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FLUORINE, tho maost a:.zctro-negative of all
elements, has not only notable chemical aqualities
- but slso physiologice: srorerties of great interest
and importance for hwnan health and well-being,
The chemical activity oi the fluoride ion makes it
physiologically more active than any other elemental
ion, With low concentrations of the fluoride ion,
. enzymatic processes may be either inhibited or
N stimulated, and interactlions with other organic or
‘ inorganic body components may occur that are of great
importance for human physiology.

“Fluorine and its properties

Fluorine is a greenisgh diatomic gas, Fz. Its
atomic number is 9 with an electronic configuration
2, 7 ¢ 132, Zszp5 ) and atomic weight 19. The great
reactlvity of the elerent is in part attributable to
the weakness of the F-F bond in the fluorine molecule.
Its ionisation votential, 401 KCal/g-atom, combined

. with dissocation energy, leads to the standard heat
, of fommation of gaseous Ft ion of 420 Kcal/q atom
i ( =, 2%, 327; B: 301; 1" 268 ). Thus even solvated

ca=ionic species are unlikely, and no evidence whatever
exlsts for a vositive oxidation state of fluorine.

‘me fluorine compounds are essentially of two
swedn tyoes, ionie and covalent, in all of which
filuerine has a comolete octet. Tonic fluorides
contadn the ¥ ion. The relatively small radius of
¥, 1.36 R is almost identical with that of the oxide,
A cen (1.0 R ): consequenily. many fluorides amd
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shows tne lowest affinity tow: iz oxygen, wnicn ..o =c-
surprising in the light of th::r electro~negativiries.
The co-ordination number of #luorine seldom excesds ona.,
An important feature in the fr:nation of fluorides is
that in reactions with fluori:k, the lemants usually
give the highest known or maxirum oxidation satate.
Fluorine has a strong tendency to undergo reduction £rom

zero oxldation state to an cxidation state of minus one.,

Occurrence of f£fluorine

Fluorine is so highly reactive that it is never
encountered in its elemental gaseous state excent in
some industrial vrocesses, but only in the combined
forms It is the seventeenth most abundant element in
the earth's crust. It 1s more sbundant than chlorine
( 550 ppm ) in the earth's crust, It occurs notably
as fluorspar, Can: cryolite, Na3A1F6: fluorapatite
3Cay(PO,), CalF, Cl),e

y

It is present as fluorspar in sedimentary rocks
( 1ime stone, sand stone ) and as cryolite in igneous
rocks ( granite ). These fluoride minerals are nearly
insoluble in water, so fluorides will be present in
ground waters only when conditions favour their solution.

"It is also present in sea water ( 0.8-1.4 pm ), in

mica, and in many drinking watgr supplies,

4
v Micas have the general formula W(X, Y)2_334010
( OH, F )2 where W = Na or K, X and Y = Al, Fe, Li
or Mg and 2 = Si1 or Al. The fluoride content in mica
varies considerably as follows,
biotites = 970-3500 ppm ;
phlogphite= 3300-37000 ppm;
lepidolite = 19000-6838% ppm; and
muscovite = 170-14800 ppm.

’ 0.3
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The following are the -oiubilities of

fluorine compounds and hyd::.xy apatite whish
are quoted in moles per 1i- = (1),

Calcium fluoride .. 2.0 x 107%
Magnesium fluoride e 1.2 x 1073
Fluorapatite .. 1.0 x 10”7
Hydroxyapatite se 6.6 % 107°

The solubility oproducte for hydroxyapatite and
fluorapatite are estimatec Ly Morene (1) as follows.

Hydroxyapatite .. 7Ca,(P0,),.Ca(OH), 4.85 x 10”113

Fluorapatite .. 3Ca,(F0,),.CaF 1.44 x 20~319

4)2 2

Metabolism

The role of fluoride in animal or human metaboliism
18 not known with any certainity. From all the work

available, it is clear that & certain quantity of
fluorine is essential for the formation of caries-
resistant dental enamel and for the normal process of
mineralisation in hard tissues. The element is meta-
bolised from both electrovalent and comalent compounds.
Iow fluoride concentration stabilises the skeletal
system by increasing the size of the apatite crystals
and reduce their solubilitv., The great affinity of
fluorine for calcium phosni:ate is perhaps the most
important from the physiolsgical point of view, that
results tn its accumulation in all tissues exhibiting
physiological or pathological calcification. About
95 % of the fluoride in the body is deposited in hard
tigsues snd it continues t:; be deposited in calcified
structures even after othey bone constituents { Ca, P,
. Mg, Co, and citrate ) have reached a steady state.

Age 1s also an important factor in the extent to which
fluorine 1is incorporated into the skeleton, X similar
pattern to that in bone is followed in the fluoride
soncentration in teeth. fhe uptake almost ceases in
dental enamel after the age of about 30 years. Fromw
+he work that has been reported (1), it is clear that
phvsiology of human skeleton is not adversely affected
hy £lu -ides, at =t woio 2 level of /1 in

A_'l ; fo) R ‘\-:.- ‘
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The excretion of flunrides from the body
is of great significance as rrolonged exrosure
to excegsive ~uantitie: is harmful. Fluorides
are excreted through farces, sweat, urine and
other body flulds. Dewpending upon the diet, the
faecnl excretion accounts for 10-30 % of the
daily intake. Sweating may account for as much
as S0 72 of the total fluorides excreted in hot
climates (1). Urine vsually accounts for the
principal excretion of fluorides., Fluorides
appear rapidly in urine after ingestinn and generally
the level reflecets the dallv intake., The loss
through other body fluids (s small. ,

Effect of fluoride ingestirn in
human beings and cattlie

Simith & Hedge (2) have related the concen-
trations oﬁ fluorides to the hionlogi ral effects in

the tabulation below 1
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Toncentration : HMedium Effect
of fluoride,
ppm*
0,002 air injury to vegelaiion
1 water dental carieg reductinn
2 or more water mattled enamel
8 water 10 % =sgtennlerosis
50 food and thyrnid changes
water
100 food and growth retardation
- water
120 food and kidney changes
. watar

*Try water medium, ppm can be taken as equivalent

“to Tg/l. ‘
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L S svtadys Piameats rendering move-
wentoef joints difficult (3) is usually associated
with at least 10 mg/l of fluuride in drimking water,
The bone structure was found to be blurred and
became diffuse structureless shadow with uneven
contours. These changes were marked in spine ang
ribs. The acute lethal dose for man is between 2.5
and 5 g depending upon the solubility of the compound
and the susceptibility of the of the man (2).

Effceoet of dental enamel

A condition, now known as dental' flubrosis or
mottled enamel, was described by Eager in 1901 among
the emligrants from Italy. The term mottled enamel
was first 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. It was in 1931 that a diréect relation-
ship between mottled enamel =nd fluoride comtent of
water was established (5,6, 7).

In Inhdfa, a disease simlilar to mottled enamel was
first reported by Viswanathsn (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) was the first to identify 'the disease as
* fluoronsis '. Subsequent to these findings, caseés of
fluorosis were reported froun several other parts of
the country.

Dental fluorosis occurs in human beings consurd ng
watér containing 1.5 mg/l or more of fluorides parti-
cularly during the first eight years of the life. Mottled
enamel usuzlyy takes the shapne of modification of tooth
anamel to p;Sduce yellow or boown stainsg or an un-natural
opaque chualkyd white appearance ith cccasional straitions
and pitting. The incidence and severity of mottling was
fornd to incresse with increasing concentration of

fluoride in drinking water,

)Y
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the community,
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abs:
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Normal 3
Questionable i
Very mild '
Mild : S

Moderate t

Moderately severe

Severe ~ ]
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HEY 2alh. CLassificeacios
cmaoted from Ref. No.i, . %3dS

& i

Thg enanel 1s transiucent, smooth
and presents a glossy appearance.

Seen in areas of relatively high
endemicity, Occasional cases are
porder line and one would hesitate
to classify them as apparently
aormal or very mild.

Small, opaque, parer-white areas
are seen scattered irreqularly
over the labial and buccal tooth
surfaces,

Tne white opaque areas invoive at:
ieast 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
intensitye.

The saevere 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. al (13) derived a mottled enamel index of

which was defined in terms of the degree
mottled enamel observed clinically. The:e
such data available in India to evaluate
ax of Pluorosis or Fluorosis Index, in the

/hich, the permissive or excessive limits to

.n 2$1nking water
L

are only arbitrary.
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B 0 1IR30 ,6062 )= catimated dally average water

conerption for childuen of ten yeare of age, in terms
of turces of water ver ponnd of body weighf.

where t - annual wean of daily masdnmm temperature (OF).

The Miniatry of Health, Government of Iudia had
tteacribed 1.0 and 2.0 mg/)l as 1ermissive and excessive
tintts for fluorides in drinking water,

Trwridence of fluorides in
river watevs in India

The f£lunrlide content of few rivers, streams and

sorings are precented iu Table 1 (15),

Incldence of fluoride in grourndwatar

Deaurrence of fluoride bcaring waters was renorted
by many workers from time to time in Ardhra Pradesh (16),
Bejasthan (17Y, Punjab & Haryane ('8), Maharashtra (19),
Tamil Madu (i15), Earmataka (20), Hadhya Pradesh (21),
mjarat {22) and Uttar Pradesh (23),

Pauhava Rao (24) reviewed the results of surveys
ronitcked in the country to id2ntify the areas of fluoride
ingidence in groundwater and the following information
15 frnm his review. The areas in the individual states
asve been categorized hy him into Your groupns showing
+he rmoncentirstion in the rangs 0-1.%5, 1,5-4.0, 4-8 and
gwey 8 mg/l in Arid and Semi~srid belts and Western
Ceptral Irdia in the Southern States, the groups are
aviangsd 'in the rapges 0-1.5, 1.5-5 and more than 5 mg/1

" Tableg 2 to &5 ).
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fahanadhi

Indravati
Vekkilu
Kri shna
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S eagar, Raja {han

damtara, Jabalimr,M,P

Mangalore,Karnataka,
Alwaye, Kerala
Chalakudiyar, FKerzla.
Rajim, M.P,

Chitrakut, M.P,
Chagla Marri, A.Y.
Vijayawada

Nagarjun Sagar, A.F.

Raj aDet' A. p’
Chl tcor' A.P,
Bhoral Fatnam

Godavari Bed,
Gundala, A.P.

Khammam, A.P,
Yadgir, Karnataksa
Dharmavaram, A.F,
Pamidi, A.P.

Tiranelveli, Tamil
Nadu

Madural, Tamil ¥am
Darapuram, Tamil ady
Nalgonda, A.P.

Yellareddigudas,
Nal gonda' A.P,

Bet\ll, M. P,

M’&l tal, Me.P.

X2, o watesr =27

vy
L

Alluvium &
Aesolean gand

« Alluvium
Alluvium costal
i e
e’ e

Vindhyan
Limestone & shales

L

Khondalites

Cuddavah
Quartzites

Archaean Cranite

&4
L4
[ 4

(&4

re
e’

e

Deccan Trap

0.4
1.5
1.0
1.0

1,5
1.0
1.0
3.0

1.0
1.0
2.0
12,0
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. o Range of £1uorido in around~wnteru, pp

Btate

O;O~1.5

Jda-~~

105‘400
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th)
(1)
)

)
a)

(m)

??;jﬁ'at | : A (a;

&)

(@)

@)
()

L E9)

Bastern and {£) Western part

Viestern parts
of Nagaur Dist

Bouth-Rastern
part of Klwar
Dist.

Southern &
Morthern parts
of Bharatp--
Dist.
thern p-it
Jaipur Dist.
North Western
part of Barmar
Dist,
Nerthern part
of Tonk Di.to
Bastexrn and

Southern part
of Jalore Dist.

Northemn part of
Sirohi Dist,

Part of Banas- (a)
kantha Dist,

Part of Msha- )
.‘nﬂ'DLBtc

Part of Rateh
Dist,

¥
~

Part of Surenrn
Ragar a‘.;.

Parts of

 plumedah-

of NRagaur
Di'to

South Bastern

and Western
parts of

. Mehasana Dist,

Southern part
of Kutch Dist,

Westarn part

of Jamnagar
B‘.tc

(a) Waliya

4n Kutch
Dist,

er 12




FLUORIDE QONCENTRATION - ARID & SEMI-ARID BELTS
“NDIA

OF WesT™ -
Selective lo. n of high £luoride concentration
Btate ' :
Vill age. Geological Fluoride
horizon , concentration

(a) Gulabpura Biot:te Schist 95

(b) Phagt - 3.%

{e) Chirawa Quarternary alluvium 8.5

(d) sagalia ~do~ 194

| The general level of flucrides in groundwaters : s
usually between 1 and 5 mg/l except in a few cases,
whers the concentrations are repcrted as high ag 19 mg/.

Remova: of fluorides from water

saveral methods have been suggested from time to
e for removihg excesgive filuorides, These may be
dw ded inte two basic types - those based upcn an ex~
yoress orf adsorptiony and those based upon the addit
sruemicals to water during treatment, The material:
%431 ted %o have been uses in the contact beds incliude
coressed bone, natural or sy tic tricalcium phosr
fdcoav-apatite, magnesia, ac” ted aluminas; activ

csarbong and ion exchangers. i cal treatment me
include the use of iime 2ithsr aivne or with megne. i« sslls

and aluicini: x malts elther aione or in combination with &
coagul ant 31, Other methods include the addition to
fineride watzr of materials like magnesia, caleium phosph&ts
centowi Te, fuller's earth, bentonite and diatomaceous

s.5% . mixing and thelr separstion from watexr by g@t i fng
and or fiixration. All these wethods suffer from ovne ¢ir
the other draw-backss high instisl cost, lack of sele-
hivity for fi rides, poor Fiucoride removal capetiiy.
saratlion problem, compiicatad or exXpensive regRiBrats Ll
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Srosphatic compounds

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

Processed bone 3 The bone is degreased, dried ang o P NS
verised to 40-60 mesh size., The powder is carbonised

in a closed retort at 1380~1740°F. The product containg
tricalcium phosphate and has & capacity to remove %000-1%0C
mg F per litre of medium. After saturation with fluorides,
it can be recalcined at around 750°F, under restricted air
supply to restore the adsorbing capacity of the char.
Alternatively, the bed may be regenerated by sodium hydroxide
solution.

Bone charcgal 1 The bone 1s processed by burning in air and
pulverising to =60, +100 mesh, The fluoride removal capacity
of the product is 1000 mg ¥ per iitre of media.

Synthetic tri-calgium phosphate 1 The product is prepared
by reacting phosphoric acid with lime. It has a capacity

of 700 mg F per litre. The medium is regenerated with 1 %
sodium hizdroxide solution, followed by a mild acid rinse,

Florex t It is a trade name for a mixture of tricalcium
phosphate and hydroxy-apatite. The fluoride removal capacity
of the medium is 600 mg P per litre and is regenerated with
1.5 per cent sodium hydroxide solution., ¥lorex was tried

in Pilot Plant at Climax, Cole, U.8.A. in 1937 and Scobba,
Misas, U.S.A. in 1940 but without much success owing to high
attritional losses and the plants were abandoned (29, 30).

