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Abstract

Fluoride in drinking water has become a significant issue worldwide since it puts 200
million people at risk for developing dental and/or skeletal fluorosis, most of whom are
from tropical nations. One of the most significant toxicological and geo-environmental
problems nowadays is the issue of high fluoride concentrations in groundwater sources.
It is a well-known geochemical association that there is a correlation between the
geochemistry of the water in a region and the prevalence of dental and skeletal fluorosis.
Objective: This study aimed to determine the fluoride accumulations in the drinking
water of North West of Libya and evaluate the detected data in terms of teeth health of
local people.

Materials and methods: The area of North West of Libya consists of five cities and
villages that we included in the study, Essabria, West Zawiya, Surman, Sabratah, Al
Ajaylat. In most of the cities, groundwater is the only source of drinking water and the
selected stations. In order to explore fluoride's impact on dental health and compliance,
the fluorosis data was collected from school children (ages 6-9) who had lived in the
cities for at least a couple of decades and consumed drinking water from the same
source.

Results: the water samples collected from five cities of the west of libya showed
fluoride concentration in the range 1.03-2.05 mg/L. The mean value of fluoride was
highest in Essabria city (2.05 mg/L) and Al Ajaylat city (2.03 mg/L), and the lowest
was found in West Zawiya Villages (1.03 mg/L).A total of 315 individuals were
screened, of whom 209 (66.3%) were observed to be affected by dental fluorosis. While
106 cases (33.7%) was unaffected by dental fluorosis.
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Introduction

One of the most important chemical elements for human health is fluoride. Human
health is closely related to levels of fluoride in the environment [1]. Intake of too much
fluoride can cause skeletal and dental changes, which is called fluorosis [2]. It is known
as dental fluorosis, and it occurs when fluoride interferes with the processes involved
in the formation of the dental hard tissues.

The macroscopic alterations associated [3,4,5,6,7-8]. As a result of a high fluoride
concentration in groundwater sources, Libya is experiencing one of its most important
toxicological problems. Geochemical evidence links fluoride geochemistry of water in
an area with dental fluorosis. Fluoride's need for human health is still debated, but its
toxicity is a major concern in many countries where excessive amounts of fluoride are
introduced into their water supply [9]. Early childhood exposure to fluoride may
damage tooth-forming cells, A defect in the enamel is known as dental fluorosis as a
result of this condition.As per the recommendations of the World Health Organization
(WHO) [10], 1.0 mg/L of fluoride is allowed in drinking water. Fluoride-induced dental
fluorosis, tooth mottling, skeletal fluorosis (more than 6 mg/l), and bone deformation
are some of the major health problems caused by excessive fluoride [11]. Fluoride is
considered as an essential element that prevents dental caries (WHO) and hence added
to many water supply schemes and toothpastes. However, when fluoride exceeds 1.5
mg/L in drinking water, it could cause dental mottling and discolouration, commonly
known as dental fluorosis. Excessive intakes of fluoride also deform bones and
crippling ensures. The World Health Organization (WHO) therefore has set guidelines
for fluoride levels in drinking water (Table 1). This study aimed to determine the
fluoride accumulations in the drinking water of North West of Libya and evaluate the
detected data in terms of teeth health of local people.

Table 1: WHO guideline for fluoride in drinking water

Concentration of Impact on health

fluoride (mg/L)

0.0-0.5 Limited growth and fertility, dental carried

0.5-1.5 Promotes dental health, prevents tooth decay

1.5-4.0 Dental fluorosis ( mottling of teeth)

4.0-10.0 Dental fluorosis, skeletal fluorosis (pain in back
and neck bones)

>10.0 Crippling fluorosis
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Materials and methods:

Study area:

The area of North West of Libya consists of five cities and villages that we included in
the study, Essabria, West Zawiya, Surman, Sabratah, Al Ajaylat. In most of the cities,
groundwater is the only source of drinking water and the selected stations are given in
Fig 1. The groundwater source was taken by pumps, and desalinated by Home
Desalination Plants (HDP).

