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Abstract: Objective. The purpose of this study was to evaluate caries and dental fluorosis 

among Mexican preschoolers and school-aged children in a non-endemic zone for fluorosis 

and to measure its biological indicators. Methods. DMFT, DMFS, dmft, dmfs, and CDI 

indexes were applied. Fluoride urinary excretion and fluoride concentrations in home water, 

table salt, bottled water, bottled drinks, and toothpaste were determined. Results. 

Schoolchildren presented fluorosis (CDI = 0.96) and dental caries (DMFT = 2.64 and 

DMFS = 3.97). Preschoolers presented dmft = 4.85 and dmfs = 8.80. DMFT and DMFS 

were lower in children with mild to moderate dental fluorosis (DF). Variable fluoride 

concentrations were found in the analyzed products (home water = 0.18–0.44 ppm F, table 

salt = 0–485 ppm F, bottled water = 0.18–0.47 ppm F, juices = 0.08–1.42 ppm F, nectars = 

0.07–1.30 ppm F, bottled drinks = 0.10–1.70 ppm F, toothpaste = 0–2,053 ppm F). Mean 

daily fluoride excretion was 422 ± 176 µg/24 h for schoolchildren and 367 ± 150 µg/24 h 

for preschoolers. Conclusions. Data from our study show that, despite values of excretion 

within an optimal fluoride intake range, the prevalence of caries was significant in both 
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groups, and 60% of the 11- to 12-year-old children presented with dental fluorosis. In 

addition, variable fluoride concentrations in products frequently consumed by children 

were found. 

Keywords: dental fluorosis; dental caries; fluoride urinary excretion 

 

1. Introduction  

 

The halogen fluoride is well distributed throughout the Earth and never occurs in a free state in 

Nature. Fluorine exists only in combination with other elements as fluoride compounds, which are 

constituents of minerals in rocks and soil [1]. Fluoride accumulates in the hard tissues of the body and 

is known to play an important role in the mineralization of bones and teeth.  

Dental caries are considered a significant dental public health problem in Mexico and are often 

observed in low-socioeconomic status populations [2]. While fluoride is accepted as an effective 

method to prevent caries, the excessive consumption of fluoride can put bones and teeth at risk of 

developing fluorosis [3]. Fluoride ingested during dental development, until the age of six years, may 

promote the development of fluorosis. Fluorosis is viewed as primarily affecting permanent dentition, 

and very high fluoride levels (>10 ppm) are required in drinking water for the fluoride to cross the 

placental barrier and affect primary dentition. Multiple mechanisms, including direct fluoride-related 

effects on ameloblasts (secretory and maturation phases), indirect fluoride-related effects on the 

forming matrix (nucleation and crystal growth in all stages of enamel formation), and calcium 

homeostasis, can result in dental fluorosis depending on the dose and duration of fluoride  

exposure [4,5].  

In clinical terms, dental fluorosis may result in varying degrees of structural damage, superficial 

porosity, and loss of continuity of the dental enamel layer [6]. Dental fluorosis may be more than a 

cosmetic defect if enough fluorotic enamel is fractured and lost, causing pain, adversely affecting food 

choices, compromising chewing efficiency, and requiring complex dental treatment. Chronic 

poisoning by fluoride consumption is a global public health issue that is principally observed in areas 

with above-optimal fluoride levels in the drinking water [7,8]. In Mexico, the fluoride levels in ground 

water vary substantially among the different regions [8-11]. Due to concern with the increase in the 

prevalence of caries and fluorosis in Mexico, several studies have been performed to identify risk 

factors for these conditions. These studies have employed different methodologies and have followed 

different populations with variable sources of fluoride exposure. Specifically, dental fluorosis in non-

endemic areas has been associated with the consumption of fluoridated drinks and foods and the 

misuse of toothpastes, mouth rinses, gels, drops, and tablets [12]. The Mexican Ministry of Health 

implemented the National Program for Salt Fluoridation to prevent caries, but the regulation and 

distribution of fluoridated salt in Mexican areas with endemic and non-endemic dental fluorosis is 

paradoxical and controversial [13]. Although black beans, yellow tortillas and nopales are part of the 

basic diet for Mexicans, some habits have changed because of the introduction of many national and 

imported brands of foods and drinks. 
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It has been reported that some endemic Mexican areas for dental fluorosis have a dental caries 

prevalence of 48.6 percent among children 12 to 15 years of age (DMFT = 1.15). In terms of severity, 

9.6 percent of those adolescents had DMFT ≥ 4, and 1.7 percent had DMFT ≥ 7. Meanwhile,  

81.6 percent had very mild to severe dental fluorosis (CDI = 1.78) [14,15]. On the other hand, one 

study conducted in an area considered to be non-endemic for dental fluorosis observed prevalences of 

dental caries ranging from 71.4 percent to 90.5 percent among 12-year-old children (DMFT = 2.78  

to 4.64) [16]. Another study found DMFT = 3.24 and a caries prevalence of 82 percent (DMFT > 3 

was 47.8 percent, and DMFT > 6 was 9 percent) in schoolchildren [17]. Meanwhile, fluorosis 

prevalence was 56.3 percent (CDI = 0.7) among children 6 to 9 years old [14], and 89.5 percent  

(CDI = 2.67) among children 12 to 15 years old [18].  

