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Abstract: The fluoride concentrations in the drinking water of the Union Council Ganderi, district Nowshera,
located in the Peshawar Basin, have been evaluated for drinking purpose during this study. Earlier studies in
parts of Peshawar Basin show abundance of flouride in some areas of districts Nowshera and Sawabi. The
present study reports high fluoride contents in the drinking water from Nowshera district, Khyber Pakhtunkwa,
Pakistan. A total of 49 drinking water samples were collected from Behram Kally, Chehel Banda and Kalinger
areas of Tehsil Nowshera. Among these, the drinking water of Chehel Banda is relatively more contaminated
with the anomalous amount (>1.5 mg/l) of fluoride. This elevated concentration of fluoride in the study area is
causing serious health problems as indicated by the prevalence of dental fluorosis and joint pain among the
inhabitants of the study area in general and the children in particular. The presence of fluoride containing
minerals, in lacustrine and alluvial deposits of the study area, is considered to be the main contributors of
fluoride to the groundwater. It is, therefore, suggested that drinking water of whole of the district Nowshera
should be systematically assessed for fluoride contamination. The supply of clean drinking water is urgently
required for the eradication of fluoride related health problems in the study area. 
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INTRODUCTION the use of phosphatic fertilizers, pesticides, sewage and

Groundwater is an essential source of drinking water. causing fluoride contamination [5].
However, clean drinking water is not available everywhere Fluoride is an essential ingredient for the normal
because natural weathering processes and anthropogenic growth of bones and formation of enamel on teeth [6].
activities are contaminating these resources, thus making Bones and teeth are accumulating about 96% of total
them unsafe for drinking purpose. The contamination of fluoride present in the human body. Excessive intake of
groundwater by fluoride is becoming a growing problem fluoride leads to certain health hazards in humans,
in many parts of the world, including Pakistan, India, particularly on teeth and bones which result in mottling
Europe and United States. Around 200 million people are and deterioration of teeth and  abnormal  growth of
having high health risks due to abundant concentration bones. These conditions are known as dental and skeletal
of fluoride in the drinking water resources [1]. The major fluorosis which causes severe effects due to deficiency of
source of fluoride in ground water is the fluoride bearing calcium (Ca) and vitamins in the food. Continuous use of
minerals such as fluorite, hornblende, flour-apatite, high fluoride is also considered one of the causes of
serpentine, mica and certain clays [2, 3]. The natural kidney diseases, cancer, birth defects, heart disease,
occurrence of fluoride in groundwater is governed by skeletal changes, violent allergies, goiters, ulcers, abortion
climatic conditions, pH, host rock composition and and anemia [7]. Chronic use of fluoride is also causing
hydrogeology [4]. Some anthropogenic activities such as changes in cerebral cortex in animals [8]. 

sludge and depletion of groundwater table are also
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Fig. 1: Location map of the study area

The present investigation is mainly aimed to assess The study area (Fig. 1) is part of the Union Council
the fluoride concentration in some of villages of Union Ganderi, tehsil and district Nowshera within Peshawar
Council Ganderi, district Nowshera. Earlier work includes Basin between latitude 34°, 03' to 34, 08' N and longitude
the work on various water quality parameters in selected 71°, 52' to 71°, 59' E (Fig. 1). The area under investigation
areas of Nowshera district and fluoride concentration in is covered by fluvial, lacustrine and alluvial deposits.
parts of Nowshera and Sawabi districts [9-11]. The These deposits are mainly consisting of sand, silt and
present study was conducted in selected villages of clay size particles. The clays are greenish-grey in color
district Nowshera for assessing the fluoride and are characterized by thin layering. The groundwater
contamination in the drinking water as the problems of obtained through dug wells, tube wells and hand pumps
joint pain and teeth mottling, the common symptoms of is the main sources of drinking water in the study area.
fluorosis, have affected the inhabitants of the study area.

