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Abstract 
 
Background/Aim. Fluoride has beneficial effect on dental 
caries prevention and enables high hardness of enamel. How-
ever, fluoride intake above optimal levels can have adverse 
effects on teeth and bones, especially in young children dur-
ing the period of intense growth and teeth development. The 
aim of this study was to assess fluoride intake from water 
and toothpaste among 3-year-old children in Belgrade, Ser-
bia, in the municipalities of Vračar and Novi Beograd. 
Methods. A questionnaire for the parents (n = 40) was 
used to provide information on the water consumption (tap 
and/or bottled water) and the brand of toothpaste used by 
children as well as the frequency of tooth brushing and the 
amount of toothpaste during brushing. Fluoride concentra-
tions in water and toothpaste samples were determined elec-
trochemically by using fluoride-selective electrode. Fluoride 
intake was estimated through a mathematical model com-
monly used by the U.S. Environmental Protection Agency. 
Results. The obtained results indicate no significant differ-
ence in daily fluoride intake through drinking water and tooth-

paste in 3-year-old children in Vračar (n = 19) compared to 
Novi Beograd (n = 21) (p > 0.05). However, all estimated 
fluoride levels (0.089–0.625 mg/day) are significantly lower 
than the optimal daily intake level for caries protection (0.7 
mg/day for children up to 4 years, FNB-USA National In-
stitute of Medicine) and two to six times lower than toler-
able upper fluoride level for the children of same age (1.3 
mg/day, FNB-USA National Institute of Medicine). Fur-
thermore, calculated daily fluoride intake per kilogram body 
weight confirm very low fluoride intake by water and tooth-
paste in children of investigated municipalities in Belgrade, 
being significantly below the recommended an adequate in-
take (0.05 mg/kg/day, EFSA). Conclusion. This prelimi-
nary study has shown that daily fluoride intake in 3-year-olds 
is lower than tolerable upper fluoride level, even not suffi-
cient for the prevention of dental caries.  
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Apstrakt 
 
Uvod/Cilj. Fluoridi imaju pozitivan efekat na prevenciju kari-
jesa zuba kao i povećanje čvrstine zubnog emajla. Međutim, 
njihov unos iznad optimalnog može imati štetne efekte na zube 
i kosti, posebno kod male dece tokom intenzivnog rasta i raz-
voja zuba. Cilj ovog rada bio je da se proceni unos fluorida pu-
tem vode za piće i paste za zube kod dece uzrasta od tri godine 
u Beogradu, na teritoriji dve opštine, Vračar i Novi Beograd. 
Metode. Anketnim upitnicima (n = 40) za roditelje dobijeni 
su podaci o vrsti vode koju deca piju (česmenska i/ili flaši-
rana), proizvodima koje koriste za čišćenje i negu zuba, uče-

stalosti pranja zuba kao i količini paste za zube koja se kori-
sti po jednom pranju. Sadržaj fluorida u vodi za piće i pa-
stama za zube određen je elektrohemijski sa fluoridnom jon-
selektivnom elektrodom. Unos fluorida procenjen je kori-
šćenjem matematičkog modela datog od strane Američke 
agencije za zaštitu životne sredine. Rezultati. Dobijeni re-
zultati pokazuju da nema statistički značajne razlike u dnev-
nom unosu fluorida putem vode za piće i paste za zube iz-
među dece uzrasta od tri godine na Vračaru i Novom Beo-
gradu (p > 0,05). Međutim, sve procenjene vrednosti unosa 
fluorida (0,089–0,625 mg/dan) značajno su niže od optimal-
nog dnevnog unosa za prevenciju karijesa (0,7 mg/dan za de-
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cu uzrasta do 4 godine, FNB-Nacionalnog instituta medici-
ne, SAD) i dva do šest puta niže od tolerišućeg gornjeg ni-
voa unosa fluorida za decu istog uzrasta (1,3 mg/dan, FNB-
Nacionalnog instituta medicine, SAD). Štaviše, izračunati 
dnevni unosi fluorida izraženi po kilogramu telesne mase 
potvrđuju veoma nizak unos fluorida kod dece ispitivanih 
opština u Beogradu, čak značajno niže od preporučenog op-
timalnog unosa (0,05 mg/kg/dan, EFSA). Zaključak. 