Thus, the purpose of this study was to evaluate caries and dental fluorosis among Mexican 

preschoolers and schoolchildren in a non-endemic zone for fluorosis and to measure its  

biological indicators.  

 

2. Experimental Section 

 

Ten elementary and five kindergarten schools were randomly selected from the eastern area of 

Mexico City. First, all students (2,122) from preschool to sixth grade were considered. After applying 

the inclusion criteria, which specified that all children be clinically healthy, had lived in the area since 

birth, and had signed the informed consent form, the final sample comprised 1,942 children: 1,569  

11–12-year-olds and 373 4–5-year-olds. The exclusion criteria included medical treatment during the 

study and use of dental appliances. For the determination of urinary fluoride levels, only 205 randomly 

selected children were included (10 percent of the total sample).  

 

2.1. Oral Examination 

 

The World Health Organization’s (WHO) criteria for fluorosis and dental indexes [19], Dean’s 

Community Index (CDI), DMFT, DMFS, dmft, and dmfs (D and d, decayed; M and m, missing; F and 

f, filled; T and t, teeth; S and s, surfaces), were used by two experienced examiners with at least five 

years of postgraduate clinical training at the start of the study. After a directed brushing, an intra-oral 

examination was performed in daylight, using portable dental chairs, plane mirrors and dental probes 

with rounded tips. The subjects’ teeth were dried with sterile cotton for better visibility before the 

examination. Cohen’s Kappa values for diagnosing dental caries were 0.86 and 0.92 for intraexaminer 

agreement and 0.90 for interexaminer agreement. Cohen’s Kappa values for diagnosis of dental 

fluorosis were 0.76 and 0.78 for intraexaminer and 0.87 for interexaminer. 

 

2.2. Questionnaire on the Use of Fluoride-Containing Products  

 

A questionnaire was delivered to the parents of each child included in the study. The questions were 

previously evaluated with regard to feasibility and reliability through a pilot study administered to  

50 persons. We collected the following data: age at which the children began brushing, how many 

times they brushed their teeth each day; the type of toothpaste used (fluoridated or non-fluoridated); 
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the amount of toothpaste applied to the toothbrush; the use of products containing fluoride, such as 

mouth rinses, drops, tablets, gels, or solutions; participation in dental health programs during the first 

six years; and consumption of fluoridated salt and manufactured beverages (bottled water, juices, 

nectars and carbonated drinks).  

 

2.3. Fluoride Ion-Selective Electrode Method 

 

This technique was used for assessing the fluoride concentration in urine samples, water collected 

from the children’s home, juices, nectars, carbonated soft drinks, bottled water, toothpaste, and table 

salt. We used an Orion 720A potentiometer equipped with a combined Termo Orion 9609BN electrode 

for fluoride. A calibration curve was constructed based on standard solutions from 0.01 to 10 ppm F 

(TISAB II, 50:50; TISAB III, 90:10). Based on the Nerdst equation, mV data were registered in the 

calibration slope with a minimal value of r
2 
= 0.999. 

 

2.4. Collection and Analysis of the Urine Samples 

 

At the beginning of the study, we requested multiple urine samples from randomly selected children: 

155 11- to 12-year-old children and 50 4- to 5-year-olds. The instructions for the correct method of 

collection were given to the parents. Five previously washed plastic bottles (thrice with deionized 

water) were delivered to each child. Each bottle was labeled with the name and age of the child. 

Parents were instructed to register the date and hour of each respective collection and to store the urine 

at 4 ºC until the next day. Samples were sent to the laboratory, and pH and total volume were 

immediately measured. Samples from children who refused or lost part of the 24-h urine collection 

were excluded. Additionally, we excluded urine samples with a volume lower than 290 mL or with a 

flow rate greater than 9 mL/h [20]. Later, triplicate aliquots of 20 mL were prepared and mixed  

with 2 mL of TISAB III. The fluoride concentration of each sample was determined by the fluoride 

ion-selective electrode. The volume of each sample was divided by the time between each urine 

collection; this volume was then multiplied by the concentration of fluoride in the sample. Individual 

values for each child were added and averaged. 

 

2.5. Collection and Analysis of Toothpaste Samples 

 

Toothpaste was purchased from supermarkets and grocery stores in the analyzed area. We recorded 

brand, presentation (for children or adults), lot number, and expiration date. One gram of toothpaste 

was mixed with 2.5 mL of deionized water and centrifuged at 5,000 rpm for 30 min. Fluoride 

concentration was assessed in triplicate using the fluoride ion-selective electrode. Calculations of the 

percentage of fluoride were made as follows: %F = (ppm F) (weight of the sample + weight of the 

buffer solution × 100) (weight of the sample × 10
6
). 
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2.6. Collection and Analysis of Table Salt 

 

Samples were obtained from supermarkets and grocery stores in the analyzed area. Brand, type of 

package (cardboard or plastic bag), source (land or marine), place of manufacturing, lot number, and 

expiration date were recorded. Samples were stored at room temperature (20–25 ºC) and analyzed 

according to NOM-040-SSA-1981 [21]. Briefly, 2 g of table salt were weighed and dissolved in 25 mL 

of deionized water. Fluoride concentration was determined with the fluoride ion-selective electrode. 

