Fluoride level in urban water distribution network in Sari & Noshahr & Tonekabon and Ramsar cities in 2011-2012
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Abstract
Naturally fluoride occurs in low concentration of food or water. It's about one hundred years that dental fluorosis has been known. Major source of exposure to fluoride are food so the content of it in drinking water is significant.The current study has been done to evaluate the fluoride level in Urban water distribution network Sari & Noshahr & Tonekabon and Ramsar cities. Then the results compared with to universal, national ,climatic conditions standards.This descriptive study is sectional, according to the number of water sources and by urban water and wastewater department consultation sampling was done according to the standards in September and October of 2011. Then samples have been taken to  Applied Geology and Research Center-Karaj  and fluoride concentration has been measured through 9056A EPA method. The medium of maximum temperature in different seasons has been obtained from Mazandaran Meteorology Organization.The results of the study have shown . that the maximum ,  minimum and mean levels of fluoride in urban water distribution network were 0.49 ,0.20 ppm and 0.29 ± 0.07 in sari , 0.21, 0.00 ppm and 0.13 ± 0.07  in Noshahr, 0.21, 0.06 ppm and 0.12 ± 0.04  in Tonekabon and 0.26, 0.08 ppm and 0.12 ± 0.04  in Ramsar respectively. 100 % of the samples of sari city ,0.11 % of Ramsar city , 0.02 % Tonekabon city and 12%  Noshahr city Fluoride concentration were appropriate with Secondary Drinking Water Regulations (SDWR = 0.2 ppm). The Fluoride levels in studied cities were lower than universal standards, national and climatic conditions. It is recommended that adding  fluoride to  food chain of  the studied  citizens should be noticed by the relevant authorities.
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Introduction

Naturally fluoride occurs in low concentration of food or water.Fluoride is one of the very few chemicals that has been shown to cause significant effects in people through drinking – water .Fluorine is a common element that is widely distributed in the earth’s crust and exists in the form of fluorides in a number of minerals, such as fluorspar, cryolite and fluorapatite. Traces of fluorides are present in many waters, with higher concentrations often associated with underground sources( WHO 2008).Fluoride has beneficial effects on teeth at low concentrations in drinking – water , but excessive exposure to fluoride in drinking – water , or in combination with exposure to Fluoride from other sources , can give rise to a number of adverse effects( Fawell  and Bailey 2006). It is the lightest member of the halogen group and is one of the most reactive one in all chemical elements. Fluorine in the environment is therefore found as fluorides which together represent about 0.06 – 0.09 % of the earth’s crust ( WHO 2006). Fluoride is one of the drinking-water contaminants regulated by EPA.Fluoride may be found in drinking water as a natural contaminant or as an additive intended to provide public health protection from dental caries ( artificial water fluoridation ) ( NRC 2006). "Water is life," so central to human life, yet over one billion people across the world have no access to safe drinking water. Of late, there has been increasing global attention focused on resolving water quality problems especially in developing countries, as the lack of access to clean water denies the most essential of all rights, the right to life. The latest estimates suggest that around 200 million people, from among 25 nations the world over, are under the dreadful fate of fluorosis. India and China, the two most populous countries of the world, are the worst affected ( Ayoob  and Gupta 2006). Fluoride has been described as an essential element needed for normal development and growth of animals and extremely useful for human beings. Fluoride is abundant in the environment and the main source of fluoride to humans is drinking water. It has been proved to be beneficial in recommended doses, and at the same time its toxicity at higher levels has also been well established. Fluoride gets accumulated in hard tissues of the body and has been know to play an important role in mineralization of bone and teeth. At high levels it has been known to cause dental and skeletal fluorosis ( Dhar and Bhatnagar 2009). The problem of high fluoride concentration in groundwater resources has become one of the most important toxicological and geo-environmental issues in India. World Health Organization (WHO) guideline value and the permissible limit of fluoride as per Bureau of Indian Standard (BIS) is 1.5 mg/l( Majumdar  2011). The protective effects of fluoride increase with concentration up to about 2 mg of fluoride per litre of drinking-water; the minimum concentration of fluoride in drinking-water required to produce it is approximately 0.5 mg/litre. However, fluoride can also have an adverse effect on tooth enamel and may give rise to mild dental fluorosis (prevalence:12–33%) at drinking-water concentrations between 0.9 and 1.2 mg/litre,depending on drinking-water intake and exposure to fluoride from other sources (WHO  2008). The current study has been done to evaluate the fluoride level in Urban water distribution network Sari & Noshahr & Tonekabon and Ramsar cities. Then the results compared with to universal, national ,climatic conditions standards.
2. Materials and method
2.1 Site study & Sampling strategy