Ovim preliminarnim istraživanjem pokazano je da je dnevni 
unos fluorida kod trogodišnjaka u Beogradu značajno niži 
od tolerišućeg gornjeg nivoa unosa fluorida, čak niži od op-
timalnog unosa za prevenciju karijesa. 
 
Ključne reči: 
fluoridi; deca, predškolska; voda za piće; dentifriciji; 
zub, bolesti; ankete i upitnici. 

 

Introduction 

Fluoride intake in an optimal dose is a safe and efficient 
way to minimize a risk of dental caries and prevent enamel 
demineralization 1–3. However, the range between optimal 
levels and the concentrations that lead to adverse effects such 
as dental and skeletal fluorosis is narrow, and indicates the 
importance of fluoride intake assessment 2, 4, 5. Furthermore, 
the opinion of the European Food Safety Authority (EFSA) 
is that data on fluoride exposure are insufficient 5. 

The important sources of fluoride intake for general 
population are water, drinks and food, particularly some 
kinds of tea, sea fish, fluoridated foods and fluoride denti-
frices 6–8. Epidemiological studies from the 70’s have shown 
that the most important source of fluoride intake is drinking 
water which contains 0.5 to 1 mg/L fluoride, depending on 
climate conditions 4. On the other hand, fluorosis can be re-
lated not only to the regions rich in fluoride but also to the 
fluoride overuse, particularly from fluoride toothpastes, 
mouthwashes, gels, etc. 9, 10. High fluoride intake can be of a 
special risk in children up to six years of age when tooth 
growth and development occurs, especially during the phases 
of enamel formation 10-12. The period between the 15th and 
30th month of life is considered to be of the highest risk, 
when the fluoride intake should be carefully controlled and 
balanced between the need for dental caries protection and 
the risk of fluorosis 13. A special caution should be taken in 
two- and three-year-olds since they can swallow high amount 
of toothpaste as a result of inadequate swallowing reflex 5, 14, 

15. Thus, the Academy of Paediatric Dentistry [American 
(AAPD) and European (EAPD)] gave detailed recommenda-
tions for fluoride content in toothpastes and its amounts for 
brushing in relation to the age of child 16, 17. For the majority 
of European communities, the EAPD recommends the use of 
appropriate fluoride toothpaste in conjunction with good oral 
hygiene to be the basic fluoride regimen 17. The approach of 
the EAPD was adopted in Serbia, having in mind the impor-
tance of adequate fluoride intake through toothpaste for re-
ducing dental caries in children 18.  

However, despite a significant reduction in caries in West-
ern and Northern European countries, available data indicate 
that the prevalence and occurrence of dental caries in Serbian 
children is high, even the highest in the countries of Eastern and 
Central Europe (DMFT index 3.4) 19. According to the DFMT 
index value (number of decayed, missing due to caries and filled 
teeth in the primary dentition) relative risk for tooth decay in our 
country is almost two times higher than the regional average 19. 
The prevalence of dental caries in early childhood in Serbia is 

8.3% for three-year-olds, while in six-year-olds with permanent 
teeth the percentage is 0.8% 18. Data from the latest research in 
the Autonomous Province of Vojvodina, Republic of Serbia 
show that the prevalence of early childhood caries is extremely 
high, approaching 50% 20. 

Drinking water with optimal fluoride concentration is 
the most important source of fluoride intake in childhood, 
but in the areas with water and food, poor in fluoride, the 
dominant route of fluoride intake is via toothpaste 7, 8, 21. The 
results of de Almeida et al. 21 indicate that toothpaste alone is 
responsible for about 80% of the daily fluoride intake of 1 to 
3-year-old children. Thus, the aim of this study was to assess 
fluoride intake through drinking water and toothpaste in 
three-year-olds and obtain preliminary results of fluoride in-
take in children in Belgrade, Republic of Serbia. To achieve 
this aim, it was necessary to: conduct a questionnaire for 
parents to obtain information on the type of water that chil-
dren consume (tap and/or bottled), the type of toothpaste 
they use, the frequency of tooth brushing and the amount of 
toothpaste used per tooth brushing; determine fluoride con-
centrations in the samples of non-carbonated bottled water, 
tap water and toothpastes selected on the basis of the ques-
tionnaire for parents; estimate the daily fluoride intake in 
mg/day and mg/kg/day and compare the obtained results 
with the recommended an adequate intake and tolerable up-
per level of fluoride intake for children of this age, proposed 
by the Food and Nutrition Board, U.S. National Academy of 
Sciences Institute of Medicine and EFSA 5, 22.  