Activated gluming t The use of this material for the removal
of fluoride ion from drinking w&ief appears to have been first
suggested by Boruff in 1934 (25). The bed wes regenerated -
with a 2 % solution of sodium hydroxide, followed by neutra-
1isation of the excess alkali with dilute hydrochloride

acid. .The capacity of the medium was found to be about

800 mg F per litre of alumina, Many modifications of the
process were suggested by subsequent workers. Several
patents based on the use of aluminium oxide for fluoride

o 14
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eVl wWere issued to Heinze® and Churchil in 1938,
Goetz in 1938, and Urbain an< Stemen in 1940. sSavipeil:
and Black (31) have used filier alum to regenerate
activated alumina bed. The capacity of aluminium to
remove filuorides was reportec w bpe proportionai o tihwm
amount of filter alum used for regeneration upto a leve:
of about 0.2 kg alum per iitre ;| 12 1bs alum per cft ) of
alumina. At this level, the fluoride removsal capacity was
approximately 5,500 mg P per iitre of alumina. The most
imporxtant single factor affecting the fluoride exchange
capacity of alumina was the alkalinity of the influent watey,

Lime 1 It has been observe:d that while giving lime
treatment to waters containing magnesium salts, fluorides
are absorbed on magnesium hydroxide flocs and it results

in fluoride removal (25, 32, 33). Empirically, the amount
nf fluoride removed is equal o 0,07 P v’ﬁg, wheyre #
represente mg fluoride initially present amd Mg the mg of
magnesium removed in the form 5t flocs. 1In this case, the
water must be treated to a caustic alkalinity of 30 mg/1l, a
pH of 10,5 or above and as such recarbonation is necessary (34).
Magme sia and csloined magnesite have also been used for
fluoride removsl from water and the fluoride removal capacity
was reported tobe better at high temperatures (35).

Activated carbons 1 Most of the carbons prepared f£rom

di fferant carbonaceous sources showed fluoride removal
capacity after alum impregnation. McKee and Johnston (36)
haw reported good fluoride removing capacity of various
types of activated carbons. Srinivasan (37) prepared a carbon
from paddy husk by digestion in 1 % KOH and soaking it over-
aight in 2 % alum solution. The material removed about

320 mg ¥ per kg (150 mg F per 1} and showed a maximum removal
efficiency of pH 7. The carbon was regenerated by soaking
the spent material in 2 X atum solution for 12-14 hours. A
pilot plant with this material was installed at Guntakal,
andhra Pradesh to treat water containing 2.8 mg ¥/1L which was
aince abandoned. Activated carbons prepared by other
~=rkers from cotton waste, coffee waste, cocomut waste etc,.
mye tried for'defluoridation but all these materials

wre of scademic interest only.

;..'. 15




Ion_exchange regigé t  Strony case exchancge wesirs

remove fiuorides either on hydroxyl cycie or cricride
Oycis along with anions (38, 39). Since the PLrOpOLtLohie.
quantity of fluoride as compared to other anionsf;s

very small, the effective capacity of suck resinss WOLK#®
out quite low. There are no known commercia! amion
exchange resins which are selective for fluoride Ol o
Some inorganic ion exchangers e.g., complex metal chloride
silicate, formed from barium or ferric chleride with
gllicic acid, also exchmnge fluoride for chloride.

Cation exchange resins impregnable with alum

vsolution have been found to act as defluoridating agents.
Various workers (40, 41, 42) have used cation exchange

resins after treatment with alum solution for defluori&ationo'
Venkataraman et. al (43) reported that ' Avaram Bark °*

based cation exchange resins works effectively in removing
fluoride 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-
tions were carried out at Indian Institute of 8ciencs,
Bangalores King's Institute, Guindy; Indian Council of
Medical Research, New Delhi; Central 8alt and Marine
Chemicals Research, Bhavnagar and Geological Burvey of
India, No plant of any significant size was instailed for
removing fluoride by any of these laboratories.

Defluorjdation work at NEERI

The work on defluoridation was taken up by NEERI in
1961 on a reference from some State Governments afflicted
with the problem (19), A review of the materials
developed by Aifferent workers on defluoridation revealed
that most of the methods {nvolve acids and alkali either
during pretreatment or regeneration and are not suiteble
fot tndlan conditions, The phosphate compounds and ion
axchange material are not practicable on large scale,
Paddy husk carbon demonstrated by Srinivasan (37) hgs [
low capacity and poor attritional quality. |




3

Buv=ral materials like clays, minerals, ion
2ahange resing, activated Jarbons, activated
aluning, sulplivnated ocoals and serpentine were
tiied at NEBRI for the removal of excess fluorides
from water. Chemlcal treatment, in situ, with lime,
mayneslum salts, {ron and aluminium salts were also
siuijed, Only t+hese that showed an encouraging trend
o beneh--scale and studied i detalls, are presented
in this parer. These include lun exchange resina, saw
Anat carbon, coconut shell oarbon, defluoron-~i, carbion,
naygnesla, gerpentine and defluoinn~2, Ion exchange
vacinz, aaw luet carbon, deflucron--1, magnasia and

g2rpentine did not prove useful beyond bench-saale,

Filat plant atundies ware ~arvied ovt at Gangamr,
Paiazthan naing oackon.  Full zize plants were inatalled
madngg e fingr w2, att Mynd 27 oal Chavvaration, Nalgoseda

~u1 mntral Training Inattitaie, fiyderabza, Andhua 9rad ah,

Iugp erianye roging

Anton axvhangs resing ¢ Erlvaryrene anton evchange
yaafns iv aporagl and gtryov T boato cotadt gy
ammont v tv e pegipng e nayt il o Koy by o
Fin-.v4 W From watey alopg »itl ~ather anpicens 30,001
Mhabvni 59 kg etadied arei omearad Fre tobd oty

regine o LeEnch. ~oale,

folyanion eschanypy resin (R

™lafion A-27

Dexice: Alte, FFP-4F

Lewatit, MIH-%¢

Amberliite, TRA~ID

flyss columns of 22 mm 933 wvere filled with 60 mn

resin and a flow-rate of C.4- tpn/litre (3 gopm Joft )
was used. The treated watey unss ~llected in one lit:s
aliquots and the columne wers regonerated using 0.14 Xk
NaCll per 1 f 0 1bs ;cft ) or o 1élielB kg NaOH pat 1
(710 lha per cft .

» K-y - v p b., } }1,,3.
T™he results ( pe 93 Ref, 17 ) razalovlated by

K M o
wuLnore are sitimariged In Looonm 6y



http://ipmV.lit.re

»

Wiy s

SL00LSE AEMOVAL BY ANION ... ANGE RESINS
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Resin Form Calculs - Test water Cost of Sapital
ted caja- £fluorides, treat- S08% Par
citg;_ ng. /1 xent per 23 xe
mg ¥/i m3Rs‘ ¢

Tulsion Hydroxyl 32 2.8 7495 :

fap i422

Daaceo~ 130 2.9 2 ¥

Aite ee «35 1005

PF-1P

MIH~59

Anberlite P 232 2.8 1,55 939

IRA~400

The table 6 indicates thar >he resins studied
yields 20-145 bed volumes of defluoridated water per
cycle. Subsequent experience snowed that these resins
loose their fluoride removal capacity on prolonged use
{ 10~15 cycles ) and a total replacement becomes
neceagsary. A layer of white derncsits was developsd over
the resin beds and this may be "he reason for this
dropy in the capacity,

The cost of treatment was calculated on the basis of
a pressure type of plant capable of holding 1,410 1 of
medium., The capltal cost of the plant was Rs. 70,000/~.
The depreciation of plant and mediwn was taken as 20 %
and 50 ¥ per annum respactively. ‘The cost of treatment
inciuded the cost of chemicals, depreciation, power and
operational charges and the cost «f treatment per cubie ®
matsr was arrived at from the Followtng formala.

2867a + 17.7C

33.8C

where C = capacity of the medium corresponding to the
raw watar fluoride amd alkalinity concen-

trations; and
a = ~»ncentration of raw water fluoride,

w0 ‘1- 11}
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“hus the anion exch:a- ;esing were found to be
i f velatively low capacii. ‘~r fluoride removal. The
st of snion resing is Rs, 20/~ to Rs. 35/~ per litre
and the results {ndicate t1:at anion sxchange resing
are not economical to be nu=sed in removing fluorides
Erom water. Besides, the strong base anion exchange
resins impart a typical taste to the treated water which
may not be acceptable to the consumers.

Catlon exchange resins : Bhakuni (44) has compared the
performance of saw dust carbon, defluoron-l, carbion,
wasoresin-14 and a polystyrane cation exchange resin,
using glass columns of 33 am dia, flow rate of 270 ml per
min per litre of medium ( 1.7 gpm /cft ) and 4.3 mg ¥/1
tegt water and 50 ml aliquois of resin was used in these
studies, When the residual fluoride concentration
reached 1.5 mg F/1, the bed wag regenerated with 200 ml
of 1 % alum solution and washed with tap water,

The results of the study (44) as recalculated by
the authors are summarised in Table 7. The last three
columns are arrived at on the basis of a pressure type
plant capable of holding 1,000 litres medium and designed
flow rate of 4 Ma/hr. The regenerant is 1 % alum solution
and at the rate of 40 kg filter alum for each m3 of
medium. The cost of alum wos taken at Re. 0.70 per kg.
The power charges were taken as Re. 0.10 per unit to
pump water against a total he=ad of 18 meters. The de-
preciation on plant and medium was taken as 20 X and 40 %
respectively. The cost of treatment included the cost of
chemicals, depreciation, power and operational charges
and was arrived at by the following formula. '

24.92C + 2834,6a

—— o s

96C

where capacity of the medium is given by 'C' as
mg ¥/1 and the raw water fluorides concen-
tra‘ion by ‘a' (mg/l e

s 18
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FLUORIDE REMOVAL BY CATION EXCHANGE RESINS

uuuuuuuuuuuuuuuuuuuuu s > e o T S Bt 4 e - b e e G S Sy S — - : ...
Medium Calcula~- Test water  Bulk Cogt of Capital
ted capa- flnorides, densi~ . trept- cost
city, mg F/1 Ly, men 3 _per m
ng F/1 g/1 PRL. R8s,
- RBe
Carbion 320 4.3 680 0,65 258
Wasoresin-i4 262 2,3 ,730 ,0.74 315
Polystyrene 420 4.3 . -850 - 056 197
resin ' '
Sulphonated 370 4.3 620 0.60 285
saw dust
carbon

D e A (I G4 Gy, e YR SN B M G DY VO o PRes Sy o S R Sl 0 RS G L G S S G S —”QQ-- o oy s wec S Sy S (D AR Hny (U G0 W
T e em dver i

. Ramakrishra et al (45) rrepared an iomn mmm
materisl from coffee & husk by treatment . yitl,sulphuric
acid, sodium chloride and alum and found. igggpfficient

in rewmoving fluorides. 8ubse; v=ntly MohanLeo.-and

Pillal (46) 'adopted this method for preparing an active
carbon from spent coffee groundis. -S8eethapatireq. . (47)

had adopted the same procedure for:-bench weale to

prepare a sulphohated carbof- From eoconut shell,. which

he found it to be setisfectory in semoving flupside

from water. The regenerstion:was with 200 ml.of 1 % alum
solution. The capacity and 4Ahe ik density. are. salow-

" lated as 270 mg ¥ per:1 and Q.62 kg7l respectively. ¥o
laboratory studies o¥ -y - dhguPtiasoe were veported,

gaw dust carbon 1 Wiektini (48,49,50) prepared a carbon from
. saw dust obtained from saw mills procassing -wosde 1ike sagon,
gsheegham and téak by heating the material in a closed
.vegsel and alloxmg the fume to escapes The garbonised saw

dust quenched in & 2 % alum solution was washed free of the

excass alum, On exhaustion, the carban was umfam by
~ passing two bed volumes of 0.5 % alum solukion,

we 20
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Foi o tolal 52 22 cycles of L ccation,  Thi material hac
the prohlem of excessive mti  “ional losses and Yol o)'n T
wliable head losa,

The saw dust costs Rs, %.00 to Rs. 6,00 per bag oz
about 100 litres capacity ani. o this are to be added the
charges of sieving, carbonisation and alum treatment. WNo
large scale studies have been reported using thiws medium
hecauge of its poor hydraulic characteristics,

Defluoron-1

Defluoron-1, a sulphonated gaw-dust impregnated
with 2 % alum solution was developed by Bhakuni (19,44).
Tt was prepared by treating 20-40 mesh saw dust with
sulphuric acid, washing the excess acid, soaking the
sulphonated product in alum solution for two hours and
finally washing it to remove the excesr :lum., The recovery
of sulphonated product was 56,3 to 69.° ~r cent of dried
saw dust, The bulk density cf the medi. {8 620 g per
litre. Bhakuni studied this nmedium in :, ~at details in
the laboratory and has carried out moderate field trials,
A domegtic defluoridator was also prepared with this
medium for use by individuals (19).

Laboratory evaluation of the medium was carried out
by using 75 ml medium, 4.5 mg F/l test water and a flow
vate of 0.49 1/min/l. The pH ~f the test water was

sdjusted i+ €, The total volume of water treated upto
a byreskthr £ about 1 mg F/1 was 8 litres®*, The
average £l » removal capacity of 75 ml medium works out

G 0§ ¢u5-1.0 ) = 28 mg F which is equivalent to 370 myg
#1 er woout 600 mg F/ka of medium. Fleld studies were made

— e <

Gio. 7 i pe 130 ) dAn Rei. Moo (19).




LR

42

TABLE 16
8BTS OF LABDRAQORY EXPERIMENTS CARRIED OUT BY
ALGONDA TE
Table Alkalinity, Fluoride,
_fo ) mg cacg-_{i-_‘ L mg ¥/1
17 80 2,05-4,70
18 125 2,15.5,.80
19 200 2,30-6,30
20 310 2,25-10,20
21 400 2,20-10,20
22 500 2,30-10,20
23 ' 600 1,95«10.20
24 820 2.,00~10.40
25 1070 -2,10-10,50

= - e e Sy SR G G D G, G S S i e, S0 G S el -

- The alum dosa was varied according to experimental
necessity and attempts were made as far as possible to
lower fluoride below 1 mg ¥/1 in the treated water. However,
the alkalinity was f£éund limiting in some experiments and
the fluorides could not be lowered to the desired levai, It
indicates that adequate alkalinity is essential to achieve
the fluoride level of 1 mg/1l ( 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
gconcentration

Water with high fluoride concentration are economically
treated by split treatment, Yor example, a raw water
containing 14-15 mg F/1 snd alkalinity 268 mg/l CaCO, and
pH 8.3 needed 2,500 my/1 alum dose in straight treatment, But
when the sape water was treated in two stages by giving
500 mg/l elum and 25 mg/l lime in first stage allow to settle
amd take outh the supernatant and add 250 mg/1 lime and 500 mg/l
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wg F removai capacity per litre of defluoron-i ( 50 mg

F/kg ).

