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FLUORINE, t h e rao-t fil-.gctro-negative of a l l 

e l e m e n t s , h a s n o t cm.lv n o t a b l e c h e m i c a l c r u a l i t i e s 

b u t n l s o physio . logi .caJ . o r c n e r t i e s o f g r e a t i n t e r e s t 

and i m p o r t a n c e f o r human h e a l t h and w e l l - b e i n g . 

The c h e m i c a l a c t i v i t y oi : t h e f l u o r i d e i o n makes i t 

p h y s i o l o g i c a l l y more a c t i v e t h a n any o t h e r e l e m e n t a l 

I o n . With l o w c o n c e n t r a t i o n s o f t h e f l u o r i d e i o n , 

e n z y m a t i c p r o c e s s e s may b e e i t h e r i n h i b i t e d o r 

s t i m u l a t e d , and i n t e r a c t i o n s w i t h o t h e r o r g a n i c o r 

i n o r g a n i c body componen t s may o c c u r t h a t a r e o f g r e a t 

i m p o r t a n c e f o r human p h y s i o l o g y . 

F l u o r i n e and i t s p r o p e r t i e s 

F l u o r i n e i s a g r e e n i s h d i a t o m i c g a s , F , . I t s 

a t o m i c number i s 9 w i t h an e l e c t r o n i c c o n f i g u r a t i o n 
2 2 5 

2 , 7 ( I s , 2s p ) and a t o m i c w e i g h t 1 9 . The g r e a t 

r e a c t i v i t y o f t h e e l e i e n t i s i n p a r t a t t r i b u t a b l e t o 

t h e woakn'533 o f t h e F - F bond i n t h e f l u o r i n e m o l e c u l e . 

I t s i o n i z a t i o n p o t e n t i a l , 401 K C a l / g - a t o m , combined 

w i t h d i s l o c a t i o n e n e r g y , l e a d s t o t h e s t a n d a r d h e a t 

o f f o r m a t i o n o f g a s e o u s F i o n o f 420 KCal /g atom 

( cf« 0 1 + , 327 ; B + 3 0 1 ; I + 268 ) . Thus even s o l v a t e d 
r 

c a t i o n i u s p e c i e s a r e u n l i k e l y , and no evidence whatever 

e x i s t s f o r a p o s i t i v e o x i d a t i o n s t a t e of f l u o r i n e . 

Tne f l u o r i n e compoundJ3 a r e e s s e n t i a l l y of two 

main tyivas, i o n i c and e o v a l e n t , i n a l l of which 

fluorines has a complete o c t e t . I o n i c f l u o r i d e s 

rortt.idn th< F~ i o n . The r e l a t i v e l y small r a d i u s of 

F" , 1.36 ft. i s almost i d e n t i c a l with t h a t of t he ox ide , 

0 3 :'ci; ( 1.50 % ) ; consequen t ly , many f l u o r i d e s and 

f., t>. ~U.U*> 

http://cm.lv
http://physio.logi.ca


.::;;....'• I.VJV \-:xr; cc:.nt.ideJcc..-.;. •--. .......... ; i ,aracwr. 
shov/3 che lowest a f f in i ty t.o^.r:c.z oxygen, v?"nicr. ,.-: Mv;-
surpris ing in the l i g h t of th-.ir e lec t ro -nega t iv i t i e s . 
The co-ordination number of fluorine seldom exceeds one,, 
An important feature i n the ro^a-clon of fluorides i s 
t h a t in react ions with fluorine, the lemants usually 
give the highest known or maximum oxidation s t a t e . 
Fluorine has a strong tendency to undergo reduction from 
zero oxidation s t a t e to an oxidation s t a t e of minus one* 

Occurrence of f luorine 

Fluorine i s so highly react ive t ha t i t i s never 
encountered in i t s elemental gaseous s t a t e exceot in 
sc-me indus t r i a l processes, but only in the combined 
form. I t i s the seventeenth most abundant element in 
the e a r t h ' s c rus t . I t i s more abundant than chlorine 
( 550 ppm ) in the e a r t h ' s c rus t . I t occurs notably 
as f luorspar, CaF2; c ryo l i t e , Na3AlF6; f luorapat i te 
3Ca3(P04)2 Ca(F, Cl)2» 

I t i s present as fluorspar in sedimentary rocks 
( lime stone, sand stone ) and as c ryo l i t e in igneous 
rocks ( grani te ) . These fluoride minerals are nearly 
insoluble in water, so f luorides wil l be present in 
ground waters only when conditions favour t h e i r solution. 
I t i s also present in sea water ( 0.8-1.4 ppm ) , in 
mica, and in many drinking water suppl ies . 

Micas have the general formula W(X, Y) 2-324°io 
( OH, F ) 2 where W = Na or K, X and Y = Al, Fe, Li 
o r Mg and Z » Si o r W. The fluoride content in mica 
va r i e s considerably as follows. 

b i o t i t e s « 970-3500 ppm ; 
phlogphites 3300-37000 ppm; 
l e p i d o l i t e « 19000-68ltf& ppm; and 
muscovite » 170-14800 ppm. 
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The following are the solubilities of 

fluorine compounds and hydroxy apatite which 

are quoted in moles per li <=» (l) 

Calcium fluoride 

Magnesium fluoride 

Pluorapatite 

Hydroxyapatite 

2*0 x 10"4 

1.2 x i o " 3 

1.0 x 10~5 

6.6 x 10~5 

The s o l u b i l i t y product-, for hydroxy apa t i t e and 
f l u o r a p a t i t e are est imated by Morene (1) as follows. 

Hydroxyapatite . . 3Ca3 (P04) 2 . C a (OH) 2 4.85 x 10~1 1 3 

Pluorapa t i t e . . 3Ca3 (P04)2 .CaF2 1.44 x 10" 1 1 9 

Metabolism 

The ro le of f luor ide in animal or human metabolism 
i s not known with any c e r t a i n ! t y . From a l l the work 
a v a i l a b l e , i t i s c l ea r tha t a ce r t a in quanti ty of 
f luo r ine ' i s e s s e n t i a l for the formation of c a r i e s -
r e s i s t a n t denta l enamel and for the normal process- of 
mine ra l i s a t ion in hard t i s s u e s . The element i s meta
bo l i s ed from both e l ec t rova l en t and co*alent compounds. 
Low f luor ide concentrat ion s t a b i l i s e s the ske le ta l 
system by increas ing the s ize of the apa t i t e c rys t a l s 
and reduce t h e i r s o l u b i l i t y - The grea t a f f in i t y of 
f luor ine for calcium phosohate i s perhaos the most 
important from the physiological point of view, t h a t 
r e s u l t s In i t s accumulation in a l l t i s s u e s exhibi t ing 
phys io logica l o r pathological c a l c i f i c a t i o n . About 
95 % of the f luor ide i n the body i s deposited in hard 
t i s s u e s and i f c continues to be deposited in ca lc i f i ed 
s t r u c t u r e s even a f t e r Other bone cons t i tuen t s ( Ca, P# 
Mg, CO, and c i t r a t e ) have; reached a steady s t a t e . 
Age i s a lso an important f ac to r in the extent to which 
f l uo r ine i s Incorporated in to the skele ton. * s imi lar 
p a t t e r n to t h a t in bone i s followed in the f luorid* 
concent ra t ion in t e e t h . The uptake almost ceases in 
denta l enamel a f t e r the age of about 30 y e a r s . Proir 
the work t h a t has been reported (1), i t i s c l ea r t h a t 
physiology of human skeleton i s not adversely 'affected 
hv f lu - i des , at " t uoJ-.v ?. level of j / 1 in 



The excret ion of f luor ides from the body 
i s of g rea t s ignif icance as prolonged exposure 
to excessive oUanU tie-3 i s harmful. Fluorides 
a re excreted through f^Rf-es, sweat, ur ine and 
o t h e r body f l u i d s . Depending upon the d i e t , the 
faecal excre t ion account?, for 10-30 % of the 
daily intake* Sweating may account for as much 
as SO % of the t o t a l f luor ides excreted in hot 
c l imates (1) . Urine usual ly accounts for the 
p r i n c i p a l excre t ion of f l u o r i d e s . Fluorides 
appear rapidly in ur ine a f te r ingest ion and generally 
the l eve l r e f l e c t s the dai ly Intake. The loss 
through o ther body f lu ids H small . 

Effect of f luor ide ingest ion in 
human beings and c a t t l e 

Smith & Hedge (2) have re la ted the concen
t r a t i o n s of f luor ides to the biologi :al e f fec ts in 
t he t abu la t ion below * 

Effect 

injury to -̂ eyelptî n 

dental carJ es reduction 

mottj p-i enamel 

10 % esteoolerosis 

thyroid changes 

growth retardation 

kidney changes 

*In water medium, ppm can be taken as equivalent 
to *igA. 

' loncent 
of f l u o 
ppm* 

0 .002 

1 

2 o r i 

8 

50 

100 

120 

c a t i o n 
r id^ # 

t o r e 

Medium 

a i r 

water 

wate r 

wa te r 

food and 
wa te r 

food and 
wa te r 
food and 
wat^r 
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' ' l ' ''•'• • ' ' ' tin l.i.'.Ji'K?utR rendering move-

M! -f.'.. (..r joint? difficult (J) is usually associated 

with at least 10 mg/l of fluoride in drinking water. 

The txjne structure was found to be blurred and 

became diffuse structureless shadow with uneven 

contours. These changes were marked in spine and 

ribs. The acute lethal dose for roan is between 2.5 

and 5 g depending unon the solubility of the compound 

and the susceptibility of the of the man (2). 

Effect of dental enamel 

A condition, now known as dental flii6ro£iis or 

mottled enamel, was described by Eager in 1901 among 

the emigrants from Italy. The term mottled enamel 

was f irst introduced by Black in 1916 ih an article 

Jointly published with McKay, in which the disease was 

described in details (4). The permanent teeth are 

particularly- affected, though it. occasionally affects 

primary teeth. I t was in 1931 that a direct relation

ship between mottled enamel end fluoride content of 

water was established (5,6, 7). 

In India, a disease similar to mottled enamel was 

f i rs t reported by Viswanathen (8) to be prevalent in 

human beings in Madras Presidency in 1933. In'the 

following year Mahajan (9) reported a similar disease 

In cattle in certain parts of old Hyderabad State. But 

Shortt (10) wa3 the first to identify the disease as 
1 fluorosis ' . Subsequent to these findings, cases of 

fluorosis were reported from several other parts of 

the country. 

Dental fluorosis occurs in human beings consuming 

water containing 1.5 mg/1 or more of fluorides parti

cularly during the f irst eight years of the l i f e . Mottled 

enamel usually takes the shape of modification o£ tooth 

enamel to produce yellow or b»»wn stains* or an un-natural 

opaque chalky* white apoearance r,-ith occasional straltions 

and pitting. The incidence and severity of mottling was 

found to increase with increasing concentration of 

fluoride in drinking water. 



1 

b.y.;\&±. -•<•• geygre . ?.-* -as; , - c r ? 3 a clGSSlfic&cxo 
of m o t t l i n g was as fo l lows .,-ruotad from ftef. No . l , 

1. 

2. 

Normal 

Questionable 

3, Very mild 

4. Mild 

Moderate 

The enamel is translucent, smooth 
-ind presents a glossy appearance. 

Seen in areas of relatively high 
findemicity. Occasional cases are 
border line and one would hesitate 
to classify them as apparently 
normal or very mild. 

Small, opaque, paner-white areas 
are seen scattered irregularly 
over the labial and buccal tooth 
surfaces. 

The white opaque areas involve at 
least half of the tooth surface* 
and faint brown stains are sometimes 
apparent. 

Generally all tooth surfaces are 
involved, and minute pitting is 
often present on the labial and 
buccal surfaces. Brown stains 
are frequently a disfiguring 
complication. 

Pitting is marked, more frequent 
and generally observed on all 
tooth surfaces. Brown stains, if 
present, are generally of greater 
intensity. 

The severe hypoplasis affect the 
form of the tooth. Stains are 
widespread and vary in intensity 
from deep brown to black. This 
condition may sometimes be 
referred to as • corrosion' type 
of mottled enamel. 

Dean, et* aJL. (13) derived a mottled enamel index of 

the community, which was defined in terms of the degree 

of severity of mottled enamel observed clinically. There 

is possible nr» such data available in India to evaluate 

Oommuni -ox of Fluorosis or Fluorosis Index, in the 

ahr fhlch, the permissive or excessive limits to 

f ..n drinking water are only arbitrary* 

6, Moderately severe t 

7 # Severe 
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«••• -- (-n.rv<0+o,oo6?. t ) - pntin^ted dai ly averaae water 
o-Tv^'.-.pf-ion t o r chi]dvr:n -jf t*n years of age, in terms 
of !"irr.Tfj of '."ater u>er p.-'md of body weight. 

•̂ .•e..i>' t •- finmip.l mean o<: da i ly maximum teirperature (°P). 

The Ministry of Health, f3ovr»rnment of India had 
r-f«»n«:r.lbe<"» 3.0 and 2.0 mg/l an i*2rmissive and excessive 
' U n i t s for f luor ide? In drinking water. 

Incidence of f luor ides in 
r i y e r ^ w a t ^ r s ^ n ^ n d i a 

Tho f luor ide content of few r i v e r s , streams and 
<?;>rj.ngs ar.r: presented in Table 3 (3.5). 

i r!rr.ii?^iu;e_ o_f JJiiiL^ldiL JL îJJ~£VIT^watajr 

Occurrence of f luor ide bearing waters was renorted 
by many '.jprl-.^rs from time to time in Andhra Pradesh (16), 
'-:ojastban (17), Punjab & Haryane On) , Maharashtra (3 9) , 
Tamil Nadu ( i i ) , Kamataka (20), Hadhya Pradesh (21), 
'Tujarat (22) and Uttar Pradesh (23). 

P.auhava Rao (24) reviewed the r e s u l t s of surveys 
r-cndirct^d in the country to iden t i fy the areas of f luor ide 
incidence in groundwater and the following information 
•Is from h i s review. The areas in the individual s t a t e s 
nave been categor ised by him in to tour groups showing 
the concentra t ion in the range 0-1 .5 , 1.5-4.0, 4-8 and 
0"*«r 8 nig/1, in Arid and Semi-arid b e l t s and Western 
Central l i 'd ta in the Southern S t a t e s , the groups are 
?u?nc(^3 ' in the ranges 0-1 ,5 , 3.5-5 and more than 5 mg/l 
' Tables 2 t o 5 ) . 
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Harmada 

Netravail 

Poriyar 

Chalakudiyar 

Mahanadhi 

Indravatl 

Vekkilu 
Krishna 

Krlshna 

Paleru 

$abri 

Indravatl 

Gundala 
(Hotspring) 

Manurn 

Bhirna 

C h l t r a v a t i 

Pez->nar 

T a w b r a p a r o i 

Va.i g a l 

A m r a v a t i 

Kbngal 

• iachna* 
r f e t e r s h e d 

• P a n d o r a * 
V a t s r a h e d 

•••'iiv-fagai:, ^ J e f Man 

•Taint-ara, J a b a l u n r , M, P 

Mangal o r e , K a m a i -ak*>. 

Alwaye , K e r a l a 

C h a l a k u d i y a r , K e r a l a . 

Raj im, M.P . 

C h l t r a k u t , M.P. 

C h a g l a M a r r i , A . P . 

V l j ayawada 

N a g a r j u n S a g a r , A.P. 

tfajapet, A . P. 

C b i t o o r , A. P . 

Bhopal Fatnam 

(3odavar i Bed, 
G u n d a l a , A . P . 

Khammam, A. P . 

Yadgi r # Ka ra a t ak a 

Dharmavaram, A . F , 

P a m l d l , A , P . 

T l r u n e l v e l i , Tamil 
Nadu 
M a d u r a i , Tami l Nadu 

Darapu rant, Tami l Kadu 

N a l g o n d a , A . P . 

Y e l 1 a r e d d i g u d a , 
N a l g o n d a , A . P . 

B e t u l , M . P . 

m i t a i , l M.P . 

/ I 

A l l u v i u m & 
Aeo lean sand 

. A l luv ium 

A l l u v i u m c o s t a l 

* / 

/ * 

Vindhyan , 
L i m e s t o n e fc s h a l e s 

* » 

i * 

K h o n d a l l t e s 

Cuddapah 
C X i a r t z l t e s 

Archaean G r a n i t e 

0 0 

0 0 

0 1 

t * 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

t 0 

0 0 

l>eccan T r a p 

0 . 3 5 
4 . 0 

0 . 1 

0*1 

0 . 1 

0 , 1 

0 . 1 

0*4 

1 .5 

1.0 

1.0 

1.5 

1.0 

1.0 

3 . 0 

2 . 0 

1.5 

3 . 5 

1.5 

3 . 5 

1 .0 

1.0 

2 . 0 

1 2 . 0 

6 .0 

5 . 3 

~*Grf !?'?••:.; w i t s r >1». 



A n j ••J"-;.. 

"taghta 
c h o t i 

TABLE 3 

i;x.;;jc ^.ji»? CUMCKNTIRATION - SOUTHERN STATES OF INDIA !:?A 

Range of f l ue r i d e i n ground water x^ -̂pn: 

. 0 -1 .5 ... LS —5»0 ."•'xirf; '-HD.. 

,-*~r v.3.) Anantapur Oi st.„ 

D5 Chitoor Wat. 

'oi Medak Dice, 

( a , A j i t j ) t i ' T j u r D i . - j t . Aii^o.'i^.'S 

ib 
(o 

(d 

\e 

it 

i'o 

(b 

v-

tf 
(« 

tf 

;\'vrri.e-.."£:.bnd D i e t : V̂'. 

Xtr? ^>:-a D l s t . .'••. 

••or-o^ 1 D i s t . . 

'•'.•.r.:i!'.go'ac5H Dist:,, 

J ..'.•••:.•'fcaj.arr. D i s t . , 

. ••::. *:x- ^ore Dis'. . 

::>hc<.--an.Tftiri D i s t ; 

, •'-.•riir.-ji D i s t * 

Tt:h Ar-act t1:. ft'.-.:.-

' - ; ' ; i- /i* -CM.$~c , 

.. 1 ruchi rapal l . i . î->.: 

-\vl-. / i : 1 ' 
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Oontd.. TABLE 4 

Range of fluoride in Ground-waters, ppn 
State 0.0*1.5 1.5-4.0 4.0-8*0 More than 8 

iejasthftc (f) Eastern and 
Western parts 
of Nagaur Dlst 

(g) South-Bastern 
part of Alwar 
Dls t . 

Ch) Southern & 
Northern parts 
of Bharatp" 
Dlst. 

(1) Southern p-rt 
of Jaipur Dls t . 

(j) Worth western 
part of Banner 
Diet . 

00 northern part 
of Tonk Dist0 

(1) Baste rn and 
Southern part 
of Jalore Dls t . 

(m) Korthem part of 
Sirohi Dls t . 

(f) Western part 
of Nagaur 
Dls t . 

Si. 
tjeiet (a) Part of Banae-

kantha Diet, 

(b) Part of Meha-
eena Dlst. 

(a) Part of Mutch 
Dlst. 

(a) South Baste rn 
and Western 
parte of 
Mehasana Dlst. 

h) Southern part 
of Kutoh Dlst. 

:) Western part 
of Jawwagar 
Diet. 

(a) Haliya 
in Xutch 
Dlst . 

ft) Part of Sure i^a 
Hagar Diet . 