Water samples were collected from each city from (HDP). A total of five samples were
collected from selected sources of each city to represent the water quality of the whole

area. The samples were collected in pre-cleaned bottles and transported to the

laboratory.
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Fig 1. Location map of water sampling in North West of Libya.

Source of data

In order to explore fluoride's impact on dental health and compliance, the fluorosis data
was collected from school children (ages 6-9) who had lived in the cities for at least a
couple of decades and consumed drinking water from the same source as they did when
they were young.

The data were collected through interviews and clinical examinations. To learn more
about fluorosis' natural history, we conducted a face-to-face interview. Questionnaires
with pre-coded information were used for data collection. This survey is intended to
identify the causes of dental fluorosis in children resulting from the high fluoride
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concentrations in drinking water. As well as the dental fluorosis survey, six water

samples were collected at different locations across the region. Samples were analyzed
in laboratory for fluoride concentration (Table 2). The fluoride content in the water
samples was determined by the DR6000 UV VIS Spectrophotometer with RFID
Technology.

Chemical Analysis

Fluoride parameter was determined by using the spectrophotometric method during the
laboratory studies with a “Hach Lange DR 3900 Spectrophotometer” device
(wavelength range 320 — 1100 nm). Cuvette Test LCK 323 was used in spectral
photometer. This method provides fluoride ions to react with zirconium to form a
colorless zirconium fluoride complex. This causes the red zirconium lake which is

present to lose color (https://tr.hach.com/).

Statistical Analysis

Data were statistically analyzed by using IBM Statistical Package for Social Science
(SPSS), Version 21.0 (SPSS, Chicago, IL, USA). Descriptive statistics includes tables
and graphs. One-Sample T- Test and one-way ANOVA test calculated the analyses of
dental fluorosis concentration. A p-value of <0.05 was considered statistically
significant.

Result:

The study included 5 cities and villages, and Results of investigated showed that fluoride
parameter in Essabria was 2.05 mg/L and Al Ajaylat was 2.03 mg/L. additionally,
fluoride parameter in Surman was 1.57 mg/L and Sabratah was 1.41 mg/L. While,
fluoride parameter in West Zawiya was 1.03 mg/L, with a minimum, maximum and mean
values and some national and international water quality standards are given in Table 2.

Table 2: Results of detected data with area of North West of Libya

Cities F- (mg/L)
Essabria 2.05
West Zawiya 1.03
Surman 1.57
Sabratah 1.41
Al Ajaylat 2.03

TS266 (2005) 1.50
EC (2007) 1.50
WHO (2011) 1.50

TS266 — Turkish Standards Institute; EC — European Communities;
WHO - World Health Organization
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In addition, the water samples collected from five cities of the west of libya showed
fluoride concentration in the range 1.03-2.05 mg/L. The mean value of fluoride was
highest in Essabria city (2.05 mg/L) and Al Ajaylat city (2.03 mg/L), and the lowest
was found in West Zawiya Villages (1.03 mg/L).A total of 315 individuals were
screened, of whom 209 (66.3%) were observed to be affected by dental fluorosis. While

106 cases (33.7%) was unaffected by dental fluorosis (Table 2, 3. Figs. 2).

Table 3: Cities and Fluoride Concentration Crosstabulation

Fluoride concentration Total
unaffected | affected
Essabria Count 33 39 72
% of Total 10.5% 12.4% 22.9%
West Zawiya Count 17 39 56
% of Total 5.4% 12.4% 17.8%
2 Surman Count 26 30 56
3‘5‘ % of Total 8.3% 9.5% 17.8%
Al Ajaylat Count 25 51 76
% of Total 7.9% 16.2% 24.1%
Sabratah Count 5 50 55
% of Total 1.6% 15.9% 17.5%
Total Count 106 209 315
% of Total 33.7% 66.3% 100.0%
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Fig.2. Cities and Fluoride Concentration distribution
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In addition to, the result showed that the analyses of dental fluorosis concentration when

calculated by One-Sample T- Test showed that Mean value of sample to STD was 1.65
+ 0.391 and A p-value of <0.05 in One-Sample T- Test ( p=0.001) and when compare
it with cities p-value of <0.05 in one way — ANOVA test (p=0.001) so By collecting
the samples and comparing them with the control value, there were high significant
statistically differences as shown in table 4.

