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INTRODUCTION 

Fluoritlatrd doirlestic. salt as an alternative or corril)lerneiit to fluoridated 
tlrinking wntvr has certain theoretical advantages but also involves obvious 
~)rol)lerns. ‘The theoretical advantages appear to be mainly the following: 

1. Reasonahle reseinhlancc to the M.ell-esta1)lislietl fluoride supply with 
tlrinking water. 

2. N o  limitation hy Jvater-work size and equilmient. 
3. N o  waste of fluorides, as with pipet1 water. 
4. Simple ant1 cheap pro(liic:tion arid control. 
5. Free choice for individual households, reduced psyycliologic~al difficulties. 
The main problems seem to be the following: 
1. ‘The distribution of the fluoridated salt must be limited to  areas (house- 

2. ‘rhe dosage has to  he determined on thc basis of thorough clinical 

3. Possihle influences of tlie vehicle on the absorption and metabolisrn 

4. l’ossihle influe~ices of tlie vehicle on tlie intra-oral fluoride reactions 

holds) with sul)-optirnal flnoride content in the drirlking water. 

stiitlies of the total fluoride ingestion when using fluoridated salt. 

of fluoride should be known.  

shorild he ltnown. 

Krcri\ c.d lor publication, Rlarch 2.3, 1070; rnatrrial added, Dcceniber 20. 1970 
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5. The clinical caries-preventive effect. slioirld be known before large- 
le use of the vehicle. 

The ohjection has been raised against salt fluoridation that infants would 
receive too low a dose with this vehicle. This ohjection is to a great extent 
met by the recent finding that the modern infant feeding with water-diluted 
dry-milk formulas provides a high fluoride dose compared to breast-feeding 
or feeding with cow’s milk, which is nuich less water-diluted (Ericsson, 1969 ; 
Ericsson, & Ribel ius ,  1970). In  rat tests, the chloride of the salt reduces or 
delays the fluoride absorption to a limited extent (Ericsson, 1968), while in 
in-vitro tests the chloride considerably eiiliaiices the uptalie of fluoritle 
ions in human enamel siirfaces (Ericsson, 1962). 

In spite of the obvious problems some clinical irivestigatioiis indicate tliat 
fluoridated domestic salt carries definite proniisr for mass-~)ro~)liylaris 
against caries (Marthaler  & Schenurdi,  1962; V m p i  J1- Biirgi, 1970). How- 
ever, the variation of food habits in different countries necessitates a tlioroiigh 
inapping of the nutritional utilization of fluoride siipl)lied with this vehidc. 

1 his investigation has aimed to provide the first clinical data necessary I o 

cleterrriine the optiinal fluoride concentration in household salt under ordinary 
Swedish conclitions. Urinary fliioride excretion has been used as a coiivcnicnt. 
and satisfactory parmieter of tlir total fluoride ingestion (DIcClzirc c% k-insw, 
1944; Ziplzin ct al., 1056; R i d  J1- 7’~mIock, 196S, ant1 others). 

r ,  

MATERIAL AND METHODS 

The urinary c:onceritratior~ of fluoride was determined iii a nuiiibcr of Snc.disli 
siihjects hefore and after one week’s use of Iiouseliold salt containing either 
500 or 1,000 nig F as NaF per kg NaC1; this high ratio was indicafrd by 
~)reliniinary tests with lower fluoride coricentrutioris. 

Tlic subjects originally selected were divided into two groups, [lit, so- 
called full-board groiip wlio took all their meals in their lionies, arid the 
so-called half-board group wlio had lunch outside their lionies and tliun 
witlioiit fluoriclatetl salt. The half-board group on 500 mg F/kg NaC1 coni- 

, the oilier groups 15-18 subjects each. The subjects’ 
drinking water cwitainecl less than 0.3 p p i  F, hut sorne of the subj 
were consuniers of fluoride-rich tea. Later, a special full-board group of 
13 men employed at a hydroelectric plant construction in Laplaritl was 
tested with 500 mg F/kg salt. These men were carrying out hard physical 
work in contrast to the majority of the other subjects. ‘Their clrinking w t w  

contained 0.1 ppni F. 
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24-hour urine was uscd throughout for determining fluoride concentra- 
h i s .  As a point of departure the urinary fluoride concentrations of persons 
residing in Uppsala were talien. IJppsala has a natural fluoride content in 
its drinking water that can be calculated to lie about optimal for the climatic 
coritlitions in southrrii ant1 ceiitral Sweden (Gulugun Ca: Vrrrnillion, 1957). 