(a) Parts of 
jft«iea**~-' 

.-, 12 
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TABLE 5 

FX.UUKIIM CONCENTRATION - ARID & SEMI-ARID BELTS 

state 
Selec t ive lo< t of high f luor ide concentration 

Vi l l age . Geological f luor ide 
horizon concentration 

^_ _̂ ( ppro ) 

(a) Gulabpura B io t i t e s ch i s t 9.5 
Cb) Phagi - 3.5 

(a) Chirawa Ouarternary alluvium 8.5 
(d) Sagalia -do- 19.0 

The general l eve l of flat: r ide a in groundwaters i« 
«mial ly between 1 and 5 aig/1 except in a few cases , 
where t he concentrat ion* are re ported as high as 1.9 my/1, 

Removal of f luo r ides from water 

Several methods have been suggested from time to 
t im* for removing excessive f l uo r ide s . These may be 
fli-T.v.ded i n t o two bas i c types those based upon an tw* 
.'•;5:oc«!83 or adsorpt ion; and those based upon the addit 

chemicals t o water during t rea tment . The mater ia l 
*.-u ted to have been used, i n the contac t beds include 
••••"••(=>Bse6. bone, na tu ra l o r ay- *tic t r lca lc lum phosr 

\jfiii:oj«.y-apatite# magnesia? a c t.ed alumina* ac t i^ . • 
carbons and ion exchangers. C\ • ca l t reatment me 
inc lude the use of lime e i t h e r aiv-ne or with magne a<s aal.'ia-
and. aJuimi*.a<.;-.;• s a l t s e i t h e r alone or in combination witb. » 
coagulant a id . Other methods include the addi t ion to 
x inor ide •- i ter or ma te r i a l s l i k e Esagnesia* calcium pfcospihat*. 
'.--rs.tcvii tt-, f u l l e r ' s e a r t h , bcmtonite and diatomaceonas 
•*r,>-"jj.-.: mixing and t h e i r separ&sion from water by sett":Inl
and o r f i l t r a t i o n . All these ?*?thod8 suffer from arm ©;r 
t he o t h e r drav-backs> high i n i t i a l cost* lack of de l s -
.:c,ivUy for f l u o r i d e s , poor f iuor ide removal capacity*. 
r*i'-w"*fcior» problem, complicated or expensive. reg*a<eir&£xc-
;-jo;r6 af these ma te r i a l s are fcaai-t here briefly, , 
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j&osphatic compounds 

These include several bone formulations, synthetic 
tricaicium phosphate and a mixture of calcium phosphate 
and hydroxy-apatite (25, 26, 27 & 28). 

Processed bone i The bone i s degreased, dried and pul
verised to 40-60 mesh s i z e . The powder i s carbonised 
i n a closed retort at 1380-1740°F. The product contains 
tricaicium phosphate and has & capacity to remove iOOO-lSOC 
mg F per l i t r e of medium. After saturation with fluorides, 
i t aan be recalcined at around 750°F, under restricted a ir 
supply to restore the adsorbing capacity of the ch&r„ 
Alternatively , the bed may be regenerated by sodium hydroxide 
so lut ion . 

Bone charcoal i The bone i s processed by burning in a ir and 
pulveris ing to -60 , +100 mesh. The fluoride removal capacity 
of the product i s 1000 mg F per l i t r e of media. 

Synthetic tri-calcium phosphate t The product i s prepared 
by reacting phosphoric acid with l ime. I t has a capacity 
of 700 mg F per l i t r e . The medium i s regenerated with 1 % 
sodium hydroxide solut ion, followed by a mild acid r inse , 

Flo rex t I t i s a trade name for a mixture of tricalciuw 
phosphate and hydroxy-apatite. The fluoride removal capacity 
of the medium i s 600 mg F per l i t r e and i s regenerated with 
1.5 per cent sodium hydroxide solut ion. Florex was tr ied 
i n P i l o t Plant at Climax, Colo, U.S.A. i n 1937 and Soobba, 
Hiss , U.S.A. i n 1940 but without much success owing to high 
a t t r i t i o n s ! l o s s e s and the plants were abandoned (29, 30) . 

Activated alumina t The use of t h i s material for the removal 
of f luoride ion from drinking water appears to have been f i r s t 
suggested by Boruff i n 1934 (25). The bed was regenerated 
with a 2 % solut ion of sodium hydroxide, followed by neutra
l i s a t i o n of the excess a lkal i with d i lu te hydrochloride 
acid. The capacity o f the medium was found to be about 
800 rag F per l i t r e of alumina. Many modifications of the 
process were suggested by subsequent workers. Several 
patents based on the use of aluminium oxide for fluoride 

; . 14 



"e*w^(.i wer« issued to Heins^: and Churehil in 1936, 
Ooeta in 1938, and Urbaln and stemen in 1940. aaviaeiU 
and alack (31) have used f i l ver alum to regenerate 
activated alumina bed. Tho capacity of aluminium to 
remove f luorides was reported oo be proportional to the 
amount of f i l t e r alum used for regeneration upto a level 
o f about 0 .2 kg alum per l i t r f ; 12 lb s alum per e f t > of 
alumina. At t h i s l e v e l , the fluoride removal capacity was 
approximately 5,500 mg F per l i t r e of alumina. The most 
Important s ingle factor affecting the fluoride exchange 
capacity of alumina was the a lkal in i ty bf the influent water. 

I«ime t I t has been observed that while giving lime 
treatment to waters containing magnesium s a l t s , fluorides 
are absorbed on magnesium hydroxide f loes and i t results 
i n f luoride removal (25, 32, 33) . Empirically, the amount 
o f f luoride removed i s equal to 0.07 F v'Mg, where ? 
represents mg fluoride i n i t i a l l y present and Mg the mg of 
magnesium removed i n the form of f l o e s . In th i s case, the 
water must be treated to a caustic a lkal in i ty of 30 rog/1, a 
pH of 10*5 or above and as such recarbonatlon i s necessary (34) • 
Magnesia and calcined magnesite have also been used for 
f luoride removal from water and the fluoride removal capacity 
was reported tobe be t t er at high temperatures (35). 

Activated carbons i Most o f the carbons prepared from 
di f ferent aarbonaceous sources showed fluoride removal 
capacity after alum Impregnation. McKee and Johnston (36) 
have reported good fluoride removing capacity of various 
types o f activated carbons. Srinivasan (37) prepared a carbon 
from paddy husk by digest ion in 1 •; K0H and soaking i t over
night i n 2 % alum solut ion. The material removed about 
320 mg 9 per kg (150 mg F per 1) and showed a maximum removal 
e f f i c i ency of pH 7. The carbon was regenerated by soaking 
the spent material i n 2 * alum solution for 12-14 hours. A 
p i l o t plant with t h i s material was ins ta l l ed at Ointakal, 
Andhra Pradesh to treat water containing 2«« mg F/l which was 
flince abandoned. Activated carbons prepared by other 
••orfcera from cotton waste, coffee waste, coeoaut waste e t c , 
*are t r i ed for defluoridation but a l l these materials 
•»ere of academic i n t e r e s t only. 
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Ipp exchange resins t Strong ^&se exchange xwair.* 
remove f luorides e i ther on hydroxy! cycle or chicrig* 
oycia along with anions (38, 39) . Since the ptt>porexoa<£ 
quantity of fluoride as compared to other anions k» 
very small, the e f f ec t ive capacity of such reaiiaa worto 
out quite low* There are no known commercial mion 
exchange res ins which are se lec t ive for fluoride or£y« 
Some inorganic ion exchangers e . g . , complex metal chloride 
s i l i c a t e , formed from barium or ferric chloride with 
s i l i c i c acid, also exchange fluoride for chloride. 

Cation exchange resins impregnable with alum 
solut ion have been found to act as defluoridating agents. 
Various workers (40, 41, 42) have used cation exchange 
res ins a f ter treatment with alum solution for defluorination* 
Venkataraman e t . aJL (43) reported that • Avaram park • 
based cation exchange res ins works e f f ec t ive ly in removing 
f luoride from water. 

Other laboratories connected with 
defluoridation studies in India 

Attempts were made by several workers since 1933 
to develop suitable methods of defluoridation. Investiga
t i o n s were carried out at Indian Inst i tute of Science, 
Bangalore! King's Ins t i tu te , Guindy; Indian Council of 
Medical Research, New Delhi; Central Salt and Marine 
Chemicals Research, Bhavnagar and Geological Survey of 
India. Ho plant of any s igni f icant s ize was ins ta l l ed for 
removing fluoride by any of these laboratories . 

Pefluoridation work at NEERI 

The work on defluoridation was taken up by MBIRI in 
1961 on a reference from some State Governments af f l i c ted 
with the problem (19). A review of the materials 
developed by di f ferent workers on defluoridation revealed 
that most of the methods involve acids and alkali e i ther 
during pretreatment or regeneration and are not suitable 
for Indian condit ions. The phosphate compounds and ion 
exchange material are not practicable on large sca le . 
Paddy husk carbon demonstrated by Srinivasan (37) has a 
lent capacity and poor a t t r i t i o n s ! qual i ty. 

•vit 
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&nr--.ral m a t e r i a l s l i k e c l a y s , m i n e r a l s . Ion 

.ixt'hnnue r e s i n s , a c t i v a t e d cmrbons, a c t i v a t e d 

a lumina, su lphuna ted <;oals and s e r p e n t i n e were 

t..vl»d at, NEBRI f o r t h e removal of excess f l u o r i d e s 

from w a t e r . Chemical t r e a t m e n t , i n s i t u , wi th l ime , 

magnesium s a l t s , i r o n and aluminium s a l t s were a l s o 

s i m l l « d . Only t h o s e t h a t sho-md an encouraging t r end 

:>n bi-moh-scale and s t u d i e d 1v d e r a i l s , a r e p r e sen t ed 

*" thj j? pa >er. These i n c l u d e Jon exchange r e s i n s , saw 

dn-5^ carbon, coconut s h e l l r.-nrbon, def luc i ron-1 , oa rb ion , 

'<i;.*vnf».<5.fa* s e r p e n t i n e and def l .uorun-2. Ion exchange 

»--*.«•'!»?-•*. saw dust, ca rbon , def luoron-- l , magnesia and 

s«(f nfMtt n<» d id not prove useful beyond b e n c h - s c a l e . 

P i l o t r>l ?r>t s t u d i e s v»r<=» " a i r l e d out a t Gaitgawut, 

n.i»^-?!-han uv'.-itf •••irbon. Fu l l r-iz'* »l=jnts were' I n s t a l l e d 

"~lv\<4 'J":'hi'.!! •H'-^, * t Mmf-'v* ?.-al 'Vir'v>ra.tlrjn, Nal'jn.-.f-i 
.»r-.1 ;."!*?•> I-1 r41 ir l in ing In.'it.f t'.t'.o. J?y<^et.-ih-i, Andhi-> P»-vlr«h. 

/•^Tl S^'U< ;M>; :T
O *'/.?ii.jiB 

J V H U ; « ^-""vha'Ki^ _r_esins » ?v>} *"** vr**ue *n*r,r» «»v.<:h.>•"><*«• 
j - a s J ^ i e : f -j i V ^ r a l '?.Ud S*. T ">"-lT V H r ^ f c ! f- | lfa*--Mi ' ' / 

3fmnor>f.«r* •"'/,*• r » e t r s a i.v. ?»..»»; ' ' ' ' • > ! v ' ' ••• l u i " ' - n *'" f * "•»•''' « 

f U v . " i '<•-? -»-'r-*n w-M < r a l o n g --•; + ( <•!*•}««< *M»<-r.-.' ( « ' , | , ) ' -

P h a ^ ' n l ( • ' }* h a s • i t u d i ^ d *tv\ •.-< •>*» >r^<:l N» t fM ••rf **•* 

r e s i n s :>*; b^nch- ^ .pi: . 

FVilyanfon e*ch«-:tg>r r<=-sir» {WZf) 
Tui s ton JW27 
D*aw d i t e , ST-J P 
L e w e t i t , W H - ^ 
J t o b ^ r l l t o , r R*-'t--17 

S l g s s columns of ^2 mm 1? =• were f i l l e d vtt.h 60 AW 

t e s l n and a f l o w - r a t e of G.4- ipmV.lit.re ( 3 gpm / r f t ) 

was u s e d . The t r e a t e d watej w*s - o l l e e t e d In one l i t - ) * 

a l l q n o t s and t h e columns VRXT- x^T. f»r*t«d u s i n a 0,1« fccf 

NaCl p e r 1 f to l b s / e f t * or ' j . W - o . l * kg RaOH r * r 1. 

17-10 l b « p ^ r e f t >. 

The r e s u l t s ( p . <H Re1?- 1 ' ' * w a l c u U t * d b r » w 

*ufc"-?rs axe «&m?.rls*tf i n ••"' '"" * ' 

http://ipmV.lit.re
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&£$£££$. ĝMPVAL BY ANIOft ,;i-Q-MSGE RESINS 

Resin form Calcu l i 
ted ca<:.< 
c i t y , 
mg P / l 

Test water 
f luorides* 
mg P/l 

Coax: of 
treat
ment per 
in Rs. 

•Capital 
-soa*; par 

3 

Tuls ion 
A-27 
Deaceo-
d i t e 
FF-1P 
Levatit 
MIH-59 
Amberlite 
IRA-400 

Hydroxyl 

# » 

* * 

* * 

32 

130 

96 

232 

2.8 

2.S 

2.8 

2*8 

7.95 

2,35 

3 .00 

U 5 5 

1422 

1000 

1043 

939 

The t a b l e 6 i n d i c a t e s thar she r e s i n s s tudied 
y i e l d s 20-145 bed volumes of def luor idated water per 
c y c l e . Subsequent experience snowed that these r e s i n s 
l o o s e t h e i r f l u o r i d e removal capaci ty on prolonged use 
( 10-15 c y c l e s ) and a t o t a l replacement becomes 

neces sary . A l a y e r o f white d e p o s i t s was developed over 
t h e r e s i n beds and t h i s may be "he reason f o r t h i s 
drop i n the c a p a c i t y . 

The c o s t o f treatment was ca l cu la t ed on the b a s i s o f 
a pressure type o f p lant capable of holding 1,410 1 o f 
medium. The c a p i t a l c o s t of the plant was Rs. 70 ,000 / -* 
The d e p r e c i a t i o n of p lant and medium was taken as 20 % 
and 50 % per annum r e s p e c t i v e l y . Th* c o s t o f treatment 
inc luded the c o s t o f chemica ls , deprec ia t ion , power and 
opera t iona l charges and the c o s t at treatment per cubic 
m&t&r was arr ived a t from the fo l lowing f o r s o l a . 

2867a + 17.7C 

33.8C 

where Q m capacity of the medium corresponding to the 
raw water fluoride and alkalinity concen
trations; and 

a * concentration of raw water fluoride. 
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•'<rhus the anion exch;,•< ... r es ins were found to be 
f ' ^ U c i w l y low capacity .= ,-,,- f luoride removal. The 

•ost of anion r e s i n s i s R«, 20/ - t o Rs. 35/- per l i t r e 
*nd tht» r e s u l t s ind ica te ii;rit anion exchange r e s ins 
a re not economical to be used in removing f luor ides 
from water . Besides, the strong base anion exchange 
r e s in s impart a t y p i c a l t a s t e to the t r ea t ed water which 
may not be acceptable to the consumers. 

Cation exchange r e s i n s i Bhakuni (44) has compared the 
performance of saw dus t carbon, def luoron-1, carbion, 
wasoresin-14 and a polystyrene oat ion exchange r e s i n , 
us ing g las s columns of 33 mm d ia , flow r a t e of* 270 ml per 
min per l i t r e of medium ( .1,7 gpm / e f t ) and 4.3 mg F/1 
t e s t water and 50 ml a l iquo t s of r e s in was used i n these 
s tud ies* When the res idual f luor ide concentration 
reached. 1.5 mg F / l , the bed was regenerated with 200 ml 
of 1 % alum solu t ion and washed with tap water . 

The r e s u l t s of the study (44) as recalcula ted by 
t h e authors are summarised in Table 7 . The l a s t th ree 
columns are a r r ived a t on the bas i s of a pressure type 
o l a n t capable of holding 1,000 l i t r e s medium and designed 
flow r a t e of 4 M / n r . The regenerant i s 1 % alum solut ion 
and a t the r a t e of 40 kg f i l t e r alum for each m of 
medium. The cos t of alum was taken a t Re. 0.70 per kg . 
The power charges were taken as Re. 0.10 per u n i t t o 
pump water aga ins t a t o t a l head of 18 meters . The de 
p r e c i a t i o n on p l a n t and medium was taken as 20 % and 40 % 
r e s p e c t i v e l y . The c o s t of t reatment Included the coat of 
chemicala0 dep rec i a t ion , power and operat ional charges 
and was a r r ived a t by the following formula. 

24.92C -f 2834.6a 

96C 

Where capac i ty of the medium i s given by ' C as 
a g V / 1 and the raw water f luor idea concen
t r a t i o n by ' a • ( mg/1 ) • 
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TABLE 7 

FLUORIDE REMOVAL BY CATION ESCHAl 

Medium 

Carblon 
Wasoresin-14 
Polys tyrene 
r e s i n 
Sulphonated 
saw d u s t 
carbon 

Calcula
ted capa
c i t y , 
mg F / l 

320 
262 
420 

370 

Test water 
f l u o r i d e s , 
rng F/ l 

4 .3 
4.3 
4.3 

4 .3 

Bulk Cpat,,©£ 
d e n s i - t r e a t -
t y , mftm , 
g / l per » 

680 
730 

, 850 

620 

p.,65 
, 0 .74 
0*56 

0.60 

Capital 
c o s t , 
per » 
Rs. 

258 
315 
197 

285 

Ramakrishca Jt. ajl (45) prepared an ip^^y^bange 
material from coffee H husk by treatment .w^^jmlphurio 
acid, sodium chloride and alum and found ifcjfff lcient 
i n removing f luorides . Subset'-sntly Moh»»g»o,. and 
P i l l a i (46) adopted t h i s method for prepa^ffr *» act*** 
carbon from spent coffee grounis. SeethaRattracj, <47) 
had adopted the same procedure for-bench etsale to 
prepare a sulphonated earboft feom coconut she l l , , i#4ch 
he found i t to be sat isfactory tn ^movingr *lupri«e 
from water. The regene^aHsionvwa* wiAfc 200 mi of 1 % aXym 
so lu t ion . The capa*5ity and the *i*kNsH>«ity,*•• ««1*«-
la ted as 270 mg Fipe*,* *nd ^ « 2 * 0 ^ *e«pectivaly. *> 
laboratory s t u d i e s o * -insy a******** were reported. 
^ duBt carbon i mmmnX (48,49,50) prepared a carbon from 
saw dust obtained from eaw mi l l s preceding *«**• l i k e eagon, 
sheesham and tejak by heating the material in a ci<M*d 
ves se l and a l l o l i n g the fume to escape* The ee*iw***e* saw 
dust quenched in* a 2 % alum solution was washed free <rf the 
e*cess alum. On exhaustion, the carbon was wgei*r**«d by 
passing two bed volumes of 0.5 % alum solution* 
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*'JL -v ^ : AL JZ 22 c y c l e s of . - r ^ o r , . Thf, AiateriaX ha£. 
the problem of e x c e s s i v e »tf r ionai l o s s e s and appre
c i a b l e head l o s s * 

The saw dus t c o s t s Rs. %0C to Rs. 6.00 per bag o£ 
about 100 l i t r e s capac i ty and to t h i s are t o be added the 
charges of s i e v i n g , carbonisat ion and alum treatment. Wo 
l a r g e s c a l e s t u d i e s have beer* reported us ing t h i s medium 
because o f i t s poor hydraulic c h a r a c t e r i s t i c s . 

Defluoron-1 

Def luoron-1 , a sulphonater? saw-dust impregnated 
with 2 % alum s o l u t i o n was developed by Bhakuni (19 ,44) . 
Xt was prepared by t r e a t i n g 20-40 mesh saw dust with 
su lphuric ac id , washing the exces s ac id , soaking the 
sulphonated product i n alum so lu t ion for two hours and 
f i n a l l y washing i t t o remove the excesr 'turn. The recovery 
o f sulphonated product was 56 .3 to 69." ^r cent of dried 
saw d u s t . The bulk d e n s i t y of the medi i » 620 g per 
l i t r e . Bhakuni s tudied t h i s medium i n \: °at d e t a i l s i n 
the laboratory and has carr ied out moderate f i e l d t r i a l s * 
A domestic d e f l u o r i d a t o r was a l so prepared with t h i s 
medium for use by i n d i v i d u a l s (19) . 

Laboratory eva luat ion of the medium was carr ied out 
by u s i n g 75 ml medium, 4 .5 rog F / l t e s t water and a f low 
r a t e o f 0.*« 1 / m i n / l . The pH of the t e s t water was 
adjusted 1- 6» The t o t a l volume of water t reated upto 
a breakth' f about 1 mg F/ l was 8 l i t r e * * * The 

average f l ? removal capac i ty of 75 ml medium works out 

a., V C * .5«1 .0 \ « 28 mg F which i s equivalent t o 370 mg 
# A or ;*crtui. 600 mg F/kg of medium. F i e l d s t u d i e s were made 

v.-; ;-,v •• « p , 130 ) in Re::., Ho. (19) . 
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SBTS 

Table 
No 

17 

18 

19 

20 

21 

22 

23 

24 

25 

TASt* 

Or LABORATORY EXP 
JAR TMT OM MALO t̂t 

Oft 

E RIMENTS 
DA TECHMJ 

A l k a l i n i t y , 
ng Ca003 / I 

80 

125 

200 

310 

400 

500 
600 

820 

1070 

CARRIED OUT BY 

Fluoride, 
mg F/l 

2.05-4.70 
2.15-5.80 
2.30-6.30 
2.25-10.20 
2,20-10.20 
2.30-10.20 
1.95-10.20 
2.00-10.40 

•2.10-10.50 

The alum dose was varied according to experimental 

necessity and attempts were made as far as possible to 

lower fluoride below 1 mg F/l in the treated water. However* 

the alkalinity was fAund limiting in some experiments and 

the fluorides could not be lowered to the desired level. Zt 

Indicates that adequate alkalinity is essential to achieve 

the fluoride level of 1 mg/1 ( or lower ) in the treated 

water. The results are shown in Table 17 to 25. 

