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ABSTRACT
At present, fluoridation of drinking water is regarded as an efficient and safe public
hezalth measure by competent national and international organizations. In view of
the success with iodized salt, fTuoridation of domestic salt was started in 1956, Data
collected in surveys and published in 1961 and 1962 suggested a cariostatic effect of
fluaride suppiemented by demestic salr. The benefit was fairly fow which was to be
expected in view of the low dosage of 90 mgFikg salt. This type of salt made at the
Vereinigte Schweizerische Rheinsalinen, Schweizerhalle Bl., Switzerland, has be-
come the most frequently used type of sait as far as packages for domestic usage are
considered. On the basis of salt consumption data, a higher flucride dosage, 200
mgkfkg, was already envisaged in 1962. This discussion was intensified in the later
sixties. Studies in Swiwzerland with salt at 250 mgFrkg have been under way since
1970, The expecled caries preventive effect has been confirmed. Studies on the
cartostatic effectiveness were started 1963 in Colombia and 1966 in Hungary. In
Colombia 200 mgF were added w0 1 kg of salt, while in Hungazy, 350 mgF/kyg were
used. Research on salt fluoridation has so far produced the following results: find-
ings regarding dental caries, and urinary fluoride levels provide substantial evidence
that sali as used in households and bakerier mav be a valvable and safe vehicle for
flsoride in mass prevention of dental caries. Questions of physiology and safety of

fluoride as provided through salt are imensely studied.

INTROBUCTION

Walter containing tinoride at a level of 1 to 2 mg per liter
or more has been drunk for centuries by millions of people.
Al this concentration, no harmnful cffects have been ob-
served but the number of carious reeth was found to be very
low i such populations. Based on these findings, artificial
water fluoridation has been used since more than 30 years
for mass prevention of dental caries (WHO, 1970).

The first publications suggesting salt as a vehicle for
fhuoride appeared mn 1948 and 1950, Their author, Wespi,
had been active in the prevention of goiter by promoting the
introduction of iodized salt in all cantons of Switzerland,
Results of a clinical study initiated in 1956 were in favor of
a cariostatic effect of flucride added o salt {Marthaler and
Schenardi, 1962). This conclusion was supported by data

from & survey which had been published a year earlier {Mar-
thaler, 1961).

Carefully planned studies with fluoride added w salt
were stwted in Colombia and in Spain in 1963, and in
Hungary in 1966, These studics are most important because
cancentrations of fluoride in salt in the ramge of 200 to
350 mg Fikg salt were used whereas in Switzerland only 80
mg Flkg were added unul 1970,

RESULTS OF STUDIES IN FOUR COUNTRIES

Switzerland. Endemic goiter due to insufficient lavels of
dietary iodide had been a serious problem in Swi&zarland. In
1917, icdization of salf began, Jeading to the gradual disap-
pearance of eademic goiter in the following decades. This
success faciitated the introduction of fluoridated salt which
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bepan in 1953, By 1967 three-quarters of the b-kg-packages
of sak sold for domestic use by a population of 5.5 millicn
were fluoridated to 90 ppm F (Table 1), In several cantons,
with a tofal of approximaiely two million inhabitants, only
fluoridated salt has been available for vp to 10 years. The
fluoride content was indicated on the package, yet there was
practically no antiflueridationist opposition,

Production of salt with 230 ppm F was started in 1970
for the canton of Vaund (VD populanon 500.000), and in
1975 for the carton of Glarus (Gl., popuiation 40,000), In
the latter canton a press conference was held w inform the
public.

Results of early surveys of carizs prevalence associated
with the use of domestic salt at the low level of 90 ppm F
are given in the vpper part of Table 2, The dats cbtained
from children up to nine vears of sge support the hyporhesis
of z canoxstatic effect of fluoride added to domestic salt. At
ages abowe 12, DMF counts were similar whether or not
fluoridated sait had been used; this was o be expected in
view of the fact that the fluoride content was sobstantially
helew the optimum level and that fluoridationr had been in
effect for only four to five years. Caries prevalence in the
children of the cantons of Freiburg (FR) and Neuvenburg
(INE) decreased from 1970 to 1974 (lower panl of Table 2).
This decrease was due to the intenduetion of fluoride tahlet
distributior st school is rhe lare sixties. In 1970, caries

TABLE |

Datz on Production of Fluaridated Salt in Swirzerland

1955  F-salt af 90 ppm F (byv addition of NaF) first produced
by VSR.

1958 127 tons produced, wsed in 9 Camtons (of 25).
19606 313 1ons produced, used in 20 Canrons.
1564 598 tons produced.

