CHAPTER - 5

RESULTS AND DISCUSSIONS

GENERAL


The experimental work described in the previous chapter has been analyzed in this chapter. The results in the form of data have been tabulated and the same have been represented in the form of graphs. The present study is related to  a dental fluorosis survey in a fluoride affected village and the removal of fluorides in a down flow fixed bed system.

5.1  RESULTS OF DENTAL FLUOROSIS SURVEY : IN VILLAGE RAMPURA

5.1.1 Fluoride Analysis Result of Drinking Water Sources


Water samples from four drinking water sources were collected and their fluoride concentration are given as below.

(a)  Hand pump( near  house of  ( Sehdev)

 F  =   4.95 mg/l.

(b)  Well Water( near house of   (Mukesh)

 F  = 
3.37 mg/l.

(c)  Well Water (near house  of  (Thunthiya)

 F  = 
4.42 mg/l.

(d)   Handpump (near house  of  (Ramsahai)
 
 F   = 
4.81 mg/l.

5.1.2 Results of Dental Fluorosis


Results of dental grading as per Dean’s classification in 37 children are as given below in table 5.1.1 and Table 5.1.2.

Table - 5.1.1

Percentage of Children  in various  grades of Fluorosis

Dental Grading
Percentage Children Affected
Plate No.

0
13.51
5.1.1

0.5
5.41
5.1.2

1
18.92
5.1.3

2
37.84
5.1.4

3
24.32
5.1.5

Table - 5.1.2

Age wise % distribution  of Children Affected with various  grades of Fluorosis

Grade  / Age group
0
0.5
1
2
3

0-5
8.11
-
-
-
-

6-10
5.41
5.41
5.41
18.92
5.41

11-15
-
-
13.51
18.92
18.92

           Drinking water with concentration of 3.3 mg F/l. to 4.95 mg F/l. is available to villagers. More than 85% Children of village Rampura were affected with dental fluorosis. Out of 37 children, 37.84% and 24.32% showed grade 2 and 3 of dental fluorosis respectively. In the age group 0-5 years, children had zero grading dental fluorosis.

         All  gradings of dental fluorosis were observed in children of age group 6-10. In the age group 11-15 years, all children were affected and had grade one or more severe dental fluorosis.


In India, on set of dental fluorosis at 0.5 mg/l (Venkatshwarlu et al. 1952) and 0.9 to  1.0 mg/l fluoride concentration has been reported.  (Ray et al. 1981) Cent percent prevalence of dental  fluorosis at 6.0 mg/l fluoride concentration has also been reported. In the present study, nearly cent percent prevalence in children has been observed at 3.37 - 4.95 mg/l fluoride concentrations, a range which is much lesser than reported earlier. The major reasons could be  the presence of  some other chemicals in waters aggravating the symptom, dry and hot climate of the place resulting in higher water consumption. 

5.1.3 Community Index


Community index was calculated for village Rampura  as shown in Table 5.1.3. (Dean, 1942)

Table - 5.1.3

Community Index

Number of Children
Weight
Sum of statistical weights

5
0
0

2
0.5
1

7
1
7

14
2
                    28

9
3
27

F ci  = Sum of statistical weights / Total number of individuals examined



F ci  = 63/37 = 1.70


Community index for village Rampura was obtained 1.70.

        Dean(1942) stated that the index rises above 0.6 it begins to  constitute a public health problem warranting increasing consideration.

Plate no. 5.1.1 Photograph of dental grade 0 

Plate no. 5.1.2 Photograph of dental grade 0.5

Plate no. 5.1.3 Photograph of dental grade 1

Plate no. 5.1.4 Photograph of dental grade 2

Plate no. 5.1.5 Photograph of dental grade 3

5.2  RESULTS OF SIEVE ANALYSIS


Results of sieving of support material used in columns for fluorides removal are given in the following table 5.2.1

Table - 5.2.1

Results of Sieving

Weight of dry support material 
= 500 gm.

Weight  passing through 75 micron sieve = 29 gm.