Based on the laboratory and field studies, the quantity 

of alum required to reduce the fluorides to excessive and 

permissive limits are worked out in terms of mg filter alum 

per litre of water. The doses are shown in Table 26. 

Defluoridation of higher fluoride 
concentration 

Water with high fluoride concentration are economically 

treated by split treatment. For example, a raw water 

containing 14-15 mg F/l and alkalinity 268 mg/1 CaO03 and 

pH 8.3 needed 2#500 mg/1 alum dose in straight treatment. But 

when the sate water was treated in two stages by giving 

500 mg/1 alim and 25 mg/1 lime in first stage allow to settle 

and take outi the supernatant and add 250 mg/1 lime and 500 rag/1 
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mg F removal capaci ty per l i t r e of defluoron-1 ( 50 mg 
F A g ) . 

Bhakuni ( p . 152. ref . 19 ) presents the break
through capaci ty ( upto a leakage of 1.0 mg/1 ) as 
upto 3000 mgAg# with an optimum of 1600 mg FAg 
( 1000 mg F/ l ) under normal condi t ions of water t r e a t 

ment. However, a r eca lcu la t ion on the bas i s of h i s 
da t a revea ls a maximum workable capaci ty of 370 mg F/ l 
( 600 mg FAg . ) on ly . The medium was not *# tes ted 

on any p i l o t p lan t sca le , but the experience of the 
authors i nd i ca t e t h a t the medium has poor hydraulic 
p r o p e r t i e s and suffered from heavy a t t r i t i o n a l l o s s e s . 

The f luor ide removal cos t shown in Table 7 are 
on the b a s i s of l abora to ry s tudios and work out to be 

3 
Re. 0.60 per m of water containing 4.3 mg/1 f l uo r ide s . 

Carbion 

Carbion i s a ca t ion exchange r e s in of good 
d u r a b i l i t y and can be used both on sodium and hydrogen 
c y c l e s . I t has a bulk dens i ty of 680 g/1 with a 
grading of -16 , +30 mesh. 

Laboratory experiments using 50 ml a l lquota (44) 
of 4i3 mg F/ l t e s t water and regenerat ion using 200 ml 
of 1 % alum so lu t ion ind ica ted an average f luoride 
removal capaci ty of 320 mg F/ l o r 470 mg FAg carbion. 
On the b a s i s of these column s tudies in the labora tory , 

3 
t he c o s t of t reatment worked out to be Re. 0.65 per m 
@ Rs. 700 / - per tonne of alum ( Table 7 ) • 

9 
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A p i l o t p lant was i n s t a l l e d us ing a mixtura 
o f t h i s medium with defluoron-J i n the proportion 
o f 8 i 1 a t Gangapur ( Raj as than ) . The p lant 
comprises a c y l i n d r i c a l tan*, of 610 mm d ia by 1830 mm 
h e i g h t , two alum tanks and a t*w water overhead tank (19) , 
The p l a n t was charged with 224 l i t r e s o f carbion and 
28 l i t r e s : o f de f luoron~l . 

F i l t e r alum s o l u t i o n of ?, 3, 5 , 6 and 10 % vas 
Mf?«"3 t o regenerate the mixed medium. The corresponding 
anvvuit of alura w^s .18, 18, 3'^imt 30 and 30 Xg ( Table 61, 
p . .167, r e f t 19 K The f l u o r i d e c o n t e n t of the rgw 

T-'H^^r was 4,*? mg F / l • I n alJ >>0 i^-vl--^ o f o w t ^ H o n w*n.-<» 
stud Jed. TX.ir(ng the f i r s t few oyH. r of nj.r?j.-. 'Hon, mo?»t 

o f t h e dpflUQJ.r>ri'• I. w«s washed c»f dur'.no IvirJ-wr?!' oi#ra-« 

i I-v due to i t s l i g h t weight an'.' what »vcuHj<d.».y !*nmlned. 

Jo t.l'»-r u.TUuit was e s s e n t i a l l y c-.t>"M'>r... ""?]<> r e s u l t s o f 

'','~i ? >; 1 fy w*r.f» a s f o ' J ov?• 
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On tne b a s i s of the s tud ies a t Oangapur, 
the average f l u o r i d e removal capaci ty of carbion 
was evaluated as 364 mg F / l of medium, working on 
a raw water with an a l k a l i n i t y of 350-350 mg/ i . 
On t h i s information and us ing a pressure u n i t with 

3 3 
m carbion with 4 m A flow ra te , c o s t of t r e a t -

•••snt of water i s computed us ing the fo l lowing 
r e l a t i o n s h i p . 

3 97 ,5 x C + 146 x a 
Cost per ra 'm -••• • . 

96 X C 

where C « capac i ty of medium per l i t a a ? and 
a » raw water f luor ide mg P / l 

The c o s t o f treatment p e r m works out to be 
Ra. 1*03 t o t r e a t raw water with 4 .3 mg/1 f l u o r i d e s . 
The c o s t i n c l u d e s c a p i t a l , deprec ia t ion , power, f i l t e r 
alum and personnel . 

Magnesia 

I n v e s t i g a t i o n s (51,52) t o study the use fu lness 
o f magnesia i n f luor ide removal were conducted. Cry
s t a l l i n e magnesium hydroxide was obtained by react ing 
a magnesium s a l t with milk o f l i m e . The p r e c i p i t a t e 
was f i l t e r e d , washed and d r i e d . The dried product was 
c a l c i n e d a t 1000°C f o r 3 hours t o obta in magnesia. 
Varying q u a n t i t i e s of magnesia were added to one L i t re 
a l i q u o t a o f t e s t water and s t i r r e d f o r 30 minutes us ing 
a Jar t e s t machine. Fluoride contents were est imated 
on one hour s e t t l e d sample. 

A t y p i c a l groundwater conta ining 10 rag/1 f luor ides , ' 
60 mg/1 hardness , 500 mg/1 a l k a l i n i t y and 7 . 6 pH was 
s tud ied us ing magnesia ( MgO ) concentrat ions of 10-1300 
mg/1 . The t r e a t e d water showed a pH above 9. The 
average f l u o r i d e concentrat ion i n the f i l t r a t e was 578 
mg P / l "where the dose was 1000 mg/1. The f l u e r l d e a t 
100, 250 and 500 mg/1 doses were 9 . 5 , 8 . 9 axu£ 8 .4 m& 
mg P A r e s p e c t i v e l y . * dose o f 1500 mg/1 magnesia and a 
c o n t a a t per iod of 3 hours was required to reduce the 
f l u o r i d e contend i n the water t o I mg/1. 
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(£hn r»tu<ly e s t a b l i s h e d that- u-ignesia removed the 
«?x-'#.s!J f l u o r i d e s , but l arge do«'-v= were necessary. More
over;, i.h<» nil of the treated water was beyond 10 and i t s 
correc t ion by a c i d i f i c a t i o n or vecarbonation i s necessary. 
AIL t h i s adds to the c o s t and complexity of operat ions . 
The acid requirement can be to the ex tent of 300 mg/1 
exprfv-snert i n terms of CaCOu/1. 

The experiments us ing 9 0 + 5 per cent magnesia 
thus revealed the l i m i t a t i o n s of t h i s proaess under the 
present s tage of development in the country. The high 
i n i t i a l c o s t , l a r g e concentrat ions required, a lka l ine pH 
of the t r e a t e d water and complexity of the preparation 
of magnesia are the i n h i b i t i v e f a c t o r s t o render i t 
acceptable i n the f i e l d . 

The c o s t o f treatment us ing magnesia i s ca lcu la ted 
on the fo l l owing b a s i s for a t y p i c a l p lant capable of 

3 
producing 2,270 M / d water . 

Uni t s i Magnesia s lurry preparation tanks, dosing 
tanks , mixing tanks with three hours contact 
period, s e t t l i n g tanks o f three hours, s e d i 
mentation period, pH adjustment u n i t s with 
sulphuric aoid dosing equipment ( with c h l o r i -
nat ion equipment and overhead storage tank ) • 

(*) Capital works 

Civil works .. Rs. 4,80,000/-
Machinery, piping and .. Rs, 1,50,000/-
equipment 

Land •• *•• 20,000/-

total • • Rs. 6,50,000/-

(b) Depreciation 

C i v i l works 9 3.33% 
per annum* 
Machinery, piping and 
equipment ® 6.66% per 
annum. 

t o t a l 

. . Rsi 1 6 , 0 0 0 / -

. . Rs. 1 0 , 0 0 0 / -

. . Rs. 26 ;000 / -
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(c) Interest on the capital 

@ 10 % on the capital •• 

(d) Personnel . • 

(e) Maintenance 

Civ i l works <§ 2% par annum . . 
Machinery e t c . # 5 % per annum •• 

t o t a l •• 

Rs. 

Rs. 

Rs* 
RS a 

65 ,000 / -

42 ,000 / -

9„ 600/ -
7 ,500 / -

Rs, 17 ,100 / -

( f ) 

<g) 

Operat^pna^ c o s t 

Depreciation 

I n t e r e s t on capi ta l 
Personnel 
Maintenance 

Running c o s t (chemicals) 

t o t a l 
Say 
or 

. . 

Rsc 

Rs* 
Rs. 
Rs. 

Rs* 

Rs. 
Rs. 

26 ,000 / -
65 ,000 / -
42 ,000 / -
17 ,100 / -

1 ,50 ,100 / -

1 ,50 ,000 / -
4 1 1 / - per day 

Magnesia required for 
def luor idat ion of raw water 
containing 4 ,3 rag F/ l and 
215 mg/1 a l k a l i n i t y . 

Sulphuric acid required 
t o reduce the pH to 8 

• • 

900 mg magnesia/litre 

50 mg/1 (appx) 

Rs. 1.20 per kg.. 
Rs. 1.00 ,, ,, 

2.27 x 900 - 2.043 kg 

2.27 x 50 - 113.5 kg 

Cost of magnesia . . 
Cost of sulphuric acid , . 
Sftx* Magnesia consumption . 

per day 
Su-lphurlc acid consumption « 
per day 
Total coat of chemical treatment per day 
* ( 2043 kg x Rs. 1 .20Ag + 113.5 kg x Rs. 1.00 per kg ) 
- Rs. ( 2 ,451.6 • 113*5 ) « Rs. 2,565.10 

(h) Running c o s t s (power) •• Say 300 units /day 

$ R«. 0.20 per u n i t , c o s t of power » Rs. 6 0 / - per day. 

( i ) Total operat ional cos ts /day 

«• Rs. ( 411.00 + power + chemicals ) 
« Rs. ( 411.00 + 60.00 + 2,565.10 ) - Rs. 3,036.10 

3 
0 ) Opeirational c o s t s per m water treated 

Total cos t /day 1. quantity of water treated 

3 r 0 3 6 . 1 0 / 2 , 270 = Rs . 1.34 p e r nf 
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Thus the operational cost worlca out to be 
R3, 1,34 per m using magnesia* 

Serpentine 

Serpentine as a mineral name, applies to the 
material containing one or both of the minerals, 
chrysot i le and ant igori te . The composition of the 
mineral c lose ly corresponds to the formula Mg-Si.04o (OH)* 

D 4 1 0 

The material i s green or yellow and i s available in 
Andhra Pradesh. To t e s t the capacity of serpentine to 
remove fluorides from waters, the green and yellow 
v a r l t i e s were studied for the ir defluoridation capa
city* Extensive laboratory invest igations were condu
cted with a view to popularize the mineral, i f found 
suitable as defluoridating medium. 

Jar t e s t s , bot t le and column experiments were 
conducted using d i f ferent s i zes of the mineral X53,54) • 
The lumps ( 50-100 mm in s i ze ) are crushed, pulverised 
and sieved to obtain -16, +30 ; -30, + 60 t -60, + 100 
and -100 mesh fract ions . The mineral i s hard and i s 
d i f f i c u l t to pulverize, particularly to s izes below 
~30 mesh. Manual crushing gave an average yield of 
65-67 % by weight. 

Jar t e s t s t Jar t e s t s were roacte on water with 280 mg 
a lka l in i ty /1 and 6.5 mg P / l . "tlrrtug* was at 60-80 tpm 
for 45 minutes with amineral do««» of 100-1000 mg/1 (-100 
mesh s i z e ) . With 1000 mg/1 dose, the fluorides were 
6.0 mg P/l in the treated water. The material rapidly 
i n the beakers during t e s t . A comparative evaluation 
was made using green and yellow var ie t ies of serpentine, 
dose upto 80 g /1 , and 6.2 mg P/l t e s t water. The results 
are shown i n Table 8 . 

•Phipps & Baird Electr ical Jar Test was used. 
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TABLE 8 

COMPARATIVE PERFORMANCE 0? OREBN AND YELLOW VARIETIES 
OF SERPENTINE ( -100 MESH POWDER )JAR TESTS (54; 

i 

-~x—ssrsasr T-SSSTSSST 
3 o s e , g A * 0 10 20 40 60 80 0 10 20 40 6C 80 

X X 
FlttO- X 6.2 4.-8 4*2 2*6 2.5 1 . 9 J 6 . 2 4.8 3.7 2.7 2.2 1.8 
rides, X v 
mg FA X j 
pH J 8.4 8.4 8 .6 8.7 8.8 8 .9X8 .4 8.4 8.6 8,8 8.8 3.9 

Bott le experiment! t K dose of 10-250 9 of mineral (green) 
of -100 mesh s ize was added to each l i t r e of t e s t water 
containing 6.5 rog P / l . The contents were | agitated vigo
rously in wide mouth bot t l e s for 5 hours using a mechanical 
vibrator and allowed to s e t t l e overnight. The supernatant 
was f i l t e r e d and tes ted for f luorides. About 80 g/1 
mineral was found necessary to reduce the fluorides from 
6.5 mgA to 1.0 mg/1, which i s the permissible l imi t ot 
Ministry of Health"/ Government of India for fluorides in 
drinking water. 

Column studies i Studies were conducted using columns 
of 50 mm dia charged with 1.5 l i t r e s of -16, +30g or 
-30 , +60 mesh sisse serpentine. A flow rate of 1.5 i / h 
( 15.7 gph/sq.ft ) was used to commence with, which dropped 
s teadi ly with the progress of the run. The results are 
shown in Table 9. 

The cost of treatment i s worked out on the basis 
of a pressure unit capable of holding 1*41 m yellow 
variety serpentine of -16, +30 mesh si*e and one meter 
depth «or a flow rate of 1 m3/l water with 6.0 ± 0.2 mgA 
fluoride at 340 ± 40 mgA a lka l in i ty . Water obtainable 
from t h i s unit i s about 34 bed volumes or 48 m . The 
serpentine i s not wgeneratable *n requires to be f i l l e d 
each time after treating t h i s m* of water. 
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TABU 9 

DEFLUORINATION CAPACITY C YELLOW AND OR23N 
VARIETIES OF SERPENT!;;g ( 48 ) 

F r a c t i o n 

T e s t w a t e r 3 .0 
f l u o r i d e s * 
mg y / 1 

T e s t w a t e r 
a l k a l i n i t y , 
mg C a C 0 3 / l 

O a a n t i t y o f 70 
w a t e r o b t a i n e d . 

Frft<2t..ton 

Tea'; w a t e r 2 . 8 
f l u o r i d e s , 
mg T/l 

Yellow V a r i e t y 
- 1 6 , ••• 30 rnogh -30 „ *• 50 me ah 

6 .1 U . . « 2,<i :.o„s 

250 t 30 350 £ 30 900 £ 20 280 £ 3C 950 £ 2G 

48 J. £ 65 20 

Qre^i. v a r i e t y 

- 1 6 , + 30 meal! 

10 .5 5.8 

- 3 0 , 4- 60 roeah 

2 . 5 

T e s t w a t e r 
a l k a l i n i t y , 
mg S#Jc CaCO-,/1 

Q u a n t i t y o f 21 
w a t e r o b t a i n e d , 
1 

280 £ 30 300 £ 10 1000 £ 30 150 £ 20 iOOC + 30 

14 2 44 8 

To obtain 1.41 m, serpentine, quantity of mineral 

required to be handled will be on the following basis. 

Weight of 1.41 M serpentine 

Maximum recovery on 
processing 

Quantity of serpentine 
to be processed 

1.410 x 1000 * 2.5 

3,525 kg. 

70 % 

3,525 -4-0.70 

5,000 kg. 

P r o c e s s i n g c o s t s of S e r p e n t i n e 

Cos t p e r t o n n e 

CST # , , , , 

F r e i g h t , , 

Pek ing i> f o r w a r d i n g 

^.-'ruslii'ig, p u l v e r i s i n g & s i e v i n g 
p e r t o n . 
T o t a l .->::. t n t o m e 

« R S . 

. Rs . 

. R s . 

. R s . 

Rs . 

5 0 . 0 0 

1 5 . 0 0 

15 .00 

1 0 . 0 0 

30.0/1 

Us . 120 .00 
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irn.,. o -oiant , # R s # 1 5 , C 0 0 / -

Depreciation 9 10 X . . Rs. 1 ,500 / -

or Rs. 4.10 per day 

One charge of 1.41 n serpentine t r e a t s 48 nt3 # 1 ra3/hr. 
Assuming only 8 hour operation/day, one charge 
l a s t s f o r 6 days o n l y . 

i . e . , deprec ia t ion on serpentine « Rs. 6 0 0 / -

- Rs. 1 0 0 / - per day 
Ignoring pumping c o s t s and a l s o operator charges, 
c o s t of treatment per dax works out t o be Rs. 104.10 
per day for t r e a t i n g 8 m water. 

Cost o f treatment - Rs. 104.10 J, 8 - Rs. 1 3 / - per m3 

I t i s concluded that c o s t of def luor idat ion i s prohib i t ive 
with s erpent ine . 

Defluoron-2 

To overcome the problems faced with saw dust carbon 
and def luoron-1 , a medium • defluoron-2 ' was developed i n 
1968 f o r the removal of f luor ides from drinking water (55 ,56) . 
Extens ive t r i a l s with the medium, both on the laboratory 
and i n the f i e l d have shown t h a t , i t does not suf fer from 
most of the handicaps l i k e some of the indigenous materia ls 
developed e a r l i e r . 

Defluoron-2 i s a sulphonated coal and works on the 
aluminium c y c l e s . I t was found t o g ive the b e s t r e s u l t s with 
one bed volume of 4 % ( w/v ) alum s o l u t i o n as regenerant. 
A bed volume i s equal t o the volume of media in the u n i t . 
The l i f e of the medium was found to be 2-4 y e a r s . 

Laboratory s t u d i e s 

To study the e f f e c t of prolonged use of t h i s medium 
on f l u o r i d e removal capac i ty , work was carr ied out t o an 
aggregate of 55 c y c l e s of continuous operation of 100 mm 
diameter column charged with a t o t a l of 6 l i t r e s of medium. 
The t e s t water conta ining 5-6 mg P/ l and 140-168 mgA alka
l i n i t y was us id throughout (56 ,57 ) . The average f luor ide 
removal capac i ty o f the medium was 484 rag P par l i t r e with 
1.15 mg F/l as a mean value of the l eakage . 
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P«.v. i<-- -.,.:• , ,,,<—u were i n s t ^ i f i . ax Me Municipeu C-i-pr-Tav^or. 
JMalgoiic aact Central Training ; / . « i t u t a , HyderaDac^ *..-*. ffte 
p lant inc ludes a pressure s h e l l , regeneration -can* a.** * 
s torage r e s e r v o i r of 4-6 hours capac i ty . Th* process l a i t s 
s imples t form c o n s i s t s of pass ing water through a bed of 
def luoron-2 medium contained in a c y l i n d r i c a l stftei s h e l l to 
which are attached the necessary pipework and control v a l v e s . 
Immediately adjacent to s h e l l -he regeneration tank i s located 
so t h a t the whole i n s t a l l a t i o n i s compact and i s e a s i l y 
maintained. The p lan t s a t Nalgonda and CTI were operated 
through 55 and 40 c y c l e s r e s p e c t i v e l y , by NEER1 (58) . While 
the p lant at C .T . I . # i s operat ing, the plant at Nalgonda i s 
kept i d l e by Municipal i ty f o r want of funds. 