Methods 

Questionnaire 

A previously validated questionnaire for parents was used 
in order to obtain the general data (sex, age, body weight and 
dental health of children), information on the type of water that 
children drink (tap, bottled, type of bottled water), the type of 
toothpaste their  children use, the frequency of tooth brushing, 
and the amount of toothpaste used per tooth brushing 23. The 
questionnaire was anonymous and voluntary. Filling out the 
questionnaire by the parents of 3-year-olds was carried out in 
two kindergartens in Belgrade – in one from the municipality of 
Vračar and one from the municipality of Novi Beograd.  

Drinking water and toothpaste 

Different non-carbonated bottled waters and toothpastes 
available on the market in Belgrade, were selected for fluo-
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ride determination on the basis of the completed question-
naire for parents. All non-carbonated bottled waters available 
on the market had no fluoride content, while the content of 
fluoride was indicated on toothpastes and ranged in a very 
wide range of 500 to 1450 mg/kg fluoride. Tap water from 
the territories of Vračar and Novi Beograd was also used for 
fluoride determination. 

Fluoride determination   

Fluoride in water was determined directly without pre-
vious preparation, while the preparation of toothpastes de-
pended on the chemical form of fluoride present in the tooth-
paste (NaF, Na-monofluorophosphate, aminofluoride). For 
the preparation of toothpaste samples the protocol given by 
Omena et al. 24 was applied. All samples were prepared in 
duplicate. The fluoride content was determined electro-
chemically, using fluoride-selective electrode (WTW, ISE 
type 800 – Consort, Belgium; pH meter Iskra MA 5735). Be-
fore measurement, all samples were mixed with the TISAB 
buffer solution in ratio 1 : 1. All chemicals, obtained from 
the commercial sources, were of analytical grade purity. The 
analytical method for fluoride determination was linear in the 
range of 0.05–5 mg/L (r = 0.9998). The obtained limits of 
determination (LOD) and quantification (LOQ) were 0.003 
and 0.009 mg/L, respectively. The recovery values from 98% 
to 107% indicated an adequate accuracy of the method, while 
repeatability was confirmed by corresponding coefficient of 
variation from 2.2% to 4.4%. 

Estimation of fluoride intake  

Fluoride intake (mean and 95th percentile, P-95) was 
estimated through a mathematical model employed by the 
U.S. Environmental Protection Agency (EPA) according to 
the equations for water and toothpaste 25: 

C × IR × CF 
EDIw = ————————— 

BW 
Where: EDIw– Estimated daily intake by drinking water (mg/day 
or mg/kg/day) 
C – Fluoride concentration in drinking (mg/L) 
IR – Intake rate, amount of water intake per day (L) – 0.9 L for 
3 years age 26 
CF – Conversion factor  
BW – Body weight (kg) 

C × IR × AF × EF × CF 
EDIt=—————————— 

BW 

EDIt – Estimated daily intake by toothpaste (mg/day or 
mg/kg/day) 
C – Fluoride concentration in toothpaste (mg/kg) 
IR – Ingestion or intake rate, amount of toothpaste per one tooth 
brushing (mg) 
EF – Exposure frequency (number per day), or the frequency of 
tooth brushing  
AF – Absorption factor (amount of fluoride swallowed, for the 
age of 3 years 48%) 14 

CF – Conversion factor 
BW– Body weight (kg) 

Total daily fluoride intake in mg/day and mg/kg/day by 
these sources was obtained adding the estimated values for 
EDIw and EDIt. 