Table 4:- Statistical Analysis

Mean Std. Sig. (2-tailed)
Deviation
One-Sample T- Test | 1.6563 39631 .0001
one way — ANOVA - - .0001

Discussion:

Groundwater's availability and safety have become issues of concern all over the world
due to its significance to human survival [12]. It is the principal wellspring of drinking
water, and there are numerous toxins in groundwater that might antagonistically affect
human well-being [13]. Nitrate and fluoride are the most common of these
contaminants. Fluoride can be ingested directly through drinking water, and depending
on the concentration and amount consumed daily; It can be beneficial to human health
or harmful [14]. Drinking water with ideal fluoride levels preventively affects dental
caries. Between 0.7 and 1.2 mg/L, fluoride provides protection against dental caries in
children and reduces the risk of dental fluorosis in drinking water, which is the
recommended and permitted level for preventing dental caries [15, 16]. However,
consuming an excessive amount through drinking water may be harmful to one's health.
Fluorosis can occur when a person is exposed to fluoride levels that are higher than the
recommended level (14, 17-18). This study's findings support a number of other recent
studies that show the prevalence of dental fluorosis increases with fluoride
concentration in drinking water [19, 20, 21-22]. Dental fluorosis was found in 66.3%
of children in this study. This suggests that even in areas with almost identical fluoride
levels in drinking water, the prevalence of dental fluorosis can vary greatly. According
to these findings, the prevalence of dental fluorosis is influenced by a number of other

factors in addition to the concentration and duration of exposure to water fluoride.
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These factors include nutrition, habits, and dissolved salts in drinking water. The

majority of fluoride intake comes from water. According to WHO guidelines, the
optional fluoride concentration in drinking water should remain below 1.0 mg/l (1.0
ppm) in warm regions, while it can rise to 1.2 mg/l in cooler regions. The difference is
caused by the fact that we sweat more and consume more water in hot weather. The
WHO rule an incentive for fluoride in water isn't widespread. Environmental fluoride
levels are closely linked to human health [10]. The human body's inhibition of active
enzymatic processes, which disrupts the endocrine system and causes fluorosis [23], is
the cause of fluorosis, which is caused by the destruction of metabolic calcium and
phosphorus [24]. It has long been known that taking in too much fluoride can have
serious health effects. The mineral hydroxyl apatite (Ca5(PO4)30H) makes up the
enamel of a human tooth, which is the body's hardest part. Fluoride ions begin to replace
the hydroxyl ions in the apatite structure when an excessive amount is ingested. This
results in the formation of fluoroapatite [Ca5(PO4)3F], which causes the tooth to
become brittle and discolored. Dental fluorosis is the term for this. Dental fluorosis, or
discolored, blackened, mottled, or chalky-white teeth, is a clear sign that the teeth were
exposed to too much fluoride when they were young. Skeletal fluorosis, characterized
by severe and enduring bone and joint deformations, can result from consuming an
excessive amount of fluoride on a regular basis. However, physical tooth damage from
fluorosis is not the only cause for concern. The National Institute of Mental Health
(NIMH) expressed concern about the psychological effects that dental fluorosis may
have on children more than two decades ago. The study found that children with severe
dental fluorosis are more likely than their peers to view them as less intelligent, less
attractive, less social, less happy, less careful, less hygienic, and less reliable, which
may have a significant impact on a child's sense of self-worth [24,25]. Whether dental
or skeletal, fluorosis is irreversible and no treatment exists. Preventing tooth decay by
consuming fluoride within safe limits is the only option. Utilizing alternative water
sources, removing excess fluoride, and improving the nutritional status of the
population at risk can all reduce or prevent fluoride poisoning. As a result, fluorosis is
mostly caused by fluoride in drinking water in these villages. According to Xiang et
al.'s findings, there were significant dose-response relationships between the prevalence
of dental fluorosis, serum fluoride, and water fluoride [23]. This study aids in the

