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Abstract: Groundwater contamination is mainly associated with anthropogenic inputs (fertilisers, filling station, chemical
industry, menagers waste). Analysis of physicochemical qualities of well water in the Boujniba mining region determines the
concentrations of calcium, phosphates, ammonium, fluorides related to their pollution in groundwater. The calcium, ammonium,
and phosphate contents were determined on 17 samples of well water, fountains, by spectrophotometric methods. The fluorine
contents of the water were analyzed by the potentiometric reference method using the fluorine electrode. Physicochemical
analyses of the calcium, phosphate, ammonium, and fluorine contents of well water for consumption by the population revealed
contents between 80 and 144 mg/l, from 0 to 56.5 mg/l, 0 to 75 mg/l, and 0.02 to 6.39 mg/I, respectively. Phosphate, calcium,
ammonium levels of the different well waters analysed present higher values to standard references. 50% of well water samples'
fluorine levels reveal values above recommended standards for children and adults. High levels of fluoride in drinking water have
repercussions on the onset of dental fluorosis in children. This study plays a vital role in determining the quality and its use for
drinking water supply and the impact on human health. These results make it possible to warn the population of the risk of
developing dental fluorosis by limiting the amount of fluoride ingested by the food consumed and taking hygiene and regular
control measures.
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Water is an essential element for all living beings and
constitutes a non-substitutable resource, essential for
biological life. Water is also involved in many physiological
functions, enters into the constitution and cellular organization
[1], and assigns essential roles in the human body such as
digestion, absorption, thermoregulation, and waste disposal [2].
Water is an important source of mineral elements that
complete the specific needs of our diet. Water can constitute a
site of infection responsible for the transmission of so-called
water-borne diseases.

The drinkability of the water intended for human consumption
should receive special attention. This water must not contain
any dangerous chemical substances or harmful pathogens
likely in the more or less long term to individual’s health [3-5].
Drinking water qualities raise human health concerns in
developed and developing countries around the world. The
health risks are linked to the presence of infectious agents,
toxic chemicals, or even radiological hazards. Water and
sanitation are essential for public health and constitute the
base access to safe water and proper sanitation, the fight
against many diseases [6].

Agricultural, industrial and threatening environmental
practices have challenges on the consumption of drinking
water. In the Boujniba region, activities are mainly mining
with the exploitation of phosphate resources. An emission of
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wastes consisting of fluorine at the base of the gaseous and
dusty emissions with a high fluoride load in the receiving
environment produces harmful effects on the environment,
animals, and humans. Population growth and industrial growth
are severe threats to the health of our people today [8]. The
supply of drinking water to populations in sufficient quantity
during all seasons is a major concern of the various
governments.

The treatment by defluoridation of water is a process that has a
lot of potential for the availability of drinking water [9,10].

In this study, we seek to highlight the levels of calcium,
phosphates, fluorine and ammoniums contained in the well
water in relation to transfers to groundwater related to
industrial pollution menagers. The physical analyses of the
drinking waters of the population of Boujniba reveals the
interest in quality controls related to preventive management,
encompassing the supply of the water source to the consumer.

EXPERIMENTAL

Geographic meteorological data of the sampling locations
Boujniba is a city in the province of Khouribga belonging to
the region of Beni Mellal-Khénifra. It has an area of 4.250 km?,
with a dimension of about 100 km long and 80 km wide. It’s
bounded by the meridians 6°30' and 7°35' and the parallels
32°30° and 33°. Khouribga belongs to the regional set of
plateaus and massifs of Atlantic Morocco, in a sub-group
called "the plateau of phosphates. The Khouribga region,
known as a mining site, is made up of several douars. The
douars are regrouping the exploitation of phosphate are
represented in Figure 1.

__Khouribga Province

\\f/

A Ssampling Point

Figure 1. Mapping of rural communities in Khouribga
region indicates the different sampling points.