Bhakuni ( ®. 152, ref, 19 ) presents the break-
through capacity ( upto a leakage of 1.0 mg/l”) as
upto 3000 mg/kg, with an optimum of 1600 mg F/kg
( 1000 mg F/1 ) under normal conditions of water treat-
ment, However, a recalculation on the basis of his
data reveals a maximum workable capacity of 370 mg F/1
( 600 mg F/kKg.) only. The medium was not @s tested
on any pilot plant scale, but the experience of the
authors indicate that the medium has poor hydraulic
properties and suffered from heavy attritional losses,

The fluoride removal cost shown in Table 7 are
on the basis of laboratory studies and work out to be
Re, 0,60 per m3 of water containing 4.3 mg/l fluorides,

Carbion

Carbion is a cation exchange resin of good
durability and can be used both on sodium and hydrogen
cycles. It has a bulk density of 680 g/1 with a
grading of =16, +30 mesh,

Laboratory experiments using 50 ml aliquots (44)

| of 4.3 mg F/1 test water and regeneration using 200 ml

of 1 % alum solution indicated an average fluoride
removal capacity of 320 mg F/1 or 470 mg F/kg carbion.
On the basis of these column studies in the laboratory,
the cost of treatment worked out to be Re., 0.65 per m3
@ Rs. 700/~ per tonne of alum ( Table 7 ).
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A pillot plant was installaed using a mixture
of this medium with defluoron-1 in the proportion
of 8 ¢+ 1 at SGangapur ( Rajasthan ). The plant
comprises a cylindrical tank of 610 mm dia by 1830 mm
height, two alum tanks and a raw water overhead tank (19).
The plant was charged with 224 litres of carbion and
28 litres of defluoron-i,

Filter alum solution of 2, 3, 5, 6 and 10 % was
nged to regenerate the mixed meidfum, The corresponding
ament of alum was 18, 18, 30,xm3 30 and 30 kg ( Table 63,
p- 157, ref, 19 Y. The fluoriie cantent of the raw
vater was 4,8 mu F/1, In all 20 vyc)es of oneration wove
stadied,  Muring the €irst few oyl o ot nperstion, moeat
nt the defiucion-1i was wagh=d out during backyanh opera-
Flm dne to ita light weight and whabt evenimally yemained
o 11w wlant was exsentially cobhinn. "he veanlhs of

‘e etatly were as follows,

Prglysis of Gapgapey Dlopt Data

Ceciien o coerge b . 2N
Peemosre e omds caprapt vat 1oy P S O PETS B AT
i e Fovsten 114 kg Aalum )
e «. o0 .0 {0 .o ]
Boee SR . ( 12 oy }
H;' ve N ra ( ¥y, )
Y g0 , e, { 100 . )
20 ,., w4 e 3{ 40 .t }
Total mantity of -~ 1t o B 3 m
treated
Total alum us>? in 29 cyeles .. '4 kK
inoride in treated water ( mg ¥/1 )
Max{mumn .o 1.4%-2.00
i nd | (1 Lm0
Comosite : g 306 AN
se 73



On the basis of the studies at Gangapur,

the average fluoride removal capacity of carbion
was evaluated as 364 mg F/1 of medium, working on
8 raw water with an alkalinity of 350-360 mg/Le
On this information and using a pressure unit with

m3 carbion with 4 m /h flow rate, cost of treat-
2nt of water is computed using the following
rel ationship,

3 97.5 X C 4+ 146 x a
Cost per m ‘s
96 X C
where C = capacity of medium per litmy and
a = raw water fluoride mg */1

The cost of treatment per m3 works out to be
R8s, 1,03 to treat raw water with 4.3 mg/1 f£iuvorides.
The cost includes capital, depreciation, power, filter
alum and personnel,

Magnesia

Investigations (51,52) to study the usefulness
of magnesia in fluoride removal were conducted. Cry=-
stalline magnesium hydroxide was obtained by rescting
. a magnesium salt with milk of lime, The precipitate
was filtered, washed and dried. The dried product was
calcined at 1000°C for 3 hours to obtain magnesia.
'~ Varying quantities of magnesia were added to one litre.
aliquots of test water and stirred for 30 minutes using
a jar test machine, Fluoride contents were estimated

on one hour settled sample.

A typical groundwater containing 10 mg/i f.luorﬂdea'f

60 mg/l hardness, 500 mg/l alkalinity and 7.6 pH was
studied using magnesia ( MgO ) concentrations of 10-1300
mg/l. The treated water showed a pH above 9. The
average fluoride concentration in the filtrats was 5.8
mg F/1 where the dose was 1000 mg/l. The fludride at
100, 250 and S00 mg/l doses were 9.5, 8.9 and 8.4 X
mg F/1 respectively. A dose of 1500 mg/1 magnesia &nd a

- contaat period of 3 hours was required to reducs the
fluoride conten\(; in the water to 1 mg/l,
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“ha study established that wagnesia removed the
ex sy rluorides, but large dow=:a: were necessary. More-
mver, the pif of the treate] water was beyond 10 and its
corraction by acidification or r1ecarbonation is nedessary.
All thls adds to the cost and complexity of operations,
The acid requirement can be to the extent of 300 mg/i
expresaed in terms of CaC03/l.

The experiments using 90 + 5 per cent magnesia
thus revealed the limitations of this process under the
present. stage of development in the country. The high
initial cost, large concentrations required, alkaline pH
of the treated water and complexity of the preparation
of magnesia are the inhibitive factors to render it
acceptable in the field.

The cost of treatment using magnesia is calculated
on the following basis for a typical plant capable of
producing 2,270 Ms/d water,

Units Magnesis slurry preparation tanks, dosing
tanks, mixing tanks with three hours contact
period, settling tanks of three hours, sedi-
mentation period, pH adjustment units with
sulphuric acid dosing equipment ( with chlori-
nation equipment and overhead storage tank ).

() Capitasl works

MaChinerY, piping and 'Y Rs, 1. 50‘ 000/"
equipment
Land ee Rs, 20, 000/"

total [ X ) R‘. 6' 50‘ 000/-

(b) Depreciation

Civil works @ 3,33% ee Rs. 16,000/~ .
per annume.

Machinery, piping and ee Rs, 10,000/~
equipment & 6,66% per

annum,’
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(c)

@)
'(e)

(£)

(g)

(h)

(1)

1

25

Interest the capi .

@ 10 % on the capital .o Rs. 65,000/~

Personnel ee Rs, 42,000/~
Maintepance
Civil works @ 2% psr annhum os Rs, ¢, 800/~

Machinery ete, @ 5 % per annum .. Rs, 7.5%00/~

total e R.o i7; 100/"

Operational gost

Depreciation oo Rs. 26,000/«
Interest on capital oo Rs., 65,000/-
Personnel oo Rs. 42' 000/"
Maintenance oo Rs. 17,100/=

total . Rs, 1' 50, 100/"
B‘Y [ X Rs, 1' 50. 000/"
or oo Res, 411/~ per day

Running cost (chemicals)

Magnesia required for oo 900 mg magnesia/litre
defluoridation of raw water

containing 4.3 mg F/1 and

215 mg/1 alkalinity.

Sulphurie acid required oo 30 mg/1 (appx)

to redunce the pH to 8

Cost of magnesia .o Rs. 1,20 per kg. .

Cost of sulphuric acid ee Rs, 1,00 ,, ,,

gaxk Magnesia consumption - 227 x 900 = 2,043 kg
per day

Su-lpmuric acid consumption = 2,27 x50 = 113,5 kg
per day

Total cost of chemical treatment per day

= ( 2043 kg x Rs, 1.20/kg + 113,53 kg x Rs, 1.00 per kg )
= Rs. ( 2,451.6 + 113.5 ) = Rs. 2,565,10

Runnin ts (powe ee Say 300 units/day

@ Re, 0.20 per unit, cost of power = Rs, 60/- per day.

Total operational costs/day

= Rs. ( 411.00 + power + chemicals )

= Rs, [ 411.00 + 60.00 + 2,565,10 ) = Rs. 3,036.10
Operational costs per m3 water treated

Total cost/dey o quantity of water treated

L J
3,334.10,2,270 = Rs. 1,34 per rn3
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Thus the gperational cost works out to be
R3. 1434 per m~ using magnesia.,

Sermentine

Serpentine as a mineral nume, applies to the
material containing one or both of the minerals,
chrysotile and antigorite. The composition of the
mineral closely corresponds to the formula Mg6814010(0H).
The material is green or yellow and is available in
Andhra Pradesh. To test the capacity of serpentine to
remove fluorides from waters, the green and yellow
varities were studied for their defluoridation capa-
city. Extensive laboratory investigations were condu-
cted with a view to popularize the mineral, if found
suitable as defluoridating medium,

Jar tests, bottle and column experiments were
conducted uging different sizes of the mineral {53,54).,
The lumps ( 50~100 mm in size ) are crushed, pulverized
and sieved to obtaln =16, 430 ; =30, + 60 ; =60, + 100
and -100 mesh fractions. The mineral is hard and is
difficult to pulverize, particularly to sizes below
~30 mesh. Manual crushing gave an average yield of
6567 % by weight,

~ Jar tests 1 Jar tests were made nn water with 280 mg

alkalinity/l and 6.5 mg F/1. tirriug* was at 60-30 rpm
for 45 minutes with amtneral dose of 100-1000 mg/l (-100
mesh size). With 1000 mg/1l dose, the fluorides were

6.0 mg F/1 in the treated water. The material rapidly
in the beakers during test. A comparative evaluation
was made using green and yellow varietias of serpentine,
dose upto 80 g/l, and 6.2 mg F/1 test water. The regults
ara shown in Table 8,

*Phipps & Balrd Blectrical Jar Tegt was used,
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TABLE 8

- COMPARATIVE PERFORMANCE OF GREEN AND YELLOW VARIﬁTIEB

N

OF SERPENTINE ( -100 MESH POWDER )JAR TESTS (54) |

i X _MQW ---}: Ye ,1_.10\: variety o
m,.,g/).)x( 0 10 20 40 60 80 yO 10 20 40 6C 80
:11:2: { 6.2 4.8 442 2.6 2.5 1.9; 6.2 . 40‘ 3.7 27 2.2 1.8
ng 2/1 X X
pH X 8e4 844 B.6 8.7 8.8 89Xe4 8.4 8.6 8.8 8.8 8,9

— N Subaly me e STy o tag siis Shdut s e

Bottle experiments 3 A dose of 10=250 ¢ of mineral (green)
vf =100 mesh size was added to each litre of test water |
containing 6.5 mg F/1. The contents were |agitated viro-
rously in wide mouth bottles for 5 hours using & mechanical
vibrator and allowed to settle overnight, The supernatant
was filtered and tested for fluorides. About 80 g¢/i

mineral was found necessary to reduce the ‘_ﬂuorides from

6.5 mg/1l to 1.0 mg/1l, which is the permissible limit of
Ministry of Health, Government of India for fluorides 1ia
drinking water.

Column studies : 8tudies were conducted using columns

of 50 mm dia charged with 1.5 litres of -16, +30; or

=30, +60 mesh size serpentine, A flow rate of 1.3 i/h

( 15.7 gph/sq.ft ) was used to commence with, which dropped -
steadily with the progress cf the run, The results are
shown in Table 9,

The cost of treatment is worked out on tho basis
of a pressure unit capable of holding 1.41 m3 yellow
variety serpentine of ~16, +3O mesh sigze and oné meter
depth fior a flow rate of 1 m /1 water with 6,0 ¢ 0.2 mg/1
fluoride at 340 + 40 mg/l alkalinity., Water ogtainable
£rom this unit is about 34 bed volumoa or 48 m. The
sex:pentino is not mqenontablc ar mquitu to be filled
each time after treating this . .me of water,
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DEFLUORIDATION CAPACITY -
VARIETIES OF SERPENT

Ll

z { 48

Z‘J V‘

LLOW AND ORZEN

- o
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Yellow Variety

L G 0 e e Ay

- e N B A W A

Fraction =16, + 30 mog- ~3G, 4+ 30 maak
Test Watex.‘ 3.0 6.1 "‘C 3 2;9 u..ﬁ
£1u0 rides:
my F/L
Tagt water 250 ¢ 30 350 + 3¢ MO £ 20 28C + 30 95C & 20
alkalinity,
ng Ca003/1
uantity of 70 48 iz 8% 20
water obtained,
.
Greas. variety

Praction -16, 4+ 30 mealh =30, + 60 mes’
Tes': watey 2.8 5.8 10.5 2,58 G K
fluorices,
mg ¥/
Test watex 280 £ 30 300 ¢ 1¢ 1000 4 30 350 ¢ 20  100C ¢ 30
alkalinity,
mg RAx CaCO3/1
Quantity of 21 14 2 44 B
wataer obtained,
l

To obtain 1,41 m? serpentine, cquantity of mineral

raquired to be handled will be on the following basila,

Welight of 1.41 M3 serpentine

1.410

x 1000 = 2,8

Maximum recovery on .a 70 %
processing
Quantity of serpentine oe 3,52% -?:-0.7‘0
to be vprocesased
- 5,000 kg.

Processing costs of Serpentine
Cost per tonne ee RS, $0.00
CS’I G [ ¥ 2 LN R’. 15.00
Fl’f@ight e P Rs. 15.00
&iking & forwarding es RB. 10.00
Urushiing, pulverising & sieving .. Rs. 30,07
pen ton, .
Yotal ~oot vl tornnea ve I8 120.00

29




R VY Si'% T -] Aa,

SOn. o iant .o Rz, 15,C090G/=
Depreciation @ 10 % oo Rs. 1,500/~
or Rs, 4.10 per day

One charge of 1.41 n3 serpentine treats 48 m3 @1 m3/hr.

Assuming only 8 hour operation/day, one ch
lasts for 6 days only. Yo aree

l.e., depreciation on serpentine = Rs. 600/~

= Rs. 100/~ per day

Ignoring pumping costs and also operator charges,
cost of treatment per dag works out to be Rs., 104.10
per day for treating 8 m“water,

Cost of treatment = Rs. 104.10 . 8 = Rs, 13/- per m®

It 18 concluded that cost of defluoridation is prohibitive
with serpentine,

Defluoron~2

| To overcome the problems faced with saw dust carbon

and defluoron-1, a medium ' defluoron-2 ' was developed in
1968 for the removal of fluorides from drinking water (55,56).
Extensive trials with the medium, both on the laboratory
and in the field have shown that, it does not suffer from
most of the handicaps like some of the indigenous materials
developed earlier,

Defluoron=-2 is a sulphonated coal and works on the
aluminium cycles., It was found to give the best results with
one bed volume of ¢ % ( w/v ) alum solution as regenerant.