implementation of programs to achieve children's optimal health by providing an



Academy journal for Basic and Applied Sciences (AJBAS) Volume 4 # 3 December 2022
overview of the current prevalence of caries and the treatment requirements among

schoolchildren in the west of Libya.

Conclusion:

The concentration of fluoride in five identified sources of water west of Libya was
revealed by this study. In some instances, the prevalence of dental fluorosis was slightly
higher among individuals who consumed water from Home Desalination Plants (HDP).
Dental fluorosis was less common in Sabratah and the West Zawiya Villages than in
Essabria and Al Ajaylat. Except in two instances, the results showed that nitrate and
fluoride levels were generally lower than the WHO's recommendations. Since drinking
water directly affects human health, this is an important finding. It is evident from the
present study's findings that infants and children are more likely than adults to
experience adverse health effects from drinking water containing fluoride and nitrate.
References:

1- Zhang, B. O., Hong, M., Zhao, Y., Lin, X., Zhang, X., & Dong, J. Distribution and
risk assessment of fluoride in drinking water in the west plain region of Jilin Province,
China. Environmental Geochemistry and Health; 2003. 25.

2- Shupe JL, Peterson HB, Leone NC, editors. Fluorides _ effects on vegetation,
animals and humans. Salt Lake City: Paragon Press; 1983. pp 370.

3- Suckling G, Thurley DC, Nelson DGA. The macroscopic and scanning electron-
microscopic appearance and microhardness of the enamel, and the related histological
changes in the enamel organ of erupting sheep incisors resulting from a prolonged low
daily dose of fluoride: Arch Oral Biol. 1988;33:361-73.

4- Kierdorf U, Kierdorf H, Fejerskov O. Fluoride-induced developmental changes in
enamel and dentine of European roe deer (Capreolus capreolus L.) as a result of
environmental pollution. Arch Oral Biol. 1993;38:1071-81.

5- Kierdorf H, Kierdorf U, Sedlacek F, Erdelen M. Mandibular bone fluoride levels and
occurrence of fluoride induced dental lesions in populations of wild red deer (Cervus
elaphus) from Central Europe. Environ Pollut. 1996; b;93:75-81.

6- Kierdorf H, Kierdorf U, Richards A, Sedlacek F. Disturbed enamel formation in wild
boars (Sus scrofa L.) from fluoride-polluted areas in Central Europe. Anat Rec
2000;259:12-24.



Academy journal for Basic and Applied Sciences (AJBAS) Volume 4 # 3 December 2022
____________________________________________________________________________________________________________________________________________________]
7- Kierdorf H, Kierdorf U, Richards A, Josephsen K. Fluoride-induced alterations of

enamel structure: an experimental study in the miniature pig. Anat Embryol
2004;207:463-74.

8- Aoba T, Fejerskov O. Dental fluorosis: chemistry and biology. Crit Rev Oral Biol
Med. 2002;13:155-70.

9- Chandrajith, R., Abeypala, U., Dissanayake, C. B., & Tobsc- hall, H. J. Fluoride in
Ceylon tea and its implications to dental health. Environmental Geochemis- try and
Health. 2007;29(5), 429-434. d0i:10.1007/s10653-007-9087-z.

10- WHO (World Health Organization). Fluoride and fluoride (). Environmental Health
Criteria. 1991; vol. 36, p. 274.