The urine samples were collected in specially washed plastic bottles 
and preserved, in cases where transportation had to take place, with thymol. 
The fliioride analyses were initially made either with the Orion fluoride 
electrode*) or with diffusion and colorimetry according to Biiurnler (1967, 
with some modifications), or with both methods, which gave similar results. 
Later only the fluoride electrode was used. A TISAB-CDTA buffer according 
to Hurwood (1969), or a citrate huffer was erriployed to standardize pH 
and ionic strength and to complex hind interfering metal ions. 

RE S U LTS 

The results obtained in a number of Uppsala families appear in Table I. 
The relations between urinary fluoride concentrations in adults and children 

Table I 

lhhr ide  (ppm) in  24-hour urine samples from Uppsala residents and in tap water sample$ 
from their homes 

- ~ ._ ~- -~ 

Urine Water 
Agc 33 -57 years Age 8-19 years 

n Av. SE n Av. SE n Av. SE 

19 1.08 0.077 18 0.80 0.117 16 1.16 0.016 
~ ~~ ~ . 

in Uppsala and the local water fluoride content agree well with those reported 
from many other places in the world. 

The results obtained with fluoridated domestic salt are presented in Fi- 
gures 1-5. The urinary volumes were determined for a large number of 
the test-subjects; these were not statistically different hefore and after con- 
sumption of fluoridated salt. 

*) Orion Research Inc., Cambridge, Mass. 02139, U S A .  
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Fig. 1. Fluoride concrntrations in 24-hour urine heforr and after thr ingrstion of talde sdt  
c*ontaining 500 m g  F/kg. Half-lroard group. 
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Fig. 3 .  Fluoride concentrations in 24-hour urine hefore and after t h r  ingestion of table i a l t  
containing 1000 mg F/kg. Half-hoard group. 
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Fig. 4. Fluoride concentrations in 24-hour urine before and after thc ingestion of tahlr salt 
containing 1000 mg F/kg. Full-board group. 
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Fig. 5.  Flouride concentrations in 24-hour urine before and after the ingestion of tahlt. 
salt containing 500 mg F/kg. Full-board group with hard physical work. 
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SAMPLINGS 

Fig. 6. lJrinary fluoride concentrations in 4 24-hours samples from each of 4 subjects on 
500 ppm F in the table salt. Half-board group. 

Intra-individual variation was tested in four samplings of 24 hour urine 
taken at half-week intervals from each of four adult, healthy subjects on 500 
ppni F in the salt (Fig. 6). The apparent drop of the values between the first 
and second sampling is believed to be accidental, since any delayed adapta- 
tion of the fluoride excretion to the increased ingestion would act in the 
opposite direction. 

The results are commented upon in the following section. 
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DISCUSSION 

Some general features are evident from the results. 
1) The fluoride dose in the salt that gives a small to nioderate urinary 

fluoride increase in persons on half-board gives a rather large increase in 
some of the persons on full-board, particularly in younger adults. 

2) The great inter-individual variation of the urinary fluoride output 
may be due to variations of either the consumption of domestic salt, or the 
food/water cons~~niption ratio, or both. 

The majority of subjects appear to belong to one of two distinct categories, 
with high and low urinary fluoride rise, respectively, following the .use of 
fluoridated salt. No comnioii denominator has heen found for any of these 
categories. A closer study might trace the cause of the variation to some 
distinct differences in food habits. 

3) A much higher fluoride concentration in the domestic salt is necessary 
under Swedish conditions than has been calculated for Switzerland (250 mg 
F/kg NaC1, Wespi & Biirgi, 1971), in order to get the same urinary fluoride 
excretion as with optimal fluoride concentration in the drinking water. A 
fluoride concentration somewhere between 500 and 1,000 mg F/kg NaCl 
appears to be optimal for the majority of the tested subjects. 

The causes of the great apparent difference between Switzerland and 
Sweden may be manifold. In 22 of the Swiss cantons the 1967 sale of packet 
salt corresponded to 5.36 g/person/day ( Wespi & Biirgi, 1970) while Ganzoni- 
Ziegler (1965) found an average conslimption of 6.3 g/person/day in 25 
Swiss families, of which 4.18 g were ingested. Boiled potatoes, from which 
the salted boiling water is poured off and lost, seems to be much more 
common in Sweden, while the consumption of salt-rich soups is much higher 
in Switzerland. The corresponding sale in Sweden has been calculated to 
5 g/person/day in 1968 while the actual ingestion is unknown. Tlie meat 
consumption is reported to be higher in Switzerland while salted herring is 
a common dish in Sweden; the meat is probably, as a rule, salted in the 
individual household, the herring in the factory. 

