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CHILD DENTAL CARIES IN RELATION TO FLUORIDE AND SOME 
INORGANIC CONSTITUENTS IN DRINKING WATER 

IN ARSANJAN, IRAN
Ayat Rahmani,a Kourosh Rahmani,b Sina Dobaradaran,a,c Amir Hossein Mahvi,a 

Rahmatollah Mohamadjani,d Hassan Rahmanib

Tehran, Iran 
Summary: This study was conducted to determine the relationship of fluoride (F) in
groundwater and dental caries in children living in the Arsanjan area of the Fars
province, Iran, and also with some inorganic constituents in the water. Eight villages
in Arsanjan with only groundwater sources of drinking water and essentially the
same socio-economic living standards and nutritional conditions were surveyed. All
2376 children of all the villages in the three age groups of 6 (5.5–6.5), 9 (8.5–9.5), and
11 (10.5–11.5) years were examined. The F content in the village drinking water
measured by the SPADNS method ranged from 0.1 to 1.2 mg/L. Besides pH, alkalinity,
and total dissolved solids (TDS), the levels of Cl–, SO4

2–, Ca2+, and Mg2+were also
determined. The overall number of decayed permanent teeth (Dt) per child ranged
between 0.12 and 0.36 and the number of decayed deciduous teeth (dt) ranged
between 1.01 and 3.30 per child. Linear regression analyses showed only a weak but
no significant association between small decreases of the mean overall Dt and dt and
increasing water F levels. However, F was positively related to TDS, Ca2+, and Mg2+,
but negatively related to pH with no other association between the F concentration
and other parameters. 
Keywords: Arsanjan, Iran; Child dental caries; Inorganic constituents; Water fluoride levels.

INTRODUCTION

Excessive consumption of fluoride (F) is known to cause a wide range of adverse
health effects,1-5 and F in drinking water is often the main source of F intake. It is
important therefore to determine potential effects of drinking water F level on
health, and this has been an essential undertaking in many countries.6-10 In the
present study we examined the relationship between the F content of groundwater
used for drinking and cooking in eight villages of the Arsanjan area of Fars
Province in the Iran. We also examined correlations between the F content of
groundwater and other parameters such as pH, alkalinity,,Cl–, SO4

2–, Ca2+, Mg2+,
and total dissolved solids (TDS).

MATERIALS AND METHODS

The survey study was conducted between April and September in 2009 in the
1500-km2 elevation Arsanjan area of Fars Province in southern Iran (Figure 1).
The eight villages that were selected for study rely on local groundwater sources
for drinking water with different levels of F. The selection of these villages was
done in such way that all of them have essentially the same nutritional conditions
and socio-economic standards. 

The standard SPADNS method was used for analysis of F in the water (DR/
5000s Spectrophotometer). Ca2+, Mg2+ (both by the Calmagite Colorimetric
Method), and NO3

– (by the Cadmium Reduction Method) were also measured
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with the DR/5000 spectrophotometer (HACH Company, USA). Other parameters
such as alkalinity (ALK), Cl–, and total dissolved solids (TDS) were determined
by standard methods,11 and pH was determined using a pH meter.

Decayed permanent (Dt) and deciduous (dt) teeth, not including filled or missing
teeth, of the children in each village were determined according to the WHO
standard12 by two dentists using a sharp dental probe and examining each mouth
under good natural light. 

RESULTS AND DISCUSSION

The population and the number of children examined in each village are shown
in Table 1, and the number of girls and boys and the total number of children in
each of the three age groups are presented in Table 2.

Figure 1. Location of the eight village sites in Arsanjan, Iran: (1) Salehabad, (2) Ghadamgah, 
(3) Dehbid, (4) Rahmatabad, (5) Chahrghalat, (6) Arsanjan, (7) Aslamabad, (8) Abasali. 