11- Susheela, A. K. (). Prevention and control of the fluorosis in India, Rajiv Gandhi
National Drinking Water Mission, Ministry of Rural Development, New Delhi. Health
Aspect. 19931;1-89.

12- Howard, G. J. B., Pedley, S., Schmoll, O., Chorus, 1., & Berger, P. Groundwater
and public health. IWA Publishing, London, 2006.

13- Villholth, K. G., & Rajasooriyar, L. D. Groundwater resources and management
challenges in Sri Lanka—an overview. Water Resources Management. 2010;24 (8),
1489-1513.

14- Ayoob, S., & Gupta, A. K. Fluoride in drinking water: a review on the status and
stress effects. Critical Reviews in Environmental Science and Technology. 2006;36 (6),
433-487.

15- Iheozor-Ejiofor, Z., O’Malley, L, A., Glenny, A. M., Macey, R., Alam, R., Tugwell,
P., Walsh, T., Welch, V., & Worthington, H. V. Water fluoridation for the prevention
of dental caries. Cochrane Database of Systematic Reviews. 2013;12. Art. No.:
CDO010856.

16- O'Mullane, D. M., Baez, R. J., Jones, S., Lennon, M. A, Petersen, P. E., & Rugg-
Gunn, A. J. Whelton H, Whitford GM. Fluoride and oral health. Community Dental
Health. 2016;33 (2), 69-99.

17- Giiner, S., Uyar-Bozkurt, S., Haznedaroglu, E., & Mentes, A. (). Dental fluorosis
and catalase immunoreactivity of the brain tissues in rats exposed to high fluoride pre-
and postnatally. Biological Trace Element Research. 2016;174 (1), 150-157.

18- Sezgin, B. L., Onur, S. G., Mentes, A., Okutan, A. E., Haznedaroglu, E., & Vieira,

A. R. (). Two-fold excess of fluoride in the drinking water has no obvious health effects



Academy journal for Basic and Applied Sciences (AJBAS) Volume 4 # 3 December 2022
____________________________________________________________________________________________________________________________________________________]
other than dental fluorosis. Journal of Trace Elements in Medicine and Biology.

2018;50, 216-222.

19- Choubisa, S. L. Fluoride distribution and fluorosis in some villages of Banswara
district of Rajasthan. Indian Journal of Environmental Health. 1997;39, 281-288.

20- Choubisa, S. L., Choubisa, L., & Choubisa, D. K. Endemic fluorosis in Rajasthan.
Indian Journal of Environmental Health. 2001;43, 177-1809.

21- Gopal, K. S. Prevalence of fluorosis in 20 villages of Manur block, Tirunelveli
Kattaboman district. Indian Journal of Environmental Protection. 2000;20, 663-667.
22- Dhar, V., Jain, A., Van Dyke, T. E., & Kohli, A. Prevalence of dental caries and
treatment needs in the school-going children of rural areas in Udaipur district. Journal
of the Indian Society of Pedodontics and Pre- ventive Dentistry. 2007;25(3), 119-121.
23- Xiang, Q. Y., Liang, Y. X,, Chen, B. H., Wang, C. S., Zhen, S. Q., Chen, X. D., et
al. Serum fluoride and dental fluorosis in two villages in China. Fluoride. 2004;37(1),
1-10.

24- Elias-Boneta, A. R., Psofer, W., Elias-Viera, A. E., Jimenez, P.,& Toro, C.
Relationship between dental caries experience (DMFS) and dental fluorosis in 12-year-
old Puerto Ricans. Community Dental Health. 2006;23, 244-250.

25- Williams, D. M., Chestnutt, I. G., Benett, P. D., Hood, K., Lowe, R., & Heard, P.
Attitudes to fluorosis and dental caries by a response latency method. Community
Dentistry and Oral Epidemiology. 2006;34, 153-159. doi:10.1111/j.1600-
0528.2006.00275.x.

10