Geology of the Study Area: The study area is located in
Peshawar Basin which is a low lying intermontane basin Groundwater in the study area is present in sand and
covering about 8000 km , bounded in the north by foothill silt horizons. Water table in the study area is variable,2

of Swat and Mardan, in the south by Attock Cherat ranging from 2 meters up to 8 meters depth. Water logging
Ranges and in the west and east by Khyber and Gandghar is noticed in some parts of the study area.
Ranges respectively. This Basin is covered with
lacustrine, deltaic, fluvial, alluvial, flood plain and loess Water Sampling: Groundwater samples were collected
deposits. These sediments of the Peshawar Basin started from hand pumps installed on bore wells constructed by
depositing after the end of Attock-Cherat ranges governmental and non-governmental organizations. A
deformation about 2.8 to 0.6 million years ago [12]. These total of 49 samples were collected and stored in separate
deposits are considered to have been deposited in lakes, clean polythene bottle of 250 ml from different sampling
formed as a result of temporary and periodic blockage of points for the determination of fluoride concentration.
the drainage system of the Peshawar Basin during Water from hand pumps was allowed to flow for 5 to 10
Quaternary period. Kabul River and its tributaries are the minutes and then bottles were filled with it. Fluoride (F)
main sources of recharge. Within this basin, some concentration was determined using 4500-FC, ion-
metamorphic and igneous rocks are also outcropping in selective electrode method as recommended by American
the areas of Nowshera and Sawabi. Public Health Association [13] in the laboratories of

MATERIALS AND METHODS
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Pakistan council of research in water resources (PCRWR). within the suitable range (Table 1). Among the three
Each sample was analyzed in duplicate and after every 10 villages, maximum samples (69%) from Chehel Banda are
samples, 2 standard samples and 01 blank sample were having higher percentage of fluoride than the maximum
used for calculating the precision and reproducibility of safe limit of WHO. Behram Kally and Kalinger areas are
the results. The reproducibility was found to be at 95% having 33% and 23% of the water samples respectively
confidence level. Therefore, the average value of each with abundant fluoride contents.
water sample was used for further interpretation. The probable connection between fluoride

RESULTS AND DISCUSSION human health are summarized in the Table 3 [14]. On the

Fluoride contents of 49 samples of drinking water of study area is classified into three categories as high
the study area are given in the Table 1. World Health (ranging from 1.61 mg/l to 7.90 mg/l), medium (ranging
Organization (WHO) [14] has specified the permissible from 0.56 mg/l to 1.48 mg/l) and low (ranging from 0.36
limits between 0.5 mg/l and 1.5 mg/l. Thus if the mg/l to 0.45 mg/l).
concentration is either above 1.5 mg/l or below 0.5 mg/l in The effects of fluoride on human health can be either
water, it is unsafe for drinking purpose. The present study positive or negative depending on the amount of fluoride
shows that out of 49 samples analyzed, 17 samples exhibit ingested. Suitable amount of fluoride ingestion as
higher concentration of fluoride above the permissible suggested by WHO [14], has positive effects on teeth and
limits (>1.5 mg/l) set by WHO and are, therefore, bones in human body. The negative effects, due to
detrimental for drinking purpose (Table 2). Hence, it is excessive ingestion of fluoride over a long period of time,
shown that overall 35% of the water samples are lead to chronic fluoride poisoning known as dental and
contaminated with higher fluoride concentration. Three of skeletal fluorosis [14]. The first sign on teeth is mottling
the samples in the range of 0.36 to 0.45, are below the and brownish coloration of the teeth, which ultimately
lower permissible limits as suggested by WHO and are, leads to teeth deterioration. Continuous ingestion of 3
therefore, also not suitable for drinking. Rests of the mg/l to 6 mg/l of fluoride leads to bone deformation and
samples  are   suitable  for  drinking  purpose  as  they  fall softening, known as skeletal fluorosis (Table 3) [14].