Table 1. Arsanjan village populations and subject sample data 

Village Population Children 
examined 

Number 
of boys 

Number 
of g irls 

Ratio 
gir ls/boys 

Boys 
m ean 
age 

Gir ls 
mean 
age 

Children 
mean 
age 

Salehabad 1971 336 132 204 1.55 8.9 9.5 9.31 

Ghadamgah 2351 512 276 236 0.86 9.3 9.1 9.23 

Dehbid 1360 119 56 63 1.13 9.9 9.3 9.5 

Rahmatabad 1752 266 141 125 0.87 9.4 9.5 9.46 

Chahrghalat 1450 102 53 49 0.92 9.6 9.7 9.64 

Arsanjan 15000 1004 526 478 0.91 9.8 9.6 9.7 

Aslamabad 303 18 7 11 1.57 9.7 8.8 9.3 

Abasali 253 19 10 9  0.90 9.1 9.7 9.4 
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As seen in Table 3, the content of F in the village groundwater was found to vary
from 1.2 to 0.10 mg/L. There are many studies in Iran that have reported F level in
drinking water and also in air at different concentrations.13-17

In Table 3, with only small variations in elevation above sea level, overall Dt in
the eight villages is seen to range between 0.12 and 0.36 and dt between 1.01 and
3.3. 

As seen in Figures 2 and 3 there was a slight downward, but not statistically
significant trend between increasing F content of the drinking water and the mean
Dt and dt in each village. 

Table 2. Number of girls and boys in each o f the three age groups 
in  the eight villages of the  Arsanjan area 

Age 6 years Age 9 years Age 11 years 
   V illage  

Gir ls Boys Girls Boys Girls Boys 

Salehabad 60 50 74 53 70 29 

Ghadamgah 85 90 95 100 56 86 

Dehbid 22 18 21 20 20 18 

Rahmatabad 40 48 41 50 44 43 

Chahrghalat 14 16 15 20 20 17 

Arsanjan 161 170 159 169 158 187 

Aslamabad 3 1 5 3 3 3 

Abasali 2 3 4 3 3 4 

    Tota ls 387 396 414 418 374 387 

Table  3. Elevation, water F content, and dental  caries in eight vi llages of the Arsanjan area  

Boys Girls 
Village 

Elevation (m) 
above sea 

level 

Fluoride  
(mg/L) Dt dt Dt d t 

Mean Dt Mean 
dt 

Salehabad 1660 1.20 0.29 1.65 0.23 1.69 0.29 2.11 

Ghadamgah 1654 0.90 0.28 2.60 0.18 2.30 0.28 1.85 

Dehbid 1690 0.80 0.10 1.10 0.15 1.23 0.12 1.10 

Rahmatabad 1650 0.59 0.40 0.96 0.43 1.11 0.36 1.01 

Chaharghalat 1696 0.41 0.31 2.33 0.32 2.13 0.28 3.30 

Arsanjan 1700 0.40 0.24 1.23 0.19 1.12 0.31 1.20 

Aslamabad 1705 0.11 0.33 2.65 0.36 2.40 0.33 1.98 

Abasal i 1720 0.10 0.21 2.33 0.20 2.10 0.21 2.89 
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Table 4 records the breakdown of Dt and dt for the three age groups. As in Table
3, linear regression analysis of the data in Table 4 indicated a weak trend toward
less tooth decay with increasing F in the water. However, this trend was far from
being statistically significant. The linear regression data for the F water level and
the mean Dt and dt in each age group are: 6-year age group Dt (R2 = 0.215) and dt
(R2 = 0.172), 9-year age group Dt (R2 = 0.247) and dt (R2 = 0.029), and 11-year
age group Dt (R2 = 0.001) and dt (R2 = 0.230) (all p > 0.20 with the smallest p =
0.298 for Dt in the 9-year age group). Linear regression plots of the F content of
the drinking water and the mean Dt in the 9-year and the 11-year age groups in
Table 4 are shown in Figures 4 and 5.

Figure 2. Relationship between the F content of the drinking 
water and the mean Dt in each village. 