S. No.
IS Sieve
Particle size (mm)
Weight retained 

(gm)
% retained
Cumulative % retained
Cumulative % finer

1
425 micron
0.425
84.0
16.8
16.8
83.2

2
300 micron
0.300
39.0
7.8
24.6
75.4

3
150 micron
0.150
86.0
17.2
41.8
58.2

4
75 micron
0.075
262.0
52.4
94.2
5.8


It was observed that more than 50% support material is retained on 75 micron IS sieve. Cumulatively 75% support material was finer than 300 micron IS sieve .The  D10    size as found by the frequency distribution curve was 0.08 mm and uniformity coefficient was 2. The uniformity coefficient for sand used in slow sand filters is  3 to 5 and D10 size is 0.25 to 0.35 mm. Though the effective size of this material was lesser than that of slow sand filter , due to a less uniformity coefficient , the flow rate through it, was comparable to slow sand filtration. 

5.3  RESULTS OF D-COLUMN

Results of initial cycle and 12 recharge cycles are represented in the following graphs. For recharging 570 ml , 10 % alum solution  per kg weight of support material was used .

(i)  Graphs between cumulative  volume of treated water & effluent fluoride and pH . (Figure No. 5.3.1 to 5.3.13).




























           Figure 5.3.1 shows the relationship between effluent fluoride  & pH and the cumulative volume of treated water through bed of original support material. Fluoride concentration was observed zero mg/l in nearly 50% initial treated water and then increased smoothly. pH of effluent was nearly constant.

         Figures 5.3.2 to 5.3.13 show the relationship between  effluent fluoride & pH and the cumulative volume of treated water through bed of recharged support material. pH of the certain samples was not measured (Figure 5.3.2., 5.3.4 and 5.3.8). In the initial treated water the pH was 4 to 6 and as the runs progressed it gradually increased upto a value of 7. In more than initial 90% effluent zero mg/l fluoride concentration was observed and then increased upto 2 mg/l. During operation of run DR5 and DR6, fluoride concentration in the initial 1-1.2 litre effluent was observed upto 2 mg/l and  then decreased to zero mg/l. (Fig. 5.3.6 and 5.3.7).

           (ii)Graphs between cumulative time and ratio of effluent fluoride to influent fluoride. (Figure No. 5.3.14 to 5.3.26).




























          Figure 5.3.14 shows the relationship between ratio of effluent fluoride & influent fluoride and cumulative time of operation of column-D with original support material. During initial  50% operation time the ratio of effluent fluoride to influent fluoride  was as observed zero and increased smoothly upto 0.9 in remaining operation time.


Figure 5.3.15 to 5.3.26 show the relationship between ratio of effluent fluoride & influent fluoride and cumulative time of operation of column-D with recharged support  material. The ratio of effluent fluoride & influent fluoride less than 0.05 was observed during initial 90% operation time.

The overall performance of column is shown in table 5.3.1.

Table 5.3.1

Overall performance of column- D
S. No.
Cum.Vol.
Cum. Time
Flow Rate
Influent Water Parameter


Com. Effluent  F
Cum. Fluoride Retained
Capacityof F Removal





F
pH
Cond.





litres
mins.
l/h
mg/l

umhos
mg/l
mg
mg/Kg

DWR
2.6
246
0.634
5.59
9.054
640
1.54
10.519
*15

DR1
6.6
725
0.546
5.59
9.054
640
0.235
35.341
884

DR2
6.8
515
0.792
5.72
8.699
631
0.01
38.817
970

DR3
6.9
615
0.673
6.32
8.142
590
0.198
42.244
1056

DR4
5.5
550
0.600
6.06
7.83
900
0.145
32.533
813

DR5
6.5
650
0.600
12.14
7.797
716
0.426
76.131
1903

DR6
6.6
660
0.600
11.73
7.72
742
0.633
73.223
1831

DR7
6.5
650
0.600
8.62
7.57
790
0.388
53.495
1337

DR8
4
400
0.600
9.17
4.89
580
0.516
34.613
865

DR9
5
500
0.600
11.5
7.5

0.034
57.327
1433

DR10
4.5
450
0.600
13
8.15
850
0.182
57.678
1442

DR11
5
500
0.600
11.6
7
870
0.158
57.210
1430

DR12
5.5
500
0.660
12.7
7.75
590
0.173
68.898
1722

*Capacity of original support material .


The support material was found effective for fluoride removal from raw water. 15 mg. fluoride removal capacity of one kilogram support material was observed before any recharge when residual fluoride in composite effluent reached up to 1.50 mg/l. Effect of initial fluoride concentration and pH of raw water was observed on fluoride removal capacity of recharged support  material.


Fluoride removal capacity of recharged support material increased with increase in initial fluoride concentration and decrease in pH of influent water up to  a  certain limit as shown in table - 5.3.2.