Based on the e x t e n s i v e t r i a l s with the medium, both i n 
the laboratory and i n the f i e l d , a brochure was prepared (59). 
The brochure conta ins the medium c h a r a c t e r i s t i c s and the design 
data which are as f o l l o w s . 

Medium c h a r a c t e r i s t i c s 

Bulk d e n s i t y . . 810 kg per m3 

S i z e . . 0 . 6 - 2 . 0 mm 
Voids (approximate) .'. 40 per cent 
A t t r i t i o n a l l o s s e s . . Neg l ig ib le 

Maximum operat ing s e r v i c e flow ra tes 

(a) 5 .0 m per sg«meter of bed area per hour 
3 3 

(b) 5 .5 m per hour per m of medium 
Wash water treatment 

0 . 1 5 - 0 . 2 2 m per sq.meter per minute f o r a maximum duration 
o f 10 minutes . 
Reqenerant 

One bed volume of 4 per cent ( w/v ) alum s o l u t i o n . K bed 
volume i s equal to the volume o f the medium i n the u n i t . 
The alum s o l u t i o n has a pH between 2 .6 and 2 . 8 . 

Reqenerant contact period with medium 

30-40 minutes 
Depth of the medium 

9.6-1.-0 meter 

o. 3 1 



Bicarbonate alkalinity s Kith -&•* water fluorides -a-z^' -: 
between S and 12 mg/i the average defluoridatio/. c&pacicy 

is 650 mg fluoride per litre o£ medium. However, because 

of greater difficulty in fluoride removal at lower con

centrations, the capacity of the medium reduces to 480 mg/I 

of medium, when using a raw water containing between 5 and 

7 rog/1 of fluoride. These capacities correspond to a raw water 

alkalinity of 160 mg/1 as GaCX>4. The capacity of the medium 

at other alkalinity levels is given in Table 10. 

FLUORIDE 

Bicarbonate 
alkalinity of 
the raw water, 
mg CaCOj/l 

160 

200 

240 

300 

400 
600 
900 

TABLE 

REMOVAL CAPACITY*, 

10 

ma FLUORIDE 

Raw water 

3-4 

340 

300 

230 
190 

140 
100 
80 

fluoride. 

5-6 

480 

400 

300 
250 

170 
120 1 
100 

P6R 1 

mg per 

7-8 

560 

460 
350 

270 
210 
180 
120 

OF MEDIUM 

litre 

9-10 

^50 

330 
400 

300 
250 
200 
150 

•Based on an average fluoride concentration 
of 0,6-0.8 mg/1 in the treated water. 

Hvdroxvl alkalinity 1 The medium can tolerate hydroxyl 

alkalinity upto about 5 mg/1 as Ca003. The fluoride con

centration in the treated water increases with the increase 

in hydroxyl alkalinity. There is a 30 per cent reduction in 

the opacity of the medium when hydroxyl alkalinity is 25 mg/1 

as ,0,» ' 
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Operating and treatment costs 

Nearly the whole cost of operating * defluoridation 

plant is the cost of alum required for regeneration. The 

actual defluoridation cost depends upon the fluoride and 

alkalinity content of the raw water. The basis of the 

calculation is given below* 

*• Qiaracteristies of raw water 

pH .. 7,0-8.5 

Fluorides , as F •• a rag/1 
A l k a l i n i t y , as CaC03 , , b , , 
Capacity of the medium , , 0 , , f l u o r i d e s / l i t r e 
corresponding to a & b 

fi. Typical b a s i s for ca lcu la t ion 

A pressure type plant with 1,41 M̂  (-50 c u . f t ) of 
Defluoron-2 capable of passing 6,8 m / h r ( 1500 gph ) 

I Capital c o s t 

Plant , p iping, va lves and •• Rs, 14 ,250 / -
regenerating tanks with 
mixing dev ices 
Cost of i«41 *T of medium , . Rs, 3 , 6 0 0 / - ^ 1 7 8 5 0 / -
a t the rate of Rs, 2.55 * * 

XX Depreciation 

Plant a t 20 % per annum *, Rs* 2j,»50/-
Medium at 33.3 % , , . . Rs. 1 ,200 / - R § # 4^o50/-

I I I Capital coat of the plant based on 
f i v e years l i f e expectancy 

Cost » Plant + ( medium x 1.67 ) 
a Rs. 14,250 • Rs. 3,600 x 1*67 

* Rs, 20/262 
Say Rs, 2 0 / 2 5 0 / -

C Sample ca l cu la t ion for a mgA f luor ides and b mg/1 
a l k a l i n i t y . ,, — — 

Capacity of the medium - d mg » per l i t r e of material . 
Total f luor ide removal capacity of the plant between 
two success ive regenerations » 1#410 a mg 
Quantity of water treatable per regeneration 

* 1.41 ( c/a ) M3 

Length of run between regeneration 

1.41 ( c/a ) *«,,•-
_ , — m 0.2 ( c/a ) hours 

6.8 
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Time required per regeneration » 1,5 hours 

Number of actual regenerations/day 

24 a 

(0.2 e + 1.5 a) 

Q u a n t i t y o f w a t e r t r e a t a b l e f o r 24 h o u r s work ing , 
M, l o v i n g 1.5 h o u r s p e r r e g e n e r a t i o n * 

24 a 1.41 c 3 3 , 8 o 

(0 .2 c f 1.5 a) a (0 .2 c + 1,5 ) 

WLun r e q u i r e m e n t p e r r e g e n e r a t i o n « 56 kg 

56 x 24 a 1344 a . 
Mum recivJ,remenfc p e r day » « ' 

(0 .2 e i 1.5 a ) (0 .2 c + 1.5 a ) 

<k)*t*~ "f pjlum «* Re. 0 , 7 0 x^-r J* a 

0„7P x 1344 a 
-s - •••-•-•-•• Rupees • • (1) 

(0, > c + 1,5 ) 

H e p r p ^ i n t i o n p e r day * Rs- 4,050 

R*. ? € 5 " 
* R s . U .10 , . (2) 

P*tmping n o s t of Q c u b i c m e t r e s ^ g a i ' i s t a to t?& 
"•>id o*" !8»?.fl M (60 f t ) t o t h e o v r - h e a d 

•J»;VO.'T. t h r o u g h t h e p l a n t ( i n c l u d i n g f r a c t i o n 
ing^og s,n<5| gb Re. 0 . 1 0 p e r uni». of power ) 

1,000 X Q x 1 8 . 2 8 x 10 s 0.168 « ^ ^ 

102 x 60 x 60 x 100 (0.2 c + 1.5 a) 

Operational charge (one operator) » Rs. 8,00 per day . . (4) 

Cost of *• -.itnent per day = K ~ Charges due to 

C) + <2) • (3) + (4) 

W * + 11.10 + ° ' 1 6 8 C_ + 9.00 

(0,2 c + 1.5 a) (0.2 c + 1,5 a) 

<94i a + 0.168 o) 
sr 19.10 + . 

(0.2 c + 1.5 a) 

(969.65 a + 3*989 c) „ (969.65 a • 3.938 o) 

lo ,2 c + i .5 a) 0-2 c + 1.5 » 
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Cost, of treatment per M rupees 

9.69,65 a + 3.988 o 

33.8 c 

Capital c o s t per t r rupees 

K 

0 

20.250 

r 
. * • 

The re la t ionsh ip between raw water f luoride 
and c o s t est imates at Various raw water a lka l in i ty i s 
given in Table Nos 11 to 14. Table 15 summarises the 
information on the c o s t treatment per HI , In India, most 
of f luoride bearing waters contain f luoride from 3 to 
10 mg/1 in the a l k a l i n i t y range between 160 and 900 mgA» 
Such waters can be defluoridated a t a cost between 0.39 and 

3 
2.10 per m . The treatment cos t increase appreciably 
with the a l k a l i n i t y of the raw water. 

Continuous operation of the plant a t Central Training 
I n s t i t u t e for about four years had resulted in the formation 
o f white depos i t s over the medium and a conseauent f a l l in 
the def luoridat ing capacity by about 60 per cent . The 
volume of the medium had swollen considerably ( 40 per cent ) . 
The Tgrtpf- sdtefc)«xM«ii«n taribc fol lowing were the major 
cons t i tuent s of the d e p o s i t s . 

Carbonates and hydroxides 

Fluorides 
Sulphates 
Aluminium 
Calcium 
Magnesium 
Iron 
Acid inso luble ( 1 i 1 HC1 ) 

4,80,000 ppat 
6,100 , , 
6,000 , , 

1,73,000 , , 
24,000 , , 
34,000 , , 
11,000 , , 

1,69,700 , , 

The depos i t s were probably due t o inadequate wash 
a f t e r regeneration using one bed volume of 4 % alum 
s o l u t i o n . The medium was taken out , acid washed and 
recharged. The plant has s ince been working* 
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HRPKrangMrtB Qg COST OF TBgATMEMT ON RAW WATER FLUORIDES AND ALKALINITY 

A i f c a i l n t t y ^ 
i n raw 
water 

rag CaOOj/1 

Quant i ty o f w a t e r 
t r e a t a b l e p e r r e 
g e n e r a t i o n a t «axi-> 
nam r a t e o f 6 . 8 Wr/ 
h r 

M3 

Quantity of water 
treatable for 
24 hr working 
allowing 1.5 hr 
per regeneration 

M3 

Cost of treats 
ment per VT 
(includes staff, 
chemical s# depre-
ciation & power) 

Re. 

Alum r e q u i r e 
ment p e r d a y . 

k g 

Per c a p i t a annual 
c o s t on t h e b a s i s 
o f 10 1 / c a p i t a / 
d a y . 

R s . 

160 
200 
240 
300 
400 
600 
900 

200 
240 
300 
400 
600 
900 

9 1 . 0 0 
7 4 . 2 8 
5 6 . 0 0 
4 2 . 0 0 
3 5 . 0 0 
2 8 . 0 0 
2 1 . 0 0 

1 0 1 . 1 0 
8 2 . 0 4 
6 2 . 2 2 
4 6 . 6 7 
3 8 . 8 9 
31C11 
Z3o33 

Raw Water f l u o r i d e s 10 mg/L 

1 5 0 . 6 2 0o56 
147.17 0.66 
141.47 0.83 
134o40 1.10 
129.23 1.26 
122.18 1.56 
112.00 2.11 

Saw water F l u o r i d e s 9 mg/1 
1 5 2 . 1 9 0 . 5 1 
1 4 9 . 0 2 0o61 
1 4 3 . 7 4 0 . 7 6 
1 3 7 . 1 4 0 . 9 9 
132 .28 I c l S 
125 .61 So 40 
115 .86 3 t 8 4 

112 
143 
181 
210 
248 
303 

95 
114 
146 
185 
214 
?5& 
33.3 

2 . 0 4 
2C40 
3 . 0 4 
3 . 9 2 
4 . 6 0 
5*70 
7 . 6 9 

1 . 8 8 
2 .21 
2 . 7 8 
3 .57 
4*1.9 
5 e l 4 
6o7J 

36" 
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TABLE _ . £ 

DBPEKQgNCE OF COST QF TR£AT?'tBNT OF 3Arf WAI>:R FLUORIDES AMD ALKALINITY 

. \ l f c a l i n i t y 
I n raw w a t e r 

tag CaOOyl 

Q u a n t i t y o f w a t e r 
t r e a t a b l e p e r r age -
a e r a t i o n o f raaxio 

mum r a t e o f 
6*8 M3/hr 

M3 

Q u a n t i t y o f w a t e r 
t r e a t a b l e f o r 24 h r 
work ing a l l o w i n g 
1.5 h o u r p e r r e g e 

n e r a t i o n 

M3 

Cost of treatment 
per M^ (includes 
staff, chemicala, 
depreciation & 
power) 

R». 

Alum r e q u i r e 
ment p e r day 

k g . 

P e r c a p i - a 
annua l c o a t 
on t h e b a s i s 
o f 10 1 / c a p i t a / 
day 

R s . 

~aw Wate r F l u o r i d e s 8 mg/1 

160 
200 
240 

toe 
400 
600 
900 

16C 
200 
240 
300 
400 
#00 
900 

1 1 ** 

9 2 , 
*9. 
5 2 , 
4 3 , 
35 . 

*?t 

,75 
,99 
.50 
.75 
i C v 

2 6 . 2 5 

112. 
92. 
70 , 
54, 
42. 
32 
24 

•00 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 
. 0 0 

l i . 3 .80 
1 5 0 . 9 1 
146 .08 
1 4 0 . 0 0 
1 3 5 . 4 5 
1 2 9 . 2 2 
120 .00 

0 .53 
0 .62 
0 ,77 
0 .97 
1.21 
1.39 
2 . 0 3 

Raw Water F l u o r i d e s 7 mg/1 

153.6C 
1 5 0 . 7 ? 
1 4 6 , 0 8 
1 4 0 . 6 5 
134 .40 
126 .49 
116.67 

0.54 
0.62 
0.79 
0.36 
1.07 
1.23 
J.79 

96 
115 
147 
189 
219 
262 
324 

78 
93 
118 
148 
181 
224 
226 

1 
2 
2 
3 
4, 
5. 
7, 

1 , 
2 , 
2 . 
3 , 
3 . 
4 . 
6 . 

. 9 2 

. 2 5 

. 8 2 

. 5 3 

. 4 2 

. 1 0 

.41 

• 9 6 
,26 
,87 
,14 
,92 
,50 
53 

.. 37 
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TABLE 13 

Al l 
l i t 

»f 

DEF&NDEWCfc OF COS? OP TRBiffMEKT OF RAW WATER 

s a l i n i t y Quant i ty o f w a t e r Qtrantity o f water 
raw wt 

CaCD- A 
' 

160 
200 
240 
300 
400 
600 
900 

160 
200 
240 
300 
400 
600 
900 

t r e a t a b l e p e r rage— 
n e r a t l o a a t m a x t - , 
raw* r a t a o f 6 . 8 Jr/ lar 

M3 

1 1 2 . 0 0 
9 3 . 3 3 
7 0 . 0 0 
5 8 , 3 3 
3 9 . 6 7 
2 6 . 0 0 
2 3 . 3 3 

1 3 4 . 4 0 
1 1 2 . 0 0 

8 4 . 0 0 
7 0 . 0 0 
4 7 . 6 0 
33 .60 
2 8 . 0 0 

t r e a t a b l e f o r 24 h r 
working a l l o w i n g 
1 . 5 hour p e r rege<~ 
a e r a t i o n 

M3 

ELBORlBiS.AHD ALKALINITY 

Cost 
p^r I 

of treatment 
'r ( includes 

s ta f f , chemicala. 
depreciat ion and 
power) 

Raw water F l u o r i d e * 6 rog/L 
153 .60 
151 .01 
146 .08 
142 .37 
132 .83 
1 2 2 . 1 8 
1 1 5 . 8 6 

Raw water R u o r i d e s 
155 .52 
153 .60 
149 .33 
146 .08 
187 .83 
128 .00 
1 2 2 . 1 8 

5 mg/1 

Rs . 

0.48 
0.55 
8-r-tio.ga 
0.80 J 

1.13 
1.55 
1.84 

0 .29 
0 .48 
0 .59 
0 .69 
0 . 9 * 
1.31 
1.91 

Alum require
ment per day 

k g . 

78 
92 

318 
138 
190 
247 
282 

66 
77 

100 
118 
164 
216 
247 

Per capita 
annual c o s t 
on the b a s i s 
of JO 1 / c a p i t v 
day. 

Re* 

1.74 
2.00 
2.52 
2.94 
4.12 
5.66 
6 .71 

1.07 
1.74 
2.17 
2*52 
3„50 
4,79 
S.97 

.j ^ *n%5 
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TJhHLE 1 4 

OKHBttafiBOS OF COST QF WBSBHtHB a* JSH* WCEB& WE&&&BBR& fiMP WiIMItTTTTTT 

• « ^ i — » — ^ « * < « » « b « * J — ^ « * ^ » ^ Ml ^1 ^ | r f c ^ ) » « « » * M » i * » « l » ^ — i p y W * # # * f c ^ J g l — >M<i|^i lMa« Mi « » ^ | W I W M i i l l l <W — w p ^ i p i i>fr—t' j te jB* — — iw***!! a^i<wT^>••••> •ff^lWilM^BWII • • mammWtpt^t/m>• MI W i i i w l l « . « « » M . ^i — 

A l k a l i n i t y l a 
J4- tear ppar 

Cost a f 

• i • i ftiMi n ̂  ii ii*nii w m iii i 

h r 
«?/ *-* 

Piftr ca$&ta 
ost 

H* 

25 l /b»pi t fc /d*r 

KB* . •. 
*^N*«ik^MXMak*«Ml«bi> 

Itwr % U i F l u o r i d e * 4 

160 
208 

400 

1«0 
200 
2489 
300 
400 
€ 0 0 
900 

119 .00 
1 0 5 . 0 0 

8 0 . 5 0 
66.5© 
4 9 . 0 0 
35 -00 

153v«7 
140.010 
107*33 

8 8 . 6 7 
£5*33 
4 6 . 5 6 
3 7 . 3 3 

154 .38 
152 .73 
148 .61 
145*09 
138 .35 
129*23 
122 .18 

0 . 4 5 
0V50 
0*64 
0 . 7 2 
0 . 9 4 
1.2B 
1 .55 

tabtr Kbiorid** 3 mg/1 
157 .37 

iss* as 153 .03 
150 .21 
144 .73 
137 .14 
1 3 1 . 1 2 

0*37 
0*40 
0 . 4 9 
0*57 
0 . 7 3 
0 . 9 9 
1 . 1 9 

73 
S3 

ies 
124 
1 0 
210 

5« 
44 
81 
94 

126 
166 
199 

1 .66 
1 .02 
2 .32 
2*63 
3 . 4 2 
4»4T 

1*35 
1*47 
1 . 7 9 
2 .08 
2*67 
3*57 
4*35 

»» 39 
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TABLE 15 

RELATIONSHIP BETWEEN RAW WATER FLUORIDE AND COST ESTIMATE* 

fluoride 
concentration 
in raw water. 

wa/L 

Length of run 
between rege
nerations 

hours 

3 
4 

5 

€ 

7 
9 
9 
10 

5.1-22.7 

4.0-17.0 

4.0-19.2 

3.3-16.0 

3.4-16.0 

3.9-16.3 

3.3-14.4 

3.0-13^0 

Quantity of water 
treatable per 
regeneration of 
maximum rate of 
6.8 M3/hr , 

37.33-153.67 
Sxtiadt 

28.00-119.00 
28.00-134.40 
23.33-112.00 
24.00-153.50 
26.75-113.75 
23.33-101.11 
21.00-91.00 

Cost of treatment per M̂  
(including s taf f , chemicals, 
depreciat ion, power e t c . ) 

Rs. 

0.37-1.19 
0.45-1.55 

0.29-1.91 
0.47-1.87 
0.53-1.79 
0.52-2.03 
0.51-1.83 
0.55-2.10 

Per capita annual 
cost on the basis 
of 10 lpcd. 

Rs. 

1.35-4.35 
1.66-5.66 

1.06v6.97 
1.73-6.71 
1.95-6.53 
1.92-7.40 
1.87-6.71 
2.04-7.69 

* Depends on the alkalinity of raw water which varies 
, between 160 to 900 mg/1 as CaCO,. 

c. 40 
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Nalgpnda Technique 

Though defluoron«*2 p r o c e s s was s u c c e s s f u l i n 

removing f l u o r i d e s , t h e r e g e n e r a t i o n and maintenance 

o f the p l a n t required s k i l l e d o p e r a t i o n whieh may not 

be r e a d i l y a v a i l a b l e . In order t o overcome t h i s 

problem a new method has been developed by NEERI (60 ) . 

The method i s so s imple and adaptable t h a t even I l l i 

t e r a t e persons can make use o f i t . I n c i d e n t a l l y , the 

c o s t o f d e f l u o r i d a t i o n has a l s o been brought down 

c o n s i d e r a b l y . 

The new method has been named * Nalgonda Technique * 

and i n v o l v e s the a d d i t i o n o f two r e a d i l y a v a i l a b l e 

c h e m i c a l s . The p r o c e s s comprises treatment o f water wi th 

podium albuminate o r l ime and f i l t e r alum i n sequence 

fa l lowed by f l o c c u l a t i o n , sed imentat ion and f i l t r a t i o n . 

TV.?!**1, o p e r a t i o n s are simp]© «nd f a m i l i a r to wryfcumwKliug, 

^ruif iv>«rfl and i t i s hoped t h a t t h i s technirpje o f d e f l u -

:• r Auction w i l l soon be anpl ied t o endemic f l u o r o s i s 

.?»•<-•.= « e i t h e r on i n d i v i d u a l b a s i s o r a conmnrii t y l e v r l . 