 

2.7. Collection and Analysis of Home Water, Juices, Nectars, Bottled Water, and Carbonated Drinks  

 

Three previously washed plastic bottles were provided to the parents to collect three water samples 

from their homes on three different days. These samples were stored at 4 ºC until the chemical analysis. 

Juices, nectars, bottled water, and carbonated drinks were purchased from supermarkets and groceries 

stores of the analyzed area. Brand, type of package (plastic, glass, or cardboard), flavor, lot number, 

and expiration date were recorded. Fluoride concentration was determined in triplicate using the 

fluoride ion-selective electrode. 

 

2.8. Statistical Analysis 

 

Study data were collected using Microsoft Excel and analyzed with SPSS 11.0 (Chicago, Illinois). 

Frequencies, means, standard deviations, and percentages were obtained. Chi-squared tests were used 

for comparing groups with and without dental fluorosis. Association among caries indexes, CDI, and 

total fluoride excretion was assessed by bivariate logistic regression. To analyze the dichotomized 

variables fluoridated products and attends dental fluorosis, odds ratios were used. Table 1 shows the 

percent distribution of dental fluorosis in Mexican children from a non-endemic area. Table 2 

establishes the difference between children with no fluorosis and fluorosis, showing minor index of 

DMFT/DMFS in fluorosis patients. Table 3 shows the speed of fluoride excretion in urine samples 

determinated at different times of collection in Mexican children from a non-endemic area. 

Table 1. Distribution of dental fluorosis in 11- to 12-year-old. 

CDI* n percent 

0- No fluorosis 70 4.40 

1- Doubtful 555 35.40 

2- Very mild 662 42.20 

3- Mild 270 17.20 

4- Moderate 11 0.70 

5- Severe 1 0.06 

*CDI: Dean’s Community Index. 
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Table 2. DMFT and DMFS in 11- to 12-year-old Mexican children from a non-endemic 

area for dental fluorosis. 

 N DMFT Var DMFS Var 

No fluorosis 625 4.06  4.05 16.43 2.80  2.50 6.27 

Fluorosis (very mild to severe)* 944 3.48  3.72° 13.85 2.54  2.39 Ŧ 5.71 

* Except doubtful degree; ° X2, p = 0.036; Ŧ X2, p = 0.41. 

Table 3. Speed of fluoride excretion in urinary samples. 

Time 
Volume collected 

(mL) 

Fluoride 

concentration 

(mg/L) 

Speed of excretion 

(μg/L) 
pH 

Morning (7:00–14:00 h) 237.93 0.54 21.19 6.1 

Afternoon (14:01–20:00 h) 154.92 0.58 23.14 6.2 

Evening (20:00–6:59 h) 170.97 0.60 34.22 6.3 

 

3. Results and Discussion 

 

The eastern area of Mexico City (Iztapalapa) is located 2,240 m above sea level and has a 

predominantly low-income population. This area represents 20 percent of the entire population of 

Mexico City [22]. We studied 1,569 11- to 12-year-old children and 373 4- to 5-year-old preschoolers 

from this area. 

 

3.1. Prevalence and Severity of Caries and Dental Fluorosis 

 

According to the fluoride concentration in the water, Mexico City is considered a non-endemic zone 

for dental fluorosis [23]. Although a community salt fluoridation program exists and is considered 

effective, our results show that only 22 percent of the analyzed preschoolers and 29.5 percent of the 

older schoolchildren were caries-free. We found that 72.6 percent (n = 1,139) of 11- to 12-year-olds 

presented with dental caries (DMFT = 2.66 ± 2.40 and DMFS = 3.95 ± 4.18). Seventy-eight percent of 

the preschoolers (n = 290) presented with dental caries (dmft = 4.85 ± 4.0 and dmfs = 8.80 ± 9.0). 

Although these values represent a 15- to 25-percent reduction in the incidence of dental caries from 

previous years [7], we also observed dental fluorosis in 60.1 percent of the 11- to 12-year-olds  

(CDI = 0.96 ± 0.58) (Table 1). Thus, according to the Dean and Murray criteria (scores above 0.6), this 

could be considered a public health problem [24]. Additionally, statistical differences were found 

between DMFT and DMFS indexes among the 11- to 12-year-olds with and without fluorosis (the very 

mild criterion was the most frequent degree of dental fluorosis registered).  

We observed that more that 70 percent of preschoolers and schoolchildren have dental caries, and 

children with fluorosis presented a lower DMF than those without fluorosis. Thus, the programs aimed 

at preventing dental caries seem to be effective, but it is necessary to reconsider the role of other 

variables, such as nutritional status and total ingestion and excretion of fluoride, to develop the optimal 

dose of fluoride that is suited to patients’ needs. Additionally, other environmental and geographical 

factors should be evaluated, such as geographical location, weather and altitude [11,25-27]. 