A bed volume is equal to the volume of media in the unit,
The life of the medium was found to be 2-4 years,

Laboratory studies

To study the effect of prolonged use of this medium
on fluoride removal capacity, work was carried ocut to an
aggregate of 55 cycles of continuous operation of 100 mm
diaméier column charged with a total of 6 litres of medium,
The test water containing 5-6 mg F/1 and 140-168 mg/1 alka-
linity was usid throughout (56,57). The average fluoride
removal capacify of the medium was 484 mg ¥ per litre with
1,15 mg F/1 as a mean value of the leakage.
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Naigoi il and Centrsl Training ~8tituce, Hyderaocad, #.5. ‘the
pi.ant inciudes a pressure shelli, regeneration <canx 21¢ a
storage reservolr of 4-6 hour:s Capacity. The process in its
simplest form consists of pasaing water throughr a ded of
defluoron-2 medium contained in a cylindrical stsei shelii <o
which are attached the necessary pipework and contrcl vaives,
Immediately adjacent to shell -ne regeneration tank is jocated
so that the whole installation is compact and is easily
maintained. The plants at Nalgonda and CTI were operated
through 55 and 40 cycles respectively, by NEERI (58}). Wnile
the plant at C.T.I., is operatirg, the plant at Naigonda is
kept idle by Municipality for want of funds.

Based on the extensive trials with the medium, both in
the laboratory and in the field, a brochure was prepared (59).
The brochure contains the medium characteristics and the design
data which aee as follows.

Medium characterigtics

. . 3
Bulk density , oo 810 kg per m
8ize o0 Oe¢6=2,0 mv
Voids (approximate) o 40 per cent
Attritional losses os Negligible
Maximum operating service flow rates

(a) 5.0 m3 per sg.meter 6f bed area per hour

() 5.5 m> per hour per m° of medium

Wash water treatment

0.15-0.22 m3 per sg.meter per minute for a maximum duration
of 10 minutes,

Regenerant

One bed volume of 4 per cent ( w/v ) alum solution. A bed
volumé is equal to the volume of the medium in the unit,
The alum solution has a pH between 2,6 and 2.8.

Regenerant co%tact period with medium

30~40 minutes
Depth of the médium

Q. 6=1,0 meler
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Bicnxbonate aikalinity : Wath raw water fluorides TUTG
batween & and 12 mg/L the aversge defluoridaticr. capacicy

is 650 mg fluoride per litre of medium. However, becauss

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 mg/1 of fluoride, These capacities correspond to & raw water
alkalinity of 160 mg/l as CaCO4. The capacity of the medium

at other alkalinity levels is given in Table 10,

TABLE 10

FLUORIDE REMOVAL CAPACITY*, mg FLUORIDE PER I OF MEDIUM

oy v Lol G W s e Gy D T G D S

Bicarbonate Raw water fluoride, mg per litre
alkalinity of :
the raw water,

mg Cac03/1 3-4 5-6 7«8 8=10
160 340 480 se0  §s0

200 300 400 460 530
240 230 300 350 400
300 190 250 270 300

400 140 170 210 250

600 100 120 | 180 200

900 | 80 100 120 156

#Based on an average fluoride concentration
‘of 0.,6-0,8 mg/1 in the treated water.

Hydroxyl alkalinity The medium can tolerats hydroxyl
alkalinity upto about 5 mg/l as CaCOye The fluoride ocone

centration in the treated water increases with the increase
in hydroxyl alinity. There is a 30 per cent reduction in
"the 3pacity o{ the medium when hydroxyl alkalinity is 25 mg/%

as - Mae .
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Operating and treatment costs

Nearly the whole cost of operating a defliuoridation

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

" aaloulation is given below, '

A,

Iz

I1T

Plant, piping, valves and .. Rs. 14,250/-
. regenerating tanks with

 Cost of 1.41 M of medium .. Rs. 3,600/~

Characterigtics of raw water

pH oo T.0-8.8

Fluorides, as F e & mg/1

Alkalinity, as CeCO3 es b 0

Capacity of the medium s @ 1o fluorides/litre

corresponding to a & b

Typical basis for calculation

A pressure type plant with 1,41 M3 (350 cu,ft ) of
Defluoron-2 capable of passing 6,8 m /hr ( 1500 gph )

it gost

mixing devices

at the rate of Rs, 2,55 ‘Rl. 17,850/~

Degrecigﬁion
Flent at 20 % per annum es RS, 2,850/~
Re. 4,050/~

Medium at 33,3 % 'Y ) o Rs8, 1,200/"

Capital cost of the plant based on

five years life expectancy

Cost = Plant + ( medium x 1,67 )
= Rs, 14,250 + Rs, 3,600 x 1,67
- Rs, 20,262
Say Rs., 20,250/~

’ Bémple calculation for a mg/}_fluoridea and b mg/l.

alkalinity

Capacity of the medium = ¢ mg F per litre of material.
szal fluoride removal capacity of the plant between
two successive regenerations = 1,410 ¢ mg

Quantity of water treatable per regeneration
= 1,41 (c/& ) M3
Length of run between regeneration

. 1,41 (/e ) = 0.2 (c/a) hours

= -
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Time required per regererstion = 1,5 hours
Number of actual regenerations/day

24 a

-

(0.2 ¢ + 1.5 a)

Quantity of water treatable for 24 hours working,
£llowing 1,5 hours per regeneration,

24 » 1.41 ¢ 33.8
0 = — X o meeen w3
(0.2 ¢ + 1.5 a) a (0.2 c + 1.58)
Alum requi rement per regensration = 56 kg
56 x 24 a : 1344 » ¥
Alvm requirement per day = e ocrmeme— m 9
(0.2 ¢ + 1.3 n) (f.2 ¢ + 1.5 a)

tlat of alum ® Re, 0,70 uver iy

0.70 x 1344 =
- — e o ca e = e [ R‘,[,ees .o (1)
.2 ¢c +1.%)

Depresiat{nn pey day = Rs. 4,050

Ra, 165
= Rs, 11,10 .o (2)

Pumping rost of Q cubic wetyes against a total

waad of 18,28 M (60 ££) ta the nvervhead
mvyely through the plant (Uncbwling fraction

ingaes and @ Re. 0.10 per unii of power )

1,000 x @ x 18,28 x 10 - 0168 a .. (3)
102 x 60 x £0 x 100 (0.2 ¢ + 1.5 a)
Operatinnal charge (one operator) = Rs, 8,00 per day .. (4)

Cast of ' ~stmeont per day = K = Charges due to
) + (2) + (3) + (4)

941 a + 11,10 + 0.168 ¢ + 8,00
(0,2 ¢ + 1,5 a) (0.2 ¢ + 1.5 a)
+ 0.168 a)
- 19,10 + (9412

3.988 o)
(969.65 a + 3,988 ¢) _  (969.65 a + 3.9

(0.2 2 + 1.5 a) 0.2 C + 1,5 &

os 24
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Cost of treatment per M3 rupees =

K
Q
9.69.65 a + 3,988 ¢
33.8 ¢
Capital cost per M rupees - 20.250
' ¢

The relationghip between raw water fluoride

and cost estimates at various raw water alkalinity is
given in Table Nos 11 to 14. Table 15 summarises the
information on the cost treatment per m3. In India, most
of fluoride bearing waters contain fluoride from 3 to

10 mg/1 in the alkalinity range between 160 and 900 mg/l.
Such waters can be defluoridated at a cost between 0.39 and
2410 per ms. The treatment cost increase appreciably

with the alkalinity of the raw water.

Continuous operation of the plant at Central Training
Institute for about four years had resulted in the formation
of white deposits over the medium and a consequent fall in
the defluoridating capacity by about 60 per cent. The
volume of the medium had swollen considerably ( 40 per cent ).
The wakmmm sfxihexmedtam waitx following were the major
constituents of the deposits.

Carbonates and hydroxides ee 4,880,000 ppm
Fluorides oo 6,100 ,,
Sulphates .o 6,000 ,,
numni‘m [ X ] 1‘73.000 o0
Calcium .e 24,000 ,,
"agnesium ') 34.000 ’e
Iron ve 11,000 ,,
ACIG insoluble ( 1 g 1 Hcl ) [ X J 1' 69'700 ry ]}

The depesits were probably due to inadequate wash
after regeneration using one bed volumwe of 4 %X alum
solution. The medium was taken out, acid washed and
recharged., The plantis since been working.

¢ 38
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TANLE 11

DRPENDENCE OF OQST QF TREATMENT ON RAW WATER FLUORIDES AND ALKALINITY

PRSP S, i praTpa"

- Alkalinity” Quantity of wabter - Qnantity of water Cost of at~ Alum require- Per capita annual

in raw , treatable per re- trsatable for ment per ment per day. cost on the basis
water - gensratioa at - 24 hr working (includes staff, of 10 1/capita/
mam rate of 6.8 M/ allowing 1.5 hr chemical s, depre- day.
‘ , hr per regeneration clation & power)
- mg Cal0yt o o ' Re. kg. Rse

i Rav Water Fluorides 10 mg/l
160 91,00 150,62 0.56 94 2,04

200 _ : 74.28 147.17 0.66 : 112 2.40
240 56.00 141.47 0.83 143 3.04
300 42,00 134.40 1,10 181 3.92
400 ' 35.00 129,23 1.26 2ic ' 4.60
600 . 28,00 122.18 : 1.56 248 5.70
200 ' 21.00 112,00 2,11 - 303 7.69
‘ ) , . Rew water Fiuorides 9 mg/l :
160 101.310 152,19 0.51 95 i.88
200 82,04 149.02 0.61 . 114 20,21
240 62,22 143.74 0.76 146 2,78
300 . 46,67 137.14 Q.99 i85 3.57
400 ~ 38.8% ' 132.28 1.15 214 4,19
600 - 31,11 125.61 : 1,40 754 5.14

800 23.33 115.86 1,84 A R 6oTH

¥ e X TR - LTS DL T REGNR Y M A BT LS A TR OV TR L O A AR AT T N W A W YT T T A T AT RLIET T e T TG v e e e s Stmels vt e e L a0 e mie s e . N R - O L LT PR P Y
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TABLE L

DEPENDENCE OF COST QF TREATMENT OF R WADIIR FLUCRIDES AND ALKALINITY

e wlrepe wlon - OF an AP W AP N DY 2R 0 g W w2 PP G D ST UB G o U G W PR DD UD ST WD T LE WD W SR ER YR AR W ml - -—— e -y an e

Alkalinity Quantity of water Quantity ~f water Cost of treatment Alum require~ Per capi«a
in raw vater treatable per rage- treatable for 24 hr per M3 (includes ment per day annmual cost
aeration of maxie working allowing staff, chemicals, on the basisz
mum rate of 1.5 iiour per rege~ depreciation & of 10 1/capnita/
6.8 M3/hr neration power) day
mg Cac0 /1 M3 o Rs. Xg. Rs.

aw Water Fluorides 8 mg/1l

160 112,7¢% 153,80 D453 96 1,92
200 92,75 150,91 0.62 115 2.25
240 59,99 146,08 0.77 147 2.82
30¢ 32.5C 140.00 0.97 189 3.53
400 43.75 135.45 1.2 219 4,42
600 35.04 129.22 1.39 262 5.10
900 26.25 120,00 : 2.73 324 T.41
. Raw Water Fluorides 7 mg/1
16C 112.00 183.6C 0.54 78 1,96
260 92.00 150.72 0.62 93 2.26
240 70,00 146.C9 0.79 118 2,87
300 54.00 140,65 C.26 148 3.14
400 42.00 134.40 1.97 181 3.92
10 32.00 126,49 1,23 224 4.50
900 24,00 116.57 1.79 226 6,53

ee 37
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TABLE 13
DEPENDENCE OF COST OF TREETMENT OF RAW WATER_FLUORIGHS AND ALKALINITY
= = N : ; - o " - ot AT e @ e
Alkalinity Ouantity of water antity of water Cost gf treatment Alum require- Per capita
in rav water treatable per rage~ treatable for 24 hr per (tncludes ment per day annmual cost
» neration at maxi- working altewing staff, chemlcals, on the basis
e rate of 6,8 H3/hr 1.5 hour per rege- depreciation amd of 30 1/capita/
, ’ : neration power) day.
mg Cac0y /1 - o W Rs. kg. Re.

‘ Raw water Fluorides 6 mg/l
160 112.00 153,60 0.48 7€ 1.74

200 93,33 151,01 0,58 92 2,00
240 70.00 146,08 074&0.67 118 : 2.52
300 58,33 142,37 0,80 138 2.94
400 ) 39.67 132.83 1.13 i9% 4.12
600 28,00 122.18 1.5% 247 5.66
900 ‘ 23.33 115,86 ) 1.84 2082 6.7
, Raw water Fluorides 5 mg/l :
168 134.40 155,82 0.29 - 66 1,07
200 112.00 133.60 0,48 T7 1.74
240 84,00 149,33 0.59 100 2,17
300 70.00 146,08 8,69 118 2.52
400 47.60 ig7.63 ' 0.96 164 3,56
600 33.60 128,00 1.31 216 4,79

900 28,00 122,18 T 1.9 247 o 97

e 38
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Per capdita
iﬂﬂhﬁLﬂmmwkqu
the bakis of
5 1MW
l‘s'.
A Raw Wetar Fiuorides 4 mg’l
160 119.00 i54.38 0.45 T3 1.66
200 165.00 152.73 0.50 83 1.82
b 80,50 148,61 0.64 105 2.32
300 65,50 145.09 0.72 124 2,63-
400 49,00 138,35 0.54 160 3.42
B 35.00 129,23 1.28 pasd 4.8
9008 WOO 122.38 1.5 x7 8.4
Rew Vater Fiuvorides 3 mg/l
1% 153,67 157,57 0.37 58 1.35
00 140.00 156,28 0.40 L - 3 1.47
- 40 107.33 153.03 0.49 81 1,79
400 65.33 144.73 0.73 126 2.67
600 46,56 137.14 0.99 1686 3.57
N 900 131.12 1.19 199 4.35

ce 39
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TABLE 15

" RELATIONSHIP BETWEEN RAW WATER FLUCRIDE AND COST ESTIMATEY

— h
-
FRluoride Length of run antity of water "Cost of treatment per M3 Per capita annual
concentration between rege- tregiablie per (includi ng staff, chemicalg, cost on the basis
in raw watex, nerations regeneration of depreciation, power etc.) of 10 lpcd.
maximum rate o
6.8 M3/hr ‘
»ng/1l hours M; Rs. Rs.
3 5.3-22.7 37.33-158.57 0.37=1,19 1.35=4,35
4 4,0-17.0 ko 0.45-1,55 1.686~5,66
: 28,00-119,00
L 4,0-19.2 28.00~134,40 0e29-1.91 1.06¢6.97
¢ 3.,3-16.9 23.33-112,00 0.47-1,87 1.,73=-6,71
7 3,4-16,0 24,00-153.50 0.53=1.79 1.95-6.53
] 3.3-14.4 23.33-101.11 0.51-1.83 1.87-6.71
10 3,0=13.0 21.00-91,00 0e55=2,10 2,04=7,.69