Figure 3. Relationship between the F content of the drinking 
water and the mean dt in each village.
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Table 4. Increasing concentration of F in water and denta l caries in th ree age groups in the Arsanjan area, Iran 

 Age 6 years (5.5–6.5) Age 9 years (8 .5–9.5) 

Fluoride 
(mg/L) Girls   Boys 

Mean 
Dt 

Mean 
dt Girls Boys 

Mean    
Dt 

Mean 
d t 

 Dt dt Dt d t       Dt   dt    Dt    dt   

1.2 0.21 1.72 0.20 2.10 0.20 1.91 0.18 1.61 0.21 1.96 0.19 1.81 

0.90 0.27 1.91 0.19 1.79 0.23 1.81 0.25 1.81 0.18 1.79 0.23 1.80 

0.80 0.12 1.11 0.13 1.20 0.13 1.15 0.15 1.35 0.10 1.29 0.12 1.32 

0.59 0.35 1.00 0.37 0.99 0.36 0.99 0.30 1.90 0.29 1.51 0.29 1.71 

0.41 0.29 2.91 0.28 3.21 0.28 3.15 0.19 1.01 0.14 1.02 0.16 1.01 

0.40 0.30 3.10 0.26 2.29 0.28 3.01 0.19 3.19 0.19 2.98 0.19 3.01 

0.11 0.33 2.00 0.35 1.89 0.34 1.95 0.39 2.01 0.37 1.96 0.38 1.99 

0.10 0.19 2.37 0.22 2.51 0.21 2.46 0.25 1.39 0.25 1.41 0.25 1.40 

Age 11 years (10.5–11.5) 

Girls Boys 
Fluoride 
(mg/L) 

Dt dt Dt d t 

Mean 
Dt 

Mean 
dt 

1.2 0.22 1.99 0.21 2.01 0.21 2.00 

0.9 0.31 2.10 0.34 1.91 0.33 2.01 

0.8 0.28 1.21 0.30 1.11 0.29 1.16 

0.59 0.40 1.31 0.35 1.31 0.36 1.31 

0.41 0.32 3.00 0.30 2.99 0.31 3.00 

0.4 0.29 2.98 0.30 3.20 0.29 3.11 

0.11 0.33 2.32 0.29 2.50 0.31 2.40 

0.1 0.21 2.41 0.20 2.40 0.20 2.40 

Figure 4. Relationships between the F content of the drinking 
water and the mean Dt in the 9-year age group.
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As in a related study in Saudi Arabia that recorded no reduction in dental caries
with water F above 1 mg/L,8 an earlier study in Iran indicated that drinking water
with 1.3 mg F/L had a negligible effect in preventing caries.18 In a recent survey
from another part of southern Iran, Dobaradaran et al. found that Dt and dt in the
14 villages of the Dashtestan area of Bushehr Province showed no significant
correlation with F content. When the village of Kuhn in that study with the highest
water F and lowest caries scores but with the best access to primary and medical
dental care was omitted, linear regression analysis of the remaining 13 villages
actually showed a weak increase of Dt and dt with increasing water F level.6 As in
our previous study with elevations of 90 to 1110 m above sea level,6 there was also
no correlation here between elevations of 1650 to 1720 m and Dt and dt.

Correlation analyses between the F content and other inorganic constituents
(Table 5) in this study also indicated there is no significant relationship between F
content of the water with NO3

–, ALK, Cl–, SO4
2– (Table 6). However, there was a

significant and direct correlation between F with Ca2+, Mg2+, and TDS, in
agreement with studies in Tamil Nadu, India,19 and in Dashtestan, Iran.11 There
was also a significant inverse correlation of F with pH in our study. On the other
hand, Gupta et al. in their study in the Birbhum district of West Bengal, India,
found a weak inverse correlation of F with SO4

–, Ca2+, Mg2+, and a weak direct
correlation with Cl– and pH.20 Earlier, Karthikeyan et al. found both direct and
inverse correlations of F with pH, Cl– and SO4

2– in Tamil Nadu areas of southern
India.21

Figure 5. Relationships between the F content of the 
drinking water and the mean Dt in the 11-year age group.
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Finally, in view of the high concentration of F in drinking water in certain parts
of Iran,6,10,12 along with the extensive consumption of tea with a mostly modest F
content,22 the use of low-F bottled drinking water16 and a hybrid sorbent resin for
removal of F from such water23 is recommended.