Table - 5.3.2

Fluoride Removal Capacity with Initial Fluoride Concentration increase  and pH decreases
Initial fluoride concentration 

mg/l
pH
Capacity 

mg/kg.

5.59
9.054
884

5.72
8.699
970

6.32
8.142
1056

8.62
7.57
1337

11.5
7.50
1433

11.6
7.00
1430


Fluoride removal capacity of recharged material also increased slightly with increase of initial fluoride concentration and pH up to certain limit as shown in table 5.3.3.
Table - 5.3.3

Fluoride Removal Capacity with Increase in Initial Fluoride Concentration and pH

Initial fluoride concentration 

mg/l
pH
Capacity 

mg/kg.

9.17
4.89
865

11.6
7.00
1430.00

11.5
7.5
1433.00

11.73
7.72
1831.00

12.14
7.797
1903.00

13
8.15
1441.75


Maximum fluoride removal capacity was observed for an initial fluoride concentration range of 11.5 to 12.5 mg/l and pH range 7.0 to 8.0 of influent water.


The pH of the effluent was initially near about 4 but rose steadily towards the raw water pH  with the progress of the run.


Fluoride removal capacity of recharged support material can be increased by increasing or decreasing the quantity of recharging solution. In this column maximum fluoride removal capacity of 1903 mg/kg was observed at 570 ml recharging solution per kg of support material.

5.4  RESULTS OF COLUMN - W


Results of three cycles of column W are represented in following graphs between cumulative volume of treated water  and effluent fluoride &  pH.  (Figure No. 5.4.1 to 5.4.3).







          Figures 5.4.1 to 5.4.3 show that in more than 80% effluent, zero fluoride concentration was observed and then increased upto 2 mg/l. Within treatment of 25% to 30% water, pH was increased from 4 to 6 then increased gradually.


The overall performance of column - W is shown in table 5.4.1

Table - 5.4.1

Overall Performance of Column -W



Influent Water Parameter


S. No.
Recharging solution mg/kg material
F 

mg/l
pH
Conductivity umhos
Composite effluent water

F mg/l
Fluoride removal Capacity mg/kg.

WR1
1000
13
8.15
750
0.319
761.00

WR2
1000
8.79
7.63
693
0.148
519.00

WR3
700
11.38
7.46
781
0.396
1044.0


Fluoride removal capacity of recharged  support material increased with decrease of recharging solution quantity even at a lower influent fluoride concentration. Maximum fluoride removal capacity of 1044 mg/kg was observed at 700 ml recharging solution per kg. of  support material.

5.5  RESULTS OF COLUMN-N


Results of 3 cycles of column - N are presented in following graphs between cumulative volume of treated water  and effluent fluoride & pH. (Figure No. 5.5.1 to 5.5.3).







          Figures 5.5.1 to 5.5.3 show that in more than 85% initial effluent, fluoride concentration in the range of 0-1 mg/l was observed except in run NR2 (Figure 5.5.2) and then increased upto 2 mg/l. pH of effluent was increased from 4 to the  pH  value of raw water continuously except in run NR2 where it increased suddenly upto 6 and decreased upto 5.


The overall performance of column -N  is shown in table 5.5.1 given below.

Table - 5.5.1

Overall Performance  of Column - N



Influent Water Parameter



S. No.
Cum . Vol. Litres
mg/l.
pH
Cond.

Umhos
Composite Effluent Water Fluoride mg/l
Capacity mg/kg.

NR1
9
13.6
6.16
940
0.24
3005

NR2
7
13.21
6.39
790
0.89
2155

NR3
9
12.7
7.79
590
0.68
2402


Fluoride removal capacity of recharged support material increased upto 3000 mg per kg with the decrease in recharging solution quantity upto 267 ml per kg of support material indicates a better utilisation of capacity of alum for F removal.

5.6.  OVERALL RESULTS OF COLUMN D, N AND W


Overall results of column D, N and W regarding optimization of recharging solution are given below in table 5.6.1

Table - 5.6.1

Maximum Fluoride  Removal Capacity with Quantity of Recharging Solution
Column
Recharging solution 

ml/kg
Maximum Fluoride capacity mg/kg

N
367
3005

D
570
1903

W
700
1044.0

W
1000
761.0


Fluoride removal capacity of recharged support material increased with decrease in quantity of recharging solution.