Mp>e which i s f a r cheapo*- J.p lyirowte-o'te<l i".-«l^nd of 

~.>'Uu>n -\ luminate. Bom'.'f WS), 3..\»t*-, nl-. ?,! (r,\) r ind 

'"/••ippi. (62) s t u d i e d 4rV-.̂  u«-» .->.f f i l l e r alum £~>r x-Pf'Inct ion 

•vf filuoi'.ide from driu'ci »'<> ••M,,."I, 'n;! !'•*» m^vlvxl, ho'7»?;'<->r, 

VHS not p o p u l a r i ^ d . 

Domestic tie-i!->ent i * D P " ) " ! * '••;.mliC5.«>:l to enable 

an i n d i v i d u a l t o ?Jaot <>i<-* i<r-'.,'.:*s,«- ».o h i s ret.w.lr'im-nts. 

Any c o n t a i n e r o f 20-*0 \ U . r - n Js suil-nble f o r t h i s 

purpose . A tap 3-5 cm ?>ove the bottom of t h e conta iner 

i s u s e f u l t o withdraw tbo t r e a t e d water but i s n o t 

e s s e n t i a l . The raw wat*r taken i n t o t h e c o n t a i n e r i s 

mixed w i t h adequate amounts o f l ime and alum . Bleaching 

powder f o r d i s i n f e c t i o n can be added s imul taneous ly 

w i t h l i m e and alum. The q u a n t i t y required was found to 

depend on d i s s o l v e d s o l i d s , a l k a l i n i t y and f l u o r i d e s in 

t h e raw w a t e r . 

TWble 21 g i v e s the dose i n m<? <>f f i l t e r *luw ^ r 
l i t r e J f w a t e r . The l im? close i s i / 2 0 t h of the alum. 

«. 41 
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Lime powder and bleaching powder are sprinkled 
f i r s t and mixed well with the water. Alum solut ion 
i s then poured and the water i s s t i rred for ten 
minutes. The contents are s e t t l e d for one hour and 
the c l e a r water i s withdrawn e i t h e r through the tap 
o r decanted slowly without disturbing the sediment. 
The f luor ide aonoentration i n the s e t t l e d water w i l l be 
within the allowed permissible l i m i t s . 

With domestic treatmer there i s no capi ta l 
investment necessary and th cost of treatment i s a l l 
t h a t of the cos t of chemicals only . 

Experimental work 

Considerable work was done by NEERI on Nalgonda 
Technique for def luor inat ion . The study was grouped 
under the fol lowing categor ies t 

i ) Laboratory inves t iga t ion 

i i ) Fie ld work 
i i i ) Plant work. 

Laboratory inves t iga t ions consis ted of evaluation 
o f alum dose required for waters with varying concen
t r a t i o n s of f luor ide , a l k a l i n i t y , ion ic strength. The 
e f f e c t of free avai lable chlorine , sulphate, calcium 
hardness, organic matter, n i t r a t e s , polyphosphates and 
s i l i c a t e s were s tudied. 

The f i e l d work was designed to demonstrate the 
use fu lnes s and s i m p l i c i t y of the technique. I t includes 
(a) experiments in buckets, (b) experiments in drums and 
(c) p i l o t plant s t u d i e s . While (a) and (b) are f i l l and 

draw type batch experiments, (c) i s a continuous process. 
The batch experiments were carried out using well waters 
from d i f f e r e n t sources and the s e t t l e d Waters was t e s t ed 
for f l u o r i d e . 

The d e t a i l s of the experimental work was given by 
Nawlakhe e t . a i (60) . Laboratory inves t iga t ions were 
carr ied out by j a r t e s t s using sodlusi aluminate ( l a t e r 
replaced by lime ) and f i l t e r alum. The fol lowing s e t s 
o t expertments were carried out ( Table 16 ) • 
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alum fluoride concentration was reduced to 0*9 mg 
P/ l with pH 6.7 and a lka l in i ty 56 mg/1 CaCO- which 
ind ica tes saving of alum by 1,500 mg/1. The experi
ments on fluoride concentration lower than 8 mg/1 
have not given encouraging resu l t s by s p l i t treatment. 
Waters having fluoride more than 10 ppm can be eco
nomically t rea ted with s p l i t ( two stage ) treatment. 

Laboratory s tudies on the effect of 
water qual i ty on the removal of f luorides 

The removal of fluoride by Nalgonda Technique 
was found to be independent of Ca+* Mg*?" Nat K+, Cl7 
SO?, NO" and free residual chlorine in the t e s t water. 
The presence of the following did not adversely affect 
the removal of fluoride sulphates 50 to 550 mg SO^/1, 
Calcium 100 to -500 mg Ca/1, Chlorides 178 to 890 mg Cl/1 
and chlorine upto 10 mg/1. Certain laborator ies in the 
country speculated interference from soluble s i l i c a , 
organic matter and phosphates, even in trace quant i t ies 
and consequent reduction in fluoride removal by t h i s 
technique. To verify th i s , further laboratory experiments 
were conducted using polyphosphates, s i l i c a t e s and organic 
mat ter . 

Polyphosphates i - Sodium hexa-meta-phosphate, sodium 
pyrophosphate , sodium tri-polyphosphate were used 
•( 1-5 mg P/l ) and the fluoride removal was not affected. 

S i l i c a t e s J - Varying doses of sodium meta s i l i c a t e 
( 5-60 mg SiO- / l ) were t e s ted . I t i s observed t h a t 
s i l i c a t e s has adverse* effect on the defluoridat ion. 
The residual f luoride concentration was 1»10, 1.45, 2.05 
and 2.70 tog/1 a t 0, 20, 40 and 60 mg/1 s i l i c a levels 
respect ive ly when 5.1 mg P/l of f luoride water was 

- t r e a t e d . 

. . 44 



Dose , 
mg A l / 1 

0 

0 . 7 

1.4 

2 , 1 

2 , 8 

3 . 5 

4 . 2 

4 . 9 

5 « i 

6 . 3 

7 , 0 
7 . 7 

a.4 
9 . 8 

1 1 . 2 

pH 

7 . 8 

7 . 6 

7 . 4 

7 . 3 

7 . 1 

7 . 0 

6 . 9 

6 . 8 

6 . 9 

6 . 8 

6 . 7 
6 .6 

« g » / l 

2 . 0 5 

1 .95 

1.90 

1.75 

1.70 

1.65 

1 .55 

1.45 

1 .35 

1.25 

1 .15 

1.10 
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TABLE 17 

REMOVAL OP FLUORIDE 

( T e s t w a t e r a l k a l i n i t y - 80 

pH 

pH 

7 . 8 

7 . 6 

7 . 4 

7 . 2 

7 . 1 

7 . 0 

6 . 9 

6 . 9 

6 . 8 

6 .8 

6 .7 

6 . 7 

6 .7 

6 .6 

6 .4 

[ and f l u o r i d e s 

nig P A 

2 . 9 5 

2 . 8 5 

2 . 7 5 

2 . 6 5 

2 . 5 5 

2 .45 

2 .30 

2 .20 

2 . 0 5 

1.95 

1.75 

1.70 

1.65 

1.55 

1.50 

BY . 

mg 

aLUM 

CaC03 A ) 

i n t r e a t e d w a t e r 

pH 

7 . 8 

7 . 4 

7 . 2 

7 . 1 

7 . 0 

6 . 3 

6 .6 

6 .4 

6 .3 

mg P / l 

3 .90 

3 .60 

3 .25 

2 .90 

•2.65 

2 .40 

2 .30 

2 .20 

2 .10 

pH 

7 . 8 

7 . 3 

771 

7 . 0 

6 . 8 

6 .6 

6 .5 

6V3 

6 . 3 

rag P A 

4 .70 

4 . 4 0 

4 . 0 5 

3 .75 

3 . 4 0 

3 .15 

2 . 9 5 

2 . 8 5 

2 . 7 5 

,.» 45 
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TABLE 18 

- • — 

Dose , 
tag A l A 

0 
1 . 4 

2 . 8 
4 . 2 
5 . 6 

7 . 0 
8 . 4 

9 .8 

1 1 . 2 
1 2 . 6 
1 4 . 0 

1 5 . t 

1 6 . 8 
1 9 . 6 

PH 

7 . 7 
7 . 3 

7 . 2 

7 . 0 
6 . 9 

6 . 8 

6 .7 
6 . 6 
6 . 6 

6 .5 

6 . 4 

6 .3 

ng F / l 

2 . 1 5 
1 . 9 5 

U 8 0 

1 .65 
1 . 5 5 

1 .40 

S .25 

1 .10 
1 .00 

0 . 9 3 
0 . 8 6 

0 . 7 9 

REMOVAL OF FLUORIDE BY ALUM 

( Tes t water a l k a l i n i t y 

PH 

7 . 7 
7 . 5 

7 . 3 
7 . 2 

7 . 1 

7 . 0 

6*5 

6 . 8 

6 .7 
6 . 6 

6 . 6 

6 . 5 
6 .5 

- 125 

pH aad f l u o r i d e s i a 

*g * / i 

3 . 1 0 
2 . 9 0 

2 . 7 5 

2 . 6 0 

2 . 4 0 
2 . 1 5 

2*00 

1*80 

1*70 
1*60 

1 .45 

1 .35 

1 .15 

pH 

7 . 7 
7 . 5 

7 . 4 

7 . 2 

7 . 1 

7 . 0 

6 . 9 

6*8 

6 .7 

6 . 6 

6 . 5 
6 . 4 

6 .5 

mg GaOO. A } 

- treated w a t e r 

• g » A 

4 . 1 0 
3 . 9 0 

3 . 7 0 
3 . 4 5 

3 . 2 0 

2 . 9 5 

2 . 7 0 

2 . 5 5 

2 . 4 0 

2 .55 

2 .10 
2 . 0 0 

1 .80 

PH 

7 . 9 

7 . 4 

T . i 

7 . 1 

6 . 9 

6 .7 

6 .5 
6*4 

ng * A 

4 . 9 0 

4«40 

1.90 

3 . 4 5 

2 . 9 0 

2 . 5 5 

2 .35 

2 . 3 0 

PH 

7 . 9 

7 . 5 

1.1 

6 e 9 

6 . 8 

6 .6 

6 .5 
& « • $ 

UK, 

5 .80 

5 .20 

*• A, i. ( * * 

3 .65 

3.3H 

v , f ' i f 



D o s e , 
mg A l / 1 

0 

2 . 6 

5 . 6 

8 . 4 

1 1 . 2 

1 4 . 0 

1 6 . 8 

1 9 . 6 

2 2 . 4 

2 5 . 2 

2 8 . 0 

3 0 . 8 

— 

pH 

8 . 6 

8 . 0 

7 . 6 

7 . 3 

7 . 1 

7 . 0 

8 . 3 

6 . 7 

6 . 6 

6 . 5 

6 . 3 

6 . 2 

— — . — • • . . . 

mg F / l 

2 . 3 0 

2 . 2 0 

2 . 0 5 

1 . 3 0 

1 . 5 5 

1 . 2 5 

1 . 0 0 

0 . 6 8 

0 . 6 0 

0 . 5 2 

0 . 4 5 

0 . 4 2 

( Te: 

pH 

8 , 6 

8 . 0 

7 . 6 

7 . 3 

7 . 2 

7 . 0 

6 . 8 

6 . 7 

6 . 6 

6 . 5 

6 . 4 

6 . 2 
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TABLE 1 9 

REMOVAL OF FLUORIDE BY ALUM 

s t w a t e r a l k a l i n i t y 

pH 

mg F / l 

3 . 2 0 

3 . 0 5 

2 . 7 5 

2 . 3 5 

2 . 0 5 

1 . 7 0 

1 . 4 5 

1 . 2 5 

X • ,*.'-> 

0 . 9 3 

0 . 9 0 

0 . 8 6 

and f l u o r i 

pH 

3 . 6 

7 . 9 

7 . 7 

7 . 4 
•7 O 
- * *» 
7 . 1 

6 . 9 

6 . 8 

6 . 7 

6 . 6 

6 . 4 

6 a 2 

- 200 mg CaC03 / l ) 

d e s i n t r e a t e d w a t e r 

rag F / l 

4 . 1 0 

3 . 9 0 

3 . 6 5 

3 . 1 0 

2 . 7 0 

2 . 3 0 

1 . 9 0 

1 . 6 5 

1 . 5 0 • 

1 . 3 5 

1 . 2 5 

1 . 2 0 

pH 

8 . 6 

7 . 9 

7 . 6 

7 . 4 

7 . 2 

7 . 0 

6 . 9 

6 . 7 

6 . 6 

6 . 5 

6 . 4 

6 . 2 

mg F / l 

5 . 1 0 

4 . 9 0 

4 . 6 0 

4 . 1 0 

3 . 5 0 

3 . 0 0 

2 . 6 0 

2 . 2 5 

2 . 1 0 

1 . 9 0 

1 . 7 0 

1 . 6 5 

pH 

8 . 6 

8 . 0 

7 . 7 

7 . 3 

7 . 2 

7 . 0 

6 . 8 

6 . 7 

6 . 6 

6 . 5 

6 . 3 

6 . 2 

mg F/l 

6 . 3 0 

6 . 1 0 

5 . 6 0 

5 . 0 0 

4 . 4 0 

2 . 3 0 

3 . 3 0 

2 . 3 0 

2 . 6 5 

2 . 4 0 

2 . 2 0 

2 . 2 0 

. . 47 
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•?g>aU3 2C 

( T e s t w a t e r 3±<*±-.x\±~rr - 3 v.; .vxt .>.CO, 71 ) 

-»" 

3o3e # 

ag A l / 1 

0 

4 , 2 

3 . 4 

1 2 , 6 

1 6 . 8 

2 1 . 0 

2 5 , 2 

3 9 , 4 

V: . 5 

; ' , 3 

- • • • 

•+ .. -

• - * - * r " 

PH 

a . 90 

a.5 
7 . 9 

7 . 6 

7 . 3 

7 . 2 

6 . 9 

5 . 7 

5 . 6 

•5 , c . 

: . 4 

-~v -

mg F A 

2 . 2 5 

2 . 1 5 

1 . 9 0 

1 . 5 0 

1 . 3 5 

1 . 1 0 

0 . ^ 0 

0 . 5 4 

0 . 4 3 

0 . 3 5 

0 . 2 7 

T . - 4 

•»«»«•»«»«»*» 

pH 

8 . 9 0 

3 . 5 

B.O 

7 , 6 

7 . 3 

7 . 2 

7 . 0 

6 . 9 

6 . 7 

5 . 7 

5 . 5 

6 . 3 

mg P / l 

3 . 2 0 

3 . 1 0 

2 . 8 5 

2 . 3 " 

1.5*5 

1 . 3 5 

1 . 2 5 

1 . 0 0 

0 . 8 4 

0 . 7 1 

0 . 6 2 

0 . 5 4 

pH 

pH 

a . 90 

3 . 4 
<x ^ * 

** • < * 

^ . ± 

4 * '• » 

6 . 7 

6 . 7 

6 . 6 

6 . 5 

-mcl J l u o , 

4."v'3 

4 , 0 

^ ,-:55 
-> -.» 

".,!'* 

— * 

' . „ •'•' 

. . i'ci 
* • _ , _ 

.• . *"; 

C.^o 

0 , ^ 0 

3 . 5 

!, 1 
» • " » 

• » : 

— 
: -\ 

T» :-J 

i . 3 

6 „ • > 

' •« "5 

. . V .-i-'ir.-?!'. 

5 . 1 0 

5 . 0 

•*. 50 
•'•> 

' s l ; 

- ' . • ' 

•: .--»o 

'.. .. iO 

• ' " * 

: ..to 
0*98 

: «-"-»r 

3 . 8 0 

3 . 3 

7 . 3 

7. '5 

" . 3 

T ^ / 
•- 1 

:5.9 

6 . 7 

6 . 5 

5 . 4 

6 . 3 

mg P / l 

6 . 0 

5 . 8 

5 . 1 

4 , 2 

7 . o5 

3 , 1 0 

2 . 5 0 

2 . 1 5 

1 . 3 0 

1 . 6 0 

1 . 4 5 

1 . 3 0 

PH 

8 . 4 

7 . 9 

7 . 7 

? „ 5 

7 . 2 

7 . 1 

7 . 0 

6 . 9 

6 . 8 

6 . 7 

6 . 6 

6 . 4 

mg P / l 

8 . 0 

7 . 6 0 

7 . 2 0 

6 - 4 0 

3 . 7 0 

5 . 0 0 

4 . 3 0 

3,96 

3 . 3 0 

2 . 9 0 

2 . 6 0 

2 . 4 0 

pH 

8 . 4 

8 . 0 

7 . 7 

7 „ 5 

7 . 3 

7 . 2 

7 . 1 

6,9 

6 . 8 

6 . 7 

6 . 6 

6 . 4 

rag P / l 

10 .2C 

9 . 8 0 

9 . 0 0 

3 . 1 0 

7 . 2 0 

6 . 4 5 

5 . 7 0 

5 . 0 0 

4 . 4 0 

4 . 0 0 

3 . 6 5 

3 . 4 0 

• • 4 8 



"V»i c**b 

ii>g A l / 1 

0 

5 . 6 

1 1 , 1 

i « . s 

2 2 . 4 

2 8 . 0 

3 3 , 6 
3 9 . 2 

4 4 . 8 
5 0 . 4 

5 6 . 0 
6 1 . 6 

PH ,,-

8 . 6 
7 . 9 

7 . 5 

7 . 3 

7 . 1 

7 . 0 
6 . 8 

6 . 7 
6 . 6 

6 . 5 
6 . 3 

6 . 2 

• ••: 

mf F/L 

2 . 2 0 
2 . 0 0 

1 . 7 0 

1 . 4 0 

1 . 1 0 

0 . 7 5 

0 . 5 4 

0 . 4 2 

0 . 3 2 

0 . 2 6 
0 . 2 3 

0 , 2 1 

pH 

8 . 6 

7 . 9 

7 . 5 

7 . 3 

7 . 1 

7 . 0 

6 . 3 

6 . 7 

6 . 6 
6 . 5 

6 , 4 
6 . 2 

< T 

mg F/l 

3 . 2 0 

2 . 9 0 

2 . 4 5 

2 . 0 0 

1 . 5 0 

1 . 2 0 
0 . 8 5 

0 . 6 3 

0 . 4 9 
0 . 3 8 

0 . 3 2 
0 . 2 9 

TABU? 21 

REMOVAL OF FLUORIDE BY ALUM 

e s t w a t e r a l k a l i n i t y o f 400 

pH and f l u o r i d e i n t r e a t e d 

pH 

3 . 6 

8 . 1 

7 . 7 

7 . 4 

7 . 2 

7 . 1 

7 . 0 

6 . 3 

6 . 7 
6 . 7 

6 . 5 
6 . 4 

mg P / l 

4 . 2 0 

3 . 7 5 

3 . 1 0 

2 . 5 0 

2 . 0 5 

1 .60 

1 . 3 0 

0 . 9 2 
0 . 6 3 

0 . 5 8 

0 . 5 1 

0 . 5 1 

PH 

8 . 7 

8 . 1 

7 . 7 

7 . 6 

7 . 4 

7 . 1 

7 . 0 

6 . 8 

6 . 7 
6 . 6 

6 . 5 
6 . 5 

rag P / l 

5 . 2 0 

4 . 7 0 

4 . 0 0 

3 . 3 0 

2 . 5 5 
2 . 1 0 

1 . 6 5 

1 . 3 0 

1 . 0 5 

0 . 8 0 

0 . 7 2 

0 . 6 4 

mg CaCO, /I ) 

w a t e r 

PH 

8 . 7 

8 . 1 

7 . 6 

7 . 5 
7 . 3 

7 . 2 

7 . 0 

6*9 

6 . 7 

6 .7 
6 . 5 
6 . 4 

mg F / l 

6 . 3 0 
6 .00 

5 . 2 0 

4 . 2 0 

3 . 4 0 

2 . 6 5 

2 . 6 5 

1 .75 

1 . 4 5 

1 . 2 0 
1 . 1 5 

0 . 9 2 

PH 

8 . 6 

8 . 3 

8 . 2 

8 . 1 

8 . 0 

"' * & 

7 . 7 

7 . 6 

7 . 4 

7 . 3 

7 . 1 
6 . 9 

:«MC4*>«=9«K.>«U'—' c 

rag P / l «*PH 

8 . 0 0 8 . 7 

7 . 3 0 

6 . 5 0 

5 .70 

4 . 8 0 

4.1C 

3 . 3 5 

2 . 7 5 

2 . 3 5 

2 . 0 5 

1 .85 

1 ,70 

8 . 3 

8 . 2 

8 . 1 

8 . 0 

•' c * 

7 . 8 

7 , 6 

7 . 4 

7 . 3 

7 . 1 

6 , 9 

n*j F/A 

1 0 . 2 0 

9 .60 

8 . 7 0 

7 . 5 0 

S.50 

a* A-<~. 
4 . "'S 

4 . 0 0 

3 . 4 0 

3 . 0 0 

2 . 7 0 

2„50 

.' ; * -
3 ' 

40. 

