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Abstract 

 

Human bodies expose to fluoride via food chain especially Lumphun, northern 

Thailand, is located in the Chiang Mai Basin. Incidence of fluorosis resulting 

from the consumption of high-fluoride drinking-water was studied. The aims 

were to study the behavior consumption of vegetables, fruits, meats and 

drinking water and urinary fluoride concentration. The participants were to 

345 of Village Health Volunteers (VHVs) who living in 21 villages of Ma 

Khuea Chae sub-district. Morning urine and questionnaire were collected. 

Assessment of fluoride exposure in environment was achieved through the 

estimation fluoride level using fluoride ion selective electrode (ISE). The 

result showed that the population was; female (59.90%), the age between from 

51 to 60 years old (48.60%), living in contaminated areas (78.50%), unknown 

the amount of fluoride in groundwater and drinking water (100.00%), sources 

of consumed water was contained water (64.03%).The most favorite of 

vegetables, fruits and meats were Brassica chinesis Jusl, Dimocarpus longgan, 

Sus scrofa domestics, and the sources of vegetables, fruits and meats were 

from buying in the village. The behavior of tea drinking and mastication of 

leaves was only 8.39% and 11.30%, respectively. The urinary fluoride in the 

VHVs of 12 villages (51.1%) including village 1, 3, 4, 9, 10,11, 15,16, 

18,19,20, 21 was higher than the standard of fluoride in urine ( range = 0.2 - 

3.2 mg/L) 

Keywords: Behavior consumption, Urinary fluoride, Village Health 

Volunteers (VHVs), 
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INTRODUCTION: 
Fluorine is the 13th most abundant element which represented about 0.3 g/kg of 

earth’s crust. It occurs mainly in the form of chemical compounds such as NaF or HF. 

[1].  Fluorine is essential elements required for normal growth and found in nature 

and environment [2]. In nature, ionic form of fluoride is found abundantly in a wide 

variety of minerals including fluorspar, rock phosphate, etc [3]. The benefit of 

fluoride has a fundamental role in control of dental caries [4]. The water fluoridation 

is one of the ten most important measures of public health in the 20th century [4] - [5]. 

In Brazil, the measurement was responsible for the decrease of 50% in dental caries 

prevalence [6]. Several reviews concerning the fluoride content of foods have been 

presented. Various values for fluoride concentrations in vegetables have been 

reported.  Occasional values in the range of 1 - 7 mg/kg fresh weight have been 

reported for spinach, cabbage, lettuce, and parsley, while values for other vegetables 

have seldom exceeded 0.2 - 0.3 mg/kg.  The high fluoride values have been caused by 

contamination from air, soil, pesticides, etc.  It also seems probable that some kind of 

contamination is responsible for the very high values of 10.7 mg/kg and 11 mg/kg, 

respectively, for polished rice given by [7] - [8]. Due to the universal presence of 

fluorides in the earth’s crust, all water sources contain fluorides in varying 

concentrations. Lamphun Province , upper northern Thailand,  is located in the 

Chiang Mai Basin. Incidence of fluorosis resulting from the consumption of high-

fluoride drinking-water was studied [9]. The using groundwater has been developed in 

communities to meet the burgeoning demands. However, groundwater contains high 

fluoride up to 16mgF/L, which brought about dental and skeletal fluorosis among the 

residents. However, at the Lamphun site, more deep wells (35%) contained water with 

at least 1.5 mg/L fluoride compared with the shallow wells (7%). Also, Inter-Country 

Centre for Oral Health: ICOH surveyed the fluoride in 2,702 ground water samples in 

12 risk areas. The result showed that Lumphun province was the highest 

concentration of fluoride in groundwater which had more than 0.7 mg/L., especially 

in Sun Pa Tiang village in Ma Khuea Chae [10]. The fluoride content of commercially 

available foods for infants. The result showed that fluoride concentration ranged from 

0.007-4.13 μg fluoride/g food.  The objectives were to study the behavior 

consumption of vegetables, fruits, meats and drinking water and urinary fluoride of 

Village Health Volunteers (VHVs) [11]. 

 

 

EXPERIMENTAL DETAILS:-MATERIALS: 

Method 

Population was 345 VHVs who living in 21 villages of Ma Khuea Chae sub-district , 

Muang Lamphun. 

This research was divided into 2 compartments:   

1. The survey to investigate consumption behavior of the VHVs 

 1) The general information was obtained from the subjects through a survey 

questionnaire and trained by a research team to clarify and define each item.  
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 2) A questionnaire was developed based on a review of the literature and 

related studies.  It was then submitted to a panel of 3 experts for content 

validity.   

 3) After that, a pilot study was conducted in Don Sri Chum  sub-district, 

Phayao province. 30 people were given the questionnaire to evaluate the 

reliability of the questionnaire before use in the contaminated areas of the final 

study.  