Int. J. Environ. Res. Public Health 2011, 8         

 

154 

3.2. Urinary Excretion of Fluoride 

 

Approximately 35 to 50 percent of the fluoride absorbed each day by young or middle-aged adults 

is assimilated by hard tissues within 24 hours, and renal excretion is the predominant route for the 

removal of inorganic fluoride from the body [28]. Thus, a useful epidemiological tool for monitoring 

fluoride ingestion is urinary fluoride excretion [29]. We collected 743 urine samples from 155 children 

11 to 12 years of age and 198 urine samples from 50 preschoolers 4 to 5 years of age. The mean 

fluoride excretion for the older children was 0.58 ± 0.29 ppm F (0.14 to 2.36 ppm F), and the total 

fluoride excretion over 24 h was 422 ± 176 µg/F per day (mean rate of urinary fluoride flow was  

25.57 ± 18.89 µg/F/day) (Table 3 shows the urinary fluoride flow at different times of day). The mean 

F concentration of the 4- to 5-year-old children was 0.84 ± 0.4 ppm F (0.24 to 2.45 ppm F), with a total 

24-h fluoride excretion of 367 ± 150 µg/F per day. The mean rate of urinary fluoride flow was  

22.30 ± 7.40 µg/F/day. These values are considered by the WHO to be indicative of optimal fluoride 

usage. Provisional standards for urinary fluoride excretion and concentration are 360–480 µg/F per day 

for 3- to 5-year-olds and 600 µg/F per day for 10- to 14-year-olds [29]. Multiple logistic regression 

showed no association among caries indexes, CDI, and total fluoride excretion.  

Our results are in agreement with values found in other countries with fluoridated salt programs, 

such as Switzerland, France, and Jamaica [30-32]. The mean 24-hour urinary fluoride excretion was 

similar to those found by Rugg-Gunn et al. and Warpeha et al. [31,33]. Another study from an 

optimally water-fluoridated area reported values lower than ours [34]. Nevertheless, considering the 

fractional urine excretion of fluoride (FUFE) reported in children aged three to six years [35], we 

expect that our preschoolers ingested approximately 1.1 mg F per day or 0.05 mg/kg body weight. This 

value is similar to those found in a Peruvian study in which the dietary fluoride intake was estimated 

by the “duplicate plate method” among children receiving fluoridated salt [36]. This calculation is 

important. Even though our preschoolers had an optimal intake during the dental development stages, 

we observed that 60 percent of the 11- to 12-year-olds had dental fluorosis and caries. The  

dose-response association between fluoride intake and dental fluorosis in permanent teeth suggests that 

the critical limit of 0.05–0.07 mg/kg body weight is not safe for Mexican children and should be 

revised in further research [37]. Likewise, some medical conditions, including calcium deficiency, 

acidic-alkaline balance disorders, urinary flow disturbances, and renal management of fluorides and 

diet over the longer term, could also affect development of dental fluorosis [38,39].  

 

3.3. Use of Fluoride-Containing Products and Fluoride Concentration in Toothpaste 

 

Only 68 percent (n = 1,226 parents) of parents responded to our questionnaire, and 96 percent of 

them reported using fluoride-containing toothpaste. According to the figures revealed in the 

questionnaire, 65 percent reported using the entire surface of the toothbrush in indicating the amount 

of toothpaste used; 45 percent reported that their children had started brushing before they were six 

years of age, and 53 percent brushed their teeth twice per day. When we considered the amount of 

dentifrice used and the age and frequency of early brushing, a significant association with dental 

fluorosis was found (OR = 1.91 (0.41–5.9); X
2 
= 13.09, p = 0.003). Of the studied children, 58 percent 

had never participated in a fluoride preventive program based on fluoridated mouth rinses, drops, 
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professional administrations, self-administered fluoride gels, or any other fluoride supplement.  

Only 6 percent reported that their children used fluoridated solutions in drops, and 49.4 percent had 

previously received fluoride through topical applications to their teeth. The mean fluoride 

concentration of the 65 brands of toothpaste analyzed was 751.30  550.80 ppm F (0 to 2,053 ppm F). 

Infant toothpastes represented 16.9 percent of the total sample, and their mean fluoride concentration 

was 563.40  349.80 ppm F (0 to 1,153 ppm F). Overall, 44.6 percent of the toothpastes  

were manufactured in Mexico, with fluoride concentrations ranging from 0 to 2,053 ppm F  

(879.0  599.20 ppm F). Imported toothpastes presented concentrations of 619.70  461.70 ppm F  

(0 to 1,610 ppm F). Of the infant toothpaste samples manufactured in Mexico, 45.5 percent were above 

the Mexican regulation (730 to 1,153 ppm F) [20]; 12.3 percent of the infant toothpastes presented 

concentrations above 1,500 ppm F. Interestingly, 42.8 percent were manufactured in Mexico and had 

values from 1,760 to 2,053 ppm F. Approximately 95 percent of children between four and five years 

of age swallow some amount of toothpaste during brushing because of its pleasant flavor [40].  

Ninety-six percent of the children analyzed in our study used fluoridated toothpastes containing  

1,000 ppm F or more. The use of some fluoridated supplements during their first years of life was also 

reported. Approximately 53 percent of the studied children brushed their teeth twice per day,  

and 65 percent covered the entire toothbrush’s active surface with toothpaste. Because the most critical 

time to avoid fluoride exposure corresponds to the first six years of a child’s life, dental professionals 

should provide orientations to parents on the correct use of fluoride-containing products, particularly 

for those used by children under six years of age.  

 

3.4. Fluoride Concentration in Table Salt 

 

We analyzed 44 table salt brands, obtaining a mean of 129.8 ± 144.9 ppm F (0 to 485 ppm F). 

