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NTRODUCTION

R

I great deal of attention has been given to the concentrstion
of naturally occuring fluorine in water, ~spacially drinking water,
following the publication of cartain medical and dental resaarches
on its affect on the formetion and decay of teeth, It has basn
astablished tunt axcess fluorine producng mottling of the teath
nd in extrame cases fluorosis of the bone structura, Vary low
concentration or lack of fluorine results in bad tenth formation
and dental decay particularly in children with ages less than

eight yrx's,



o
THE THEORY OF FLUORIDATION
A,  INTRODUCTION |
FPluoridation is the practice of adding suitable

fluorides to public water supplins «3 a mosns of reducing thal )
.:_ﬁ' incidence of dental caries, :
| Wnters containing less than 0.7 ppm fluorine ﬁoncen—
tration have to be rainforesd with further addition of
fluorine to raise it to n suitqble balance in the water
supply system. It is generally accepted that the addition of
inorganic fluorine compounds to wnter will give it the same
proprrtics 28 naturally oceuring flucrides, The presence of
fluoride in average concentrations greater than two times the
optimum vslues shown in tabla 1 shall constitute grounds for
rejection, but whera fluoridsation is practiced the average
fluoride concentrition shall be kept within the upper md i
lower limits shown in the table. The thrnshold of toxicity .

nppaars to be 1.0 to 1.5 ppm and the incidence and severity

of fluorisis vary with the concentrations,



TABLE 1: Showing hecoumendnd Control Limits of Fluorine with

Respact to the Daily Temperatura of Alr,

-

L e e - —— b - 8 - —

Mmnual Averapee of Madumun Reconmended Contrel Limites of Fluorina
. Daily -‘J.EF Temperature Concentration in mg/L.
Lownr Optimum Upper
50.0 to 53.7 0.9 - Vef
53.8 to 58.3 0,8 1.4 1.5
58,4 to 63,8 0.8 1.0 s I
63.2 to 70,6 0,7 0,9 1.2
?0.7 to 75'2 0.7 0.8 1.0
75.3 to 90.5 0.6 0.7 0,8

- R - - e S mE ek s -

Tha terporature dota was obtained far a maximum period of five
Yaars,

T, THE FRACTICE OF ,.UDING FLUCRTDES TO WATIR SUPFLIES

Controlled adjustment of the fluoride concantration of
drinking wat r supply was startad in the U,S, in 1945, Three
Communitics, Michizan, New York and Ont-orio were selactad for
the procrss nd in fach, a naturally occuring fluoride level
of 0.1 ppa was supplimented by » fluorids level of 1 ppm. The
findings were corpared with data from ~djacent control
comumnitins whors nature has provided an optium fluorida lavel,

Ramorkable uniformity and consistm@y resulted from these

comp risons on which the f'ollowing conclusions waire raached:



(1) Controlled fluoridstion has the ssma inhibitory effect on
dent-1 c-rias ~s naturally occuring fluorides in the drinking
water,

(ii) The moximum banofit of caries inhibition is obtained by those
who used drinking water fluoridated from birth, -nd the
bemefits porsist through adulthood,

(iii) Teeth th~t h-ve erupted before the comuencement of fluorid-tion
showed 1ittle roduction in thair vulnerability to dental cariecs,

(iv) Fluorid-ting - covcmnity water supply hs an annual cost ronge
of 4 to 14 cents por porson with an avorago of 10 tnnts,

P
.

(v) A relotively siapl” technical procedure involving chemical
fording equipnint -nd testing apparatus, being in standard
use in wetrr plants, is all that is neednd to maintain an
optirum ond const-nt fluoride ion concentration in drinking
water,

(vi) 211 fluoridatien studies have addnd support to the conclusion
that optiunlly fluorid-ted drinking water in 4 range of 0.7 to
1.3 pom is « gaf'a, relativaely simple nand practical public
he-lth neasure thot effects a § reduction in the incidence
of tooth decny with =» sipnificant reduction in the loss of
tenth from dental corias,

The spprov-l -nd endosenent of controlled fluoridation
by naticnal, statn ond local public hoalth agencias, professimal

health associatirns and 2 wide range of orgonisations that have
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considared hnalth as an important aspeet, was based upon the
rrlationship of fluorine to dental heqlth and haalth in gmoral
In the U,S, more than 3000 coumunities with a population of about
60 nillion hava adopted controlled fluoridation, thase include
Baltinore, Buffalo, Clevoland, Chicago, Detroit, Milwanikne,
Nn: York, Philadelpia, Pittsburgh, San Froncisco, St, Louis and

3 lshin[_fton D- Ca

C.  OM'R IORMS OF FLUORIDE APPLICATIOHN
s Tho solid forn -dministration of fluoridn - fluoride tablet,
thare no fluoridation is practicod nnd the w-tar
supply h-s a n-tur-lly low fluoride level a daily supplement
of 0,5 ng fluoride during the first 2 to 3 years of lifa and
1.0mg thoreafter is an acceptable alternative, The natural
fluoride lavel eof the drinking water must be dotermined and
tha tablats must be taken under prescription, Fluoride
supplim ntation by this method hos not bron subject to
uxtensive clinicol testing but analysis of data from
savaral studics indicates that the dental benefits are simil-r
to those obtainced with optimally fluorideated drinidng water,
i1, The topical applic~tion of fluoridn,
The applic~tiomn of fluoride solutions to the claansed,
drind onamel surf-ces of the teath results in a 40 to 504
roducticon in the incidonen of dental carins among children,
The applic~tions should be nadn soon after tneth have erupted
and should ba repastnd in accordance with the tooth aruption

pattern of the child, The solutions most frequently used
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ara 29 sodium fluoride and 8 to 164 stannous fluoride, but
such applications are not prefeged to fluoridation of
drinking water aven though they are effective and useful,
The applications require individual, personal and time con-
suning services, they must be repasted at regular intervals
and are much more axpensive than water fluoridation, The use
of topical fluoride is considored as an alternative to
fluoridstion or for children whose taeeth have erupted before

the comwencemant of fluoridation,

Tha incorporation of fluoride in dentifrices,

The progressive usage of therapextic dentifrices has
induced -+ significsant portion of the population to adopt
routine usage of fluoride containing dentifyices, most of
vhich nre provided with a fluoride concentration of 1.0 mg
per 1.0 ga. n average of 204 of tha fluoride in a single
brushing containing 2,0 mg par 1.0 gn of dentifrice was

retained by subhjects of from 4 years to adulthood but not

aorn than 0,4 /ma fluoride would be retained from naach 'bru.shing_-

The usage and av-ilability of these products have aroused
som@ interest regarding the systanic metabolism of their
fluoride content, In a study carried out on rats only 30%
of tho fluorids ingested was absorb~d from tha gastroin-

tastinel tract and about 81% was retained in the carcasses,

CONPOUNDS _ USED 4S8 SOURCES _OF FLUORINE
Ocourencn of fluorine,

It has b2en estinated that fluorina is the 19th
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alament in order of ralative sbundence snd its content in

the igneous rock which constitute 90% of thle first 10 miles
of the earth crust is gbout 600 ppm, The major naturnl
fluorinn containing minerals are cryolitr, fluorspar wnd
flucrapatite, their estimated fluorine content percentages
are 5,5, 48,5 and 3.8 respactively,

The nost important of the thres is fluorspar because of
its occurence 1n many countrins and its capability of being
produced in various grades to satiafy certain requirements,
The pgradea are metallugical grada, ceramic grade and ncid
grade,

Fluorines Compoundé used for Fluoridsation,

The most commonly usrd compounds for fluoridation aré
sodium silicofTuoride and sodium f'luoride but other
chemioals such s masmesium silicofluoride, nmmon:{ﬁlﬁ
silicofluocta, caleium fluoride, hydroflucsilicic acid and
hydro_fluoric acid cen nalso ba used, Thrse can ba added to
wﬂ:lﬁ.\r in n, sotution or solid form but solution additions are
mors suitsble for smnll wnter works while dry fmeding is
morn accaptable to largnr ipstallatiana vhere grnvimetric
dry feedora can be used, T | |

Thera is o slight loss of fluorine smounting .to about
0.2 ppu if tha chemical is nddod before filtration, thera is
rlso an aporociasble loss of fluorine when high magnesium n
witers are lime softened, therefore it is more ndvantagious

to «dd fluorins to thn filtersd watsr in the treatmant

0.
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olants, The optimum rosidual fluorine in the trasted water
should bLe between 1,0 to 1,3 ppa nd it is necessary to
control tha dosn accuretely and conduct tests on the
residu-l fluorine in watar th-t is baing distributed,
Extrome care must be exercised in the handling of fluorine

conpounds since thay are potentially dangerous in large doses,

PLANTS _USED _FOR _FLUORIDATION

The equipnent for desling with fluorides should be such
that it dors nct allow the compound to com@ into cmbtact with
the oparators skin or to be inhnled by him, Protoctive masks
ad clothing must be used snd the plonts may be designed
such th.t the operator passes through = cloak and washing
room bafore nnd ~fter work,

In eqach of the methods usod for the addition of the
fluorine compound to the water the ~ddition takes place

after the water has undergone the purification stage.