Data analysis 

Statistical analysis was performed using the computer 
program STATISTICA 7.0 and the MS Excel package 2007. 
The Student t-test was applied to determine statistically sig-
nificant difference between water and toothpaste intake as 
well as for the total intake between the two examined groups. 
Statistical significance was set for p < 0.05. 

Results 

Data obtained from the questionnaire  

A questionnaire was filled in by parents from two Bel-
grade municipalities, Vračar and Novi Beograd. The total 
number of filled in questionnaires was 40, 19 from Vračar 
and 21 from Novi Beograd. Twenty questionnaires referred 
to girls, 19 to boys, and in one questionnaire the gender was 
not specified. The majority of parents in Vračar considered 
the dental health of their children to be excellent (47.83%), 
followed by good (43.48%), moderate (4.38%), while one 
parent did not provide the answer. The parents in Novi Beo-
grad evaluated the dental health of their children mostly as 
good (47.62%), followed by moderate (28.57%) and bad 
(14.29%), while there was only one answer for excellent 
(4.76%) as well as for very bad (4.76%). 

Based on the data obtained from the questionnaire 
shown in Table 1, about one half of the children drink both 
tap and bottled water (Vračar 52.6%, Novi Beograd 47.6%). 
The consumption of tap water only is more common in Novi 
Beograd (38.1%) than in Vračar, while on the other hand, the 
consumption of bottled water only, is higher in Vračar 
(31.6%) than in Novi Beograd (4.8%). 

Table 1  

Type of water consumed by the 3-year-old children in 
Vračar and Novi Beograd 

Type of water Vračar n (%) Novi Beograd n (%) 

Tap 3 (15.8) 8 (38.1) 
Tap purified  0 (0) 2 (9.5) 
Bottled  6 (31.6) 1 (4.8) 
Tap and bottled  10 (52.6) 10 (47.6) 

Total 19 (100) 21 (100) 

n – number of children. 
 
Table 2 presents data obtained from the questionnaire: 

the type of toothpaste, frequency of tooth brushing and the 
amount of toothpaste used per tooth brushing. The frequency 
of tooth brushing in  the 3-year-olds in Novi Beograd is once 
per day, in Vračar it is once or two times per day, while only 
one child brushes teeth more than two times per day. 



Page 610 VOJNOSANITETSKI PREGLED Vol. 76, No 6 

Djukić-Ćosić D, et al. Vojnosanit Pregl 2019; 76(6): 607–614. 

The largest percentage of children in both localities 
(Vračar 52.6%, Novi Beograd 100%) applies a pea-sized 
amount of toothpaste on the brush. The results of the con-
ducted questionnaire show that the children use toothpastes 
with a fluoride content that varies to a great extent, from 
toothpastes which does not contain fluoride, to toothpastes 
with 500 mg/kg fluorides, to those which contain 1,450 
mg/kg fluoride-content equivalent to adult toothpaste. The 
majority of children in Vračar use the toothpaste Vademecum 

junior 2 in 1 – 1,450 mg/kg (26.3%), followed by Chicco-
non-fluoride (21.1%) and Colgate Smiles – 1,000 mg/kg 
(15.8%), while children in Novi Beograd mostly use Vade-
mecum junior 2 in 1 (33.3%) – 1450 mg/kg, Vademecum 
(23.8%) – 500 mg/kg and Aquafresh kids (23.8%) – 500 
mg/kg (Table 2). The obtained results also show that at that 
time no child took fluoride supplements in the form of tab-
lets, gels or solutions. 

