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ABSTRACT
Fluoride plays significant role in the human body if it presents between 0.6ppm and 1.5ppm in drinking water but if the concentration is higher than 1.5ppm. It
causes dental and skeletal fluorosis. In this study, fluoride levels in ground water samples were collected and analyzed in twenty six villages of Alagilat city,
Libya. Sixty five samples were collected in polyethylene plastic bottles and analyzed for fluoride levels with pH, Electrical Conductivity (EC), Calcium (Ca),
Magnesium (Mg), Potassium (K), Sulfate (SO4), sodium (Na), Phosphate (PO4) and chloride (Cl). Fluoride concentration ranged between 0.8 and 3.2 mg / l with
an average of 2.04mg/l. Out of 56 samples above 1.5mgL-1 fluoride (above the recommended value set by the world health organization) is 86.15% and between
0.6 mg/l and 1.5 fluorides is 13.84 %. As per the minimum and maximum permissible limit for fluoride in drinking water, recommended by the WHO, the
ground water of the most studied villages is unfit for drinking proposes without prior treatment. From the correlation analysis fluoride was found to be positively
correlated with Ca, K, Na, SO4, PO4, Cl and EC and negatively correlated with Mg and pH.
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INTRODUCTION
Water is a vital element for the life and is essential for the health.
Libya is situated in the dry zone, and the ground water is considered
the major source of drinking water around the country. This source of
water has become deteriorated due to different sources of pollution.
However, clean drinking water became very scarce and polluted
worldwide. Fluoride is considered one of the most dominant elements
in the environment. It is found naturally in ground water of different
parts of the world. Fluoride is an electronegative element and is never
found in the nature in the elemental form. It combines with several
elements to form other fluorides. The sources of fluoride in ground
water are igneous and sedimentary rocks. Fluorspars, cryolite,
fluoroapatite are considered the most common fluoride bearing
minerals. Fluorite is the main bearer of fluoride and is found in granite
and pegmatite1,-4. Anthropogenic activities such as burning of coal,
manufacturing of aluminum, steel and phosphate fertilizers contain
significant a mounts of fluoride 5, 6. Fluoride was first detected in
ground water in Nellore district of Andhra Pradesh India 7. Fluoride
plays an important role in the growth of teeth and reduces dental
caries when it presents in optimum levels, high or low concentrations
of fluoride in drinking water have caused dental and skeletal fluorosis
8, 9
. Around 96% of the fluoride is found in bones and teeth. Fluoride
also plays an important role in the mineralization of the bones and
formation of the dental enamel 10. Fluoride in drinking water has
become one of the most health problems around the world, as 200
million people from different countries are subject to dental and
skeletal fluorosis.
Many countries, such as China, India, Srilanka, Mexico, Argentina,
and many states in Africa, have very high rates of dental and skeletal
fluorosis caused by the high levels of fluoride in drinking water 11, 12.
Fluorosis is widespread in many developed and developing countries
such as India, China, United States and Australia 13. In 1986 fluorosis
was reported in 13 of the Indian states, in 1992 it was 15, in 2002 it
became 17 and now the effected states exceed to 19, indicating that
fluorosis is the most serious problem around the country. Currently,

about 62 million people of which 6 million children are suffering
from the disease because of consuming drinking water with high
fluoride content 14. Ground water contains high levels of fluoride in
many countries of the world, including large parts of Africa, China,
the Middle and the Far East, and Asia 15. The recommended limit of
fluoride in drinking water, according to the guidelines is up to 1.5
mg/l. higher levels of fluoride in the ground water than the
recommended is a major problem worldwide. Fluoride levels in
drinking water in different parts of the world are illustrated in table 1.
It is assumed that ground water in the western north of Libya contains
risky levels of fluoride 16. The aim of this study is to investigate the
fluoride concentrations in the ground water in this area.
Table 1: Concentration of Fluoride Found in Deferent parts of the
World
No
1
2
3
4
5
6
7
8
9
10
11