 4) For quality assurance, the VHVs were checked up by a quality control 

process such as randomized sampling to perfectly complete the questionnaires 

on the Health worker and research team. Incompleted questionnaires were 

excluded. Finally, all the questionnaires were checked, before tallying. When 

all the questionnaires were gathered, the results were coded, tallied and 

tabulated. 

2. Determination of urinary fluoride  

 

 

URINARY SAMPLE COLLECTIONS  

Urine was collected the morning urine in polyethylene tube which closed and brought 

to laboratory, where the volume of each individual sample was immediately 

determined. An aliquot (50 mL) was frozen (-20ºC) until fluoride analysis. Then, 

organic fluoride was extracted with 10% nitric acid to inorganic fluoride. All flasks 

containing urine samples were kept permanently closed in a refrigerator until they 

were brought to the laboratory and analysis. 

 

FLUORIDE ANALYSIS  

Fluoride analysis in the urine samples was determined using an ion-selective electrode 

(Fluoride in urine method 8308). After sample buffering with an equal volume of 

TISAB II, Standards were prepared by serial dilution of 100 ppm sodium fluoride 

stock solution (Orion Research Inc., Beverly, MA, USA). The standard curve had a 

coefficient correlation = 0.98. The mean repeatability of the readings, based on 

duplicate samples, was 96%. Fluoride standards (0.0095, 0.019, 0.095 and 0.190 μg 

fluoride) were prepared by serial dilution of a stock solution of 0.1 M fluoride (Orion 

Research Inc., 940906, Beverly, MA, USA) in triplicate and diffused in the same 

manner as the samples. In addition, blank and known concentration solutions were 

analyzed in every 10 samples for a quality control of precision which is expressed as 

the relative standard deviation (%RSD) and run a spiked urine control specimen with 

every 10 specimens to maintain quality assurance[12]. 

The automatically was used to calculate in terms of frequency, percentage, and mean.     
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RESULTS  

 

Table 1. Demographic details of VHVs in polluted areas, Ma Khuea Chae sub-

district, Muang Lamphun province. 

 

            Demographical data N % 

1. gender    

 1) male 136 39.10 

 2) female 209 59.90 

2. age   

 1) less than 40 years old 26 7.30 

 3) 41 – 50 years old 89 26.10 

 4) 51 - 60 years old 16 48.60 

 5) higher than 61 years old 62 18.20 

3. location   

 1) born and lived in contaminated areas 271 78.50 

 2) migration 74 21.50 

  less than 1 year 2 2.30 

  During 1 – 3 years 9 12.64 

  During 4 – 5 years 12 16.09 

  More than 5 years 51 68.97 

4. the amount of fluoride in groundwater   

 1) known 0 0.00 

 2) unknown 345 100.00 

5. the amount of fluoride in drinking water   

 1) known  0 0.00 

 2) unknown 345 100.00 

 

Table 2. the sources of consumed water (answer more than 1) 

 

Sources Consumed water 

N % 

rain water                             3 6.28 

groundwater                               32 5.74 

water supply                          103 18.49 

surface water                          30 5.38 

contained water                      342 61.14 

water box                        12 2.15 

others 3 0.53 

 

 

 

 

 



Cononsumptive Behavior Related to Urinary Fluoride among VHVs…. 11 

Table 3. The improvement and non-improvement of drinking water  

(answer more than 1) 

 N % 

none of improvement of water quality 27 7.10 

improvement of water quality 353 92.90 

 filtrated water 216 61.20 

 boiled water 78 22.10 

 others 59 16.70 

 

Table 4. the  source of using water (answer more than 1) 

Sources using water 

N % 

rain water                             33 6.13 

groundwater                               27 5.08 

water supply                          127 23.64 

surface water                          26 4.84 

contained water                      311 57.91 

water box                        10 1.86 

others 3 0.55 

As table 4 the  source of used water was contained water (57.91%), followed by water 

supply (23.64%) and rain water (6.13%), respectively.                                        

 

Table 5. The improvement and non- improvement of using water  

(answer more than 1) 

 N % 

none -  improvement of water quality 159 44.30 

improvement of water quality 359 94.50 

 filtration water 159 44.30 

 boiled water 79 22.30 

 Others 121 33.77 

 

Table 6.   The 5 ranks of favorite consumption of vegetables, fruits and meats 

 N % 

1.Vegetable 

 1) Brassica chinensis Jusl var parachinensis (Bailey) 