The mathod of ~dding fluorine compounds to wmatar in o
solution form is by means of solution or part suspension
farders consisting of tanks and measuring devices fitted
with chort rocorders, Dust formation must be avoided by the
use of spreinl equipment to handle the fluoride bngs,
Suit+ble procaution must =lso be taken to prevent the
deposition of hardnass salts due to the softening action of

the fluoride s-lts,
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This mathod involves the use of grovimetric dry feaders

fitted with chart recording devicns which keop a record of
how much fluorina bas been added to the water, The mathod
is mors suited to temprrate climates but when inst-1lled in
humid sropical climntes the aquipment must be placed in
coupletely air conditioned rocas and the Cluoride store muat
be similarly treasted, The vohicle for the fluoride which is
normnlly water must be softencd to prevont the deposition of
hardnass forming salts in the tanks and the pipe lines,

Small plants for rasidantial fluoridation are bhaing

arrketoad and some of them  usea sodium fluoridae, potassium or

fluorspar, The plats are installed under rental agreanent

in which the distributor instgqls, checks and sarvices the
plant periodically, Any installation employing tho toxic
fluorido should be undertaken by s conprtent person and its
opar«tion should h= parioedicslly obsarved. Thosa . ‘"
employing fluorspar have an inhorent safoty factor in the.
very low solubility of the chemical and hence are condusive

to safa hndling, : o R

PUBLTC,  RECTTON AGATNAT FUUGRIDATION

- ey

The practice of Fluoridation originatrd in the U, 3,
around 1945, but in Greqt Britain it wasn®t until 1952 when
intarest in the idea boecame strong enough to warromnt the
spongorghip of a government miassion to the U,S, to study
fluoridation, As ~ rasult of this mission - roport "The

fluoridation of public water supplins in Worth America a3 a
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01ling dental carics" was published in 1953,
that fluoridation should be considored after
ctive trinls, hamce four water authoritias
3 suitable for the tri-l work,

y the pudblic bacame aware thot such a project

»d upon there arose an intense protest which
w28 mever axperionce in the water works, As a result of this
opposition certain proposals streneously survived while
othrrs had to be completely abandoned, the following
exanplos indicate the strength of opposition,

Tha first ~uthority to start flucrid-tion was the
County w-ter outhority of lnglesaey in November 1955 and only
the zone supplied fyron the Gwalchmai rosorvoir was treated,
tha Bodafon untreated zonm sarvad £a 2 control, No undue
opposition was encountered from the scheme even when in full
oprration,

Fluorid-tion -t ‘intford commenced in May 1996 and the
Sutton dstrict water supply wes usad as o control, There
wns sone neount of opposition but -fter the operation was
baegnn it becaue diminishad,

The County Borough of Dirlington greed to participate
in 1954, =nd by the noxt yasr the tender of the necessary
plant wes recomnended but due to the pressure of public
opinion the council had to ~bandon the projact,

Fluoridatinn +t Andover commencsd in July 1956, but

there wns an iammediato resction from the public criticising



10

thnt the measure results in nass medication which is unathical,
In July 1958 fluorid-tion caeased by the usual procedurs of
bringing the case bofore the council, prior to which an
injunction was sought for by a nuaber of tax payers to restrain
the council from tha practice,

The national farmers union sued Marston Valley Brick
Comprny on behslf of ona of its menbers whose 208 acra farn
adjoins tho.brick conpany ¢laiming that fluorinae emitted with
tha chimnay gnses contorminatad the grazing lwnd and ns a
rasult the cattle didn't grow proparly, their ailk production
was reducrd, their teeth rot and their skeleton wns advarsily
nf'facted,

In the U,S,, a saall but actively vocal group of
opponents of water fluoridation cleimed that fluorides are
poisoncus hence the measure was dongerous and hywmnful and that
it results in mass medication wliich is a compulsory health
ne-sure, therafore it is illegal nd unconstitutdaziyl, ’I-'hia
opposition was not based on ~ny scientific evidence of support
from -y court of law but it defested nony fluoridation

proposals conducted all over the country.

G.  DEFLUGRID/TION
For all proctical purposcas 1,95 ppa {luoride in water is
considered to be tha safe upper linit, If water which contains
axcassive fluoride is ingasted over » lon: pariod 4 condition
kmovn 28 dental fluorisis arises, it cwiscs browm nottling of
the teeth, The dnfect cannot be corrected -nd there is a

tendancy that the enaasl nay be lost through «ttrition,
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Many mothods were suggosted as 1ltornotives for the
removal of excess fluoride from water, some of thase are:
Magnasia in conjunction with lime softening,

A hord water containing substential quantities of
magnesium and less than 4 ppn fluoride can be trosted with
lime for fluoride removal, It noy be nacnasary to add nore
nmaymasiug to combine with the fluoride b fore precipitating the
magnesium with the line, 45 to 65 ppn of msgnasium is necessary
to roduce the fluoride by 1ppm, high temparature may also be
nacassay,

The excass line trastnent of mognessium waters has a side
affact of reducing the quantity of fluoride, 3Scott and
Associntns have suggosted a relqationship associating removal
to adsorption of fluoride on nagnosiun ion, hence the

following formul- was devaloperd,

P = 1/ %z
where P = percentoge renoval of fluoride
Mg = milligraas per litre of pracipitated

nagnesiun,
For axsnmple, a raduction of 3.3 /1 flusrine to 1 ng/l
requires the precipitation of 100 mg/l of argnesiun 1on, if
there is insufficient quantity of magnesiug its salt nay be

ndded to achiave the dasired flucride rouoval,
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Tricalciun phosphate,

Bone has been spacially prep-red for fluoride renoval,
it oan be regenorated by troatoant with ccustic soda
followed by ~n acid wash, similarly bona charcoal can also ba
usnd, Tricalciun phosphate prapared fron milk of line and
phosphoric acid has been usad in eont-ct filtars -nd re-
gener-tion wns by 1% coustic soda follawnd by dilute
hydrochloric acid or carbon dioxide treatment to neutralise
axcoss glknline, The removal cepacity is about 300 grains of
fluorida psar cubic foot of bed,

Ion exch-ongers,

Thore is o nuuwbar of ion exchonge moterials that can ba
usad, one of which is orgwmnic resincus ion mxchange nedium
selected for fluoride, it renoves only those metals which
produce insoluble hydroxidcs, The exchange capacity is about
1240 grnains prr cubie foot of b~d with high chemical costs
of regennration,

Procassnd tricalcium phosphta conposed of gronules of

Cny ) Og = 81,0 and Caz Py Og o Cn (0H)2

is found to remove fluoride by icn exchenge, regencoration
nnd renoyal requirencnts are a8 gtoted balow:
& Angon oxchanger

Tricaleiun phosphata,
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Exchange Capacity
Observeq Kilograing PAr cubic foot ag ¢aleiun carbonate
0,4 to 0,9 fluoride,
Observagd granequivalent Par cubic oot
1.3 to 3.0
Reganeratop
Ha OH sng y cl,
Regrmeration raquirenents
Observed 1b /g axchanged 0.7 to 1,7
Observeq “quivalant /aquivalent Oxchanged 2,6 o 6,2
Theoretical 1b/Kg axchanged 0.275
Activated earbon particles,

Activated enrbon is quite Aafficient on regoving
fluoride but o P of lass than 3.0 is neenssary, no
roaoval takes placa nt pil 8 ang abova, ragennration ig
by woalk acids md alkqline solutions,

Adsorpticon with aluniniun Cconpounds,

Alum floc hus baon usad for renoving fluorids,

300 to 500 PP of the congulant is necessary to remoye

4 ppn of fluoride, contyol for optimun pH is nacassary,
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THE SUPPLY OF FLUCRINE THROUGH WATHR
TTRONCTION

Elemental fluorine is rarely if aver found in nature due
to its violemt chemical reactivity -nd «part fron the
comparatively smnll amounts of manufacturaed ;gaseous fluorine
the elenent is found in the industry, 23 in nature, s
fluorides, Organic fluorcchemicls are increasing in volumo
and import-nce though the inorgsnic matari-ls consitute »
largor proportion of the manufactured flucrides,

Tha relative position of fluoride in the ordar of
nbundance of elemnts of the earth crust justifies its
presence in sea wator, nuacrous supplies of drinking water,
deposits of fluorspar, cryolite and fluorapatite, -nd in
surfaca dust found close to the mineral deposits, The
principal sources of supply of fluorine avail-ble te the
plrysiology of man ara water, some species of vegntation,
certain odidle narine animals, dusts and cortain industrial
processns,

The fluoride present in many supplies of drinking

watar lergely lrnds the eff'ncls of fluorides on huaan health,

INGESTION OF FLUORINE FROM IATIR

Wataer is -n essontial nutri-nt required by nan and
othar forms of 1life for a vwriety of functions including
regul-tion of body temparature, being 2 solvent ~nd a vehicle
for othsr nutrimnts -nd waste products through the vasculsr

system ~nd the intra cellular spacns, Thae roquirenant vary
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on individunls under the influence of intornal or extornal

stimuli, it is continous -nd must ba maintained appro-
priately,

The wnter that is available for the utility of nnn is
regarded as inpure bacause it contains o variety of othar
substances, including fluoride, in suspension or in solution
to a greator or lesser degreoa,

Origins of fluoride in water,

The nornal source of water for non ig sen water which
contains significant quantities of fluoride variously
racorded as 0.8 to 1,4 ppn, Appreciible quantitins of
hnlogens ascape from the sea inte the ntnospherae through
droplets nf' soa watar being caught up by wind ns spray or
baing oxiddsed by ozone and liberated in the gis form which
eventually incoperate into the rain or precipitation and is
cwrind to the land,

A wide distribution of fluorides takes ploce in tha
atmosphare originating from dusts of fluoride containing soils,
gnseous industrial wastes; the burning of coal fire in
popul~tad arens -and the gases given off in arras of volcaniec
activity which may contqin consider-ble quantities of
fluoridn so that the fluoride lovels of rain in such areas
nay also be substantially incransed,

The amounts of fluoride derived from the solvent action
of water on rocks and soils is considerably higher than those

fron the atrosphere, The fluoride content of surfoce and
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underground weot>r d4epand on factors such as svailability and
solubility of parent mineral, porosity of rocks or snils
through which the uster passas, tenporature of intoraction
botween rock and wator and p of the water, In 21kaline -nd
hotter wators found in voleanic areas the fluoride level

tends to ba higher,

Chomistry of fluoride in watear,

Yhen a fluoride compound is dissolved in water the
alenant fluorine would be prasont as fluoride ion depending
on tho ionic concentretion and pil of the w-tar, the fluoride
would ~lso be presant in sclution -~s hydrogen fluoride (HF;)
snd undissoci~ted hydrogen fluorids (HF), In dilute
solutions at necutral p'! virtu-lly -11 t}» fluoride would ba

prasant s fluoride ion but as the pH decreases the propor-

tion of fluoride ion decreases while the proportion of IF,

and undissocinted HF increases, This does not maan that
diffaront fluoride compounds would yield fluoride that differs
according to its source, assuming th-t c-leium fluoride is
rapresentitive of n-tural fluorides and sodium fluorids is

representitive of artifici~l flueridas, it would be found

they ionizn as shown in the equaticn bolow when Aissolved in

water:

{(a) Calciun fluoride

Ca B, > Ca @ 4+ 2P "
F o+ H - - HF
HF 4 F~~ - HF,~

2
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{(b) Sodiun fluoride

+ —
No F < - Na 4+ F
P~ o4+ HY- - HF
HF 4 P~ = 'sz'

In both cases fluoride exists in the forms of ¥ , HF
wnd HF,”  which would be chemically and physiologically
identicel irrespoctive of which of the two compounds thay

arn derived from,

INLAKE OF FLUORIDL 20w DRINKING WATER

The dogrec of fluoride concentration and the quantity of
water consumcd dircetly controls the amount of fluoride intake
from water. An asscssmont of fluoride intak: £rom vator containing
1.0ppm gives a range between 0,39 to 1.,47mg flooride daily in
children between the ages of 4 to 12 ycars dopendin: on the
individual water roquircment, Another asscssmont geve {,0ml of
water per 1 enloric of cnergy as a measure of the dally water
requirement in the dict consumed by childron in the statod age
group, this sas further analysed to range botucon 390 to 1166ml
of water daily,

Climatic conditions such as mean annual tomporaturc,
exo@saive day tim: temperatures, radiant hceat gain, relative

humidity and wind movem nt affuet the water intake,



18

Age = yoars 1 to 3 L to 6 7 to 9 10 to'{2

Bodyweight Kg 8  to 46 13 to 24 16 to 35 25 to 54

From drinking

wakor=-mi 0.,39-0:56  0,52-0,75 0.55=0,97 088-1.17
From food-mg 0,03-0,27  0,04-0,36 0.05=0445 0,06-0,56
Total-mg 0.42-0,63 0,561 ,41 0,70-1 438 0.87-1,73
Total-ne/Ks of § 0s 010 0,0240.09 0.02-0,07 0,02-0,07

body woight

e = 8 L

TABLE 2: Estimatcd daily intake from food and drinking wator,

D, INHALATION KROM VAPOURS
Considergble amounts of fluoridc are ingested through various

mediz in the inorganice [orm as clemental fluorine in gascous Come
pounds or vapours ani particulstes dispervd in water, The organic
fluorocompounds do not intorfore with physiological offuects of the
inorganic fluoridos,

ie Tho clemental fluorine,

Exp:rimontel animals wore used to observe the effects of inhaling
Tluorin. and rvaults show thit inhaling at o rote of 300ppm {or a
poriod of 3 hours or longer was fatal, at a ratc of 100ppm with longup
peroids an overall martality of 50% was observed but with scvere
damage to the respiratory traect, Prolongcd inhalation of {luorinc

produge chronic change: which arv mere scuvere than thoase induced by

fluorides ingested in other methods, The dircet contact of fluorine with

the skip of animals and humans results in a violont rcaction whish
produccs a thormal type of bum,
At a L:vel of 0,5ppm 1littlc or no pulmopary damag: ani dental

tissuc alteration was produccd but a swall inercase in the fluoride
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content of bones uas obscrved, Animals cxposcd to the lowest tost
lovils of hydrogen fluorilc, 8,6ppm, shosed no sof't tissu. damajze

but a considernble inerceose in the fluoride conteni o bonss was

Ob.‘SuI'Vud.
Concentration Duration Ef'fuet on animals
of fluorine Days Hours

- e - - e m e e B R S —"

S5ppm or more 48 to 19 95 to 450 Large numbors dicd-4180 of 357

2ppm or luss 31 176 to 178 Voury fow died - 10 o 148

.- — - . e 8 e W m e E e s B e e

TABLE 3: Roesults of inhaling gascous fluorinc by experizenucl animals,
o Particulatc {luoridcs dispersed in water,

The inhaled particuletc fluoride may be less important but it mny
add = vory important amount oi fluoride as a contorminagt in the food
or dispcrsed undissolved ia wunter. Aceording to som: r o oocis it plays o
greater role in skeletal fluoiisis than fluorides dissclved in watur,
Its acut. effcets have not been fully observed but o 'atal case was
reportcd in which inhalation of' en aqueous mist evolved fiom sodium
Tluoride dissolved in high coneentration in wnter was roponsible,
Effcots of any kind inducdd by ecirborne fluoridcs ar: cither {rou the
atmospheric prosence in the axwa 0! work or wherc thuy coni.rminate food,
water or both,
By ABORPPION 0 FLUORIDNS

The presont knowliodge abouc fluoride absopption iz based on
numorous metabolic studics of experiments and obscrvations in man,
Ipformation on chiliren is limitcd but sufficiont on the main factors
governing absorptionbatvrod young -nd Adult humns, -ad it can s~foly be

assun~d that thore ~re no diifuronces ia maspect of mochoniasn site of
fluoride.
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Absorption of fluoride is ;overned Ly cert-in factors such as the
nature of fluoride existance being orgonic or inorganic and the
property of inorganic f'luoride compound bein;; soluble, insoluble or
inert, Tluoride ions ara relassed -nd obsorbed depending on their
solubilities hence forming basic affective toals of fluoride, The
absorption of fluoride ions from an ingested dose of fluoride sglt
is rapid ond the absorption from less soluble compounds is complatn
depending on solubility, physical properties of crystals, particle
size ond mode of intake, The inert fluoride compound is so stable
that no fluorider ions are released or sbsorbed, it is completely
axcreted in the fasces and urine,
i, Fluoride ingersted in drinking water,
Regardless of the lavel of fluorida in tha water
supply the sbserption of soluble fluorides resches 86 to 977,
Of the inorizmic elememis in drinking water calcium and
magnesium posn =8 hardnes:z of water to cause interference in
fluoride sbsorption when present in sufficient quantities
to bind with fluoride, these qu-ntitisas range from 1.0 ppm
in very sof't waters to 10040 ppm in very hard waters, In
drinking water containing 1.0 ppm, 0,03 to 2.8% of the
fluoride bound to caleium and 0,3 to 285 bound to magnesium
relstive to the hardness of the water, In drinking water
containing up to 16,0 ppm with pH of 5 or highar tha fluoride
ions are nvailable for almost complets ~bsorption, 10 to 11%
of the fluoride remains unabsorbrd after 8 to 10 hours from

rdministration,
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The fluoride ions in beverages are derived from wetars used
for their preparation, and mineral waters and wines with f'luorine
content of 10,0 nd 6.0 ppm respectively have 1 fluoride absorption

as complats as that from plain water,

Table 4: Fluoride 2bsorption in thn ~dult hum-n

e e mw ® I L e R L T R e R L

Flueride ';ci.rl-ﬂd Period~wraks Daily intalm mg Absorbrd - &
No F in witer 14 67 97
» o " 2 12.40 97
" " " 2 19,40 96
CaF, in wnter L 6425 96
Cryolitn in water 5 25,40 93

Fluorine containing organic compounds -re not present in human

dirt or drinking woter, The genefral forms of thnase compounds
includa Tluoro-cetatas and fluorophosphstes which era reqdily
absorbed 'md highly toxic even in minute quantities, and fluoro-

carbons vhich =ra characterisad by very low toxic offncts,

e w e —
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TABLE 5¢ Pluoride Balance in Humans follrwving Ingestion from
Fluid -nd food,

B I T - R e St W R 8 T W e S 8 B S e b # 8 o A S S W b S S W EcElw mae s e &

Lrvel in wetor supply - ppm 2 5.5 6.1 8.0 20
Age - yoars 35 55 57 57 30
Length of rasidence - years 10 29 34 19 8
Time of observation -~ years 2% 60 133 140 L5
Daily ingastion in fluid - mg 2,, 3,8 6.7 1.3 20,8
" " " food - mg 1.2 L 1.0 2.5 1.5
Total - mg 3.6 5.1 7.7 13.B 22,3
Daily excrrtion in faeces - mg 0.4 0.6 0.4 1.4 1.4
" " " urine - mg 2.9 4.5 8.1 10,4 12,3
Total - mg 3.3 5.1 8.5 11.8 13.7
Balonee +0.3 0 -0,8 +2,0 +8,0

D e L T I I e S I

F.  COMEMNT

Tha most rf'factive way to ansurn adequote fluoride
consumption is by fluoridation of water as a mensure to thosn
dravring for drinking and cooking purposes from - central water
supply systom, 7ith adequ-te nutrition anrichment of watar
to contin 1,0 to 1,2 ppm is dosirable in temparata zones but
in wormer regions tha contant should ba smaller, Fluoridsted
drinking woter is superior to other vehicles bacause it
ansures = permanent and optimal ingestiom,

For sreas without a piped water supply system enriched

cooking salt or flour may be suitable alternativas but

procaution must be taken against introduction into fluoride
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rich areas, The use of fluoridated milk, fluoride tablats and
similar praparations is lass promising dus to consistency probloms,
but the administration of fluoride tablets with vitamins A and D
to children may be foasible with many parents,

The outstanding ability of fluoridn to pravent drntel carias
by mechmnisas thot ara not yet fully understood warrant great afforts
in rosearch oand practical sapplication of mrthods that can be sofely

amd affactively utilised to attain improvnd dental health,



2,
FLUIORIDE AMD HUIZZ] HEALTH
LYIRODUCTION

The chemical activity of fluorides ion makes it physio-
loAdcally more active than any othar alemantal ion, it is the
most 2lectro nagetive of all alements, With low concentrations
of fluoride ion enzymic processes may he either inhibitad or
stimuloted and intersction between orgsnic or inorganic body
components that are of reat importsnce to human physiology may
ocour,

Itesearch into the biology of fluorides has showmn that
fluorides in very small doses have a remarkisble influence on
dental caries inhibition and higher doses result in the distur-
bance of enamel formation, The discovery of relation between
high fluoride content of water and andemic mottling of the
enamel of the teath led to a research into fluoride and hard
tissue plysiology and pathology. Fluoride in very low doses
effact over 507 reduction in the number of dental caries
lesions and a2ffacts on the dental organ include influences on
tooth Torm, appearance, eruption time, alignment in the dental
arches and the frequency and severity of periodental diseases,
all of' which ara found to be advantagecus except for the
minaralization disorder caused by excess fluoride,