Mazandaran province is in the north of IRAN .The province enjoys a moderate, subtropical climate with an average temperature of 25 °C in summer and about 8 °C in winter. The city of Sari is the capital of the Mazandaran province. Ramsar , Tonekabon and Noshahr are other cities of Mazandaran province in north of  Iran, on the coast of the Caspian Sea. The Covered Population of  Noshahr , Ramsar , Tonekabon and Sari are 48214 , 50559 , 208890 and 313528 people respectively.This descriptive study is sectional and it is done according to the number of water sources and by urban water and wastewater department consultation sampling was done according to the standards in September and October of 2011. Then samples have been taken to  applied Geological research Center (GRCIR)  in Karaj  and fluoride concentration has been measured through 9056A EPA method. Since fluoride is determined according to ambient temperature , To determine the optimal amount of fluoride and local standards, average maximum daily temperature in summer and autumn seasons were received from Mazandaran Meteorology Organization.The suggested fluoride concentration for fluoridated water supply system can be estimated from ( Stander  and  Theodore  2008): 

F (mg/l) = 0.34 / 0.038 + 0.0062 T°f
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 Fig. 1 Location of studied cities
3. Result
The results of the study has shown that the maximum ,  minimum and mean levels of fluoride in drinking water source were 0.49 ,0.20 ppm and 0.29 ± 0.07 in sari , 0.21, 0.00 ppm and 0.13 ± 0.07  in Noshahr, 0.21, 0.06 ppm and 0.12 ± 0.04  in Tonekabon and 0.26, 0.08 ppm and 0.12 ± 0.04  in Ramsar respectively.( Table 1 & 2). 

Table 1 Maximum , Minimum and Mean levels of fluoride concentrations (ppm) in urban water distribution network in Sari & Noshahr & Tonekabon and Ramsar cities
	City
	N
	Min
	Max
	Mean
	Std. Deviation

	Noshahr
	33
	0.00
	0.21
	0.13
	0.07

	Ramsar
	38
	0.08
	0.26
	0.12
	0.04

	Tonekabon
	56
	0.06
	0.21
	0.12
	0.04

	Sari
	63
	0.20
	0.49
	0.29
	0.07


                        ( 2011 - September & October)  
	
	Table 2 Fluoride concentrations (ppm) in urban water distribution network

 in Sari & Noshahr & Tonekabon and Ramsar cities
	
	
	