concentration  in  drinking  water  and  its  effects on

basis of fluoride concentration, the ground water of the

Table 1: Summary of fluoride concentration of Union Council, Ganderi, Nowshera
S.No. Union Council (mg/l) Safe/Unsafe S.No. Union Council (mg/l) Safe/Unsafe
1 3.9 unsafe 26 0.72 Safe
2 1.14 Safe 27 0.75 Safe
3 0.9 Safe 28 0.93 Safe
4 3.45 unsafe 29 4.3 unsafe
5 1.03 Safe 30 4.3 unsafe
6 1.24 Safe 31 5.7 unsafe
7 0.45 Safe 32 4.35 unsafe
8 0.36 Safe 33 2.4 unsafe
10 1.06 Safe 34 4.8 unsafe
11 0.85 Safe 35 1.37 Safe
12 1.94 unsafe 36 1.34 Safe
13 4.1 unsafe 37 1.81 unsafe
14 0.56 Safe 38 1.41 Safe
15 1.08 Safe 39 1.77 unsafe
15 0.98 Safe 40 1.7 unsafe
17 0.69 Safe 41 1.47 Safe
18 0.89 Safe 42 1.21 Safe
19 0.69 Safe 43 1.48 Safe
20 1.84 unsafe 44 1.18 Safe
21 1.0 Safe 45 1.61 unsafe
22 1.39 unsafe 46 7.9 unsafe
23 1.38 Safe 47 2.35 unsafe
24 1.03 Safe 48 1.22 Safe
25 1.07 Safe 49 0.37 Safe
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Table 2: Summary of fluoride concentration of the studied villages, Ganderi Union Council
S.No. Samples collected Village Name Safe Fluoride contaminated % affected
1 01-27 Kalinger 22 5 23
2 28-40 Chehal Banda 4 9 69
3 41-49 Bheram Kallay 6 3 33

Table 3: Effects of fluoride on human health [15]

S.N. Fluoride (mg/l) Physiological effect. 

1 0.5-1 Healthier bones and teeth 
2 2-3 Dental fluorosis
3 3-6 Mild skeletal fluorosis
4 10-80 Crippling fluorosis, Cancer

Either  anthropogenic  or  geogenic  sources  or both
of  these  collectively  can  cause  fluoride  contamination
of the groundwater system. The alkaline, mafic and
ultramafic rocks, exposed in the northern parts of
Peshawar Basin which have contributed the fluoride
bearing  minerals  such  as apatite, flour-apatite,
muscovite,  biotite,  hornblende  and  serpentine  to  the
soil of this basin due to weathering and erosional
processes [11]. As there is no industry or any other
human activity that can cause contamination of fluoride
in the drinking water resources, it is, therefore, suggested
that the fluoride contamination in the groundwater of the
study area is caused by the release of the fluoride from
the fluoride-bearing phases present in the soils of the
basin. Similar observations have also been reported in the
other parts of the basin [3, 11].

According to the survey conducted through the
Basic Heath Units (BHUs) in the study area, it was found
that due to the use of fluoride contaminated drinking
water, the inhabitants of the area are suffering from yellow
and cracked teeth (dental fluorosis) and skeletal fluorosis.
Therefore, proper remedial measures should be taken on
urgent basis. Simple household defluoridation filters
should be provided to the inhabitant and they should be
educated about the hazardous nature of fluoride. Various
defluoridation techniques such as Gypsum addition
technique [15] or activated Alumina Treatment based on
Nagpur technique [16] should be adopted for the removal
of fluoride from the drinking water. 

CONCLUSION

This study shows that about 35% of the samples
collected from the Union Council Ganderi have the higher
concentration of fluoride than the permissible limit of
WHO. The drinking water of Chehel Banda is
contaminated  with  fluoride   to   an   alarming  level,
where the skeletal fluorosis has affected the inhabitants

because of the use of fluoride contaminated drinking
water for long time. This study suggests the geogenic
source for the higher amount of fluoride in the
groundwater sources of the area. Therefore, proper
remedial  measures  should  be  taken for  the  eradication
of fluoride contamination in the drinking water of the
study area. 