Owing to its great affinity for calcium phosphate
fluorine is the most exclusive bone seeking element, it is
therafora accumulatad in every tissue showing calcification
thoupgh it is not found to aggravate patholopgical caleification,

Fluorine is axpacted to play a positive role as a skeletal
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stabilizer nd its influPnces as such may provide a partial protection
against semile gstroporosis which le-d tn serious [ractures and
invalidiam, It is also expected that the optimal fluoride leval
for skeletal function and stability may be higinr than that for the
formation of dentsl anamel, There ara indicatlons that traces of
fluorin® are neacessary for normal miner-lizgtion =s are necessary
for the formation of Aantal caries rasistsnt anamesl, Some reports
sugnested that zince fluoride dosas only twice those which
af'’actively prevent dental c-wries may cause light disturbances of
tha calcificition of the enamel and doses asbout twenty times
mragber cause Aamage te tha skeletal system, it is imparative that
arast care must be exercised in the utilization of this powsrful
alam nt,

Side effi'ects from controlled fluoride ingnrstion in water can
be reg yded as umrealistic in nature beeause, for instance, allergy
to fluoride hes never been described -mong consumers of tea which
is a Cluoride-rich bevarage,

fxperienca from human and animal chronic cases of fluoride
poisoning nnd animal exparimentation which supplemented for
observations in m-n have contributed to the knowledze of the role
of fluorine in human physiology and pathology.

Trruinoloically, fluoride donotes the ionized physiologically
available form of the rlem~nt =snd fluorine denotnas the gaseous
form but it may alsc be usnd to colleactivaly denote the element

in all its forms,
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. SF_PLUGRTIE ON JONE AND, H:RD TI3SUE

o . Flucride is a uniqua lon in that it continuers %o daposif
iﬁ the calcified atructurns after the other constitusnts of
the bonk have already reached a stesdy statﬁ. A study |
foillowing the ingestian of drinking watﬁrg éontaining lass
then 1.0, 1.0, 2,5 and 4,0 ppm indicsted s ten fold incraase
of Tlupride in bone, these findings being relsted to long
term ~xposurs of human to the fluoride levels, About 96% of
the fluorida found in the body is dopositad in the bones, this
fact wes responsible for the study of the effects of fluoride
on tha physical »s well as the chemical structure of the bons,
4t leyels of int-ke batwesn 1,0 nnd 20,0 ppm upto 50% apprsrs
to be reatained by the sknleton, most of the remainder is
ripidly excroted via urine and fances, Hardly sny amount
ramaings in the blood and soft tissuns but s little may be
found in pockats of calecification and the rotqined flugride
seams to be exclusively combinad with minerqlised tissﬁes;

Chemical analysis of fluoride-rich tissues hnve shown
thot the Incorporation of fluoride slightly alters the chemicsl
composition of bone and tooth mineral, the carbon:te and citrata
contents are lowered, the calciumephosphorus ratio remains
unchangad and the magnesium level incresnses,

Fluoride was observed to enhanee the crystal texture of
the mincral phase of bone and the action is mainly attributed
to the decressa in tha citrote content of the bonm with
incrassing fluoride concentr-tion, It was also observad to

g,
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arhance the seeding of apatite by pregipitating 2t 2 lower

concAntration then would be expected, No direct evidence of the
state of fluoriide in calcified structures and the state of bond
bet.een orgenic and inorganic phases of bone has yet been shoim,
. Fluoride concentration of enamel in relation to caries,
It was raported that enamel from carious tasth contain
a higher concentration of fluoride then surviving snamel from
cerious terth but the concentration of dentine remains
unchan,;ed, Beaeing influenced by the age of the subject, the
difference in enamel fluoride accounts for the diffarence in

carias rasistance in areas with low fluoride concentration,

TMLE 6: Jiaan valurs for Carbonate and Fluoride Concentrations in
Outarmost Layers of Carious and non Carious Teeth,

I I . T R R T e ok BURL R

co, - % F - ppm CO,:F  watio

Clzss of Leath i e e e~ e
Carious N.C. Carious N.C, Carious U,C,

o BB RS e B Sl B - e e I

From fluoride towm

Daciduous 2,09 1.90 202 369 1,05 0,51

Parmsnent 1.86 1.79 285 425 0.65 0.42

From non fluoride towm

Decidous 2,02 2,03 8, 139 2,40 1,46

Permanent 1.8, 1.8 176 183 1.04 1.00
% of co,

1.0, = Non Carious, 002:1'-‘ ratio =

F ppm
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Iaftrer eruption is not knowm s0 far .dua to 1lack of information on
such subjects, | |
The aobion on the golubility of cnamel 1z partly due to
fluoride dasposited during formation, this may probably be supple-
nontad by uptake on the enamel surfce alter eruption in which case
mtil enzymic afieots mxaerted Dy fluoride are mostly local,
iv. Effect of fluoride on asize and morphology of teeth,
| ObsAarvations on human subjects and Aaxpsarimental gnimals
have showm that fluoride has an influence on size mnd morpholesy
of teeth, the ~fTect might result in smalier terth and
shallewer fissures offacting contaet points and other food
trapoing arAass,  Several mechaniems by which fluoride could
nodify the morphology of teerth have besn idsntified but thse
rasponsible mAchaniam is not knewn so far, It i3 beliaved
that cusps formation depends on differential rate of mamel
roduction influenced in the earlier stages of snamsl develop-

ro LR

. Iﬂ"—n‘t v Toarmal aleae oo *
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FLUORIDE AND _DENTAL H EALTH

The relationship of fluorine to dental health has baen
a major subjoct of investigntion for many years, Wost, if not
all, of the investigations have assoclated mottlnd enamel with
fluoride lavel in drinking water -nd some hsve even Agta= |
blishead the quantitative nature of the ralations betwam the
fluoride lavel, mottled enamel wnd the pravalence of dental

enring, In ons of these invastipations conductrd in the 7.8,

involving shout 7 million people ingesting witer with & o

notural f;uoridﬁ concentration of 0,7 ppm or more, certain |

conéiusinns were drayn with regsrd to the relntionships,

(a) Eecessive Pluoride in the drinking wntar during the.ﬂ.:.
formotion stagns of ensmel c-use mottling =nd too low
fluoride submits to prevalence of tooth drcay.

(%) As the Pluoride ion concentration increasss from trace
to -bout 1.0 ppm the prevalence of tooth droay decranses
but further increasas do not appreciably increnss the
dent =l decay preventive affect.

(o) An optimum fluoride levsl of about 1,0 ppe in temperate
and 0,6 ppm in hot climates do not cause objectionable
dental moittling,

(a) AS the fluoride ion concentration increases sbove 1.5 ppm
there is 2 progressive incrsase in the prevalence and

w- | savority of mottlad enamel or dentnal fluorosis,
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(e) First siims of ~xcessive fluoride in drinking water -re
noterd in the taesth but significnt offects on other body
tissu~s such as bonas do not occur unless the fluorids

concantr~tion excrads 5 ppm,

Eff'ect of fluoride ingestion on carirs axperisnca,

Cories mAxprrience was axpressad by tho sum total of
overtly carious, fillad or extracted permanant terth per person
in decayrd -~ migsing - filled or coriers - axtractio -
restaar-tio count, According to an investization limited to
ctuildron who were born rasidents of the selactad districts,
had duys consumnd the local water and in majority of whom
perrmonont toeth and numrrous teath 1i-ble to cwriss had
nlrnady been exposed to cariogenic influcnces in the oral
cavity for many years, results vere found as related in

tabln 7 showing some of the cities dinvolved,
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TABLE 7: Dental Findings in Selected White 3chool Children aged 12
to 14 Years in Relstion to Fluoride Content =nd Total

Hordness of the Fublic "ater Supply.

———— A B B S S S s L Ees 0 A ke e 8 By . e B e . e B B B e i e W N B8 b B8 a8

City Subjects Fluoride Hard- CER/ Holar Cnriss Caries-
mg/1 ness DIF iorta- fraa
mg/1 100 1lity Sub je.
100 %
Colorado
Springs 40 2.6 27 246 4,7 2,48 28.5
Blmhurst 170 1.8 323 252 11.8 4,71 25.3
Jolict 447 PR 349 323 19.5 10. 74 18.3
Aurora 633 1.2 329 281 1.5 6.16 23.5
Knwonna 123 0.9 445 343 29.3 11.38 17.9
Purblo 614 0,6 302 112 20,2 3,75 10,6
Rlgin LO3 0.5 103 Lid, 20,3 32,26 1.4
Harion 263 0.k 209 556 25.1 26,24 5¢7
Lima Lol 0.3 223 652 55.9 25.89 2,2
iiddletown 370 0.2 329 703 65.9  55.41 1.9
Michigan City 236 0,1 141 1037 80,1 143,64 0
Oak Park 329 0.0 132 722 31,0 70,52 k.3
100 = par 100 subjacts

Carins uppar incisor proximal surface caries,

L
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Tha ralation betwean carias axperience -nd water hardness had

bern reg-rded 28 a determining factor in the dovelopmont of dantal

caries,

Minor daviations from the gemeral rule appeared in most of the

fluoride trsts studied indicating that earies experiance is not

strictly univarsally propotional to the fluoride content,

Chronic toxie ~ffact on enamel org-n,
The influence of chronic fluorine intoxication on the
structura of enamal orgen during its form-tion is detected
by the clinical appearance of tha teeth, I ffected teeth ~re
characterised by minute while flecks, yellow or brown spotted
arras scattored irregularly over the tooth surface and the
affact is more common on permanent tarth but occurs occasionally
on primary tecth,
A quamtitative variation in the distribution of mottlnd
anamnl among; persons using water supply containing fluoride
»nd 2 quantittive diversity in the incidence among children
from Af{erent endomic areas were the bases for the classifi-
cation of* mottling as follows: .
Mormal -~ The enamel is translucent, amooth wnd presents a
Zlossy oppaarance,
uestionable - Ocensional cases are border lime betwean normal
and very mild,
Very mild - Small, opaque, paper-whitc areas arn seen scattersd
irregularly over the l-bial and buccal tooth surfaces,
Mild - The white opaque araas cover at laast half of the tooth

surface and faint browm stains arn somatimes apparent,
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ilodrrate ~ All tooth surfaces are involved and minute pitting

is of'ten prrsent on the 1labi<l -nd buceal surfaces,
bromm stains are frequently a disfisuring complacation,

