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ABSTRACT 

A study was designed to determine current levels of fluoride ingestion from all 

sources by infants aged 11-13 months, resident in fluoridated and non-fluoridated areas in 

New Zealand. The quantity, nature, and form of all food and drinks ingested by 60 infants 

over a period of 3 days were duplicated and analysed for fluoride. The HMDS-HCl 

diffusion technique was used to isolate the fluoride content in unashed liquid homogenates 

of the diet, and the isolated fluoride was then measured by the fluoride electrode. Ionic 

fluoride content of breast milk was analysed by the direct method. Other sources of 

fluoride intake in this age group of infants were identified to be fluoridated toothpastes and 

fluoride supplements, and the fluoride intake from these sources was estimated. 

In this study, the daily dietary fluoride intake ranged from 0.009-0.056 and 0.004-

0.038 mg F/kg of body weight for infants resident in fluoridated and non-fluoridated areas 

respectively. The mean dietary fluoride intake of infants in the non-fluoridated areas was 

one third that of the fluoride intake of their counterparts in the fluoridated areas, and was 

nearly five to seven times less than the recommended "optimal" levels of intake. In the 

fluoridated area, the mean fluoride intake of infants was about half the recommended 

"optimal" level of intake. 

The use of fluoride supplements (0.25 mg F/day) in the non-fluoridated area raised 

the total fluoride intake, but it was still below the recommended "optimal" levels of intake. 

The use and ingestion of fluoridated toothpastes increased the total fluoride intake of infants 

in the non-fluoridated areas to near "optimal" levels, but it caused total fluoride intake of 

some infants in the fluoridated areas to exceed the "optimal" levels. It was calculated that, 

if a child on soy-formula in the non-fluoridated areas was to ingest fluoride supplements 

and large amounts of toothpaste as well, then the total fluoride intake of this infant could 

exceed "optimal" levels of intake. This observation stresses the need to identify higher 

sources of fluoride intake in a child's diet before any form of fluoride supplementation is 

recommended. 

The study also demonstrated the need for determining the relationship between 

dietary fluoride intake, plasma fluoride level, dental caries and enamel fluorosis in order to 

establish optimal levels of fluoride intake. 
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I INTRODUCTION 

In recent years, a decline in the prevalence of dental caries in children has been 

observed in a number of developed countries including New Zealand (Hunter,1979 and 

1982; Glass,1982; Leverett,1982; Brown,1982; Thylstrup et al., 1982). There also 

appears to be a trend towards an increase in fluorosis (Forsman, 1977; Walton and 

Messer,1981; Leverett,1986; Szpunar and Burt,1988). This has been suggested to be 

related to the widespread use of fluoride dentifrices, supplements, and mouth-rinses, an 

increase of fluoride in the food-chain from the use of fluoridated water in commercial food 

processing, and an increase in the use of infant formulae containing high levels of fluoride 

(Singer and Ophaug,1979; Glass,1982; Leverett,1982; Rao,1984). 

The fluoride content of infant formulae and foods, and the total fluoride intake in 

infants and young children have attracted considerable interest An increase in the fluoride 

content of commercially available infant formulae, toddler cereals, fruit-juices, and 

beverages has been attributed to their manufacture using fluoridated water (Farkas and 

Parsons,1974; Adair and Wei,1978; Singer and Ophaug,1979). Some investigators 

(Forsman,1977; Adair and Wei,1978; M¢1ler,1982; Leverett,1982 and 1986) have 

suggested that dental fluorosis is now more prevalent or, in isolated cases, more severe 

than would be expected based solely upon fluoride intake from such dietary sources. 

Leverett (1986) reported that dental fluorosis had become three and one-half times more 

prevalent in non-fluoridated communities and was twice as prevalent in fluoridated 

communities. He suggested that an increase in fluoride in the food chain is a potential 

cause (Leverett,1982). 

Although there is no general consensus, a total daily fluoride intake of 0.05-0.07 mg 

F/kg of body weight, in children below 12 years of age, is considered 'optimal' for dental 

health benefits (Ophaug et al., 1980a). It is also generally agreed that to avoid an 

undesirable degree of dental and skeletal fluorosis (American Academy ofPediatrics,1986) 

the total daily fluoride intake should not exceed 0.1 mg F/kg of body weight. Research into 

the total fluoride intake of infants and young children indicates that the suggested optimal 

levels of intake can be exceeded when there are multiple sources of fluoride (Wiatrowski it 
al., 1975; Adair and Wei,1978; Ophaug et al., 1985; Hattab and Wei,1988). It is therefore 

very important to assess the total fluoride intake of various age groups of children so that 

the daily fluoride intake from all sources (dietary and non-dietary) does not exceed the 

recommended optimal amount. 

The total daily fluoride intake of New Zealand infants and young children is not 

known. In New Zealand, the amount of fluoride occurring naturally in most water supplies 
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is low ( <0.2 J.Lg F/ml). However, approximately 54 percent of the New Zealand population 

drinks water fluoridated to a level of one part per million (1 ppm, lJ.Lg F/ml) or just below 

this level (de Liefde,1985). It is possible that, as a result of food and beverages being 

processed in fluoridated areas but consumed elsewhere, the effects of water fluoridation are 

spread more widely than the boundaries of the water district 

The present study was designed to determine the total fluoride intake of infants aged 

11-13 months residing in fluoridated and non-fluoridated areas in New Zealand. Unlike 

previous studies on estimates of fluoride intake, no attempt was made to determine the 

fluoride content of individual food items commonly consumed by infants. Instead, the 

nature, form, and quantity of food and drinks, fluoride supplements, and toothpaste 

actually ingested by each infant over a period of 3 days were duplicated as accurately as 

possible and analysed in toto for daily fluoride intake from all sources. Samples of breast 

milk were also- analysed for fluoride. Thus, a true quantitative and qualitative 

representation of the infants' dietary intake was obtained, from which the total fluoride 

intake was determined. 
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II REVIEW OF THE LITERATURE 

2.1 FLUORINE: AN ESSENTIAL TRACE ELEMENT 

Combined chemically in the form of fluorides, fluorine is seventeenth among the 

elements in order of abundance in the earth's crust, and is the most electronegative of all 

elements. Fluoride is distributed almost universally in nature, and is present in air, soil, 

rock, minerals, water, and in most foods, whether derived from plant or animal life. From 

a biological viewpoint, however, fluorine is classed with the trace elements, because it is 

biologically active in very small amounts (Smith and Ekstrand,1988). The clinical 

significance of fluoride has been predicated upon its high reactivity, its ubiquity, and its 

universal presence within body fluids, tissues and the skeleton (Smith, 1988). Owing to the 

universal presence of fluorides in food and water, it is extremely difficult to produce a diet 

that is deficient in fluoride, but adequate in every other respect, in order to indicate whether 

exclusion of fluoride produces fatal or disabling symptoms (Muhler,1970). 

Extensive epidemiological studies over a long period on the effect of fluoride on 

teeth, were reviewed by Murray and Rugg-Gunn (1982). These studies have shown that 

there is a strong inverse relationship between the level of fluoride in the water supply of up 

to 2 ~g F/ml (2 ppm F) and the prevalence of dental caries. Community water fluoridation 

studies showed that the natural situation can be replicated by adding fluoride to a level of 

0.7-2.0 ~g F/ml. Where water fluoridation is not possible, fluorides in the form of 

fluoridated dentifrices, fluoride tablets, mouth rinses and gels have been used with similar 

cariostatic benefits (Schrotenboer,1981; Murray and Rugg-Gunn,1982). Previously, the 

aim of caries preventive programmes was to incorporate high concentrations of fluoride into 

dental enamel, as it was thought that high concentrations of fluoride in the surface enamel 

result in the reduction of the solubility of enamel under acid attack (Isaac et al., 1958). 

Better understanding of the cariostatic action of fluorides has clearly shown the importance 

of the other actions of fluoride, particularly the remineralisation of the early carious lesion 

and the antimicrobial properties (Levine,1976). The post-eruptive action of fluoride in 

influencing the dynamic process of lesion formation and remineralisation, is now 

considered to be of equal, if not of more importance than its pre-eruptive effect (Dowell anc;l 

Joyston-Bechal,1981). Fluoride, even in low concentrations, at the enamel-oral fluid 

interface is considered to be of critical importance in the dynamics of demineralisation and 

remineralisation. A continuous, frequent supply of fluoride, throughout life, is now 

considered to be essential in the control of caries (Levine,1976; Fejerskov et al., 1981). 

Present knowledge refutes the concept that fluorides and fluoridation benefit only children 

(Jackson et al., 1973). Root surface caries, a condition more common to an aging 

population, has been reported to be 50 percent less frequent in a fluoridated than in a non-
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fluoridated community (Stamm and Banting,1980) It has been shown that the caries rates 

rise when water fluoridation is discontinued (Lemke et al., 1970; Klinzel,1980; Stephen et 

al., 1987). In addition to the prevention of caries, fluoride is believed to be important in the 

arrest and reversal of incipient lesions. The use of fluoride is no longer thought of as a 

preventive measure only, but also as an active treatment of early carious lesions. 

In addition to its beneficial effect on teeth, there is some evidence suggesting that 

ingestion of fluoride may be important for the maintenance of normal calcification of bone 

in the later years of life (Bernstein et al., 1966; Simonen and Laitinen,1985). Bernstein et 

al. (1966) showed that people living in a high fluoride area (4.0-5.8 J..lg F/ml) had less 

osteoporosis and collapsed vertebrae than did subjects from a low fluoride area (0.15-0.30 

J..lg F/ml). In a comparison of two communities with differing levels of fluoride in their 

water supplies, a lower prevalence of femoral neck fractures in the elderly was found in the 

community with.a fluoride content of about 1 J..lg F/ml in its water supply (Simonen and 

Laitinen,1985). Primary osteoporosis, a disease characterised by fractures resulting from 

idiopathic loss of bone mass and strength, has been treated with high doses of sodium 

fluoride (40-80 mg/day) for the last 25 years with some success (Faccini,1969; Franke et 

al., 1974; Frey,1986). Supplemental calcium therapy (1.0-2.0 g/day) appears to be 

necessary to offset the impaired calcification of new bone matrix laid down in the presence 

of fluoride (Riggs et al., 1980; Frey,1986). Fluoride has also been used in the treatment of 

other rarefying bone disorders such as post-menopausal osteoporosis, corticoid induced 

osteoporosis, Paget's disease, and otosclerosis (Shambaugh and Petrovic,1968). The main 

advantage of fluoride treatment in osteoporosis is that it can reverse osteoporotic changes, 

whereas other forms of therapy only retard or arrest their progress (Schamschula and 

Barmes,1981). However, the effect of fluoride on bone is still not fully understood and a 

cause-and-effect relationship has not been established. Moreover, therapeutic doses used in 

the treatment of osteoporosis are not tolerated indefinitely or by all patients; 5-30 percent of 

patients are resistant to therapy. Treatment of osteoporosis and other rarefying bone 

disorders with fluoride is still described as investigational therapy (Frey,1986). 

Fluoride also appears to be important in the prevention of heart disease. Bernstein et 

al. (1966) found the prevalence of calcification of the aorta to be twice as frequent1 

especially among men, in the low fluoride (0.15-0.30 J..lg F/ml) areas than in the high 

fluoride (2.4-5.8 J..lg F/ml) areas. The authors concluded that an adequate intake of fluoride 

is necessary, with advancing age, to prevent atherosclerosis. However, the possible effect 

of other minerals in the artesian well water, which was used in the high fluoride areas, was 

not investigated. In a study in Finland (Luoma et al., 1973), the prevalence of 

cardiovascular diseases was found to be highest in the low fluoride (0.05 J..lg F/ml) area and 

lowest in the high fluoride (2.57 J..lg F/ml) area. The fluoride and magnesium contents of 
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the water were however, correlated. In another study (Taves,1978), mortality due to heart 

disease between 1950 and 1970, was found to be 2.5 percent lower in 20 fluoridated 

towns, than in 15 control towns; the effect of other elements in the water was not correlated 

with fluoride levels. Epidemiological studies are needed to examine further the possible 

benefits of optimal fluoridation in relation to the prevention of osteoporosis and heart 

disease. As with the effect of fluoride on osteoporosis, a cause and effect relationship has 

not been established. 

In animal experiments (Messer eta/., 1972), a deficiency state characterised by 

infertility was produced in rats on a low fluoride diet. The deficiency correlated well with 

low tissue levels of fluoride and was overcome by the addition of fluoride alone to the diet. 

This study established fluoride as a trace element essential for growth and reproduction, at 

least in the diet of the rat. It is not known to what extent these fmdings from rat studies can 

be extended to humans. 

2. 2 METHODOLOGY OF FLUORIDE ANALYSIS 

There are discrepancies in the published data for fluoride content of foods, probably 

because of the use of different analytical techniques, and analytical difficulties. Reliable 

comparisons between the numerous reports on the fluoride content of foods are therefore 

extremely difficult. Isolation of the fluoride ion is the necessary first step in the 

determination of fluoride in most samples, including food (Taves,1968). Prior to 1968, 

steam distillation was the method of choice for isolating fluoride in food samples. With 

these methods, it was not possible to measure low levels of fluoride accurately and, as a 

result, earlier studies may have overestimated the fluoride content of foods (Rao,1984). 

Acid diffusion processes are now widely used with greater reliability. The methods 

currently used are acid diffusion from ashed and unashed samples, and silanol extraction 

from ashed and unashed samples (Taves,1968; Singer and Ophaug,1979; Rao,1984). 

Food and drinks (including water) contain both ionic/free and bound forms of 

fluoride (Duff,1981; Spak eta/., 1982). Analysis of total (ionic+bound) fluoride in foods 

has for many years been a difficult problem due either to organic bonding or physical 

sequestration of the fluoride. While ionic fluoride can be measured directly with the 

fluoride electrode, the bound form of fluoride has to be first isolated in its free state. 

Bound fluoride in most foods is acid labile and can be isolated by acid-diffusion of unashed 

food samples. However, some foods such as human and cow's milk, soy milk formulae, 

and cereals have been found to contain a non-acid labile fraction of bound fluoride which is 

available for measurement only after destructive analysis (Table I). Acid diffusion of ashed 

food samples enables measurement of this fraction of bound fluoride in addition to the ionic 

and acid labile fraction of bound fluoride. The high temperatures (300° -600° C) used in 

ashing destroy the organic portion of food to which fluoride may be bound and thereby 
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Table I: Acid labile and non-acid labile fraction of total fluoride in some foods as reported 

in the United States. 

FOOD GROUP 

Human milkl 

Soy products (liquid concentrate )2 

Isomil 

ProSobee 

NeoMull Soy 

Cereal products3 

Rice Krispies® · 

Shredded White Miniatures® 

1 Backer Dirks et al. (1974) 

2 Adair and Wei (1978) 

3 Taves (1983) 

FLUORIDE CONTENT (~g F/g or ~g F/ml) 

ACID LABILE 

0.01 

0.43 

0.59 

< 0.10 

0.18 

0.08 

NON-ACID LABILE 

0.05 

0.59 

0.92 

0.53 

1.18 

0.16 
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release the bound fluoride in the free state. Ashing is done in open platinum crucibles, in 

crucibles covered with tin foil, or in a closed oxygen bomb, the latter method being the 

most accurate according to Rao (1984). 

Before the fluoride ion specific electrode was available (Frant and Ross,1966), 

colorimetric methods employing eriochromecyanin-R were routinely used for the 

measurement of fluoride after it had been separated from the food sample. There is now 

evidence that colorimetric methods may have overestimated the fluoride content of many 

foods due to the presence of substances in the diffusates that also react with the colorimetric 

reagents (Singer and Ophaug,1979) (Table IT). Therefore the results of studies in which 

the colorimetric procedure is employed must be interpreted with caution. Proton activation 

analysis and gas and ion chromatographic determinations of fluoride have been developed. 

In one study (Backer Dirks et al., 1974) the determination of total ionic fluoride in human 

and cow's milk by gas liquid chromatography (GLC) and by the fluoride eJectrode gave 

similar results (Table Ill). 

At present, the most reliable method for fluoride analysis in foods seems to be the 

micro-diffusion technique as described by Taves (1968). It involves 12-18 hours diffusion 

at 25° C with hexamethyldisiloxane (HMDS) and HCl into 0.1 m1 of 0.65 M sodium 

hydroxide which then is dried down and dissolved in buffer solution. Fluoride in the 

solution is then measured using the fluoride electrode and a specific ion meter. Ashing 

before micro-diffusion appears not to be necessary since, with a few exceptions, there is no 

clear discrepancy in the total fluoride content of the majority of foods before and after 

ashing (Singer and Ophaug,1979; Taves,1983; Smith and Ekstrand,1988). This may be 

true for adult foods. However, a large proportion of a child's diet is made up of milk, 

cereals, milk substitutes (soy foods), and snack foods, all of which have been found to 

yield more fluoride on ashing. 

2.3 FLUORIDE CONTENT OF INFANT FOODS AND BEVERAGES 

Most foods, whether derived from plant or animal life, have been found to contain 

small amounts of natural fluoride. However, some foods such as tea, sea foods, chicken 

skin, spinach and gelatin have been found to contain very high levels of fluoride. Studies 

conducted at the time water fluoridation was introduced indicated that the fluoride content of 

foods was low. In the United States, a survey (McClure,1949) of analytical data for 

fluoride in food showed that the majority of foods found in the average diet contained from 

0.2-0.3 Jlg F/g or less, except for tea (75-100 Jlg F/ml) and sea foods (5-15 Jlg F/g). The 

first suggestions that fluoride in the infant's food chain was increasing was voiced in the 

1960s as dietary patterns changed and commercially prepared infant formulae and foods 

became available (Elliott and Smith,1960; Waldbott,1963; Marier and Rose,1966). A 

significant increase was found in the fluoride levels of infant formulae, toddler cereals, fruit 
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Table IT: Comparison of fluoride analytical techniques (Singer and Ophaug,1979). 

UNASHED DIFFUSION ASHED DIFFUSION 

(Jlg F/g or ml) (Jlg F/g or ml) 

COLORIMETRIC F-ELECTRODE F-ELECTRODE 

Strained Meats 

Chicken with 6.28 4.90 4.92 
chicken broth 

Beef with beef 0.27 0.20 0.18 
broth 

Vegetables 

Green beans 0.23 0.11 0.10 

Peas (Lot 1) 0.11 0.07 0.09 

Peas (Lot 2) 0.51 0.36 0.34 

Spinach 0.80 0.76 0.75 

Fruits 

Pears (Lot 1) 0.36 0.05 0.05 

Pears (Lot 2) 0.37 0.05 0.05 

Apple sauce 0.44 0.02 0.03 

Peaches 0.46 0.10 0.03 

Milk based formula 

Ready-to-feed 0.12 0.10 0.11 

' \ 



I') 

,, 

'' 

1 1 

Table Ill: Total fluoride content of human and cow's milk as measured by gas liquid 

chromatography and the fluoride electrode (Backer Dirks et al., 1974). 

COW'S MILK 

Low fluoride diet 

High fluoride diet 

HUMAN MILK 

0.1 ).lg F/ml area 

1.0 ).lg F/ml area 

TOTAL FLUORIDE LEVELS ().lg F/ml) 

GAS LIQUID FLUORIDE 

CHROMATOGRAPHY 

0.103 

0.283 

0.046 

0.052 

ELECTRODE 

0.101 

0.303 

0.049 

0.053 
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juices, and beverages and this was attributed to the use of fluoridated water in their 

processing (Singer and Ophaug,1979). In contrast, the fluoride levels of other infant and 

adult foods analysed in 1949 with crude analytical techniques (McClure,1949) and in 1979 

with modern analytical techniques (Singer and Ophaug,1979) were found to be remarkably 

similar. In fact, a lower value of fluoride was found in the foods analysed with more 

sensitive methods in 1979 (Table N). 

The need to evaluate the effect of the use of fluoridated water in food processing on 

the fluoride content of foods was stressed (Marier and Rose, 1966; Farkas and 

Parsons,1974). The fluoride levels in dry infant cereals, milk formulae, and fruit juices 

processed in factories using fluoridated water were found by Singer and Ophaug (1979) to 

be significantly higher than those processed in factories supplied with non-fluoridated water 

(Table V). The fluoride content of other solid foods such as vegetables, fruits, meat, and 

fish products was reported by these authors to be unrelated to the fluoride concentration of 

water used in their processing. 

2.3.1 Human and cow's milk 

Earlier values of 0.1-0.2 J.lg F/ml reported for the total fluoride level in human and 

cow's milk are higher than those now being found (Table VI). Improved analytical 

methods have shown that the total fluoride concentration in breast milk ranges from 0.046-

0.052 J.lg F/ml. Even lower values of 0.01-0.03 J.lg F/ml have been reported to be present 

in breast rr..ilk (Spak et al., 1983). Only a fraction of this total fluoride has been found to be 

present as free fluoride ion (0.004-0.008 J.lg F/ml) (Backer Dirks et al., 1974). The 

fluoride concentration of colostrum and mature breast milk is reported to be the same 

(Smith and Ekstrand,1988). No significant difference has been found in the total fluoride 

content of human milk from mothers resident either in fluoridated or non-fluoridated 

communities (Backer Dirks et al., 1974; Spak et al., 1983) (Table VII). There appears to 

be a limited transfer of fluoride from plasma to breast milk (Ekstrand et al., 1984b). 

Ekstrand et al. (1984b) found that the intake of 25 mg of sodium fluoride/day by nursing 

mothers being treated for osteoporosis caused only a slight increase in the fluoride content 

of breast milk. Further, there seems to be no diurnal variation in the fluoride concentration 

of breast milk (Spak et al., 1983). 

Backer Dirks et al. (1974) reported much higher values of fluoride concentration in 

cow's milk (0.1 04 J.lg F/ml) which they attributed to the much higher intake of food by the 

cow as compared to humans. They also found that the milk from cows grazing in pastures 

contaminated with fluoride from industrial effluent contained higher total fluoride 

concentrations (0.283 J.lg F/ml). However, other investigations on the fluoride content of 

cow's milk have reported values similar to those of human milk. Cow's milk has been 
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Table IV: Fluoride content of different food groups reported in the United States in 1949 

and1979 (Rao,1984) 

FLUORIDE CONTENT (J..lg F/g) 

FOOD GROUP McCLURE SINGER AND OPHAUG 

(1949) (1979) 

Dairy products 0.07-0.22 0.05-0.07 

Meat, fish, poultry 0.10-12.1 0.22-0.92 

'e 
Grain, cereal products 0.20-0.71 0.29-0.41 

Potatoes <0.20 0.08-0.14 

Green leafy vegetables 0.10-0.70 0.10-0.15 

Legumes 0.11-0.60 0.15-0.39 

Root vegetables 0.01-0.60 0.09-0.10 

Other vegetables, vegetable 0.20-0.40 0.06-0.17 
products 

Fruits 0.15-0.26 0.06-0.13 

Fats, oils 1.50 0.13-0.24 

Sugar adjuncts 0.00-1.00 0.21-0.35 



), 
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Table V: Effect of fluoridated water on the manufacture of infant foods 

(Singer and Ophaug,1979). 

FOOD GROUP 

Dry cereals 

Fruit juices 

Ready-to-feed formulae 

FLUORIDE CONTENT (J..Lg F/g) 

NON-FLUORIDATED 
FACTORY 

0.38-2.11 

0.01-0.21 

0.08-0.31 

FLUORIDATED 
FACTORY 

3.85-6.35 

0.35-1.22 

0.57-0.76 

14 
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Table VI: Total fluoride concentrations found in human and cow's milk. 

TOTAL FLUORIDE CONTENT (~g F/ml) 

AUTHOR (YEAR) Human milk Cow's milk 

Muhler (1970) 0.10-0.20 

Adair and Wei (1978) <0.10 0.12 

Backer Dirks et al. (1974) 0.05 0.14 

Ericsson and Ribelius (1971) <0.05 

Singer and Ophaug (1979) - 0.02-0.03 

Spak et al. (1983) 0.01 

Hattab and Wei (1988) - 0.01 



" 

Table VII: Fluoride content of human milk samples under different situations 

(Backer Dirks et al. , 1974). 