REFERENCES
1 Burgstahler AW. Fluoridated bottled water [editorial]. Fluoride 2006;39:252-4.
2 Shivarajashankara YM, Shivashankara AR, Rao SH, Bhar PG. Oxidative stress in children

with endemic skeletal fluorosis. Fluoride 2001;34:103-7. 
3 Spittle B. Dyspepsia associated with fluoridated water. Fluoride 2008;41:89-92. 
4 Carton RJ. Review of the 2006 United States National Research Council Report: Fluoride in

drinking water. Fluoride 2006;39:163-72. 
5 Susheela AK, Jethanandani P. Circulating testosterone levels in skeletal fluorosis patients.

J Toxicol Clin Toxicol 1996;34:183-9.        
6 Dobaradaran S, Mahvi AH, Dehdashti S, Abadi DRV. Drinking water fluoride and child

dental caries in Dashtestan, Iran. Fluoride 2008;41:220-6.
7 Wondwossen F, Åstrøm AN, Bjorvatn K, Bårdsen A. The relationship between dental caries

and dental fluorosis in areas with moderate- and high-fluoride drinking water in Ethiopia.
Community Dent oral Epidemiol 2004;32:337-44.

Table 5 . Anionic and cationic characteristics of groundwater  samples in eight villages of Arsanjan, Iran (F, SO4 
2–, 

Cl–, Ca2+, Mg2+, TDS, and ALK are in  mg/L). Maximum values are shown as bo ld italics; min imum values as bold 
underlined. 

Vi llage F SO4
2– Cl– Ca2+ Mg2+ TDS ALK NO3

– pH 

Sa lehabad 1.2 9 30 115 41 611 165 7 7.5 

Ghadamga 0.9 16 65 113 42 615 171 22 7 .6 

Dehbid 0.8 28 19 91 33 551 195 23 7.8 

Rahmatabad 0.59 25 16 59.9 29.8 306 216 8 7 .9 

Chaharghalat 0.41 26 19 86 36 501 195 14 7 .7 

Arsanjan 0.4 105.7 100 101.4 27.4 542 196 21 8.0 

Aslamabad 0.11 25 10 42 20 250 201 11 7 .9 

Abasali 0.1 95 18 80 35 412 221 2 8 

Table 6. Correlation coefficients of water quality param eters in the eight vi llages of Arsanjan,  Iran 

Parameter SO4
2– Cl– Ca 2+ Mg2+ TDS ALK pH NO3

– 

F  0 .068   0.161   0.705*   0 .686*   0.709* –0.268 –0.820*   0 .282 

SO4
2–    0.960†   0.542   0 .129   0.479   0 .410   0.154   0 .538 

Cl–   –0.206 –0.323 –0.268   0 .332   0.607   0 .566 

Ca2+      0 .803*   0.979**   0 .358 –0.144   0 .379 

Mg2+       0.772*   0 .413 –0.410   0 .026 

TDS        0 .250 –0.147   0 .499 

ALK         0.347 –0.405 

   *Correlation is significant at the 0.05 level. †Correlation is significant at the 0.01 level.  



Research report
Fluoride 43(3)179–186
July-September 2010

Child dental caries and fluoride in drinking water in Arsanjan, Iran
Rahmani,  Rahmani, Dobaradaran, Mahvi, Mohamadjani,  Rahmani 186186
8 Al Dosari AM, Wyne AH, Akpata ES, Khan NB. Caries prevalence and its relation to water
fluoride levels among school children in Central Province of Saudi Arabia. Int Dent J
2004;54:424-8.