1967 746 tons produced.
In 13 Cantons, RBO% to 100% of ali salt in I-kg-
packages are flucridated. VAR producad 9.83 millions
of i-kg-packages, and 76% of ther contained 90 ppm
F. The situation of the 90-ppme-salt has changed very
ligtle since then,

1968 F-salr ar 100 ppm F for the Canton of Vaud
{population 300°(K)), by addition of KF first produced
by SB.

1970 F-salt at 230 ppm F produced by $B. 1-kg-puckages
as well as 50-kg-sacs for bakeries are fluoridated.

1974 Small scale productton of 250 ppm F-sajt hy VSR for
the canton of Glarus (40'000 inhabitants). I-ke-
puckages as well as 25-kg-packages for bakeries,
canteens.

VSR Vereinigre Schweizerisehe Rheinsalinen A.G., producer of salt for 24 Cantans
with 5.3 miliien inhabitams. $B: Saline de Bex. producer of salt far the Canton of
Vaud with 9.5 miflions ighabitapts. VSR and 5B are the only Swiss producens of
calt for hlumnan Conswinpiin.

TABRLE 2

Averape numbers of carlous (DMF) surfaces according 1o the use of domestic salt i control
and fluoride children sxamined at common locations where they were brought together
and examined wnder BMind conditions (Switzerland}.

Lurick, May 1960

No F-salt or sometimes
F-salt {90 por) for 4-5 yeans
Totali number of children

Wadenswil, May %61

No F-salt or sometimes

F-salt (9} ppm) regularly since 1956
Total number of children

Cantons FR, NE, VD, April {970 and 1974

FR, NE 1970, no.organized preveation
1974 F tablets ireguiariy sioce 1966
Total number of children

VD 1970 F tablets from 1933 to 1969
1574 F srlt (250 ppm) since §970
Total mumber of children

Zurich: Marthaler, 1961,

Age 8-9 Age 1114
g.1 16.0
6.1 25.4
268 {22
Age 7-9 Ape 1214
4.7 22.2
32 227
436 395
Age 18 Age 12 Age 14
T.43 1541 20.24
3.68 1117 17.84
339 208 20
3.36 10.37 16.23
3.72 7.32 12.62
266 22t 213

Wagennw: L Marthaier and Sclesard:, (9062 (unweighted mesps of 3-year age groupsy.
Cynrans FR and NE: 3 communities (Ramont, St-anbin, Chirel St Denisi.
Canton YD: 3 communities ¢ Moudon, Grandson, Yeveyl, Manaler et al. 1975,
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levels in the canton of VB were already a5 fow as thuse
found in the three communities of FR and NE in 1974, In
the canton of VD, DMF levels fell further when datly tabiet
distribution was abandoned in 1970 in favor of salt flecrida-
tion at 250 ppm.

Colombiz, With the cooperation of the Pan American
Sanitary Bureat, and with a Grant by the National Institute
of Dental Research af the USA, an investigation was
started in four Colombian towns. The papers deseribing the
project and the results obtained during the period 1964
1972 have been compiled in a special volume (WHO,
AMRG, 1976).

The four Colombian communities selected for swudy
were Armenia, Montzbello, San Pedro and Don Matias,
The four communities, each with stable populations in the
rantge of 8,000 to 12,000, are not adjacent to one another.
Dor Matias served as control commanity. In San Pedro
fluoride was added to the drinking water. In Montebello and
Armenia either NaF or CaF, were added 1o the domestic
salt. The first DMF survey was made in 1964, From 1966
through 1972, surveys were made every year by the same
group of examiners who conducted the initial 1964 survey.
The examiners were regularly checked. with tite result that
inter-examiner margins of error were brought down to
below three percent comparing repeated mdividual DMFT
counts. The total number of examinations carried out in the
four commanities between 1964 and 1972 was 27,032

The number of tegth attacked by dental decay is vsually
denoted as the number of DM F-teeth (decayad, missing and
filled teeth). Average numbers of DMF-iceth remained
constant in the control commenity (Tahle 3), By contrast,
DMF teeth averages fell strongly in the fluoride com-
munities. The preventive effectiveness of fluoridated water
(San Pedro} and of calcium fluoride {Armenia) and sodium
fluoride (Montebello) was very similar, In the younger chil-
dren for whom fluoride supplementation had begun at age of
one to three vears, DMF tceth averages were reduced by

TABLE 3

Average number of carious teeth {DMF permanent teeth,
rpwelghted meuns of the averages at ages 8, 9- 13 as given
by Meju et al., 1976) per child in 4 communities with either
no supplemensal flooride or flunride added to water or salr
from 1965 ro 1972 {Colombia).