FLUORIDE (Jlg F/ml) 

16 

TOTAL FLUORIDE ACID LABILE FLUORIDE 
FIN WATER 

0.1 mg F/1 

Number of 
subjects 

Mean 

Range 

1.0 mg F/1 

Number of 
subjects 

Mean 

Range 

GLC F-ELECTRODE F-ELECfRODE 

10 

0.046 

0.022-0.070 

9 

0.052 

0.021-0.081 

10 

0.049 

0.023-0.087 

9 

0.053 

0.021-0.078 

7 

0.004 

0.003-0.007 

5 

0.008 

0.005-0.014 
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Hattab and Wei,1988) and these values appear not to be correlated with the amount of 

fluoride being ingested by the cows grazing in pastures with different fluoride contents. 

No data have been produced on fluoride levels of human or fresh cow's milk in 

New Zealand. 

2 . 3. 2 Milk formulae 

Feeding patterns vary widely between countries and between individuals. Of 

particular interest in the daily fluoride intake of infants is the quantity of fluoride supplied in 

milk as, in the first year of life, large quantities of milk may be ingested. Although breast

feeding is considered superior to formula feeding for normal infants (Laupus,1975), 

changing social and cultural patterns in many countries have contributed to the increased 

reliance on formula feeding. The low level of fluoride in human and cow's milk as 

compared with commercial milk formulae has a significant impact on the daily fluoride 

intake of infants and young children. In the United States, feeding with diluted cow's milk 

was found to be more popular than breast-feeding in 1975 (Fomon,1975). In 1981, a 

study (Martinez et al., 1981) of the feeding pattern of infants in the United States revealed 

that, by age 2 months, 62.5 percent of the infants were being fed commercial formulae and, 

by age 12 months, 87.2 percent of the infants were formula-fed. In Hong Kong, only 15 

percent of mothers were found to breast-feed their infants, and this was for variable periods 

of 1-6 months after birth; the majority of the children were fed commercial formulae (Hattab 

and Wei,1988). Annual reports (1986-1987) of the New Zealand Plunk:et Society show 

that nearly 90 percent of infants aged 0-12 months were being totally or partially breast-fed, 

while only 15 percent of the infants were artificially fed. Between 1979-1985, 

approximately 75-85 percent of infants were reported to be on breast milk while 15-23 

percent of the infants were on formula milk. 

Raw cow's milk is not advised for infant feeding (Laupus,1975). Cow's milk in 

some modified form (pasteurised, homogenised, evaporated, condensed, dried whole, or 

dried skim) is the basis for most milk formulae. Commercial milk formulae are marketed 

either as ready-to-feed, liquid concentrate, or powder type. The fluoride content of 

commercially prepared infant milk formulae was found to vary widely in investigations 

undertaken in the United States prior to 1979 (Wiatrowski,1975; Tinanoff and 

Mueller,1978; Adair and Wei,1978; Singer and Ophaug,1979). Not only did the fluoride 

content vary between products but fluoride levels in the same product varied between cities 

of origin. The most notable variation in fluoride content was found between the products 

Enfamil and Similac (Johnson and Bawden,1987; Hattab and Wei,1988). This inter-brand 

variation was found to relate to the water fluoride levels where the products were 

manufactured and to the nature of the manufacturing process (Adair and Wei,1978). 

Variability of fluoride content of food products within the same brand may be because the 
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raw materials are grown in areas other than where they are processed, or in areas with 

different fluoride concentration. Thus the fluoride content of a locally purchased food 

product need not neccessarily reflect the fluoride content of water in a certain area. The 

fmal fluoride concentration of milk formulae prepared from concentrate or liquid type 

formulae depends on the fluoride concentration of water used for dilution in the home. 

When tap water containing 1 ~g F/ml was added to reconstitute concentrate milk formula, 

the fluoride concentration was found to have increased by about 0.4-0.5 ~g F/ml (Tinanoff 

and Mueller,1978). The nature of the manufacturing process also influences the fluoride 

content of milk formulae (Adair and Wei,1978). Some milk based formulae are made from 

non-fat dried milk whereas others begin as a liquid skim milk product. Thus the amount of 

water added during processing varies. Ready-to-feed formulae as a group were found to 

contain twice as much fluoride as concentrate or powder type milk formulae, as the former 

are made with more water to begin with. No significant difference was found in the 

fluoride concentration of concentrate or powder type formulae (Johnson and 

Bawden,1987). 

Values of fluoride ranging from 0.10-0.86 ~g F/ml in milk based formulae (ready

to-feed, undiluted liquid concentrate, undiluted powdered) have been reported in the United 

States before 1979 (Table VIII). However, recent reports indicate that manufacturers have 

reduced the fluoride content of water used in processing their products (Johnson and 

Bawden,1987). The fluoride concentrations in infant formulae available in the United 

States now appear to be controlled at much lower levels than have been reported in the past. 

Johnson and Bawden (1987) measured the fluoride content in infant formulae from seven 

cities across the United States. The highest value for all forms of milk based formulae 

reconstituted, where indicated, with deionised water was found to be no more than 0.38 ~g 

F/ml in contrast to 0.86 ~g F/ml found before 1979 (Table VIII). 

The fluoride concentration found in Canadian infant milk formulae (Dabeka eta!., 

1982) compared well with similar products sold in the United States (Table IX). In the 

United Kingdom, however, milk formulations appeared not to follow the pattern of fluoride 

content of those products manufactured and available in the United States. In a study o~ 

milk formulations obtained in the Birmingham area, formulae mixed with deionised water 

contained about 0.02-0.08 ~g F/ml and formulae mixed with water containing 0.91 ~g 

F/ml contained about 0.90-0.95 ~g F/ml, excluding one product which contained about 

0.47 ~g F/ml. Little or no variation was found between products or between batches of the 

same brand (Howat and Nunn,1981). This was thought to be because of the lesser 

variation in the fluoride content of water in different regions of the United Kingdom. 
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Table Vlll: Variations in the fluoride content of infant formulae sold in different parts of 
the United States. 

FLUORIDE (Jlg F/ml) 
ADAIR AND TINANOFF AND JOHNSON AND 

WEI MUELLER BAWDEN* 
(1978) (1978) (1985) 

READY-TO-FEED FORMULAE 

E 0.70 0.20 0.11-0.34 
E +Iron 0.78 0.37 0.05-0.22 
s 0.12 0.86 0.06-0.38 
S +Iron <0.10 0.85 0.12-0.22 
SMA 0.27 0.18 
SMA+Iron - - 0.19-0.26 
I (Soy food) 0.59 - 0.15-0.34 
P (Soy food) 0.92 - 0.20-0.33 

LIQUID CONCENTRATE TYPE 

E+DW <0.10 - 0.04-0.08 
E+TW 0.49 0.52 0.65 
S+DW 0.34 - 0.05-0.17 
S+TW 0.85 0.50 
SMA+DW 0.21 - 0.08-0.09 
SMA+TW 0.64 0.60 0.65 
I+DW 0.39 - 0.14-0.32 
I+TW 0.74 0.40 
P+DW 0.27 - 0.06-0.19 
P+TW 0.71 0.28 0.72 

POWDER TYPE FORMULAE 

E+DW 0.27 0.12-0.15 
E+TW 1.27 1.14 
S+DW 0.29 0.03-0.06 
S+TW 1.13 
SMA+DW 0.10 0.05 
SMA+TW 0.89 

*Range ofF cone. found in infant formulae in seven cities across the United States. 

E= Enfamil; S= Sirnilac; I= Isornil; P= Prosobee; DW= Deionised water; TW= Tap water .. 

Formulae diluted 1:1 with tap water (1.0-1.1 Jlg F/ml) 



Table IX: Fluoride level of milk formulations sold in Canada and the United States. 

Evaporated milk 

Liquid concentrate diluted 
with fluoridated water 

FLUORIDE CONTENT (J.lg F/ml) 

DABEKA ET AL. 
Canada (1982) 

0.19 

0.62 

SINGER AND OPHAUG 
America (1979) 

0.15 

0.58 

20 
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country are still high (Hattab and Wei,1988). In that study, the fluoride content of infant 

formulae (undiluted) varied from 0.06-1.08 J.Lg F/ml with an average of 0.39 J.Lg F/ml. If 

diluted in the ratio of 1:1 with fluoridated water (0.7 or 1.0 J.Lg F/ml of water) the dosage of 

fluoride was estimated to be 55 to 70 times more than that obtained from breast milk. It 

was also found that the addition of chocolate to milk increased the fluoride concentration by 

factors ranging from 7-22. Chocolate powder has been found to contain 0.52-1.10 J.Lg F/g 

(Lopez and Navia,1988). 

In Sweden, two of the most popular brands of dry milk formulae to be sold in 1971 

contained 0.40 and 2.00 J.Lg F/g in the dry powder. When reconstituted with water 

containing 0.1 J.Lg F/ml (1 :6) the solutions contained 0.17 and 0.43 J.Lg F/ml respectively. 

When reconstituted with water containing 1 J.Lg F/ml, the two dry milk formulae yielded 

1.07 and 1.33 J.Lg F/ml (Ericsson and Ribelius,1971). 

In New Zealand, 11 popular dry milk formulae reconstituted with deionised water 

were found to contain 0.011 to 0.048 J.Lg F/ml (Borlase,1986). 

2. 3. 3 Milk substitutes 

There are a number of milk substitutes for infants allergic to milk. These include 

non-milk foods in which the protein is derived from soy beans and meat based formulae. 

Soy based formulae have been reported to contain significantly more fluoride than milk 

based formulae because the endogenous level of fluoride is much higher in the ingredients 

used in soy formulae, namely soy protein isolate and carbohydrate sources. Levels as high 

as 0.92 J.Lg F/ml have been reported from soy milk formulae (Adair and Wei,1978). Some 

soy based formulae (especially liquid concentrates) demonstrated the presence of a bound 

fluoride fraction which is variable (Table I). It is thought that the varying amounts of 

phytate and tricalcium phosphate included with the soy protein isolate could account for 

some of the variation in fluoride binding. Phytate may offer sites for binding and/or may 

provide calcium and magnesium ions which could bind fluoride. Tricalcium phosphate 

probably binds fluoride by providing calcium ions (Adair and Wei,1978). When water 

containing 1 J.Lg F/ml was added to soy based formulae, the fluoride concentration did not 

increase by 0.4-0.5 J.Lg F/ml as observed when milk based formulae were diluted. This 

was explained by the observation that the added fluoride probably binds to the soy protein 

and becomes unavailable for measurement by the electrode (Tinanoff and Mueller,1978). 

Infasoy®, a soy based milk formula, manufactured in Australia and available in 

New Zealand markets, analysed in this laboratory was found to contain 0.159 J.Lg F/ml 

when reconstituted in deionised water (Borlase,1986). 
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2. 3. 4 Cereals and cereal products 

Cereals and cereal products have been analysed extensively for their fluoride content 

because they are an important component of the diet. Cereals such as rice and wheat have 

been found to contain high levels of fluoride (McClure,1949). Cereal products processed 

using fluoridated water contain more than twice the amount of fluoride (3.82-6.35 J.lg Fig) 

than those processed in factories supplied with non-fluoridated water (0.9-2.1 j.lg Fig) 

(Farkas and Parsons,1974; Adair and Wei,1978; Singer and Ophaug,1979) (Table V). 

This is attributed to the initial use of water for slurrying ingredients which are later dried. 

One rice cereal was noted to contain about 6.35 IJ.g Fig (Singer and Ophaug,1979); in 

another study, cereal products were found to contain an average of 3.021J.g Fig (Dabeka et 

al., 1982). Some dry cereals (Table I) appear to contain a bound form of fluoride which is 

available for measurement only after destructive analysis (Taves,1983; Lopez and 

Navia, 1988). The most likely source of this fraction of bound fluoride has been isolated to 

be a perfluorinated long chain carbon compound contaminant. Characterisation of the 

structure of the perfluorinated C8 compound isolated from plasma samples of patients in the 

United States indicates that its presence may be the result of environmental exposure (eg. 

food packaging) (Waterhouse et al., 1980). 

The concentration of fluoride in similar New Zealand products is not known. 

2. 3. 5 Fish and meat products 

The fluoride content of fish and meat products appears not to be related to the 

fluoride concentration of water used in their processing, although sea foods, fish, and 

chicken products have been found to contain high levels of fluoride. Marine products 

contain large amounts of fluoride, mainly because sea water has been reported to be 

relatively high in fluoride ion (0.8-1.4 IJ.g Flml) (Murray, 1986). The fluoride content of 

fish depends on the level of fluoride in the water, their species, and the method of 

processing. It has been suggested that some sea foods, especially Crustacea because of 

their high calcium content, may accumulate large amounts of fluoride ion (Waldbott,1963). 

Krill, a small Antarctic crab, was found to contain about 1250 j.lg Fig (Trautner and 

Siebert,1986). The meat of fish has been reported to be relatively low in fluoride 

concentration (2-5 IJ.g Fig). However, fish products, especially tinned salmon and sardines 

in which the skin and bones of the fish are included, have been found to have a fluoride 

content of up to 40 j.lg Fig (Murray,1986). Mackerel in oil was found to have a fluoride 

content of 7.28 J.lg Fig (T6th and Sugar,1978). Dried sea foods, which constitute a 

significant part of the diet in South East Asia, are rich in fluoride and have been estimated to 

contain between 3-2921J.g Fig (Wei and Hattab,1987). Fish protein concentrate (FPC), a 

protein supplement made from whole fish, which is used in the prevention of protein-
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calorie malnutrition in young children in some parts of the world, has been reported to 

contain as much as 150-300 J.Lg F/g (Zipkin et al., 1970). 

As the major portion of fluoride retained in the animal body is deposited in the 

skeletal tissues, the amount of bone remaining determines to a major extent the quantity of 

fluoride contained in the product. Bones, bone meal and bone salts may therefore contain 

high levels of fluoride. In most deboned meats the fluoride content is reported to be low 

(0.2-2.0 J.Lg F/g) (McClure,1949). Chicken products have been found to contain a high 

and variable level of fluoride ranging from 0.62-10.6 J.Lg Fig (Singer and Ophaug,1979). 

This has been attributed to the mechanical deboning process (Dolan et al., 1978). 

Mechanically de boned meat contains more of the chemical constituents of bone and marrow 

than meat which is deboned by hand. However, even deboned chicken has been found to 

contain high fluoride concentrations and this is attributable to the high level of fluoride 

present in the skin of chicken (Wiatrowski et al., 1975). Chicken vegetable preparations 

have been found to contain less fluoride, because the vegetables are considered to act as a 

diluent (Wiatrowski et al., 1975). The amount of fluoride in the hen's egg was found to be 

approximately 0.2-0.4 J.Lg F/ml and was found to be dependent on the fluoride intake of the 

hen. The fluoride was present almost exclusively in the acetone insoluble portion of the fat

like substance of the egg yolk (McClure,1949). Another food item reported to contain 

fluoride in high concentrations is gelatin. Gelatin, which has been found to contain as 

much as 130-160 J.Lg F/g, is prepared from animal skins to which compounds containing 

fluoride ion are added for curing and processing of the product (Waldbott,1963). 

At the present time, the concentration of fluoride in similar New Zealand products is 

not known. 

2. 3. 6 Vegetables and fruits 

Fluoride enters vegetation by uptake from soil and water, by absorption from the 

air, and by deposition from the atmosphere and rain splash. The fluoride content of 

vegetables and fruits has been found to be extremely variable depending on the locality in 

which the foods are grown, the type of soil, the distance from an air contaminating source, 

whether the edible portion of the food is the leaf, root, fruit, or stem, the plant species, the 

fertilisation or spraying of food, the season at the time of sampling, the type of food 

processing, the area in which the food is processed, and the preparation of the food in the 

home with fluoridated or non-fluoridated water. External structures of fruits and vegetables 

have been found to contain more fluoride ion than the internal parts. Particulate and 

gaseous fluoride air contaminants may settle on vegetation and increase the fluoride 

concentration of the plant, especially leafy vegetables (Smith and Ekstrand, 1988). 



,\ 

24 

With few exceptions, and these seem to apply mostly to roots and tubers, fluoride in 

plant produce has not been found to be readily affected by fluoride in the soil. However, 

the use of fertiliser sprays such as superphosphates which contain fluoride, is reported to 

cause an increase in the fluoride content of foods (Smith and Ekstrand,1988). Results of 

analyses of grains and forage crops from fluoridated areas have frequently shown 

unusually high fluoride concentrations, and this has been attributed to contamination with 

soil dust (McClure,1949). Plants grown in saline soils generally appear to have a higher 

fluoride content since the fluoride ion is more soluble in saline soils (Smith and 

Ekstrand,1988). 

Edible portions of plants consumed by man (vegetables and fruits) have been 

reported to have a fluoride content of about 0.1-0.3 J..Lg F/g on a fresh weight basis 

(McClure,1949). Potato and other edible tubers have been found to contain relatively 

higher fluoride concentrations of 0.4-5.2 J..Lg F/g. A few species of plants such as the tea 

plant (Camellia sinensis), and other species belonging to the genus Camellia, are reported to 

have the unique ability to concentrate the fluoride content of the soil in their leaves. 

Concentrations as high as 400 J..Lg F/g have been found in tea leaves (Duckworth and 

Duckworth,1978). The fluoride concentration in alfa-alfa from different geographic 

locations in the United States was reported to range from 0.85-36.5 J..Lg F/g (Suttie, 19 ). 

Bengal gram ( Cicer arietinum ), a legume which is an important source of fluoride in Indian 

food, has been found to contain up to 3 J..Lg F/g (Nanda,1972). The fluoride content of 

spinach and parsley has also been found to be very variable. Spinach is a fluoride 

accumulator (0.1-28.3 J..Lg F/g), and creamed spinach, an infant food, has been found to 

contain as much as 2.01 J..Lg F/g (Wiatrowski et al., 1975; Howat and Nunn,1981). 

In most fruits, particularly citrus, the protective rind appears to exclude the fluoride 

ion. The higher content of fluoride in some brands of apple juice (2-5.6 J..Lg F/g) in the 

United States was attributed to the use of phosphate fertiliser sprays on apple trees 

(McClure,1949). Citrus fruits contain relatively higher levels of fluoride (0.07-3.36), than 

non-citrus fruits (0.35-2.1). Nuts have been found to contain 0.30-1.45 J..Lg F/g and 

walnuts as high as 7.8 J..Lg F/g (McClure,1949). 

2. 3. 7 Snack foods and beverages 

Lopez and Navia (1988) analysed some cariogenic foods and beverages, frequently 

consumed as snacks between meals, for both free and acid hydrolisable fluoride. Raisins, 

which have a high caries promoting potential, were found to contain high levels of fluoride 

ranging from 1.7-5.4 J..Lg F/g. Chocolate samples analysed showed a range of 0.52-1.10 

J..Lg F/g. The fluoride content of foods based on peanuts, peanut butter, dry roasted 

peanuts, and sugar coated peanut chocolate candies, had undetectable levels of fluoride. 

Most other snack foods contained 0.2-0.9 J..Lg F/g. 
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2. 3. 8 Health food products 

The fluoride content of some health food products such as calcium tablets, bone

meal tablets, and siliceous earth tablets was found to vary from 100-850 J.Lg F/g (Trautner 

and Einwag,1986). Although the intake of such products among infants aged 11-13 

months is uncommon, this source of fluoride must be kept in mind. The fluoride intake 

from these health foods by children aged 15-16 years was estimated to be 0.9-2.9 mg F/day 

(Trautner and Einwag,1986). 

The fluoride content of such products available in New Zealand is not known. 

2.3.9 Non-milk beverages 

The consumption of commercially prepared beverages including fruit flavoured 

juices, carbonated and non-carbonated soft drinks, juice concentrate, and mineral or spring 

water has been reported to be on the rise (Enno et al., 1976; MacFadyen et al., 1982; 

Hattab and Wei,i988,). Present dietary trends suggest that children consuming a western 

type of diet receive a significant proportion of fluoride from fluids other than tap water. 

Because the basic constituent of beverages is water, the fluoride content of these products 

closely parallels the fluoride content of water used in processing. Baby fruit juices 

processed in factories supplied with fluoridated water have been reported to contain 5-50 

times more fluoride than those processed in factories supplied with non-fluoridated water 

(Adair and Wei,1978; Singer and Ophaug,1979) (Table V). The fluoride content of pure 

(100 percent fruit extract) fruit juices, except apple juice, has been found to be low, 

reflecting the low content of fluoride present naturally in fresh fruits. 

In Hong Kong, carbonated soft drinks were reported to make up about 7 6 percent of 

the total fluid intake in the children investigated (Hattab and Wei,1988). The fluoride 

concentration of these beverages was found to be lower than water fluoride levels of 1 J.Lg 

F/ml and averaged about 0.75 J.Lg F/ml (Hattab and Wei,1988). It has been suggested that 

the lower levels of fluoride in carbonated soft drinks, as compared to the fluoride content of 

pre-packaged fruit juices, is because alum flocculation treatment of water in the manufacture 

of carbonated soft drinks reduces the fluoride concentration of the water by about 35 

percent (Enno eta!., 1976). The fluoride concentration of pre-packaged fruit juices was 

found to be less than 1 J.Lg F/g and ranged from <0.08 to 0.97 J.Lg F/ml (Enno et al., 1976): 

The sale of bottled spring waters in the United States and the United Kingdom was 

reported to have risen following the promotion of health foods, increased awareness among 

the general public about pollution, and objections by some to the use of fluoridated water. 

The sale of one brand of spring water (Perrier) reached 23 million bottles per annum in the 

United Kingdom in 1979, and sales in the United States reached 400 million litres per 

annum between 1978 and 1982 (MacFadyen eta!., 1982). Bottled spring waters are 
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promoted as a safe source of clean drinking water which may also be used to reconstitute 

formulae feeds for children. Great caution is advised in the use of these products for young 

children because some brands have been found to contain fluoride in excess of 1j.lg F/ml 

and one such product was found to contain 5.8 j.lg F/ml. Beverages labelled as Natural 

Sparkling Mineral Waters were found to contain 1.7-6.5 j.lg F/ml depending on the 

geographic location of the springs from which these waters were drawn (MacFadyen et a!., 

1982). In Hong Kong (Hattab and Wei,1988), however, the bottled spring waters in 

general were reported to have low fluoride concentrations ranging from 0.01-0.10 j.lg F/ml 

and therefore would not have significantly contributed to the fluoride intake if used in 

reconstituting infant formulae. In New Zealand bottled spring waters are available, but it is 

not known to what extent these products are utilised for reconstituting infant formulae; there 

are no published data on their consumption, nor on their fluoride content. 

Another important source of fluoride ingestion is tea. Raw tea leaves have been 

found to contain as much as 400 j.lg F/g. When infused with fluoride free water, the 

amount of fluoride extracted has been reported to be between 0.11-4.18 j.lg F/ml 

(Duckworth and Duckworth,1978). A study in 1978 in the United Kingdom showed that 

nearly 70 percent of the children below the age of 7 years drink tea, and some infants as 

young as 12 months were found to be drinking tea (Duckworth and Duckworth,1978). 

However, in some countries such as Japan, tea drinking was found to be uncommon until 

after school age. In a study in 1949, tea was found to be a major source of fluoride in New 

Zealand diets and New Zealand children were reported to drink tea regularly 

(Harrison,1949). In 1981, 6,000 tonnes of tea were imported into New Zealand, equal 

approximately to 2 kg of tea per person (Wong,1986). No recent reports on the tea 

drinking habits of New Zealand children are available. The fluoride level in teas brewed, in 

fluoride free water, from brands available in New Zealand were found to range from 0.9-

3.5 j.lg F/ml (Wong,1986). A cup of tea (200 ml) daily, therefore, would yield 

approximately 0.022-0.84 j.lg F/day, even when the water supply is deficient in fluoride. 