	Fluoride Con. (ppm) in  … City

	Noshahr
	Ramsar
	Tonekabon
	Sari

	0.16
	0.10
	0.10
	0.12
	0.09
	0.16
	0.19
	0.11
	0.09
	0.28
	0.28
	0.26
	0.49

	0.18
	0.18
	0.10
	0.12
	0.12
	0.12
	0.18
	0.09
	0.10
	0.27
	0.26
	0.27
	0.36

	0.19
	0.08
	0.10
	0.11
	0.11
	0.12
	0.21
	0.12
	0.07
	0.26
	0.25
	0.26
	0.49

	0.16
	0.19
	0.10
	0.26
	0.20
	0.09
	0.11
	0.10
	0.09
	0.26
	0.27
	0.27
	0.30

	0.17
	0.00
	0.09
	0.1
	
	0.10
	0.09
	0.07
	0.07
	0.23
	0.25
	0.26
	0.30

	0.01
	0.20
	0.10
	0.13
	
	0.16
	0.08
	0.15
	
	0.20
	0.23
	0.25
	0.29

	0.16
	0.00
	0.10
	0.12
	
	0.16
	0.07
	0.06
	
	0.28
	0.27
	0.25
	0.31

	0.17
	0.15
	0.09
	0.18
	
	0.16
	0.17
	0.09
	
	0.22
	0.23
	0.25
	0.24

	0.16
	0.10
	0.24
	0.11
	
	0.16
	0.11
	0.11
	
	0.27
	0.28
	0.20
	0.47

	0.16
	0.08
	0.08
	0.11
	
	0.13
	0.100
	0.08
	
	0.25
	0.26
	0.27
	0.31

	0.19
	0.02
	0.11
	0.11
	
	0.16
	0.16
	0.09
	
	0.24
	0.26
	0.29
	0.49

	0.17
	0.10
	0.10
	0.11
	
	0.12
	0.18
	0.06
	
	0.25
	0.27
	0.47
	0.37

	0.18
	0.04
	0.12
	0.10
	
	0.11
	0.16
	0.07
	
	0.25
	0.27
	0.28
	0.48

	0.21
	0.21
	0.11
	0.11
	
	0.09
	0.16
	0.12
	
	0.23
	0.29
	0.30
	

	0.12
	0.01
	0.12
	0.11
	
	0.19
	0.1
	0.11
	
	0.25
	0.28
	0.23
	

	0.11
	0.01
	0.12
	0.10
	
	0.08
	0.08
	0.12
	
	0.25
	0.26
	0.46
	

	0.20
	
	0.11
	0.25
	
	0.13
	0.09
	0.08
	
	0.26
	0.32
	0.30
	


Table3 Comparison of Fluoride concentrations (ppm) in urban water distribution network * due to the optimal fluoride the seasonal average maximum daily temperature**   
	City
	T °f in Sep
	T °f in Oct
	Fluoride(mg/l)

	
	
	
	Mean*
	in Sep* *
	in Oct **

	Noshahr
	78.44
	74.12
	0.13
	0.65
	0.68

	Ramsar
	78.44
	74.48
	0.12
	0.65
	0.68

	Tonekabon
	78.44
	74.48
	0.12
	0.65
	0.68

	Sari
	83.84.
	78.26
	0.29
	0.61
	0.65


Table 4 Fluoride Con. (ppm) in underground water sources  in Sari city  (2011-12)***
	Season

No
	Spring
	Mean
	Summer
	Mean
	Autumn
	Mean
	Winter
	Mean

	1
	0.23
	0.34
	0.29
	0.22
	0.48
	0.35
	0.47
	0.23
	0.35
	0.46
	0.46
	0.46

	2
	0.30
	0.33
	0.32
	0.30
	0.32
	0.31
	0.30
	0.32
	0.31
	0.30
	0.31
	0.31

	3
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40
	0.45
	0.40
	0.43
	0.31
	0.40
	0.36