Concentration (mg /l)
Maximum
Minimum
0.6
5.83
0.018
5.92
0.20
2.40
0.60
1.2
0.0912
0.2283
0.78
6.10
0.02
2.42
1.17
4.3
0.14
5.39
0.73
3.02
0.80
3.20

References
17
18
19
20
21
22
23
24
25
26
present Study

MATERIALS AND METHODS
The study area is situated between the latitude 32o 45` 25`` and
longitude 12o 22` 34`` in the city of Alginate. It is around 85 km from
Tripoli and about 4 meters above the sea level (figure 1). The average
maximum temperature is about 45oC and minimum20 co with an
average annual rainfall of 150mm.It has a dry climate with hot
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summer. Ground water is considered the main source of water supply.
The dominant soils are entisols and aridisols. Furthermore, the level
of fluoride in the ground water of this area has not been measured
before. The present study has undertaken to analyze the fluoride
content and physic- chemical characters of ground water in the study
area.
A total of 65 ground water samples were collected in February 2013
from 26 villages of Alginate city, Libya. The samples were collected
from public wells, private wells, water sources in the health centers,
and schools. First, the water was left to run for few minutes from the
wells to pump out the standing water before taking the final samples.
The samples were collected in pre cleaned sterilized polyethylene

plastic bottles of 1L capacity then the samples were placed in clean
containers and immediately put in ice boxes. The ice boxes were
shipped to Syracuse, Italy where the fluoride was analyzed in the
laboratories of Ecocontrol Sod Company. The concentration of
fluoride was determined in terms of mg L-1. The standard permissible
value of fluoride according to 3, 5, 18, 27 are given in table 2. Other
physic- chemical parameters were also analyzed such as pH, electrical
conductivity (EC), Calcium (Ca), Magnesium (Mg), Potassium (K),
Sulfate (SO4), Phosphate (PO4), Chloride (Cl), and Calcium
bicarbonate (Ca(HCO3)2). All analysis including fluoride were
analyzed in the laboratories of Ecocontrol Sud Company, Italy where
standard techniques were used (Table 3)

Table 2: Limits of Fluoride Concentration (mg /l)
Standard
Libyan standard
European standard
WHO 2004
APHA

Minimum concentration
1
0.7
0.7
0.7

Maximum concentration
1.5
1.5
1.5
1.5

Table 3: Standard Methods and Equipments used to analyze the Parameters
Parameter
Test method
Equipment
Ca
EPA 6010C : 2007
ICP-OES***
ICP-OES
Mg
EPA 6010C : 2007
K
EPA 6010C : 2007
ICP-OES
Na
EPA 6010C : 2007
ICP-OES
Cl
UNI EN ISO 10304 – 1 : 2009
IC **
F
UNI EN ISO 10304 – 1 : 2009
IC
PO4
UNI EN ISO 10304 – 1 : 2009
IC
SO4
UNI EN ISO 10304 – 1 : 2009
IC
EC
------------------------------------------------EC-meter model 470*
pH
------------------------------------------------pH-meter model 370*
***Inductively coupled plasma optical emission spectrometry, **Ion chromatography,* measured in the field

RESULTS AND DISCUSSION
The ground water samples collected from sixty five wells of Alagilat
city, Libya Figure 1. All results obtained of the samples were
compiled and presented in figures from 2 to 11 parameter wise.
Fluoride concentration in this study is depicted in Figure 2. Fluoride
concentration in the study area varied from 0.8 to 3.2mg/l with an
average of 2.04mg/l. Out of 56 samples above 1.5mg/l fluoride