Therefore it can be expected that much of the estimated safe and adequate daily intake of 

1.5-4.0 mg of fluoride/day in adults can be provided by tea brewed in fluoridated water 

(Wong, 1986). The addition of milk does not appear to reduce the amount of ionic fluoride 

in the beverage (Duckworth and Duckworth,1978). The fluoride content of cane sugars 

sold in Australia have been found to range from 0.76-2.13 j.lg F/g (Schamchula eta!., 

1979). It is therefore thought that the addition of sugar may raise the fluoride content of 

tea. 
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2.4 EFFECT OF COOKING AND STORAGE ON THE FLUORIDE 

CONTENT OF FOODS AND BEVERAGES 

2. 4 .1 Effect of cooking 

Uncooked vegetables, fruits, and fats are not in general thought to be significant 

sources of fluoride (Nanda,1972; Kramer et al., 1974; Full and Parkins,1975). The higher 

fluoride content in cooked foods, in contrast to uncooked foods, is suggested to be largely 

due to quantities of water, salt, and spices used in making the preparation (Nanda,1972). 

In addition, the evaporation that occurs with boiling has been found to concentrate the 

fluoride in solution to a certain extent. Water is a significant factor which can vary the 

fluoride content in cooked food (Nanda,1972; Kramer et al., 1974). 

Martin (1951) observed that cauliflower and cabbage cooked in water containing 

fluoride ion absorbed more fluoride than beets and carrots, which were found to be less 

penetrable; vegetables cooked in a saucepan contained more fluoride than those cooked in a 

pressure cooker; dried foods such as oatmeal absorbed water during cooking and thus 

acquired more fluoride. 

The addition of salt, spices, and condiments to foods varies considerably according 

to tastes. Natural salt in some parts of the world has been reported to contain significant 

levels of fluoride. The sea salt used in Bombay, India has been reported to contain 40 ~g 

F/g (Shaw et al., 1956) and salts used in various cities in the Soviet Union have been found 

to contain between 10-141 ~g F/g (Gabovich,1951). 

2. 4. 2 Effect of composition of the cooking vessel 

As the amount of fluoride in water modifies the concentration of fluoride in foods 

cooked in that water, so may the material that the cooking vessel is made from affect the 

fluoride content of water used in food preparation. In one experiment (Full and 

Parkins,1975) a quantity of tap water analysed for fluoride was boiled in each of four 

vessels of different composition (aluminium, stainless steel, Pyrex, and Teflon) and in a 

control vessel. The fluoride concentration of water boiled for 15 minutes in the aluminium 

vessel showed a significant (80 percent) decrease with respect to the fluoride concentration 

(1 ~g F/ml) of the water in the control vessel. A significant increase was seen in the 

fluoride concentration (3 ~g F/ml) of the water boiled in the Teflon coated vessel. Little 

change was noted in the fluoride concentration of the water boiled in the stainless steel and 

Pyrex vessels. In the aluminium, stainless steel, and Pyrex vessels the water level was 

reduced by a third and in the Teflon by a half after boiling for 15-20 minutes. Either 

adsorption of fluoride on to the container surface or a reaction forming an insoluble 

compound could have produced lowered fluoride levels. The aluminium container 

appeared to remove fluoride from the water through the formation of aluminium fluoride 

complexes. If there was no interaction of the fluoride with the surface of the vessels, the 
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appeared to remove fluoride from the water through the formation of aluminium fluoride 

complexes. If there was no interaction of the fluoride with the surface of the vessels, the 

result of water evaporation during boiling would be an increased fluoride concentration. 

This effect appeared to be predominant with the Teflon coated vessel, Teflon being 

chemically less reactive. The authors (Full and Parkins,1975), concluded that the 

composition of cooking vessels can alter fluoride uptake of foods cooked in these vessels. 

Aluminium vessels have been shown to be rather easily corroded by certain foods, 

and aluminium is attacked more readily by weak alkalis than by weak organic acids. 

Aluminium is thus reported to find its way into the food either as a soluble salt or as 

aluminium hydroxide, which interacts with fluoride to form a series of complex ions 

(Monier-Williams, 1949). 

2. 4. 3 Effect of composition of the storage vessel 

Enno et al. (1976) investigated the fluoride concentrations of 69 varieties of 

carbonated soft drinks, all of which were manufactured in an optimally fluoridated area and 

marketed in glass or metal (steel or aluminium) containers. The mean fluoride 

concentration (0.66 !lg F/ml) of carbonated soft drinks stored in metal containers was 

found to be less than the mean fluoride levels (0.82 11g F/ml) of the drinks stored in glass 

containers. This finding was attributed to the interaction between the metal container and 

the fluoride in solution. 

Aging also appears to affect the fluoride concentration of carbonated soft drinks in 

metal containers. Enno et al. (1976) found that the fluoride concentration of canned 

carbonated soft drinks dropped from 0.68 to 0.52 mg/1 (nearly 30 percent) in four months. 

The fluoride concentration of the beverage stored in glass containers, however, did not 

change over the same period (Enno et al,1976). 

In a 3-year study on the stability of sodium fluoride solutions in glass and plastic 

containers, it was found that the fluoride content of acid and neutral fluoride solutions was 

not detectably changed after storage for 6 months in either container at 37° C (Hattab and 

Wei,1988). It was concluded that any variation in the fluoride content of beverages bottled 

in plastic or glass containers is more likely to be due to the fluctuation of the fluoride 

concentration at the source of manufacture. 
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2.5 FLUORIDE INTAKE OF INFANTS AND YOUNG CHILDREN 

2. 5.1 Methodology of food sampling 

29 

Various methods of collecting food samples representing a child's diet have been 

employed. Reports on the fluoride intake of infants and young children have been based 

either on the analysis of commonly consumed individual food items, with or without 

drinking water included (Wiatrowski et al., 1975; Adair and Wei,1978; Hattab and 

Wei,1988), composite food items , market-basket collections (Ophaug et al., 1985; 

Pickston et al., 1985), hospital diets (Kramer et al., 1974), portions of cooked or uncooked 

foods (Nanda et al., 1974), or on "phantom meals" calculated from standard tables 

(McClure, 1949). Estimates of the quantity of each food consumed have also varied. There 

exist vast differences in food habits, in the type of commercially available infant foods and 

beverages, and in the fluoride content of these food items. It is therefore not possible to 

determine the total fluoride intake of infants from food consumption tables alone. Thus far, 

no attempts have been made to collect 24 hour food samples in duplicate, as consumed by 

the infant or child in the home environment over a period of time. It is expected that the 

analysis of fluoride in such "duplicated" meals over a reasonable period of time would 

represent the actual amount of fluoride intake from dietary sources to a high degree of 

accuracy. 

2. 5. 2 Ingestion of fluoride from drinking water 

Very little information exists on the water intake of healthy children. Fluoride intake 

from water depends on the fluoride content of the drinking water, the age and body weight 

of the individual, the climatic conditions, the dietary habits, socio-economic conditions, 

muscular activity, and even on insulation systems in the person's home. The requirement 

for water is met largely by the water component of foods and from fluid intake. Most of 

the solid infant foods are reported to contain 60-70 percent water, with fruits and vegetables 

containing up to 90 percent (Laupus,1975). 

Existing data (Galagan et al., 1957; Walker et al., 1963) indicate that total fluid 

intake increases with age, but water consumption decreases with age. Galagan et al. (1957) 

found that water intake per pound of body weight was highest among infants; it decreased 

with age, and varied directly with temperature. Walker et al. (1963), found that the water 

intake of a population of American children up to 3 years of age was less than half the total 

daily fluid volume consumed; a daily intake of tap water of 500 ml or more was rare even 

among children over 12 years of age. Based on these reports, a 12-month-old infant living 
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in an optimally fluoridated area (1 ~g F/ml), ingesting about 200 ml of tap water/day would 

receive approximately 0.2 mg F/day from water alone. In hot climates however, water 

intake is proportionally greater. Children aged 2 years, resident in Lucknow, India where 

the mean maximum and minimum temperatures in summer are 45 °C and 38 °C, were found 

to ingest water in excess of 500 ml, and children aged 5-8 years were reported to be 

ingesting as much as 1 L of water (Nanda et al., 1974). Drinking water was the principal 

source of fluoride intake in these children, and constituted more than half the total fluoride 

ingested from all foods and fluids. McClure (1943) estimated the quantity of fluoride 

ingested by American children aged 1-12 years from drinking water containing 1 ~g F/ml. 

In children aged 1-3 years (8-16 kg body weight) the daily intake of fluoride from drinking 

water containing 1 ~g F/ml was estimated to vary from 0.390-0.560 mg. The proportion 

of water ingested by New Zealand infants is not known. 

Present dietary trends, however, indicate that many children consuming a western 

type of diet consume more pre-packaged fluids than tap water (Enno et al., 1976; 

MacFadyen et al., 1982; Hattab and Wei,1988). Today, beverages and milk formulae, 

when processed or prepared with fluoridated water, are considered to be the main sources 

of fluoride in infants and young children (San Filippo and Battistone,1971; Adair and 

Wei,1979; Taves,1983; Ophaug et al., 1985). With the exception of tea, the fluoride 

content of beverages produced in Hong Kong (Hattab and Wei,1988) was 27 percent less 

than the fluoride content of drinking water in Hong Kong. If this is the case in all 

fluoridated areas, then it is possible that infants and young children consuming large 

quantities of beverages and drinks are ingesting less fluoride than if they were drinking the 

same volume of tap water, and are being partially deprived of the direct benefits of water 

fluoridation. On the other hand, the widespread use of beverages processed with 

fluoridated water could result in unexpected fluoride benefits for those living in non

fluoridated communities (Hattab and Wei,1988). 

2. 5. 3 Ingestion of fluoride from foods and beverages 

Table X shows the results of studies on the fluoride intake of infants and children in 

different parts of the world. McClure in 1943 determined the total fluoride intake of 

children 1-12 years old. However, uncertainties surround the quantity and quality of 

various foods that were selected to represent dietary intake. Moreover, analytical methods 

had not progressed to the point where· trace quantities of fluoride in foods could be 

determined with accuracy. The total food borne fluoride in the diets, exclusive of drinking 

water, was estimated to be 0.25-0.55 mg F/day. The quantity of water borne fluoride and 

food borne fluoride brought the total amount of fluoride contained in the average daily diet 

to 1-1.5 mg F/day. In terms of body weight, the fluoride intake of children 1-12 years old 

living in a fluoridated community rarely exceeded 0.1 mg F/kg of body weight and 
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Table X: Fluoride intake of infants reported from different countries. 

COUNTRY AUTHOR AGE GROUP FLUORIDE INTAKE 
(YEAR) mgF/day mg F/kg b.w. 

USA McClure 1-3 Years 0.417-0.825 0.026-0.103 

(1943) 3-6 Years 0.556-1.105 0.023-0.085 

6-9 Years 0.695-1.380 0.020-0.068 

9-12 Years 0.866-1.725 0.016-0.069 

USA Wiatrowski et al. 0-8 Weeks 0.320-0.570 0.070-0.100 

(1975) 2-3 Months 0.710 0.120 

3-4 Months 1.020 0.150 

4-6 Months 1.230 0.160 

USA Singer and Ophaug 2 Months 0.010-0.127 

(1979) 4Months 0.015-0.100 

6Months 0.019-0.094 

USA Brunetti and Newbrun 3-4 Years 0.330 0.040 

(1983) 

USA Ophaug et al. 6 Months 0.418 0.052 

(1985) 2 Years 0.621 0.050 

Canada Dabeka eta!. 3-6 Months 0.420 0.059 

(1982) 6-9 Months 0.480 0.057 

9-12 Months 0.560 0.054 

Hong Kong Hattab and Wei 6-11 Months 0.230 0.027 

(1988) 

Thailand* Phantumvanit et al. 4Months 0.142 

(1986) 5 Months 0.134 

6 Months 0.092 

India Nandaetal. 0-12 Months 0.070-0.210 

(1974) 1-2 Years 0.370-0.590 

5-8 Years 1.140-2.080 

* Non-fluoridated area. 



32 

averaged about 0.05 mg F/k:g of body weight. The fluoride intake steadily decreased with 

age, and was highest among children aged 1-3 years (0.026-0.103 mg F/k:g of body 

weight). The authors suggested that a daily fluoride intake of 0.05-0.07 mg F/k:g body 

weight is "optimal" for dental health benefits. Following this study, which demonstrated 

that the daily intake of fluoride from food was low, the dietary sources of fluoride and 

fluoride intake of infants and children received very little attention for the next decade or so. 

The dietary fluoride intake of infants less than 6 months of age, is largely dependent 

on whether the infant is breast-fed or bottle-fed. Ericsson and Ribelius (1971) found that 

infants given milk formula diluted in water containing 1 J.lg F/ml of fluoride were receiving 

40 to 50 times more fluoride than breast-fed infants (Table XI). The quantity of milk 

consumed at each feeding varies in infants of the same age, and with the same infant at 

different feedings. By 6-12 months of age, the average quantity of formula consumed is 

about 630-720 ml/day (Laupus,1975). Thus it can be estimated that a 12-month-old infant 

weighing 10 kg and consuming 700 ml/day of milk formula containing a high level of 

fluoride, say 0.8 J..Lg F/ml, could receive a fluoride intake of 0.056 mg F/k:g of body weight 

from this source alone. Therefore manufacturers of infant formulae have been urged to 

control the fluoride content of the water used in the processing of their products. An infant 

on breast milk, would receive 0.0014-0.0021 mg F/k:g of body weight, one-fortieth the 

amount of fluoride than a formula-fed infant, because breast milk has been found to contain 

0.02-0.03 J.lg F/ml (Backer Dirks et al., 1974; Spak et al., 1983). 

Following these studies in Europe, the first systematic study on the total dietary 

intake of fluoride of infants in the United States was conducted by Wiatrowski et al., in 

1975. The results of this study caused great concern among health professionals, because 

the author reported that the fluoride intake ranged from 0.07 mg F/k:g of body weight in the 

new born to 0.16 mg F/k:g of body weight in the 6-month-old infant (that is, from between 

0.32 to 1.23 mg F/day from birth to age 6 months). This was two to three times the 

recommended "optimal" intake of 0.05-0.07 mg F!kg of body weight of children 1-12 

years old, as suggested by McClure in 1943. Moreover the milk formulae were assumed to 

have been reconstituted with distilled water and no allowance was made for the fluoride 

content of the drinking water. The possibility existed that the fluoride intake of infant~ 

living in fluoridated communities was even higher than their estimates. This study 

confrrmed the report by Farkas and Parsons (1974) that certain infant nutritional regimens 

may provide fluoride in excess of the "optimal" amounts. Similar results were obtained by 

other workers (Adair and Wei,1978; Tinanoff and Mueller,1978) who showed that infants 

being fed commercial formulae at that time may have been receiving fluoride in excess of 

recommended optimal dosages. Leverett (1982) suggested that it was this increase of 
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Table XI: Fluoride content of infant food (estimated average values). Dry milk formulaS 

and F denote two of the most popular brands on the Swedish market available in 1971 

(Ericsson and Ribelius,1971). 

Breast milk 

Cow's milk 

Cow's milk+ 
water (0.1Jlg F/ml) 

Cow's milk+ 
water (1.0 Jlg F/ml) 

Dry Milk FormulaS 

Dry Milk Formula S+ 
water (0.1mg/1) 

Dry Milk Formula S+ 
water (l.Omg/1) 

Dry Milk Formula F 

Dry Milk Formula F+ 
water (0.1mg/1) 

Dry Milk Formula F+ 
water (l.Omg/1) 

DILUTION 

1+1 

1+1 

1+6 

1+6 

1+6 

1+6 

FCONTENT 
(Jlg F/ml) 

0.03 

0.03 

0.08 

0.52 

0.40 

0.17 

1.07 

2.00 

0.43 

1.33 

FCONTENTIN 
RELATION TO 
BREAST-MILK 

03x 

21x 

07x 

43x 

17x 

53x 
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fluoride in the food chain that had caused a slight increase in the prevalence of dental 

fluorosis in children living in optimally fluoridated areas. 

Singer and Ophaug, (1979) determined the total dietary fluoride intake of infants by 

analysing market-basket food collections. They determined that the intake of fluoride in 

typical diets of infants between 2-6 months of age averaged about 0.1 mg F/kg of body 

weight from foods processed in communities with fluoridated water. Diets consisting of 

foods processed in non-fluoridated water contained about one tenth the amount of fluoride. 

Although this fmding suggested that the optimal intake had been exceeded, the increase was 

smaller than that reported by Wiatrowski eta!. in 1975. The authors pointed out that the 

total calorie intake supplied by the diet employed in the calculations of Wiatrowski and co

workers was substantially higher than the actual calorie intake of infants, and this explained 

the higher levels of fluoride intake calculated by them. They also pointed out that the 

colorimetric method of analysis used by Wiatrowski had resulted in higher levels of 

fluoride in the foods being reported. 

Based upon the analysis of market-basket collections, Ophaug eta!., (1985) 

estimated the fluoride intake of infants aged 6 months and 2 years, resident in four different 

areas of the United States. In cities with >0.7 )lg F/ml in the drinking water, a 6-month-old 

infant and a 2-year-old-toddler had mean dietary fluoride intakes of 0.052 mg F/kg of body 

weight (0.418 mg F/day) and 0.050 mg F/kg of body weight (0.621 mg F/day) 

respectively. These findings suggested that the fluoride intake of children in this age group 

had not exceeded "optimal" levels and was within the acceptable range of the optimal daily 

fluoride intake of 0.05-0.07 mg F/kg of body weight. 

Dabeka et a!. (1982) analysed 334 Canadian commercial infant foods and 

determined the total fluoride intake of infants in the first 12 months of life. Fluoride intake 

was calculated based on 1970-1972 data of food intake. It was estimated that in the 

fluoridated area, infants aged 0-12 months ingested a mean of 0.069 mg F/kg of body 

weight, with a range between 0.054 mg F/kg of body weight for those aged 9-12 months 

and 0.087 mg F/kg of body weight for those aged 1-3 months. Infants fed commercial 

formulae were estimated to ingest fluoride equal to or greater than 0.1 mg F/kg of body 

weight. 

A comprehensive dietary study (Nanda eta!., 1974) was conducted on 500 children 

living in the rural areas of Lucknow, India. The children (1-8 years) were drawn from 

families with at least two older siblings with dental fluorosis. The dietary survey which 

was conducted on one day each in the summer, monsoon, and winter seasons, included 

documentation of every item ingested throughout the day and collection of about 100 g of 

each food and 100 m1 of each liquid in the form consumed. Dietary analysis of the total 
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fluoride intake of children aged 5-8 years, residing in areas of endemic dental fluorosis, 

revealed extremely high total fluoride intake values ranging from 1.14 to 2.08 mg F/day. 

In the same area, the daily dietary fluoride intake of children below age 12 months 

amounted to 0.21 mg in summer, 0.18 mg in the monsoon season, and 0.07 mg in winter; 

the daily fluoride intake of children in the age group 1-2 years amounted to 0.59 mg in 

summer, 0.49 mg in the monsoon season, and 0.37 mg in winter. This population was 

found to be using subsoil water which contained average fluoride concentrations of 1.11, 

1.10, and 0.98 ~g F/ml in summer, winter, and monsoon seasons respectively. Drinking 

water was the principal source of fluoride intake at all ages and in all seasons and 

constituted approximately two thirds of the total fluoride ingested during the summer. One 

third of the total fluoride intake was contributed by cooked and uncooked food. However, 

during the winter season, usually only one quarter to almost one half of the fluoride 

ingested came from water and the rest was derived from foods. Foods were not found to 

contain high levels of fluoride. 

In Thailand, the total daily fluoride intake of 4-month-old infants residing in a non

fluoridated community (0.2 ~g F/ml) was estimated to be 0.142 mg F/day or 0.022 mg 

F/kg of body weight, and the fluoride intake of infants aged 5-6 months was estimated to 

be 0.019 F/kg of body weight. Formula milk was found to contribute 78 percent of the 

total daily fluoride intake in these age groups (Phantumvanit et al., 1986). 

In a recent study in Hong Kong, where the water is artificially fluoridated at a 

concentration of0.7 ~g F/ml, the average fluoride intake of infants aged 6-11 months from 

whole milk, infant formulae, and beverages was estimated to be 0.23 mg/day or 0.027 mg 

F!kg of body weight which is about half the optimal fluoride intake of 0.05-0.07 mg F/kg 

of body weight. Meat, fish, poultry, and vegetables contributed about 17 percent of the 

dietary fluoride (Hattab and Wei,1988). 

2.6 FLUORIDE SUPPLEMENTATION 

In areas with a moderate climate where the water supply contains <0.7 mg F/1, 

fluoride supplementation in the form of fluoride tablets is recommended for safe and 

effective prevention of dental caries in children. Several different dosage schedules (Table 

XII) have been proposed, leading to confusion about optimal dosages. The originai 

recommended dosage regime was calculated to provide a daily fluoride intake similar to that 

which would have been received from a water supply fluoridated to 1 ~g F/ml. The only 

considerations in prescribing these supplements were the age of the child and the level of 

fluoride in the drinking water. In 1958, the Council on Dental Therapeutics of the 

American Dental Association (ADA) suggested the following dosage schedule: for children 

<2 years of age, living in fluoride deficient areas ( <0.2 ~g F/ml), 1 mg of fluoride should 

be dissolved in one quart of water used for drinking and in the preparation of formulae and 
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Table XII: Dosage schedule for fluoride supplementation in low fluoride areas 

0-2 Years 

2-3 Years 

>3 Years 

0-2 Years 

2-3 Years 

>3 Years 

0-2 Years 

2-3 Years 

3-13 Years 

2 Weeks-2 Years 

2-3 Years 

3-16 Years 

AMERICAN DENTAL ASSOCIATION (1958) 

1 mg of fluoride dissolved in one quart of water used for drinking 

and in the preparation of formulae and other foods. 

1 mg of fluoride every alternate day. 

1 mg of fluoride every day 

AMERICAN DENTAL ASSOCIATION (1971) 

1 mg of fluoride dissolved in one quart of water used for drinking 

and in the preparation of formulae and other foods. 

0.5 mg of fluoride every day. 

1 mg of fluoride every day. 

AMERICAN DENTAL ASSOCIATION (1984) 
FLUORIDE DOSE (mg F/day) 

0.3 ppm 0.3-0.7 ppm >0.7 ppm 

0.25 

0.50 

1.00 

0.25 

0.25 

0.50 

0.25 only if breast-fed 

0.00 

0.00 

AMERICAN ACADEMY OF PEDIATRICS (1986) 

FLUORIDE DOSE (mg F/day) 
<0.3lm.ll 0.3-0.7 ppm >0.7 ppm 

0.25 0.00 0.00 

0.50 0.25 0.00 

1.00 0.50 0.00 
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Table XII (cont.). Dosage schedule for fluoride supplementation in low fluoride areas 

WEI ET AL. (1977) 

FLUORIDE DOSE (mg FLday) 

<0.2!ID.ill 0.2-0.4 ppm 0.4-0.6 ppm 0.6-0.8 ppm >0.8 ppm 

0-6 Months 0.001 0.001 0.001 0.001 0.001 

6 Months-1. 6 Years 0.25 0.001 0.001 0.001 0.001 

1.6-3 Years 0.50 0.25 0.00 0.00 0.00 

3-6 Years 0.75 0.50 0.25 0.00 0.00 

>6Years 1.00 0.75 0.50 0.25 0.002 

1 0.25 mg for fully breast-fed infants 

2 Fluoride supplementation is thought to be beneficial 

0-6Months 

6 Months-2 Years 

2-4 Years 

4-14 Years 

NEW ZEALAND DEPARTMENT OF HEALTH (1983) 

FLUORIDE DOSE (mg FLday) 

<0.3 ppm 

0.00 

0.25 

0.50 

1.00 
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other foods; for children aged 2-3 years, 1 mg of fluoride every alternate day; and for 

children >3 years, 1 mg of fluoride every day. Later, recognising the possible risk of 

inducing dental fluorosis with the earlier schedule, the ADA (1971) reduced the dosage of 

fluoride from 1 mg to 0.5 mg F/day in the age group 2-3 years (Driscoll and 

Horowitz,1978; American Academy ofPediatrics,1979). However, Aasenden and Peebles 

(1974) found that 67 percent of children taking fluoride supplements of even 0.5 mg F/day 

in a non-fluoridated area developed mild or very mild, but not disfiguring, enamel 

fluorosis; 14 percent of the children exhibited moderate fluorosis. According to the 

standards defined by Dean (1942), no fluorosis should have resulted from such 

supplementation. The fmdings of the study by Aasenden and Peebles (1974) caused 

considerable interest about proper dosages for fluoride supplements. 

