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a b s t r a c t
Fluoride plays a fundamental part in human health. However, continued ingestion of excessive fluoride
may cause significant negative health effects on people, ranging from mild dental fluorosis to crippling
skeletal fluorosis, depending on the level and time of exposure to fluorides. In provincial areas, the presence of fluoride in well water may be due to natural factors or human activities. The reason for our work
was to evaluate the level of tainting of groundwater by fluorides from various areas in Morocco situated
in rural and agricultural areas, where the main wellspring of consumable water is well water, and the reasons for fluorosis in this area. The 44 samples were taken in seven Moroccan regions: Had SoualemBerrechid, Kenitra, Fez, Tit Mellil, Sidi Slimane-Sidi Kacem-Zirara, Larache, and Brachoua, and 12 samples
of tea were taken from different souks and commercials in Morocco. Fluoride dosing measurements in
well water were performed using the potentiometric technique using the fluoride-specific ion electrode
(HI-4110) at room temperature, while the determination of fluorine in tea is done by the spectrophotometric method. The results of fluoride levels revealed in different well waters from different regions
range from 0.2 to 6.58 mg/l. For the green and black tea samples, the fluorine content varies between
0.48 and 1.60 mg/l for the 10 min infusion and between 0.93 and 2.7 mg/l for the 30 min infusion.
These results make it possible to warn the population facing the risk of developing dental fluorosis by
limiting the amount of fluoride ingested by the consumed foods.
Copyright Ó 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Fifth edition of the
International Conference on Materials & Environmental Science. This is an open access article under the
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1. Introduction
Fluoride is an essential element for the human body at a level of
between 1.0 and 1.5 mg per day [1]. In low doses, fluoride is important for growth and the maintenance of bone tissue and teeth. It
also poses a significant health risk if levels exceed health if levels
exceed 1.5 mg/day [2]. Fluorides are found in the environment
both naturally (through rock erosion and volcanic emissions) and
as a result of certain human activities such as mining and rock
phosphate processing, aluminum manufacturing, and water fluoridation [3–5]. Some foods naturally contain fluoride, such as table
salt, tea, fish, spinach, and some mineral waters. Some foods, such
as tea, are thought to be a significant source of fluoride exposure
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[6]. Several studies have highlighted different mechanisms by
which fluoride disrupts the formation of enamel and leads to the
formation of an unaesthetic porous enamel. Excessive fluoride consumption inhibits ameloblasts, changes absorption characteristics,
and the surface properties of enamel crystals, resulting in unsightly
porous enamel [7–9].
In Morocco, various studies have revealed the exposure of the
population to groundwater in phosphate regions, which leads to
the development of dental fluorosis. [10,11]. Few studies have been
conducted at the level of food sources on fluoride toxicity in the
Moroccan fluorides in the Moroccan population. In Morocco, the
population is characterized by its very particular diet, marked by
a high consumption of tea, in which fluoride is present with a
remarkable content.
This study aims to highlight fluoride content in green and black
teas and in well water consumed by the population located in

https://doi.org/10.1016/j.matpr.2022.07.360
2214-7853/Copyright Ó 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the Fifth edition of the International Conference on Materials & Environmental Science.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Please cite this article as: I. Essebbahi, C. Ouazzani, A. Moustaghfir et al., Analysis of the fluoride levels of well water and tea consumed by the Moroccan
population in different rural areas, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2022.07.360

I. Essebbahi, C. Ouazzani, A. Moustaghfir et al.

Materials Today: Proceedings xxx (xxxx) xxx

seven rural Moroccan regions and to determine the risks of
fluoride.

Table 2
Fluoride level in green and black teas (10 and 30 mintes of infusion).

2. Materials and methods

Sample

Nature

F- mg/l (preparation
10 min)

F- mg/l (preparation
30 min)

1

Green
tea
Green
tea
Green
tea
Green
tea
Green
tea
Green
tea
Green
tea
Green
tea
Black
tea
Black
tea
Black
tea
Black
tea

0.92

2.70

1.17

2.20

0.80

0.93

1.40

1.93

1.62

2.40

0.50

1.94

1.28

1.50

0.69

2.55

1.09

1.37

1.26

1.75

0.48

1.35

1.26

1.36

2

2.1. Materials

3

Between September 2020 and February 2021, 44 samples were
taken in 8 Moroccan regions (P1 to P44): Had Soualem-Berrechid,
Kenitra, Fez, Tit Mellil, Sidi Slimane-Sidi Kacem-Zirara, Larache,
and Brachoua (Table 1), and 12 samples of tea were taken from different souks and commercials in Morocco.(See Table 2.).