	4
	0.31
	0.30
	0.31
	0.30
	0.31
	0.31
	0.30
	0.32
	0.31
	0.30
	0.31
	0.31

	5
	0.42
	0.41
	0.42
	0.40
	0.41
	0.41
	0.40
	0.40
	0.40
	0.40
	0.40
	0.40

	6
	0.38
	0.39
	0.39
	0.24
	0.25
	0.25
	0.28
	0.29
	0.29
	0.27
	0.27
	0.27

	7
	0.30
	0.26
	0.28
	0.30
	0.25
	0.28
	0.25
	0.30
	0.28
	0.30
	0.25
	0.28

	9
	0.42
	0.41
	0.42
	0.40
	0.41
	0.41
	0.40
	0.40
	0.40
	0.46
	0.47
	0.47

	10
	0.35
	0.36
	0.36
	0.39
	0.40
	0.40
	0.35
	0.36
	0.36
	0.36
	0.36
	0.36

	11
	0.35
	0.35
	0.35
	0.35
	0.36
	0.36
	0.35
	0.35
	0.35
	0.34
	0.34
	0.34

	12
	0.51
	0.51
	0.51
	0.50
	0.51
	0.51
	0.52
	0.50
	0.51
	0.49
	0.50
	0.50

	13
	0.56
	0.57
	0.57
	0.55
	0.55
	0.55
	0.54
	0.54
	0.54
	0.52
	0.51
	0.52

	14
	0.36
	0.36
	0.36
	0.35
	0.36
	0.36
	0.34
	0.34
	0.34
	0.32
	0.33
	0.33

	15
	0.55
	0.56
	0.56
	0.55
	0.55
	0.55
	0.52
	0.51
	0.52
	0.51
	0.51
	0.51

	16
	0.28
	0.30
	0.29
	0.36
	0.37
	0.37
	0.35
	0.35
	0.35
	0.36
	0.36
	0.36

	17
	0.30
	0.31
	0.31
	0.26
	0.27
	0.27
	0.28
	0.29
	0.29
	0.28
	0.28
	0.28

	18
	0.29
	0.33
	0.31
	0.49
	0.50
	0.50
	0.47
	0.47
	0.47
	0.29
	0.30
	0.30

	19
	0.64
	0.65
	0.65
	0.62
	0.63
	0.63
	0.61
	0.60
	0.61
	0.60
	0.61
	0.61

	20
	0.50
	0.51
	0.51
	0.50
	0.51
	0.51
	0.50
	0.52
	0.51
	0.42
	0.42
	0.42

	21
	0.46
	0.47
	0.47
	0.45
	0.45
	0.45
	0.45
	0.47
	0.46
	0.42
	0.43
	0.43

	Mean
	0.40
	0.41
	0.40
	0.40
	0.41
	0.41
	0.41
	0.40
	0.40
	0.39
	0.39
	0.40

	S D
	0.11
	0.11
	0.11
	0.11
	0.11
	0.11
	0.10
	0.10
	0.10
	0.10
	0.10
	0.11

	Min
	0.23
	0.26
	0.28
	0.22
	0.25
	0.25
	0.25
	0.23
	0.28
	0.27
	0.25
	0.23

	Max
	0.64
	0.65
	0.65
	0.62
	0.63
	0.63
	0.61
	0.60
	0.61
	0.60
	0.61
	0.64


well water ( No : 8 ) was inactive

Table 5 Fluoride Con. (ppm) in underground water sources in Ramsar city  (2011-12)***
	Season

No
	Spring
	Summer
	Autumn
	Winter 

	1
	0.41
	0.40
	0.03
	0.03

	2
	0.05
	0.01
	0.05
	0.04

	3
	0.17
	0.19
	0.17
	0.16

	4
	0.18
	0.20
	0.16
	0.15

	5
	0.11
	0.11
	0.02
	0.02

	6
	0.20
	0.26
	0.20
	0.19

	7
	0.06
	0.38
	0.02
	0.02

	8
	0.14
	0.30
	0.14
	0.13

	9
	0.21
	0.15
	0.15
	0.14

	10
	0.13
	0.11
	0.10
	0.09

	11
	0.12
	0.20
	0.18
	0.18

	12
	0.04
	0.09
	0.09
	0.08

	Mean
	0.15
	0.20
	0.11
	0.15

	S D
	0.10
	0.12
	0.07
	0.10

	Min
	0.04
	0.01
	0.02
	0.04

	Max
	0.41
	0.40
	0.20
	0.41


Table 6 Fluoride Con. (ppm) in underground water sources in Tonekabon city  (2011-12)***

	Season

No
	Spring
	Summer
	Autumn
	Winter 
	Season

No
	Spring
	Summer
	Autumn
	Winter 

	1
	0.16
	0.13
	0.12
	0.08
	16
	0.18
	0.18
	0.14
	0.08

	2
	0.19
	0.17
	0.11
	0.11
	17
	0.24
	0.09
	0.09
	0.12

	3
	0.11
	0.11
	0.09
	0.16
	18
	0.12
	0.13
	0.11
	0.11

	4
	0.12
	0.13
	0.13
	0.09
	19
	0.15
	0.21
	0.13
	0.07

	5
	0.16
	0.29
	0.1
	0.13
	20
	0.23
	0.14
	0.12
	0.09

	6
	0.21
	0.16
	0.12
	0.12
	21
	0.09
	0.08
	0.08
	0.1

	7
	0.26
	0.18
	0.16
	0.08
	22
	0.08
	0.08
	0.09
	0.11

	8
	0.06
	0.11
	0.08
	0.09
	23
	0.11
	0.11
	0.12
	0.08

	9
	0.1
	0.08
	0.09
	0.08
	24
	0.15
	0.07
	0.13
	0.13

	10
	0.15
	0.16
	0.12
	0.11
	25
	0.18
	0.12
	0.15
	0.11

	11
	0.21
	0.18
	0.11
	0.12
	26
	0.11
	0.08
	0.11
	0.12

	12
	0.28
	0.21
	0.16
	0.11
	27
	0.08
	0.11
	0.08
	0.09

	13
	0.11
	0.19
	0.13
	0.14
	28
	0.15
	0.09
	0.09
	0.08

	14
	0.08
	0.07
	0.08
	0.09
	29
	0.09
	0.15
	0.12
	0.11

	15
	0.11
	0.1
	0.11
	0.11
	30
	0.12
	0.12
	0.09
	0.13

	
	Spring
	Summer
	Autumn
	Winter 

	Mean
	0.15
	0.13
	0.11
	0.15

	S D
	0.06
	0.05
	0.02
	0.06

	Min
	0.06
	0.07
	0.08
	0.06

	Max
	0.28
	0.29
	0.16
	0.28


Also water supply of Noshahr city  was  a spring and fluoride concentrations were in spring, summer, autumn and winter, respectively 0.12 , 0.00 , 0.08 and 0.21 . ***
4. Discussion