Reports such as those of Wiatrowski et al. (1975), Adair and Wei (1978), Tinanoff 

and Mueller (1978), and Singer and Ophaug (1979), showing that the dietary fluoride 

intake of infants and young children may exceed the "optimal" intake and that there are wide 

variations in the fluoride supply to infants on different feeding patterns, have led to further 

downward adjustments in the dosage schedule of fluoride supplements. The regimens 

recommended in 1984 by the ADA Council on Dental Therapeutics and by the American 

Academy of Pediatrics Committee on Nutrition in 1986 have been harmonised, but some 

differences exist with regard to the cut-off age and supplementation for totally breast-fed 

infants (American Academy ofPediatrics,1979) (Table XII). 

A more conservative schedule devised by Wei et al. (1977) has received attention, 

and is recommended as the appropriate regimen in some countries (Table XII). This 

regimen recommends that, in areas containing less than 0.2 ~g F/ml in the water supply, no 

supplementation should be given during the first 6 months of life (except in the case of 

breast-fed infants, who are to be given 0.25 mg F/day). Though this schedule is 

conservative for the first 18 months of life, the dosage recommended for children aged 18-

24 months is double the amount recommended by the ADA. It has not been shown that the 

regimen recommended by the ADA (1984) causes aesthetically objectionable fluorosis, nor 

has it been shown that the generally more conservative regimen proposed by Wei and his 

co-workers is more effective in reducing dental caries. 

Recommendations on the dosage of fluoride tablets in New Zealand were revised in 

1983 (Clinical Services Letter No. 222,1983). According to these recommendations, in 

areas with less than 0.3 ~g F/ml in the water supply, no fluoride supplementation is 

required for children less than 6 months of age. In the same area, for children aged 6 

months-2 years, a daily fluoride supplement of 0.25 mg is recommended; for children aged 

2-4 years, a daily dose of 0.5 mg of fluoride is recommended; and for children aged 4-14 

years, a daily dose of 1.0 mg of fluoride is recommended (Table XIII). 
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Previous studies indicated that there was no risk of fluoride induced changes in the 

enamel of the anterior teeth provided that fluoride ingestion in doses sufficient to produce 

fluorosis did not begin before crown formation was complete (Dowell and Joyston

Bechal,1981). However, in a recent study (Larsen et al., 1985) which determined the ages 

at which the different types of human permanent teeth are susceptible to development of 

fluorosis, it was found that fluoride can affect teeth beyond the age at which the whole 

crowns of the teeth are detectable on radiographs, that is, late in their development when 

enamel is in a stage of late secretion or early maturation. To avoid fluorosis in the teeth 

developing during this period, the recommended dosages may still have to be lowered 

under certain conditions. 

As recent studies have shown that the frequency of exposure of the tooth surface to 

low concentrations of fluoride is more critical to caries prevention than the amount of 

fluoride ingested during tooth formation, a dosage regime aimed at increasing fluoride 

content of enamel may not be appropriate (Dowell and Joyston-Bechal,1981). The 

rationale for fluoride tablets should therefore be re-examined. Their greatest value may 

occur when they are sucked slowly rather than swallowed whole. The risk of excessive 

ingestion appears to be high when tablets and toothpaste are both ingested by young 

children during the period of tooth formation. A better understanding of the relationship 

between dietary fluoride, enamel fluorosis, and optimal caries prevention is required to 

provide a rational basis for the use of fluoride supplements. Until such further information 

is obtained, fluoride supplement doses should probably be kept to a minimum level until the 

time the child has gained sufficient control over the swallowing reflex. As soon as the child 

is old enough fluoride tablets should be sucked to include a topical effect (Dowell and 

Joyston-Bechal,1981). 

2.7 FLUORIDE INGESTION FROM TOOTHPASTE 

About 90 percent of the toothpastes currently sold in the United States and in 

Scandinavia, and 97 percent of the toothpastes sold in the United Kingdom 

(Schrotenboer,1981; Dowell and Joyston-Bechal,1981) contain fluoride at a level of at least 

0.1 percent or 1 mg F/g. In some countries, the concentrations of fluoride in some 

toothpastes have been increased to 1.4-1.5 mg F/g, while in others the concentration has 

been reduced to 0.25 mg F/g (Newbrun,1987). Studies to date of the efficacy of 

dentifrices with lower fluoride concentrations are few and inconclusive (Heifetz and 

Horowitz,1984). However, if, as is suggested, the main cariostatic mechanism of action of 

fluorides is effected by its frequent presence in the enamel-oral fluid interface, then the low 

fluoridated dentifrices may find a place for use by infants and young children. Ekstrand et 

al. (1983), showed that infants, after swallowing 0.6 g of a 1 mg F/g toothpaste, reached 

plasma fluoride concentrations comparable to those found after ingestion of a similar dose 
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of fluoride tablet. Ingestion of similar amounts of the 0.25 mg F/g toothpaste, on the other 

hand would result in smaller increases in plasma fluoride levels. 

The use of toothpastes as early as 6-7 months of age has been reported by Dowell 

(1981) who found that about 20 percent of children were using fluoride toothpastes by age 

11-12 months, the habit usually commencing by 18 months-3 years of age. The amount of 

toothpaste dispensed on the brush was found to range from 0.07-1.97 g, with an average 

of about 0.54 g. For infants less than 6 years, the mean amount of toothpaste used per 

brushing has been reported to vary from 0.55 g-1.38 g (Hargreaves et al., 1972; Barnhart 

et al., 1974). 

The purpose of using fluoride dentifrices is to benefit tooth enamel by a topical 

effect, and not by systemic ingestion. Several studies have reported that ingestion of 

dentifrice following brushing is a common practice in young children below the age of 3 

(Barnhart et al., 1974; Drummond and Curzon,1985). The amount ingested is inversely 

related to age and directly related to the amount applied on the toothbrush. The ingestion of 

dentifrice ranges from essentially none to 100 percent, and on an average amounts to about 

30 percent (Whitford,1987). Most of the fluoride ingested during fasting conditions is 

absorbed. In a human study, the bioavailability of fluoride from a sodium fluoride 

toothpaste was determined to be almost 100 percent, and was slightly less for fluoride from 

a sodium monofluorophosphate (MFP) toothpaste (Ekstrand and Ehrnebo,1980). On this 

basis, it can be calculated that, if a child brushed twice daily with 1.0 g of a dentifrice 

containing 1 mg Fig of tooth paste and ingested 30 percent of the paste, 0.6 mg ofF/day 

from toothpaste alone would be ingested, an amount almost equal to that derived from food 

and water. If fluoride supplements were to be prescribed as well, the risk of dental 

fluorosis in children living even in non-fluoridated areas could be increased. In a recent 

case control study, Osuji and Nikiforuk (1988), showed that brushing before the age of 25 

months was associated with 11 times the likelihood of fluorosis than if brushing was 

started at a later age. 

Fluoride toothpastes can therefore contribute substantially to the total daily fluoride 

intake by children whose swallowing reflexes are not as developed as adults. To reduce the 

risks of fluorosis from the ingestion of toothpastes, it is recommended that brushing be 

supervised by the parent, that only pea sjzed amounts (about 0.3 g) of the paste be used, 

and that the dentifrice be expectorated if the child is able to do so (Newbrun,1987). 

2. 8 THE BIOA V AILABILITY OF FLUORIDE 

The daily fluoride intake is not necessarily equal to the amount of fluoride that is 

biologically available. Bioavailable fluoride in foods and beverages is the fraction of the 

consumed fluoride which is absorbed from the oral cavity and the gastro-intestinal tract and 
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is thus available for use or storage in the body (Rao,1984). It is important to know not 

only the total fluoride intake, but also how much of it is actually absorbed and available for 

use by the body. Such information is essential for recommending "optimal" levels of 

fluoride intake and for determining dosage regimens for fluoride supplements. 

Considerable variation exists in the extent to which fluoride is absorbed from foods 

and beverages. Since the bioavailability of sodium fluoride in water or in tablets has been 

found to be essentially 100 percent when ingested on a fasting stomach (Ekstrand et al., 

1978), it is generally used as a standard in reporting fluoride bioavailability from foods and 

beverages. Studies of animals and human subjects in general indicate that fluoride in foods 

and beverages is less available than fluoride in water (Rao,1984). The bioavailability of 

dietary fluoride is governed by several exogenous and endogenous factors. These may 

include the concurrent administration of foods such as milk and dairy products which are 

rich in proteins and cations, the presence of other elements (Al, Ca, Mg) that influence 

fluoride uptake and metabolism, the fluoride concentration and its chemical form, the 

presence of food in the stomach, and the gastric pH. 

In humans, the bioavailability of fluoride from some specific food items such as tea, 

fish protein concentrate, fluoridated milk, salt, and health foods has been studied. Food for 

infants whose diet mainly consists of calcium rich products such as milk and milk products, 

is of particular interest. A significant reduction in fluoride bioavailability was found to be 

associated with fluoridated milk and diluted milk formulae (Spak et al., 1982). A 30 

percent reduction occurred in the bioavailability of fluorides from NaF tablets administered 

with milk and dairy products (Ekstrand and Ehrnebo,1979). These studies led to the 

conclusion that fluoride tablets should not be administered with milk. However, it was 

shown by Ericsson in 1958 that absorption of fluoride from milk is slower than from 

water, but that over a 4-hour period the same total amount of fluoride is released into the 

blood. No single theory can explain the delay in the fluoride uptake from milk. It has been 

postulated that NaF tablets do not dissolve completely in milk (Ekstrand and 

Ehrnebo,1979); that fluoride in milk, being closely associated with calcium, may be 

converted to calcium fluoride which has a low solubility (Ericsson,1958; Tinanoff and 

Mueller,1978); that as a result of an increase in the stomach pH, the formation of HF i~ 

reduced; that the presence of food acts as a physical barrier and prevents the access of 

fluoride to the mucosal surface of the stomach and upper gastrointestinal tract (Adair and 

Wei,1978); or that changes in the renal clearance, urinary flow, and urinary pH may be the 

cause of reduced bioavailability of fluoride (Ekstrand et al., 1978). 

The bioavailability of fluoride from tea is high. Some reports have suggested that 

the addition of milk reduces the bioavailability of fluoride from tea, which is a rich source 

of fluoride. Tong et al. (1983) found that when tea infusions were mixed with milk in 
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different proportions, the observed reduction in fluoride was largely accounted for by the 

dilution factor; addition of milk did not substantially reduce fluoride content. 

The bioavailability of fluoride from fish protein concentrate (FPC), a protein 

supplement which is used in the prevention of protein-calorie malnutrition in young 

children in some parts of the world, has been studied in rats (Zipkin et al., 1970). FPC 

made from whole red hake fish has been found to contain as much as 150-300 J.Lg F/g, 84 

percent protein of high nutritive value, 13 percent ash, and 0.5 percent calcium. Most of 

the fluoride in FPC was derived from the bones and the scales of the fish. However, in 

spite of the high levels of fluoride, only one quarter to one half of the fluoride in FPC was 

found to be bioavailable. The high protein and ash content of FPC was considered to have 

reduced the availability of fluoride. Spencer et al. (1970), however, could not confirm a 

reduced availability of fluoride from FPC in man. 

In a recent study (Trautner and Siebert,1986), the bioavailability of fluoride in 

fluoride rich compounds which are part of some foods (bone meal, fish bone meal, and sea 

weed flour), and in food items (sardines, krill, tea, milk, and mineral water) containing 2-

10 J.Lg Fig was studied in humans. There was poor availability of fluoride from bone meal 

as well as from fish and fish products, especially sardines. The reduced bioavailability of 

fluoride from fish was explained by the fact that most of the fluoride in fish and fish 

products is in the bones and scales and is thus only partly available. The poor availability 

of fluoride from bone meal and sardines was thought to be due to their high calcium content 

which binds the fluoride. These results suggest that the amount of bioavailable fluoride 

cannot be calculated from food composition and food consumption tables alone. 

Several trace elements normally present in the human diet, such as Al, Fe, Ca, Mg, 

and Cl, have been shown to form complexes with fluoride thereby reducing the availability 

of fluoride for absorption. Drinking water often contains trace amounts of fluoride binding 

elements, either present naturally, or introduced as a result of chemical treatment of the 
water with coagulants such as alum [ Al2 (S04)3. 18 H20], ferric chloride or sodium 

silicate. Brudevold et al. (1972) suggested that even at the low pH of 1.5 usually found in 

the stomach, 16-25 percent of fluoride present may be complexed with aluminium. This 

figure appeared to increase with higher pH; at pH 5.5 as found in the intestine, 40-60 

percent of the fluoride was found to be complexed (Brudevold et al., 1972). Water treated 

with alum has been found to contain about 0.15-0.30 J.Lg AVml; at this concentration, it has 

been found that aluminium complexes about 35.5 percent of the total fluoride present in 

drinking water. The degree of complexing increases substantially by simply boiling 

drinking water in aluminium pots. Thus, in regard to fluoride complexes, the kind of 

cooking procedure and utensils may be as important as the inherent content of complexing 

elements in the drinking water. The rate of formation of aluminium fluoride complexes was 
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found to be very rapid, with nearly all the complexed fluoride present at equilibrium being 

formed in the first 10 minutes (Brudevold et al., 1972). Aluminium containing antacids 

have been found to markedly decrease the absorption of fluoride in humans (Spencer and 

Lender,1979). In rats (Cerklewski,1987), a low dietary intake of magnesium was 

associated with an increase in the fluoride absorption, and a high dietary intake of 

magnesium decreased the fluoride absorption. 

In contrast to the results of animal and other human studies, which show that high 

calcium intake reduces bioavailability of fluoride, one study (Spencer et al., 1980) failed to 

show a reduction in fluoride bioavailability in humans administered high doses of calcium 

(20-2,000 mg F/day). This was probably because calcium was not administered with the 

fluoride dose. A high phosphorus and low calcium intake also failed to reduce 

bioavailibility, probably because calcium phosphate precipitate did not form in the presence 

of low calcium l~vels. However, even after high phosphorus and calcium intake there was 

very little reduction in the bioavailability of fluoride. 

The presence of food in the stomach has also been found to influence the 

bioavailability of fluoride. The absorption of an oral dose of sodium fluoride administered 

in the fasting state was shown to be very rapid, with peak plasma fluoride levels being 

reached in 30 minutes (Ekstrand et al., 1978). It suggested that fluoride permeates 

biological membranes in the form of the undissociated acid, hydrogen fluoride, with 

absorption occurring largely in the stomach. The absorption rate of this weak acid is pH 

dependent and, when administered in HCl, peak plasma levels are reached within 5-15 

minutes (Whitford and Pashley,1984). Therefore it is possible that fluoride present in 

beverages with low pH values is rapidly absorbed and produces higher plasma fluoride 

levels than might occur when water or beverages of higher pH are consumed. The timing 

and magnitude of the peak plasma level after fluoride ingestion appears to be a function of 

the rate of fluoride absorption which in turn is a function of gastric acidity. It is therefore 

hypothesised that, among children living in a given community and consuming about the 

same amount of fluoride, those with the highest gastric acidity at the times of fluoride 

ingestion would be the most at risk of enamel fluorosis (Hattab and Wei,l988). 

As a convenient method of administration, some fluoride tablet manufacturers have 

suggested dissolving fluoride tablets in d.J;inks. The dissolution and the release of fluoride 

in beverages vary considerably depending on the physico-chemical properties of the 

solvent. Hattab (1985) found that about 37 percent of fluoride as NaF tablets added to 

cow's milk was not in ionic form, whereas essentially all the fluoride added to deionised 

water, orange juice, and Coca-Cola was found in ionic form. 
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On the whole, the bioavailability of fluoride from most foods is largely unknown. 

Thus data from various reports about fluoride in foods should only be interpreted as 

estimates when judging total fluoride intake. 

2. 9 FLUORIDE BALANCE IN CHILDREN 

Fluoride balance in the body is the difference between its uptake and elimination. 

Very few studies exist on fluoride balance in children. Growth and development in early 

childhood have complex effects on the absorption, distribution, retention, and excretion of 

fluoride. Throughout life there appears to be an incorporation and a release of fluoride 

from the skeleton resulting in a net retention of fluoride with time (Weatherell and 

Robinson, 1988). 

Fluoride balance studies (Ekstrand et al., 1984a) in infants living in an optimally 

fluoridated area (1 Jlg F/ml) showed that breast-fed infants were in a negative fluoride 

balance, that is they excreted more fluoride than they ingested. Bottle-fed infants, on the 

other hand, retained more than 50 percent of the ingested fluoride. The negative fluoride 

balance was attributed to a lower fluoride intake post-partum as compared to the fluoride 

level of foetal plasma derived from intra-uterine transfer of fluoride from maternal blood. It 

was suggested that, as fluoride intake is suddenly reduced after birth, the plasma fluoride 

level falls and, to maintain the optimum level, fluoride is mobilised from the skeleton and 

later excreted. Bottle-fed infants, on the other hand, generally receive more fluoride than 

breast-fed infants after birth, depending upon the nature of the formula used. Therefore the 

plasma fluoride level was thought to remain elevated for a prolonged period, during which 

fluoride was available for incorporation into the skeleton. 

Investigations on the possible physiological or pathological effects of the wide 

variation of fluoride supply to infants showed no difference in caries rate between breast

fed and bottle-fed children. Moreover, only an insignificant trend towards increased 

enamel mottling was found in formula-fed children compared with breast-fed children, in 

spite of the great variation in fluoride intake among the two groups. Only a very small 

increase of fluoride was found in dental enamel following high levels of fluoride intake 

during the first year of life (Ericsson and Ribelius, 1971). The rapidly growing skeleton 

was assumed to have absorbed the greatly increased quantities of retained fluoride. This 

study suggested that tolerance to various amounts of fluoride is high during the first year of 

life (Ericsson and Ribelius,1971). The rapidly growing skeleton in children may enhance 

fluoride retention; however, the incompletely developed renal handling capacity in children 

was also thought to be associated with a reduced excretion of fluoride in children (Ekstrand 

et al., 1984a). 



45 

Further research in this area is required, since factors which determine plasma 

fluoride levels in infancy and childhood are complex and not well understood at the present 

time. 

2.10 SAFE AND OPTIMAL LEVELS OF FLUORIDE INGESTION 

The major concern following excessive ingestion of fluoride by children is the 

unwanted permanent side effects of dental fluorosis. Although there is no general 

consensus, a daily fluoride intake of 0.05-0.07 mg F/kg of body weight is considered 

"optimal" for dental health in children aged 1-12 years (Ophaug et al., 1985). However, 

these suggested levels do not take into consideration the bioavailability of the fluoride 

ingested. 

It is generally agreed that an increased supply of fluoride over a long period of time 

during tooth development produces dental fluorosis. Induction of dental fluorosis after the 

completion of enamel formation and maturation is known to be biologically impossible 

(Fejerskov et al., 1977; Larsen et al., 1985). However, it has not been established in 

humans at what stages of enamel development the enamel is susceptible to fluorosis. 

Whether repeated increased plasma peak levels or elevated fasting values of plasma fluoride 

are responsible for the occurrence of dental fluorosis, or whether the ameloblast, the 

mineralising phase, or some other phase is the target for the mineralisation defect has not 

been established. The critical plasma fluoride level is not known either. 

It is postulated that the fluoride concentrations in tissue fluid are the primary 

determinants of fluoride effects on bones and teeth, and that these concentrations are 

dependent on blood plasma fluoride. Plasma fluoride levels have been shown to be 

dependent on the dietary fluoride supply, as well as on skeletal fluoride concentration 

(Angmar-Mfulsson et al., 1976). In rat experiments, Angmar-Mfulsson et al. (1976), and 

Angmar-Mfulsson and Whitford (1984) showed that enamel fluorosis can be caused by 

ingestion of an amount of fluoride (dietary or non-dietary) that can produce peak plasma 

fluoride levels of 10 )lM (0.2 )lg F/ml) or more. However, dental fluorosis was also found 

to develop following a week-long occurrence of relatively low (3.3-4.7 )lM F=0.06-0.09 

)lg F/ml) but constant plasma fluoride levels (Angmar-Mfulsson and Whitford,1982). With 

longer periods (56 days) of exposure, even lower plasma fluoride levels of 1.5 )lM F (0.03 

)lg F/ml) (Angmar-Mllnsson and Whitford,1984) have been found to induce dental 

fluorosis. Slightly elevated but relatively constant plasma fluoride levels are more likely to 

cause disturbances in enamel mineralisation than are slightly elevated but very variable 

plasma fluoride levels (Angmar-Mfulsson and Whitford,1984). The severity of dental 

fluorosis thus appears to be dependent on the daily intake of fluoride, the duration of 

exposure, and the daily patterns of plasma fluoride levels. It is not known to what extent 

these f'mdings can be extended to humans. 
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It was previously thought that the enamel changes following increased fluoride 

intake may be produced by interference mainly with enamel protein secretion rather than the 

long lasting period of pre-eruptive maturation. It was thus assumed that there was no risk 

of dental fluorosis, provided that fluoride ingestion in doses sufficient to produce fluorosis 

did not commence before crown formation was complete. Recent reports, however, 

indicate that dental fluorosis may develop by affecting even the stage of late enamel 

secretion and in particular early maturation (Larsen et al., 1985), or the post-secretory, pre

eruptive development (DenBesten and Crenshaw,1984). Larsen et al. (1985) found that the 

age periods at which the various human permanent teeth are most likely to be affected by 

increased exposure to fluoride extended beyond the age at which the whole crowns of the 

teeth are detectable on radiographs. The median age reported for completion of crown 

formation of the maxillary central incisors, based on radiographic evidence, varies from 3 

years 3 months to 4 years 1 month (Haaviko,1970). Larsen et al. (1985) found that the age 

period, at which onset of administration of fluoride tablets (0.5 mg F/day) induced dental 

fluorosis in the maxillary central incisors, extended from 2.5 to as late as 5.4 years, with 

the maximum risks (>50 percent) occuring when fluoride tablets were started before 3.4 

years. In a recent study, Szpunar and Burt (1988) found that the risk of fluorosis in the 

permanent anterior teeth and the first molars increased by 57 percent for fluoride mouth 

rinse users over non-users even when the rinses were begun after 4 years of age. These 

studies indicate that the previously recommended timing of fluoride supplementation for 

avoidance of dental fluorosis may be incorrect. The need for re-evaluation of age related 

dosages of fluoride supplements is now evident. 

A number of studies (Pandit et al., 1940; Massier and Schour,1952) have proposed 

that nutritional factors may play a role in the production of dental fluorosis, so that, where 

levels of fluoride ingestion are the same, more fluorosis is seen in populations with 

nutritional deficiencies than in populations where nutrition is adequate. Reported findings 

of dental fluorosis in areas with optimal levels of fluoride in the drinking water in India 

(Nanda et al., 1974) aroused questions about the intake of fluoride from sources other than 

water and of other factors affecting the prevalence of dental fluorosis. Lucknow is 

fluoridated at 0.66 J..Lg F/ml. However, 46 percent of the 16,565 children examined in rural 

and urban areas of Lucknow exhibited dental fluorosis; 28 percent had questionable 

fluorosis and 18 percent had definite fluorosis. Most of those with definite fluorosis were 

categorized as having very mild fluorosis; only about 5 percent were classified as having 

mild, moderate or severe fluorosis. A greater percentage of the rural children were found to 

have definite fluorosis than urban children. The rural children were found to be using 

subsoil waters from wells, which was drawn fresh at least twice a day and stored in 

earthern or metal pitchers. There were 108 different sources of water for the endemic area 

with average fluoride concentrations of 1.11, 1.10, and 0.98 J.Lg F/ml for summer, winter, 
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and monsoon seasons respectively. Dietary analysis of the total fluoride intake of children 

aged 5-8 years, residing in areas of endemic dental fluorosis, revealed extremely high 

values of 2.08 mg of fluoride/day. The calcium intake of children exhibiting dental 

fluorosis was one-half to two-thirds of the recommended daily allowance of about 1000 

mg, and the phosphate intake was one-third the recommended dose. The authors suggested 

that the lowered calcium intake in the younger age groups may have exerted some 

enhancing effect on fluoride availability to induce dental fluorosis. The authors of this 

study, however, concluded that total amount of fluoride ingested is a greater determinant of 

the dental fluorosis observed than the nutritional status. In another Indian study, dental 

fluorosis was found to be present in 90-100 percent of the population residing in high 

fluoride areas (>3 J.Lg F/ml), with a similar prevalence being observed between two socio

economic groups exposed to the same level of fluoride in the drinking water 

(Krishnamachari and Krishnaswamy, 197 4). 