Tsen & Lee 

211 29.42 

 2) Brassica oleracea var. capitata L.   169 23.57 

 3) Brassica pekinensis   144 20.08 

 4) Ipomcea aquatica Forsk 109 15.20 

 5) Brassica alboglabra 84 11.71 

2.Fruits 

 1)  Dimocarpus longan (Longan) 315 40.07 

 2)Musa sapientum Linn.(Banana) 227 28.88 

 3) Mangifera indica (Mango) 103 13.10 
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 4) Citrus tangerine (Orange) 77 9.79 

 5) Carica papaya L (Papaya) 64 8.14 

3. Meats 

 1) Sus scrofa domesticus (Pork meat) 295 38.01 

 2) Channa stiata (Pla Chon) 216 27.83 

 3) Gallus gallus (Chicken) 155 19.97 

 4) Oreochromis niloticus (Pla Nil) 98 12.62 

 5) Hoplobatrachus rugulosus (Frog meat) 12 1.54 

 

Table 7. Sources of favorite consumption of vegetables, fruits and meats 

 N % 

1. vegetable 

 1)  inplantation 71 17.53 

 2) buying in village 179 44.19 

 3) buying from other villages 105 25.92 

 4) buying (unknown sources)       50 12.36 

2) Fruits 

 1) inplantation  189 46.66 

 2) Buying in village   155 38.27 

 3) Buying from other villages 40 9.87 

 4) Buying (unknown sources)       21 5.20 

3. Meats 

 1) Buying in village 296 73.08 

 2) Buying from other villages 59 14.56 

 3) Buying (unknown sources)       50 12.36 

 

Table 7.   Timing of infused tea - drinking 

     N % 

Non drinking   371 91.61 

Drinking 34 8.39 

  During 1 – 5 years 22 64.74 

  During  6 – 10 years 6 17.64 

  More than 11 years 6 17.64 

 

Table 8. Timing of masticated - tea leaves 

 N % 

Non mastication 361 88.70 

 Mastication        44 11.30 

  During 1 – 5 years 18 40.90 

  During 6 – 10 years 13 29.54 

  More than 11 years 13 29.54 
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    = higher than standard of urinary fluoride (3.2 mg/L)   

 

 

Figure 1.  The average of urinary fluoride in VHV who living in 21 village 

Source: Baselt, R. C. (1980). 

 

 

DISCUSSION: 
VHVs who living in an endemic of fluoride contamination might be exposed to 

fluoride via food chain because fluorine occurs naturally in the elementary state, 

existing instead in the ionic form or as a variety of inorganic and organic fluorides.  

Environmental fluoride as rocks, soil, water, air, plants, and animals contains fluoride 

in widely-varying concentrations. As a result, human beings has been exposed 

fluoride via ingestion, inhalation and dermal and environment as geographical sources 

are relative importance.  Such as fluoridation of water for the prevention of caries in 

synergistic of the northern of Thailand may the largest source of exposure.  

Consumption of high-fluoride foods such as tealeaves or infusion tea and some fish 

dishes may increase intake significantly. The assessment fluoride intake through food 

chain in India between fluoride endemic and non - fluoride endemic. The leafy 

vegetables showed higher accumulation ranged from 9.66 to 10.88 and 23.11-

25.73 mg/kg, respectively[13]. The result showed that fluoride endemic was 

significantly higher than non - fluoride endemic both of water soluble and total 

fluoride ranging 3.62 – 4.82 and 9.88 – 12.88 mg/kg, respectively. The consumption 

through drinking water, vegetables in Ma Khuea Chae sub district is mainly due to 

locate in fluoride contamination. The sources of favorite consumption of vegetables, 

fruits and meats, VHVs was bought meats and fruits in inplantation but vegetable was 

bought in village. Among vegetable, Leafy Bassica has fluoride concentration more 

than 7.98 ug/g-1) [14]. The report of the food habit as tea drinking and tealeaves 

infusion which the best known of fluoride accumulators illustrated fluoride 

concentration in tea plant (Camellia sinensis) and tealeaves may contain high 

concentration of fluoride which is easily released during infusion[15] - [16]. As 
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previous study, fluoride accumulation is related with geographical areas. The 

accumulation of fluoride in plants appears to be very dependent on the species. In 

general, roots accumulate more fluoride than shoots, leaves, and fruits. While the risk 

to human health from the development of fluorosis is usually related to the intake of 

fluoride from drinking water, the consumption of foodstuffs with a high fluoride 

concentration will increase the risk [17]. Geological studies have shown that the high 

concentration of fluoride in drinking water in northern Thailand is the result of 

contamination of groundwater sources by high- fluoride geothermal water in school of 

5 provinces in Northern Thailand: Chiang Mai, Lampang, Phayao, Phrae. and 

Lamphun. The results significantly showed to associate with high levels of F in both 

drinking water (p=0.010) and cooking water (p=0.0320) [18]. Conclusion, food chain 

and living in contamination in areas may be the major factor to expose fluoride of 

VHVs. 
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