SRLF = S PR LS TS AT T IR IR Tk i A

* Depends on the alkalinity of raw water which varies
, between 160 toc 900 mg/l as CaC0,.

es 40




40

Nalgonda Technique

Though defluoron«2 process was successful in
removing fluorides, the regeneration and maintenance
of the plant required skilled operation which may not
be readily available. In order to overcome this
problem a new method has been developed by NEERI (60).
The method 1s so simple and adaptable that even 1111
terate persons can make use of it., Incidentally, the

cost of defluoridation has also been brought down
considerably,

The new method has been named ' Nalgonda Technique ‘!
and involves the addition of two readily available
chemicals., The process comprisas treatment of water with
sodiuwm aluminate or lime and filter alum in sequence
fA11nwed by flocculation, sedimentation and filtration.
Thenss operations are simple sand familiar to swyginsmexing
endinnera and 1t is hoped that this technirme nf deflu-
cridation will soon be anplied to endemic fluomsis
areae either on individual basia or a comunity level,
Lime which 1e f£far chesprr Le recopmendesd inatend of
=2 3iam Aluminate. Borutf€ (25), 3ootr, eb, al (41) and
%ﬂwgi {r2) studied the ure of Ffilter alwn o yednation
af Fluntride from Arinttirag watay eid Dhe pethod, however,

a8 not pomlarisad,

Domestic treal~ept {is rvihoer clmnliliel to enaghle
an individual o 23avk the vrocass ta his remirements,
Any container of 20-50 litp-a iz suitable for this
purposa. A tap 3-3 cm abnove Lhe bottom of the container
1g useful to withdraw tiw treated water but is no§
essential. The raw water taken into the container is
mixed with adequate amounts of lime and alum . Bleaching
powder for disinfection can be added simultaneously
with 1ime and alum, The -quaatity required was found to
depend on dissclved golids, alkalinity and fluorides in
the raw water, :

le 21 gives the dnse in mg of filtey alum ver
1itre 4f water. The limn dose i< 1/20th of the alum,

.6 41
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Lime powder and bleaching powder are sprinkled
first and mixed well with the water. Alum solution.
is then poured and the water is stirred for ten
minutes, The contents are settled for one hour and
the clear.Water is withdrawn either through the tap
or decanted slowly without disturbing the sediment.
The fluoride concentration in the settled water will be
within the allowed permiasible limits.

With domestic treatmer  there is no capital
investment necessary and tl: <ost of treatment is all
that of the cost of chemicalis only.

Experimental work

Ognsiderable work was done by NEERI on Nalgonda
Technique for defluoridation. The study was grouped
under the following categories @

1) Laboratory investigation
11) Field work
iii) Plant work.

Laboratory investigations consisted of evaluation
of alum dose required for waters with varying concen- .
trations of fluoride, alkalinity, ionic strength. The
effect of free available chlorine, sulphate, calcium
hardness, organic matter, nitrates, polyphosphates and
silicates were studied.

The field work was designed to demonstrate the
usefulness and simplicity of the technique. It includes
(a) exberiments in buckets, (b) experiments in drums and
(c) pilot plant studies. Wwhile (a) and (b) are fill and
draw type batch experiments, (c) is a continuous process.
The batch experiments were carried out using well waters
f£rom différent sourcea and the settled waters was tested
for fluoride,

The details of the~experimental work was given by
Nawlakhe et. al (60)., Laboratory investigations were
carried out by jar tests using sodium aluminate ( later
replaced by lime ) and filter alum. The following sots
of muperiments were carried out ( Table 16 ).
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alum fluoride concentration was reduced to 0.9 mg

F/l1 with pH 6,7 and alkalinity 56 mg/1 CaC03 which
indicates saving of alum by 1,500 mg/l., The experi-
ments on fluorlide concentration lower than 8 mg/1
have not given encouraging results by split treatment.
Waters having fluoride more than 10 ppm can be eco-
nomically treated with split ( two stage ) treatment.

Laboratory studies on the effect of
water quality on the removal of fluorides

The removal of fluoride by Nalgonda Technique
was found to be independent of Ca+f Mg+f Nat K+, a1,
80y, NOJ and free residual chlorine in the test water.
The presence of the following did not adversely affect
the removal of fluoride sulphates 50 to 550 mg 804/1,
Calcium 100 to S00 mg Ca/l, Chlorides 178 to 890 mg Cl/1
and chlorine upto 10 mg/l. Certain laboratories in the
country speculated interference from scoluble silica,
organic matter and phosphates, even in trace quantities
and consequent reduction in flucoride removal by this
techni:me. To verify this, further laboratory experiments
were conducted using polyphosphates, silicates and organic
matter.

Polyphosphates 1=~ Sodiun hexa-meta-phosphate, sodium

pyro-phosphate, sodium tri-polyphosphate were used
{ 1«5 mg P/1 ) and the fluoride removal was not affected.

81licates 1~ Varying doses of sodium meta silicate

( 5-60 mg 810, /1 ) were tested., It is observed that
silicates has adversex effect on the defluoridation.
The residual fluoride concentration was 1,10, 1.45, 2.05
and 2.70 mg/l at 0, 20, 40 and 60 mg/1l silica levels
resbéctivuly when 5.1 mg F/1 of fluoride water was

» t” ate‘ [ ]
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( Test water alkalinity - S0 mg CaCO, /1)

14

TABLE 17

REMOVAL OF PLUORIDE BY ALUM

pH and fluorides in treated water

Dose -
mg Ai/l pH ng ¥/1 pH mg F/1 PH mg E/1 pH ng F/1
0 7.9 2.05 7.8 2.95 7.8 3.90 7.8 4.70

0.7 7.6 1.95 7.6 2.85
1.4 T4 1.90 7.4 2.75 7.4 3.60 7.3 4,40
2.1 7.3 1.75 7.2 2.65
2,8 7.1 1.70 7.1 2.55 702 3.25 Tel 4,05
3,5 . 7.0 1.65 7.0 2.45
4.2 6.9 1.55 6.9 2.30 7.1 2.90 7.0 3.75
4,9 6.8 1.45 6.9 2.20
5.6 6.9 1.38 6.8 2.05 7.0 2,65 6.8 3.40
6.3 6.8 1.25 6.8 1,95
7.0 6.7 1.15 6.7 1.75 6.3 2.40 6.6 3.158
7.7 6.6 1.10 6.7 1.70
8.4 6.7 1,65 6.6 2.30 6.3 2.95
9.8 . 6.8 1.55 6.4 2.20 643 2.85
11.2 6.4 1,50 6.3 2.10 6.3 2.7%

-
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18

REMOVAL OF FLUORIDE BY ALUM

( Test water alkakimity - 125 mg CaCoO, /1)

AT R VAN W T L ETETNC T W BT K PRI T aeie TR e TR D ek et

-

VeI TN e S hn s oy

— pH and fluorides im treated water
. Dose
wg AL/L  pH mg /1 pH mg /A pH =g /1 pH  mg P2 pH -

0o 747 2.15 747 3.10 7.7 4,10 7.9 4.90 7.9 5.80
1.4 7.3 - 1.95 75 2.90 7.8 3.90

2.8 7.2 1.80 7.3 2.75 7.4 3,70 7ok 4.40 7.5 5.20
4.2 7.0 1,65 7.2 2.60 7e2 3.45

5.6 6.5 1,55 7.1 2.40 7.1 3.20 Fe3 3o G 7.3

7.0 6.8 1,40 7.0 2,15 7.0 2.95

8.4 6.7 1,25 6.9 2,00 6.9 2.70 7l 3.45 6.9 ¥ vk
9.8 6.6 1.10 6.8 1.80 6.8 2.55
11.2 6.6 1,00 6.7 1.70 6.7 2.40 6.9 2.90 6.8 3.65
12,6 6.5 0.93 6.6 1.60 6.6 . 2.55
14,9 6.4 0.86 6.6 1.45 6.5 2.10 6.7 2.55 6.6 335
15.8 603 0.79 6.5 1,35 6.4 2.00
16,8 ' 6.5 115 605 1.80 6.5 2.35 6.5 S
19,6 6.4 2,30 6.3 36
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TABLE 19

( Test water alkalinity - 200 mg Caco, /1)

-

PR

- pH and fluorides in treated water
g;s:i/l pH mg F/1 pPH mg P/1 PH mg F/1 pH mg F/1 PH mg F/1
0 8.6 2,30 8.6 3,20 8.6 4.10 8.6 5.10 8.6 6430
2,6 8.0 2.20 8.0 3,05 7.9 3.90 7.9 4.90 8,0 6.10
5.6 7.6 2.05 7.6 2.75 747 3.65 7.6 4,60 7.7 5460
8.4 7.3 1.80 7.3 2.35 7.4 3.10 7.4 4.10 7.3 5,00
11,2 7.1 1.55 7.2 2.25 7.2 2.70 7.2 3.50 7.2 4,40
14,0 7.0 1.25 7.0 .70 7.1 2,30 7.9 3,00 7.0 2,80
16.8 8.3 1,00 6.8 1.45 5.9 1.990 6.9 2,60 6.8 3,30
19.6 6.7 0.68 6.7 1.25 6.8 1.65 . 2,25 6.7 2.80
22.4 646 0.60 6.6 141D 6.7 1.50 6 2,10 6.6 2,65
25.2 6.5 0.52 6.5 C.33 6.6 .25 .5 1.90 6.5 2.40
28.0 6.3 0.45 6.4 0490 6.4 1.25 ! 1,70 6.3 2.20
30.8 6.2 0.42 6.2 0.86 6.2 1.20 642 1.65 6.2 2,20

ve 4
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g
ILATA AC
A, N SLUQRIDE IV s L
{ Test water sicgalini=ry ~ L0 ey 2220 /1 )
- - N TR W B T 0 B Gl PPN Bag e gl R 3 WA N v de ey Lk ] - — L I
P pH and Jlussise L L 2ar®l §ar2r

g Al/1 pH mg P/l pH mg F/1 pH o /% = wg 200 pH mg /1 pH mg F/1 pH mg F/L

. ouA %0 Shany TRy - -

. s S -0 S N Pt Py - St —

0 8.90 2,25 8,90 3.20 3,90 2. F50 5,27 8.80 6.0 8.4 8.0 8.4 10.2°
- 4,2 8.5 2,153 9.5 3.19 3.4 4,0 3.5 5.9 8.3 5.8 7.9 760 B.,0 5.80

S.4 Te9 1,30 3.0 2,835 5,3 G.a3 . 4N T3 5.1 Te7 T.20 7 S.aC
12,6 7.6 1.50 7,8 2,37 8 TLTE T Bt 7.3 4,2 T3 5.40 75 3.10
16.8 7.3 1.35 7.3 1.9% T.L LT L PESNY A 3.483 7.2 70 73 7.20
21.0 7. 1.10 7e2 1.35 7.3 b : .o TNE 3.10 7.1 5.00 7.2 6.45

2

9 0.70 7.0 1.25 Tal LLhe Tl T "Ll 2450 7.0 4.30 7.1 5.70
9.4 5.7 .54 6.9 1.90 T L in L LA 5.9 2,13 6.9 3.80 6,9 5.00

8 7.43 57 D.84 ‘ : 5.7 1.80 6.8 3.30 6.8 4,40
6.5 1,60 6.7 2,90 6.7 4.00
S 15 5+% 1,45 6.6 2,60 6.6 3.65
3 9,70 3.3 J.38 5.3 1,30 8.4 2.40 6.4 3,40

o)
o 0.3% 8.7 0.71 6
LA Sad o ;’ 5-3 0.62 6v
3oL 3.~ T,.4 5.3 0.54 6

— . At D e W d g D Ao WP ¢y W D A S O may - -
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{ Test water alkalinity of 400 mg Caco, /1 }

48

TABLE 21

REMOVAL OF FLUORIDE BY ALUM

Y ek

pH and fluoride in treated water

B T R T T e LIPS OR S

oose R ns rmmmrn
ngAl/L pH . m§E/L pH mgF/l pH wmgE/L pH mg¥1 pdi mg F/L pH mg ¥/l ol mg B/
o 8.6 2,20 8,6 3,20 846 4.20 8.7 5.20 8.7 6.30 8.6 8.00 8.7 10.20
5.6 7.9 2,00 7.9 2,90 8.1 3,75 8.1 4,70 8.1  6.00 8.3 7.30 8.3  9.60
1142 7.5 1,70 7.5  2.45 7.7  3.10 7.7  4.00 7.6 5.20 8.2 6.50 8.2 8,70
16.8 7.3 1.40 7.3 2.00 7.4 2.50 7.6  3.30 7.5  4.20 B.1 5,70 8,1 7.50
22,4 Tel  1.10 7ol 1450  Te2 2,05 T4 2,55 743 3,40 8.0 4.80 8.0  6.50
28,0 7.0 0,75 7.0 1,20 7.1  1.60 7.1 2,20 7.2 2.65 7,6 4.0 7% 3R
33.6 6eB 0454 6.8 0485 7.0 1.30 7.0 1,65  T.0 2,65 T.7 3.38 1B 4,75
39.2 6e7  0s42 6.7  0.63 6.8 0492 6,8  1.30 6.9  1.75  T.6 2.75  T.6 4,00
44.8 6.6 0432 6.6 0449 6.7 0463 6,7  1.05 6.7 1.45 7.4 2.35 7.4  3.40
50.4 6.5 0.26 6.5 0.38 6.7 0.58 6.6 0.80 6.7 1.20 7.3 2.05 7.3  3.00
56.0 6.3 0,23 6,4 0.32 6.5 0.51 6.5 0.72 6.5 1.15 T.1  1.85 7.1 2.70
61.6 6.2 0,21 6.2 0.29 6.4 0,51 6,5 0.64 6,4 0.92 6.9 1.70 6.9 2,50

o e oo i are "

o

g

3

W DD R B s RB D LdTa e G

L w .
o

40
360
33°
304
28r

fR=13
144
13%

.
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TABLE 22

REMOVAL OF FLUORIDE

3Y ALUM

{ Test water alkallni=y 509-510 mg CaGO3/l )