The second system reacting to increased levels of fluoride ingestion, the skeleton, is 

known to tolerate at least four to five times as high a water fluoride content as the 

developing enamel. It has been suggested that skeletal fluorosis, characterised by 

osteosclerosis, ligamenta! calcification, and calcification of membranes and tendinous 

insertions, may develop in man when more than 8 J.lg F/ml is consumed in drinking water 

over a period of 30-40 years (Weatherell and Robinson,1988). Osteosclerosis has been 

described as the characteristic and diagnostic radiological feature of skeletal fluorosis 

(Krishnamachari and Krishnaswamy,1973). Crippling deformities of the skeleton such as 

kyphosis, stiffness of the spine, reduced mobility of bony cage, and bony exostoses are 

reported to be some of the clinical features of skeletal fluorosis. No evidence of skeletal 

fluorosis was found in residents of Bartlett, Texas, exposed to 8 J.lg F/ml in the drinking 

water for 15 years (Leone et al., 1954), or in life long residents of North Dakota exposed to 

a 4.0-5.8 J.lg F/ml in the drinking water (Bernstein et al., 1966). However, in an area in 

India, with 2.5-5.0 J.lg F/ml in the drinking water, 32 percent of the people examined 

exhibited osteosclerosis (Pandit et al., 1940). The considerable individual variability of 

skeletal response to excessive fluoride ingestion suggests that contributing factors other 

than total daily ingestion of fluoride may exist. That malnutrition modifies the clinical 

profile of skeletal fluorosis in developing countries has been suggested by the high rate of 

crippling bone deformities among poor individuals residing in a high fluoride area 

(Krishnamachari and Krishnaswamy, 1973). 

Though skeletal fluorosis in adults has been observed in many parts of India, and 

from other areas such as South Africa, China and the Persian Gulf, reports of skeletal 

fluorosis in children are few (Teotia et al., 1971). Teotia et al. (1971) reported six cases of 

skeletal fluorosis in children aged 6-14 years, resident in high fluoride areas (10.35-13.5 
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j.lg F/rnl). Of the six affected patients, five were males. A similar sex predilection (15:1) of 

skeletal fluorosis, manifested by osteosclerosis, genu valgum and osteoporosis, was found 

in children and young adolescents of low socio-economic strata living in parts of India with 

high levels of fluoride (3.5-6.0 j.lg F/rnl) in the drinking water (Krishnamachari and 

Krishnaswamy,1973). The authors suggested that the syndrome of genu valgum and 

osteoporosis was an expression of environmental fluoride toxicity. The extensive 

osteoporotic changes of the lower extremity was thought to be secondary to spinal 

osteosclerosis, calcium having been diverted preferentially to the spinal column at the 

expense of the limb bones. This syndrome of genu valgum was not reported by earlier 

workers who had surveyed the same area 20 years ago. This suggested to the authors that 

genu valgum is not the result of excessive exposure to fluorides per se, and that 

malnutrition and hormonal dysfunction may be involved in the pathogenesis of skeletal 

fluorosis. Krishnamachari and Krishnaswamy (1974) further suggested that genu valgum 

in young adult males may be related to low dietary intake of calcium along with high 

molybdenum intakes among communities exposed to high levels of fluoride. The diet of 

the affected individuals was found to have a high phosphate content and the staple food 

(sorghum) was rich in phytate content This probably reduced the bioavailability of dietary 

calcium. High levels of ingestion of molybdenum have been found to cause increased 

urinary excretion of copper. Depletion of copper has been found to cause poor formation 

of the matrix of bone resulting in matrix osteoporosis (Krishnamachari and 

Krishnaswamy, 197 4 ). 

At optimal levels of ingestion, the fluoride content of bone has been found to 

increase steadily with age (Alhava et al., 1980), without the levelling out at a higher age that 

was suggested to occur by Jackson and Weidmann (1958). At high levels of absorption, 

the fluoride might begin to saturate the sites available in the skeleton; a level of 5000-6000 

j.lg F/g of dry, fat free compact bone has been suggested as the threshhold concentration 

above which fluorosis might be expected (Jackson and Weidmann, 1958). However, life 

long exposure at a level of ingestion of 1 j.lg F/rnl does not appear to cause saturation; the 

normal physiological processes of bone remodelling and renewal are probably sufficient to 

permit a steady incorporation of the small amounts of fluoride involved. Artificial 

fluoridation to the extent of 1J.lg F/rnl does not appear to enable the skeleton to accumulate 

fluoride to the level that is considered toxic (Weatherell and Robinson,1988). However 

this argument is probably valid only for individuals not suffering from malnutrition and 

living in temperate climates. 

As the fluoride concentration of the community water supply increases, the 

prevalence of dental fluorosis also increases significantly (Szpunar and Burt, 1988). 
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Community water fluoridation is widely accepted as the most efficient, cost effective, and 

safe method of providing optimal levels of topical and systemic fluorides for the prevention 

and treatment of dental caries. The crucial argument does not concern the fluoride level in a 

community per se, but whether, due to multiple sources of fluoride ingestion, water 

fluoridation contributes to an increased risk of the occurrence of dental fluorosis. Enamel 

fluorosis is considered more likely to occur with fluoride supplements than with fluoridated 

water, as the single daily doses of fluoride produce a higher plasma peak than the small 

multiple doses received from drinking water. In view of the wide global variations of 

factors affecting caries experience and fluoride intake and utilisation, such as diet, 

nutritional state, cultural patterns, and geocherriical background, water levels of fluoride 

may need to be adjusted to specifically relate to the local conditions. 

2.11 SUMMARY OF LITERATURE REVIEW 

Fluoride has been found to have both systemic and topical actions that are beneficial 

to dental health. The ingestion of fluoride in excess of the recommended levels for dental 

health benefits, however, has been known to cause dental fluorosis. As the induction of 

dental fluorosis has been found to be biologically impossible after maturation of teeth is 

complete, the fluoride intake of infants and young children during the period of tooth 

development is of particular importance. 

Infants and young children today are exposed to multiple sources of fluoride 

ingestion including water, foods, beverages, fluoridated toothpastes and fluoride 

supplements. The fluoride content of drinking water alone is no longer thought to reflect 

current daily total fluoride intake. Studies indicate that foods can make a significant 

contribution to total fluoride intake when they are prepared with fluoridated water, 

especially if considered on a mg F/k:g body weight basis. Current surveys in some 

countries indicate a significant increase in the fluoride content of infant rriilk formulae, 

toddler cereals, fruit juices, and beverages, largely because fluoridated water is used in their 

processing. 

Concern over the additive effects of fluoride received from multiple sources has 

prompted recent research on the dietary fluoride intake. The deterrriination of the fluoride 

content of food and drinks is the first step in assessing the levels of fluoride intake~ 

Reports in the literature indicate that the fluoride intake of infants and young children from 

food and drinks alone is on the rise, though within the recommended optimal levels. The 

ingestion of fluoridated toothpastes in this age group of children also has been found to 

contribute significantly to the total daily fluoride intake. 

However, as the ingested fluoride is not necessarily equal to the bioavailable 

fluoride, it is important to know not only the amount of fluoride ingested, but also the 
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amount of the ingested fluoride that is absorbed and available for use by the body. Such 

information is considered essential for recommending optimal levels of fluoride intake and 

for determining dosage regimens for fluoride supplements. 

The most important criteria in prescribing fluoride supplements have been the 

patients age and the level of fluoride in the water supply. However, data suggest that 

dietary fluoride should be included in any estimate of the total fluoride intake on a body 

weight basis before any form of fluoride supplementation is recommended. 
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Ill MATERIALS AND METHODS 

3 .1 PILOT STUDY 

A pilot study was undertaken to evaluate the feasibility of collecting duplicate meals, 

the effect of long term storage on the fluoride content of food, the necessity of 

concentrating the fluoride in food, the determination of total fluoride in ashed and unashed 

food samples, and the reliability of the analytical technique. 

3 .1.1 Duplicate meal collection 

A family with a healthy 12-month-old infant, living in Dunedin (a fluoridated area), 

was selected for the pilot study. The parents were verbally informed of the nature and 

requirements of the study and they agreed to participate. 

The entire day's food intake (solids and liquids), as ingested by the infant, was 

quantitatively and qualitatively duplicated as accurately as possible and collected in a pre

weighed, clean plastic container. The duplicated meals were stored in the refrigerator 

overnight until transported to the laboratory at the School of Dentistry. 

3 .1. 2 Preparation of the sample 

Parts of the food not normally consumed such as fruit peels, seeds, and cores were 

discarded. The duplicate meals were transferred into an acid washed food blender and 

homogenised at medium speed for 10 minutes with a measured volume of deionised water. 

3 .1. 3 Storage of food samples 

Total fluoride was analysed in a portion of the unashed and ashed food sample 

within 24 hours of collection. As it was anticipated that the analysis for fluoride in all the 

food samples would not be possible within 24 hours, the remaining food was stored at -20° 

C and a repeat analysis carried out after 6 months of storage. 

3 .1. 4 Concentration of fluoride in food samples 

The response of the fluoride electrode becomes non-linear when low concentrations 

of fluoride ( < 0.4 Jlg F/ml or g) are measured and approaches the lower limits of detection 

at 0.2 Jlg F/ml or g of sample (Orion Fluoride Electrode Instruction Manual, 1987). As the 

fluoride level in most foods would have been outside the lower limits of detection, it was 

necessary to concentrate the fluoride in food. Freeze drying increases the concentration of 

fluoride in food without affecting the physical or chemical properties of food; when the 

food is frozen and then dried in the frozen state under vacuum, the moisture content 

sublimes directly to water vapour. It also allows for long term storage of the food samples. 

However, the disadvantage of freeze drying is that it is a very time consuming process. 

The alternative to avoid attempting to measure very low levels of fluoride was to 

increase the sample volume, which would increase the amount of fluoride isolated and 
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measured. In order to investigate the relationship between sample size and fluoride 

concentration, 1 g, 2 g, 5 g, and 10 g of the food sample were analysed for fluoride, 

keeping all other factors constant. 

3 .1. 5 Reliability of analytical technique 

The fluoride concentration of food was assayed using the hexamethyldisiloxane

hydrochloric (HMDS-HCl) acid diffusion method as described by Taves (1968) with minor 

modifications \VV aterhouse et al., 1980). The details of this procedure are described in the 

main study. Fluoride measurements were made with the Combination Fluoride Electrode 1. 

Ionic concentration was read directly in J..Lg F/g of the food sample on the Ionalyzer2 after 

the meter had been calibrated with appropriate standardising solutions. Calibration of the 

meter was done as per instructions in the specific ion meter instruction manual (Form 

IM407 A/3880). 

The reproducibility of the electrode measurements was checked using standard 

fluoride solutions buffered with Total Ionic Strength Adjustment Buffer (TISAB III)3. The 

recovery of fluoride added to the food sample before diffusion was determined to establish 

the reliability of the analytical procedure. 

3 .1. 6 Analysis of total fluoride in food 

Attempts were made to determine whether the total (ionic/free + bound) fluoride 

content of ashed food samples was equal to the total fluoride content of unashed food 

samples. The total fluoride content of the pilot food sample and the food of the three 

infants in the main study was determined by acid diffusion from unashed and ashed food 

samples. Food samples were ashed according to the method described by Taves (1983). A 

portion (2 g) of the food sample was weighed out into a clean platinum crucible and fixed 

with 2 ml of 2M magnesium chloride (Analar grade). The sample was dried overnight in an 

oven at 105° C, and transferred to a cold muffle furnace4. The temperature of the furnace 

was raised to 300° C and held for 3 hours; the sample was further ashed at 600° C for 3 

hours. The muffle door was not opened until the temperature had fallen below 100° C. 

The ashes were dissolved in 2 ml of fluoride free 6M HCl and analysed for total fluoride in 

a similar fashion as for the determination of total fluoride in unashed food samples. 

Recoveries and blanks were run with each assay. 

I Orion Model 96-09-00. Orion Research Incorporated, 840 Memorial Drive, Cambridge, 
Massachusetts 02139, USA. 
2 Orion Model 407 AIL, Specific Ion Meter. Orion Research Incorporated. 
3 TISAB III- Concentrate with CDTA, Orion application solution 940911, Orion Research 
Incorporated. 
4 Thermolyne Type A1400 Furnace. Thermolyne Corporation, Iowa, USA. 
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3. 2 RESULTS OF THE PILOT STUDY 

The parents' enthusiasm, and ability to duplicate with ease the infant's diet, aged 

11.9 months, encouraged the extension of the study to other infants aged 11-13 months. 

The pilot family's response to the study provided a guideline for the instructions to parents 

in the main study for the preparation and collection of duplicate meals. Although a 7 -day 

duplicate meal collection was considered, the pilot study suggested this was not 

economically and practically feasible; a period of 3 days was however, considered practical, 

and would provide a reliable indication of daily fluoride intake. 

The results of the repeat analysis for fluoride in food stored at -20° C for 6 months 

were in agreement with the 24-hour analysis (Table XIII). Storage therefore did not alter 

the fluoride level in food. 

Within the confines of the analytical technique, and the limits of detection of the 

fluoride electrode, it was possible to analyse the fluoride content in 1-10 g of the food 

sample with good reproducibility (Figure 1). As the fluoride content in the infant's diet 

was not expected to exceed 0.7-0.8 Jlg F/g of food, analysis of 10 g of the food sample 

was within the limits of the analytical technique. 

The ashing technique was fraught with difficulties. Blanks obtained by ashing the 

fixative alone revealed a high level of contamination (up to 2Jlg F/g of fixative). This was 

reduced considerably to 0.4-0.6 Jlg F/g of fixative, by boiling 200 ml of the fixative with 

25 ml of HMDS. This concentration was still higher than the fluoride content of the pilot 

food sample obtained from a fluoridated area. Recoveries were poor; nearly 40-50 percent 

of the added fluoride was lost in the process of ashing (Table XIV). Considering the lack 

of sensitivity of the ashing technique analysis of the fluoride content of food in the main 

study was based on acid diffusion of unashed samples. 

The newly acquired (1-month-old) 96-09 Combination Fluoride Electrode gave a 

Nerstein response of_98-100 percent (that is a change of approximately 58 mV over a 10 

fold concentration range. Electrode drift was almost negligible, and the electrode exhibited 

good time response (99 percent response in about 1-2 minutes) for fluoride concentrations 

greater than 0.1Jlg F/g. For fluoride concentrations between 0.01-0.10 Jlg F/g, 99 percent 

of the response was obtained in about 4-5 minutes. The mean recovery of fluoride by the 

diffusion technique was 90-105 percent With a mean of 98 ± 5.7 (SD) percent (Table XV). 
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Table Xlll: Effect of storage on the fluoride content of food. 

FLUORIDE CONTENT (Jlg F/g of food) 

ANALYSIS WITHIN ANALYSIS AFfER 
24HOURS 6MONTHS 

l 

1 0.420 0.440 

2 0.440 0.440 

3 0.470 0.450 

4 0.440 0.420 

5 0.450 0.460 

MEAN±SD 0.444±0.018 0.442±0.015 
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Figure 1. Diffusion of fluoride from 1-10 g of food sample. 
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Table XIV: Unashed vs ashed analysis of food samples. 

FLUORIDE IN FOOD (Jlg F/g) 

SAMPLE AREA UNASHED A SHED FLOSS(%) 

PILOT Dunedin 0.444 0.210 52.7 

78707 Dunedin 0.483 0.195 59.6 

56013 Dunedin 0.312 0.105 66.3 

40645 Timaru 0.107 0.035 67.3 

~ 
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Table XV: Recovery of fluoride added to food sample. 

NO. OF VOLillviE ORIGINAL CONC. ADDEDF FOUNDF RECOVERY 
SAMPLES g J.lg F/g J.lg F J.lg F/g % 

1 10 0.44 0.20 0.62 90 

2 10 0.42 0.20 0.63 105 

3 10 0.47 0.20 0.66 95 

4 10 0.44 0.20 0.64 100 

5 10 0.45 0.20 0.65 100 

:MEAN±SD 98±5.7 

J 
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3.3 MAIN STUDY 

3.3.1 Approval 

59 

Ethical approval for this study was sought from and granted by the Ethical 

Committee of Dunedin Public Hospital. 

3. 3. 2 Population 

The population chosen for the study consisted of infants aged between 11 months 

and 6 days to 13 months and 6 days. To compare possible differences in the fluoride intake 

of infants living in areas with different water fluoride levels, Dunedin, a fluoridated area 

(excluding the outskirts of Abbotsford, Port Chalmers, St Leonards, Broad Bay, 

MacAndrew Bay, and Portobello), and Timaru, Oamaru, and Waimate, three non

fluoridated areas, were selected for the study (Figure 2). 

Dunedin, :rimaru, and Oamaru experience relatively similar climates and humidity, 

with temperatures ranging from 10° to 22° C in summer and 3° to 12° C in winter. 

Dunedin's water supply has been artificially fluoridated since 1967, and its waters contain 

approximately 0.8 to 0.9 J.Lg F/ml of fluoride. Timaru discontinued water fluoridation in 

1985 after 12 years of fluoridation. The waters of Timaru and Oamaru, reported to contain 

approximately 0.09 J.Lg F/ml, were analysed in the laboratory and were found to contain 

0.09-0.10 J.Lg F/ml. Dunedin has a population of about 107,000 people, whereas Timaru 

and Oamaru have a population of about 28,000 and 14,000 respectively (New Zealand 

Official Year Book, 1986). 

3. 3. 3 Selection of subjects 

In July 1987, the names and addresses of infants residing in Dunedin, Timaru, 

Oamaru, and Waimate, who were born in November and December 1986 and registered 

with the Royal New Zealand Plunket Society were provided by the Society. In Oamaru, 

Timaru, and Waimate 101 infants were identified. An equal number of infants was selected 

using a table of random numbers from the 162 Dunedin infants identified (Table XVI). In 

November 1987, the parents of the selected infants in the fluoridated and non-fluoridated 

regions were contacted by letter (Appendix 1). The purpose and nature of the study were 

explained, and the parents' participation requested. The parents were given the opportunity 

to ask and to have answered all questions regarding the study. A suitable reimbursement, 

calculated on the advice of a Research Officer in the Plunket Society, was offered for the 

cost of duplicating the infant's diet. Parents agreeing to participate gave written consent 

(Appendix 2). Parents who initially failed to respond were sent a reminder (Appendix 3). 

On failing to get any positive response from Waimate, this region was excluded from the 

study. 
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Figure 2. Map of New Zealand showing the areas 

(f) selected for the study. Waimate was later 

excluded. 

Inset: Map of Dunedin showing the areas included 

in ~~land excluded from (f) the study . 
.... :.o..i-~.1.: 
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Table XVI: Selection of subjects. 

AREA 

Dunedin 

Timaru 

Oamaru 

Waimate 

TOTAL 

NUMBER OF INFANTS 
REGISTERED 

162 

74 

17 

10 

263 

NUMBER OF INFANTS 
CONTACfED 

101 

74 

17 

10 

202 

61 
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3 . 3. 4 Preparation of collection jars 

Three pint, screw top plastic containers I were used to collect food samples. Breast 

milk, toothpaste, and fluoride tablets were collected separately in 40 ml screw top sterile 

plastic specimen jars. The food containers and their lids were thoroughly cleaned with a 

laboratory detergent and hot water, and then filled to the brim with 1 percent HN03 and 

allowed to stand for 24 hours. The containers were washed in tap water and rinsed three 

times in reverse osmosis deionized water (Milli R/Q water) and dried. A strip of paper was 

placed in the toothpaste containers for the collection of toothpaste samples. The weight of 

each acid washed food container and specimen jar was recorded. 

3. 3. 5 Organisation of volunteers 

The names and addresses of five volunteer helpers in Dunedin, two in Timaru, and 

two in Oamaru were obtained from the Plunket Society. The volunteers (members of local 

Plunket Committees) were visited and given verbal and written explanations of their role in 

the study. In turn, they contacted each participant residing in their locality and distributed 

to each family three large plastic containers and three small ( 40 ml) specimen jars, the latter 

for the collection of a sample of breast milk, toothpastes, and fluoride tablets respectively. 

A folder containing the instructions for the preparation, collection, and storage of duplicate 

meals, a questionnaire, and a 4 page dietary record sheet, was provided for each of the 

participants (Appendices 4, 5, and 6 respectively). At the end of the study period, the 

volunteers collected the containers and the folder, ensuring that the name of the infant was 

clearly marked on each container and the information in the folder was complete. The 

samples from Timaru and Oamaru were collected from the volunteers and transported to 

Dunedin within 3 hours. The samples from Dunedin were brought by the volunteers to the 

School of Dentistry on the same day. The containers with the sample were weighed and 

stored at -20° C until analysis could be undertaken. 

3. 3. 6 Study design 

Food was collected over a 3-day period which included a Sunday and two working 

days during the summer season (6-8 December). The containers and instructions were 

distributed by the volunteers to the participants on the day before food sampling 

commenced. The duplication and collection of food samples commenced from the time tht? 

infant woke on the morning of 6 December and concluded at midnight on 8 December. The 

parents were instructed to duplicate quantitatively and qualitatively all food and drink that 

their child ingested during this period. Parts of the food not normally consumed, such as 

fruit peels, cores, seeds, and bones, together with amounts equivalent to "left overs", were 

removed before the food was placed in the container. A record of the nature and 

approximate quantity of food consumed was maintained. Mothers who nursed their infants 

I Plastic Products Limited, Hamilton, New Zealand. 
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were requested to provide a sample of breast milk and were questioned about the frequency 

of feeding their infants. One fluoride tablet from the supply of those children for whom 

tablets were prescribed was placed in the container provided for this purpose. Information 

regarding the age at which the supplement was started, and the daily dose, was provided by 

the parent. The parents of those children who had already begun to have their teeth brushed 

using toothpaste placed a sample of paste, equivalent to the amount normally used, on the 

paper strip provided in one of the 40 ml jars. The brand of toothpaste, the frequency of 

brushing, the age at commencement of brushing, and an estimate of the proportion of paste 

ingested was recorded. The questionnaire also provided information about the source of 

household water supply, food allergies or restrictions, and the weight of the infant. 

3. 3. 7 Storage and homogenisation of food samples 

This was undertaken in collaboration with the Department of Human Nutrition. All 

samples (food, toothpaste, fluoride tablets, and breast milk) were stored separately at -20° 

C until analysis for fluoride could be undertaken. For each child, the contents of the food 

containers were emptied into a clean, porcelain bodied food processor. A measured volume 

of deionised water was used to rinse the container and to enable better homogenisation of 

the viscous mix. Some food samples required more dilution than others, and the amount of 

additional water added was recorded. The food was homogenised at medium speed for 5-

10 minutes or until a homogeneous blend was obtained. The homogenised food was then 

transferred to coded, plastic containers and stored at -20° C. The coding of the food 

samples remained unknown until analysis for fluoride was completed. A portion of the 

food from each subject was retained by the Department of Human Nutrition for subsequent 

analysis of other trace elements including Mg, Se, Zn, Ca, Al, and Cu. 