Since  the capacity continuously increased with decrease in alum quantity it is possible that a lesser quantity in or concentration of solution of  alum may give still better results. Three concentrations of alum regenerant viz. 2.5, 5.0 and 10.0 percent were investigated for regeneration of Defluoron 2. The defluorating capacity was maximum with 5.0 percent concentration of alum solution and decreased appreciably with 10.0 percent because of the high acidity in the latter . (Thergaonkar et al. ,1969) Similar trials in the present system may help in optimising the quantity of alum recharging solution .

5.7  RESULTS OF (DOMESTIC FILTER) COLUMN -S

     Result of initial and next seven recharged  cycles are presented in the following graphs.

               (i)Graphs between cumulative volume of  treated water and effluent fluoride & pH (Figure No. 5.7.1 to 5.7.8)


















        Figure 5.7.1 shows the relationship between cumulative treated water volume and effluent fluoride & pH for initial cycle without recharge of column -S. pH of effluent was nearly constant during entire operation. Fluoride concentration within 0-1 mg/l was observed during initial 70% treated water and then increased upto 3.5 mg/l gradually.


Figure 5.7.2  to 5.7.8 show the relationship between cumulative treated water and effluent fluoride & pH for recharged cycles of column-S. pH of  treated water was observed nearly 4 in beginning  of operation and it increased continuously upto the pH value of raw water. In all the runs there was high concentration of fluoride (upto 3 mg /l ) in the treated water for about 10 % of the total cycle which thereafter decreased to zero . Zero fluoride was observed for almost 70 % of the cycle . The effluent fluoride slowly  increased to 1 mg/l for last 10 -20 % of the  cycle after  which cycle was terminated . Presence of fluoride initially may be attributed to very low pH of was resulting in dissolution of attached fluoride. This portion had a high aluminium  also and hence may be rejected.  

             (ii)Graphs between cumulative time and ratio of effluent fluoride to influent fluoride. (Figure No. 5.7.9 to 5.7.16)

















          The results in Figures 5.7.9 to 5.7.16 show that the ratio of effluent  and influent fluoride ratio in the initial cycle (Figure 5.7.9) was observed less than 0.1 upto 73% operation time and then increased continuously upto 0.4 to 0.5. Ratio of effluent and influent fluoride during the operation of next recharged cycles of columns increased continuously after 60-70% operation time.


Overall performance of column -S is shown in Table 5.7.1

Table - 5.7.1

Overall Performance of Column -S





Influent Parameter




S. No.
Cum. Vol.

 l
Cum.Time mins
Flow Rate l/h
F 

mg/l
pH
Cond.

umhos
Comp. Effluent water

  F mg/l
Cum Fluoride retained

mg
Fluoride  Removal  Capacity

mg/kg.

SWR
11.3
133
5.09
7.02
7.6
615
0.95
68
11*

SR1
47
697
4.04
7.02
7.6
615
1.12
277
1850

SR2
49
546
5.38
11.14
8.13
685
0.962
499
3328

SR3
48
470
6.127
11.7
8.37
650
1.922
469
3129

SR4
55.5
801
4.151
6.231
7.98
708
1.556
259
1730

SR5
53
800
3.975
11.37
7.85
1045
0.579
572
3815

SR6
66.2
985
4.032
11.28
7.47
749
1.50
646
4313

SR7
54
810
4.00
11.24
5.12
712
131
536
3576

· Before recharging of support material.


11 mg fluoride removal capacity of one kilogram support material was observed before any recharge when residual fluoride in the composite effluent water reached upto 1.0 mg/l.


Maximum fluoride removal capacity of recharged support material was achieved at influent water fluoride concentration of 11.28 mg/l. and pH 7.47. Quantity of treated water was 66.2 liters.  This capacity reduced upto 50% with the reduction in influent fluoride concentration 6.23 mg/l. The quantity of treated water obtained  each cycle was  in the range of 50 to 65 liters. Maximum fluoride removal capacity of recharged support material was further increased by decreasing slightly the quantity of recharging solution i.e. from 267 to 250 ml per kg of support material .


pH  of initial 6-8 l. effluent water was upto 5 then increased upto initial  pH value of influent. By rejecting initial effluent water, the pH of usable treated water will be more than 6 and fluoride concentration up to 1.50 mg/l.


Total run time was in the range of 10 to 16 hours. Using this filter  raw water of any influent fluoride concentration  without changing the quantity of recharging solution could be treated.


In the Nalgonda technique the dose of alum and lime  depends upon influent water fluoride concentration and alkalinity and increases with increase in influent concentration and alkalinity .(Nawlakhe et al., 1978).