AT

mnang

pH and flucride in tceated water

Dose,

rg AL/l pH mg ¥/1 pH mg F/1 pH mg F/1
a 9.4 2.3 9,2 3,10 . 5.2 4.30
7,8 8,9 2,18 8.7 2.30 9.7  4.69
14.6 8.5 1.8 8.t 2,50 &.1  3.70
1.0 8.3 1.85 7.7 2,20 T.5 2,90
28,0 3.1 1,15 7.4 1,73 7.3 2.5
35,0 7.9  0.84 7.2 1,25 7.3 1,35
42,6 7.7 0.62 7.0 0.52 7.1 1,.1S
89,0 7.6 0.49 6.8 0.88 6.3 0.90
856,06 7.3 0.36 6.7 0.51 6.7 0.%7
63.0 7.1 0.32 6.5 0.40 6.5 0.56
70,8 7.0 0.3%5 6.4 0.35 6,4 0.50
77.0 6.8  0.21 6.3 0.31 6.3 0.41

Residual

Bt P T pE mg T pR mg Pl pr w31 OO
9.2 5.20 9.2 6.10 8.8 8.10 8.8 16.20 810
B.7  3.90 8,7 5,80 8,0 7,30 8.1 9,26 484
8.1 4.50 8.1 5.20 7.7 6.20 T.7  1.:80 448
7.3 3.70 7.8 4.10 7.4 6,10 7.4 6.20 408
7.5 2.85 7.5 3.00 7.2 3.95 7.2  3.00 364
7.3 2,10 7.3 2.40 T.0 4.15 7.0 4.00 328
7.1 1.60 7.8 1,7% 1.9 2,46 6.9 3,28 208
6.9 1.18 6.9 1,38 6.8 1.95 6.8 2.9 248
6.7 0.94 6.7 1.10 6.7 1.68 66  2.1% 208
6.5 0,77 6.5 0.92 6.5 1.35 6.5 1.85 176
6.4 0,65 6.4 0.84 6.4 1,15 6.4 1.60 156
6.3 0,68 6.3 0,78 6.3 1,10 6,2 1.3

120

'y




-

N R et e It RN TN
.- s e N e e ey — e e "

. . [, . o
P Y e o
[ ERSSR A VPR 4 P

TV N ARIMETER, b 04 MR e A VD S SR ) D At RN M Y, D I VIS B e 3 41T W) T L Yea T W 0 it v 0 Y el i S S S g G e D R S ) e L Gy A} WD D U e S A TR < )

Tt 4 e SR Wae wn vmp vy D AR W ot

‘Q e

TR Yt YT Tt Y01 PG AT BN Lo VAR ¢ 6 S S it s S TN €O e r

S A B D B B A T W W s = e e O e K S v Wan G Wy W0 WD GED D A G AN Ty P S Gmn Dy S Gy D SR S G S e D AP Sy U S

oD L o L tTmematmad vvakaer Residual
= o ~- - alkalinity.
' = g F00 S a o a g 207 Dt g pH mg B/1 pH mg F/1 ™ CaCOa

B Y Te 33 3. DI .- cy Tan 1,50 3,5 5.43 5,5 2, ED 3,5 10.20 600
T 3.3 NS T S E fo P 3. 30 E,F 3.0 5,8 7.70 8a2 3.10 554
T el Mot L R P . DR R ~42C £,.3 4430 I 8,70 Y 7150 47€
(3a 2 e LT “L =3 2.3 E B 2,20 . 4 £, 43
N YL e R T T 7,23 Tal =t 2.1 £, 20 330
L T 2. - - ; N Tl “aZ3 TL5 2,23 TeF 3400 7.C 3.6C 34C
B 3.3 o3t .o - Ll 1y3 120 T.8 1.75 78 2.40 3.8 2,80 296
AT 503 N T G MPRE N Yo T a3 Q,32 Te7 1435 T.E 1,90 6.7 2,25 254
8T el 3,3 Tl 5,7 eIl 3,7 Ll 5at CeTd T8 PP 7S 1.55 5.6 1,85 210
L F P cua3 3e T b 3 Se 2 .. Lol 337 72 D38 6.4 1455 18
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TABLE 24

REMOVAL OF FLUORID: BY ALULN

( Test water alkalinity 820 mg Caco, /1)

v and fluoride in treated water Residual

Dose, alkalinity
mg A1/l PH mg F/1 pH mg /1 pH mg 71 oH mg F/1 DH mg F/1 pH mwmg F/1 pH mg P/1 mg Caco3/1

0 849 2,00 9.0 2.60 8.5 4,CC 8.9 5,20 8,0 6.20 8.5 8.20 9.0 10,40 800

11.2 842 1.70 8.5 2,60 8.5 3.€5 3.3 4,30 8.7 5.50 8.6 7.€0 8,5 8.80 740

22.4 7.7 1.20 . 8.0 1.55 8o1 3,15 7.6 3,30 8,2 4.€0 8.2 6,20 8.7 7.40 672

33.6 7.5 0.94 7.7 1.35 2 2,30 Tal 2,90 T e 3.40 77 4,70 Be€ 5.70 600

44,8 7.3 0.64 7.4 1.00 Ta3 138 Te2 2.40 7.8 2.5 7.7 3.60 8.4 4,30 536

56.0 7.1 0.44 7.3 Cd76 7.2 0.%6 Tal 1.85 7.6 1.85 7.6 2.60 8.1 3.30 475

67.2 7.0 0.27 7.0 0.59 6,3 .72 6.5 1.20 7.5 1,40 7.2 2,00 7.8 2.55 408

18+ 4 6.9 0.30 6.9 0.42 6.8 C.5¢ 5.8 G.5%4 7.1 1.1C 71 1.55 7.5 2,00 348

;89.6 6.7 0.25 6.7 0.34 6.6 0.43 5.6 0.74% 7.5 C.85 5,8 1,20 73 1.65 a88

100.8 6.4 0.22 6.4 0.31 6.4 0.35 5.5 0.592 7.5 Ce71 6.7 0.58 7.0 1.325 244

112.0 6.1 0.20 6.2 0.29 6.3 0.32 5.4 2.53 6.3 C.€1 6.6 0,90 6.9 1.15 104

123.2 5.9 0.20 6,0 0.28 6.2 3431 6.3 0.5C 6.7 S5 6.6 0.78 6.8 1,05 60

e 32
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( Test water-alkalimity 1070 mg CacO, /1 )

REMOVAL OF FLUORIDE BY ALUM
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TABLE 25

-~

Test water alkalinity 1070 mg CaCoO Residual

o se, alkalipi

mg AL/l pH mg P/l pH mgF/1 pH mg F/1 pH mg F/1 PH mg F/1 pH mg ?/1 pH mg ¥/1 mg CaCO
0 8.9 2,10 8.9 3.30 8.8 4,10 8.8 5.30 8.8 5.30 8.8 7.80 8.8 10.50 1070
14 8.1 1.90 8.1  2.85 8.1 3.80 8.1 4.70 8.3 5.20 8.3 7.10 8.1 9.50 976
28 7.7 1.45 7.6 2.10 7.6 2,90 7.6 3,40 7.2 4.00 7.9 5.40 7.6 8.00 g76
42 7.3 1.00 7.3 1.45 7.3 2,05 7.4 2.50 7.6  2.90 7.6  3.90 Tod 6.20 804
56 7.1 0,70 7.1 1,05 7.1 1.45 7.1 1.75 7.4 2.15 7.4 2.80 7.1 4.60 720
70 7e 0.52 7.0 0.80 7.0 1.05 7.0 1,25 7.2 1.55 7.2 2.10 7.0 3.55 652
84 6.8 0.40 6.8  0.56 6.8 0.76 6.9 0.92 7.1  1.15 7.1 1,60 6.9 2,158 568
98 6.7  0.3%5 6.7 0.43 6.6 0.59 6.7 0.73 6.9 0.92 6.9 1,15 6.8 1,65 492
112 6.6 0.30 6.6 0.3% 6.5 0.45 6.5 0.54 6.9 0.74 6.8 0.94 6.7 1.30 420
126 6.3 0.2¢4 6.4 0.29 6.4 0.39 6.5 0.47 6.7 0.6% 6.8 0.76 6.6 1.10 352
140 6.3 0.20 6.2 0.25 6.2 0.31 6,3 0.38 6.6 0.50 6.6 0.65 6.4 0.92 288
154 6.2 0.18 6.1 0.21 6.1 0.28 6.2 0.35 6.5 0.44 6.4 0.56 6.3 0.82 224
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To obtain alum dose in mq /1, mui=iosly =-e valies 3I mg Ax/L shown in the table by a factor 13.

—

The dose can serve as a guideline,
Stars indicate that it is no* 203sicl- <o relu
high fluoride and low alkalini<ty ar2 axi usu
water will have to be increaged oy Lirs xxd
* Not possible to obtain 2xcessive

** Not possible +o optain permissive® .imilT oI 1 ;g &1

iuoride to “ne -~orresponding limits. Such conditions comprising
a, If at all, sucn condition exists, the alkalinity of the test
; =he zecuiszive dose of alum.
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Organic matter it~ There is nc adverse effect of
dissolved organic matter ( 4 to 20 my/l permanganate
vaiue 4 hrs room temperature . on the removal of
fluorides from water.

Fluoride matarial balggde

In the Nalgonda Technique, the fluoride is removed
along with the floc which settles at the bottom of the
container., The removal of fluoride is usually calculated
as the difference between the .oncentration of fiuoride
in the test water and treated .ater. 1In order to esta~
blish these removals it was thought worthwhile to estimate
fluoride in the settled sludge and supernatant water to
establish a material balance of fluoride.

Detailed experiments were carried@ out using the
following test waters.

D SR ) WD Gy P S i T B B S T e U GEp TS ANA AR R W S G L (A A S S D W GNP D D D Sup S S M Ave SHD San VO SRS axp sy M ave WIS

Fluorides, 2,05 3.80 5.70 8.,1C 11,20
mg F/1

Alkalinity, 210 400 570 800 1010
mg/1 '

Oy D i S0 G S PP TR S D TR e N SR Gmp et D GRS TR D WP N et T T s okl TS B TP Gt S NS ip G S N anp S TED GUS D GED IR S B SR WD Laky -8 T v VoB- s

The results given by Nawlakhe (63). The fluoride
is removed along with the sludge which is settled at
the bottom. When this removal is added to the fluoride
concentration in the treated water, the sum is almost
equal to the fluoride content in the test water. The
statistical evaluation indicates that the fluoride :
material balance is significant thereby confirming fluoride
removal in the system of Nalgonda Technique for Defluori-
dation of Water.

Fleld studies

An important objective of the field studies is to
verify the laboratory findings under the field conditions.
Hence, series of bucket experiments were conducted using
fluoride water collected'from thws wells in Rajasthan and
Andhra Pradesh, In these studies, 40 1 of water was
ﬁreated with requisite amount «f chemicals, stirred for
ten minutes and settled for one nour., The supernatant was
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withdrawn either through the tap or by decantation.

The thick sediment 1is 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
water was used for consumption and thera!vere no
adverse comments, Domestic treatment is thus, simpli-
fied to the utmost to enable an individual to adopt the
technique to suit his requirements,

TABLE 27

BUCKET EXPERIMENTS

" ey WS A i~ vy ol - o ap o

-

No. Doase, Raw water Treated water
mg Al/1 pH alkali- fluo- pH alkali- fluo-
nity, rides, nity, rides,
mg CaC0,/1 mg F/1 . mg CaCOy/1 mg ¥/1
1 20 7.2 236 2,05 6.9 118 1.10
2 22 8.1 330 2,20 214 0.40
3 32 7.9 - 240 2,'60 6.9 66 0.41
4 32 6.9 240 2,60 1641 60 0.50
5 32 7.6 240 2,10 6a1. 60 1,05
6 28 7.9 540 2,95 1649 360 0.98
7 32 7.8 270 3,70 649 70 1.10
8 32 7.6 480 3,30 : 280 1,09
9 45 = 8,2 420 4,70 180 0.50
10 48 7.7 454 5.00 160 1.20
11 68 7.8 710 5,90 6.4 300 0.74
12 72 7.8 500 6.90 50 1.20
13 72 7.7 580 7.80 110 1,10
14 90 8.2 690 13.60 100 1,90
15 90 8.0 710 14,20 130 2,00

D Bt Sub S tu S S v M G T S TR g A G G A ool - -
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The extension work carried osut during the various
fleld visits was on the following lines.

1.

2,
3.

4.

5.

6.

7.
8.

9.

104

11,

Maetings with local leaders and officials'tb
explain the salient features of the defiuc-
ridation technique.

Popular talks at largely attended meetings
highlighting the usefulness of the process.
Demonstration of the process at the public
meetings in glass jars and buckets.

Demonstration of the technique of preparation
of alum tablets at the public meetings,

Making selected pubiic partieipate in the
demonstrations, asking them to re-demonstrate
what they had seen and iearnt to those present
at the meeting.

Creating awarness among public by requesting
a few at random tc go around to theck ihether'
the residents correctly understood the pro-
cedure of defluoridation.

Inviting medical practioners to explain

the process at each village,

Analysis of raw and treated water samples on
the spot for conductivity, $H, alkalinity,
total hardness, calcium hardness and fluorides.

Fixing doses of bleaching powder, lime and
alum required for each source of raw water on
the basis of analysis of the samples,

Making public conscious of the water sources
that are otherwise unsuitable for potabls
perposes; those wells that show dissolved s0iids
beyond 3,000 mg/l were suggested unagitable,
save exceptional circumstances where no
alternatives were available.

Field preparation and distribution of filter
alum tablets; obef~30,000 tablets of assorted
sizes were prepared and distributed to public
f‘ various villages. o
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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 ) ¢ Human beings alope
Basis 1

Fluorides .o 8.8 mg ¥/1
Alkalinity oo 600 mg/l as Ca003
Alum dose .o 1.1 g1
Lime dose .o 50 mg/1
Family : Ten members @ five litres/capita/day
Total water required 10 x 5 = 50 1/day
Water requirement per annum .o 18,250 1
Total alum required es - 20 kg
Total dime required .o B
@ Re. 0.70 per kg alum and Re, 0.20
per kg lime total cost per annum ,. Rs. 14.20
i.e., cost/(capita) (annum) ee Rs, 1.42
Example 2 3 Human beings and cattle
Bagis ¢ . |
Family = 10 members @ 5 lpcd oe - 50 litres
Cattle =~ 10 heads & 30 ,, .o 300 ,,
Water requirement per day oo so ,,
Total water requirement/annum oo 128 m3
Fluoride content in water .o 6 mg ¥/1
Alkalinity, as Ca003 .o 600 mg/1
Alum dose, mg/1 .e 950 ,.,
Lime dose, ,, (1/20th) oo : 48 ,,
Cost of alum per kg .o M. 0,70
Cost of lime ,, o .o . 0.20
Annual  requirement of chemicals for the sxample
Alum ee  1,28,000 x 950 mg
oo . . - 122 kq.
Lime ' .e  122/20
= 6 kg.