Table 2  

The frequency of tooth brushing, the amount of toothpaste per brushing and the most commonly used toothpastes  
by the 3-year-olds in Vračar and Novi Beograd 

Municipality 
Questionnaire Vračar 

n (%) 
Novi Beograd 

n (%) 

How often do you brush your childs’ teeth?   
1x day 9 (47.3) 21 (100) 
2x day 9 (47.3) 0 (0) 
> 2x day 1 (5.4) 0 (0) 

When tooth brushing, do you use a pea-sized amount of toothpaste?  
yes 10 (52.6) 21 (100) 
no 9 (47.4) 0 (0) 

Which toothpaste does your child most commonly use?  
Aquafresh kids (500 mg/kg)* 1 (5.2) 5 (23.8) 
Lacalut (500 mg/kg)* 0 (0) 0 (0) 
Vademecum (500 mg/kg)* 2 (10.5) 5 (23.8) 
Vademecum junior 2 in 1 (1,450 mg/kg)* 5 (26.3) 7 (33.3) 
Colgate Smiles (1,000 mg/kg)* 3 (15.8) 1 (4.8) 
Chicco – non fluoride 4 (21.1) 3 (14.3) 
Other 4 (21.1) 0 (0) 

n = number of children; *fluoride content in tooth paste. 

 
Fluoride concentrations in drinking water  
and toothpaste  

Since the results from the questionnaire showed that the 
children used only a few brands of non-carbonated bottled 
drinking water and toothpaste, fluoride content was deter-
mined in those brands. All the examined non-carbonated bot-
tled waters (n = 8) contained very low fluoride levels in the 
range from 0.077 to 0.185 mg/L. Fluoride content in tap wa-
ter was also low, in Novi Beograd 0.153 ± 0.004 mg/L and in 
Vračar 0.127 ± 0.003 mg/L. 

The results of fluoride content in toothpastes showed 
that the fluoride concentration in the analyzed toothpastes 
was in the range of 475–1,475 mg/kg (declared content 500–
1,450 mg/kg). The most commonly used toothpastes accord-
ing to the questionnaire (Aquafresh kids, Colgate smiles, 
Vademecum junior 2 u 1) had fluoride content similar to the 
declared. 

Estimation of the total daily fluoride intake  

Based on the mathematical model commonly used by 
the U.S. EPA, the total daily fluoride intake by drinking wa-

ter and toothpaste was calculated and the results are pre-
sented in Figures 1 and 2 and Table 3.  

 

 
Fig. 1 – Daily fluoride intake by the 3-year-olds in 
Belgrade (mg/day). 

Values are presented as the mean intake of fluoride in Novi 
Beograd (n = 21) and Vračar (n = 19). Statistical significance 
of differences was tested by the  t-test; different letters 
indicate statistical significance between fluoride intake in 
3-year-old children from two investigated municipalities, 
p < 0.05. 
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Table 3  

The lowest and highest calculated daily fluoride intake from drinking water and toothpaste in 3-year-olds in Belgrade 

Fluoride intake 
Value 

mg/day 
Type of water 

Fluoride content in 
toothpaste 
(mg/kg) 

Amount of toothpastes 
per brushing 

Frequency of 
tooth brushing 

Min – Vračar 0.089 T/B without fluoride pea-sized* once daily 
Min – Novi Beograd 0.135 T without fluoride pea-sized once daily 
Max – Vračar 0.625 T 500 mg/kg tooth brush sized** twice daily 
Max – Novi Beograd 0.322 T/B 1450 mg/kg pea-sized once daily 

T – tap water; T/B – tap and bottled water; *a pea-sized amount of toothpaste is equivalent to the mass of 0.25 g; ** a tooth 
brush sized amount of toothpaste is equivalent to the mass of 0.75 g 14. 
 

 
Fig. 2 – Mean and P-95 of the daily fluoride intake from 
drinking water and toothpaste in the 3-year-olds  from 
two Belgrade municipalities, Novi Beograd and Vračar 
(mg/kg/day) in comparison with adequate daily intake 
according to the European Food Safety Authority – 
EFSA (0.05 mg/kg, based on all fluoride sources). 

 
Figure 1 shows the mean daily fluoride intake by water, 

toothpaste and the total intake by these sources in Vračar and 
Novi Beograd, while Figure 2 gives mean and P-95 values 
for total fluoride daily intake per kilogram body weight in 
the investigated municipalities in Belgrade. In Novi Beograd, 
the fluoride intake was somewhat higher through water, in 
Vračar through toothpaste, although the difference was not 
statistically significant. A significant difference was obtained 
only between consumed water in Vračar and Novi Beograd. 
The total fluoride daily intake was in the range of 0.089 to 
0.625 mg/day for children living in Vračar and 0.135 to 
0.322 mg/day for children from Novi Beograd, correspond-
ing to 0.0143 mg/kg/day (mean value) and 0.026 mg/kg/day (P-
95), and 0.0146 mg/kg/day (mean value) and 0.020 mg/kg/day 
(P-95), respectively (Figure 2). No significant difference in the 
total daily fluoride intake among three-year-olds from the two 
Belgrade municipalities was found (Figure 2).  

