present study�
14�
�
�
1.9�
�
�
Specific objectives�
14�
�
�
�
�
�
�
�
�
2�
�
�
�
 Literature Review�
16�
�
�
2.1�
�
�
 Dental fluorosis�
16�
�
�
2.2�
�
�
 Fluoride removal methods�
19�
�
�
�
2.2.1�
�
 Adsorption methods�
19�
�
�
�
2.2.2�
�
 Ion exchange methods�
19�
�
�
�
2.2.3�
�
 Precipitation methods�
21�
�
�
�
2.2.4�
�
 Field methods�
22�
�
�
�
�
2.2.4.1�
Activated alumina method�
22�
�
�
�
�
2.2.4.2�
Nalgonda technique�
25�
�
�
�
�
�
�
�
�
3�
�
�
�
 Theoretical considerations�
27�
�
�
3.1�
�
�
 Classification of mottled enamel�
27�
�
�
3.2�
�
�
 Mechanism of defluoridation by Nalgonda technique�
28�
�
�
�
3.2.1�
�
 Rapid mix�
29�
�
�
�
3.2.2�
�
 Flocculation�
29�
�
�
�
3.2.3�
�
 Sedimentation�
30�
�
�
�
3.2.4�
�
 Filtration�
30�
�
�
�
3.2.5�
�
 Disinfection & distribution�
31�
�
�
3.3�
�
�
 Mechanism of defluoridation by activated alumina�
31�
�
�
�
3.3.1�
�
 General characteristics of Activated Alumina�
31�
�
�
�
3.3.2�
�
 Adsorption�
32�
�
�
�
�
3.3.2.1�
Types of adsorption�
32�
�
�
�
�
3.3.2.2�
Adsorption models�
34�
�
�
�
�
�
�
�
�
4�
�
�
�
Materials and methods�
36�
�
�
4.1�
�
�
 Materials and methods for study of dental fluorosis�
36�
�
�
4.2�
�
�
 Materials for defluoridation studies�
36�
�
�
�
4.2.1�
�
 Column fabrication�
37�
�
�
�
�
4.2.1.1�
PVC pipes & steel filter�
37�
�
�
�
�
4.2.1.2�
Support material for filter�
37�
�
�
�
�
4.2.1.3�
Other allied articles�
37�
�
�
�
4.2.2�
�
 Preparation of high fluoride influent water�
37�
�
�
�
4.2.3�
�
Preparation of recharging solution�
38�
�
�
4.3�
�
�
Apparatuses and instruments�
38�
�
�
�
4.3.1�
�
Apparatuses�
38�
�
�
�
4.3.2�
�
 Instruments�
38�
�
�
4.4�
�
�
 Methodology�
39�
�
�
�
4.4.1�
�
 Sieve analysis of support material�
39�
�
�
�
4.4.2�
�
 Preparation of columns�
39�
�
�
�
�
4.4.2.1�
Column D , W and N�
39�
�
�
�
�
4.4.2.2�
Steel filter column-S�
40�
�
�
�
�
4.4.2.3�
Column C and A�
40�
�
�
�
4.4.3�
�
 Preparation of fluoride water samples �
44�
�
�
�
4.4.4�
�
 Preparation of recharging solution.�
44�
�
�
�
4.4.5�
�
 Running of columns with fluoride water, collection of samples and recharging of columns�
44�
�
�
�
�
4.4.5.1�
Operation of column- D�
44�
�
�
�
�
4.4.5.2�
Operation of column -W�
45�
�
�
�
�
4.4.5.3�
Operation of column -N�
45�
�
�
�
�
4.4.5.4�
Operation of column -S�
45�
�
�
�
�
4.4.5.5�
Operation of column -C�
46�
�
�
�
�
4.4.5.6�
Operation of column -A�
46�
�
�
�
4.4.6�
�
Analysis of water samples�
46�
�
�
�
�
4.4.6.1�
Fluoride�
46�
�
�
�
�
4.4.6.2�
pH�
49�
�
�
�
�
4.4.6.3�
Conductivity�
49�
�
�
�
�
4.4.6.4�
Alkalinity�
49�
�
�
�
�
4.4.6.5�
Hardness�
49�
�
�
�
�
4.4.6.6�
Aluminium�
50�
�
�
�
�
�
�
�
�
5�
�
�
�
 Results and Discussions�
51�
�
�
5.1�
�
�
 Results of dental fluorosis survey : In village Rampura �
51�
�
�
�
5.1.1�
�
 Fluoride analysis results of drinking water sources.�
51�
�
�
�
5.1.2�
�
 Results of dental fluorosis�
51�
�
�
�
5.1.3�
�
Community index�
53�
�
�
5.2�
�
�
 Results of sieve analysis�
56�
�
�
5.3�
�
�
 Results of column-D�
57�
�
�
5.4�
�
�
 Results of  column-W�
69�
�
�
5.5�
�
�
 Results of column-N�
71�
�
�
5.6�
�
�
 Overall results of column D, W and N�
73�
�
�
5.7�
�
�
 Results of column-S�
74�
�
�
5.8�
�
�
 Results of column-C�
82�
�
�
5.9�
�
�
 Results of column-A�
87�
�
�
5.10�
�
�
 Cost analysis�
89�
�
�
�
5.10.1�
�
 Cost analysis of defluoridation of water through new proposed technology �
89�
�
�
�
5.10.2�
�
Cost analysis of defluoridation of water through Activated Alumina method�
90�
�
�
�
5.10.3�
�
 Cost analysis of defluoridation of water through Nalgonda Technique�
91�
�
�
5.11�
�
�
Summary of results�
92�
�
�
�
�
�
�
�
�
6�
�
�
�
 Conclusions, Significance and Recommendations & scope�
95�
�
�
6.1�
�
�
 The conclusions�
95�
�
�
6.2�
�
�
 Engineering Significance�
96�
�
�
6.3�
�
�
 Recommendations and scope�
97�
�
�
�
�
�
�
�
�
�
�
�
�
References�
�
�
�
�
�
�
Appendix�
�
�
�
�
�
�
Results of column -D�
�
�
�
�
�
�
Results of column -W�
�
�
�
�
�
�
Results of column -N�
�
�
�
�
�
�
Results of column -S�
�
�



�
LIST OF TABLES


	


TABLE NO.	�
PARTICULAR	�
PAGE NO.�
�
1.1.1�
Fluoride affected villages / habitations�
2�
�
1.4.1�
Recommended limits of fluoride concentration�
4�
�
1.5.1�
Relation between concentration of fluorides and biological effects�
6�
�
1.6.1�
Existing methods and materials�
10�
�
1.6.2�
Treatment options for defluoridation�
11�
�
4.4.1�
Specifications of column D, W and  N�
40�
�
4.4.2�
Specifications of column C and A�
41�
�
5.1.1�
Percentage of children in various grades of fluorosis�
52�
�
5.1.2�
Age wise percentage distribution with grades  of fluorosis �
52�
�
5.1.3�
Community index�
53�
�
5.2.1�
Results of sieving�
56�
�
5.3.1�
Overall performance of column -D�
67�
�
5.3.2�
 Fluoride removal capacity with initial fluoride concentration increase and pH decrease�
68�
�
5.3.3�
 Fluoride removal capacity with initial increase fluoride concentration and pH �
68�
�
5.4.1�
Overall performance of column - W�
71�
�
5.5.1�
Overall performance of column - N�
73�
�
5.6.1�
 Maximum fluoride removal capacity with quantity of recharging solution�
74�
�
5.7.1�
Overall performance of column-S�
81�
�
5.8.1�
Results of column-C�
83�
�
5.9.1�
Results of column-A�
88�
�
5.10.1�
Optimum results of domestic filter (Column-S)�
89�
�
5.10.2�
Cost of treatment�
92�
�
6.1.1�
 Maximum fluoride removal capacity with recharging solution quantity�
95�
�
6.1.2�
Cost per litre of treated water�
96�
�



�



LIST OF GRAPHS








FIGURE NO.	�
PARTICULAR		�
PAGE NO.�
�
2.1�
Graphical representation of Dean’s results.�
16�
�
5.3.1�
Cumulative volume v/s Effluent fluoride & pH for column-D without recharge cycle (DWR).�
57�
�
5.3.2�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle one(DR1).�
57�
�
5.3.3�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle two(DR2).�
58�
�
5.3.4�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle three(DR3).�
58�
�
5.3.5�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle four(DR4).�
58�
�
5.3.6�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle five(DR5).�
59�
�
5.3.7�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle six(DR6).�
59�
�
5.3.8�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle seven(DR7)�
59�
�
5.3.9�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle eight(DR8).�
60�
�
5.3.10�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle nine(DR9).�
60�
�
5.3.11�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle ten(DR10).�
60�
�
5.3.12�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle eleven(DR11).�
61�
�
5.3.13�
Cumulative volume v/s Effluent fluoride & pH for column-D with recharge cycle twelve (DR12).�
61�
�
5.3.14�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D without recharge cycle(DWR) .�
62�
�
5.3.15�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle one(DR1).�
62�
�
5.3.16�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle two(DR2).�
63�
�
5.3.17�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle three(DR3). �
63�
�
5.3.18�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle four(DR4).�
63�
�
5.3.19�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle five(DR5).�
64�
�
5.3.20�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle six(DR6).�
64�
�
5.3.21�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle seven(DR7).�
64�
�
5.3.22�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle eight (DR8).�
65�
�
5.3.23�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle nine(DR9).�
65�
�
5.3.24�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle ten(DR10).�
65�
�
5.3.25�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle eleven(DR11).�
66�
�
5.3.26�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-D with recharge cycle twelve(DR12).�
66�
�
5.4.1�
Cumulative volume v/s Effluent fluoride & pH for column-W with recharge cycle one(WR1).�
69�
�
5.4.2�
Cumulative volume v/s Effluent fluoride & pH for column-W with recharge cycle two(WR2).�
70�
�
5.4.3�
Cumulative volume v/s Effluent fluoride & pH for column-W with recharge cycle three(WR3).�
70�
�
5.5.1�
Cumulative volume v/s Effluent fluoride & pH for column-N with recharge cycle one(NR1).�
72�
�
5.5.2�
Cumulative volume v/s Effluent fluoride & pH for column-N with recharge cycle two(NR2).�
72�
�
5.5.3�
Cumulative volume v/s Effluent fluoride & pH for column-N with recharge cycle three(NR3).�
72�
�
5.7.1�
Cumulative volume v/s Effluent fluoride & pH for column-S without recharge cycle(SWR).�
75�
�
5.7.2�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle one(SR1).�
75�
�
5.7.3�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle two(SR2).�
75�
�
5.7.4�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle three(SR3).�
76�
�
5.7.5�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle four(SR4).�
76�
�
5.7.6�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle five(SR5).�
76�
�
5.7.7�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle six(SR6).�
77�
�
5.7.8�
Cumulative volume v/s Effluent fluoride & pH for column-S with recharge cycle seven(SR7).�
77�
�
5.7.9�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S without recharge cycle(SWR).�
78�
�
5.7.10�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle one(SR1).�
78�
�
5.7.11�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle two(SR2).�
79�
�
5.7.12�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle three(SR3)�
79�
�
5.7.13�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle four(SR4).�
79�
�
5.7.14�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle five(SR5).�
80�
�
5.7.15�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle six(SR6).�
80�
�
5.7.16�
Cumulative time v/s ratio of effluent fluoride to the influent for column-S with recharge cycle seven (SR7).�
80�
�
5.8.1�
Cumulative volume v/s Effluent fluoride & pH and Al for column-C with recharge cycle one(CR1).�
84�
�
5.8.2�
Cumulative volume v/s Effluent fluoride & pH and Al for column-C with recharge cycle two(CR2).�
84�
�
5.8.3�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-C  with recharge cycle one(CR1).�
85�
�
5.8.4�
Cumulative time v/s ratio of effluent fluoride to influent fluoride for column-C with  recharge cycle two(CR2).�
85�
�
.


























LIST OF PHOTOGRAPHS





PLATE NO.�
PARTICULARS�
PAGE NO.�
�
4.4.1�
Photograph of column - D and column -W�
42�
�
4.4.2�
Photograph of column - N�
42�
�
4.4.3�
Photograph of column - S�
43�
�
4.4.4�
Photograph of column - C and column -A�
43�
�
5.1.1�
Photograph of dental grade  0�
54�
�
5.1.2�
Photograph of dental grade  0.5�
54�
�
5.1.3�
Photograph of dental grade  1�
54�
�
5.1.4�
Photograph of dental grade  2�
55�
�
5.1.5�
Photograph of dental grade  3�
55�
�



















































ABBREVATIONS








Vill.�
Villages�
�
Habit.�
Habitations�
�
mg/mg F�
Milligrams per milligram of fluoride�
�
g F/cum�
Grams Fluoride per cubic meter�
�
TDS�
Total Dissolved Solids�
�
mg F/l�
Milligrams fluoride per litre�
�
meq/l�
Miliequivalent per  litre�
�
mg F/kg.�
Milligrams fluoride per kiliogram�
�
Eff.�
Effluent�
�
Inf.�
Influent�
�
Cum.�
Cumulative�
�
Vol.�
Volume�
�
Cond.�
Conductivity�
�
�
APPENDIX











Result of Column -D


Result of Column -W


Result of Column -N


Result of Column -S