Fluoride concentration was printed on the package of 39 samples (88 percent). There were 15 products 

of marine origin (34.1 percent), 11 of land origin (25 percent), and the other 18 (40.9 percent) did not 

indicate their source. Overall, 9.1 percent of the brands were imported, and in 27.3 percent, fluoride 

was not detected. The labels of 22 samples (50 percent) indicated that fluoride concentration was in 

agreement with the Mexican norm (between 200 to 250 ppm F/kg) 21. Our analysis showed  

that fluoride concentration ranged from 1 to 124 ppm; eight samples (18.2 percent) contained  

125–199 ppm F; three (6.8 percent) contained 200–250 ppm F; and nine samples (20.4 percent) 

contained 251–485 ppm F. Comparing our results with the Mexican norm, which states that fluoride 

content for human consumption should be within 200–250 ppm F, we found that only 3 samples  

(6.8 percent) contained the fluoride concentration established in this regulation, 33 (75 percent) were 

below the norm, and 8 (18.2 percent) showed fluoride concentrations above the Mexican guidelines 

(21). Salt products of marine origin had a fluoride concentration of 145.46 ± 168.81 ppm; and the 

fluoride concentration in the land samples was 136.82 ± 156.43 ppm. Additionally, the fluoride 

concentration in domestic salt was 142.8 ± 145.74 ppm. None of the four imported salt samples 

contained fluoride.  

Comparing the fluoride concentration printed on the package to that found in this study, the fluoride 

content was incorrectly labeled in 92 percent of the analyzed samples of table salt. The questionnaire 

applied in our study disclosed that 74 percent of the parents used fluoridated salt for cooking, but our 
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results indicate that customers are not given reliable information about the quantity of fluoride they are 

consuming. Fluoride ingestion from foods is a very important factor to take into account when dental 

fluorosis studies are performed. Mexico was the seventh country to implement a table salt fluoridation 

program. Previously, Jamaica, France, and Costa Rica reported a reduction in dental caries after its 

implementation [13]. Data obtained from a Mexican population living in a non-endemic fluorosis zone 

indicated that since the implementation of the salt fluoridation program, dental caries declined  

by 43 percent (the mean DMFT index was 4.39 in 1988 and 2.47 in 1997) in 12-year-old children [41. 

These figures support the concept that fluoride reduces dental caries in the population. Nevertheless, 

the results of previous studies show that the consumption of fluoridated water in addition to  

fluoride-containing products may promote an increased development of dental fluorosis lesions, even 

in people living in regions considered to be non-endemic areas [42-44. 

 

3.5. Fluoride Concentration in Home Water, Bottled Water, Juices, Nectars, and Carbonated Drinks  

 

Some investigations have suggested that the increased consumption of bottled water, soft drinks and 

juices prepared with fluoridated water may be a significant source of systemic fluoride, and thus these 

drinks have been implicated as risk factors for dental fluorosis in young children [45,46]. In  

non-endemic areas of dental fluorosis, it has been observed that exposure to other sources of fluoride 

aside from drinking water should be considered [47]. We analyzed 155 home water samples, obtaining 

0.18 to 0.44 ppm F (0.27 ± 0.06 ppm F). Previously, we reported that the water supply in Mexico City 

and the Metropolitan area registers values ranging from 0.26 to 1.38 mg/L 43. In addition, our results 

on the fluoride level in the water supply were higher than data reported in other non-endemic Mexican 

populations [25]. This variability could be related to factors such as season and the geographical 

location of the water supply prior to distribution.  

The fluoride content of beverages prepared with water varied among products made by different 

manufacturers as well as among similar products made by the same company [46]. We analyzed  

20 different samples of bottled water, 101 nectars, 105 juices, and 57 bottled carbonated soft drinks 

(fruit and cola). Bottled waters had 0.08 to 0.37 ppm F (0.21  0.08 ppm F), values that comply with 

the Mexican regulations [48]. Juices and nectars contained 0.08 to 1.42 ppm F (0.67  0.38) and 0.07 

to 1.31 ppm F (0.44  0.35), respectively. Fruit carbonated soft drinks had a fluoride concentration of 

0.11 to 1.70 ppm F (0.41  0.34), and cola drinks showed values of 0.10 to 1.62 ppm F (0.49  0.41). 

Of the juice samples, 15 percent had values over 1 ppm F (grapefruit, pineapple, apple, and prune 

flavors). Mixed fruits, pear and guava nectar flavors, had values from 1.22 ppm F to 1.42 ppm F. 

Variability in fluoride concentration among beverages is primarily determined by the fluoride content 

of the water used during manufacturing and can be affected by the fruit used. We found wide 

variations in fluoride concentrations in all of the fruit-based beverages tested (0.07 to 1.70 ppm F).  

In a Mexican zone for endemic dental fluorosis, fluoride levels in bottled water of 0.27 to 1.01 ppm F, 

in carbonated soft drinks of 0.33 to 3.71 ppm F and in apple juice of 0.2 to 2.9 ppm F have been 

reported [49]. These differences in fluoride concentrations could be related to the fact that the drinking 

water in Mexico City has lower fluoride concentrations 43. The wide ranges of fluoride 

concentrations in bottled water and other beverages make it difficult to assess the actual fluoride intake 

by the population. Mexico is considered to rank first place worldwide in the consumption of 
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carbonated soft drinks [50]. Our questionnaire revealed that 94 percent of the children consumed 

bottled water, nectars, juices or carbonated drinks at least once a week. In infancy, the main fluoride 

sources are thought to be from commercially available beverages and foods used during weaning, a 

period coinciding with the stage of mineralization in several developing permanent tooth crowns [51]. 