Moderately Severs - Pitting is m-rked, mors frequent and
generally observed on ~11 tooth surfaces, if brown stains
~ra present thay are of zraater intensity,

Savera - Affects the form of the tooth and stains are wide
sprad nd vary in intensity from deep brown to black,
the condition is someatimes rnferred to as corrosion
type of mottling,

The differemtinl di~nosis between mild fluorosis and non

spreific mottling may bo difficult in individuals whose history of

anrly fluoride ingestion is unknown,

TABLE B: Comparison of Sound and Mottled Enamel,

Bl D M B B A o el i D . . e P e s, A i i, ol A - m—

Density - gm/ecc No Content - mg/en lip Contrmt-n//co

b ——— e — —— - — -

T I i e e S ]

No, of Hean 4 No, of Hoan 3 No, of Mean 4
tanth SE tenth SE tnath SE
Sound en~mel 261 2,8140,02 282 0.5640,02 243 1.5940. K
Hottled onamel 161 2,88:0,02 105 0.75¢0.05 105 2,1740,15

——— i s a s a we - — L e S e . e s A - -— m——- s m

Thn Stand~rd Error is based on the within group standwrd deviation

on density 0,29, nitregen-mg/imm 0,57 and nitrogen - mg/ec 1,54,
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iii, Effect of local fluoride tre-tuont on carins axperience,

Sinea the discovery that the fluoride irn reacts
rexdily with caleiun phosphate and apntite in the dontal
enomnl graat afforts have been mode to davalop afficient mothods
for incorporating fluoride ions into the surface of tha eruptad
teaeth by local topicel fluoride applications, Some fluoride
is retained ~ftor ovary local applic-tion dapending on the
conentretion used, Such treatmont promotes dontnl health
primarily through its local affect upon the trath surface nnd
absorption of the fluoride ion, The carias protective affact
varias with the mothod of application and factors such as
post eruptive tooth nge, previous e¢leaning and drying of teeth
and supply of flucride from othrr sourcas,

Baginning »ith topical ~pplication of concantrated
solutions of sodium fluoride, lator developments include the
use of other fluoride solutiona such <s stannous fluoride and
mora flaborate mathods involving the daily application of
fluorids gal in a splint specinlly fitted to the dental arch or
tia use of elactrophoresis to aceslernte ionic movament,
Simpler methods include tha use of fluoride econtaining tooth
pwstas nd mouthwnshes, 4L caraful, repaated manuel pninting
of the tooth surfaces of children with 2% sodium fluorids
solution reduces the owiecs attick by 4 maximum of 4OR during
the following yo»r but little protection saems to ba left

thereafter,
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Mouth wnshing or tooth brushing with wmak solutions of sodium

flucride at intervals of two wreks or morn h-~s bean reported to
yield good reasults, The incorporation of flucoride inte tocth pasteas
offar » daily fluoride application such that the rasults of a number
of clinieal studies conducted on different formul~tions of fluoride
tooth prstes, generally containing 0,1% fluoride resulted in
reductions of 20 to 30% in school children, hisher values werae
raported with daily supervised brushing,

The effrets and benafits of topical fluoride application in
adults in areas with optimal fluoride concentration is not so far
available,

D.  CHRONIC TOXIC WFILT IN THE SKELETAL SYSTE:

The chronic toxic affact of fluoride on the skelatal
system has baen describad from certain geogr-phicnal regions
whoro drinking water contains axcessive quontities of natural
fluoride, This form of chronic toxic affact was first
raported from India then later from Snrelenks, China, South
Africa, Japan, Saudi Arabia, U,S,A,, Conada and Burope,
Simil-rly these effects were observead in ralation to
industrial exposure to fluorides such as cryolite,

The bona changes and sk letal abnormalitias in endenic
fluorisis are not 2s marknd as those in industrial fluorisis
but are similar to those sasn in the heavy axposure of
industrial fluorisis, Tha severity of tha fluorisis indicoted
by the degren of mottling im the terth is not proportionally

reflectad in the bone due to the metabolic differencns of the
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tissues and the Aifferent periods of develcpment of the
en~mnl -nd bon~ flucrisis,

The daformity o»nd crippling fluorisis is an advonced
gtage of fluoride intcxdcation resulting from the continous
axposura of W individual te 20 to 30 mg; or 10.0 ppm of
flueride in the daily drinking wet-r over 2 poriod of 10 to 20
yaars, Thara is also the 2ddtional flueride ingastion from
vegetablas ond foods proecessad in the flucridn rich water,

The crippling deformities ~re due partly to mechanical
factors ond partly to the immebiliz~tion necossit ated by pain,
The n~dv-nead stnge of crippling fluornsis is strikingly
unifornm, tha quadriplezic patient bant with Kyposis -~nd
rastricted movemant of his spino, controcturaes of hip 'nd knees
prnsants s typic-l rasult of excessive fluoride intakn, Owing
to the axtreme fixation of the spine the body moves as a
singla unit with o-ch attempt to straighten -ny portien of it,
COmmIT

Ralative to thea existance of fluoride in drinking weter
supplies «nd other vehicles for the ingestion of fluoride,
scientific studias have brought certndn findings to 1lizht,

Soma n~tur~l fluoride ranging from lnss th-n 0,1 tc 20,0 ppm
is coenteined in all drinking weters,

Foods contodning varying ~mounts of fluoride, the highesgt in
fish and me-t, vegatables and tubers, wnd the lowest in citrus
fruits such that the average adult r-tion in the U,S, contains

abaut 0,3 mg fluerine,
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iv,

Va

38

Theare are no differances in age, disa sk -~nd apecific
mertaiity rates between communitins h-ving 0.7 ppm or more =nd
comparable communitiss having 0.3 ppm or leass of naturally
occuring fluoride in the drinking water,

A 10 yeqar study of adult continous residonts of a community
with 8,0 ppm and » similar community with 0,3 ppn of fluorids
in drinidng water indicnts no esamntisl differences in medical
findings,

The kidneys parform a rapid ~nd efficient excratory function

of water borna fluorides up to at 1le-st 5,0 ppm.

TABLE 9;: A Summnry of the Effacta of various Dosns of Fluoride

Ingested through verious Media on Bene, Toeeth and othar

Organs,
Fluoride dnse Medium Effact
1 ppm wator Dantal caries reduction
2 ppm or more water Hottled enamal
8 ppa watar 107 ostansclercsis
20 to 80m;/day or more watar or air Crippling fluorasis
50 pma focd or wter Thyroid changrs
100 ppm food or water Growth retard-~tion
idora th~n 125 ppm food ocr w~ter Kidnay eh-ngas

to O gm aoute dosa Death

e T B | R e L T e P e A —
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Tha toxic ~ffect of largsr doses of fluoride -re predominntly
cenfined to the toath -nd the s=mlet-l system vith secondary
involvenent of the nervous system in ~dvanced -nd ecrippling flucrisis,
The simlat-1 chonias of endemic flluorisis show irregular doposition
off fluoriie in bones psrticul-rly in the nxinal skelaten, The
chemical composition of the bones is also altored and thera is a
moried ineraase of fluoride ccentent in tha bene -~sh, Further
complicnations are suparimpossd on the skeletal lesions owing to
the irregul~r narrcwing of the spinal canal ~nd intrrvertebral

foramina in vary advanced cases,
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D FLIDINGS
PLIORIDE TWVESTIC OTON
INTRODUCTION

48 leng azo as 1892 Sir Jones suggnsted that there was
some comnection petween fluoride in the diert -nd decreased
li~bility to dental caries, He drew attention to a situntion
existing at North =nd South Shields in the U.5, with watear
suppli~s having fluoride concontrations of 0,25 =nd 1,4 ppm
respectively stating that tho anount of domtal cariss was 4506
lass with the hipher concentrati-n thon with the lower,

From the first recordnd investi;~tion w-ter supply wns
susprcted to be the causal agent but the 2xact natura of the
almcnt was not discoverad until 1931 vhan Churchill reportaed
the prasencn of fluorin® in water supplies in the U,S, Lantz and
Smith reproduced the cendition in exporinental anim-ls fod on
dirts containing sodium flunride -nd the residus of the
drinking water from an affocted to:m., Ample evidence continues
to confirm the responsibility of fluoride in drinking water for
the condition in aan and simila eofiects in the teath of
domestic animals,

Wenver in 1945 carried out =»n investig-tion in which he
axamined school children in North -nd South Shinlds, He also
discovarnad that the fluorine content at North Shield wns
nazligible but that of South Shield wes 1,4 ppn and the
incidonce of dental caries was only 5%# of that ~t North Shinld,

Thus in a period of 53 years a constent ingestien of flunride
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ren~ins in the v ter supply, He emeludsd on further
invastig~tion in 1948 that the caries inhibitory property of
fluorine is of short duration wmd morely postponas tha deve-
lopment of maximun ceries for about five yeors,

In an investigation he conductad on children of about
12 yr~rs cn the offects o fluorine conecaAntrations it was
found that at a 1avel of 1,0 ppm 106 hod mottled ennamel, at
2.0 ppm sbout 50% indicated ita effact »nd ~t 5,0 ppm sbout
100% night be expected to have the ommdition Ath some 207
showing severe effoacts,

Dua to investigations by Woaver the American Dental
Association recommended that public wator supplies should be
dosed with fluorine either as sodium fluoride or sodium
fluosilicate to a level of 1,0 ppm, An axpiriment in mass
madication was started at Grand Rapids, Michigen by the U,S.
Public Health Service whe submitted an interim raport on result
as follows:

'Fluoridation of public water supply at Grand Rapids was
stortod in Jaunary 1945 and an analysis of dent<l examination
shows a reducnd amount of dental caries exporience in 1949,
vhon compared with the pre-fluoridation rates of 1944 to 45,
The findings indicated that the reduction is most pronounced
in the younger group whose dentition was ¢aleified following
the addtion of 1,0 ppm of fluoride to tho fluoride~frea water
supply,? Thus it had bren aestablishod that fluoridation of

wnter 23 a public health measure against dental caries,
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The inhibitory mroperiy of fluorina can also be attained in

throa othor methods:

i,

ii.