MATERIAL

Characteristics, approximate depth, and the composition of the
different wells are carried over to the table 1. Sampling was
taken from different wells to assess the physicochemical
quality according to the distance from the mining area and the
wells position (Table 1).

The water samples were taken during the periods of February
and May 2021 in the different well waters of douars of the
Boujniba region. The water is collected from different wells,
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fountains in polyethylene vials and transported in double or
triple samples at 4° C.

The samples were taken with the owners' consent and with
additional information on the general health status, the impact
on the occurrence of dental fluorosis, the consequences on
livestock and agricultural production.

Survey on the prevalence of fluorosis in the region

A cross-sectional prevalence study was conducted among 100
inhabitants, to assess the prevalence of dental fluorosis
conducted during the 2020-2021 academic year.
Socio-demographic characteristics: sex, age, marital status,
environment of origin, occupation, smoking, oral hygiene,
food products consumed were determined in order to identify
the sources of supply of drinking water. Clinical data on dental
fluorosis were collected in the population.

Table 1. Location and characteristics of water sources

Distance from

Sample Territory the rine (ko) Source Depth (m)
P1 Oulad Abdoune 4.5 well 80-90
P2 Mchahra Lagfaf 8 fountain -
P3 Hattane 9 well 60
P4 Bir Mezoui 115 well 85
P5 Mchahra 12 well 60-70
P6 M ‘Fassis x 13 well 50
P7 Lagfaf 18 well 18
P8 Oulad Azzouz 20 well 80
P9 Boujniba 22 fountain -
P10 Souk Lagfaf 25 well 50-60
P11 Douar Alhrar 27 well 50-60
P12 Road Beni khirane 32 well 50-60
P13 Road Ezzhiliga 50 well 50-60
P14 Oulad Brahim 58 well 18
P15 Bir Mezoui 61 well 34
P16 Hattane 9 tap -
P17 Boulanouare 5 tap -

METHODS

Calcium level analysis

The calcium content is determined according to the CPC
method described by Moorehead [11]. In an alkaline medium,
o-cresolphthalein complexon or CPC reacts with calcium ions
to form a dark red colored complex whose absorbance,
measured at 570 nm, is proportional to the calcium
concentration in the specimen.

Phosphates levels analysis

In nitric acid, phosphates give yellow colored complex with
solutions of ammonium molybdate and meta-vanadate. This
color reaction makes it possible to carry out a colorimetric
dosage of the phosphates.

Fluoride level analysis

The fluoride level is determined by the potentiometric fluoride
reference method, direct measurement using selective
membrane electrodes indicating the fluoride ion. The method
can be directly used to measure fluoride concentrations of 0.02
mg/l to 2.0 g/l. In order to avoid complexes with fluorides or
precipitates, the assay is carried out by first adding the buffer
solution containing trans-diamino-1, 2-cyclohexane-N, N, N',
N'-tetraacetic acid (CDTA) as a decomplexing agent, to
release bound fluorides.

Ammonium level analysis

The determination of ammonium ions is carried out using the
salicylate method (center of expertise Canada). Ammonia in

76

Use

farm
farm
farm
farm
farm
farm
souk
farm
town
trader
road
farm
house
road
farm
house
house



Physicochemical qualities of well water consumed by the inhabitants of the

Section A-Research paper

boujniba mining area in Morocco: impact on the spread of dental fluorosis

the presence of hypochlorite forms a monochloramine, which
reacts with salicylate to form 5-aminosalicylate [12]. The
oxidation of 5-aminosalicylate is then caused in the presence
of a catalyst to form a blue compound, indosalicylate. This
compound in the presence of excess nitroprusside (yellow
solution) gives a green solution.

Chlorides level analysis

Chloride levels are determined by the colorimetric method
[13]. This method is based on the reaction of unsociated
mecuric thiocyanate to form non-dissociated mercuric chloride
and ions free thiocyanates. Thiocyanate ions react with ferric
iron to form a complex colored in red whose absorbance is
determined at 400-500 nm. The concentration of chloride
levels in the samples is determined by reference to a chloride
standard.