(above the recommended value set by the world health organization)
is 86.15% and between 0.6 mg/l to 1.5 fluorides is 13.84 %.
Fluoride showed positive correlation with sulfate in Figure 12.
Phosphate showed positive correlation with fluoride. Correlation
coefficient is 0.392 and chloride showed positive correlation with
fluoride and the coefficient correlation is 0.315.
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The correlation of some selected ions and other elements with
fluoride are shown in Figures 11, 12 and 13. The ions of Ca, K and
Na showed positive correlation with fluoride levels. The correlation
coefficients were 0.579, 0.122, and 0.323 respectively. The positive
correlation of fluoride with Ca and K may be due to low solubility of
fluorides of these cations 27. However, it was reported positive
correlation of fluoride with Ca in the ground water. The positive
correlation is noticed by those authors may be attributed to the
presence of lime stone in those areas 28. Fluoride showed positive
correlation with sulphate in figure 12. Phosphate showed positive
correlation with fluoride and the correlation coefficient is 0.391 and
chloride showed positive correlation with fluoride and the correlation
coefficient is 0.315. Mg and pH negatively correlated with fluoride
and the correlation coefficients are -0.17 and -0.05 respectively
Figures 11 and 13.
The pH values varying from 6.9 to 7.7 Figure 3. The permissible limit
of pH in drinking water is 6.5 to 8.5 Libyan standards 29. Maximum
pH value was found in well number 25 and the minimum value was
found in sample number 19. The pH of the water samples is alkaline
it is may be due to high calcite in the study area.
The electrical conductivity varying from1.32ms/ cm at 25C to 10.68
ms/ cm at 25 oC figure 3. All samples showed EC below the
permissible limit for drinking water (300mohs) as per Libyan
standard 29. Maximum value was found in well number 19 which was
10.68 and the minimum one was 1.32 in the well number39. The
electrical conductivity is positively correlated with fluoride and the
correlation coefficient is 0.343 Figure 13.
The sulphate concentration is varied from 244 to 2893mg/l Figure 4.
The ground water samples analyzed showed higher concentrations of
sulfate than the prescribed permissible limits for drinking water. The
Libyan permissible limit of sulfate is 400 mg/l. The maximum level
of sulfate was recorded at the well number 29 of the study area while

the minimum one 244 mg/l was observed in well number 39. Sulfate
showed Strong correlation with Ca and Na and weak positive
correlation with K.
The variation of phosphate is shown in Figure 5. The Phosphate
concentration is varied from 0.2 to 0.44 mg/l. The maximum level of
the phosphate is found in the sample number 19 and the minimum
one was 0.2mg/l in the sample number 32.
In the most of the ground water samples the chloride concentration is
above the maximum Libyan permissible limit of drinking water
(25mg/l). The range of chloride content is varied from 236 to 3443
mg/l. The maximum content was found in the well number 19 and the
minimum value was noticed in the well number22 Figure 6.
The level of calcium varied from 80.80 to 944 mg/ l. The highest
value of calcium ion was found in the well number 63 and the lowest
one was found in the well number 19 Figure 7. The Libyan
permissible limit of calcium is 200 mg/ l.
The level of Magnesium is from 3.4mg/l to 3040 mg/ l. The maximum
value was found in sample number 22 and the minimum one was
recorded in the sample number 39. All Mg concentrations were
above the limit recommended by the Libyan government 29.
The variation of potassium is shown in Figure 9. The potassium
concentration is varied from 6.3 to 223.6 mg/l. The maximum level
of the potassium is found to be 223.6 mg/l in the sample number 9
and the minimum one was 6.3mg/l in the sample number 22.
Whereas, sodium ranged between 122.6 and 1678 mg/l the maximum
value was noticed in the sample number 19 while the minimum one
was found in the sample number 39 Figure 10.

Figure 2: Concentration of fluoride in the water samples (dotted line is the permissible limit)

Figure 3: The levels of EC and pH in the ground water samples

Figure 4: Concentration of SO4 in the ground water samples
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Figure 5: Concentration of PO4 in the ground water samples

Figure 6: Concentration of Cl in the ground water samples

Figure 7: Concentration of Ca in the ground water samples

Figure 8: Concentration of Mg in the ground water samples

Figure 9: Concentration of K in the ground water samples
Figure 10: Concentration of Na in the ground water samples
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Figure 11: Correlation of the cations with fluoride concentration in the ground water samples

Figure 12: Correlation of some anions with fluoride concentration in the ground water samples
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Figure 13: Correlation of pH and EC with fluoride concentration in the ground water samples
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