Our results demonstrate that bottled drinks have fluoride, and some of them contain more than 1 ppm F, 

exceeding the standard recommendations [23,52]. It is important that labels should contain all  

the nutritional information about the product, including fluoride concentration. The need to identify 

areas with low, recommended, and high levels of fluoride in drinking water or food cannot  

be underestimated. 

 

4. Conclusions 

 

Fluoride continues to be the cornerstone of dental caries prevention throughout the world, and there 

are a variety of sources of fluoride that may contribute to the dietary intake of fluoride. Even though 

Mexico City is considered a non-endemic area for dental fluorosis according to its low concentration 

of fluoride in drinking water, the children in our study presented epidemiological indicators of 

overexposure to fluoride. Our data revealed a urinary excretion within the normal limits established 

and reported by other authors, but epidemiological indexes showed simultaneously high prevalences of 

caries and dental fluorosis. Because our knowledge is incomplete regarding the amount, duration, and 

timing of fluoride ingestion that can result in dental fluorosis, however, further research is clearly 

needed before definitive recommendations can be made regarding the use of fluorides, including the 

recommended dietary intake of fluoride. Further longitudinal studies are needed to determine the safe 

fluorine dose for Mexican children, taking in account age, nutritional status, altitude, geographical 

location and weather, among other factors. 

 

Acknowledgments 

 

This study was supported by grant from the Universidad Nacional Autónoma de México,  

DGAPA-PAPIIT IN226809. 

 

References 

 

1. Hodge, H.C.; Smith, F.A. Occupational fluoride exposure. J. Occup. Med. 1977, 19, 12-39. 

2. Medina-Solís, C.E.; Maupomé, G.; Pelcastre-Villafuerte, B.; Ávila-Burgos, L.; Vallejos-Sánchez., 

A.A.; Casanova-Rosado, A.J. Socioeconomic inequalities in oral health: Dental caries in 6 to 12 

year-old children. Rev. Invest. Clin. 2006, 58, 296-304. 

3. Fomon, S.J.; Ekstrand, J.; Ziegler, E.E. Fluoride intake and prevalence of dental fluorosis: Trends 

in fluoride intake with special attention to infants. J. Public Health Dent. 2000, 60, 131-139. 

4. Evans, R.W.; Darvell, B.W. Refining the estimate of critical period for susceptibility to enamel 

fluorosis in human maxillary central incisors. J. Public Health Dent. 1995, 55, 238-249.  

5. Bronckers, A.L.J.J.; Lyaruu, D.M.; DenBesten, P.K. The impact of fluoride on ameloblasts and 

the mechanisms of enamel fluorosis. J. Dent. Res. 2009, 88, 877-893.  



Int. J. Environ. Res. Public Health 2011, 8         

 

158 

6. Dean, T. Classification of mottled enamel diagnosis. JADA 1934, 49, 1421-1426. 

7. Irigoyen, M.E.; Molina, N.; Luengas, I. Prevalence and severity of dental fluorosis in a Mexican 

community with above-optimal fluoride concentration in drinking water. Community Dent. Oral 

Epidemiol. 1995, 23, 243-245. 

8. Choubisa, S.L. Endemic fluorosis in Southern Rajasthan, India. Fluoride 2001, 34, 61-70.  

9. Alarcón-Herrera, M.T.; Martín-Domínguez, I.R.; Trejo-Vázquez, R.; Rodríguez-Dozal, S. Well 

water fluoride, dental fluorosis and bone fractures in the Guadiana Valley of Mexico. Fluoride 

2001, 34, 139-149. 

10. Hurtado-Jiménez, R.; Gardea-Torresdey, J. Estimación de la exposición a fluoruros en Los Altos 

de Jalisco, México. Salud pública de México 2005, 47, 58-63. 

11. Pontigo-Loyola, A.P.; Islas-Márquez, A.; Loyola-Rodríguez, J.P.; Maupomé, G.;  

Márquez-Corona, L.; Medina-Solís, C.E. Dental fluorosis in 12- and 15 years-old at high altitudes 

in above-optimal fluoridated communities in Mexico. J. Public Health Dent. 2008, 68, 163-166. 

12. Bently, E.; Ellwood, R.; Davies, R. Fluoride ingestion from toothpaste by young children. BDJ 

1999, 186, 460-462. 

13. Maupomé-Cervantes, G.; Jaramillo-Lanchero, R.D.; Andrade-Delgado, L.C.; Juárez-Reyes, P.L.; 

López-Pérez, R.; Sánchez-Navarro, W.; Sánchez-Pérez, L.; Vásquez-Obregón, V.H. Availability 

of fluoridated salt to the final consumer in Mexico City. Boletín de la Oficina Sanitaria 

Panamericana 1995, 119, 195-201. 

14. Beltrán-Valladares, P.R.; Cocom-Tun, H.; Casanova-Rosado, J.F.; Vallejos-Sánchez, A.A.; 

Medina-Solís, C.E.; Maupomé, G. Prevalence of dental fluorosis and additional sources of 

exposure to fluoride as risk factors to dental fluorosis in schoolchildren of Campeche, Mexico. 