Magnesium level analysis

Magnesium levels are determined according to the method
described by Guidler et al. 1[1-hydroxy-4-methyl -
phenylazo]-2-naphthol-sulfonic  acid), a matallochromic
indicator, forms a complex colored, in alkaline medium with
magnesium. The absorbance is measured at 530 nm and is
proportional to the magnesium concentration in the specimen.

RESULTS AND DISCUSSION

Water temperature analysis

The water temperature is an important factor in that it governs
almost all physical, chemical, and biological reactions. The
different wells water temperature values show variations of
between 16°C to 24°C (Table 2).

pH and conductivity analysis

The pH influences most of the chemical and biological
mechanisms in water. The pH of the different well water
analysis reveals values between 8.28 and 9.16 (Table 2). Four
wells have slightly lower pH water values than fountains. The
pH value of the water well Oulad Azzouz well is lower than
that of the other wells. This ground water has a high level of
alkalinity. All the water from the various wells exceeds the
WHO's permissible value (6.5<pH<8.5). The alkaline nature
of the samples may be due to a high concentration of
bicarbonates.

The conductivity values recorded in the water from the various
wells are between 4000 and 10700 pS/m (Table 2). The
conductivity characterized in the water from the wells of the
different douars is greater than that of mineral water. The
electrochemical analysis showed high conductivity values,
reaching 10700 uS/cm in the groundwater of the region. They
greatly exceed 2500 pS/cm, the WHO threshold value [6], and
the Moroccan standard set at 2700 pS/cm (NM 03.7.001) [14].
These high values indicate that these waters are highly
mineralized, and the infiltration of wastewater could explain
this into the water table. Nearby septic tanks could be the
source.

Analysis of the level of phosphates

The analysis of phosphates in the water from the various wells
and fountains reveals values between 0.4 mg/l to 56 mg/l
(Table 2). Spring water and mineral water contain the lowest
levels of phosphates. The phosphate content found in well
water is higher compared to that in the fountain water. The
phosphate levels in all well water samples could not meet the
standards of drinkability indicated by the WHO [6], except the
fountain and sanitation water, which does not show any trace
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of those. High phosphate levels in P5 and P8 wells located
respectively in Mchahra and Oulad Azzouz farms, house may
be due to contamination of domestic waste [15].

The phosphate levels in well water in the Boujniba region are
similar to those evaluated in the mountainous waters of the
Ganges in India and the rivers of Ouagadougou in Burkina
Faso [16,17].

Calcium level analysis

The calcium analysis results determined in the different wells
water reveal levels between 73 and 144 mg/l. (Table 2). The
lowest rate is found in mineral water well Souk Lagfaf
(weekly market).

The rates of 144 mg/l and 142 mg/l characterized respectively
in the Hattane and oulad Abdoune douars wells are higher
than the wells P6, P7, and that of the well of the Beni khirane
road. The further the well is from the village of Boujniba, the
more the calcium level decreases. The calcium levels
characterized in the water from the various wells exceed the
WHO's standard of 75 mg/l (WHO) [6]. These results reveal a
phosphatiere aquifer of limestone nature. Excessive
consumption of calcium by the population is likely to cause
hypercalcemia and consequently the development of
nephrocalcinosis [18].

Ammonium level analysis

Analysis of the water's ammonium ion content from the
different wells reveals variations between 12.5 and 75 mg/l
(Table 2). According to the Guidelines for Canadian Drinking
Water Quality, wells waters in the Boujniba region contain
ammonium levels above the recommended standards of 0.5
mg/l [19]. Three water samples from wells P5, P6 and P7
show high ammonium levels. The waters of the fountains and
the P8 well, far from mining sources, contain low ammonium
levels. Ammonium in water reflects an incomplete
degradation process of organic matter. It is, therefore, an
excellent indicator of water pollution by the organic waste of
agricultural, domestic or industrial origin [20]. Its inhalation
may cause coughing, sore throat, nausea and vomiting.
Contact with the skin or eyes causes redness.