3. 3. 8 Analytical procedure 

3.3 .8 .1 Principle 

Fluoride in food is present in the ionic/free and bound forms. The first step in the 

analysis of fluoride is its isolation from the bound state with other elements. In this study, 

isolation was achieved by the hexamethyldisiloxane (HMDS)-facilitated acid diffusion 

technique as described by Taves (1968), with some modifications (Waterhouse et al., 

1980). The chemical reaction in this technique is shown in Figure 3. HMDS reacts with 

HF to form trimethylfluorosilane (TMFS) and silanol. TMFS, being volatile, provides a 

means for fluoride to escape from the acidified food sample. When the TMFS comes in 

contact with the alkaline trapping solution of NaOH, it undergoes hydrolysis to release 

fluoride and another molecule of silanol. The two molecules of silanol condense to form 

the parent HMDS and water. The reformed HMDS or possibly the silanol, returns to the 

acidified food sample and enters the cycle again and the whole process becomes catalytic. 



HF 
(in acidified food sample) 

(CH3)3 - Si - F 
(trimethylfluorosilane

TMFS) 

2 (CH3)J - Si - F 
(TMFS) 

2 (CH3)J - Si - OH 
(silanol) 

2 (CH3)J - Si - OH 
(silanol) 

ACID PHASE 

+ 

1 
+ 

(CH3)3- Si- 0- Si • (CH3)J~ 
(hexamethyldisiloxane-

HMDS) 

(CH3)J - Si - OH l ::anol) 

(CH3)J - Si - F + H20 
(TMFS) 

ALKALI PHASE 

+ 2 NaOH 

! 
+ 2 NaF 

---!Jioo~ (CH3)J - Si- 0 - Si- (CH3h _ _.,.....__, 
(HMDS volatile in alkali) 

+ H20 

Figure 3. The chemical reaction involved in the isolation of fluoride in 

food by diffusion using hexamethyldisiloxane. Fluoride is released when 

the volatile trimethylfluorosilane comes in contact with the alkaline 

trapping solution. 
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The released fluoride trapped in the alkali is dried at 105° C to allow for the 

evaporation of silane and then dissolved in TISAB Ill. TISAB Ill decomplexes the fluoride 

ion, adjusts the ionic strength and the pH of the solution to about 4.5-5.2. The 

concentration of the free fluoride ion in the buffered solution is then determined by the 

fluoride specific electrode and a specific ion meter. 

3o3o8o2 Apparatus 

Plastic labware was used as far as practicable. If glassware was used, it was soaked 

overnight in 1 percent nitric acid, washed with deionised water, and dried before use. 

Polystyrene Petri dishes, 90x15 mm, were obtained from Gibco2 (Catalogue No. 60001), 

for use with 10 g samples. Plastic screw top caps 20x15 mm obtained from Gibco 

(Catalogue No. 200041) were modified by reducing the height to 10 mm and smoothing the 

inner surface. This allowed the caps, which contained NaOH solution, to be easily 

accommodated within the Petri dish and prevented any solution being trapped by the 

threads of the cap during agitation of the Petri dish. A gyratory shaker3 was used to 

accelerate the diffusion process at a fixed rate of 80-90 rpm. Fluoride measurements were 

made with the fluoride electrode which was connected to the Orion Model407 AIL Specific 

Ion Meter/Ionalyzer which is a direct read out device (Figure 4). 

3 0 3 0 8 0 3 Solutions and reagents 

As most batches of HCl are contaminated with appreciable amounts of fluoride, 

fluoride free 6M HCl was prepared by the method described by Taves (1968); 200 ml of 

HCL (Univar)4 was shaken with 25 ml of HMDS5 for 5 minutes in a separatory funnel. 

The top silicone layer containing fluoride extracted from the acid was discarded and a fresh 

amount (25 ml) of HMDS was added and the procedure repeated to extract any remaining 

extraneous fluoride. The treated acid was then boiled at 105° C until only half the original 

volume of acid remained. This ensured removal of the added silicone (boiling point 101° 

C). 6M HCl saturated with HMDS was prepared in a similar fashion but, instead of boiling 

the fluoride free acid, a fresh amount of HMDS (25 ml) was added to the acid. Aliquots of 

HCl saturated with HMDS were drawn from the bottom as required. The trapping agent 

used was 1.65 M NaOH (Univar). Total Ionic Strength Adjustment Buffer (TISAB Ill) 

was used to dissolve the dried sodium fluoride salt, and to adjust the pH and ionic strength 

of the solution. Low level TISAB was used in the ratio of 1:10 in the measurement of 

fluoride in human milk samples. Low level TISAB was prepared as per instructions in the 

7 Gibco New Zealand Limited, Auckland, New Zealand. 
3 New Brunswick Scientific, New Jersey, USA. 
4 Univar analytical reagent, Ajax Chemicals Property Limited, New South Wales, 
Australia. 
5 Sigma Chemicals Company. StLouis, USA. 
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Figure 4. Photograph showing the Combination Fluoride Electrode 

(Orion Model 96-09) connected to the Specific Ion Meter (Orion Model 

407 A/1, Ionalyzer). 
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Orion electrode manual (IM94,9609n801). All solutions were made up with double 

deionised water. 

3.3.8.4 Standard solutions 

A 100 J.Lg F/ml standard fluoride solution was prepared by dissolving 0.221 g of 

sodium fluoride (AnalaR)6 (NaF42; F19) in 1L of deionised water. Standard fluoride 

solutions in the concentration range of 0.1 J.Lg F/ml-10 J.Lg F/ml were prepared by serial 

dilution of the 100 J.Lg F/ml fluoride standard. TISAB III (5 ml) was added to 50 ml of 

each of the standard solutions which were then used to calibrate the meter in the desired 

range. Fresh standards were used to verify calibration every 1-hour and the meter was 

recalibrated if required. 

3. 3. 8. 5 Standard curves 

Standard fluoride solutions of a known concentration (1.0-10 J.Lg F/ml) were 

diffused and analysed for fluoride. The readings obtained on the 407 AIL Ionalyzer were 

plotted against the known concentrations of the standards. As shown in Figure 5, the 

Ionalyzer was a reliable direct read out device so that a standard curve for each experiment 

was not necessary. 

3.3.8.6 Method 

Figure 6 describes the steps involved in the analytical technique. The frozen food 

samples were thawed and allowed to attain room temperature. A small hole was made in 

the lid of the Petri dish at about a distance of 1 em from the periphery, with the heated 

shank end of a dental bur. Homogenised food (10 g ± 0.005 g) was weighed out into the 

plastic Petri dish and a modified cap containing the trapping solution of 1.65M NaOH (0.1 

ml) was floated over the food sample. The lid was replaced and the contents of the Petri 

dish sealed from the external environment by stretching two strips of sealing film 

(Nescofilm)7 along the circumference of the Petri dish. The food sample was acidified by 

adding fluoride free 6M HCl (0.5 ml). HCI saturated with HMDS (1 ml) was introduced 

through the small hole in the lid; the vent was immediately sealed off with petroleum jelly 

and a strip of adhesive tape. The diffusion process was accelerated by agitating the 

contents of the Petri dish on a gyratory shaker at 80-90 rpm for 12 hours. At the end of 

this time, the Petri dish was removed from the shaker and the lid was carefully pried open: 

The cap containing the trapped fluoride in. a solution of NaOH was removed and dried in an 

oven at 105° C for 3 hours. The crystals which formed were allowed to attain room 

temperature and then dissolved in TISAB III (1 ml). 

6 AnalaR. BDH Chemical Limited, England. 
7 Nesco, Bando Chemical Industries Limited, Kobe, Japan. 
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Figure 6. Analytical procedure in the determination of the ionic and add 

labile fraction of bound fluoride in unashed liquid homogenates. 

(A) Liquid homogenate (1 0 g) of food 

(B) Cap containing 1.65 M NaOH (0.1 ml) floated over sample 

(C) Fluoride-free 6M HCl (0.5 ml) added 

(D) HCl-saturated with HMDS (1.0 ml) added. Vent sealed off immediately 

(E) Overnight (12 hours) diffusion on gyratory shaker (70-80 rmp) 

(F) Contents of cap dried at 105°C for 3 hours 

(G) Dried crystals of NaF dissolved in TISAB III (0.1 ml); pH = 4.5-5. 2 

(H) Fluoride concentration measured with Combination Fluoride Electrode 
and Specific Ion Meter 
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The combination fluoride electrode was kept hydrated in a dilute standard fluoride 

solution (0.1 )lg F/ml) for 1 hour before use. The electrode was calibrated with 1 )lg F/ml 

and 10 )lg F/ml standard fluoride solutions according to instructions in the specific ion 

meter instruction manual. The electrode was then dipped into the cap containing the trapped 

fluoride dissolved in TISAB ill. A response time of 2 minutes was allowed before direct 

concentration readings were read from the 407 AIL Ionalyzer. After each sample the 

electrodes were rinsed with deionized water until the electrode potential was below 200 

m V. Calculations for the fluoride content in 1 g of the undiluted liquid homogenate is as 

shown in Figure 7. Blanks were subtracted from each reading as standard curves were not 

run. All food samples were analysed in triplicate (62x3) and recovery experiments were 

done on about one-third (20) of the food samples selected at random. Recovery 

experiments were carried out by adding known amounts of sodium fluoride to the food 

sample. Repeat experiments were performed on approximately one quarter (16) of the food 

samples. 

Fluoride in human milk samples was determined by the direct method. Due to the 

small volume of milk sample collected from each of the 15 nursing mothers, triplicate 

analysis was not possible. Low level TISAB, prepared according to the instructions given 

in the Orion electrode manual, was added to the milk in the ratio of 1:10 and stirred at a 

fixed rate for 10 minutes before analysis with the fluoride electrode. For the measurement 

of ionic fluoride in milk, the meter was calibrated between 0.01-0.10 )lg F/ml of fluoride. 

A response time of 10 minutes was allowed before meter readings were taken. 
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IV RESULTS 

4.1 STUDY POPULATION 

In the South Island, the Plunket Society has 90 percent coverage of 1-year-old 

infants (Binney, V., personal communication). Of the "missing" 10 percent, 5 percent are 

children of "at-risk" families (some of whom might be seen by public health nurses). The 

sample was therefore possibly under-representative of children with poor health and/or low 

nutritional status. A further 5 percent are children of families, often large, who feel no need 

for the services provided by Plunk:et. The response of the study population is shown in 

Table XVII. The total number of infants aged 11-13 months in December 1987 and 

registered with the Plunket Society was 162 in Dunedin (North and South), 74 in Timaru, 

17 in Oamaru, and 10 in Waimate. Of the total number of 263 infants identified, 202 (76.8 

percent) were contacted. The parents of a total of 65 infants agreed to participate in the 

study, but three of the infants were unable to complete the study due to ill health. Thus, of 

the 263 infants identified, 202 (76.8 percent) infants were contacted, and 62 (30.7 percent) 

infants, (33 from Dunedin, 25 from Timaru, and 4 from Oamaru) completed the study. 

Of the 62 infants completing the study, 35 were males and 27 were females. Their 

ages ranged from 11 months and 6 days to 13 months and 6 days. The weights of the 

infants in the fluoridated region ranged from 7.7-11.5 kg with a mean weight of 9.5 kg. 

The weights of the infants in the non-fluoridated region ranged from 7.9-12.5 kg, with a 

mean weight of 9.6 kg (Table XVIII). 

4.2 TOTAL FOOD INTAKE 

The dietary record revealed wide variations in the nature of the diet, and in the total 

amount of food and drinks ingested. In the fluoridated area the total amount of solids and 

liquids ingested by non-breast-fed infants ranged from 0.625 kg/day to 1.645 kg/day with a 

mean of 0.936 ± 0.246 (SD) kg/day; and ranged from 0.649 kg/day to 1.141 kg/day, with 

a mean of 0.919 ± 0.135 (SD) kg/day, in the non-fluoridated areas. The total amount of 

solids and liquids ingested by breast-fed infants ranged from 0.424 kg/day to 0.919 kg/day 

with a mean of 0.619 ± 0.201 (SD) kg/day, in the fluoridated area; and ranged from 0.442 

kg/day to 0.952 kg/day with a mean of 0.750 ± 0.187 (SD) kg/day, in the non-fluoridated 

areas (Table XVIII). 

Food allergies were noted in eight infants. Infants coded 50495, 04254, and 44422 

were allergic to cow's milk and were on soy formula instead. With the exception of the 

infants who were allergic to cow's milk, all the other infants were being fed cow's milk and 

or breast milk rather than commercial formulae. Infants coded 79435 and 51497 were 

allergic to eggs; infant coded 66170 was allergic to apples; and infant coded 49380 was 
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Table XVTI: Community response to the study. 

AREAS 

DUNEDIN TIMARU OAMARU WAIMA1E TOTAL 

Total listed 162 74 17 10 263 

Number contacted 101 74 17 10 202 

Negative replies 7 2 2 2 13 

No replies 61 44 11 8 125 

Positive replies 33 28 4 0 65 

Numbers completing 33 25 4 0 62 
the study 

Percentage participation 33 34 23 0 31 
of those contacted 
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Table XVIIT: Details of study population. 

FLUORIDATED NON-FLUORIDATED 
AREA AREA 

(0.8-0.9 ~g F/rnl) (0.09-0.10 ~g F/rnl) 

No. of infants completing 33 29 
the study 

No. of breast-fed infants 6 9 

No. of infants using 6 7 
fluoridated toothpaste 

No. of infants using nil 6 
fluoride tablets 

Sex: Males 20 15 

Females 13 14 

Age (months) 11-13 11-13 

Weight 
Range (kg) 7.70-11.5 7.90-12.5 

Mean±SD (kg) 9.50±0.95 9.60±1.26 

Total food intake 

Breast-fed infants 

Range (kg/day) 0.424-0.919 0.442-0.952 

Mean±SD (kg/day) 0.619±0.20 0.750±0.19 

Non-breast-fed infants 

Range (kg/day) 0.625-1.645 0.649-1.141 

Mean±SD (kg/day) 0.936±0.246 0.919±0.135 
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allergic to citrus and other acidic fruits. The diet of some infants (72668, 29910, and 

71522) was deficient in milk as these infants disliked milk. Ingestion of tap water was not 

common in this group of infants, who derived a large proportion of their fluid intake from 

fruit juices and cordials. 

4. 3 FLUORIDE CONTENT OF FOOD AND DRINKS 

The ionic and acid-labile fraction of bound fluoride in food was determined by acid

diffusion of unashed food samples. The mean recovery of fluoride added to food samples 

before diffusion was 90-100 percent, with a mean of 96.3 ± 3.89 (SD) percent (Table 

XIX). The overall blank from the procedure was about 0.013 Jlg of fluoride. Results of 

the repeat analysis of 16 (25 percent) food samples were in close agreement (p>0.05) 

(Table XX), demonstrating further the sensitivity of the analytical technique. 

Table XXI shows the fluoride content of the duplicate meals collected from the 

fluoridated and non-fluoridated areas. The results are reported as mean values of three 

replicates in the liquid homogenates (mg F/kg of food± SD). As expected, there was wide 

variability in the amount of fluoride present in the diets analysed. The fluoride content of 

the diets of infants in the fluoridated area showed greater variability (Figure 8). In the 

fluoridated area, the fluoride content in 31 food samples ranged from 0.130-0.679 mg F/kg 

of food, with a mean of 0.320 ± 0.168 (SD) mg F/kg of food. The two lower levels of 

0.034 and 0.080 mg F/kg of food found in the diet of infants coded 53608 and 32868 

respectively, are not included in the results as the two infants were not on town water 

supply and were reported to be using spring water as their main source of water supply. 

The fluoride content of the spring water was not investigated. The relatively higher and 

nearer "optimal" levels of fluoride found in the diet of infants coded 07 446 (0.679 mg F/kg 

of food), 73597 (0.631 mg F/kg of food), and 50495 (0.575 mg F/kg of food) prompted 

further investigation. The dietary record of infants coded 07 446 and 73597 indicated a 

higher proportion of water intake than other infants in this group. The infant coded 50495 

had ingested a lot of fruit juices diluted with tap-water, was allergic to cow's milk, and was 

on the milk substitute, Infasoy. Infasoy, a soy-based non-milk formula was previously 

analysed (Borlase,1986) in this laboratory and was found to contain as much as 0.159 Jlg 

F/ml when reconstituted with deionised water. 

The fluoride content of the diet of infants from non-fluoridated areas was found to 

be 3.5-4.5 times less than the fluoride content of the diet of infants living in the fluoridated 

area. In the non-fluoridated areas, the fluoride content of food ranged from 0.036-0.281 

mg F/kg of food, with a mean of 0.095 ± 0.053 (SD) mg F/kg. The fluoride content of the 

diet of the majority (86.2 percent) of infants, however, ranged from 0.036-0.122 mg F/kg, 

with a mean of 0.077 ± 0.021 (SD) mg F/kg of food. There was thus very little variability 

in the fluoride content of the diets of the majority of the infants. The fluoride contents of 
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Table XIX: Recovery of added fluoride. 

SAMPLE ORIGINALF ADDEDF FFOUND RECOVERY 
CODE CONC. (J.lg F/g) (J.lg F) (J.lg F/g) (%) 

47870 0.132 0.05 0.174 95.6 

59782 0.165 0.05 0.200 93.0 

04375 0.155 0.05 0.200 97.6 

51725 0.142 0.05 0.196 102.0 

20160 0.160 0.05 0.198 94.3 

30328 0.178 0.07 0.246 99.2 

80722 0.197 0.07 0.250 93.6 

09627 0.390 0.10 0.500 102.0 

78707 0.483 0.20 0.653 95.6 

07446 0.679 0.20 0.872 99.2 

84269 0.413 0.20 0.610 99.5 

18363 0.053 0.02 0.070 95.9 

82666 0.051 0.02 0.075 105.6 

05366 0.051 0.02 0.070 98.6 

53841 0.078 0.02 0.091 92.8 

97556 0.075 0.02 0.089 93.7 

07626 0.070 0.03 0.100 100.0 

79920 0.084 0.04 0.114 91.9 

71522 0.091 0.04 0.120 91.6 

72668 0.164 0.05 0.200 93.4 

MEAN±SD 96.75±3.89 



Table XX: Repeat analysis for fluoride in food samples. 

CODE AREA 

47870 Dunedin 

51168 Dunedin 

16269 Dunedin 

53608 Dunedin 

20160 Dunedin 

30328 Dunedin 

51725 Dunedin 

32868 Dunedin 

04375 Dunedin 

50495 Dunedin 

24079 Dunedin 

09403 Dunedin 

79666 Timaru 

04254(S) Timaru 

04254(M) Timaru 

04254(T) Timaru 

MEAN±SD 

FLUORIDE CONTENT 
(~g F/g of sample) 

x1 x2 

0.132 0.134 

0.178 0.174 

0.141 0.142 

0.034 0.038 

0.160 0.162 

0.178 0.173 

0.142 0.146 

0.080 0.080 

0.108 0.103 

0.575 0.575 

0.143 0.139 

0.068 0.070 

0.081 0.083 

0.345 0.346 

0.233 0.230 

0.264 0.266 

0.179±0.131 0.179±0.131 

Paired comparisons t-test, t = 0.080, p >0.05, not significant. 
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X1-X2 

- 0.002 

+ 0.004 

- 0.001 

- 0.004 

- 0.002 

+ 0.005 

- 0.004 

0.000 

+ 0.005 

0.000 

+ 0.004 

- 0.002 

- 0.002 

- 0.001 

+ 0.003 

- 0.002 

+0.001±0.003 
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Table XXI: Acid labile fluoride assayed in duplicate meals. 

FLUORIDATED AREA NON-FLUORIDATED AREA 

CODE MEANFCONTENT CODE MEANFCONTENT 
(mg F/kg of food) (mg F/kg of food) 

07446 0.679* 04254 0.281 
73597 0.631 44422 0.235* 
50495 0.575 72668 0.164* 
19442 0.539* 29910 0.132* 
67163 0.522 16602 0.122* 
46596 0.502 40645 0.107* 
78707 0.483 00491 0.107* 
83805 0.456 51497 0.103 
67632 0.447 71522 0.091 
39523 0.439 65664 0.091 

~ 

84269 0.413 77708 0.090* 
09627 0.390 72137 0.088* 
52704 0.344 23361 0.087 
93550 0.315* 79920 0.084 
56013 0.312* 79666 0.081 
83452 0.282 04758 0.080 
01201 0.264 12601 0.078 
49380 0.238 53841 0.078 
52928 0.210* 97556 0.075* 
80722 0.197 90715 0.073 
51168 0.178 07626 0.070 
30328 0.178 02878 0.068 
59782 0.165 48083 0.064 
20160 0.160 53294 0.061 
24079 0.158 18363 0.053 
04375 0.155 82666 0.051 
16269 0.146 05366 0.051 
51725 0.142 66170 0.046 
09403 0.137 79435 0.036 
47870 0.132 
19020 0.130 
32868 0.080t 
53608 0.034t 

MEAN±SD 0.320±0.168 0.095±0.053 

*Breast-milk excluded 
t Not included in the calculation of mean as spring water was used. 
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Figure 8. Range of fluoride content of food and drinks in (1) a 

fluoridated area (n = 31) and in (2) non-fluoridated areas (n = 29). 
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the diets of four (13.8 percent) infants coded 04254, 44422, 72668, and 29910 resident in 

the non-fluoridated area were within the range of the fluoride content found in the diets of 

infants living in the fluoridated area. The highest level of fluoride (0.281 mg F/kg of 

food), found in the diet of the infant coded 04254, was due to the ingestion of large 

quantities (approximately 1 L) of Infasoy milk formula by this infant. If the amount of 

fluoride intake from Infasoy (0.159 mg F/L x 1 L of formula) were to be substituted with 

the fluoride content in 1 L of cow's milk, then the fluoride content of the infant's diet 

would have approximated 0.122 mg F/kg of food, which is within the range of fluoride 

content observed in the majority of diets of infants in the non-fluoridated areas. The high 

fluoride content (0.235 mg F/kg of food) of the diet of the infant coded 44422 was 

probably due to the reported ingestion of tea and soy milk by this infant. The fluoride 

content in the diet of the infants coded 72668 and 29910 was high, probably because fluid 

intake from milk had been replaced with fruit juices, as the infants disliked milk. A similar 

effect of higher fluoride levels in diets deficient in cow's milk and milk products was seen 

in the case of twins coded 71522 and 05366 respectively. The diet of the twins was 

similar, except that one of the twins (71522) did not have any milk or milk products. 

Though the twin 05366 ingested a greater quantity of food, the fluoride level of the diet of 

twin 71522 was more (0.091 mgF/kg) than the fluoride content (0.051 mgF/kg) of the diet 

of twin 05366. 

Not only was there a variation in the fluoride content of food from infant to infant in 

the two areas, but there also was a variation in the fluoride content of foods ingested by the 

same infant from day to day, irrespective of the amount of food ingested. Table XX:ll 

shows the results of daily variation in the fluoride content of food ingested by two infants 

(52704-Dunedin; and 04254-Timaru), over the study period of 3-days, which was collected 

separately on each day. In all other infants the mothers had pooled the food from the 3 

days. 

4. 4 FLUORIDE INGESTION 

4. 4.1 Food and drinks 

Tables XXITI and XXIV show the amount of fluoride ingested by each infant, 

excluding breast milk. The results are expressed as the mean fluoride intake per day and 

the fluoride intake per kg of body weight. As expected, there was wide variation in the 

fluoride intake dependent upon the fluoride content of the food, the infant's body weight, 

and the area of residence. 

In the fluoridated area, the fluoride intake of 29 infants (Table XXIII) ranged from 

0.089-0.549 mg F/day with a mean of0.263 ± 0.131 (SD) mg F/day. On a body weight 

basis, the fluoride intake ranged from 0.009-0.056 mg F/kg of body weight, with a mean 

of 0.028 ± 0.013 (SD) mg F/kg of body weight. The highest level of intake (0.549 mg 
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Table XXIT: Daily variation in the fluoride content of food. 