115,

The solid from ~dministr~tion of fluoride in tablet or othar

forus,

The topical applic-tion of fluoridr solution to teath,
The incprporstion of fluoride in dontifricas,
DLYIRIBUTION OF FLUORIDE DESRING WATIRS

The rolationship of fluorides to bum-n -nd stoek he~lth
had initi-ted oxtonsive interest on the distribution of fluorideo-
containing watars throughout the world, Surface wters sare
generally low in flueride content but undergrcound or subsoil
waters that have greatar chances ef cont-cting fluoriforous
matorial may contain appraciable quantitics depsending on
geological conditions, ifinaral ond hot spring wators ara
considored to hava the same character as drinking wator, they
are howtver usnd for medical purposns,

In Africn, investigations of fluoride content of waters
were carried out in South .ifrica, Keny, -nd Nigmria, In South
Africes whora over 300 samples from different localities were
axamined unusually high fluoridn contonts wore reportod as
most of the regicn is underlain by Karoo sediments which
contain sbout 0,9% flucride, The levels incresse during the
hot and dry weather and decrease during the rainy se~son,

In Kenya, invostiggtions firom 850 semplas gave the

following rasults:
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339 somples contain 0.1 to 0,9 ppm flucride

“‘5 " " 1.0 to 1.9 " "
ws n » 2,0 to 3.9 * v
1z " 30.0 ppm and over,

The fluoride erntent of lakes r-nzed from 0,5 to 2800 ppm end
of rivers -nd springs from 0,45 to 49.0 ppm, lsny ol the samples
havae high pll valu#s sonim 8 high as 3 to 10, In nany sreas surface
anils consist of high pareentags of volcanic =sh shich pnss threugh
waath-red levas to form a water table ovar the imparvious structures
of tha b-sement svstem, Chemical characteristics ~nd clinatic
conditions ala~ play an important role in the high flueride lavels,

In Nijeris, investigation on numerous samples from differmt
loeations shows that spring waters from the contral platean contain
0.2 to 0,4 ppm and in thoe Miger and Benue sreas concontrations
of up to 3.3 ppn were recorded in somn places,

Investizations in South Africa wore carrind out by Ockerse
in 1946, in Kanya by Williamscn in 1953 and in lligeria by Wison in
195L,

The U,3, Departmsmt of Haalth, Educ-tion and “elfare, in 1959,
had provided considerable information regrrding the distribution of
fluoride containing waters in all the Varican states with respect
to levels in drinking water sources, The inforuation shows that
from o total nf 1903 communities, 52% were located in somn five
statas with 2 fluoride contant of 0,7 ppm and mors and some other
five indie-tad o fluoride lavel of 0,7 ppm or less, The average

fluoride content in 111 the communities rangas from below 0,7 to 7.7 pm.
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In Chila, the northern arras have highor lovels thon the

cantr:1l nr southarn araas, howmver, the fluoride coneentration ronges
from loss than 0,1 to 0.8 ppm,

In Cuba, sanples dorived from walls, equiducts and springs
indicsted 2 fluorids coneentratien of 0,0 to 0,4 ppm,

In 4sia, the fluoride contont of' waters was reported to be
from balow 1,0 to 20,0 ppm, From a total of sbout 300 samples 77%
ran; d {rem 0,1 to 1,5 ppm ~nd tha rest 23% had concentrations
axcelling 1.5 ppm,

In Australia, New Zasland and South Island, concantrations
range from 0,0 to nver 1,0 ppm with 79% of the sanples within a
range of 0,0 to 5.0 ppm,

In Britain, » survey of waters indicsted that fluoride
contents of 0,0 to 5,8 pm exists in all drinking waters but some
of th~ sources are nither supercednd or the water is mixed with
low fluoride supplins,

In U,85,8,R,, a fotal of 968 samplns producnd B87% with lovels
below 0.5 ppm, 115 of the shallow wells and 29% of ~rtisian wells
contained 0,5 to 1,0 pm, and the rost contain levels axceading

1.0 ppn,
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A Sunngry of Fluoride Lavye

somn Countrins.

Nigmria
South Africe
Tanzanin
Argenting
Brazil
Canada
Chile
Cuba
Beundor
Peru
U,8.4,
China
India
Iran
Israel
Japan
Koraa
Taiwnn

Thailang

1ls in Natural daters of

e = na

Fluoride lavel - pp

- 4-‘...-.--‘-._-...4...--— -

to 0.9

0.0
0.0
0,0
C.0
C,0
0,0
0,0
0.0
0.0
0,0
0.0
0.0
0,0
0.0
0,0
0.0
0.3
0,0
0.8
0.0

0.0

"

"

L]

"

"

L

"

T

2800.0

6.2
53.0
95.0

1.6

0.6

1.2

1.5

Outy

1.5

1.4
16.0
13,0

6.4

1.0

1.5
20,0
10,0

1.5

1.5
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-—- - -~ - — . - . — B B ——— i . B B — A . ——— — 8

Continent Country Fluoride 1aval - ppm

Australasisa Australin 0.0 to 13.5
New Zoaland 0,0 . 0.9
Papua & N,Guinna 0,0 " 0.6

Burope Mastrin 0.4 # 0.8
Czochoslovakia 0,0 " 28,0
Bnglond 0.0 " 5.8
Pronce 0,0 L 7.0
Gornany 0.0 " b9
Hungary 0,0 L 0,2
Italy & Sicily 0.0 o 7.1
Poland 0,0 " 1e1
Spain 0.0 " 6.3

Swodan 0.0 » 10,0

— - -— - - - - - -—
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GEOLOGICAL A\SPECTS

Fluorine is wm element of igneous orisdn and is mostly
hizhly concentrated in veolcnnic deposits, Fluorine containing
nminerals ~re widely distributed in tho variocus sadimentary
fornations though fow of thesa appoar to yield significant
quantitins of fluorine to water, There is little information
available regarding the particular pgeological strata
rasponsible for the condition but in Colorado fluoride is
found to be presont in tho surfaco water -s in Fuzzuoli, an
Italian locaticn from vhere inmigrants showed mottled ananel
nas the first noted developmental defect of the teeth -nd has
since bam noted to occur endnnically in Americs, Chins,
Africa, India, Spnin, Holland wnd sevar-l localised ~roas
of Engl-nd.

Other causativa waters are generally reckoned to come
fron daep orizins, In North Afriea rock phosphate containing
about 3,5% fluorina has beon knovm to c~use offact due to the
suparficial phosphatic strata contorninating scil and surfaco
water, In Natal, South /frica tho fluorine content doss not
excond 0,22 ppm and no easns of dental fluorosis wore
raeported, but in Transvaal where flucrine concentretimms
of 53,0 ppn arn found 256 of the ex-wiined children showed
mottled ennmels,

The goologieal survey of Grust Britain found that the
strata which nost readily yirld fluorino to wator are
phosphatic bads and clays of marine crigzin such as exford

cley,



FLUCRINE TESTS
DTRODICTION

The accurate deteornination of fluoride in wator has
increased in inportance with th» growth of the proctice of
fluoridation as a public hoalth measure, Tha standardisation
of 2 constant flucride coneentration is essontial in
maint-ining the affactivenass and safaty of the fluoridation
procedura, Fluorine is usually deternined by matching the
fading produced in a lake formod betweon zirconium and
alizarin reactants,

Many methods for the deternination of flucride have beon
suggestod but the colorimetrie mothnds are nost satisfactery,
they aro based on the raasction betwmon fluoridn »nd zirceniun
dye 1lake in which the fluoride roacts with tho dyo lake
dissoeisting a portion of it into a colourless complex and
dye, iAs the anount of fluoride is ineransad the ecolour
producad broonas prograssively lishtor or difforent in shede
depending on the raagzent uscd,

Sanples nay be distilled to rencve the affect of inter-
fering ions but when the presonce of such ions doas not
axcend the tolerable limits of the method being usad flucride
detarninaticn nay bo nado without distillatien,

There are throe colorinetric nothods used for the
dotornin~tien, thome are:

i. Alizarin visual mothod
ii, Alizarin photonetric method
iii, SPIINS npethcd,
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Adzarin visual mathod is directly npplicable to sanplas
containing up to 1.4 nz/1 but requires that the saaplo be used
af'tor =n hour and accurate timing is not necessary as sanples
and standards are traated at the same tine under the sane
condition,
Alizarin photonetric methed is adaptible to 2 greater concen-
tration range up to 2,5 nig/l ~nd it alse roquires that the
sanple be road at 60 4 2 ninutes,
SPADNS method does not raquira any waiting aftor tho addition
of reoagent,

Gemerally, the nethods aro susceptible to tho same
interforin; substances but to varying dogrees, the substances

which comienly cnuse interferenes are shown in table 11,
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T/HLE 11: Concontration of Interfering Subst-ncos causing 0,1 ng/l

Arror at 1,0 ng/1 flucride,

o ———— .