NaF in  CaF;in

Yeur of Examingtion, No Added F i

{age In years) Fluoride  Water Sakt Sak
1964 8~10 vrs 5.53 4.87 4.33 4.59
1972, 8-10 yrs 5.27 .78 1.7 1.98

© 1964, 1E-13 yrs 11.24 .44 8.74 10.49

1972, 1113 yrs 11.81 .74 4.50 542
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more than 50 percent. For Lhe children 11 1o 13 vears of age
for whom flooride supplementation started at age four fo six
the benefit was skightly less than 30 percent. The reduction
of DMF averages obtained in the 3 fluoriduted communttics
was comparahle to that obtained by water {luoridation when
considering the age af which the children started to consume
tluoridated warer (Marthaler, 1967).

Spain. A study of salt fluoridation was started in Pamp-
lona in 1963, Cooperation of a salt production plant wus
obtained for praviding fluoridated sait. A closed nstiturion
with some 200 children was chosen for the clinical wial. A
study of dictary habits showed that an average of 10 grams
of salt was ised per person and day. Five prams were
needed in the bakery for bread. Hased on these figures, a
concentration of 112 ppim F {250 ppm NaF) was consid-
ered adeguate and has been added to the sak used in this
institution since the end of 1965, At'that timé, examinations
for DMF counts wete made. The second examination was
carried out i hune 1969, Arall ages, DMF averages were
subskaiitially lower in 1969 thun in 1965 (Vines, 1971).

Hungary. After preliminary swdies in 1965, a clinical
trial was begun in 1966, using u 250 ppm F domestic salt,
in 1968, domestic salt with 200 ppre F and in 1972, salt
with 350 ppm F (by adding NaF in all cases) were intro-
duced i two further experimental villages. The salt for
bakeries and other industrial proceszing was not fluoridated.

Results from Lhe study with 250 ppm F in salt are shown
in Tabla 4. The numbers of cariouy teeth (def deciducus or
DMF permanent teeth) remained fairly constant in the con.
trol villages. By contrast, caries experience fell by more

TABLI: 4

Average number of carious teeth (dmf decidunus reeth at
aps 210 G and BMF permanent teeth at apes above 73 on average
per child. Fluoridation of domestic salt started in 1966 { Hungary).

' Carious Teeth Per Child

Year af

Examination Cogtraol Flugride
Age group 2-6, dny teeth

1966/67 5.19 4.18
1976 4 56 1.43
Numbers¥ 516 219
Age group 711, DMF wceth

196667 3RS 362
196 2.80 1.45
Numbers 1277 344
Age group 12— 14, DMF eeth

HO66/67 7.33 5.60
1976 T.20 3.es
Numhers 218 LA

R ambrers o chideen zxamined o the contrel community examinations 967 :nd
197463 and fluoride commueity ferammations 18 {960 and 476y
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than 3G percent in the age groups 2-6 and 7-11, and by
slightly less than 50 percent in the children aged 12 o 14
With respect to the decidoous dentition the data suggest that
fluoride added to sal is as effective as fluoride added to
water.

SOME PROBLEMS OF SALT FLUORIDATION

Production of fluoride-containing salt. In Switzerfand
and Huongary, fluoride is added 1o salt by spraving concen-
rrated solutions of NaF or KF on salt on a convevor belt. In
the Colombian cxperiments, NaF and CaF, were first
mixed wirth suitable phosphate camier salts in the USA. The
premixed granolates were then added ro the salt produced in
Colombia and subsequemtly shipped to the respective com-
munities.