Table 2. Different physic-chemical parameters of waters
consumed in the Boujniba mining region

T Conductivity NH,” PO  Ca* cr mg**
sample ey PH Tugm  mg/l mg/l mgl  mgd mgl
P1 18 877 7600 59 4 14222 2454 446
P2 20 9.06 9500 50 35 115 3789 418
P3 22 905 4000 25 32 14444 1786  39.2
P4 17 913 9000 25 11 13111 4569 32
P5 19 916 10400 70 S6  126.66 2228  30.8
P6 18 878 6100 73 24 9111 356 32.1
P7 21 894 9100 75 34 120 4568 29.8
P8 18 82 4300 125 50 80 142 26
P9 22 86 6200 55 48 9111 89 431
PI0 24 85 2800 53 04 7333 1892 38
P11 16 88 6300 48 15 9032 11663 258
P12 16 89 6500 45 26 8472 66.65 384
P13 24 88 5600 35 39 8548 26659 35.4
Pl4 24 85 5600 30 4 11498 505  43.7
P15 20 89 5600 60 28 8941 2799.21 415
P16 18 85 10700 30 12 125.72 39989 443
P17 20 86 8000 33 46 9334 54984 453

Fluoride level analysis

The analysis of fluoride content shows variations between
0.54 and 6.39 mg/l (Figure 2). The fluoride content of tap
water (P16 and P17) and fountain water (P2 and P9) represent
minimum values, thus constituting water permissible for
consumption.
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10 well waters contain fluoride levels above the recommended
standard for adults (1.5 mg/l) and children (1 mg/l) (WHO.
2004) [6]. The water from the various wells has higher
fluoride levels than the water from the sewage system and
from the OCP (Office Chérifien des Phosphates). In Morocco,
the water supplied by OCP has been treated [21].

The fluorine contents of the water from P2, P11, P14 and P15
wells are included in the drinking standards. The majority of
the wells have a fluoride concentration above the value of 1.5
mg/l. This increase is due to the deposition of phosphates in
the water. The concentration of fluoride in water can also be
affected by the pH. Fluoride levels tend to be higher in
alkaline waters and geothermal areas.

The results of the level of fluoride in the well water are
comparable to those of El Jaoudi [22], which showed a
concentration of 7.75 mg/l in the Khouribga region. The work
of Moufti has revealed a fluoride concentration ranging from
2.4 t0 4.4 mg/l in the Youssoufia region [23]. The low fluoride
levels revealed in the other wells could be explained by
climatic conditions. This can be explained by the climatic
conditions; this year, Morocco experienced heavy rainfall in
all regions.

Prevalence of the dental fluorosis in the population.

In such mining region, these high fluoride contents expose the
population to a risk of dental fluorosis. The prevalence of
dental fluorosis determined among inhabitants of douars in the
Boujniba region is 96%. 50% of the inhabitants have missing
teeth with colored, yellow, brown, respectively in 28%, 68%
of the population (Table 3).

In the population (adults and children), the cross-sectional
study revealed that 29% have mild fluorosis, and 71% are
infected with moderate or severe fluorosis. The average age of
onset of dental fluorosis is 14.46 years. In these mining areas,
the high fluoride levels put the population at risk of dental
fluorosis.

Table 3. Prevalence of fluorosis and variations in tooth
staining in the population

% Patients Colouring Fluorosis
with Fluorosis teeth degree
0 white spots normal
4 not spots no fluorosis
28 yellow spots light
68 brown spots severe

A high prevalence of dental fluorosis has been reported in
other countries of the world [24,25]. The presence of fluoride
in the environment can have adverse effects on animal and
human health, including mental status. Other symptomatic
effects include lameness, skeletal deformities, reduced feed
and water intake, and reduced weight gain and milk
production. In humans, increased fluoride intake may have
neurotoxic effects and may also play an important role in the
pathogenesis of Alzheimer's disease.