Substance Moathod i Mothed 14 Hoethod iii

- - - — — .- - .- —

Cono, Error Cone, Zrror Cone. Error

ng/1 ng/1 ng/1
Mkalinity - (::-s(‘,o3 400,0 = 325,0 = 5000,0 =
A+

AMuniniun - A1 0,25 - 0,2 - 0.1 =
Chlorids = €1~ 2000,0 - 1800,0 - 7000,0
Tron - Fe' o' 2.0 4+ 50 - 10,0 -
Haxamotaphosphato -

(w 2P0z )6 1.0 + ¥l + 1.0«
Phnsph'xtv- - POL 5-0 + 5.0 + 16.0 +

Sulphata - S0 300,0 . L00,0 . 200,0 +
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ir -);ny onn substonca is present in sufficient qu-ntity to
produee an orror of 0,1 ng/1 or when the total interfarence offect
ig in doubt the sanple should be diatilled, turbid or colouraed
aamples should alse br distilled,

Appropriate procautions such as adheronce to the m-mufacturnr:ay
diractions and caraful calibration of the pormanent standords
agninst prepared standards must he taken in the use of permanent
colour standwis,

Sample diluticns or addition of appropriate quantitios of
interfering substancas to the standards nay ba used to elimingte
the interference effffect, I alkalinity is the anly interforence of
magnentiude hydrocheolric or nitric acid nay bo used to neutralise it
and chlorine interference is removed with ~rsenite roagent, The
volunn of watar sample and that of reagont added sre importwnt to
the accuracy of determingtion, the time of reactlon and the

tamparature are also inportant,

B, ERELIMIN/ARY DISTILLATION OF WATIR
ﬂ.... | Principla,
~ The dircct distillation procedurs do net prodnce
| dilution of the sanpls and using a large quantity of saaple
to carry out the distillation over o wide range of tonpsratures
" olininatn the need of praconcentrtion, The lawwge volume of
- distillate and the lower starting tomperature serve to hold
7 ghn final sulphats concontration within tolsrable Limits :w-...
though higher tenperaturas maks the sulphate carry over 7 |

A
pronounced during the lator portion of distillation,

e -»\ ~ratengy
et . . e,
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iv,

Apperatus,

The distillation apparatus consist of:

A onA litre round bottom flnask

A long neck pyrox boiling flask

A thermonater adaptor

.. thermometer raading to 200°C

& connacting tube

sn efficiont eondenser,

It is important while eonsidoring appar-~tus to cbsorve
critically those that could affact complete fluoride recovery,

and conditions which would onhance sulph-~ta carry over,

Renzomts,

Tho roagents for this distillation are concentrated
sulphuric acid and silver sulphate crystals,
Procadure,

Place 400 nl distilled water in the distilling flask
and carafully add 200 ml ccncentrated sulphuric acid and swirl
carafully to obtain a homeoseous solution, Add 25 to 35 glass
baads, connect tho apparatus and start heating naking sure
that all joints are tight. The haating starts sleowly but
increnses rapidly as much as ths eondenser could permit until
the tenperature of the contents roach 18008, Tho removal of
fluoride conterminaticn and adjustment of acid water ratio for
subsaqurnt distillation is more or less confined to the rapid
heatin; so when the resulting coonl distillate is discarded

the ronoval and adjustuent are beliovad to be accomplishad,
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Whon the remaining acid nixture is cool add 300 nl of sample

and mix thoroughly; distill until the temperature reaches but not
axcend 180°C so a3 to aveid sulphata carry ovor,

When hizh chloride samples arse used ~dd silver sulphata to
the distilling flask at the rata of 5 ng per 1 ng of chlorida.

The acid solution in the flask nay bea usel repeatadly until
the conterminants from the sample accunulate to a degros that
racovary is affactad or interferencos apposr in the distillate, The
suitability of the acid should ba periodically checknd by distilling
standard fluorida samples, When high fluoride samples ara distilled
the s3till should be flushed with 300 nl of Aistilled wnter before
smplas containing low flucride are processad,

Fluoride racovery depends on tho accuracy of tha mathod of
nonsurenent,

C. COLORTMNETRIC EQUIPMENT AND TECHNIQUE

s 0 Mizarin visual nathod
. Apparatus,
Colour compariscn equipnont consista of nessleriser nnd
natch tall form nassler tubcs,
b, Reascnts,
The stock fluoride sclution is prepared by @§issolving
0.221 gm anlydrous sodiun fluoride in Mstilled water and
Mluting to 1000 nl, 1.0, 1.0 ml distilled water to 0,10 mg
fluorids,
The standsard fluoride solution is preparad by dissolving
100 ml of the stock solution to 1000 ml with distilled water i,e.

1.0 ml distilled watar to 10 U gn fluoride,
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Zirconyl=-alizarin roagent is preparad by dissolving 0,30 un
zircenyl chloride octohyldrate in 50 ml Adistilled water contained in
a one litre volumetric flask with = glass stoppor, .Also dissolye
0,07 gn of 3 = alizarin sulpheric ncid sodium salt in 50 nl Astilled
watar and c¢orefully pour into the zirconyl solution, Stir carefully
and stand for sometine to claar the solution,

To prepare the nixed acid solution diluto 101 ml of concantrated
hydrochloric acid to sbeout LOO nl with distilled water, also dilute
33.3 ml of concentrated sulphuric acid to about 400 ml with Adistilled
watar, Whoen the two are cool mix thmm togoether,

To prepare acid zirconyl-alizarin reagont add the mixed acid
solution to zirconylealizarin reagont, «1! distilled wator up to the
anrk and nix, The roagent changes in eoleur frem red to yellow
within ono hour and is raady for use,

Soddun arsenite solution is prepar~d by dissolving 5,0 zm of
the conpound 2nd diluting to 1000 ml with distilled water,
¢, Proeadure,

Sanple traatment,

Rosidunl chlorine is removed by tha ~Adition of 0,05 nl
arsenite for aach 0,1 niz chlorine and nixing,

Proparation of standards:

A serins of standards saro proparcd by diluting varicus
volumns of standard fluorida solution to 100 ml in nesslor
tubns, Tho standards are chooson such that some are lower -mr‘l
soma are higher than the fluoride ccneontraticn in the sanple,

A standard interval of 0,05 nz/l is usually sufficiont, it is
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inport-nt bncausge it determines the accuracy cof detormination,
Celour developnimt,

Room tenperature is satisfact-ry for sanplas and standards
and ghould ba adjusted so that tha dnviation betwnen than doas

-
not excend 2°C, A2 5,0 nl of the acid zirconyl~-~lizarin

reagnmt on to 100 nl of clear saaple and tha staninrds in
nesslm* tubes, nix thoroushly and carefully to avoid center-
nin~ticn during the process, After one hour eovnmpare the sanples
and the standards,

Calculations,

02/l Pluoride = —— 10

B
X -
nl s-nple c

where A = ng flucridn dstornined visually

2L

ratio npplies cnly when a sample is distilled to
a volume B and an aliquot C taken from it for
colour developnant,
idizarin Photomatric nnthod
Apparatus,
Colorinetric equipment consists of a spectrometer for
use at 520 tc 550 n. U providing + 1lizht path of 2t least 1,0 en,
or s filter photoneter providing o 1i, ht path of at least
1.0 em nnd aquippad with a graeon filter having a naximun

transmission of 520 to 550 m U,
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Reasent,

Standard fluoridoe solution,
Propare as in - 4,
idizarin red solution,

Dseclve 0,75 ¢ 3 aligarin sulphoric ncid sodiunm salt
in distilled water and dilute tc 1000 m1, When insoluble
natarials are present they should ba filterod with o filter
papor and protectod against sunlight,

Zirconyl necid rongont,
Diasclvn 0.35 gn of zirconyl chloride oct-hydrate in

600 to 800 ml1 distillad water, slowly «31 33.3 ml of concon-

tratad sulphuric acid and 101 nl ceneentrated hydrochloric acid

vhile stirrings, Allow the nixtura to eool to room temparature
and ddluta to 1000 m1l with distilled watar, mix thorourhly
and allow to stand for ons hour aftor which the rasgent is
roandy for use,

Proce dure,

Proparation of standard curve,

Prepare fluoride standards boetweon a rancze 0,0 to 2,5
ng/l by diluting appropriate quantitins of the standard
fluoride solution to 100 ml with Aistillcd water, A3l 5,0 nl
of alizarin red solution and 5,0 nl of zirconyl acid rensent
to each standard, mix and allow tha reaction to continue for
60 32 mimutes, Set the photometar to 0 absorbance or 1006
transmittance with distillad water -nd take a reading on each

stndard using a wave lonisth in a rance of 520 to 550 m U,
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Plot ~ curve of flucride absorbance relsticnship, L new
standard curve nust be prepsrad whenever a fresh batch of aither
of the two reagents is prepared or when a difference standard
tenperature is required,

Sanple pretreatnent,

When residual chlorine is contained in the sample it
shpuld be removed by adding 0,05 ml of arsenite solution for
each 0.1 miz of chlorine and mixing,

Colour Aavnlopmant,

Use 100 ml1 of sample and adjust tho temperature to that
usad for the standard curve, Adl 5,0 ml of alizarin rad
solution and 5,0 ml zirconyl acid reazent and shake taking eare
to avoid contermination durins the process, Raad the
shsorbance after 60 &+ 2 minutes setting the rofrence point of
the photometer as for tha standard curvs,

Calculntions,

A x 100

nl sample

mz/1 fluoride = "?‘;‘

values of A, B and C are s in - 4,

SPAINS method,
Principla,

The acidity of the reacting mixture ;restly influence the
rate of reaction between fluoride -and zirconium therefore by
increasing the proporticn of acid in the reagents the reaction
¢an ba made practically instantancus. Under such condition the
effact of variocus icns differ fron that in the conventional

nlizarin methods, The selrcticon cof dyns for the rapid flucride
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nethod is govarned larpgely by the resulting tolerance to
these ions,
Apparatus,
The colorimetric equipmont ccnsists of a spectromaeter
for usa at 570 m U providing a light path of at laast 1,0 en
or a filter photometar providing a light path of at least 1,0 en
and equippad with a greenish yellow filter having maximum

transmittance at 550 to 580 m U,

Rea/rents,

Standard fluoride solution,
Preparod as in - 4,

SPAINS solution,

Dissolve 0,95 #m Spadns sodium 2 = parssulpho-
phenylazo - 1, 8 = dihydroxy - 3, 6 - napthelens 4disulphonate,
7 = naphthelen disulphonic acid triscdium salt in distilled
water and dilute to 500 ml,

Zirconyl necid reagont,

Dissolve 0,133 /m zireconyl chloride octahyirate in 25 ml
distilled watar, and add 350 nl concontr-ted hydrochloric aecid
and dlute to 500 ml with distilled water,