REFERENCES

1. Ayoob,  S.  and  A.K.  Gupta,  2006.  Fluoride in
drinking waters: a review on the status and stress
effects.  Critical  Reviews  in  Environ.  Sci.  Technol.,
36: 433-487.

2. Janardhan, R.N., S. Deay and K. Das, 2009. Fluoride
contamination in ground waters of Sonbhadra
district, Uttar    Pradesh,   India.   Current   Sci.,
96(7): 979- 985.

3. Danishwar, S., M. Majid, M.T. Shah and N. Haq,
1994. Fluoride abundance in drinking water and
related health hazards: a case study from Kheshki
area, Nowshera district, N.W.F.P. Geol. Bull. Univ.
Pesh., 27: 113-116.

4. Gupta,   S.,    S.   Banerjee,  R.  Saha,  J.K.  Datta  and
N. Mondal, 2006. Fluoride Geochemistry of ground
water in Nalhati-1 block  of  the   Birbhum   district,
West Bengal, India, Fluoride, 39(4): 318-320.

5. Ramanaiah,  S.V.,  S.  Venkatamohan,  B.  Rajkumar
and P.N. Sarma, 2006. Monitoring of fluoride
concentration  in  ground  water  of  Prakasham
district in India: Correlation with physico-chemical
parameters. J. Environ. Sci. Eng., 48: 129-134.

6. Ceopalan, C., 2003. The Changing epidemiology of
malnutrition  in  developing  Society.   Current   Sci.,
77: 1257. 

7. Carstairs, C. and R. Elder, 2008. Expertise, health and
popular opinion: debating water fluoridation, 1945-80.
Can. Hist. Rev., 89(3): 345-370. 

8. Hayani, A., E.B. Elshal, I.H.A. Aal and E.A.
Shammeri, 2013. Does vitamin E protect against
sodium fluoride toxicity on the cerebellar cortex of
Albino rats? Mid. J. Sci. Res., 16(7): 1019-1026.

9. Bundchuh, J., 1992. Hydrochemical and
hydrogeological studies of ground water in Peshawar
Valley, Pakistan. Geol. Bull. Univ. Pesh., 2: 23-37.



World Appl. Sci. J., 27 (5): 632-636, 2013

636

10. Khan,  S., M.   Shahnaz,   N.   Jehan,   S.   Rehman, 13. American Public Health Association, 1992. Standard
M.T. Shah and I. Din, 2012. Drinking water quality methods for the examination of water and waste
and hum health risk in Nowshera district, Pakistan, water. Amr. Publ. Health. Assoc. 18  Edi.
Journal of Cleaner Production. Doi..10.1016/j.jclepro. Washington, DC.
2012.02.016. 14. World Health Organization, 2004. Guidelines for

11. Shah, M.T. and S. Danishwar, 2003. Potential fluoride drinking water quality. Vol. 1, 3  Edi. WHO: Geneva.
contamination in the drinking water of Naranji area, 15. Appleo, C.A.J. and D. Postma, 1996. Geochemistry,
Northwest frontier province, Pakistan. Environ. Groundwater and Pollution. Belkema Publishers,
Geochem. Health, 25: 475-481. Netherlands.

12. Burbank, D.W. and R.A.K. Tahirkheli, 1985. Thc 16. Balbusu, K.R. and W.G. Nawalakhe, 1992.
magnetostratigraphy fission-track dating and Defluoridation. Nagpur, Nation. Environ. Eng. Res.
stratigraphic evolution of the Peshawar intermontane Inst., pp: 61.
basin,  northern  Pakistan.  Bull.  Geol.  Soc.  Amer.,
96: 539-552. 

th

rd