5.8  RESULTS OF C-COLUMN


Results of two cycles of C-column are presented in following graphs and table 5.8.1.

Table 5.8.1

 Result of column C

Column - C
















Weight of material - 0.7 Kg
















Height -30 cms


DIa -5 cms













Recharge- 250 ml , 10% Alum Solution
















S.No.
Vol.
Cum. Vol.
Time
Influent Water Parameter 




Effluent  Water Parameter 





Fluoride Retained


ml
ilitres
 min.
F   mg/l
pH
Alk. mg/l
Hard.mg/l
TDS mg/l
F      mg/l
pH
Alk. mg/l
Hard.mg/l
TDS mg/l
AL.  mg/l
mg

RECHARGE ONE(CR1)
















1
500
0.5
55
10
7.8
232
240
255
0.056
3.7
40
280
3750
7.8
4.972

2
500
1
50





0.466
4.6
32
296
654
7.8
4.767

3
500
1.5
50





0.584
4.7
16
104
272
0.95
4.708

4
500
2
50





0.487
5.1
16
52
153
0.25
4.7565

5
500
2.5
50





0.367
5.7
20
24
134
0.12
4.8165

6
500
3
50





0.292
6.4
20
28
134
T
4.854

7
500
3.5
50





0.29
6.8
20
20
129
T
4.855

8
500
4
45





0.246
6.9
60
24
146
T
4.877

9
500
4.5
50





1.02
6.9
90
32
174
T
4.49

RECHARGE TWO(CR2)
















10
500
0.5
50
24.1
7.1
228
252
262
0
3.9
0

5210
8.1
12.05

11
380
0.88
40





4.58
4.6
12

730
6.1
7.4176

12
500
1.38
40





2.73
4.8
16

318
3.25
10.685

13
500
1.88
37





0
5.4
16
44
150
0.46
12.05

14
500
2.38
40





0
5.6
16
32
135
0.16
12.05

15
570
2.95
45





0
6.3
80
36
185
T
13.737

16
110
3.06
9





0
6.3
84
44
193
T
2.651

17
500
3.56
40





0
6.5
100
44
184
T
12.05

18
500
4.06
40





0
6.6
168
144
212
T
12.05

19
400
4.46
35





0.22
6.7
158
144
200
T
9.552

20
500
4.96
38





1.74
7.1
184
180
220
0.05
11.18

            (i)Graphs between cumulative volume of treated water and effluent fluoride pH, F and A1 (Figure No. 5.8.1 to 5.8.2)
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              Figure 5.8.1 and  5.8.2 show that aluminium concentration in the effluent reduced suddenly in beginning of operation upto traces and pH increased continuously   from 4 to more than 6 . Fluoride concentration in the effluent was also observed less than 2 mg/l during entire process except in the run CR2 .( figure 5.8.2) 

           (ii)Graphs between cumulative time and ratio of effluent fluoride to influent fluoride. (Figure No. 5.8.3 to 5.8.4)
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                 Figure 5.8.3 and 5.8.4 show ratio of effluent to effluent fluoride . This ratio was observed less than 0.1 during entire operation except initial operation of run CR2. (figure 5.8.4 )

                Changes in chemical parameters of treated water are as follows:
pH


At the beginning of the operation, the pH was 4-5 and as the runs progressed it gradually reached  a value of 6.9 to 7.1 and fluoride concentration in the effluent was less than 2.0 mg/l. In   a study on Defluoron-2 process, at the beginning of the operation the pH was 4.7-5.1 and as the runs progressed it gradually increased to a value of 6.0-6.2. Beyond a pH value of 6.5, there was a steep fall in the fluoride removal capacity and operation was stopped. ( Thergaonkar et al., 1969)

ALKALINITY


The alkalinity was between 5 to 17 % of influent alkalinity at the beginning of the operation. At a fluoride concentration 1 to 1.75 in the effluent the alkalinity varied from 39 to 80 % of the influent alkalinity . In Defluoron-2 process the alkalinity was between 3 to 7 % of influent alkalinity  at the beginning of the operation and at a fluoride concentration of about 1 mg/l. in the effluent the alkalinity varied from 16 to 23 % of influent alkalinity . ( Thergaonkar et al. , 1969)

HARDNESS


The hardness of the treated  water was between 8 to 73 % of influent hardness  in this process. In Defluoron -2  process  hardness was only 8 % of influent hardness. ( Thergaonkar et al., 1969)

TOTAL DISSOLVED SOLIDS


Total dissolved solids were initially more but after treatment of about one litre water they decreased in the range 50 to 85 % of influent TDS.