In the region of Boujniba Morocco, excess fluoride in water
has consequences on the development of dental fluorosis in
horses, the decrease in crop production such as wheat
cultivation. Cereals harvested in regions where water is
fluoridated have a high amount of fluoride [26].

Excessive ingestion of fluorine results in poor tooth
development, stains, and erosion of enamel in animals [27].
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Well water is mainly used for food consumption and
agricultural use in the Boujniba region. Water is a source for
preparing drinks (teas) very consumed by the inhabitants and
is an important source of risk excess fluorine consumption of
the Moroccan population [28,29].

CONCLUSION

The chemical quality parameters of well waters in the
Boujniba region are mostly above the WHO potability
standard. The water from the different wells has an alkaline
pH. Phosphates, calcium, fluorides in 7, 16 and 4 well waters,
respectively, have values higher than the recommended
standards for population consumption. In Morocco, phosphate
areas are considered endemic areas for dental fluorosis due to
the high concentration of fluorine in the water in these
regions; these results make it possible to warn patients of the
risk of developing dental fluorosis by limiting the amount of
fluoride ingested by the food consumed and by taking hygiene
and regular control measures. The quality of water, sanitation
and hygiene systems plays a central role in the prevention of
infections and several diseases. Improving the quality of well
water in the Boujniba region contributes to economic growth
and reduces poverty. Additional measurements with farm
owners must be carried out to encourage them to modify the
installation and construction of wells and to be protected from
external inputs. Communication means must allow easy access
to water analyzes in order to ensure the protection of the
population.

ACKNOWLEDGEMENTS

Thanks to Mrs. Bouhal Ghyzlaine for the internship in our
laboratory and to Mr. Kazdiri Mohamed for technical
assistance and travel for sample collection.

Ethical Approval: The study does not include any in vitro or
in vivo experiments, so it does not require ethical approval
Funding Details: The study was not funded

Conflict Of Interest: The authors report no conflicts of
interest in this work

Informed Consent: The study does not include a case in
which researchers need to use and submit an informed consent
form

Authorship: All authors equally contributed.

REFERENCES

i Jasnin, M. La fluidit¢ de ’eau dans nos cellules.
Biofutur, January 2012, 34-36 dossier 4-331.

ii. Obuobie, E., Keraita, B., Danso, G., Amoah, P.,
Olufunke ,0.C., Raschid-Sally, L., Drechsel, P. Irrigated
Urban Vegetable Production in Ghana: characteristics,
Benefis and Riskis, IWMI, RUAF, CPWF, 2006, Accra,
150 p.

ii. John, P.H, Donald, A.K. Microbiologie, 2010, 3¢me
Edition, 1216 p.

iv.. ' WHO, World Health Organization. Situation du réseau
EPA, 31 Décembre 2002.

v.  Balloy Mawnza, P., Katond, J.P., Hanocq, P. Evaluation
de la qualité physico-chimique et bactériologique des
eaux de puits dans le quartier spontané de Luwowoshi

78


https://www.researchgate.net/journal/0294-3506_Biofutur

Physicochemical qualities of well water consumed by the inhabitants of the

Section A-Research paper

boujniba mining area in Morocco: impact on the spread of dental fluorosis

Vi.

Vii.

viii.

Xi.

Xii.

xiii.

Xiv.

XV.

XVi.

Xvii.

Xviii.

Eur

(RD Congo). Tropicultura, 2).
DOI: 10.25518/2295-8010.627.
WHO, World Health Organization. Guidelines for

2019, 37

drinking-water quality. Recommandations. 2004, 3rd Ed.

Geneva, Third Edition incorporating the first and second
addenda, vol 1.