Table 3 presents the lowest and highest calculated daily 
fluoride intake from drinking water and toothpaste in 3-year-
olds in Belgrade. The lowest calculated daily fluoride intake 
for both municipalities (0.089 mg/day and 0.135 mg/day in 
Vračar and Novi Beograd, respectively) was in children who 
use non-fluoride toothpaste. In Vračar, the highest daily fluo-
ride intake (0.625 mg/day) was calculated for the children 
who used fluoride toothpaste (500 mg/kg), brushing teeth 
two times a day and applied a toothbrush-sized amount of the 

toothpaste per brushing. In other investigated municipalities, 
the highest daily fluoride intake was two times lower than 
the values in Vračar (0.322 mg/day) and the result was ob-
tained for the children who used a toothpaste with fluoride 
(1,450 mg/kg) and applied pea-sized toothpaste per brushing, 
but brushed the teeth only once day (Table 3). 

Discussion 

In this study, daily fluoride intake was estimated in 3-
years-old children in Belgrade on the basis of the content of 
fluoride in drinking water and toothpaste. Although fluoride 
can be ingested by various sources (water, drinks, food, 
toothpaste, supplements, etc.), drinking water and toothpaste 
represent the most important sources of fluoride intake in 
preschool children 27. When containing the optimal fluoride 
levels of 0.5–1 mg/L as declared by the World Health Or-
ganization (WHO), drinking water is the main contributor to 
the total daily fluoride intake 4–6. In many countries, drinking 
water is fluoridated, although not in our country. Further-
more, the use of bottled water is becoming considerably 
more common, both in the world and in our country, but 
nonetheless many of the brands do not declare fluoride con-
tent. The results of this study show that the non-carbonated 
bottled waters consumed by children have levels of fluoride 
in the range from 0.077 to 0.185 mg/L which are signifi-
cantly below the recommended ones. The results of the con-
ducted questionnaire show that the majority of children con-
sume both bottled and tap water, tap water in both locations 
also containing rather low levels of fluoride. These results 
are in accordance with other recent studies conducted in our 
country, which indicate low fluoride levels in tap and bottled 
non-carbonated drinking water, with the exception of a mi-
nor area with endemic fluorosis 28–32. Daily fluoride intake 
could not be significantly increased by food intake, since 
food is prepared with poor fluoride level water 5, 17. There-
fore, in areas with a deficit of fluoride in drinking water, 
toothpaste is an important source of this anion 21. Besides, the 
toothpaste has an important role in caries prevention, not only 
due to fluoride content but also due to its local action on the 
tooth surface 18, 33. The local availability of fluoride from the 
toothpaste was shown to prevent caries by primarily three mecha-
nisms: inhibiting demineralization of tooth enamel; enhancing 
remineralization of tooth enamel prior to lesion progression; and in-
hibiting the enzyme activity of cariogenic bacteria 34. 
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Data obtained from the questionnaire show that the ma-
jority of children in Novi Beograd (85.7%) and Vračar 
(70.8%) use toothpaste with fluorides ranging from 500 
mg/kg to 1450 mg/kg while a small number of children brush 
their teeth with a toothpaste without fluoride. However, it 
should be emphasised that the obtained levels of fluoride in 
the toothpastes were under the levels recommended by the 
EAPD and national protocol in Serbia – 1,000(+) mg/kg for 
children 2 to 6 years old 17, 18. Similar results were obtained 
from toothpastes for children in Chile 35, although in another 
South American country Brazil fluoride levels > 1,000 
mg/kg was determined 21, 36. 