ALUMINIUM


 Presence of Aluminium in drinking water has been a major cause of concern  as aluminium is a neuro-toxin & at 0.08 mg/l has been reported to result in alzheimers disease . The present WHO limit is 0.2 mg/l. Aluminium was 3.25 to 7.8 mg/l. at the beginning of the operation and as the runs progressed it decreased  0.16 mg/l  to trace concentration for rest of the run . In this column recharging solution was used more than optimized value. Due to rejection of initial effluent water of pH less than 5, the composite effluent will have only traces of aluminium. By using optimized value of recharging solution aluminium in effluent may be further reduced .


In Nalgonda technique the dose of alum and lime increases as increase in influent fluoride concentration and alkalinity. With increase in alum dose the fluoride concentration in the treated water decreases while the residual aluminium increases. Aluminium content of the water increases after pH adjustment using lime. This may be due to mobilization of aluminium into solution from the precipitated aluminium compounds by the alkali addition.
Aluminium was found in the range of 2.01 to 6.86 mg/l. after pH adjustment in the supernatant water when alum dose was 4-20 mg/l. to reduce initial fluoride concentration of 1.8 to 8.0 mg/l. upto within limit at 80 mg/l. alkalinity. (Selvapathy 1995)

        Aluminium in Activated Alumina  process has not been reported in literature , hence on AA domestic filter was obtained from UNICEF which was supplied by IIT ,Kanpur .  The material was transferred to 5 cm PVC column designated as column- A . Detailed results of which are given below . 

5.9  RESULTS OF A-COLUMN


Results of A-column are given in the table 5.9.1.

Table - 5.9.1

Result of Column-A
Initial fluoride concentration = 24.1 mg/l.




pH
 = 7.1

Material Activated Alumina 




Effluent Water Parameter


S. No.
Time (mins)
Volume (ml)
F

mg/l
Al

mg/l.
True Al*

mg/l

1.
50
500
1.27
0.1
0.18

2.
50
500
1.20
0.3
0.45

3.
50
500
1.12
0.2
0.32

4.
50
500
1.09
0.2
0.31

5.
50
500
1.11
0.1
0.16

* True value due to fluoride interference (figure 3500-Al:1 ,APHA,1989)


Aluminium was found upto 0.45 mg/l. in the treated water through activated alumina. Whereas in column -C of present study, after sometime only traces of aluminium were found. Aluminium is now regarded as a neurotoxin and far from innocuous. (Selvapathy, 1995). WHO (1984) has recommended a guide line limit of 0.2 mg/l  in drinking water.

          Raw water of initial fluoride concentration 6.23 to 11.3 mg/l and pH 5.12 to 8.37 was treated through Steel filter-S (domestic filter) using new support material by recharging similar quantity of recharging solution for all fluoride concentration. Where as in Nalgonda technique the dose of alum and lime depends upon raw water fluoride concentration. The dose of lime and alum increases as fluoride concentration and alkalinity in raw water increases. With increase of alum dose the residual aluminium increases in treated water and aluminium was found upto 6.86 mg/l. In the new process the aluminium concentration was observed only in traces.


Activated alumina method  required cumbersome regeneration by acid/alkali and aluminium concentration was also found in treated water.


Therefore by using new technique excess fluoride could be removed without major limitations of other processes. Also this new process is very simple and could be operated at domestic level.

5.10  COST ANALYSIS

5.10.1 Cost Analysis of Defluoridation  of Water through New Technology


Optimum results of domestic water filter (Column-S) were used for this cost analysis as follows in table 5.10 1.

Table 5.10.1

Optimum Results of Domestic Filter ( Column -S)

Influent Water Parameter




Composite Water Effluent Parameter




F (mg/l.)
pH
Vol. of treated water liters
Initial water volume to be reject
F
pH
Usable  volume per recharge liters

6.23
7.98
55.5
1.5
1.50
6.88
54

11.28
7.47
66.2
8.0
1.50
6.12
58.2

Volume of recharging solution 

(10 %  alum solution)


                          = 1500 ml

Weight of alum



                          = 150 gm.

Cost of alum




                          = Rs. 1.5

(Cost of alum Rs. 10 per kg.)

Cost of treatment per litre for influent water  of 6.23 

mg/l fluoride concentration




     = 1.5*100/54









     =2.7 paisa/l.