Rev. Invest. Clin. 2005, 57, 532-539. 

15. Pontigo-Loyola, A.P.; Medina-Solís, C.E.; Borges-Yáñez, S.A.; Patiño-Marín, N.; Islas-Márquez, 

A.; Maupomé, G. Prevalence and severity of dental caries in adolescents aged 12 and 15 living in 

communities with various fluoride concentrations. J. Public Health Dent. 2007, 67, 8-13. 

16. Irigoyen, M.E.; Maupomé, G.; Mejía, A.M. Caries experience and treatment needs in a 6- to  

12-year-old urban population in relation to socio-economic status. Community Dent Health 1999, 

16, 245-249. 

17. Villalobos-Rodelo, J.J.; Medina-Solís, C.E.; Molina-Frechero, N.; Vallejos-Sánchez, A.A.; 

Pontigo-Loyola, A.P.; Espinoza-Beltrán, J.L. Dental caries in schoolchildren aged 6–12 years in 

Navolato, Sinaloa, Mexico: Experience, prevalence, severity and treatment needs. Biomedica 

2006, 26, 224-233. 

18. Sánchez-García, S.; Pontigo-Loyola, A.P.; Heredia-Ponce, E.; Ugalde-Arellano, J.A. Fluorosis 

dental en adolescentes de tres comunidades del estado de Querétaro. Rev. Mex. Pediatr. 2004,  

71, 5-9. 

19. Oral Health Surveys—Basic Methods, 4th ed.; World Health Organization (WHO): Geneva, 

Swizterland, 1997. 

20. Marthaler, T.M.; Steiner, M.; Menghini, G.; De Crouzaz, P. Urinary fluoride excretion in children 

with low fluoride intake or consuming fluoridated salt. Caries Res. 1995, 29, 26-34. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Beltr%C3%A1n-Valladares%20PR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cocom-Tun%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casanova-Rosado%20JF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vallejos-S%C3%A1nchez%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Medina-Sol%C3%ADs%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maupom%C3%A9%20G%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Rev%20Invest%20Clin.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pontigo-Loyola%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Medina-Solis%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Borges-Ya%C3%B1ez%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pati%C3%B1o-Mar%C3%ADn%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Islas-M%C3%A1rquez%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Islas-M%C3%A1rquez%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maupome%20G%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'J%20Public%20Health%20Dent.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Irigoyen%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maupom%C3%A9%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mej%C3%ADa%20AM%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Community%20Dent%20Health.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Villalobos-Rodelo%20JJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Medina-Sol%C3%ADs%20CE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Molina-Frechero%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vallejos-S%C3%A1nchez%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pontigo-Loyola%20AP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Espinoza-Beltr%C3%A1n%20JL%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Biomedica.');


Int. J. Environ. Res. Public Health 2011, 8         

 

159 

21. Norma Oficial Mexicana. NOM-040-SSA-1993. Bienes y servicios. Sal yodada y sal yodada 

fluorurada. Especificaciones sanitarias. In Diario Oficial de la Federación; Secretaría de Salud: 

Mexico City, Mexico, 2003; pp. 1-27. 

22. Instituto Nacional de Estadística y Geografía Homepage. http://www.inegi.org.mx (accessed on 

December 2010). 

23. Norma Oficial Mexicana. NOM-013-SSA2-1994. Para la prevención y control de enfermedades 

bucales. In Diario Oficial de la Federación; Secretaría de Salud: Mexico City, Mexico, 1999;  

pp. 1-12. 

24. Dean, HT. Fluorine: Water-borne fluorides and dental health. In Dentistry in Public Health; 

Pelton, W.J., Wisan, J.M., Eds.; Saunders: Philadelphia, PA, USA, 1949; pp. 143-145. 

25. Martínez-Mier, E.A.; Soto-Rojas, A.E.; Ureña-Cirett, J.L.; Katz, B.P.; Stookey, G.K.;  

Dunipace, A.J. Dental fluorosis and altitude: A pilot study. Oral Health Prev. Dent. 2004, 2,  

39-48. 

26. Akosu, T.J.; Zoakah, A.I.; Chirdan, O.A. The prevalence and severity of dental fluorosis in the 

high and low altitude parts of Central Plateau, Nigeria. Community Dent. Health 2009, 26,  

138-142. 

27. Subba Rao, N. High-fluoride groundwater. Environ. Monit. Asses.s 2010, (in press). 

28. Whitford, G.M. The physiological and toxicological characteristics of fluoride. J. Dent. Res. 1990, 

69, 539-549. 

29. Marthaler, G. Monitoring on Renal Fluoride Excretion in Community Preventive Programs in 

Oral Health; World Health Organization (WHO): Geneva, Switzerland, 1999; pp. 37-38. 

30. Obry-Musset, A.N.; Bettermbourg, D.; Cahen, P.M.; Voegel, J.C.; Frank, R.M. Urinary fluoride 

excretion in children using potassium fluoride containing salt or sodium fluoride supplements. 

Caries Res. 1992, 26, 367-370. 

31. Warpeha, R.A.; Marthaler, T.W. Urinary fluoride excretion in Jamaica in relation to fluoridated 

salt. Caries Res. 1995, 29, 35-49. 