Furthermore, fluoride intake depends on the amount of 
used toothpaste as well as on the frequency of tooth brushing. 
The results show that most of the children (Vračar 63.6% and 
Novi Beograd 100%) use the amount of toothpaste correspond-
ing to pea-sized amount of toothpaste, the amount that is in ac-
cordance with the national protocol 18. When considering the 
frequency of brushing, two-times brushing was reported for the 
half of investigated children in Vračar, while in Novi Beograd 
all children brush their teeth once per day. 

Estimated total daily fluoride intake through tap and/or 
non-carbonated bottled water and toothpaste in 3-year-olds 
in investigated municipalities indicates no significant differ-
ence between fluoride intakes in children living in two dif-
ferent municipalities. A significant difference was observed 
only for fluoride intake via water, and the 3-year-olds in 
Novi Beograd had a higher intake by water than children in 
Vračar. Fluoride intake by toothpaste does not differ between 
the examined groups indicating no influence of the frequency 
of teeth brushing on the total fluoride intake. That could be 
explained by higher levels of fluoride in toothpastes used in 
Novi Beograd. However, the obtained values for total fluo-
ride intake are lower than optimal fluoride intake (0.7 
mg/day) for this age, and two to six times lower than toler-
able upper intake level 1.3 mg day-1 for children up to 4 
years of age proposed by the Food and Nutrition Board, U.S. 
National Academy of Sciences Institute of Medicine 5, 22. 

The minimum observed fluoride intake level was 0.089 
mg/day in Vračar and 0.135 mg/day in Novi Beograd, while 
the highest fluoride intake 0.625 mg/day was estimated for 
Vračar and 0.322 mg/day for Novi Beograd. Low levels of 
fluoride intake in both municipalities can be explained by 
low fluoride levels in consumed water and used toothpastes 
without fluorides. On the other hand, the application of fluo-
ride toothpaste with fluoride content of 1450 mg/kg resulted 
in the higher total fluoride intake 0.322 mg/day for Novi Be-
ograd. The highest level of total fluoride level (0.625 
mg/day) estimated for Vračar can be explained  by 2-times 
brushing with bigger amounts of applied toothpaste (a tooth-
brush-sized – 0.75 g). 

Furthermore, in this study the estimated daily fluoride 
intake per kg b.w. confirm very low fluoride intake by water 

and toothpaste, being significantly below the adequate intake 
level from all sources, including non-dietary sources (0.05 
mg/kg/day, EFSA) 5. Contrary to our results, Omena et al. 24 
estimated a daily fluoride intake of 0.128 mg/kg/day in 18 to 
36- months-old children consuming water with 0.94 mg/L 
and toothpastes with > 1,000 mg/kg fluoride. Other literature 
data also estimated daily fluoride intake through water with 
optimal and high fluoride concentration, fluoridated food 
(milk, salts and other dietary sources) and dental products 
above the recommended values, indicating the opposite risk 
of fluoride overdosage 37–40. 

According to our investigation, the total intake of fluo-
ride in young children, estimated on the basis of consump-
tion water with low fluoride content and toothpaste applica-
tion is far below the levels known to be beneficial for caries 
prevention. Moreover, these results indicate that children 
aged 3 years can safely use the toothpaste with a maximum 
fluoride concentration of 1450 mg/kg, especially as tooth 
brushing with fluoride toothpaste is a fundamental measure 
for the primary prevention of early childhood caries 41. These 
findings can serve as a starting point for developing an opti-
mal caries prevention national plan, in addition to other 
measures as well as patient/parents education, dietary advice, 
use of nonfluoride caries-preventive agents (xylitol lozenges, 
sucrose-free chewing gum, chlorhexidine, etc.) and periodic 
clinical examinations 17, 42. 

Conclusion 

Based on these preliminary results it can be concluded 
that the daily fluoride intake by drinking water and tooth-
paste in children aged 3 years on the territory of two Bel-
grade municipalities is significantly lower than the adequate 
intake level thus contributing to the occurrence of dental car-
ies. Further research is needed to cover all children of pre-
school age from 2 to 7 years of age and other municipalities 
in Belgrade and elsewhere in Serbia in order to obtain more 
comprehensive information on the assessment of fluoride in-
take in children. 
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