CODE AREA BODY FOOD FCONTENT 
WEIGHT INGESTED OF FOOD 

(kg) (kg/day) (mg F/k:g) 

52704(Sunday) Dunedin 10.0 1.558 0.340 

52704(Monday) Dunedin 10.0 1.400 0.325 

52704(Tuesday) Dunedin 10.0 1.012 0.368 

04254(Sunday) Trmaru 8.2 1.004 0.345 

04254(Monday) Timaru 8.2 1.332 0.233 
-\ 

04254(Tuesday) Timaru 8.2 1.086 0.264 
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Table XXIII: Fluoride intake from food and drinks by infants residing in a fluoridated 
community. 

CODE BODY FOOD FCONTENf F INTAKE FROM 
WEIGHT INGESTED OF FOOD FOOD & DRINKS* 

(* Excluding breastmilk) 
(kg) (kg/day) (mgF/kg) mgF/day mgF/kg of b.w. 

50495 9.8 0.955 0.575 0.549 0.056 
39523 9.0 1.018 0.439 0.447 0.050 
19442 10.0 0.919 0.539 0.495 0.049* 
52704 10.0 1.320 0.344 0.454 0.045 
67632 7.7 0.746 0.447 0.333 0.043 
78707 8.9 0.781 0.483 0.377 0.042 
83452 11.5 1.645 0.282 0.464 0.040 
73597 10.0 0.604 0.631 0.381 0.038* 

"' 67163 9.5 0.692 0.522 0.361 0.038 
07446 9.9 0.481 0.679 0.326 0.033* 
83805 9.6 0.665 0.456 0.303 0.032 
46596 10.2 0.625 0.502 0.314 0.031 
84269 10.8 0.776 0.413 0.320 0.030 
09627 10.4 0.793 0.390 0.309 0.030 
56013 9.5 0.807 0.312 0.252 0.026* 
49380 10.5 1.083 0.238 0.258 0.025 
01201 8.9 0.748 0.264 0.197 0.022 
80722 8.7 0.910 0.197 0.179 0.021 
04375 8.6 1.114 0.155 0.173 0.020 
24079 8.5 1.024 0.158 0.162 0.019 
59782 8.0 0.931 0.165 0.154 0.019 
20160 8.6 0.964 0.160 0.154 0.018 
93550 8.5 0.477 0.315 0.150 "0.018* 
19020 9.9 1.331 0.130 0.173 0.017 

/' 16269 10.4 1.177 0.146 0.172 0.016 
51168 10.0 0.827 0.178 0.147 0.015 
51725 10.3 0.978 0.142 0.139 0.013 
09403 8.7 0.920 0.137 0.126 0.014 
30328 9.3 0.648 0.178 0.115 0.012 
47870 7.7 0.720 0.132 0.095 0.012 
52928 10.8 0.424 0.210 0.089 0.009* 

MEAN±SD 9.5±0.9 0.874±0.267 0.320±0.168 0.263±0.131 0.028±0.013 
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F/day) was by the infant coded 50495, one of the infants who was on soy formula. The 

lowest level of intake (0.089 mg F/day) was by the infant coded 52928 who derived 80-90 

percent of its nutrition from breast milk. The total amount of solids and liquids ingested by 

this infant amounted to only 0.424 kg/day which was less than half the amount of food and 

drinks ingested by most other infants. The mean daily fluoride intake of 0.028 ± 0.013 

(SD) mg F/kg of body weight [0.263 ± 0.131 (SD) mg F/day] by infants in the fluoridated 

area in this study is 2.5 times less than the maximum optimal dosage of 0.07 mg F!kg of 

body weight recommended for infants in this age group. 

In the non-fluoridated area, the fluoride intake of infants (Table XXIV) ranged from 

0.038-0.314 mg F/day, with a mean of0.082 ± 0.054 (SD) mg F/day. On a body weight 

basis, the fluoride intake ranged from 0.004-0.038 mg F/kg of body weight, with a mean 

of 0.009 ± 0.006 (SD) mg F/kg of body weight. The daily fluoride intake of nine (31 

percent) of these_infants (04254, 72668, 16602, 44422, 79666, 29910, 12601, 51497, and 

047 58) ranged from 0.089-0.314 mg F/day and was similar to the fluoride intake of infants 

in the fluoridated areas. Two of these infants (04254 and 44422) were on soy formula; the 

infant coded 44422 was also found to be having tea. The diet of infant 72668 and 51497 

was deficient in milk and milk products, and these infants ingested higher proportions of 

fruit juices instead. No unusual dietary pattern was obvious in the other five infants. The 

fluoride intake of the majority (69 percent) of infants in the non-fluoridated areas, however, 

ranged from 0.038-0.085 mg F/day, with a mean of 0.060 ± 0.016 (SD) mg F/day. On a 

body weight basis, the fluoride intake ranged from 0.004-0.008 mg F/kg of body weight, 

with a mean of 0.006 ± 0.002 (SD) mg F/kg of body weight. These levels of fluoride 

ingestion per day and per kg of body weight, excluding breast milk, were 4.5 times less 

than the fluoride ingestion of infants living in the fluoridated area (Figure 9). 

4. 4. 2 Breast Milk 

Fifteen infants (24.2 percent) were being partially breast-fed. Analysis of the free 

fluoride ion in breast milk revealed very low levels of fluoride ranging from 0.001-0.005 

!-Lg F/ml of breast milk, with a mean of 0.003 g F/ml (Table XXV). There was no 

statistically significant difference (p>0.005) between the fluoride content of breast milk of 

mothers living in the fluoridated or non-fluoridated areas. The estimated level of fluoride 

ingestion from breast milk was almost negligible in this age group of infants and ranged 

from 0.0005-0.0040 mg F/day, with a m~an of 0.002 ± 0.001 (SD) mg F/day. 

4. 4. 3 Fluoridated toothpaste 

Fourteen infants (22 percent) were having their teeth brushed with a fluoridated 

toothpaste (0.1 percent or 1 mg F/g), once or twice daily (Table XXVI). In the majority 

(79 percent) of the infants the habit of brushing the teeth with a toothpaste had been initiated 

at 10-12 months of age; in two of the infants, brushing had commenced at 6 months and in 
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Table XXIV: Fluoride intake from food and drinks by infants residing in non-fluoridated 
communities (0= Oamaru). 

CODE BODY FOOD FCONTENf F INTAKE FROM 
WEIGHT INGESTED OF FOOD FOOD & DRINKS* 

(* Excluding breast milk) 
(kg) (kg/day) (mgF/kg) mgF/day mgF/kg of b.w. 

04254 8.2 1.141 0.281 0.314 0.038 
72668(0) 8.8 0.937 0.164 0.154 0.017* 
16602 9.0 0.933 0.122 0.114 0.013* 
44422 12.5 0.650 0.235 0.153 0.012* 
79666 8.3 1.081 0.081 0.088 0.011 
29910 9.5 0.748 0.132 0.099 0.010* 
12601 8.2 0.987 0.078 0.077 0.009 
51497(0) 11.3 0.917 0.103 0.094 0.008 
04758 11.2 1.110 0.080 0.089 0.008 
23361(0) 9.8 0.979 0.087 0.085 0.008 
72137 10.2 0.952 0.088 0.084 0.008* 
77708 9.3 0.881 0.090 0.079 0.008* 
79920 8.2 0.800 0.084 0.067 0.008 
65664 11.7 0.877 0.091 0.080 0.007 
02878 9.9 1.068 0.068 0.073 0.007 
40645 10.0 0.659 0.107 0.071 0.007* 
53841 10.2 0.915 0.078 0.071 0.007 
71522 9.1 0.744 0.091 0.068 0.007 
07626 7.9 0.816 0.070 0.057 0.007 
18363 8.5 0.971 0.053 0.051 0.006 
90715 10.9 0.808 0.073 0.059 0.005 
00491 9.9 0.442 0.107 0.047 0.005* 
53294 8.2 0.784 0.061 0.045 0.005 
05366 8.6 0.832 0.051 0.042 0.005 
97556 8.3 0.551 0.075 0.041 0.005* 
82666 11.6 0.984 0.051 0.050 0.004 
48083 10.2 0.649 0.064 0.041 0.004 
66170(0) 8.6 0.851 0.046 0.039 0.004 
79435 10.0 1.070 0.036 0.038 0.004 

MEAN±SD 9.59 0.867±0.169 0.095±0.053 0.082±0.054 0.009±0.006 
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Figure 9. The fluoride intake for each of the infants in (1) the fluoridated 

area (n = 31) and in (2) the non-fluoridated areas (n = 29) is shown. 
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Table XXV: Fluoride content of breast milk and estimated levels of fluoride intake from 
breast milk. 

CODE AREA FOOD ESTIMATED IONIC FLUORIDE 
INGESTED VOLUME OF FLUORIDE IN lNTAKE 

BREAST MILK MILK 
SUCKLED 

(kg/day) (ml/day) (!J.gF/ml) mgF/day 
(X) (1.4*-X kg) 

93550 Dunedin 0.477 0.923 0.003 0.003 

73597 Dunedin 0.604 0.796 0.003 0.002 

19442 Dunedin 0.919 0.481 0.002 0.001 

56013 Dunedin 0.807 0.593 0.004 0.002 

52928 Dun~ 0.424 0.976 0.003 0.003 

07446 Dunedin 0.481 0.919 0.002 0.002 

97556 Timaru 0.551 0.849 0.005 0.004 

16602 Timaru 0.933 0.467 0.001 0.001 

44422 Timaru 0.650 0.750 0.005 0.004 

00491 Timaru 0.442 0.958 0.004 0.004 

77708 Timaru 0.881 0.519 0.002 0.001 

29910 Timaru 0.748 0.652 0.002 0.001 

40645 Timaru 0.659 0.741 0.001 0.001 

72668 Timaru 0.937 0.463 0.002 0.001 

72137 Timaru 0.952 0.448 0.002 0.001 

MEAN±SD 0.002±0.00 1 

*1.4 kg is the mean of the highest level of food intake in fluoridated and non-fluoridated 
areas 
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Table XXVI: Estimated amount of fluoride ingested from fluoridated toothpastes. 

CODE AREA -AMT AGE WHEN FREQ. BRAND F INTAKE FOLLOWING 
USED STARTED OF USE ANDFCONC. 80% INGESTION 

(g) (months) (per day) (%) (mgF/day) 

73597 Dunedin 0.1 6 1 Aim (0.1) 0.08 

39523 Dunedin 0.2 11 1 Aim (0.1) 0.16 

49380 Dunedin 0.1 10 1 Aim (0.1) 0.08 

07446 Dunedin 0.1 10 1 Macleans (0.1) 0.08 

80722 Dunedin 1.4 12 1 Macleans (0.1) 1.12 

09403 Dunedin 0.5 11 1 Macleans (0.1) 0.40 

51168 Dunedin 0.2 11 1 Colgate (0.1) 0.16 

79435 Timaru 0.7 12 1 Aim (0.1) 0.56 

72137 Timaru 0.1 10 2 Aim (0.1) 0.16 

65664 Timaru 0.8 6 1 Macleans (0.1) 0.64 

07626 Timaru 0.1 11 1 Macleans (0.1) 0.08 

48083 Timaru 0.1 12 1 Colgate (0.1) 0.08 

18363 Timaru 0.1 4 2 Signal Mild Mint 0.16 
(0.1) 

29910 Timaru 0.1 11 1 "Any" 0.08 

MEAN±SD 0.274±0.307 
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one infant brushing had started as early as 4 months of age in the presence of an advanced 

dentition. For the majority of children, the amount of paste used per brushing ranged from 

0.1-0.8 g; however, one infant was found to be using as much as 1.4 g of the paste per 

brushing. All the parents reported that their children were unable to spit out the paste. 

Assuming that some amount of toothpaste was left behind on the brush and some was spilt, 

fluoride intake from toothpaste was calculated on the assumption that approximately 80 

percent of the paste was ingested. As Table XXVI shows, the fluoride ingestion from 

toothpaste was quite high, ranging from 0.08-1.12 mg F/day, with a mean of 0.274 ± 
0.307 (SD) mg F/day, a level higher than the mean fluoride intake from food and drinks. 

4.4.4 Fluoride supplements 

Only 6 of 29 infants (21 percent) from the non-fluoridated areas were reported to be 

using fluoride supplements (Table XXVTI). Though current schedules on the use of 

fluoride supplements in non-fluoridated areas (<0.3 J..Lg F/ml) in New Zealand (1983) 

recommend that children aged 6 months-2 years receive 0.25 mg F/day, three children in 

this study were taking fluoride supplements of 0.25 mg every alternate day and one of the 

infants had the supplement occasionally. 

4. 5 FLUORIDE INTAKE FROM ALL SOURCES 

Figure 10 compares the fluoride intake from food and drinks alone with the fluoride 

intake from all sources by infants in the fluoridated and non-fluoridated areas. Ingestion of 

food and drinks provided a maximum intake of 0.056 mg F/kg of body weight and 0.038 

mg F/kg of body weight in the fluoridated and non-fluoridated areas respectively. The 

ingestion of fluoridated toothpastes and fluoride supplements in addition raised the total 

fluoride intake to a maximum of 0.150 mg F/kg of body weight and 0.061 mg F/kg of 

body weight in the fluoridated and non-fluoridated areas respectively. 

Table XXVIIT shows the additive effects of ingestion of toothpaste on fluoride 

intake. The infant 80722 ingested about 1.12 mg of fluoride from toothpaste alone, which 

was twice the highest level of fluoride ingested from food and drinks by infants resident in 

a fluoridated community. These levels of fluoride ingestion have been associated with the 

occurrence of dental fluorosis. As the fluoride intake of infants from food and drinks in the 

fluoridated area ranged from 0.115-0.549 mg F/day, the ingestion of fluoridated 

toothpastes in excess of 0.1 mg F/day would have caused the optimal levels of fluoride 

intake to be exceeded in some infants. 

In the non-fluoridated areas, with the exception of infants 04254 and 44422 who 

were on soy formula and infant 72668 whose diet was deficient in milk, the total fluoride 

intake of infants ingesting fluoride tablets and toothpastes were among the highest, and 

equalled the level of total fluoride intake of children in fluoridated areas (Table XXIX). 
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Table XXVII: Use of fluoride tablets in the non-fluoridated areas 

CODE AREA DOSE AGE WHEN STARTED 
(mg) (months) 

77708 Timaru 0.25 /day 7 

16602 Timaru 0.25 /day 8 

29910 Timaru 0.25 occasionally 11 

82666 Timaru 0.25 /alternate day 10 

00491 Timaru 0.25 /alternate day 6 

23361 Oamaru 0.25 /alternate day 6 



Table XXVill : Total fluoride intake of infants aged 11-13 months residing in a fluoridated area in New Zealand. 

FLUORIDE INTAKE FROM 

CODE BODY FOOD FOOD & DRINKS TOOTH FLUORIDE BREAST TOTAL INTAKE 
WEIGHT INGESTED PASTE TABLETS MILK 

(kg) (kg/day) (mgF/day) (mgF/kg b.w.) (mgF/day) (mgF/day) (mgF/day) (mgF/day) (mgF/kgb. w .) 

80722 8.7 0.910 0.179 0.021 1.12 - - 1.299 0.150 

39523 9.0 1.018 0.447 0.050. 0.16 - - 0.607 0.070 

09403 8.7 0.920 0.126 0.014 0.40 - - 0.526 0.060 

50495 9.8 0.955 0.549 0.056 - - - 0.549 0.056 

19442 10.1 0.919 0.495 0.049 - - 0.001 0.496 0.049 

73597 10.0 0.604 0.381 0.038 0.08 - 0.002 0.463 0.046 

52704 10.0 1.320 0.454 0.045 - - - 0.454 0.045 

67632 7.7 0.746 0.333 0.043 - - - 0.333 0.043 

78707 8.9 0.781 0.377 0.042 - - - 0.377 0.042 

07446 9.9 0.481 0.326 0.033 0.08 - 0.002 0.408 0.041 

83452 11.5 1.645 0.464 0.040 - - - 0.464 0.040 

67163 9.5 0.692 0.361 0.038 - - - 0.361 0.038 

49380 10.5 1.083 0.258 0.025 0.08 - - 0.338 0.032 

83805 9.6 0.665 0.303 0.032 - - - 0.303 0.032 

46596 10.2 0.625 0.314 0.031 - - - 0.314 0.031 

51168 10.0 0.827 0.147 0.015 0.16 - - 0.307 0.031 

\0 
~ 



Table XXVIII (cont.) :Total fluoride intake of infants aged 11-13 months residing in a fluoridated area in New Zealand. 

FLUORIDE INTAKE FROM 

CODE BODY FOOD FOOD & DRINKS TOOTH FLUORIDE BREAST TOTAL INTAKE 
WEIGHT INGESTED PASTE TABLETS MILK 

(kg) (kg/day) (mgF/day) (mgF/kg b.w.) (mgF/day) (mgF/day) (mgF/day) (mgF/day) (mgF/kgb.w.) 

84269 10.8 0.776 0.320 0.030 - - - 0.320 0.030 

09627 10.4 0.793 0.309 0.030 - - - 0.309 0.030 

56013 9.5 0.807 0.252 0.026 - - 0.002 0.254 0.027 

01201 8.9 0.748 0.197 0.022 - - - 0.197 0.022 

24079 8.5 1.024 0.162 0.019 - - - 0.162 0.019 

59782 8.0 0.931 0.154 0.019 - - - 0.154 0.019 

20160 8.6 0.964 0.154 0.018 - - - 0.154 0.018 

93550 8.5 0.477 0.150 0.018 - - 0.003 0.153 0.018 

19020 9.9 1.331 0.173 0.017 - - - 0.173 0.017 

16269 10.4 1.177 0.172 0.016 - - - 0.172 0.016 

04375 8.6 1.114 0.120 0.014 - - - 0.120 0.014 

51725 10.3 0.978 0.139 0.013 - - - 0.139 0.013 

30328 9.3 0.648 0.115 0.012 - - - 0.115 0.012 

47870 7.7 0.720 0.095 0.012 - - - 0.095 0.012 

52928 10.8 0.424 0.089 0.008 - - 0.003 0.092 0.009 

MEAN±SD 0.305±0.232 0.033±0.026 

\0 
l'--) 



Table XXIX : Total fluoride intake of infants aged 11-13 months residing in two non-fluoridated areas in New Zealand. 

FLUORIDE INTAKE FROM 

CODE BODY FOOD FOOD & DRINKS TOOTH FLUORIDE BREAST TOTAL INTAKE 
WEIGHT INGESTED PASTE TABLETS MILK 

(kg) (kg/day) (mgF/day) (mgF/kg b.w.) (mgF/day) (mgF/day) (mgF/day) (mgF/day) (mgF/kgb. w .) 

65664 11.7 0.877 0.080 0.007 0.64 - - 0.720 0.061 

79435 10.0 1.070 0.038 0.004 0.56 - - 0.598 0.060 

29910 9.5 0.748 0.099 0.010 0.08 0.25 0.001 0.430 0.045 

16602 9.0 0.933 0.114 0.013 - 0.25 0.001 0.365 0.040 

04254 8.2 1.141 0.314 0.038 - - - 0.314 0.038 

77708 9.3 0.881 0.079 0.008 - 0.25 0.001 0.330 0.035 

23361 9.8 0.979 0.085 0.009 - 0.25 - 0.335 0.034 

00491 9.9 0.442 0.047 0.005 - 0.25 0.004 0.301 0.030 

82666 11.6 0.984 0.050 0.004 - 0.25 - 0.300 0.026 

18363 8.5 0.971 0.051 0.006 0.16 - - 0.211 0.025 

72137 10.2 0.952 0.084 0.008 0.16 - 0.001 0.245 0.024 

72668 8.8 0.937 0.154 0.017 - - 0.001 0.155 0.018 

07626 7.9 0.816 0.057 0.007 0.08 - - 0.137 0.017 

44422 12.5 0.650 0.153 0.012 - - 0.004 0.157 0.012 

48083 10.2 0.649 0.041 0.004 0.08 - - 0.121 0.012 

79666 8.3 1.081 0.088 0.011 - - - 0.088 0.011 

\0 
(J.) 



Table XXIX (cont.): Total fluoride intake of infants aged 11-13 months residing in two non-fluoridated areas in New Zealand. 

FLUORIDE INTAKE FROM 

CODE BODY FOOD FOOD & DRINKS TOOTH FLUORIDE BREAST TOTAL INTAKE 
WEIGHT INGESTED PASTE TABLETS MILK 

(kg) (kg/day) (mgF/day) (mgF/kg b.w.) (mgF/day) (mgF/day) (mgF/day) (mgF/day) (mgF/kgb.w.) 

12601 8.2. 0.987 0.077 0.009 - - - 0.077 0.009 

51497 11.3 0.917 0.094 0.008 - - - 0.094 0.008 

04758 11.2 1.110 0.089 0.008 - - - 0.089 0.008 

79920 8.2 0.800 0.067 0.008 - - - 0.067 0.008 

40645 10.0 0.659 0.071 0.007 - - 0.001 0.072 0.007 

02878 9.9 1.068 0.073 0.007 - - - 0.073 0.007 

53841 10.2 0.915 0.071 0.007 - - - 0.071 0.007 

71522 9.1 0.744 0.068 0.007 -· - - 0.068 0.007 

90715 10.9 0.808 0.059 0.005 - - - 0.059 0.005 

53294 8.2 0.784 0.045 0.005 - - - 0.045 0.005 

97556 8.3 0.551 0.041 0.005 - - 0.004 0.045 0.005 

05366 8.6 0.832 0.042 0.005 - - - 0.042 0.005 

66170 8.6 0.851 0.039 0.004 - - - 0.039 0.004 

MEAN±SD 0.195±0.174 0.020±0.017 

\0 
+::-
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Figure 10. Fluoride intake of infants resident in a fluoridated (1 and 2) and 

non-fluoridated (3 and 4) area from: 

(1) Food and drinks alone (n = 31) 

(2) Food and drinks and fluoridated dentifrices (n = 31) 

(3) Food and drinks alone (n = 29) 

(4) Food and drinks, fluoridated toothpastes, and fluoride supplements. 
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The fluoride intake of these infants from food and drinks alone was very low and ranged 

from 0.004-0.013 mg F/kg of body weight. With the use of fluoride tablets the total 

fluoride intake (0.026-0.040 mg F/kg of body weight) approached the level of fluoride 

intake from food and drinks alone by residents of the fluoridated area. With the additional 

use of fluoridated toothpastes, the total fluoride intake of more than half the infants in the 

non-fluoridated areas, was found to be similar to or slightly lower than the total fluoride 

intake of infants in the fluoridated areas. Thus with the use of fluoride tablets and 

toothpaste, the fluoride intake of infants in the non-fluoridated areas was found to be 

similar to the fluoride intake of infants in the fluoridated areas, even though in most 

instances the fluoride tablets were not used according to current recommendations. 

A summary of the results is presented in Table XXX. 



Table XXX: Summary of results 

F CONTENT OF FOOD 
AND DRINKS (mg F/kg) 

Range 

Mean±SD 

F CONTENT OF 
BREAST-MILK (mg F/L) 

Range 

Mean 

F INGESTION FROM 

BREAST-MILK (mgF/day) 

Range 

Mean±SD 

TOOTHPASTE (mg F/day) 

Range 

Mean 

F SUPPLEMENTS (mg F/day) 

Range 

FLUORIDATED 
AREA (0.8-0.9 Jlg F/rnl) 

0.130-0.679 

0.320±0.030 

0.002-0.004 

0.003 

0.001-0.003 

0.002±0.001 

0.08-1.12 

0.30 

NIL 

FOOD AND DRINKS mg F/kg b.w. mgF/day 

Range 0.009-0.056 0.089-0.549 

Mean±SD 0.028±0.013 0.263±0.131 

FLUORIDE INTAKE 
FROM ALL SOURCES mg F/kg b.w. mg F/day 

Range 0.009-0.150 0.092-1.299 

Mean±SD 0.033±0.026 0.305±0.232 

97 

NON-FLUORIDATED 
AREA (0.09-0.10 Jlg F/rnl) 

0.036-0.281 

0.095±0.010 

0.001-0.005 

0.003 

0.001-0.004 

0.002±0.002 

0.08-0.64 

0.25 

0-0.25 

mg F/kg b.w. mgF/day 

0.004-0.038 0.039-0.314 

0.009±0.006 0.082±0.054 

mg F/kg b.w. mgF/day 

0.004-0.061 0.039-0.720 

0.020±0.017 0.195±0.174 
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V DISCUSSION 

Although there is no general consensus, a total daily fluoride intake of 0.05-0.07 mg 

F/kg of body weight by children under 12 years of age is considered "optimal" for dental 

health benefits. It is also generally agreed that, to avoid an undesirable degree of dental 

fluorosis, total daily fluoride intake should not exceed 0.1 mg F/kg of body weight during 

the years of enamel development. The greater part of the fluoride intake in infants and 

young children (under 4 years) is derived from food and drinks including water ingested 

each day. However, the widespread use of fluoridated dentifrices may also contribute 

significantly to the total daily fluoride intake. 