9 Budipramana ES, Hapsoro A, Irmawati ES, Kuntari S. Dental fluorosis and caries
prevalence in the fluorosis endemic area of Asembagus, Indonesia. Int J Paediatr Dent
2002;12:415-22.

10 Narbutaité J, Vehkalahti MM, Milciuviené S. Dental fluorosis and dental caries among 12-yr-
old children from high-and low-fluoride areas in Lithuania. Eur J Oral Sci 2007;115:137-42.

11 Eaton AD, Clesceri LS, Rice EW, Greenberg AE, Franson MAH, editors. Standard methods
for the examination of water and wastewater: centennial edition (Standard methods for the
examination of water and wastewater) 21st ed. Washington, DC: American Public Health
Association (APHA), American Water Works Association (AWWA), and Water Environment
Federation (WEF); 2005.

12 World Health Organization. Oral health surveys. Basic methods. 4th ed. Geneva: WHO;
1997.

13 Dobaradaran S, Mahvi AH, Dehdashti S, Dobaradaran S, Shoara R. Correlation of Fluoride
with some inorganic constituents in groundwater of Dashtestan, Iran. Fluoride 2009;42:50-
3. 

14 Mahvi AH, Zazoli MA, Younecian M, Nicpour B, Babapour A. Survey of fluoride
concentration in drinking water sources and prevalence of DMFT in the 12 years old
students in Behshahr city. J Med Sci 2006;6:658-61.

15 Nouri J, Mahvi AH, Babaei A, Ahmadpour E. Regional pattern distribution of groundwater
fluoride in the Shush aquifer of Khuzestan County, Iran. Fluoride 2006;39:321-5.

16 Dobaradaran S, Mahvi AH, Dehdashti S. Fluoride content of bottled drinking water available
in Iran. Fluoride 2008;40:93-4.

17 Dobaradaran S, Fazelinia F, Mahvi AH, Hosseini SS. Particulate airborne fluoride from an
aluminium production plant in Arak, Iran. Fluoride 2009;42:228-32.

18 Meyer-Lueckel H, Paris S, Shirkhani B, Hopfenmuller W, Kielbassa AM. Caries and
fluorosis in 6- and 9-year-old children residing in three communities in Iran. Community
Dent Oral Epidemiol 2006;34:63-70.

19 Karthikeyan K, Nanthakumar K, Velmurugan P, Tamilarasi S, Lakshmanaperumalsamy P.
Prevalence of certain inorganic constituents in groundwater samples of Erode district,
Tamilnadu, India, with special emphasis on fluoride, fluorosis and its remedial measures.
Environ Monit Assess 2010;160(1-4):141-55. Published online 2008, DOI 10.1007/s10661-
008-0664-0. Available from: http://www.springerlink.com/content/3814qu872373p552/
fulltext.pdf

20 Gupta S, Banerjee S, Saha R, Datta JK, Mondal N. Fluoride geochemistry of groundwater
in Nalhati-1 block of the Birbhum district, West Bengal, India. Fluoride 2006;39:318-20.

21 Karthikeyan G, Shunmugasundarraj A. Isopleth mapping and in-situ fluoride dependence
on water quality in the Krishnagiri block of Tamil Nadu in South India. Fluoride 2000;33:121-
7.

22 Mahvi AH, Zazoli MA, Younecian M, Esfandiari Y. Fluoride content of Iranian black tea and
tea liquor. Fluoride 2006;39:266-8.

23 Boldaji MR, Mahvi AH, Dobaradaran S, Hosseini SS. Evaluating the effectiveness of a
hybrid sorbent resin in removing fluoride from water. Int J Environ Sci Technol 2009;6:629-
32.

Copyright © 2010 The International Society for Fluoride Research Inc.   
www.fluorideresearch.org       www.fluorideresearch.com       www.fluorideresearch.net

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9035, New Zealand.   


	Summary: This study was conducted to determine the relationship of fluoride (F) in groundwater and dental caries in children living in the Arsanjan area of the Fars province, Iran, and also with some inorganic constituents in the water. Eight...


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