4
5
6
7

Table 1
Fluoride (mg/l) content of well water samples in the different regions.
Sample

Region

Location

Fluoride
(mg/l)

P1

Had SoualemBerrechid
Had SoualemBerrechid
Had SoualemBerrechid
Had SoualemBerrechid
Kenitra
Kenitra
Kenitra
Kenitra
Kenitra
Fez
Fez
Fez
Fez
Fez

Had Soualem

1.400

Had Soualem

6.580

Harcha

0.400

Ouled Bouziri

2.550

Douar Bourhma
Douar Bourhma
Douar Bourhma
Kenitra
Kenitra
Douar Bsais
Douar Bsais
Douar Chejeaa
Douar Chejeaa
Taaounyat Birda, Btamat
Boujlafa
Taaounyat Elfarah
Taaounyat Ghalya
Moulay Yacoub
Moulay Yacoub
Moulay Yacoub
Moulay Yacoub
Moulay Yacoub
Tit Mellil
Tit Mellil
Tit Mellil
Lkhawass

0.790
0.530
1.660
0.530
0.290
0.730
0.680
0.450
1.640
0.770
0.970
0.980
0.850
0.870
0.090
0.140
0.180
1.290
1.470
0.500
4.110

Lkhawass

2.060

Zirara

1.170

Zirara

0.270

Sidi Kacem

0.200

Oulad Hamou Lghaba
Oulad Hamou Lghaba
Oulad Hamou Lghaba
Oulad Hamou Lghaba
Oulad Khssiss
Enakhlat
Enakhlat
Enakhlat
Enakhlat
Brachoua
Brachoua
Jammat sbah, wladhbri
Jammat sbah, wladhbri
Jammat sbah, oulad mssoun
rkhokha
Jammat sbah, oulad mssoun
rkhokha

0.750
0.013
0.004
0.090
0.200
0.650
0.790
0.330
0.460
0.870
0.270
0.240
0.250
0.220

P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19
P20
P21
P22
P23
P24
P25

P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40
P41
P42
P43

Fez
Fez
Fez
Fez
Fez
Fez
Fez
Tit Mellil
Tit Mellil
Tit Mellil
Sidi Kacem-Sidi
Slimane
Sidi Kacem-Sidi
Slimane
Sidi Kacem-Sidi
Slimane
Sidi Kacem-Sidi
Slimane
Sidi Kacem-Sidi
Slimane
Larache
Larache
Larache
Larache
Larache
Brachoua
Brachoua
Brachoua
Brachoua
Brachoua
Brachoua
Temara
Temara
Temara

P44

Temara

P26
P27
P28
P29

8
9
10
11
12

2.2. Methods
Fluoride dosing has been made utilizing the potentiometric
technique using the Fluoride specific ion electrode (HI-4110) at
room temperature. HI-4110 is an ISE fluoride combination ideal
for detecting free fluoride in drinking water, soft drinks, wine,
plants, emulsion food products, and electrodeposition acids. The
HI-4110 allows accurate measurement of the total concentration
of fluoride.
The levels of fluoride in tea extracts (in duplicate tests) are
determined by the Belcher-West colorimetric method with Alizarin complexone in polyethylene tubes [12]. In the presence of
Alizarin complexone, lanthanum nitrate gives a red coloration in
an aqueous medium. In the presence of F-anion, a blue-colored
complex is formed. The new complex is soluble in acetone and
was determined by spectrophotometry at 618 nm. The absorbance
of the samples is subtracted from that of a control in which the tea
extract is replaced by distilled water. The fluoride concentration of
the samples is calculated by analysis against the calibration curve.