Annual cost for 10 members and 10 cattle heads

= (122 kg x Re. 0,70 per kg + 6 kg x Re. 0,20 per xg)

= RS. 86.60.
or Rs. 7.22 per month
About 6/7th of the cost is for cattle and 1/7th for the

bei 'Y o Cee e L .
human ngs -
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Fill and Draw Type Defluoridation Plant
for Small Community _

For commnities with a population ranging
from 200-2000 a defluoridation plant of £411 and
draw type as shown in the FIG. 1 is recommended.
The plant consists of a hopper-bottom cylindrical
tank with a denth of 2 M. The diameter varies
depending upon the quantity of water to be treated.
It has a stirring mechanism which can be either hand
operated or power driven,

Raw water is pumped to the unit and required
quantity of bleaching powder, lime and alutn are added
as per Table 28, The contents are stirred thoroughly
for ten minutes and allowed to settle for 1«2 hrs, The
settled sludge is discarded and defluoridated supernatant
is supplied through stand-posts, Among the notable
features of this process are the following ¢ With a
pump of adequate capacity the entire operation can be
completed in about four hours time and at least three
batches of defluoridated water can be obtained in a day.
The accessories needed are few and these are easily avai-
lable. These include small buckets for dissolving alum,
preparation of lime slurry, bleaching powder and a
balance. The plant can be located in the open with pre-
cautions to cover the motor. A semi-skilled operator can
perform the function independently. Plant dimensions for
population range from 200 to 2,000 are given in Table 28.

ee 59
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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::
tréated water at various raw water alkalinity and fluoride levels, The doses ( mg/1l ) arv ..

e and can serve as a guideline., The values with an underline are not generslly recommended. i’
k required is 1/20th of filter alum, ‘ :

i i

Raw water : i
fiuorides, 80 125 200 310 400 | 510 600 84
mg /1 E P E P E P ) P 3 P E P E P E
E ’ . Lo, ¢ - .
.2 0 104 © 143 0 221 © 2¥3 ©0 #2312 O 351 0 403 0 iy
b3 7 v 117 221 156 299 200 351 260 403 312 507 351 520 ¥77 st
C 4 143 " 195 * 208 403 286 416 299 468 390 559 403 598 481 2
s . 247 ' 286 s+ 338 507 377 598 468 688 471 715 650
6 * 403 - 390 611 455 715 520 780 598 936 702
8 . 598 * 663 * 624 988 741 1118 871  «.u.
10 | : » : .. - 767 *+ 832 * 1014 e

B - excegsive limit, 2 mg F/1, P - permissive 1imit, 1 mg F/1 * Not possible to attain the limit at ths
alkalinity.
Conditions comprising high fluoride and low alkalinity are not usual in India. Waen =i+
conditions prevail the alkalinity of the raw water can be increased by lime.
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TABLE 29

PLANT DIMENSIONS FOR POPULATION RANGE FROM 200 TO 2007

D WD WP Y B ") e

S 0 T s T s S T WP D D BB T ST S R b D S e e P S - L3

D s T el P 0 S A s D M P s wuS

Popu-  Volume Dia- Water Free Depth Shaft H.P.
lation M3 meter (D) Depth Board sludge Dia required
O A .ot
2000 30,0 540 1.5 0e3 0,50 50 mm 5.0
1500 22,5 4.5 1.5 0.3 0.45 e 5.0
1000 15,0 3.6 1.5 0.3 0436 s 4,0
500 7.5 2,5 1.5 0.3 0.25 0o 3.0
200 3.0 1.7 1,5 0.3 3.47  ,, 3.0

D RIS S S0 G S i S G s s U ) G AU S D U S i U e o U A D P P (i T o S By S S P D P N A0 P A S o Sy 200 wp T T D Ay D S OB 0 WD VS SIS L A A aep e

Pilot Plant Studies

The clariflocculator was operated both in field as well as
in laboratory. The operation in laboratory FIG. 2 & 3 lasted
gseveral 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 flocamlator. Data was
collected for continuous runs lasting over 30 hours after stsbi-
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 CaCO, /1 amd 160-260 mg SO, /1
respectively. The fluoride could not be brought down to the
permissible 1 mg F/1 possibly due to inadequate mixing of test water
with reactants. ‘
bperation of the Plént Using the
Paddles : ' N

The operation of the plant was continued by commissioning
the flocculation paddles to observe improvement in fluoride
reducfion as a result of adequate mixing. Data was collected for
anothef 30 hours and is shown in Table 31, The test water
charagteristics remained the same and the fluorides in the treated
water varied between 0,80 and 0,96 mg F/1 indicating improvement

x4 61




Pt vl wlth miriiu. SEFective mixing is, there-

e ensential to achleve prover reduction in fluorides.

The field studies with the plant operated at four places

aunfirmed the laboratory tindings. The field trials were on a
test water contalning 2.0-5.4 mg F/1.

TABLE 30

PERFORMANCE OF PLANT WITHOUT THE PADDLES

Test water fluoride oo 3.3-4.3 mg F/1
Test water alkalinity .. 260~300 mg CaCO3 /1
Time, Alum dose, piH of the Fluorides in Quantity of
hrs mg Al/1 treated treated treated water,
water water,mg F/1 litres
5 36 6.4 1,30 780
7 33 6.6 1.60 1005
12 32 7.0 1.70 ‘ 1980
15 37 7.1 1,600 2535
17 7 6.7 vLue : 3085
23 73 7.2 : ks 4325
25 A= T.A b, 4740
29 41 6.6 Vodr 5100
AT 3L
PRRFORMANCE OF PLANT WITH i° ! A dLES
Test watcr ‘s 3.3-4.3 mg E/1
Test water cltalinity .. 260~300 mg CaCO, /1
Time, Alum dose, i i ‘lhe Pluvorides in Quantity of
mg Al/1 treat~d i ated water, treated water,
water mey F/L litres
3 27 6.8 1.10 640
6 33 6,2 .80 1100
7 35 €.1 .77 1250
9 39 . 5.9 C.9%4 1790
13 39 6.2 0.81 2510
16 42 6,0 0.84 3060
20 43 6.0 0.98 3950
25 ; 432 a2 0.78 4870
27 31 6.1 0.38 5250

---.l‘--n-—-~u~'“-~---~—~w
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N VR ST T o chis I
Created Wwater srhowed re Thovie . fluorades oL e
o tue permissible limit { Yacce 32 7. The results show

that the mixing in baffles b:sins is better compared to
the oneration of the plant without the use of paddles,
Prover placement of baffles to ensure adequate mixing
between test water and reactants may avoid mechanical
stirring devices.

TABLE 32

PERFORMANCE OF THE PLANT WITH THE BAPFLES BASIN IN
OPERATIONS AND WIHOUT THE PADDLES

Test water fluorides 3.5 to 4.5 mg ¥/1
alkalinity 250 to 350 mg Caco3 /1.

Time, Alum dose, pH of the Fluorides in Quantity of
hbrs mg Al/) treated water treated water, <treated water,
mg F/1 litres
3 45 6.3 1.30 600
5 45 6.6 1.50 856
7 50 6.4 1,20 1277
10 50 6.4 1,10 1688
13 38 6.6 0.80 2125
17 33 6.4 0.80 2769
20 40 7.0 0.94 3393
22 42 6.9 0,88 3717
24 3 6.7 0,78 4129
27 36 6.9 1.30 4655
30 45 | 6.5 1.20 5101
t si

The economics aspect of Nalgonda Technique has been
analysed for (a) ruuning costs and (b) total operational
costs, While undor running costs, the expenditure on
chemicals alone: is included the total operational costs
cover depreciat.ion. interest on the capital, pcrsonnel, power,
maintenance and other running costs, For house-hold treat-
ment, there is no- capital investment as such since only*e
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The optimum requi: oot of alum ( oy Al/1 ) ftor

‘il ferent levels of flivw jdes and alkalinity is showm in
Table 26, The dose of tilter alum (D) i: obtained by
multinlying these value: by o Factor of 13. If sodium
aluminate is used, its dose would be ( D/100 ) mg/l.

When lime is uced instecd of sodium aluminate, the co-
rres»onding dose 1s (DO ) mg/l. The cost of sodium
aluminate, lime and filt:r alum* were Rs. 2,000/-,

Rse 200/~ and Rs. 700/~ ~=2r ton ( 1,000 kg ) respectively,
Since sodivm aluminate 1+ costlier than lime, the running
cozts are based on the nae of lime, Table 33 shows the
cost acpeats ot treatment per m3 of water as well as per
canita anmial cost at the rate of 25 1/ (canita) (day)

consumntion for house-hnld treotment,

(b)  Tctal Operastionmal @ =

The calculations are based on a tymical plant
capalblc of vroducing 0.% nwxl (2,270 m3/d } defluoridated
water. The plent compri<:.« { FIG. 4 ) lime feeders, alum
tanits, chemical house, weoihianical flocculator ( 30 min ),
sedimentation basins {( 4 “rs ), ranid gravity sand filter
( 4.8 w/h or 16 ft/h ), cblorinction ecuinment and
an overhead storage tank of 15? m3 ( ammroximately 1,00,000
gallons ) canacity, The =7 ipnun alum dose recuired to
to produce a treated watc: with 1.0 + 0.2 mg F/1 1s '¢' mg
filter alum per 1 from a raw watcr containing ‘a' mg F/1
and ‘b' mg alkalinity/1. <The alkalinity in the treated
water should not be less than 50 mg/1l, as CaCO4 i.e, (b=~50)
should always be greater thau 0.5 'ec' numerically. The
dose of lime 1s </20 mg/l.

* 1977~78 rates,
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de plant wag apevated - iijng fluorid s t.. IR
rter,  The dosing of Chemi il e wag regul ate by
chemi.cal dosing pump; sodium fluoride ang sodium i .
“arbonate were dosed to the yraw water and fluorige
removal studied for about i fortnight, The operation wag
highly satisfactory and the flunrileg were reduced from
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) g S eciation

AVIL wmrka ® 90 v, . Svngm .v Rz, 17,
Machinery o ¢ re . .. ey s Ps, b0y
“~al ., Ras, 20,000

(c) Interest . ihie UREIL AR PR

@ 10 % on the .. sp ey es Rs, 50,000
(d) Personnel

Engineer .- \ »« Rs, 12,c00

Chemi gt .o ; .+« Rs, 9,n0n

Auxiliary ’o ) ee R3. 21,000

Tt ., Ras, 42,500

(e) Maintenance
Civil worke 2 2 ™ ney aoge s UL 7,200

Fachinery & 5 % :r oneeyy ce TRl 0,000 13,200
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Operational costs

Depreciation sof8, 20,000
Interest on capital sof8e 50,006
Personnel o oRBe 420 000
Maintenance eelse 1 3. 200
Total ..M.1,25,200
AMad contingencieg 5 % - - 6,260
Total ..Rs.1,31,460
Or ,.R8, 360
per day
Running Gost (chemicals)
Alum consumption per day oo 2427 ¢ kg -
Lime consumption per day oo 041135 ¢ kg
Cost of alum @ Re, 0.70A‘g Re. oo 1.589 ¢
Cost of lime ® Re, 0,20/kg Rs. se 0,023 ¢
Total cost of chemical treatment
per day Rs. ee 1,612 ¢

Running Costs (power)
Pumping 20 M head, 60 % efficiency ee 10 H,P,.

Chemical house, flocculator and oo 3 4
settling basin

Filter house .o 2 4
Lighting eto. oo 1 ,,
Miscellaneous oo 1 .,

Total .. 17 H.,P, or 310
units/day

Cost of power per day @ 0.20 RS..o 62/~
Total Operational Costs/day

= Rs. ( 360.00 + power + chemicals )

=« Rs, (360,00 + 62,00 + 1,612 <)

= Rs, ( 422,00 + 1,612 ¢}

Operational Costs/’m3 Water Treated

w Rs, ( 422,00 + 1,612 ¢ )/2270

= Rs., ( 0,186 + 0,00071 ¢ ) where o = mg/l1 filter alum dose

The cost of treatment per m3 is therefore a fraction of
alum applied and Table 34 summarises the cost at various
alkalinity and fluoride levels,
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mn. OPERATIONAL COgY® OF mmm O!‘ m AT VARIOUS mnoam AND

( Includes capita., dqproeiation. intarest. persoxm-z. maintenance ,
chemicals and powexr )

- | Cost of alum - Rs, T00/- per tom, Cost of lime Rs. 200/~ per txm
W x tex Raw water fluorides, > ¥ par X
ny Ca00, /1 ‘ — - @25 1pod
. : 2 , 3 4 5 6 , 8 10 pEion
- Re. C
o . -
{ Rs. per »3 to obtain permissible fluoride in treated water )
200 . 0.343 0.393 0.472 0.463 * . » 3.13 - 4,23
310 0.380 0.435 : 0.489 0.546 0.620 * * 3.47 - 5.67
400 0.408 0.472 0.518 0.611 0.694 0,702 » 3.7T3 ~ 6,42
510 0.435 0.546 0.583 0.675 0.740 0.987 - 3.98 -~ 8,02
m 94‘72 O.m 0.611 006” 0.8“ eom * ‘.30 - 9.96-
820 0.320 0,0 0.675 0.514 0.943 1.109 1.257 4.83 - 11.50
1079 0.558% 0.731 0.851 0,903 1.044 1.201 1,388 5.07 - 12.68
* Not posaible to obtaln permissible limit of 1 mg F/1 at test water alkaslinity.
#¢ Depends on flunoride concentration. -
.s 68




Raw water alkalinity éXpressed as mg CaCXJ3 per litre

Raw | 200 310
water, “Xlum dose, Cost 4.3 P * 2.8 pew Xlum dose, Cost 4.8 PF 2.3 pA*
ng ¥/1 mg/1 Rs, kms, kms, mg/1 Rs, kms., kms.
273 ) ,
2 2231 0.343 7.15 12,25 xRS 0.382 7.96 13,64
3 299 0.398 8.30 14.20 Qg 0.435 9.06 15.53
351
4 403 0.472 9.83 16.86 416 0.481 10,02 17,17
3 507 0.546 11.38 19.50
! 611 0.620 12,95 22,14
0 Raw water alkalin.ity expresged ag mg caco3 per litre
Raw water, 40 Mo
mg ¥/1 Alum dose, Cost 4.3p* 2.3p%* Alum dose, Cost 4.99% 2.8P%%
ng/1 Rs, kms kms, mg/1 Rs, Jms, kms,
2 312 0.408 8.50 14.57 351 0.435 9.06 15,53
3 403 0.472 9.83 l16.86 507 0.546 11.58 19.50
4 468 ' 0.519 10.81 18,53 569 0.583 12,14 20,82
5 598 0.611 12,72 21.82 " 689 0.675 14,06 24,19
6 715 0.694 14.46 24.43 780 0.740 15.42 26,47
8 988 8.887 18,48 31,64

e e e
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Contd.. TABLE 35
. ' Raw water ui,kalinity'e:tpres‘aed as mg CaCl® r litre
Raw water, . 600 e 3 820
g Rse ks, - kms. mg/1 Rs, kms, kms.
— . § e
2 403 0.472 9.83 16.86 468 0.519 10.81 18,53
3 520 0.555 11.56 19.82 585 0.601 12.52 21.46
4 598 0.811 12,73 21.82 689 0.675 14.06 24.10
5 715 0.694 14.46 24.43 884 0.814 17.00 29.07
6 936 0.851 17.73 30.40 1066 0.942 19.62 33,64
8 1118 0.980 20.41 35.00 1300 1.109 23.10 39,60
1508 1.256 26.17 44,86
Raw water alkalinity expressed as mg ‘Cac:t)3 per litre
Raw water, N 1070
ng 271 Alum, dose, Cost 4.65P% 2. 50k
ng/1 Rs, ms. R
2 520  0.555 11.56 19.82
3 767 0.721 16.23 26.10
' 936 0.851 17.73 30.40
5 1010 0.903 18.81 32.25
K 1209 1.044 21.75 37.28
8 1430 1.201 25,02 42.90
10 1690 1.386 28,87 49,50