36C 

33' 

:sC4 

28? 
. • « • > . • 

»..; .'. 

186 

144 

132 
• r*Z 

4? 



49 

TABLE 22 

rag A l / 1 

0 

7*0 

1 4 . 0 

2 1 . 0 

2 8 . o 

3 5 . 0 

4 2 . 0 

4 9 . 0 

5 6 . 0 

6 3 . 0 

7 0 . 0 

7 7 . 0 

—-"' 

pH 

9 . 4 

8 . 9 

8 . 5 

3 . 3 

3 . 1 

7 . 9 

7 . 7 

7 . 6 

7 . 3 

7 . 1 

7 . 0 

6 . 8 

«g r/l 

2 . 3 

2 . 1 0 

1 . 3 5 

1 . 5 5 

1 . 1 5 

0 . 8 4 

0 . 6 2 

0 . 4 9 

0 . 3 6 

0 . 3 2 

0 . 2 5 

0 . 2 1 

-

pH 

9 . 2 

8 . 7 

8 . 1 

7 . 7 

7 . 4 

7 . 2 

7 . 0 

6 . 8 

6 . 7 

6 . 5 

6 . 4 

6 . 3 

( T e a t 

pH 

rag P / l 

3 . 1 0 . 

2 . 9 0 

2 , 5 0 

2 , 2 0 

1 . 7 5 

1 . 2 5 

0 . 9 2 

0 . 6 8 

0 . 5 1 

0 . 4 0 

0 . 3 5 

0 . 3 1 

R2f<!0VAL 

w a t e r a i 

and f l u o r i d e 

pH 

9 . 2 

9 . 7 

a . i 

7 . 5 

7 . 3 

7 . 1 

6 . 9 

6 . 7 

6 . 5 

6 . 4 

6 . 3 

mg F/2 

4 . 3 0 

4 . 0 0 

3 - 7 0 

2 . 9 0 

2 . 1 5 

1 . 5 5 

1 . 1 5 

0 . 9 0 

0 . 9 7 

0 . 5 6 

0 . 5 0 

0 . 4 1 

0 ? FLU0RID3 3Y 

. k a l i n i 

i n t e e 

pH 

9 . 2 

8 . 7 

8 . 1 

7 . 3 

7 . 5 

7 . 3 

7 . 1 

6 . 9 

6 . 7 

6 . 5 

6 . 4 

6 . 3 

- 7 5 0 0 - 5 1 

ALUM 

.0 rag 

a t e d w a t e r 

mg F / l 

5 . 2 0 

4 . 9 0 

4 . 5 0 

3 . 7 0 

2 . 8 5 

2 . 1 0 

1 . 6 0 

1 . 1 5 

0 . 9 4 

0 . 7 7 

0 . 6 5 

0 . 6 9 

PH 

9 . 2 

8 . 7 

8 . 1 

7 . 8 

7 . 5 

7 . 3 

7 . § 

6 . 9 

6 . 7 

6 . 5 

6 . 4 

6 . 3 

C a C O y l ) 

mg ? / l 

6 .10 

5 .80 

5 . 2 0 

4 .10 

3 .00 

2 . 4 0 

1 .75 

1 .35 

1 .10 

0 . 9 2 

0 . 8 4 

0 . 7 8 

pH 

8 . 8 

8 . 0 

7 . 7 

7 . 4 

7 . 2 

7 7 0 

7 . 0 

6 . S 

6 . 7 

6 . 5 

6 . 4 

6 . 3 

• g */l 

8 . 1 0 

7 . 3 0 

6 . 2 0 

6 .10 

3 . 9 5 

4 . 1 5 

2 . 4 0 

1<.95 

1.6© 

1 .35 

1 . 1 3 

l . i o 

pa 

8 . 8 

8 . 1 

7 . 7 

7 . 4 

7 . 2 

7 . 0 

6 . 9 

« . « 

SZ6 

6 . 5 

6*4 

6 . 2 

m */i 

1 8 . 2 0 

9 . 2 0 

7 i * 0 

6 .20 

5 . 0 0 

4 .00 

3 . 2 3 

2 . 4 9 

2 . 1 5 

1 .85 

1 .69 

1 .59 

Residual 
a l k a l i n i t y , 
mg G&COj/l 

510 

4 9 4 

448 

408 

364 

M S 

2 9 8 

2 4 9 

299 

1 7 6 

ise 
120 

. - 5© 
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• - " • . , . , - ? . . » , . » 

•y\~?± >rat;ar Residual 
alkalinity 

T.C 5V1 -;H fTKT -?'"? pes rog 7 /1 pH m g f / 1 pH mg P / l " ^ C a C D 3 

3„ 2 

6*-

U3.r. 

t-- » **» O 

'-

1 

6 

'. 

i 

'-

2 

? 
_; 
c 

J 

L ? 

M 

-*«•*-' 

^ . 2 C 

3 . 1 5 

"•> •» „ -

i o - - 3 

' . 2 0 

0 , ? 2 

2„"?4 

0 . 5 7 

0 . 5 1 

• ; . - r e 

3 , 9 

e.e 

— » 

-• » -

"% 3 

~ . B 

"a 6 

5 . 4 3 

5. .-Q 

4 . 9 C 

-

•in" 

2 . 2 3 

1 . 7 5 

1 . 3 5 

1 . 1 0 

3 . , 9 

3 « c 

P v* 

« 

7 . 3 

•7 C 

7 » 

5* 5 

5 » 5 

3 . « 0 

7 . 7 0 

6 . 7 0 

-. "*. ^" 

* «% "-' '-

3 . : J 

2 . 4 0 

1 . 9 0 

1 . 5 5 

: . 3 C 

1 . 1 5 

: , : . J 

9 . 9 

3 . 2 

7 . 7 

" i-

7 '". 

6«S 

6 . 7 

6 . 6 

6 . 4 

6 . 3 

S t * 

1 0 . 2 0 

9 . 1 0 

7 , 5 0 

o , X-

4 . iO 

3 , 6 C 

2 . 3 0 

2 . 2 5 

1 . 3 5 

1 . 5 5 

: . 40 

!,-, ? 5 

6 0 0 

5 5 4 

4 7 6 

4 J . 

3.iu' 

3 4 0 

2 9 6 

2 5 4 

210 

1 8 0 

; 4f" 

'i •* 

- • * / • 
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Dose, • • 
mg A l / 1 pH mg F / l pH mg F / l 

0 

1 1 . 2 

2 2 . 4 

3 3 . 6 

4 4 . 8 

5 6 . 0 

6 7 . 2 
7 8 . 4 

8 9 . 6 

100 .8 

112 .0 
1 2 3 . 2 

8 . 9 

8 . 2 

7 . 7 

7 . 5 

7 . 3 

7 . 1 

7 . 0 

6 . 9 

6 . 7 

6 . 4 

6 . 1 

5 . 9 

2 .00 
1 .70 

1 .30 

0 . 9 4 

0 . 6 4 

0 . 4 4 

0 .37 

0 .30 

0 . 2 5 

0 . 2 2 

0 .20 

0 .20 

9 . 0 

8 . 5 

8 . 0 

7 , 7 

7 . 4 

7 . 3 

7 . 0 

6 . 9 

6 . 7 

6 . 4 

6 . 2 

6 . 0 

2 .50 
2 .60 

1.55 

1.35 

1.00 

0 .76 

0 .59 

0 .42 

0 . 3 4 

0 .31 

0 . 2 9 

0 .28 

51 

TABLE 24 

REMOVAL OF FLUORIDE BY ALUM 

Test water alkalinity 320 mg CaCO., /! ) 

pH and fluoride in treated water 

pH mg ?/l pH mg F/l pH mg F/l 

8 0 5 

8 . 5 

8 . 1 

S.O 

7 . 5 

609 

6 . 8 

6 . 6 

6 . 4 

6 . 3 

6 . 2 

4.CO 

3 .65 

3 .15 

2 ,20 

1.25 

0 . 5 6 

C.72 

0 . 5 4 

0 .43 

0 .35 

0 .32 

0 .31 

8 . 5 

8 , 3 

7 . 6 

'» -' 

•7 i 

6 . 5 

6 . 3 

6 . 6 

6 . 5 

6 . 4 

6 . 3 

5 o20 
4 .80 

3 .30 

'I o 90 

2.40 

1.55 

1.20 

0 .54 

0 . 7 4 

0 .59 

0 .53 

0.50 

9 o 0 

8 . 7 

O « *̂  

7 . 5 

7 . S 

7 . 6 

7 . 5 

7 . 1 

7.C 

7 . 5 

6 . 3 

6 . 7 

6.20 

5 . SO 

4 .60 

3.40 

2 .55 

1.85 

1,40 

1.10 

C.85 

C.71 

0 .61 

0 .55 

Res idua l 
a l k a l i n i t y 

pH rag F / l pH mg F / l mg CaCO - / I 

8 . 5 

8 . 6 

a.3 
7 . 7 

7 . 7 

7 . 6 

7 . 3 

7 . 1 

6 , 8 

6 . 7 

6 . 6 

6 . 6 

8.20 

7 . 6 0 

6 .20 

4 . 7 0 

3 .60 

2 .60 

2 .00 

1.55 

1.20 

0 . 9 8 

0 .90 

0 .78 

9 . 0 

8 . S 

8 . 7 

8 . 6 

8 . 4 

3 . 1 

7 . S 

7 . 5 

7 . 3 

7 . 0 

6 . 9 

6 . 8 

10.40 
8.SO 

7 .40 

5.70 

4.30 

3.30 

2 .55 

2 .00 

1.65 

1.25 

1.15 

1.05 

800 

740 

672 

600 

536 

476 

408 

348 

283 

244 

104 

60 

. . 52 
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TABLE 25 

REMOVAL OP FLUORIDE BY ALUM 

( Test water-alkalinity 1070 mg CaOO, /l ) 

D o s e , 
mg A l A 

0 

14 

28 

42 

56 

7 0 

8 4 

96 

i i 2 

1 2 6 

140 

1 5 4 

pH 

8 . 9 

8 . 1 

7 . 7 

7 . 3 

7 . 1 

770 

6 . 8 

6 . 7 

6 . 6 

6 . 3 

6 . 3 

6 . 2 

» g i / i 

2 . 1 0 

1 . 9 0 

1 . 4 5 

1 . 0 0 

0 . 7 0 

0 . 3 2 

0 . 4 0 

0 . 3 5 

0 . 3 0 

0 . 2 4 

0 . 2 0 

0 . 1 8 

pH 

8 . 9 

8 . 1 

7 . 6 

7 . 3 

7 . 1 

7 . 0 

6 . 8 

6 . 7 

6 . 6 

6 . 4 

6 . 2 

6 . 1 

mg P / l 

3 . 3 0 

2 . 3 5 

2 . 1 0 

1 . 4 5 

1 . 0 5 

0 . 8 0 

0 . 5 6 

0 . 4 3 

0 . 3 5 

0 . 2 9 

0 . 2 5 

0 . 2 1 

pH 

8 . 3 

8 . 1 

7 . 6 

7 . 3 

7 . 1 

7 . 0 

6 . 8 

6 . 6 

6 . 5 

6 . 4 

6 . 2 

6 . 1 

T e s t w a t e r a l k a l i n i t y 

» g F A 

4 . 1 0 

3 . 8 0 

2 . 9 0 

2 . 0 5 

1 . 4 5 

1 . 0 5 

0 . 7 6 

0 . 5 9 

0 . 4 5 

0 . 3 9 

0 . 3 1 

0 . 2 8 

pH 

8 . 8 

8 . 1 

7 . 6 

7 . 4 

7 . 1 

7 . 0 

6 . 9 

6 . 7 

6 . 6 

6 . 5 

6 . 3 

6 . 2 

rag P / l 

5 . 3 0 

4 . 7 0 

3 . 4 0 

2 . 5 0 

1 . 7 5 

1 . 2 5 

0 . 9 2 

0 . 7 3 

0 . 5 4 

0 . 4 7 

0 . 3 8 

0 . 3 5 

1070 

pH 

8 . 3 

8 . 3 

7 . 9 

7 . 6 

7 . 4 

7 . 2 

7 . 1 

6 . 9 

6 . 9 

6 . 7 

6 . 6 

6 . 5 

mg CaOO 

rag F / l 

5 . 3 0 

5 . 2 0 

4 . 0 0 

2 . 9 0 

2 . 1 5 

1 . 5 5 

1 . 1 5 

0 . 9 2 

0 . 7 4 

0 . 6 1 

0 . 5 0 

0 . 4 4 

PH 

8 . 3 

8 . 3 

?-.-9 

7 . 6 

7 . 4 

7 . 2 

7 . 1 

6 . 9 

6 . 3 

6 . 8 

6 . 6 

6 . 4 

mg r/1 

7 . 8 0 

7 . 1 0 

5 . 4 0 

3 . 9 0 

2 . 8 0 

2 . 1 0 

1 . 6 0 

1 . 1 5 

0 . 9 4 

0 . 7 6 

0 . 6 5 

0 . 5 6 

PH 

8 . 8 

8 . 1 

7 . 6 

7 . 4 

7 . 1 

7 . 0 

6 . 9 

6 . 3 

6 . 7 

6 . 6 

6 . 4 

6 . 3 

« g » / L 

1 0 . 5 0 

9 . 5 0 

8 . 0 0 

6 . 2 0 

4 . 6 0 

3 . 5 5 

2 . 1 5 

1 . 6 5 

1 . 3 0 

1 . 1 0 

0 . 9 2 

0 . 8 2 

R e s i d u a l 
a l k a l i n i t y 
mg CaOO-/! 

1070 

976 

876 

804 

720 

652 

568 

492 

420 

352 

288 

2 2 4 
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Organic matter i - There i s no adverse e f f e c t of 
d i s so lved organic matter ( 4 to 20 mg/1 permanganate 
value 4 hrs room temperature , on the removal of 
f luor ides from water. 

Fluoride material balance 

In the Nalgonda Technique, the f luoride i s removed 
along with the f l o e which s e t t l e s a t the bottom of the 
container . The removal of f luoride i s usual ly calculated 
as the d i f ference between the concentration of fluoride 
i n the t e s t water and treated r/ater. In order to e s t a 
b l i s h these removals i t was thought worthwhile to estimate 
f luor ide in the s e t t l e d sludge and supernatant water to 
e s t a b l i s h a material balance or f luor ide . 

Detai led experiments were carried out using the 
fo l lowing t e s t waters. 

Fluorides , 2.05 3.80 5.70 8.10 .11.20 
mg F/ l 
A l k a l i n i t y , 210 400 570 800 1010 
mg/1 

The r e s u l t s given by Nawlakhe (63). The fluoride 
i s removed along with the sludge which i s s e t t l e d at 
the bottom. When t h i s removal i s added to the f luoride 
concentration i n the treated water, the sum i s almost 
equal t o the f luoride content i n the t e s t water. The 
s t a t i s t i c a l evaluat ion ind icates that the f luoride 
material balance i s s i gn i f i cant thereby confirming f luoride 
removal i n the system of Nalgonda Technique for Defluori-
dat ion of Water. 

F i e l d s tud ie s 

An important objec t ive of the f i e l d studies i s to 
v e r i f y the laboratory f indings under the f i e l d condit ions . 
Hence, s e r i e s of bucket experiments were conducted using 
f luor ide water co l l e c t ed from the wel l s in Rajasthan and 
Andhra Pradesh. In these s tudies , 40 1 of water was 
treated with requ i s i t e amount of chemicals, s t irred for 
ten minutes and s e t t l e d for one nour. The supernatant was 

. u D5 
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withdrawn either through the tap or by deoantation. 

The thick sediment is not easily disturbed and 

was discarded* The supernatant was clear with turbi

dity below 5 units and was tested for pH, alkalinity 

and residual fluorides. The data from a few represen

tative wells is tabulated in Table 27. The treated 
t 

water was used for consumption and there were no 
adverse comments. Domestic treatment is thus* simpli

fied to the utmost to enable an individual to adopt the 

technique to suit his requirements. 

TABU 27 

BUCKET EXPERIMENTS 

Raw water Treated water No. Dose, 
mg Al /1 pH a l k a l i - f l u o - pH a l k a l i - f luo-

n l t y , rides* n i ty , r ides , 
mg CaOOg/l mg F/ l mg CaCO,/l mg F/l 

1.10 
0.40 
0.41 
0.50 
1.05 
0.98 
1.10 
1.09 
0.50 
1.20 
0.74 
1.20 
1.10 
1.90 
2.00 

1 

2 

3 

4 

5 

6 

7 

8 

9 • 

10 

11 

12 

13 

14 

15 

20 

22 

32 

32 

32 

28 

32 

32 

45 

48 

68 

72 

72 

90 

90 

7.2 

8.1 

7.9 

6.9 

7.6 

7.9 

7.3 

7.6 

8.2 

7.7 

7.8 

7.8 

7.7 

8.2 

8.0 

236 

330 

240 

240 

240 

540 

270 

480 

420 

454 

710 

500 

580 

690 

710 

2.05 

2.20 

2.60 

2.60 

2.10 

2.95 

3.70 

3.30 

4.70 

5.00 

5.90 

6.90 

7.80 

13.60 

14.20 

6.9 

6.9 

:6.1 

6.1 

16. 9 

6.9 

6.4 

115 
214 

66 

60 

60 

360 

70 

280 

180 

160 

300 

50 

110 

100 

130 

• . 56 
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The extension work carried out during the various 
f i e l d v i s i t s was on the following l i n e s . 

1 . Meetings with l o c a l leaders and o f f i c i a l s to 
explain the s a l i e n t features of the def luo-
r idat ion technique. 

2 . Popular t a l k s a t large ly attended meetings 
h igh l ight ing the usefulness of the process . 

3 . Demonstration of the process at the public 
meetings in g l a s s jars and buckets, 

4 . Demonstration of the technique of preparation 
of alum t a b l e t s at the public meetings. 

5 . Making se leated public part ic ipate i n the 
demonstrations, asking them to re-demonstrate 
what they had seen and l earnt to those present 
a t the meeting. 

6* Creating awarness among public by requesting 
a few at random to go around to check Whether 
the res idents correct ly understood the pro
cedure of def luoridat ion. 

7* Inv i t ing medical practloners t o explain 
the process a t each v i l l a g e . 

8 . Analysis of raw and treated water samples on 
the spot for conductivity, fH, a lka l in i ty e 

t o t a l hardness, calcium hardness and f luor ides . 

9 . Fixing doses of bleaching powder, lime and 
alum required for each source of raw water on 
the b a s i s of analys is of the samples. 

10 . Making public conscious of the water sources 
that are otherwise unsuitable for potable 
pwrposes; those we l l s that show dissolved so l ids 
beyond 3,000 mg/1 were suggested unsuitable , 
save exceptional circumstances where no 
a l t erna t ive s were avai lable* 

-11. . F i e ld preparation and d i s t r ibut ion of f i l t e r 
alum t a b l e t s ; over 30,000 t a b l e t s of assorted 
s i z e s were prepared and dis tr ibuted t o public 
i t various v i l l a g e s . 
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Economics 

On the basis of the field work, the following 
two examples are pertinent to individual treatment of 
fluoride water in villages. 

Example 1 t Human beings alone 

Basis t 

Fluorides . . 8.8 mg P/l 

A lka l in i ty . . 600 mg/1 as CaCO, 
Alum dose . . 1.1 g/1 
Lime dose . . 50 m g / i 

Family t Ten members £ f ive l i t r e s / c a p i t a / d a y 
Total water required 10 x 5 a 50 1/day 

Water requirement per annum . . 18,250 1 
Total alum required . . . 20 kg 
Total lime required . , ' 1 , , 
<£> Re. 0.70 per kg alum and Re. 0.20 
per kg lime t o t a l c o s t per annum •• Rs. 14.20 
i . e . , c o s t / ( c a p i t a ) (annum) •• Rs. 1.42 

Example 2 i Human beings and cattle 

Ba3ia t 

Family - 10 members • 5 lpod .. 50 litres 

300 0 0 

350 ,, 

128 m3 

6 mg F/l 

600 mg/1 

950 ,, 

48 „ 

Ftf. 0.70 

lis. 0.20 

Cattle - 10 heads 9 30 ,, . 