3. Results and discussion
Fluoride levels in well waters P2, P4 in Had Soualem-Berrechid,
P7 in Kenitra, and P26 in Sidi Kacem exceed the WHO standard of
less than 1.5 mg/day [1]. The P2 well water sampled from the rural
region of Had Soualem had the highest fluoride value, with a fluoride content of 6.58 mg/l, making it the probable cause of dental
fluorosis in this area. We suspected that the high fluoride level in
this well water was due to pollution from an aluminum plant in
the region, but an analysis of the discharged water from this plant
revealed a fluoride value of 1.04 mg/l, proving that the plant is not
responsible for the naturally high fluoride level in this well
(Table 1). Barbier’s research revealed that the naturally occurring
presence of fluoride in the water table could be attributed to
anthropogenic and industrial contaminations or geological inputs
[13].
Well P13, which is located in the region of Fez, exceeds the standards set by the WHO, with a value of 1.64 mg/l. This region is
known to be an agricultural area, and this well is located on agri-
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in well water in several Moroccan regions. Aquifer mineralogy
research is required to determine the depths of lithological facies
with significant fluoride content. To encourage the growth of the
localized population in rural areas, it is crucial to be aware of the
significance of water supply, sanitation, and personal hygiene.
In the regions where the level of fluoride is below the recommendation of the WHO, we suspect that the prevalence of dental
fluorosis in these regions is influenced by other factors as well as
the local diets, mainly tea.
Fluoride levels vary according to the type of tea consumed by
the population, the quantity, and the duration of consumption.
The fluoride content of boiled teas is higher than that of teas
brewed for 30 or 10 min. Three types of green tea and one black
tea have fluoride levels above the recommended standards. Fluoride levels in tea preparation water taken from well water are
higher than in urban sewage water. Dietary habits and living in
rural areas could induce involuntary overconsumption of fluoride
and, consequently, an increase in the prevalence of dental fluorosis.
Fluorinated food consumption should be monitored in children
(before the age of six) in order to limit fluorinated food
consumption.

cultural land where the use of pesticides is excessive (Table 1).
According to the study by Naamane A., who conducted a survey
on the use of pesticides in a Moroccan region, he found that all
the farmers who participated in the survey used pesticides [14].
Perhaps it is the use of fluorinated pesticides that seep into the soil
and contaminate it, increasing the level of fluoride in the water of
these wells [15].
In the regions of Sidi Kacem and Sidi Slimane (khawass), it has
been observed that a large number of the population suffer from
dental fluorosis to different degrees; this is explained by the presence of a well in the region, in which fluorine reaches 4.11 mg/l
(Table 1). This value, which exceeds the norms set by the WHO,
confirms that water is the probable factor that causes dental fluorosis in this region.
There are many factors responsible for the high or low fluoride
concentration in well water, such as rain precipitation. Fluoride
concentrations for the two seasons were significantly different
from each other [16]. A group of samples was taken during the
winter season and on rainy days, so the fluoride value in these
wells may be much higher if they were taken during non-rainy seasons. Another factor affecting fluoride concentration is the depth of
the well. In a study by Y. E. Ibrahim, it was shown that the water in
the deepest well (45 m) had a low and very stable fluoride concentration of 0.25 ppm, while the deepest well (93 m) had a tenfold
higher and slightly variable fluoride concentration (2.56 ppm) [17].
The excess fluoride in these waters can be removed by using the
waste mud. Indeed, the results of the study by Baris Kemer et al.
demonstrated the effectiveness and feasibility of waste mud (original, acid-activated, and precipitated) for the removal of fluoride
ions from an aqueous solution [18].
Another study conducted by Venkataraman Sivasankar et al.
demonstrated the potential for defluoridation of water by disposed
earthenware (DWE). The DWE with dispersed manganese dioxide
showed an ability to lower the fluoride concentration to acceptable
levels and improved the defluoridation efficiency of unmodified
DEW [19].
Wells in rural areas of Tit Mellil, Larache, Brachoua, and Temara
do not exceed the WHO standards, indicating that water is not the
main source that causes dental fluorosis in these areas. We suspect
that the dental fluorosis in these areas depends on the diet of the
population and other factors (Table 1).
Fluoride levels revealed during 30-minute brewing times are
higher than those of 10 min. After a 30-minute infusion, fluoride
levels reach values of 2.7 mg/l (green teas) and 1.75 mg/l (black
teas). These results are similar to previous studies citing values
of 0.32 to 4.54 mg of fluoride per liter of brewed black tea [20],
and 0.57 to 3.72 mg/l of black tea brewed for 5 min [21].
The fluoride content of tea and the consumption pattern of the
population reveal risks of fluoride toxicity and dental fluorosis.
This risk is even higher according to dietary habits and customs.
The results observed in a family preparation are likely to increase
in large tea consumers with variations in the quantity of tea granules used and the boiling time.
Fluorosis does not depend on a single factor but the bioaccumulation of several factors, such as the consumption of fluoridated
water and other foods, mainly tea.
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