32. Horowitz, H.S. The effectiveness of community water fluoridation in the United States. J. Public 

Health Dent. 1996, 56, 253-258.  

33. Rugg-Gunn, A.J.; Nunn, J.H.; Ekanayake, L.; Saparamadu, K.; Wright, H. Urinary excretion in  

4-year-old children in Sri Lanka and England. Caries Res. 1993, 27, 448-453. 

34. Maguirre, A.; Zohoury, F.V.; Hindmarch, P.N.; Hatts, J.; Moynihan, P.J. Fluoride intake and 

urinary excretion in 6–7 year-old children living in optimally, sub-optimally and non-fluoridated 

areas. Community Dent. Oral Epidemiol. 2007, 35, 479-488. 

35. Villa, A.; Salazar, G.; Anabalon, M.; Cabezas, L. Estimation of the fraction of an ingested dose of 

fluoride excreted through urine in pre-school children. Community Dent. Oral Epidemiol. 1999, 

27, 305-312. 

36. Rodrigues, M.H.C.; Leite, A.L.; Arana, A.; Villena, F.D.S.; Forte, F.C.; Sampalo, F.C. Dietary 

fluoride intake by children receiving different sources of systemic fluoride. J. Den. Res. 2009, 88, 

142-145. 

37. Martins, C.C.; Paiva, S.M.; Lima-Arsati, Y.B.; Ramos-Jorge, M.L.; Cury, J.A. Prospective study 

of the association between fluoride intake and dental fluorisi in permanent teeth. Caries Res. 2008, 

42, 125-133. 

http://www.ncbi.nlm.nih.gov/pubmed/19780353
http://www.ncbi.nlm.nih.gov/pubmed/19780353
http://www.ncbi.nlm.nih.gov/pubmed/20676932


Int. J. Environ. Res. Public Health 2011, 8         

 

160 

38. Whitford, G.M. Intake and metabolism of fluoride. Adv. Dent. Res. 1994, 8, 5-14.  

39. Rodríguez-Dozal, S.; Alarcón-Herrera, M.T.; Cifuentes, E.; Barraza, A.; Loyola-Rodrıíguez, J.P.; 

Sanin, L.H. Dental fluorosis in rural communities of Chihuahua, Mexico. Fluoride 2005, 38,  

125-132.  

40. Levy, S.M.; Kiritsy, L.M.; Slager, S.C.; Warren, J. Patterns of fluoride dentifrice use among 

infants. Ped. Dent. 1997, 1, 50-54. 

41. Irigoyen, M.E.; Sanchez-Hinojosa, G. Changes in dental caries prevalence in 12 year old students 

in the state of Mexico after 9 years of salt fluoridation. Caries Res. 2000, 34, 303-307. 

42. Estupiñan-Day, S.; Baez, R.; Horowitz, H.; Sutherland, B. Salt fluoridation and dental caries in 

Jamaica. Community Dent. Oral Epidemiol. 2001, 29, 247-252. 

43. Hernández-Guerrero, J.C.; Ledesma-Montes, C.; Cardiel-Nieves, M.; de la Fuente-Hernández, J.; 

Jiménez-Farfán, D. Fluoride levels in Mexico city’s water supplies. Rev. Int. Contam. Ambient. 

2005, 21, 2-7. 

44. Fawell, J.; Bailey, K.; Chilton, J.; Dahi, E.; Fewtrell, L.; Magara, Y. Fluoride in Drinking-Water; 

World Health Organization (WHO): Geneva, Switzerland, 2006; pp. 97-117.  

45. Toumba, K.J.; Curzon, M.E.J. The fluoride content of bottled drinking waters. BDJ 1994, 176, 

266-268.  

46. Kiritsy, M.C.; Levy, S.M.; Warren, J.J.; Guha-Chowdhury, N.; Heilman, J.P.; Marshall, T. 

Sources of fluoride intake in children. JADA 1996, 127, 895-902. 

47. Díaz, F.; Navarro, A.; Grijalva, M.; Grimaldo, M.; Loyola-Rodríguez, J.P.; Ortiz, M. Endemic 

fluorosis in Mexico. Fluoride 1997, 30, 233-239. 

48. Norma Oficial Mexicana. NOM-041-SSA1-1993. Bienes y servicios. Agua purificada envasada. 

Especificaciones sanitarias. In Diario Oficial de la Federación; Secretaría de Salud: Mexico City, 

Mexico, 1994; pp. 1-53. 

49. Loyola, J.P.; Pozos, A.; Hernández, J.C. Bebidas embotelladas como fuentes adicionales de 

exposición a flúor. Salud pública de México 1998, 40, 438-441. 

50. Gómez Salgado, A. Cada año, 152 litros de refresco por mexicano. In La prensa; Organización 

Editorial Mexicana: Mexico City, México, 2008; p. 10. 

51. Ismail, A.I. Fluoride supplements: Current effectiveness, side effects, and recommendations. 

Community Dent. Oral Epidemiol. 1994, 22, 164-172.  

52. Norma Oficial Mexicana. NOM-127A1-SSA-1994. Salud ambiental, agua para uso y consumo 

humano. Límites permisibles de calidad y tratamiento a que se debe someterse el agua para su 

potabilización. In Diario Oficial de la Federación; Secretaría de Salud: Mexico City, Mexico, 

2000; pp. 1-7.  

 

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