Acid zirconyl spadns reagent;

Mix equal volumes of spadns solution and zircenyl ~cid
reagent to produce a singlea reasent,
Reference solution,

fidd 10 ml spadns solutiom to 100 nl Aistilled water,
Dilute 7.0 ml concentrated hylrochloric acid to 10 ml and =44

to the dlute spadns solution, The resulting soluticn is used
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to set refrence point O of the spectrophotometar,
Sodium arsenite sclution,

Préeparad as in - 4,

Procedure

Praparation of standard curve,

Fluoride standards are prepared in a range 0,0 to 1,40 nz/l
by diluting appropriate quantities cf the standerd fluorida
solution to 50 ml with distilled water, Add 5,0 ml of spadns
solution and zirconyl acid reagent to each standard and mix,
Set the photometer to 0 absorbance with the refrence solution
and obtain the absorbance raadinss of the standerds, Flot a
curve of thes fluoride - absorbance relationship and prépare a
new standsrd curve whenever a frash batch of reagent is made or
a diffarent standard temperature is required, 3Set the
photometer at som® suitable point establishad with a preparad
fluoride standard if no refrence sclution is used,

Sample treatment,

If residual chlorine is contained in the sample, 0,05 ml
of sodium arsenite solution for aach 0.1 my chlorine is enough
to remove it with thoroush mixin,,

Colour development,

Use 50 ml of sample and adjust the temperature to that
used for the standard curve, Add 5.0 ml of spadns solution on
5.0 m1 of zirconyl acid reazent and nix thoroughly, After
setting the refrence peint of the photometer to O absorbsance
with the refrence solution read the absorbanca of the prepared

solutimn,
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Calculation,
ng/l fluoride = ﬁ_ﬂn x 2
nl sample

valurs of A, B and O are =as in « {,

FLUGRIDE LEVEL IN WATIR SAMPLIS EXTR,CTED FROM LOC.LL WELLS

Method of fluoride Astermination,

The mothod used in the laboratory is based on the zirconium

alizarin resction, The method which uses t=hlet reagents
over comas all Antarferencas except that from aluminium and hlgh
rhesphate concentraticns, it requires no preeise control of
time or temperature,

The principle of tha method is based nn the reaction
wetween zirconyl chloride and sodium nlizarin salphonate in an
acid solution to form a brilliwmt rsddish violat lake, This
colour is destroyed by fluoride ions to pive the pale yellow
colour of the alizarin sulphonate, thus varying smounts of
fluoride ion produce o rangé of ceolours from yellow 0 red and
the concentration of the fluoride can Le measurad by comparing
thn celour producad with a range of lovibond permanent c¢olour
standards,

& proesdurs that makes use of « preparad hlank in which
the fluoride has been rendered inactive hy complexing it with
an axenss of aluminium salt is introducaed so a5 to canenl out
interference, Also, the method provides compensation for
varistions in reagent quality, temperature and time of colour

devalopmant,
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Rasgent s required,

For standard i-L procsdure,

fi=Z tablats = acid alizarin zirconium mizture

Excass A=L tablets - containing aluninium ammonium

sulphate,

For supplementary procedure,

Resin tablets - for elimination of aluminium intarferance,
The standard lovibond nessleriser dics NOM,

Disc NOM is n wide ranga disc for general use in
determinin,; natural and added fluoride, it has nine standards
which cover the range of 0.0 to 1,6 ppm fluoride in steps of
0.2 ppm.

Technique,
Standard excess A-L procedure,

Place 50 ml of sample in a nessler cylinder and add one
axcess A-L tablot, crush the tablet and stir until the powder
is completaly dissolved, Place a furthor 50 ml in another
nessler cylinder and add one .4i-Z tablet to each of the two
cylinders, crush and stir to dissolve the tablat, FPlace a
further 50 m1 in aq third nessler c¢cylinder and place in the left
hand compartment of the nessleriser, Allow tha treated samples
to stand until the developed colours arn both within the range
of the standards in the dise, it takes 15 to 60 ninutes, Place
the cylinders in turn in the left hand compartment of the
nesslarisor and match the colour against the standards using a

standard source of white light,
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The difference betwsen tha fluoride readings from these two
cylinders sives the fluoride contant in prrts per million,
Suppleméntary procedure,

Placa 150 ml of sample in a stoppered hottla of about 250 ml
capacity and add ons resin tablst, Replace the stopper and disinter-
grate tha tablet with continous shaking, Filter throush a filtar
paper and cellact two separate 50 ml portions in nessler eylinders,
therearisr procede as above and if the origzinal sample is turbid it
should be filtered direct to provids 50 ml for the cylinder placed in
the left hand compartment of tha nessleriser,

The excess /=L technique is followed to determine total fluoride
a3 raquired for fluoridation control at water works and rasults are
for both natural and artificial fluorida, To check the fluoride
dose at traatment works determine total flucride before and af'ter
fluoridation, The difference reprosents artificially added
fluoride, To determine free fluoride where some of the fluoride may
be complexed with natural aluminium or residual alum use tho excess
A-L method without resin tresatment, the diffaerence betwaen this
result and the total fluoride will correspond to the complaxed
fluoride,

Readings obtainel from the lise of a nessleriser are accurate
proviiel that nessler cylinders which comform to the specification
of thosae uséd in the origzinal c¢alibration ~re used i,e. the 50 ml
calibration mark falls at a height of 113 4+ 3 mn from the bottom of
the cylinler measursi internally,

4., Local test raesults,
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TABLE 12: TFluorias level in water sanplas axtracted fron local
walls used by the inhabitents of villa;es within about

five miles radius of the university campus,

e —— i —

Location Source of Fluoride Remarks

sample lavonl -

ppm

Palladan Lined well 0.3 Usad for all purposes
Unaui-n-Tsofo Unlined well 0.3 " now "
Koraye " 1" 0.2 " " n "
University Campus Lined " 0.0 Used on mains shortae
Tudun Sarki Unlined " 0.2 Used for all purposes
Samaru - A Lined ¥ 0.1 " LA "
Samaru - B » " 0,2 . LI L
Samaru - C " " 0.2 " wooom "
Samaru - D Unlined " 0,1 " LA "
Unguwan Na'ibi Lined " 0,0 " LA "
Gidan Maiwada L " 0.2 " nooon "
Bomo Unlined " 0:4 n " " "
Hil Goma " " 0,2 " "ooon "
Biye n n 0.1 " Y "
Bijimi Lined " 0,2 " oo "
Gungurfa Unlined " 0.4 n nooon "
Birnin Bakko " " 0.4 " noon "

Shika " " 0.2 " " " "
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The flucride :1et:t=\r.mina.tifm tests wore confucted in the rainy
aeaﬁon honce 2ll wells were in full utility an? the supnly woa in
plenty, Iublic buckets wore used to extract samples from the wells
and sanpling dotiles with plastic stopyers wors used to store and
transport samplaes to the laboratory.

The sanples ware testad soon as they were broupght to the
laboratory, mostly betwean 10,00 a,m, and 1,00 p.m,, and readings
were taken at thres time intervals i,e, at 30, 40 and 60 minutes 3
mimutes for handling., No coloured samplez wore encounterasd and those
that were eloudy had to be filtered to facilitate a betber sight
through the nessleriser, The disc Wil was used for colour compariszon
hence the flugride level in the samples,

As this disc was in steps of 0.2 inter wodiate readings i,e.
those that gove odd valuss, wers deduced as an average of the higher
end lower values corresponding to the shadeg of the samples and the

peroanent glass colour standards,
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CONCLUSION

It would ba observed that tha flucrida lavel in the samples tastad
rangad from 0,0 to 0,3 ppm, this appears to be a low concentration
but with refrence to the limit within which reporteodl tests have so
far put tha national level of fluoride waters to be, thase results
are reasonably satisfactory., The low concentration misght also bLe
attributed to tha fact that the tests were carried out during the
rainy season as a result of' which all the wells were in full supply of
water, It has baen reported from almost all approved invastigations
that there is a relationship between the fluoride concentration in
water from - supply source and the rate at which the supply is kept at
any particular time i.e., concentration is proportional to the ratae of
supply.

From thae results obtained so far it could ba assumed that the
strata unlorlyin; the whole area of sampling Ao not contain any
apprecishle quantities of fluorids, Out of the 18 samples tested only
two which are located at one end producel levels up to 0,3 pm, eighg
produced levels of 0,2 ppm, six produced levels of 0,1 ppm and only
two produced lavels of 0.0 ppm, Since fluoride was khown to be of
irneous orizin the hisher fluoride in those two samples might be
attributed tc their location in the surroundings of =an igneous rock

outerop.



RECOMEN DT TON

The byzone information and data on fluoridation of water relative
to its stand as a public health measure have so far axplained and
illustrated, in flactual terms, the powerful influence of the fluorids
ion on the control and inhibition of dental carias, Numorous
invastigntions, tests and experimonts have come out with a number of
findings that have reliably formed the bases of some univearsal
de¢larations and professional rocommendations regarding the addition
of fluoride compoundis to public water supply systems to maintain an
optimal fluoride leval, As a rasult of these researches an opinion has
also been formed by the unanimous acceptance of tha intake of
fluoride from drinking water to play a greater role in checking the
prevalance of dental caries than fluoride intake from any other source ,
It has been suggastively accapted that the intake of fluoride varias
with the prevailing climatic conditions and environmontal influences
as well as the Arinking habits and requiremonts of the individuals
so that to strike at a balance of optimaml intake the fluoride
concantration in the drinking water has to be maintained at a
minimum range of 0,7 to 1.3 ppn,

Here in Nigeria, where the climate is gzenerally considered to
ba hot bacause it is tropically oriented the fluoride level of
tested watars from gonoral sou~gcps apparars to ba fairly low and
on account of this dental carins experience might be substantial,

It would tharefore, not only be appropriate but necoassary for the

Nigerian authorities to introduce the process of fluoridation in all
water supply systems to raise the fluoride level to a minimum of 1.0
pm so as to combat and effactively check the growth and prevalence

of the dental hazard.
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