Mountadar, M., Garmes, H., Bouraji, A., Yousrani, K.
Contamination des eaux souterraines et des sols par les
fluorures et leur impact a proximité des mines et d'usines
d'exploitation des phosphates (Maroc). Journal Europeen
d’Hydrologie, Cahiers de I’ASEES, 2010, 5 (1):61-69.
https://doi.org/10.1051/asees/20000501061

Faye, C. Les défis de la pollution de I'eau, une menace
pour la sante publique : atouts et défauts des lois et
politiques de I'eau au Sénégal. Larhyss Journal, 2017,
32:107-126. ISSN 1112-3680.

Fatombi, K.J., Ahoyo, T.A., Nonfodji, O., Aminou, T.
Physico-Chemical and Bacterial Characteristics of
Groundwater and Surface Water Quality in the Lagbe
Town: Treatment Essays with Moringa oleifera Seeds.
Journal of water resource and protection, 2012, 4: 1001-
1008. http://dx.doi.org/10.4236/jwarp.2012.412116.
Tanouayi, G., Gnandi, K., Ouro-Sama, K., Ahoudi, H.,
Dhéoulaba, S., H. Badassan, T,E,E., Yawovi Nyametso,
A., Adoté Agbéko, A.A. Défluoruration des eaux a
I’aide des résidus du traitement des phosphates naturels
et des argilites feuilletées. Déchets Sciences et
Techniques, 2017, 73. Doi.org/10.4267/dechets-sciences
techniques.3534.

Moorehead, W.R., Biggs, H.G. 2-Amino-2-methyl-1-
propanol as the Alkalizing Agent in an Improved
Continuous-Flow  Cresolphthale in  Complexone
Procedure for Calcium in Serum. Clinical Chemistry,
1974, 20 (11): 1458-1460. DOI:
0rg/10.1093/clinchem/20.11.1458.

Centre d’expertise en analyse environnementale du
Québec, Détermination de 1’azote ammoniacal
méthode colorimétrique automatisée avec le salicylate
de sodium., MA. 300 — N 2.0, Ministere du
Développement durable, de I’Environnement et des
Parcs du Québec, 2014-12-15 (révision).

Tietz, N.W. 1999. Text Bock of Clinical Chemistry (3rd
Edition), Burtis CA, Ashwood ER (eds). W.B. Saunder,
1063 - 1064, p. 1104.

Norme marocaine relative a la qualité des eaux
d’alimentation humaine. Bulletin Officiel N° 5404 du 16
Mars, 2006.

Festy, B., Hartamann, P., Ledrans, M., Levallois, P.,
Payment, P., Tricard, D. Qualité de I’eau. Edition Tec &
Doc, Acton Vale /Paris, 2003, 338-368.

Jain, C.K., A hydro-chemical study of a mountainous
watershed: the Ganga, India. Water research, 2001,
36(5):1262-1274.

Birguy, L.D., Kenfack, S., Millogo-Rasolodimby, J.
Evaluation de la qualité physicochimique de I’eau d’un
cours d’eau temporaire du Burkina Faso — Le cas du
Massili dans le Kadiogo. Sud Sciences et Technologies,
2008, 16: 23-28.

Laziri, F., Rhazi Filali, F., Oussama, A., Soulaymani, A.,
Qarro, A., Lezrek, M. Facteurs impliques dans
I’epidemiologie des calculs urinaires Marocains, J
Maroc Urol., 2010, 19: 9-14.

. Chem. Bull. 2022,11(7), 75— 79

XiX.

XX.

XXi.

XXii.

xxiii.

XXiV.

XXV.

XXVi.

XXVil.

XXViil.

XXiX.

Guidelines for Canadian Drinking Water Quality, 2013
Document Technique, L’ammoniac, N° de publication:
130478 Cat.: H144-13/5-2013F-PDF ISBN: 978-0-660-
21553-2.