3

® 4,8 p are expenises for pumping 1 m_ water one km using 6% dia C.I. main.
** 2.8 p are expenses for punmping 1 m3 water one km using 8% dia C.I. main,

Defluoridation recommended, if a raw water source without fluoride is not available within & distance -
indicated in this columm.

o
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In order to choose between two water sources, one
with excess of fluoride and the other with fluoride within
the permissible 1imit, the factor that will govern will be
the comparison between cost of defluoridation in first case
and transport charges in other case, Hence, the cost to

Tcarry 2,270 m /B ( 0.5 mgd ) water fram a distance was compared

with that of defluoridation. Table 38 gives the maximum-
distance upto which the water having merxginal fluoride content
can be brought without incurring charges more than defiuo-
ridation. The calculations are based on transport charges for
carrying water over a length of one k.m. without taking into
conglderation any static head and using 6" and 8" dia cast

iron pipes. The calculations are on the baslis of information
in Table 36,

LE 36
EXPENSES POR PUMPING 1 m> ugggg PER 1 KM,

R R R W G0N G S 0 e N, W Sy N S

D. ter of ri ain (C=100

6" dia 8" dia

Head losses due to wall friction ‘e 30 5
along strqight uniform 1,000 m
length pipes and due to fittings,
meters,
Static head (ggggggg to be gzero) s O 0
Power requirements, kw. oo 15 2.5
Power requirement per day, kwh e 360 60
A~ powetr charges per day Rs, s 72 12
B~ cost per 1,000 m CI pipe line B, ee 1,00,000 1,40,000
C- interest on the capital 10%  Rs, ve 10,000 14,000
D- deprecizatimm the CI pipe R, .. 2,500 3,500

line 2.5 % per ammum,
E~ maintenance 1X per apnum on B R, . 1,000 1,400
F- total expeiditure (C + D + E) Ra oo 13,500 18,500
G- expenditure per day M. .. 37,00 s1.78
He total expenses per day (A+G) R. .. 108,00 63.78
I~ expenses for- pumping 1 m31 ooo m* .. 4.8 paise 4;B:Ehiai

- - - = -
. gy > o .

* doe not {nclude cost of (1) treatment. 1f the source
g?iaatg i‘s a surface one; (i1) capitalization of pumphouse’

and (111) man-powar.
e T1
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From the informati-
the cost of detluoridat:

4.3 mg F/1 and 216 mq/1
Table 37,

cegented in titts nane.,

_ 3
.1 m water contalning

aixallinity are given below on

TASLE 37

3

COST OF DEFLUORIDATION OF 1 m~ OF WATER
BY VARTOUS METHODS

S Gan S Sy S ©D e Ge By G0 TR Gmy BAe G GRS Wt S 1

Method

Magnesia
Carbion
Serpentine
De fluoron-2

Nalgonda Technicue
Deflunridation for
Treatment

Nalgonda Technique
dation for Domestic

T A e e W A S G T W T e WD TS T Sem g T B

Fluoride Estimation

The methods used fo

ST A e e Gy D A WS @ R SV D NI P B e D S et Y G T S ) S g Mg At

Cost 3
Rg. per m
N 2533
* o {»‘-}b 60
- 13400
" 0.53
(;f- s 0 0-47
sommuani ty
ot Defluori- xS 0532

Treatment

T T B e it Bt WP e W 0 W oY T T g Y S G e Sy SvY Yow G Bt na oA W 2 G My SN

1" the determination of fluoride

by varlous workers at NEERT were as follows s

Defluoridation

Method. ..

Ion Exchan-s Resins
Saw dust carbon
Defluoronksl
Carbion

Defluoron=2

Magnesia
Ser:Lntine

Nalgdnda Technique

Finoride Estimation
Method.

Eriochrome cyanine=R;photomestric (64)

X Eriochrome cyanine-R &
X photometric (64)

§.Alizarin Red; photometric (65)
X SPADNS; photometric (65)
§ Ton Electrode method (65)

* Alizarin Red; photometric (65)
X SPADNS; photometric (65)
Ion Electrode Method (65)
O«
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Dixit and Dabadghao (¢7: have studied the
limitations of Eriochrome wyanine-R Method and
observed that aluminium interference does not
increase continucusly with increase in aluminium
ion concentration, Kawlakhe (68) Was compared
the methods of Eriochrome Cyanine-R, Alizarin Red
and SPADNS for fluoride in defluoridated waters.
The determingtions have been made on both the
direct and distilled semples. Steam distillation
procedure of the sample has been followed using
prechloric acid. The ECR gave lower results while
- Alizarin Red Method gave higher values, BPADNS Dye
Method gave reproducible results, The work at the
Institute indicated that the values obtained with
SPADNS Dye Method are in good agreement with lIon
Electrode Method (66), which gave total fluoride
ion concentration ( Table 38 ),

Qurrent Stat Defl atio

A oomprehehsive plan for the defluoridation

in areas of endemic fluorosis should be investi-
gated and develope@. Although several areas

are known to be affected by endemic fluorosis,
defluoridetion has not received due attention, This
was primarily due to the non-availability of suitable
' defluoridation techpicues, necessity to handle acids
and ‘alkalies for xegemeration, unavoidable skilled
supervision afid high costs ofeperation. MNow that

a comparatively chkap protees:iw-wvailable, most of
the aforesald copstraints are "gre atip-gunrcome-and a
beginning can be made to solve the fluosesis. -giblen.
It is fortunate that some state governments are-aow
coming forwvard to utilise the knowledge,
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0.09
0.14
0.20
0.35
0.33
0.59
1.15
1,68
4.75
0.46
0.33
0.40
0,83
0.70
1,0

1.2¢4
1,76
4.7

0.86
0.38
0,24
0,24
0,30
080
0{’0
ﬁyﬂ‘
0484
1,36
4.7

1.84

' % Tonal zer_lapec;!iéy;on Moter,
. Inc,, %1' 'Black ston. Street,

’gg*ﬁ;USA.

BRI
LA

+ BLECTRODE METHOD, DIPFERENCE,

mg P/1 mg F/1
4,3 0.1
0.062 0.028
0.071 0.69
0,098 0.102
0.28 0.09
0.23 042
0,50 0.09
1,15 0.0
1.80 0.18
4,60 0.15
0,34 0.12
0.28 0,07
0.30 0.10
0.44 0,09
0.70 0,0
1.0 0.0
1,30 0,06
1.60 0.16
4.6 0.1
0.78 0.08
0.25 0.13
0.17 0.07
0,21 0,03
0,26 0.2
0.45 0.08
0.83 0.07
1.20 0,08
0.91. 0.07
1,38 0.01
4.5 0.20
104 0.44
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g F/1
32 0.66
33 O.44
34 047
35 0,51
36 0»63
37 0,498
as 0.74
39 0.89
40 1.1
41 1.48
42 1.20
43 1.48
44 1.84
45 1,84
46 1.74
47 2,00
48 3.20
49 3.40
50 3.88
51 2,85
52 3.30
53 4,00
54 3.00
55 3,00
56 3.88
57 3.85
58 4.15
59 4.18
60 5.29%
61 0,98
62 0.70
63 0.63
64 1,08
65 1,54

: TROTE VETHCS, S8
ing F/3 TR
0.49 0.17
0.24 0.20
0.23 0.24
0,30 0.21
0.45% 0.18
0.42 0.18
0,59 0.15
0.85 0.04
1,25 0.15
1,35 0.113
1,05 0.15
1.30 0.18
1.70 0.14
1.70 0.14
1,558 0.19
1,95 0.08
2.50 0.70
2,88 0,55
3.15 0470
2,25 0.60
2.80 0.50
3.20 0.80
3,00 0.0
3,00 0.0
3.50 0,05
3.9 0.05
4.20 0.05
4.40 0.25
5.20 0,05
0.98 0,02
0.70 0.0
0.68 0,05
1.18 0,09
1.50 0.04

e
e
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S.No, SPADNS METHOD, ELECTRODE METHOD, DIPERBNC!.

————— Mg E/ mg ¥/1 mg /1
66 2,10 1.95 0.15
67 2,75 2,50 , 0.25
68 2,75 2.60 0.18
69 3.35 3.10 0.28
70 2.75 2.70 0,05
71 3,25 3.15 0.10
72 3.55 3.75 0.20
73 4.15 4.20 0.05
74 4,25 4.40 0.15
75 4.65 4.80 0.15
76 4.00 4,00 0.0
77 4,45 4.50 0.05
78 5.0 5.0 0.0
79 5.28 5.20 0.05
80 5.30 - 5.30 0.0
81 2.30 2.45 0.15
82 2,65 2,80 0.15
83 3.35 3.30 0.05
84 3.58 3,55 0.0
-85 4.00 4.00 0.0
86 3,98 4,00 0.05
87 4.60 4.40 0.20
88 4.88 4.70 0.15
Scope £ furt ' tions

LN

- The removal of 8xaess fluorides from commuinity water
supplies to Prevént dental disfigurement, 1oss of teeth
and cost of dental care is 8 sound public health procedure
end should be adopted as fast as the comminity can absorn
it, The pre-roqﬂ_;oitc for this is s comprehensive plan
for the défluo-;‘id&uon in all areas of endemic fluorosis

Which should be investigated amg indeed developed, cop.
i currently with these broad aims, the following proq::m
= shbuld be consideyea for imp!emontam_‘.on.
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1.

3.

4.

5.

7.

A mmm mm.uon on the ﬁuorido levels

Sy

in wu

13 not . wuxma. Whatkver data is eveilable

alreedy ﬂlﬂﬂ&d be oomplied and systematic surveys
will g QQ be initiated where such deta is not

a.lvewg mla,ble;

Detailed Wape showing the levels of fluoride at
distrigk, state and national level are to be prepared
for delineating the problem zones.

State govermments should be persuaded to take up the

issue of defluoridation as the local bodies are under
their control. NEERI will provide the necessary tech-
nigal know~how.

A follow-up action is necessary to study the benefits
of defigoxi&ation. Steps can be tsgken to evaluate

at periodic intervals in general improvement in the
dent31 h§al;h of the consumers of defluoridated water,
A perusal of the literature available from different
fluoridthearing regions indicates close relation-
ship between the f£luoride and the total alkalinity.
Fluoride bearing waters are generally high in alkali-
nity. The incidence of skeletal fluorosis was reported
tO'beihigpax in soft water areas than in hard water
zones, fluoride concentration remaining the same,

A stwdy of ‘the chemical data available in these cases
indicatns %m; presence of high alkalinity in such
watera.'_rugte is, therefore, a necessity to £ind out
whether. the%re exists a true correletion between the
alkaltnmmy»and incidence of fluorosis in such zones.
Batabaiﬁhmsnt of ' Fluorosis Index ' for conditions

prevnmlbug &n India is necessary.
While theme 1a aufficient data on fluoride in water,

-there 18 hmmct&cplly no information awailabae on

fluorﬁ&nhooatent of food material. A need therefore
exists eo.innlyaa food material .all over India for
fluoride aontent.
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SUMMARY

Fluorine, the most electro-negative of all
elements has notable chemical and physiological
properties of great interest »nd importance for
human well being. The chemi. 3l nroverties of
fluorine, its occurrence in nature and solubility
data of fluorine compounds of interest are presented,

The fluoride metabolism, excretion and the
effect of fluoride ingestion in human system are
briefly reviewed. The effect on clental enamel and
deans' classification of mottled enarel into séven
categories, ranging from Morwl to Severe, are pre-
sented. The importance of community index or fluo-
rosis index which defines the degree of severity of
mottled enamel is stressed,

Occurrence of fluoride in waters was reported
from several states in India and the general level of
fluoride is from 1 to 5 mg/1 exceot in a few cases
where the concentrations are reported to be as high
as 16 mg/l. Several methods have been suggested from
time to time for removing excessive fluorides which
may be divided into two basic types -~ those based upon
an exchange process or adsorption and those based
upon the addition of chemicals to water during treat-
ment. The methods used successfully in other
countries which are not readily avpvlicable under Indian
condition are briefly reviewed.

The work on defluoridation at NEERI is discussed
in detals. The various materials studied include
clays, ion exchange resins, activated carbons, sulpho-
nated coals, magnesium compounds, serpentine, iron and
aluminium salts. Only these that showed an encouraging
trend on bench scale are studied in details, are prese-
nted in this paper. These include cation and anion
axchange regins, saw dust carbon, carbion, defluoron-1,
magnesala, éerpentine and defluoron-2. Ion exchange
resin, saw dust carbon, defluoron-1, magnesia and
gerrentine have not been found useful beyond bench s=cale.

.o 718
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The capacity of various defluoridating media,
problems in operation and limitations in their
application are brought out. Continuous operation
of the large scale defluoridation plants using
defluoron-2 resulted in the formation of white deposits
over the medium and a consequent f£all in the defluo-
ridating capacity by about 60 %. The operating
capacity was greatly restored by the acid wash,

Though defluoron-2 process is successful in )
removing £luorides, the regeneration and maintenance
of the plant requires skilled operation which is not
always forthcoming. In order to over-come this problem,
a new method referred to as ' Nalgonda Technique ' oOf
the defluoridation has been developed and demonstrated,
The method 1s simple and can be adapted even by villa-
gers, The cost of defluoridation has also been brought
down considerably. With domestic treatment, capital
investment is not necessary and the cost of treatment
is only that of the chemicals. At the rate of Rs, 700/~
per tonne of alum, 10 lpcd water consumption, 400 mg/1
alkalinity and 3-6 mg F/1, the per capita annual cost of
treatment works out as between Rs, 1.69 and Rs. 2,23,
The cost of defluoridation by Nalgonda Technicque was
compared with the costs of pumping water,

Different methods of fluoride estimation were used
by various workers while studying the problem of deflu-
oridation. The methods adapted with various defluori-
dation technicues are given,

Scope for further investigations in the area are

pronosed,
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