Twenty yvears of experience of large-scale production of
fluoridared salt tn Switzeriand showed that batch production
of fluoride-containing sakt is preferable to continuous pro-
duction. Canditions necessary for obtaining a homageneous
and stable preduect ready for vse Have been given by
Rutishausar (1977,

For optimal cariostatic effectivencss, ionized Ruoride
should be available in the food. Therefore, cutions forming
insutuble precipitutes or stabifizers such as mricalcium phos-
phute should not be contained in the salt { Alanen and Pohto,
1977}

Determination of optimum fluoride levels in salf.
Studies of salt intake are very difficult to conduact. Salt may
reach the human consumer by the following ways:
1) domestic salrr purchased as such for the housshold {visi-
ble salt), 2) salt added in local production and preparation;
smail bakeries, buichers, capieens, restaurunts, hospials
(partially hidden salt) and 3) szt added in industrial food
production {hidden salt}. This hidden salt comsumpition
seems to increase since Jarge-scale production of bread,
sausages ete. and of ready-to-eat prepured meals is becoming
mare fraguen,

In many sall consumption studies, it was overlooked that
considerable amounts of salt purchased for individual
households and used for cooking are not ingesied. Only a
very small part of the salt added 1o water used for boiling
pidatoes, spaghetti, noodles, and vepetables is ingested.
Téth and Sugar (1975) studied this problem on a large scale.
They found the following averages (in grams) in Hungary:

Salt sold
Used in privare households
Ingested with food

1297 piday and person
8.25 g/day and person
3.34 g/day and person

Regarding the distribution of fluoride in the bedy, con-
siderable work has been done on blood samgples, duct saliva

samples, hone samples, denral hard tissue samples (WHQ,
1970}, In blood and duct saliva, concentrations between
0.04 10 (.04 ma/! are usaally present, Older duta indicating
nwich bigher coments huve been shown to he incorrect.
Since fluoride is trapped in deep enamel and in primary
dentine, samples of hard dental tissues available from ex-
tracted teeth give valuable information regarding fluoride
supply to the body at the age at which these tissues became
mineraiized. The increased fluorde intake obtained by salt
tiuoridation has been demonstrated in this way {Baumgart-
ner et al., [976).

The study of urinary fluoride levels is most important for
determining aptimum levels of fluoride in salt, Individual
concentration in spot samples may be very high after a meal
with high amicunts of sall since up w0 30 percent of a single
dose of fivoride may be excreled in the urine within a few
hours. In the age range of 20 t 30 vears approximately
50 percent of all ingested fluoride are excreted. The average
urinary F-concentration in regions with optimal fleoride
content in drinking water is approximately | ppm. For
targe-scale momitoring of F-salt, it may be sufficient to
choose 0.8 o 1.0 ppm F in pooled urine from groups as
target concentrations. Some data obtained in salt fluorida-
tion studies are given in Table 5.

TABLE 5

Some Dats on Unpary Fluoride Concenirations, mg F/1

Ape Fluoride

Svutrce of Dutn Range Cancentrution

U54

1945, prior 1o water fluaridation 1217 Ok -0.3

1955 after 10 vears of F water 12-17 e -1l
¢Grand Rupids, Zipkin et ai, 1958)

Switrerland

1870, 90 ppm F in salt 7-15 039
{8t- Aubin, Parars et al 1975}

1974, 250 ppm F in salt 7-15 (.84.124

1974, 250 ppm F in salt Adults F11-1.24
{Peters et af, 1975)

Colombia, 1972, fluoridation since 1965

Don Matias, control 12-14 0.23

San Pedra, F-water (1 ppm F) [2-14 090-1.20

Montebella, NaFinsalt 200 ppm Py 12-14 6 74087

Armemia, CaF. in salt (200 ppm F 12—-i4 O 75-N.80
(Mejiu et al, 1976)

Flungary 1977 F since 1972 or earlier

226 ppm Fin salt 2-14 Q.75

Adulls  0.69
250 ppm F in salt 2-1¢ (.86
Aduits  G.88
350 ppe F in salr 2-14 (.73

Adults L. 1(_)
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CONCLUSIONS

Fluoride ingested via sait does prevent dental caries in
man. The cariostatic effectiveness seems to be equal to the
one provided by fluoride in water when the fluoride contend
of salt is adjusted so that it provides urinary fluoride excre-
tion levels similar to those associated with optimal fluoride
content of water.

it is possible o produce s homogeneous, stable salt con-
taining fluoride in the order of magnitnde of 250 ppm F.
Batch mixing of NaCl and NaF granuiates under conditions
of controlled temperature and humidity now thoroughly in-
vestigated is preferable (o continucus process production
methods.
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