In recent years the dietary fluoride intake of infants and young children has received 

great attention. Reports in the literature suggest that an increase in fluoride in the food 

chain, attributable to the use of fluoridated water in food processing, and the inadvertent 

ingestion of fluoridated toothpastes, may have led to "optimal" levels of fluoride intake 

being exceeded. Approximately 54 percent of the New Zealand population drinks water 

fluoridated at or just below 1 J.lg F/ml (1 ppm); in areas containing less than 0.3 J.lg F/ml in 

the water supply, the use of fluoride supplements is recommended. The use of fluoridated 

dentifrices is widespread in all areas. However, there is no information available on the 

total fluoride intake of children in New Zealand. This study was therefore designed to 

determine the current levels of fluoride intake of two groups of infants aged 11 to 13 

months, one resident in a fluoridated area and the other in non-fluoridated areas in New 

Zealand. 

The age group selected for the study is of particular interest. It is known that the 

induction of dental fluorosis is biologically impossible after the period of tooth 

development. Dental fluorosis may become objectionable to the individual when it results 

in obvious aesthetic changes. In the rrrst years of life, a number of the permanent anterior 

teeth are developing and may be susceptible to fluorosis if high plasma fluoride levels 

occur. It was therefore of considerable interest to determine whether the total fluoride 

intake of infants aged 11 to 13 months was within the present recommended "optimal" 

levels of intake. It is, however, also recognised that teeth may be affected later in the~ 

development, even after crown formation appears to be complete on radiographic 

assessment. In one retrospective study·the greatest risk period for the development of 

dental fluorosis in the permanent upper central incisor, was found to be between 2.5-3.4 

years. It was beyond the scope of this study to include children of other age groups. 

Estimates of the daily dietary fluoride intake of infants in several different countries 

have been based on the analysis of individual foods used, assuming that certain food items 

and/or their combinations in a certain proportion constitute the daily diet. As dietary 
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patterns may vary from country to country and from individual to individual, the results of 

one study cannot be extrapolated to other communities, and neither can the fluoride intake 

be estimated accurately from food consumption tables alone. The analysis of the fluoride 

content of foods as ingested by the individual per se, was considered to be a more accurate 

and reliable method of determining daily fluoride intake. In this study, food and drinks 

(including water) ingested by each infant in 24 hours over a period of 3 days were 

qualitatively and quantitatively duplicated as accurately as possible, homogenised, and 

analysed for fluoride content. In this way the intake of fluoride from all food and drinks 

could be measured. In addition, an estimated intake of fluoride from breast milk and 

toothpaste was added to the total intake. It is expected that the analysis of fluoride in 

"duplicated diets" collected over a longer period would have provided a more reliable 

indicator of the range of daily fluoride intakes. Although a 7-day collection period was 

considered, it was neither economical nor practical. The poor response (31 percent) of the 

population to the 3-day study probably reflects the demanding nature of this form of 

sampling, suggesting the need to limit the study period and also the need to include a large 

population from which a suitable sample can be drawn. This kind of study probably also 

requires greater incentives to participation. 

Fluoride in food and drinks is present in both ionic and bound forms. Analysis of 

total fluoride (ionic+bound) in foods has for many years been a difficult problem. 

Although the total fluoride content of the majority of foods can be isolated by acid diffusion 

from unashed food samples, some food items such as cereals, milk, and soy-foods have 

been found to yield more fluoride when isolated from ashed food samples. It is not known 

whether this non-acid labile fraction of fluoride is absorbed and available for use by the 

body, or whether it is excreted unchanged. Bioavailability studies in humans are required 

to determine the extent of absorption of the fluoride ingested in food and drinks. If it is 

found that the non-acid labile fraction of fluoride present in some foods is absorbed by the 

body, better techniques for the analysis of total fluoride in foods may be required. One 

source of the non-acid labile fraction of bound fluoride in cereals is thought to be the result 

of environmental contamination, that is, arising from the container in which the cereal is 

packed. 

In this study, the.fluoride content of the duplicate meals was determined by acid 

diffusion of unashed liquid homogenates. · It is expected that because of the acid conditions 

of diffusion and the length of the diffusion period, a major portion of the bound/complexed 

fluoride which was acid labile was isolated along with the ionic/free form of fluoride. 

Attempts to compare the fluoride content of ashed and unashed food samples failed due to 

analytical difficulties associated with the ashing technique. Therefore as the diet of some 
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infants in this study included cereals, milk, and soy-milk formulae it is possible that the 

figures reported for fluoride content of foods may be low. 

There was greater variability in the fluoride content of food and drinks in the 

fluoridated area than in the non-fluoridated area. The mean fluoride content of food and 

drinks ingested by 25 infants (86 percent) in the non-fluoridated areas [0.077 ± 0.021(SD) 

mg F/kg of food] was about 4.5 times less than the mean fluoride content of the diet of 

infants in the fluoridated area (0.320 ± 0.168 mg F/kg of food). The mean fluoride content 

of water varied by a factor of 10 and was 0.09 Jlg F/ml and 0.90 Jlg F/ml in the non

fluoridated and fluoridated areas respectively. The fluoride content of the diet of four (14 

percent) infants in the non-fluoridated areas was found to be within the range of the fluoride 

content of the diet of infants in the fluoridated areas. The diet of each of these four infants 

was deficient in cow's milk; two of the infants were allergic to cow's milk and were on 

soy-formula, and one of them was habituated to tea drinking. Examination of the dietary 

records suggested that the higher level of fluoride content in the diet of the other two infants 

was possibly a reflection of a greater consumption of beverages which may have been 

processed in fluoridated areas. 

One reason for the relatively low levels of fluoride found in the diet of the infants in 

this study as compared to other studies is probably due to the preference for fresh cow's 

milk and/or breast milk over formula milk. Both cow's milk and breast milk have been 

found to contain very low levels of fluoride. Moreover, only two of the 62 infants studied, 

both of whom were resident in the fluoridated area, were found to drink tap water in 

addition to food and drinks constituted with tap water. The mean fluoride content of the 

diet of both these infants was among the highest in this study. The substitution of tap water 

by other fluids containing <0.90 Jlg F/ml in the diet would result in lower levels of fluoride 

intake in the fluoridated areas, but a relatively higher level of fluoride intake in the non

fluoridated areas. The fluoride content of the diet of all the infants resident in the non

fluoridated areas contained only trace amounts of fluoride which would not be considered 

sufficient to provide optimal dental health benefits. However, sources of high fluoride 

intake such as soy-milk formulae, tea, and beverages processed in fluoridated areas were 

found to have raised the fluoride content of the diet to near "optimal" levels. This finding 

stresses the need to identify potential sources of high fluoride intake in a child's diet before 

any form of fluoride supplementation is recommended. 

In this study, the daily fluoride intake of infants, from food and drinks alone, did not 

exceed 0.06 mg F/kg of body weight, and in all but one child was at or below 0.05 mg 

F/kg of body weight. The highest level of fluoride intake was found to be 0.056 mg F/kg 

of body weight. The mean dietary fluoride intakes of the infants in the fluoridated and non

fluoridated areas were found to be 0.028 ± 0.013 (SD) and 0.009 ± 0.006 (SD) mg F/kg of 
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body weight [or 0.263 ± 0.131 (SD) and 0.082 ± 0.054 (SD) mg F/day] respectively. The 

mean dietary fluoride intake of infants in the non-fluoridated areas was three times less than 

the fluoride intake of their counterparts in the fluoridated areas and was nearly five to seven 

times less than the recommended "optimal" levels of intake. In the fluoridated area, the 

mean fluoride intake of infants was about half the recommended "optimal" level of intake. 

This study shows that it cannot be assumed that children living in fluoridated areas are 

receiving "optimal" levels of fluoride daily from food and drinks. Due to lack of 

comparable data in New Zealand, it cannot be determined whether fluoride in the food chain 

has increased over the years. However, the results of this study indicate that the current 

levels of fluoride intake of the infants from food and drinks alone are not in excess of the 

"optimal" levels of intake. 

Comparisons of these findings with other reports on the fluoride intake of infants and 

children are extremely difficult due to differences in sampling and analytical techniques. 

However, the levels of fluoride intake by infants in this study appear to be even lower than 

the report by Hattab and Wei (1988) on the fluoride intake of infants aged 6-11 months 

living in Hong Kong, which has a water fluoride level of 0.7 Jlg F/ml. In that study the 

mean fluoride intake of infants from whole milk, infant formulae, and beverages was 

estimated to be 0.027 mg F/kg of body weight, or 0.23 mg F/day. Meat, fish, and poultry 

were estimated to contribute about 17 percent of the total dietary fluoride intake. The 

fluoride intake of infants in the present study appears to be half the reported level of 

fluoride intake of Canadian infants aged 9-12 months, or American infants aged 6 months-2 

years (Table X). However, the American study (Ophaug et al., 1985) was based on the 

analysis of composite food groups prepared according to the results of a survey of 

household food consumption conducted in 1965-1966. Similar I y the Canadian data on the 

fluoride intake of children (Dabeka et al., 1982) were based on 1970-1972 data of food 

intake. The authors pointed out that the average composition of infant diets may have 

changed over the years. With more emphasis being placed on breast-feeding and with 

infant formulae reported to contain much lower levels of fluoride, it can be expected that 

the fluoride intake of infants and young children today may be well below "optimal" levels, 

if food and drinks are assumed to be the only source of fluoride. 

Indeed the fmdings of this study appear to indicate that fluoride intake from food and 

drink alone, even in the fluoridated area; was below the recommended "optimal" level of 

intake. However, the "optimal" level of intake of 0.05-0.07 mg F/kg body weight is only 

an empirical value based on observations of McClure in 1943. Using crude analytical 

techniques which were unable to detect low levels of fluoride, and rough estimations of the 

diet of children 1-12 years old, McClure estimated that the dietary fluoride intake of 

children living in an area containing 1J.Lg F/ml in the water supply rarely exceeded 0.1 mg 
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F/kg body weight, and varied from 0.02-0.10 mg F/kg body weight with an average of 

about 0.05 mg F/kg body weight. These levels of fluoride intake from food and drinks 

alone were considered optimal as it was shown by Dean (1942) that in areas containing 1 

~g F/ml in the water supply the caries incidence of children was reduced by half. By 

extrapolation, therefore, it was estimated by other investigators that fluoride intake by 

children whose main source of fluoride was water containing in excess of 1.6-1.8 ~g F/ml 

would have been in excess of 0.1 mg F/kg body weight. This was the basis in suggesting 

that a total fluoride intake of 0.05-0.07 mg F/kg of body weight by children 1-12 years is 

optimal for dental health benefits. 

With the use of modern analytical techniques to determine the fluoride content in 

actual duplicated diets of infants as employed in this study, it appears that "optimal" levels 

of intake previously recommended may have been overestimated. If the assumption is 

made that fluorid.e content of food and drinks today is the same or even slightly higher than 

found at the time when water fluoridation was implemented, then it is hypothesised that the 

current levels of fluoride intake ( <0.05 mg F/kg of body weight) from food and drinks 

alone, as found in this study, may be the optimal levels of intake, at least for this age group 

of children. The ingestion of food items such as soy-milk formula, and tea in the 

fluoridated area, however, raised the fluoride intake in excess of 0.05 mg F/kg of body 

weight. 

The other sources of fluoride intake identified in this study were fluoridated 

toothpastes and fluoride supplements. Although fluoridated toothpastes are recommended 

for their topical effect, the ingestion of toothpaste by young children is inevitable. The 

mean amount of fluoride estimated to be ingested at each brushing (0.274 ± 0.307 mg 

F/day) was found to be even higher than the mean daily fluoride intake derived from food 

and drinks alone. Although this source of fluoride increased the total intake of infants in 

the non-fluoridated areas to near optimal levels, it caused total fluoride intake of infants in 

the fluoridated areas to exceed the optimal levels. The use of fluoride supplements (0.25 

mg F/day) in the non-fluoridated area raised the total fluoride intake, but it was still below 

the recommended "optimal" levels of intake. It was calculated that, if a child on soy

formula in the non-fluoridated areas was to ingest fluoride supplements and large amount~ 

of toothpaste as well, then the total fluoride intake of this infant could exceed optimal levels 

of intake. This observation stresses the need to identify higher sources of fluoride intake in 

a child's diet before any form of fluoride supplementation is recommended. 

The findings of this study stress the need for the determination of the optimal levels 

of fluoride intake, as it has serious implications for the use of fluoridated dentifrices and 

fluoride supplements by infants and young children. If food and drinks alone in the 

fluoridated areas are proven to be sufficient sources of fluoride intake for dental health 
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benefits, then the use of fluoridated toothpastes by children with inadequate swallowing 

reflexes in fluoridated areas would increase the risk of dental fluorosis. The risk of dental 

fluorosis would be higher in a non-fluoridated community if the presently recommended 

minimum dose of 0.25 mg F/day were ingested and if fluoridated dentifrices were used in 

addition by infants. To establish the optimal level of fluoride intake, both longitudinal and 

cross-sectional investigations of this nature on the fluoride intake of various age groups of 

children and adults living in different areas are required, combined with studies of their 

caries and fluorosis status. 

Moreover, as the daily fluoride intake is not necessarily equal to the biologically 

available fluoride, it is important to know not only the total fluoride intake but also how 

much of the ingested fluoride is absorbed and available for use by the body. From 

experiments in rats it appears that enamel fluorosis can be caused by ingestion of an amount 

of fluoride that c~ produce peak plasma fluoride levels of 10 J.lM (0.2 J..Lg F/ml). It is not 

known to what extent these findings can be applied to humans. It is also not known 

whether a single elevated peak is sufficient, whether repeated elevated peaks are required, 

or whether a constant elevated plasma fluoride level is required to cause enamel fluorosis in 

humans. This stresses the need to determine plasma fluoride levels at the end of each day 

as well as after each meal separately, along with the total daily fluoride intake and fluoride 

intake from each meal. 
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VI SUMMARY AND CONCLUSIONS 

A study was designed to determine current levels of total fluoride ingestion by infants 

aged 11-13 months, resident in fluoridated and non-fluoridated areas in New Zealand. 

Thirty-one children from Dunedin, a fluoridated area, and twenty-nine children from 

Timaru and Oamaru, two neighbouring non-fluoridated areas, took part in the study. 

The quantity, nature, and form of all food and drinks ingested by the infant over a 

period of 3 days was replicated and analysed for fluoride. The HMDS-HCl diffusion 

technique was used to isolate the fluoride content in unashed liquid homogenates of the 

diet, and the isolated fluoride was then measured by the fluoride electrode. Ionic fluoride 

content of breast milk was analysed by the direct method. Other sources of fluoride intake 

in this age group of infants were identified to be fluoridated toothpastes and fluoride 

supplements, and fluoride intake from these sources were estimated. 

The results of the study suggest that in New Zealand the fluoride intake of infants and 

young children from food and drinks alone have not exceeded the recommended "optimal" 

levels of intake. However, with irrational use of fluoridated toothpastes, the optimal levels 

of fluoride intake may be exceeded. In the non-fluoridated areas, the ingestion of even 

small amounts of toothpaste by infants who drink soy-milk and/or tea, and ingest fluoride 

supplements in addition, may be sufficient to cause "optimal" levels of fluoride intake to be 

exceeded. 

It is recommended that in addition to a complete fluoride history, and the information 

on the age of the patient and the area of residence, a dietary history be included prior to any 

form of fluoride supplementation. It is also recommended that with young children only a 

smear of toothpaste, be used for brushing, and that brushing be supervised. 

The study stresses the need for determining the relationship between dietary fluoride 

intake, plasma fluoride level, dental caries and enamel fluorosis in order to establish optimal 

levels of fluoride intake. 
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APPENDIX 1: Sample of the letter inviting parents to participate in the study. 

11 NOVEMBER 1987 

Dear 

The School of Dentistry and the Department of Human Nutrition at the University of Otago 
are joining with the Plunket Society in an investigation of the intake of the trace elements 
zinc, copper, fluoride, and selenium in the diet of 12-month-old infants, and we are inviting 
you to assist us in this research. 

We wish to obtain accurate samples of the food and drink that your infant takes in over a 
period of 3 days. This will involve the preparation of double portions of everything eaten 
and drunk during this time, and the storage in your refrigerator of this duplicate material in 
containers which will be delivered to you and picked up after the three days by one of the 
local Plunket people who has offered to help. We would also like you to keep a daily record 
of all food and drink taken, using forms we will supply and, if you are using toothpaste for 
your infant, we want to know how much and how often this is used. We will also enquire 
about the use of fluoride tablets. All information will be kept confidential to the 
investigators. Inrants who are being breast-fed will also be included; for such children we 
would like to know the extent of breast feeding and also we would require a small sample 
of milk. 

We will, of course, cover the expenses involved for you, at a rate of $4.50 per day, a total 
of $13.50. 

The purpose of the research is to expand our knowledge of the intake of the trace elements 
under study. In the case of fluoride, we wish to know how different are the intakes in areas 
with and without fluoride in the water supply, taking into account whether fluoride tablets 
are being taken or fluoride toothpaste used. This information is important to us in making 
recommendations about when toothbrushing should start and in monitoring how much 
fluoride should be in fluoride tablets. 

We would much appreciate your help in this project which we want to carry out over the 
next few weeks. Should you accept this invitation, please sign the attached form and return 
it in the reply-paid envelope provided. You will subsequently be contacted by the person 
co-ordinating the project in your area to arrange for the delivery and picking up of 
containers, and the issuing of detailed instructions. If you have any immediate questions, 
please include these on the form and I will respond immediately. 

Yours sincerely 

R.H. Brown 
Associate Professor and Chairman 
Department of Community Dental Health 

on behalf of 
Prof. F.A. Worsley 
Dr. J. Parnell 
Department of Human 
Nutrition 

Prof. M. Shepherd 
Miss N. Chowdhury 
School of Dentistry 

Miss V. Binney 
Plunket Society 
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APPENDIX 2: Sample of the consent form 

Agreement to participate 

I am willing to take part in the research project on the intake of trace elements in infants. I 

understand that, over a period of three consecutive days, I will prepare duplicate meals and 

drinks for my child, and store these in the containers provided; the containers will be 

delivered to me and picked up afterwards, at times to be arranged by a participating member 

of the Plunket Society. If I am breast-feeding my infant, I agree to supply a 20 m1 sample 

ofmymilk. 

I will be re-imbursed for the expense involved by the sum of $13.50. 

Signature: ______ _ Name: ____________ _ 

Date: ________ _ Name of infant: 

Address:-----------------------
Telephone No.: 

Witness: ________ _ 

Please return this form by 20 November 1987 to: 

Associate Professor R.H. Brown 

Department of Community Dental Health 

University of Otago School of Dentistry 

PO Box 647 

Dunedin 
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APPENDIX 3: Sample of the reminder letter 

26 November 1987 

Dear _____ _ 

You have received information about the survey of trace elements in 12-month-old children 

and an invitation to participate. We have been disappointed with the response to this 

invitation and we would like to increase the number of children involved. I would therefore 

be grateful if you would give this further consideration and, if you feel able to help, 

complete the consent form and send it to me by return mail. 

The days we wish to use for the preparation of the duplicate meals are Sunday to Tuesday, 

6 to 8 December. 

Your help would be much appreciated. A further consent form and reply envelope is 

enclosed. 

Yours sincerely 

R.H. Brown 
Associate Professor and Chairman 
Department of Community Dental Health 
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APPENDIX 4: Instructions for preparing duplicate meals 

UNNERSITY OF OTAGO 
Departments of Community Dental Health and Human Nutrition 

Instructions for preparing duplicate meals 

The purpose is to obtain as accurately as possible a duplicate of everything your child eats 

and drinks over a 3-day period, from 6 December to 8 December 1987. 

You will therefore need to prepare twice the amount of all the food and 

drink your child normally consumes, setting each serving out twice, in 

equal portions or amounts as far as possible. Make believe you have 

twins!!. 

To store the duplicate food and drink, you have been given four large containers, plus a 

small container for breast milk if you are nursing your infant. Fill a container almost full 

before starting the next container. Screw the lid on tightly, and store it upright (in the 

refrigerator if possible). 

FOOD AND DRINK 

1. Remove all parts of the food not normally consumed, such as apple cores, orange 

peel, and bones. 

2. If you add salt, pepper, sauce, sugar, cream, or other additives, make sure the same 

amounts go on the duplicate meals. 

3. If the whole serving is not eaten, remove an equivalent amount from the duplicate 

serving. If another helping is eaten or drunk, make sure the extra goes onto the duplicate 

meal. 

4. When the meal is finished, tip the duplicate serving of food and drink into the 

container and store it upright in the refrigerator. 

5. Enter the food and drink on the diet record after the meal or snack is finished. 

Thank you for your help - we are most grateful. We will send you a summary of our 

findings when the results are available. 

R.H. Brown N.G. Chowdhury J.M. Parnell 
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APPENDIX 5: Sample of the questionnaire 

Departments of Community Dental Health and Human Nutrition 

Child's name _____ _ No ____ _ 

QUESTIONNAIRE 

BREAST-FEEDING 
If you are breast-feeding, please answer the following questions: 

1. How many times each 24 hours does your child nurse? _____ _ 

2. Approximately what proportion of your child's fluid intake would come from breast 
milk? ______ . 

TOOTHPASTE 
If you are brus~ing your child's teeth using toothpaste, please answer the following 

questions. 

1. What brand do you use? __________ _ 

2. How many times a day? ___________ _ 

3. At what age did you start using toothpaste on your child's teeth? __ _ 

4. Does your child spit out the paste afterwards? 

Yes No 

(Please circle your answer) 

FLUORIDE TABLETS 
1. If you give your child fluoride tablets, how old was your child when these were 

started? (months) 

2. How many days per week does your child have a fluoride tablet? __ (days) 

CHANGES OF ADDRESS 

If you have changed your address since your child was born, please give your previous 

address, and the approximate dates when you moved. 

OLD ADDRESS DA1EMOVED 

MY CHILD'S WEIGHT IS 
_____ Kilograms or Pounds Ounces 
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APPENDIX 5 (cont.). Sample of the questionnaire. 

WATER SUPPLY 

Please circle the source of your household water supply 

Town supply Rainwater River 

ALLERGIES OR FOOD RESTRICTIONS 

Bore or Spring 

Please describe any allergies or feeding problems you have with your child. 

This concludes the questionnaire. 

PLEASE PLACE THE QUESTIONNAIRE AND THE DIET RECORD IN THE 

ENVELOPE AND GIVE TO THE VOLUNTEER COLLECTING THE CONTAINERS. 

Thank you for your help. 
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APPENDIX 6: Sample of the dietary record 

Departments of Community Dental Health and Human Nutrition 
TRACE ELEMENT SURVEY 

1987-1988 

DIETARY RECORD 

Name of child: Food collection from to __ 

TIME 

EXAMPLE 
8.00 am 

TYPE OF FOOD AND DRINK 
(Include brand names; List 
each item separately) 

Fresh milk 
Cereal (Skippy's) 
Sugar 
Orange Juice (Just-Juice) 

AMOUNT 

1/2 cup 
3 Tbsp 
1 Tsp 
1/2cup juice+ 
1/2 cup water 

x 4pages 
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