Cost of treatment per liter for influent water  of 11.28

 mg/l fluoride concentration



      = 1.5*100/58.2









     = 2.5 paisa/l.

5.10.2 Cost Analysis of Defluoridation of Water through Activated Alumina Method
              Thirty defluoridation cycles were completed in the IIT Kanpur laboratory using continuous regeneration procedure., The volume of treated water varied between 500-550 liters per 3 kg. of activated alumina present in DDF per cycle.(Venkobacher,1996)

Fluoride concentration of raw water
          = 10.7 mg/l.

Cost of 3 kg activated alumina 

          =Rs.900.00

Chemical required for each regeneration

 1. NaOH [ (10%) 12 lt.]



= 120 gm.

2. H2SO4 [5 l, 10 ml conc. in 1 liter water]
= 50 ml conc.

 Chemicals required for 30 cycles and their cost.

NaOH


                                 = 120 x 30






                       = 3.6 Kg.

Cost.[@ Rs. 30/- kg.]

                       = 3.6 x 30






                        = Rs. 108.00

H2SO4(Conc.)


                        = 50 x 30






                        = 1.5 litre

Cost [@ Rs. 160/- lt.]

                        = 1.5 x 160 






                       =Rs.240.00

Material cost (33% depreciation)                         =Rs. 300.00

Total cost 


                                 =Rs. 648.00 

Treated water in 30 cycles 

           = 15000 litres.

Cost of treatment per litre 


           = 648*100/15000







           =4.3paisa

5.10.  3Cost Analysis of Defluoridation of Water through Nalgonda Technique


In Nalgonda technique alum and lime doses are depend upon initial fluoride concentration and alkalinity.

Alum dose required for 40 liters water of 10 mg/l.

fluoride concentration and 1000 mg/l. alkalinity as CaCO3 (10%
   = 675 ml

alum solution).

Alum









    =67.5 gm.

Lime required to raise the alkalinity of water which was used 
     = (1000-

      230) x56

for new technology. Alkalinity of raw water is to be raise 

      x 1.20

from 230 to 1000 mg/l as CaCO3. Strength of commercial lime
     =517 mg/l

is 80% assumed. 56 parts lime required to produced 100 parts CaCO3
Lime required for 40 litre water




             = 20.68 gm.

Lime required with alum dose for defluoridation


            = Alum dose/20









                      = 3.375 mg

Total lime required






            = 23.055 gm.

Cost of alum


Cost of lime 


Total cost 
= Rs.0.790


In this technique container of 60 litre with tap at 5 cm above the bottom is to be used for treatment of 40 litre water . The water upto tap to be discarded, this quantity will be 6 liter. Therefore net available treated water is 34 litres.


Cost of treatment per litre for 10 mg/l. fluoride water = 0.790 / 34









Rs. = 0.023









      = 2.30 paisa/l.



Cost of treatment per litre treated water through new technique. Activated alumina method and Nalgonda technique is shown in table5.10.2

.

Table - 5.10.2

Cost of treatment

Technique
Cost/litre treated water

New
2.5

Activated Alumina
4.3

Nalgonda
2.3


This new process is cost effective. The cost of treatment per litre of treated water through new technique is 2.5 paisa. Cost of treated water is equivalent to the treated water cost through Nalgonda technique but less than Activated Alumina method.

5.11 SUMMARY OF RESULTS
            Results of experiments in brief are given below:


More than 85% children of village Rampura were affected with dental fluorosis by drinking water with concentration of 3.3 mgF/l to 4.95 mg F/l. All children of age group 11-15 years were affected and had grade one or more severe dental fluorosis. 100% prevalence of dental fluorosis in children was observed at 5.2 mg/l  fluoride concentration  in Dungarpur area (Choubisa et al. 1996). This indicates that prevalence and intensity of fluorosis are highly variable at different geographical areas and are much affected by variety of factors such as fluoride content and dissolved salts in drinking water, nutritional habits and status, and meteorology. The community index being 1.70 in Rampura , fluorosis is a definite public health problem.


Several method are available for defluoridation as a preventative measure of fluorosis but only two methods are suitable for field application in India. Nalgonda and Activated Alumina method. These two methods also suffer from certain limitations regarding their  domestic use. Experiments were carried out by taking new support material and results are given below.


The support material was found effective for fluoride removal from water and its fluoride removal capacity increased by recharging with 10% alum solution. Maximum fluoride removal capacity of recharged support material of 4313 mg/kg was observed at 250 ml of, 10% alum solution per kg. of support material used as recharging solution.