Acknowledgement. This investigation was supported in part by aPatel?tmedrlsfondcn fiir 
odontologisk profylaxforskningu. Special thanks are due to  the employees at the Vietas 
hydroelectric plant construction who organized and/or participated in some of the tests. 

SUMMARY 

The fluoride concentrations in 24-honr urine samples were tested in Swedish 
subjects of different ages and working conditions before and after the use 
of fluoridated domestic salt for one week. The salt contained either 500 or 



1,000 nig F as N a F  l)cr kg, uncl the siil)jtb(.l.; \!ere tlivicletl into two groulis 
ac:c:orcling t o  mlietlter tliey tool, all their nicals or only Imdtfxst, r l i i i r i t ~  
aiid Iwssiihle evening stia at lioine. Corii1)arisons iserr inade with tlie 
uririary fluoride conceiitratiotis of d i i l t s  und children in Uppsala, wliosc~ 
tlrinking water contaiiirtl al)out 1.16 p p i r i  F. Tlic results are given in tliagranis 
whicli iridicate that further clinical tests in Swctleii slioirlil 1)e rnatlr w i l l i  

cloincst ic salt containing bet\+ ern 500 ant1 1,000 ppni F. 

I< Lsc M 6 
ESTIhlATIUN U R I N A I I I E  Dl1 DOS:\(;E OPTIML\l I )E E’I.I.ORL‘I3E AVEC LE SEI .  l>b; 

C 0 N SOhIkr.kTI 0 i\; 

I,c+ coiic.etitrations tle fliiorurr tlaiis rles i.cliantilloiis tl’uriiies de 24 lieiir(+ 
ont C.tC recherchCes cliez tles siijrts suktlois tle clifferents dges et contlitiori.; 
tlc trnvail, avant el a1)rPs usage penclant line sc~niaine dr: srl tle consominatioii 
fliiork. Lc sel conttnait soit 500 wit 1 000 Trig F par kg s o u s  forrne tlr NaF, 
rt les sujets ont Ctk r6p r t i s  dans les tleiix groupes suivnrit lc nonil)rc tle 
r e p s  pris h domicile, soit tous les r e p s ,  soit seuleinmt le petit tlPjcuiicr, 
le tlincr et Cveiituellernent une collation (111 soir. Des cornparaisoris wit C‘t6 
faites avec les concentrations tle f lmrure  uritinire chez tles enfants et tles 
adultes (l’Uppsala, consoniniant. iirie eaii contenant environ 1,16 1 i p m  F. 
Les ckqganimcs iridiqiiant les rksultats rriontrent qiie les essais cliniques 
ultkrieurs devraierit en Sui.tle etre faits en eniployant tl i i  sel rle consoniiiia- 
t i o r i  contciiant entrc 500 et 1 000 p ~ m i  F. 

KOCHShLZFI.L~OHIUIERUNC: S C l I A r Z U N C  IIEH OI’TIM.4LEX DOSIERUNG DtiI(CI1 

UIIIN.4NAI.YSEN 

Die Fluorlioiizentratiotieri ini ‘ragcsurin vcrschiedeii alter schwedisclic-r 
Probanden wurtlen hest irrinit vor iriitl nacli cleni Gebrauch von fluoridiertoni 
Kiicherisalz wshrend ciner Woclie. Das Sulx eiitliielt entwxler 500 odcr 1000 
mg F als NaF pro Kg, und die Prol~antlen wiirtleri auf xwei Gruppcn geteilt 
jc nachderri sie alle Mahlzeiten ZLI Hause einnahnieri oder niir Friilistiicli 
urid Ahendessen. Vergleidie wurtleii init den Fluorkonzentratiorieri ini Urin 
Erwachseiier und Kinder in Uppsala gernach t, clereii Trinkwasser etwa 
1,16 rng F/L enthielt. Die Rcsultate werden in Diagraminen angcgeben, 
welchc zeigen, tlass weitere klinische Yersuche in ScEiwederi iriit einern 
Kuchensalz, chs zwischen 500 und 1000 nig F/Kg cnthiilt, ausgefiilirt 
werden sollen. 
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