Al-gawati, M., Azami Idrissi, Y., Alemad, A., Belhaili,
l., Marc, 1., Baichouti, F., El Kharrim, K., Belghyti, D.
Analyse et Contréle de la qualité Physico-Chimique des
eaux souterraines de la région Sidi Allal Tazi-Gharb-
Maroc. International Journal of Innovation and Applied
Studies, 2015, 13 (2): 420-429.
https://www.researchgate.net/publication/319454768.
Tahaikt, M., El Habbani, R., Aithaddou, A., Achary, I.,
Amor, Z., Taky, M., Alami, A., Boughriba A., Hafsi M.,
El Midaoui, A. Fluoroide removal from ground water by
nanofiltration. Desalination, 2007, 212(1-3):46-53.
https://www.researchgate.net/publication/223027098

El Jaoudi, R., Ait El Cadi, M., Bouslimane, Y., Fekhaoui,
M., Bouklouze, A., Cherrah, Y. Teneur en fluorures des
eaux de puits des régions rurales au Maroc. Tropical
dental journal, 2012, 37(146): 42-47.

Moufti, A., Annouar, S., Mountadar, S., Mountadar, M.
The regeneration of the pre-used ashes in the elimination
fluorides ions from the underground waters. Journal of
Materials and Environmental Science. 2016, 7(6): 2069-
2073.

Camacho Irigoyen, M. E., Garcia Perez, A., Mejia
Gonzalez, A., Huizar Alvarez, A. Nutritional status and
dental fluorosis among school children in communities
with different drinking water fluoride concentrations in a
central region in Mexico. Sciences of the Total
Environment, 2016, 541:512-519. DOIl:
10.1016/j.scitotenv.2015.09.085

Goodarzi F., Mahvi A.H., Hosseini, M., Nedjat, S.,
Nabizadeh Nodehi, R., Kharazifard M.J., Parvizishad
M.,Cheraghi, Z., The prevalence of dental fluorosis and
exposure to fluoride in drinking water: A systematic
review. Journal of Dental Research, Dental Clinics,
Dental Prospects. 2016, 10(3): 127-35. DOI:
10.15171/joddd.2016.021.

Warren, J. J., Levy, S.M., Current and future role of
fluoride in nutrition. Dental Clinics of North America,
2003, 47(2): 225-43. DOI: 10.1016/s0011-
8532(02)00098-8.

Hordk, T., Stérba, K., Olsovska, J., The Effect of
Fluorine on Animal and Human Health. Kvasny prumysl,
2015, 61(1): 22-6. DOI: 10.18832/kp2015001.
Essebbahi, 1., Ouazzani, C., Moustaghfir, A., Dami, A.,
Balouch, L. Analyses physicochimiques de différents
thés commerciaux et risque de I’excés de fluor chez la
population au Maroc. Int. J. Biol. Chem. Sci., 2020,
14(4): 1203-1213. DOL:
https://doi.org/10.4314/ijbcs.v14i4.4.

Essebbahi, 1., Ouazzani, C., Moustaghfir, A., Er-ramly,
A., El Baroudi, Y., Balouch, L. Analysis of the Fluoride
Levels of Well Water Consumedby the Moroccan
Population in Different Rural Areas. Int. J. Environ. Sci.
Dev., 2022, 13(5). 158-163. DOl:
10.18178/ijesd.2022.13.5.1387.

79


https://doi.org/10.25518/2295-8010.627
https://doi.org/10.1051/asees/20000501061
http://dx.doi.org/10.4236/jwarp.2012.412116
https://doi.org/10.4267/dechets-sciences%20techniques.3534
https://doi.org/10.4267/dechets-sciences%20techniques.3534
https://www.researchgate.net/publication/319454768
https://www.researchgate.net/publication/223027098
https://doi.org/10.1016/s0011-8532(02)00098-8
https://doi.org/10.1016/s0011-8532(02)00098-8
https://doi.org/10.4314/ijbcs.v14i4.4