Fluoride removal capacity of recharged support material increased with increase in initial fluoride concentration and pH.


Maximum fluoride removal capacity of recharged support material was achieved at influent water fluoride concentration of 11.28 mg/l and pH 7.47 in Steel filter-S. Fluoride water of concentration 6.23 to 11.3 mg/l  was treated through this filter-S without changing the quantity of recharging solution successfully. Whereas in Nalgonda technique the dose of alum and lime depends upon influent water fluoride concentration and alkalinity and increases with increase in influent fluoride concentration and alkalinity.


After successful operation of Steel filter-S (domestic filter), column-C was operated to observe the change in influent pH, TDS, hardness and alkalinity. Better quality of treated water than defluoron-2 process was obtained.


Presence of aluminium in drinking water has been a major cause of concern as aluminium is a neurotoxin. Composite effluent through this treatment will have only  traces of aluminium. Where as in Nalgonda technique, aluminium was found in the range of 2.1 to 6.80 mg/l.


Aluminium in water treated through Activated Alumina has not been reported. Therefore column-A was operated with Activated Alumina and aluminium concentration in range 0.18 to 0.45 mg/l was found.
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COLUMN - C

WEIGHT OF MATERIAL - 0.7 Kg

HEIGHT -30 cms

DIA -5 cms

RECHARGE- 250 ml , 10% ALUM SOLUTION

S.N0.

VOL.

CUM. VOL.

TIME

INFLUENT WATER PARAMETER 

EFFLUENT WATER PARAMETER 

FLUORIDE RETAINED

in ml

in litres

in min.

F   mg/l

pH

ALK. mg/l

HARD.mg/l

TDS mg/l
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COLUMN - C

WEIGHT OF MATERIAL - 0.7 Kg

HEIGHT -30 cms

DIA -5 cms

RECHARGE- 250 ml , 10% ALUM SOLUTION

S.N0.

VOL.

CUM. VOL.

TIME

INFLUENT WATER PARAMETER 

EFFLUENT WATER PARAMETER 

FLUORIDE RETAINED

in ml

in litres

in min.

F   mg/l

pH

ALK. mg/l

HARD.mg/l

TDS mg/l

F      mg/l

pH

ALK. mg/l

HARD.mg/l

TDS mg/l

AL.  mg/l

mg

RECHARGE ONE(CR1)

0.5

0.056

4.972

1.0

50.0

0.466

4.767

1.5

50.0

0.584

4.708

2.0

50.0

0.487

4.7565

2.5

50.0

0.367

4.8165

3.0

50.0

0.292

T

4.854

3.5

50.0

T

4.855

4.0

45.0

0.246

T

4.877

4.5

50.0

T

4.49

RECHARGE TWO(CR2)

0.5

12.05

0.88

40.0
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1.38

40.0

10.685

1.88

37.0

12.05

2.38

40.0

12.05

2.9499999999999997

45.0

T

13.737

3.0599999999999996

9.0

T

2.651

3.5599999999999996

40.0

T

12.05

4.06

40.0

T

12.05

4.46

35.0

T
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COLUMN - C

WEIGHT OF MATERIAL - 0.7 Kg

HEIGHT -30 cms

DIA -5 cms

RECHARGE- 250 ml , 10% ALUM SOLUTION

S.N0.

VOL.

CUM. VOL.

TIME

INFLUENT WATER PARAMETER 

EFFLUENT WATER PARAMETER 

FLUORIDE RETAINED

in ml

in litres

in min.

F   mg/l

pH

ALK. mg/l

HARD.mg/l

TDS mg/l

F      mg/l

pH

ALK. mg/l

HARD.mg/l

TDS mg/l

AL.  mg/l

mg

0.5

0.056

4.972

1.0

50.0

0.466

4.767

1.5

50.0

0.584

4.708

2.0

50.0

0.487

4.7565

2.5

50.0

0.367

4.8165

3.0

50.0

0.292

T

4.854

3.5

50.0

T

4.855

4.0

45.0

0.246

T

4.877

4.5

50.0

T

4.49

0.5

12.05

0.88

40.0

7.417600000000001

1.38

40.0

10.685

1.88

37.0

12.05

2.38

40.0

12.05
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T
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9.0

T
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40.0

T

12.05

4.06

40.0

T

12.05

4.46

35.0

T
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4.96

38.0
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