The Maximum Contaminant Level Goal (MCLG) and The Maximum Contaminant Level (MCL) for fluoride are 4 mg/l (ppm) also Secondary Drinking Water Regulations (SDWR ) is 0.2 mg/l ( EPA 2012). Guideline value (Min and Max) are 0.5 and 1.5 mg/l . The amounts added to drinking-water are such that final concentrations are between 0.5 and 1 mg/l. The fluoride in final water is always present as fluoride ions, whether from natural sources or from artificial fluoridation. The protective effects of fluoride increase with fluoride concentration of more than 2 mg   per litre in drinking-water; the minimum required 
*** Source: urban water and wastewater of Mazandaran and Water laboratory in the health center of Mazandaran province.

concentration of fluoride in drinking-water is approximately 0.5 mg/l. It was emphasized that in setting national standards for fluoride, it is particularly important to consider climatic conditions, average annual temperature, Protectors of teeth , volume of water intake and intake of fluoride from other sources (food, air , …) ( WHO 2008 , ISIRI 2009). The population of the study area(the basaltic areas ) is at a high risk due to excessive fluoride intake especially when they are unaware of the amount of fluoride being ingested due to lack of awareness ( Asghari and Fijani  2008). The investigation has confirmed that the maximum allowable concentrations (MAC) of  fluorides is exceeded in the artesian waters of the Moscow Region ( Klochkova et al.,  2010). Fluoride levels were low in most parts of the country, being 0.3 ppm or less in 62% of the local government areas( Akpata et al.,  2009). The maximum fluoride concentration in the block is 5.91 mg/lfrom Sirsi village( Hussain et al., 2012). The average annual mean maximum temperatures(AMMT) of Pakistan is 29°C at which the optimal fluoride in drinking water of Pakistan was calculated to be 0.7 ppm( Khan et al.,  2004). Results indicated that water supply from 42% of the municipalities had a fluoride concentration over the Mexican standards of 1.5 mg/l( Hurtado and Gardea-Torresdey 2004). Fluoride content ranged between 0.01 and 9.35 mg/l( Buzalaf et al., 2002). Fluoride concentrations were 0.19-0.33 and 0.34-0.43 mg/lin in Karaj and Jajrud Rivers respectively ( Azimi  2004). Fluoride concentration was 0.2 to 9.2 mg/l( Keshavarzi et al., 2010). Fluoride concentrations in Urban water distribution network  were  lower than underground water sources in  at the time of the study (season  summer). Since the sampling were conducted in the summer of urban water distribution network and according to the results obtained of urban water and wastewater of Mazandaran and Water laboratory in the health center of Mazandaran province  the concentration of fluoride were in water supplies (wells and springs) in the summer of the following : Fluoride concentration in 100 % of the samples of sari city were relevant to  Secondary Drinking Water Regulations (SDWR = 0.2 ppm) and 25% of the samples were ( > 0.5  ,  0.5 – 0.65 ppm )in Spring , Summer and Autumn also 20%  in winter. Fluoride concentration in underground water sources in Ramsar city  were relevant to SDWR  ( 0.2 ppm) in spring , Summer , Autumn and Winter 25 % , 50 % , 0.00% and 0.08 % of the samples respectively and in Tonekabon city were relevant to SDWR  20% , 10% , 0.00% and 0.00 % of the samples respectively.

5. Conclusion
According to the results of fluoride concentration in studied cities, Fluoride level were lower than universal standards (MCLG , MCL = 4 ppm ) and  SDWR ( 0.2 ppm) , national (0.5 – 1.5 ppm)  and climatic conditions (0.61 – 0.68 ppm). 100 % of the samples of sari city ,0.11 % of Ramsar city , 0.02 % Tonekabon city and 12%  Noshahr city Fluoride concentration were appropriate with Secondary Drinking Water Regulations (SDWR = 0.2 ppm). The Fluoride levels in studied cities were lower than universal standards, national and climatic conditions. It is recommended that adding fluoride to food chain of the studied citizens should be noticed by the relevant authorities.
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