Water requirement per day • 

Total water requirement/annum • 

Fluoride content in water • 

Alkalinity, as CaCOj • 

Alum dose, mg/1 • 

Lime dose, ,, (l/20th) 

Cost of alum per kg 

Cost of lime t t ## • 

Annual requirement of chemicals for the example 

Alum •• 1,28,000 X 950 mg 

- 122 kg. 

Lime ' •• 122/20 
» 6 kg. 

Annual cost for 10 members and 10 aattle heads 

«, (122 kg x Re. 0.70 per kg + 6 kg x Re. 0.20 par kg) 

• Rs. 86.60. 
or Rs. 7.22 per month 
About 6/7th of the cost is for cattle and l/7th for the 
human beings. 
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F i l l and Draw Typo Defluoridation Plant 
for Small Community 

For communities with a population ranging 
from 200-2000 a dafluoridation plant of f i l l and 
draw type as shown in the F lo . l i s recommended. 
The plant c o n s i s t s of a hopper-bottom cyl indrica l 
tank with a depth of 2 M. The diameter var ies 
depending upon the quantity of water to be treated . 
I t has a s t i r r i n g mechanism which can be e i ther hand 
operated or power driven. 

Raw water i s pumped to the uni t and required 
quanti ty of bleaching powder, lime and alutn are added 
as per Table 28. The contents are s t i rred thoroughly 
for ten minutes and allowed to s e t t l e for 1-2 hrs . The 
s e t t l e d sludge i s discarded and defluoridated supernatant 
i s supplied through s tand-posts . Among the notable 
f ea tures of t h i s process are the fol lowing i With a 
pump of adequate capacity the ent i re operation can be 
completed i n about four hours time and at l e a s t three 
batches of defluoridated water can be obtained i n a day. 
The accessor ies needed are few and these are e a s i l y avai 
l a b l e . These Include small buckets for d i s so lv ing alum, 
preparation of l ime s lurry , bleaching powder and a 
balance . The plant can be located in the open with pre
caut ions to cover the motor. A semi-ski l led operator can 
perform the function independently. Plant dimensions for 
population range from 200 to 2,000 are given in Table 20. 
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TABLE 28 

DOSES OF FILTER ALUM REQUIRED IN NALGONDA TECHNIQUE FOR DEFLUORIDATION 

Filter alum ( 16-17 % ) alumina required to obtain excessive and permissive values of. fluor: 
treated water at various raw water alkalinity and fluoride levels. The doses ( mg/1 ) ar»- .: 
and can serve as a guideline. The values with an underline are not generally recommended, 
required is l/20th of filter alum. 

8<?r 

4. *. 

R.1W wat 
fluorid 
mg FA 

2 

3 

4 

5 

6 

8 

10 

er 
esf 

E 

0 

78 

143 

* 

• 

80 

P 

104 

* 

* 

B 

0 

117 

195 

247 
* 

• 

125 200 

P E 

143 0 

221 156 

* 208 

286 

403 
* 

P 

221 

299 

403 

* 

-

1 

0 

200 

286 

338 

390 

598 
* 

310 

P 

213 

351 

416 

507 

611 
* 

E 

0 

260 

299 

377 

455 

663 
* . 

400 

P 

312 

403 

468 

598 

715 
• 

E 

0 

312 

390 

468 

520 

624 

767 

510 

P 

351 

507 

559 

689 

780 

988 
* 

E 

0 

351 

403 

471 

598 

741 

832 

600 

P 

403 

520 

598 

715 

936 

1118 

* 

E 

0 

177 

481 

fc^p 

702 

871 
1014 

St 

V J-P 

S - excessive limit* 2 mg F/l. P - permissive limit, 1 mg F/l * Not possible to attain the limit at tb< 
alkalinity. 

Conditions comprising high fluoride and low alkalinity are not usual in India. Wher> ;.t: 
conditions prevail the alkalinity of the raw water can be increased by lime. 
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TABLE 2CJ 

Popu
lation 

2000 

1500 

1000 

500 

200 

Pilot 

PLANT DI 

Volume 

M3 

30.0 

22.5 

15.0 

7.5 

3.0 

MENSIONS 

Dia
meter (D) 

M 

5.0 

4.5 

3.6 

2.5 

1.7 

Plant Studies 

FOR POPULATION 

Water 
Depth 
M 

1.5 

1.5 

1.5 

1.5 

1.5 

Free 
Board 
M 

0.3 

0.3 

0.3 

0.3 

0.3 

RANGE FROM 200 TD 

Depth 
sludge 
cone M 

0.50 

0.45 

0.36 

0'.25 

0.17 

Shaft 
Dia 

50 mm 

t 0 

* * 

* * 

» * 

2000 

H.P. 
required 

5.0 

5.0 

4.0 

3.0 

3.0 

The clariflocculator Was operated both in field as well as 

in laboratory. The operation in laboratory FIG. 2 & 3 lasted 

several days and was designed to compile information on the 

performance of the plant under varying conditions of test water 

fluorides and alkalinity. The test water composition was adjusted 

by adding sodium bicarbonate and sodium fluoride to the tap water. 

Operation of the Plant Stopping 
the Paddles ' 

The test water and chemicals are Introduced simul

taneously into a pipe leading to the flooonlator. Data was 

collected for continuous runs lasting over 30 hours after stabi

lization. The performance is summarised in Table 30. The alka

linity and sulphate concentration in the treated water fluctuated 

considerably; they were 64-188 mg CaO03 /l and 160-260 mg SO^ /l 

respectively. The fluoride could not be brought down to the 

permissible 1 mg F/l possibly due to inadequate mixing of test water 

with reactants. 

Operation of the Plant Using the 
Paddles , » 

The operation of the jblant was continued by commissioning 

the flocculation paddles to observe improvement in fluoride 

reduction as a result of adequate mixing. Data was collected for 

another 30 hours and is shown in Table 31. The test water 

characteristics remained the same and the fluorides in the treated 

water varied between 0.80 and 0.96 mg F/l indicating improvement 
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•'-'•'''• ' - ••••<w.d. w i t h m . U i i ' u , ' - I n f e c t i v e m i x i n g i s , t h e r e -

••••-rr.t v~.;;er\t.\al t o a c h i e v e p r o p e r r e d u c t i o n i n f l u o r i d e s . 

The f i e l d s t u d i e s w i t h t h e p l a n t o p e r a t e d a t f o u r p l a c e s 

c o n f i r m e d t h e l a b o r a t o r y f i n d i n g s . The f i e l d t r i a l s w e r e o n a 

t e s t w a t e r c o n t a i n i n g 2 . 0 - 5 . 4 mg F / l . 

TABLE 30 

PERFORMANCE OF PLANT WITHOUT THE PADDLES 

T e s t w a t e r f l u o r i d e 

T e s t w a t e r a l k a l i n i t y 

3 . 3 - 4 . 3 mg F / l 

2 6 0 - 3 0 0 mg C a C 0 3 / l 

T i m e , 
h r s 

5 

7 

1 2 

1.5 

.17 

2 3 

25 

2 9 

Alum d o s e , 
mg A l / 1 

36 

33 

32 

37 

n 
/ • i 

V.) 

4.1 

pH o f t h e 
t r e a t e d 
w a t e r 

6 . 4 

6 . 6 

7 . 0 

7 . 1 

6 , 7 

7 . 2 

7 . 4 

6.9 

rAj-r.f-_ .u 

PERFORMANCE OF PLANT WITH • 

T i m e , 

3 

6 

7 

9 

1 3 

1 6 

20 

25 

27 

T e s t w a t e r 

T e s t w a t e r cJ. 

Alum d o s e , 
mg A l / 1 

27 

33 

3 5 

3 9 

3 9 

42 

4 3 

4 3 

31 

* T 

l . c i l i n i t y 

.; ':; <>f. I h o 
t r e a t e d 
w a t e r 

6 . 8 

6 . 2 

6 . 1 

5 . 9 

6 0 2 

6 . 0 

6 . 0 

< ? 

6 . 1 

F l u o r i d e s i n 
t r e a t e d 
w a t e r , mg F / l 

1 . 3 0 

1 . 6 0 

1 . 7 0 

1. r.o 

' -, V " 

, 1 r> 

' . <X' 

1 . ' < • • 

' A ' '>^,F:S 

3 . 3 - 4 . 3 

2 6 0 - 3 0 0 

mg 

mg 

F l u o r i d e s i n 
t .)-<• a t f ;d w a t e r 
»ig F / l 

1 . 1 0 

0 . 8 0 

0 . 7 7 

0 . 9 4 

0 . 8 1 

0 . 8 4 

0 . 9 8 

0 . 7 8 

0 . 3 8 

Q u a n t i t y o f 
t r e a t e d w a t e r , 

l i t r e s 

F / l 

CaC0 3 

780 

1 0 0 5 

1980 

2535 

3085 

4325 

4740 

5100 

A 

Quantity of 
, treated water, 

l i t r e s 

640 

1100 

1250 

1 7 9 0 

2510 

3 0 6 0 

3950 

4 8 7 0 

5 2 5 0 
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• reuttu water showed r© :•'.;; ..,...; f luorides cAr. ;.;• 
t o r-rie permissible l i m i t ( s,.,:,,e 32 ) . The resu l t s show 
that the mixing i n ba f f l e s basins i s be t t er compared to 
the operation of the plant without the use of paddles. 
Prooer placement of ba f f l e s to ensure adequate mixing 
between t e s t water and reactants may avoid mechanical 
s t i r r i n g d e v i c e s . 

TABLE 32 

PERF0R14ANCB OF THE PLANT WITH THE BAFFLES BASIN IN 
OPBBATIQMS AND WIHOUT THE PAD0LE3 

Test water f luor ides 3,5 to 4.5 mg F/ l ; 
a l k a l i n i t y 250 to 350 mg CaCX>3 / l . 

Time, Alum dose, 
hrs mg Al /1 

pH of the 
treated w»ter 

Fluorides in 
treated water, 
mg F/ l 

Quantity of 
treated water, 

l i t r e s 

3 

H
I 

7 

10 

13 

17 

20 

22 

24 

27 

30 

45 

45 

50 

50 

30 

33 

40 

42 

37 

36 

45 

6.3 

6.6 

6.4 

6.4 

6.6 

6.4 

7.0 

6.9 

6.7 

6.9 

6.5 

1.30 

1.50 

1.20 

1.10 

0.80 

0.80 

0.94 

0.88 

0.78 

1.30 

1.20 

600 
856 

1277 
1688 
2125 
2769 
3393 
3717 
4129 
4655 
5101 

Cost Ap^yslft 

The economic* aspect o f Nalgonda Technique has been 
analysed for («3 tanning c o s t s and <bj t o t a l operational 
c o s t s . While tinder running c o s t s , the expenditure on 
chemicals alon* i s included the t o t a l operational c o s t s 
cover deprec iat ion , i n t e r e s t on the c a p i t a l , personnel, power, 
maintenance arA o ther running c o s t s . For house-hold t r e a t -
ment, there i s no c a p i t a l investment as such s ince only a 

. . 6 3 



'•Hie optimum r e q u i r •.-.• .^.n ' ,?f aium ( Illf, ^ j y j j t-Gr 

' i iJ..f:erent l e v e l s of flif... | a n s and a l k a l i n i t y I s shown i n 

T a b l e 2 6 , The dose of i-n.f-.pr alum (D) i.-; o b t a i n e d by 

inultiMlyj.ncj t h e s e v a l m v Lv a f a c t o r of 1 3 . I f sodium 

i l l umina t e i s usee;, i t : ; oose would be ( D/100 ) m g / 1 . 

When l i n e i s usee; i n s t e t 0. of sodium a l u m i n a t e , t h e c o -

r r e s r o n c H n g dose i s ( D/,"0 ) n g / 1 . The c o s t of sodium 

a l u m i n a t e , l i n n and f i l !..•:. alum* were Rs. 2 , 0 0 0 / - , 

R s . 2 0 0 / - and R s . 7 0 0 / - rv.. r f.on ( 1,000 kg ) r e s p e c t i v e l y . 

S i n c e sodium a l u m i n a t e 1-, c o s t l i e r t l ian l i m n , t h e r u n n i n g 

c o o t s a r e based on t h e u s e of l i / ' i e . Table 33 shows t h e 
3 

cos+ aspec t s of t r e a t m e n t p e r m of w a t e r as we l l a s p e r 

c a n i t a annual c o s t a t the- r a t e of 25 1 / ( c a n i t a ) (day) 

c o n s u m p t i o n f o r h o u s e - h o l d t r e a t m e n t . 

(b^ ' ^ 2 t a l _ 0 p e r a t i o n a l _ O • Mt -

The c a l c u l a t i o n s ar'~ based on a t y p i c a l p l a n t 
3 

c apab l r of p roduc ing 0.Z MK! ( 2 ,270 m / d ) d e f l u o r i d a t e d 

water- . The p l a n t aomnri*.. • ( FIG. 4 ) l irne f e e d e r s , alum 

t a n k s , c h e m i - a l h o u s e , mechan ica l f l o c c u l a t o r ( 30 min ) , 

s e d i m e n t a t i o n b a s i n s ( 4 h r s ) , r a n i d g r a v i t y sand f i l t e r 

( 4 . S in/h o r 16 f t / h ) , f:-.;.'!-JI i n a t i o n e r ru i^nent and 
3 

an o v e r h e a d s t o r a g e t a n k ;if: 4So m ( a p p r o x i m a t e l y 1 ,00,000 

g a l l o n s ) c a p a c i t y . The o^r! Lmum alum dose r e q u i r e d t o 

t o p roduce a t r e a t e d w a t e r ^i hh 1.0 + 0 . 3 mg F / l i s *c* mg 

f i l t e r alum p e r 1 from a raw '-rater c o n t a i n i n g ' a ' mg F / l 

and ' b ' mg a l k a l i n i t y / 1 . The a l k a l i n i t y i n t h e t r e a t e d 

w a t e r s h o u l d n o t be l e s s t h a n 50 m g / l # a s CaCOg i . e , (b-50) 

s h o u l d a lways be g r e a t e r t i . au 0 . 5 ' c ' n u m e r i c a l l y . The 

d o s e of l i m e i s c / 2 0 m g / 1 . 

* 1977-78 r a t e s . 
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••••- l J .ant was ape'-f t let -. i,« , „ „ ei 

-• •••*.. I h e d o s i n g of chew »••-,? « „ „ , 
u r e m i c * ! *« • * 5 r e g u l a t e d } T 

•enaca l d o s i n g pump; s o d i u m f l u n r l * 
-rbonate were dosed to the raw w l r ^ T 
removal studied for about -, f • f! f l u o r i d * 
* * * * satisfactory ^ ^ £ . \ ^ * 7 " " " " " " 

' - , • : . ' • . - . . , 

; . - • , - . ) 

«» R s . ;•'% :'(>(•• 

U. » Lv. : ~ J a t i o r i 

f-i v i .1 r-r; rk.•* © «„ 'M v 
M<H"hin<=>t v '.••?) r_r.»-. .. . . 

( c ) I n t e r p o l <•••• r » " = <•".-•»-•••'.*: • 
@ 1 0 % o n t b - 9 <: ,; .' •••>' 

(d) Personnel 

Engineer ,. 
Chemist 

Auxiliary ». 

1 ^ n l l D I T I 

,: - i " . ) 

r ^ a l 

• • R ? • 

. . P<=, 

.» R s , 

.« R s . 

i, • R s • 

. . Rs , 

. . Rs. 

) y,• 

?(\ ooo 

50,000 

12 ,000 

9, COO 

21 ,000 

C i v i l works 's 2 -; r o r .,.„,,..,„ r _ 
Machinery * s •; ,,.?r , n , , „ , ,** „ „ ; ^ 

'* -3 . . Rs, 42 ,000 

l * , 2 n p 
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W Operational coats 

Depreciation 

Interest on capital 

Personnel 

Maintenance 

Add contingencies 5 % 

(i) 

0) 

oo 

..to. 20,000 

••to* 50,000 

••to* 42,000 
••to. 13,200 

Total 

Total 
or 

. . to.1,25,200 
• •to. 6,260 

(9) Running Post (chemiaals) 

Alum consumption per day-
Lime consumption per day 
Cost of alum @ Re. 0 .70Ag Re. 
Cost of lime ® Re. 0 .20Ag Rs. 
Total cos t of chemical treatment 
per day Rs. 

(h) Running Costs (power) 
Pumping 20 M head, 60 % e f f i c i ency 
Chemical house, f loccu la tor and 
s e t t l i n g basin 
F i l t e r house 
Lighting e t c . 
Miscellaneous 

..Rf. 1,31,460 

••to. 360 

per day 

2.27 c kg 

0.1135 c kg 

1.589 c 

0.023 c 

1.612 c 

10 H.P. 
3 

Total 

Rs. 

2 
1 
1 

0 0 

0 0 

0 0 

0 0 

17 H.P. or 310 
units/day 

6 2 / -Cbst of power per day 9 0.20 

?.g.t.fli Operational cps^s/flay 
« Rs* ( 360.00 + power + chemicals ) 
- Rs* ( 360.00 + 62.00 4- 1.612 c) 
- Rs. ( 422.00 + 1.612 c } 

3 
Operational Costs/m Water Treated 
* Rs. ( 422.00 + 1.612 c ) /2270 
» Rs. ( 0.186 + 0.00071 c ) where o « mg/1 f i l t e r alum dose 
The c o s t of treatment per m i s therefore a fract ion of 
alum applied and Table 34 summarise* the cos t a t various 
a l k a l i n i t y and f luor ide l e v e l s . 
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,:r.K; -x-3-:: :•? ^TLrTORJSAI'l'Otf 0 7 WATER AT T a R I ^ S JLUCH^Di: 
AMD ALXALTSTTY Lav^Lo 

J e s t at a lum - ; ^ s . 7 0 0 / - T ? r t e n : a n d c o s r o f i i m e R a . 2 0 0 / - p e r t o n 

Raw w?rt3r f l u o r i d s s , mg ? / I 

; :33 . ;:•.=?r 77" -to o b t a . - P Dermis s i hi-3 f l u o r i d e s i r t r e a t e d w a t e r ' 

•") ^ * > * ^ - " • " " Q , V + IT * 
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'"• 5 4 
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. , - I T ' 

s : 5M 
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0 . 5 1 £ 

0 . 5 9 1 

0 , 7 9 4 

*;.923 

i . 0 1 5 

™ • » • » * « — i w ^ c o ^ «*.- .*. 

A 

*• 

* 

• . , .071 

'. ~ 201 

„ , . i , t_ . . . . . ^ ^ 

J 3 S V 0 3'. 3aw w a t e r 
a i k a l i m ty# , ^ (annum • 
rag CaO0 3 / l '5 "?-• 1 ~>cd 

20 -icnaiiri-rti:' 
I r * 

'• J. ,. 4 \? - -. - - • -

•;•„:• 3 <5 J . 3 5 9 : . . ; i ' . 5 0 3 ; . 6 6 ' ; o , 7 9 4 * 2 . 5 n ; , 2 ? 

• " .342 0 . 4 1 5 0 . 4 - 9 0 . d 2 9 . : , 7 r ' 1 . 923 ' • ,071 3 . 1 

Z.359 0 . 5 4 5 0 . 5 6 5 0 . 7 2 2 • , ; 5^ i . 0 1 5 - . .201 3«3 
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TAafeg 3 4 

TOTAL OPBRATIONAL 0099* OF DBtUJORTDMTtm OF WRffER AT VARIOUS FLOORED* AND 

• t "*» 

( Includes capital , depreciation. Interest:, personnel, raaintenanee , 
chenricalsr and pamar ) 

Cost a£ alnm - 8 s , TOO/- per tea, Ob at of l i s * a*. 200/- per- ton 

a l k a l i n i t y , 
m^ CiOD3 / I 

200 
310 

400 

510 

600 

820 

1070 

2 

0.343 
0.380 
0.400 
0.435 
0.472 
0.520 
0.555 

3 

( Rs. per 

0.393 
0.435 
0.472 
0.540 
0.JS5 

0 . 0 K 
0.731 

4 

or f luorides* 

5 

a* Tp***X 

6 8 10 

» 3 t o obtain pera ias lb le f luor ide In treated water ) 

0.472 
0.489 
0.518 
0.583 
0.611 
0.675 
0.851 

0.463 
0.546 
0.611 
0.675 
0.694 
0.814 
0.903 

* 

0.620 
0.694 
0.740 
0.848 
0.943 
1.044 

• 

* 

0.702 
0.3*7 
0.980 
1,109 
1.201 

* 

* 

• 

* 

* 

1.257 
1.386 

Omt /capita 
(amem) 
9 25 Ipod 

3.13 - 4.23 
3.47 - 5.67 
*»73 - 6.42 
3.9B - 8 .02 
4.30 - 8.96-
4.83 - 11.50 
5.07 - 12^68 

* Not possible to obtain permissible U n i t of 1 ng F/l at t«s t water alkal inity . 
** Depends on fluoride concentration. 
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Hear 
water, 
ng P / l 

«** water a l k a l i n i t y ^ ^ 7 a ^ ~ I ~ - ~ ~ ~ 
_ 2 0 Q r «*pre3 a«d as mg CaO03 p e r l i t r e 
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Cbntd.. TABLE 35 

Raw water, 
mg P/l. Alum dose* 

&&. 
Raw w a t e r a l k a l i n i t y e x p r e s s e d a s mg CaCJd p e r l i t r e „ n 

• I . I •!«> • * > # l l i i i — » » » i W i W > . I I M > > t » » i • • i • n • • — . • „ » — i. i — — ^ ^ • iwi i l j i . • i i ,— •••• • • J f c f e j l i n 

• g / 1 
^ » l II — . » - . . 

2 

3" 

4 

5 

6 

8 

403 

520 

598 

715 

936 

1118 

R s . 

0 . 4 7 2 

0 . 5 5 5 

0 . 6 1 1 

0 . 6 9 4 

0 . 8 5 1 

0 . 9 8 0 

4*8JP* 

9 . 8 3 

11*56 

1 2 . 7 3 

1 4 . 4 6 

1 7 . 7 3 

2 0 . 4 1 

2 . 8 P * * 
k m s . 

1 6 . 8 6 

1 9 . 8 2 

2 1 . 8 2 

2 4 . 4 3 

3 0 . 4 0 

3 5 . 0 0 

Alum d o s e , 
rag/1 

468 

585 

689 

884 

1066 

1300 

1508 

O a s t 
R s . 

0 . 5 1 9 

0 . 6 0 1 

0 . 6 7 5 

0 . 8 1 4 

0 . 9 4 2 

1 .109 

1.256 

4.8fc* 
lens . 

1 0 . 8 1 

1 2 . 5 2 

1 4 . 0 6 

1 7 . 0 0 

1 9 . 6 2 

2 3 . 1 0 

2 6 . 1 7 

2 . 8 P * * 
KtltS* 

1 8 . 5 3 

2 1 . 4 6 

2 4 . 1 0 

29 .07 

33 . 64 

39.60 
44.86 

Raw w a t e r . 
Alum, d o s e , 

rag/1 

Raw w a t e r a l k a l i n i t y e x p r e s s e d a s rag CaCO, P * r l i t r e 

1070 
C o s t 
R s . 

4.81*" 2.8^** 

2 
3 
4 
5 
6 

' 8 
10 

520 
7*7 
936 

1010 
1209 
1430 
1690 

0 . 5 5 5 
0 . 7 3 1 
0 . 8 5 1 
0 . 9 0 3 
1.044 
1.201 
1. 

1 1 . 5 6 
1 6 . 2 3 
1 7 . 7 3 
18 .S1 
2 1 . 7 5 
25 .02 
28 .87 

1 9 . 8 2 
2 6 . 1 0 
30 .40 
3 2 . 5 5 
3 7 . 2 8 
4 2 . 9 0 
4 9 . 5 0 

* 4 . 8 p a r e e x p e n s e s f o r pumping 1 m w a t e r one km u s i n g 6" d i a C.X. m a i n . 
** 2 . 8 p a r e e x p e n s e s f o r pumping 1 m3 w a t e r one km u s i n g 8 " d i a C . I . m a i n . 

D e f l u o r i n a t i o n recommended, i f a raw w a t e r s o u r c e w i t h o u t f l u o r i d e i s n o t a v a i l a b l e w i t h i n a d i s t a n c e 
i n d i c a t e d i n t h i s column. 



-- _ -'cc-msrjortu'ciun of 
•'•""'•' a 'Xtstance Vs. cos t o£ 
^'ai.qonda Techn^mje' 

: :.„uoridation using 
i£2£Q- :J use Naloonda T e c h n i c s ; 

In order to cfcoose between two water sources, one 
with excess of f luoride and the other with f luoride within 
the permiss ible l i m i t , the factor that w i l l govern w i l l be 
the comparison between cost of defluorination in f i r s t case 
and transport charges in other case . Hence, the cos t to 
carry 2,270 m3/d ( 0 .5 mod ) water from a distance was compared 
with t h a t of ^ f l u o r i d a t i o n . Table 35 g ives the maximum 
d i s tance upto which the water having marginal f luoride content 
can be brought without incurring charges more than def luo-
r i d a t i o n . The ca lcu lat ions are based on transport charges for 
carrying water over a length of one k.m. without talcing into 
cons iderat ion any s t a t i c head and using 6" and 8" dia cast 
i ron p i p e s . T&e ca lcu lat ions are on the bas i s of information 
i n Table 36. 

TABLE 36 

EXPENSES fOfi PUMPING 1 n»3 WJTgR PER 1 K.M. 

Plfffiff£er,qf ri'rtna, main (o»iop) 
6" dia 8" dia 

Head lpss.es due to wall f r i c t i o n 
alojig s t ra igh t uniform 1,000 m 
l eng th pipe® and due to f i t t i n g s , 
meters . 
S t a t i c head (assumed t o be eero) 
Power r e f i n e m e n t s , Jew. 
Power reguixement per day, kwh 
A* power charge* per day Rs. 
B- c o s t p»r 1,000 m CI pipe l i n e Rs. 
C- i n t e r e s t on pne cap i ta l 10% Rs. 
D- depreclj«tio<tt.£*& the CI pipe Rs. 

l i n e '2»#. % p^t annum. 
E- maintenance ISC per annum on B Rs. 
F- t o t a l expetfd$tu*e (C + D + E) Rs. 
0 - expenditure per day Rs* 
H- t o t a l expense* per day (AfG) Rs. 
1 - expenses f o r pulping 1 m 1,000 m* 

30 

• • o 
4 . 15 
. . 360 

. . 72 

. . 1 ,00 ,000 

, . 10 ,000 

2 ,500 

. . 1,000 

. . 13 ,500 

3 7 . 0 0 

IOS.OO 

. . 4 .8 p a i s e 

0 

2. 5 

60 

12 

l ' i 40*000 
14,000 

3,500 

1,400 
18,900 

51.78 
63.78 
4.8 paie# 

* This doea noit includ* c o s t of ( i ) treatment, i f the source 
of w a ^ r l b s e V surface one; ( i i ) c a p i t a l i z a t i o n of pumphouse 
and (iil>''man-poweir. 
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From the infomintl- •esented in tnis r.ane,-, 

thR cost of defluoridat: , . 1 m3 water containing 

4.3 mg F/l and 216 mq/1 a;«al.l.nity are given below ;.n 

Table 37, 

TABLE 37 

COST OP DEFLUORIDATION OP 1 m3 OF WATER 
BY VARIOUS METHODS 

Method Cost 
Rs . p e r m 

Magnesia . , . . 3 3 

Ca rb ion . . o„60 

S e r p e n t i n e „„ 13.GO 

D e f l u o r o n - 2 . . 0 . 53 

Nalgonda Techn ique of . . 0 .47 
D e f l u o r i d a t i o n f o r i m m u n i t y 
T r e a t m e n t 
Nalgonda Technique of D e f l u o r l - . . 0 .32 
d a t i o n f o r Domest ic T rea tmen t 

F l u o r i d e E s t i m a t i o n 

The methods u s e d f o r t h e d e t e r m i n a t i o n of f l u o r i d e 

b y v a r i o u s worke r s a t UEEPT w»?re a s f o l l o w s t 

D e f l u o r i d a t J on F l u o r i d e E s t i m a t i o n 
Method. Method. 

I o n Exchan<ry R e s i n s Er iochrome c y a n i n e - R ; p h o t o m e s t r i c (64) 

Saw d u s t ca rbon - d o -

D e f l u o r o n * l - d o -

C a r b i o n - d o -
X Er iochrome cyan ine -R & 
X p h o t o m e t r i c (64) 

J A l i z a r i n Red; p h o t o m e t r i c (65) 
D e f l u o r o n - 2 x S P A D N S ; photometric (65) 

J Ion Electrode method (65) 

jf Alizarin Red; photometric (65) 

Magnesia x SPADNS; photometric (65) 

Serpentine Ion Electrode Method (65) 

MalgoWa Technique -do-
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D i x i t and Dabadghao (€?? have studied the 
l i m i t a t i o n s of Briochrome -yanine-R Method and 
observed that aluminium interference does not 
increase continuously with increase i n aluminium 
i o n concentration. Nawlakhe (68) kas compared 
the methods of Briochrome Cyanine-R, Alizarin Red 
and SPADNS for f luoride i n defluoridated waters. 
The determinations have been made on both the 
d i r e c t and d i s t i l l e d samples, steam d i s t i l l a t i o n 
procedure of the sample has been followed using 
prechlor ic acid* The BCR gave lower re su l t s while 
A l i z a r i n Red Method gave higher va lues . SPADNS Dye 
Method gave reproduaible r e s u l t s . The work at the 
I n s t i t u t e indicated that the values obtained with 
SPADNS Dye Method are i n good agreement with Ion 
Electrode Method (66), which gave t o t a l f luoride 
i on concentration ( Table 38 ) . 

Current Status of Defluorldation 

A comprehensive plan for the defluorldation 
i n areas of endemic f luoros i s should be i n v e s t i 
gated and developed. Although several areas 
are known t o be af fected by endemic f l u o r o s i s , 
de f luor ldat ion has not received due a t tent ion . This 
was primarily due t o the non-ava i lab i l i ty of su i table 
de f luor ldat ion techniques, nece s s i ty t o handle acids 
and a l k a l i e s for regeneration, unavoidable s k i l l e d 
supervis ion £$fdPtiigh c o s t s ofr**»ration. How that 
a comparatively cheap pro***** i e - a v a i l a b l e , most of 
the aforesaid cons tra ints are igreatkf^wercoftw^aBd a 
beginning can be wade t o so lve the flwo*»»i# ^ggxleau 
I t i s fortunate t h a t some s t a t e goveiuwents *ga*«ow 
coming forward t o u t i l i s e the knowledge* 
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S . N o . 

7 

'•• s±i'Q ION El-JSCTi?;.~£ .. .. .......VOS* 
... COMPARATIVE VALUE.:. 

n>9 T / l mo F / l T H 0 D * DIFFERENCE, 

0.S3 

0.70 

1*24 

1#76 
4.7 

0.38 

15 * ^ " • * • 0.09 0.44 

0.70 

18 , „ . M V 0.06 1.30 

19 ,, , i , o u 0.16 1.60 
4 . 6 

0.23 

M ° 0.83 
27 % i * 

• • •* ' 0.91 
2 9 1,1* 
30 4,7 
3 * 1*84 

1.35 

4.5 
1.4 

0.1 

0.028 

1 * • * A 1 
2 **3 

0*09 rt * - « 
3 0.062 

o.'sl 
0.09 
0.1 

0.09 

6
 v # " 0.26 

° ' 3 3 0.23 

8 ° - 5 9 0.50 
l a 5 1 15 

9 « mm
 l t l S 0.0 

10 4 # 7 5 ^W 0.18 

U 0 * 4 6
 4 , e ° 0.15 

12 0
#

3 3 ° ' 3 4 0.12 
13 \ ° - 2 6 0.07 

14 !" . 4 ! °-30 0.10 

16 x "•'» 0.0 
17 « , . 1*° 0.0 

2 0 0 86 °*1 

° * 7 8 0 08 
21 n-«» °*08 
22 0 - . u * " 0.13 

0 2 4 0 # 1 ? 

* 2 °*26 °*12 

26 **° °-*5 o.os 0.07 
" e * " 1 . " 0.08 

0.07 
0.01 
0.20 
0.44 

* Ioiuilyaer, Specific Ion Mater, Modal 407 i Orion Raaaareh 
. Inc . , 11, Black fltone atraet, Cambridge, Massachusetts 02139, 
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32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 
61 

62 

63 

64 

65 

U.g P/l 

0.66 

0.44 
0,47 
0*51 
0.63 
0.58 
0.74 
0.S9 
1.1 

1.48 
1.20 
1.48 
1.84 
1.84 
l . ? 4 
2.00 
3.20 
3.40 
3.85 
2.85 
3.30 
4.00 
3.00 
3.00 
3.55 
3.85 
4.15 
4.15 
5 . 25 
0.96 
0.70 
0 .63 
1.06 
1.54 

• • — • - . « . _ 

ng T/l 

0.49 
0.24 
0.23 
0.30 
0.45 
0.42 
0.59 
0.85 
1.25 
1.35 
1.05 
1.30 
1.70 
1.70 
1.55 
1.95 
2.50 
2.85 
3.15 
2.25 
2.80 
3.20 
3.00 
3.00 
3.50 
3.90 
4.20 
4.40 
5.20 
0.98 
0.70 
0.68 
1.15 
1.50 

0.17 

0.20 

0.24 

0.21 

0.18 

0.16 

0.15 

0.04 

0.15 

0.13 

0.15 

0.18 

0.14 

0.14 

0.19 

0.05 

0.70 

0.55 

0.70 

0.60 

0.50 

0.80 

0.0 

0.0 

0.05 

0.05 

0.05 

0.25 

0.05 

0.02 

0.0 

0.05 

0.09 

0.04 
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3-8 • • Qafttd. 

S # N o * *P*m METHOD """!"" 
n i g P / r ™ ^ ^ ^ R O O E METHOD 

66 , 2f »* 
2 .10 

6 8 2 . 7 5 2 - 5 0 0 .25 

3 . 3 5 0 .15 

2 .75 0 .25 
7 1 * . « 2«70 

3*25 0 .05 
3«>5 0 .10 

7 3 A *e 3 « 7 5 
• • 1 5 0 .20 

7 4 A * . 4 *20 
4 »25 0 .05 

7 5 4 ** 4 » 4 0 
4 .6S 0 .15 

7 $ ^ rt«
 4»90 

4 . 0 0 0 .15 
7 7 A MX 4 * 0 0 

4.45 0.0 
5 . 0 0 .05 

79 - 5 . 0 
* 5.25 0.0 

8 0 5 . 30 5 - 2 ° 0 .05 
8 1 2 . 3 0 5 ' 3 ° 0 . 0 
8 2 2 . 6 5 2 - 4 5 0 .15 
8 3 3 . 3 5 2 - 8 ° 0 .15 
8 4 3.55 3 # 3 ° 0.05 
8 5 4.00 3 ' 5 5 0.0 
8 6 3 . W 4 # 0 ° 0 . 0 

8 7 4 . 6 0 * - ° ° 0 .05 
4 .40 
4.70 

9 9 4.8S 4 - * ° 0.20 
0 . 1 5 

«nd cost o« d.ntu ear. 1 . ? Z T ^ l 0 " o f * -«" 

for the def looXtlon 1- T «««(»r«h.„sl„ p l a n 

cur ren t ly with tfeese h « ^ " » *««««<J developed, cbn-
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1 . A consolidated t$*©«K*fcion on the f luoride l e v e l s 
i n uivte#9«a*na,t^fter *«« th« incidence of f luoros i s 
i s not ava i l ab l e , itiefeever data in available 
alreied* iftaiad fee- esjeipiied and systematic surveys 
w i l l h«M% t o be i n i t i a t e d where such data i s not 
alre«Jy avai lable* 

2 . Dptoifail-.ftepft' showing the l e v e l s of f luoride at 
distr&i&t s t a t e and national l e v e l are to be prepared 
for de l inea t ing the problem zones. 

3 . State governments should be persuaded to take up the 
i s s u e o f def luoridation as the l oca l bodies are under 
t h e i r contro l . NSHBRI wi l l provide the necessary tech-
nie}al know-how. 

4 . A fol low-up act ion i s necessary to study the benef i t s 
of def luor idat ion . Steps can be taken to evaluate 
at per iodic i n t e r v a l s in general improvement in the 
dental hwalth of the consumers of defluoridated water. 

5 . A perusal of the l i t e r a t u r e avai lable from di f ferent 
f luoride*hearing regions indicates c lose r e l a t i o n 
ship between the f luoride and the t o t a l a l k a l i n i t y . 
Fluoride feeering waters are general ly high in a l k a l i 
n i t y . The incidence of ske le ta l f luoros i s was reported 
to be higher i n s o f t water areas than in hard water 
zone>9, fluorid-e concentration remaining the same. 
A sta«4y of tbe chemical data avai lable i n these cases 
ind'lcatjUs- ;iti9» presence of high a l k a l i n i t y in such 
waters.. Hiere i s , therefore, a neces s i ty to find out 
whether tljftire e x i s t s a true correlat ion between the 
a l k a l i n i t y and incidence of f luoros i s i n such zones. 

6 . E*tafei£^fcMftVt of •• Fluorosis Index •' for condit ions 

preveAlisrag # * Indie i s necessary* 
7 . While the** 1« « i f f i o l e n t data on ffettwide I n water, 

there i s pr;»toifctcelly no Information avai lable on 
fluoriKJe'-fletttent off food material . <A.«eed therefore 
e x i s t s t o »e«|8ly«e food material a l l over India for 
fluoritSe content . 
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3 U M H A R y 

Fluorine, the roost elect ro-negative of a l l 
elements has notable chemical and physiological 
proper t ies of great i n t e re s t end importance for 
human well being. The chemi. ,B1 properties of 
f luor ine , i t s occurrence in nature and so lubi l i ty 
da ta of fluorine compounds of i n t e r e s t are presented. 

The fluoride metabolism, excretion and the 
e f fec t of fluoride ingestion in human system are 
b r i e f l y reviewed. The effect on dental enamel and 
deans ' c l a s s i f i ca t ion of mottled enamel into seven 
ca tegor ies , ranging from Nonnd to Severe, are pre
sented. The importance of community index or f luo
ros i s index which defines the degree of severity of 
mottled enamel i s s t ressed . 

Occurrence of fluoride in waters was reported 
from several s t a t e s in India and the general level of 
f luoride i s from 1 to 5 mg/1 except in a few cases 
where the concentrations are reported to be as high 
as 16 mg/1. Several methods have been suggested from 
time to time for removing excessive fluorides which 
may be divided in to two basic types - those based upon 
an exchange process or adsorption and those based 
upon the addition of chemicals to water during t r e a t 
ment. The methods used successfully in other 
countr ies which are not readily applicable under Indian 
condit ion are b r i e f ly reviewed. 

The work on defluoridation at NBERI i s discussed 
in d e t a l s . The various materials studied include 
c l ays , ion exchange re s ins , activated carbons, sulpho-
nated coals , magnesium compounds, serpentine, iron and 
aluminium s a l t s . Only these tha t showed an enoouraging 
t rend on bench scale are studied in d e t a i l s , are prese
nted in t h i s paper. These include cation and anion 
exchange re s ins , saw dust carbon, carbion, defluoron-1, 
magnesia, serpentine and defluoron-2. Ion exchange 
r e s in , saw dust carbon, defluoron-1, magnesia and 
serpentine have not been found useful beyond bench sca le . 
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The capacity of various defluoridating media, 
problems in operation and l imi ta t ions in t h e i r 
appl ica t ion are brought out . Continuous operation 
of the la rge scale de fluoridation plants using 
defluoron-2 resul ted in the formation of white deposits 
over the medium and a consequent f a l l in the de fluo
r ida t ing capacity by about 60 %. The operating 
capacity was great ly restored by the acid wash. 

Though defluoron-2 process i s successful in 
removing f luor ides , the regeneration and maintenance 
Of the p lan t requires ski l led operation which i s not 
always forthcoming. In order to over-come th i s problem, 
a new method referred to as ' Nalgonda Technique ' of 
the defluorldat ion has been developed and demonstrated. 
The method i s simple and can be adapted even by v i l l a 
g e r s . The cost of defluorldation has also been brought 
down considerably. With domestic treatment, capi ta l 
investment i s not necessary and the cost of treatment 
i s only t h a t of the chemicals. At the ra te of Rs. 700/-
per tonne of alum, 10 lpcd water consumption, 400 mg/1 
a l k a l i n i t y and 3-6 mg P / l , the per capita annual cost of 
treatment works out as between Rs. 1*69 and Rs. 2.23. 
The cost of defluorldat ion by Nalgonda Technique was 
compared with the cos ts of pumping water. 

Different methods of fluoride estimation were used 
by various workers while studying the problem of deflu
o r lda t i on . The methods adapted with various def luor l 
dat ion techniques are given. 

Scope for fur ther invest igat ions in the area are 
proposed. 
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