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Abstract

In certain countries, the Algerian South in particular, where the scarcity of drinking water resources of good quality has
constrained the local populations to consume the underground waters that are rich in fluoride. Fluoride constitutes an essential
component for the human body in moderate rates, between 0.5 to 1.5 mg/l of the consumed water. Nonetheless the population of
the Southern Algeria is characterized by a very particular diet marked by tea and dates consumption that contain fluoride in an
unidentified and accurate amount within the absence of a full knowledge of all fluoride sources .

The present study aims at evaluating the daily amount of fluoride taken and to determine its distribution in water and the main
consumed food, as well as localizing the zones of risk and seeks at the end a short term solution to this matter.

This work focuses on the evaluation of the rate of fluoride contained in the diet. The dosage of fluoride of the two main
watertables feeding the region of the study shows that the rates exceed by far the standards of the WHO. They are comprised in
rates oscillating between 1.23 to 2.01 mg/l, as for the main food stuff, tea and dates are respectively (0.86 — 2.10 mg/l) and
(10.48 — 18.24) mg/kg. Actually four methods of fluoride removal from water have been tested, as for the method using
Aluminum sulfate and Lime, they provide good findings compared to the other methods.
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1. Introduction

In south of Algeria, dental fluorosis constitutes a silent epidemy that the local population suffers from. the
physicochemical analysis of waters of four regions (Ouargla, Touggourt, El Oued and Biskra) of the Northern
Sahara, reveal that the dosage of fluoride exceeds frequently the standards of the WHO (Messaitfa, 2007). The risk
of fluorosis rise when it took into consideration the amount of fluoride provided by the specific day to day diet of
the region of study (tea and dates cosumption). On the physiological basis, fluoride is a necessary nutritive and
beneficial for human organism and growth as well as the maintenance of the bonal tissues and teeth, It prevents teeth
decay where its concentration in water is inversely correlated with dental decay (Acharya, 2005) : fluoride
concentration in waters has been a potential solution to the waters lacking fluoride. Many countries such as the USA
(Aurélio Peres and Al., 2004), go beyond up to adding fluoride to the drinking waters. Although beneficial, passing
the allowed limits (1.5 mg/l) (Chavaissieux P; Meuinier PJ, 1995), fluoride could lead to dental and bonal fluorosis
(Onyango and Al., 2004). In the other hand, a cute intoxication of fluoride could lead to neurological complications
(Long and al., 2002), urine stone formation (Singh et al., 2001) and a hypocalcaemia (Pettifor and Al., 1989) of the
endemic patients. Though it seems to have no link between fluoride and cancer (Harrison, 2005), the number of the
observed cancerous people in the region of study shows that even within the absence of clinical data that a risk is
possible. Some experiences made in Japan (Tohyama, 1996), in USA (Takahashi and Al., 2001) and in Taiwan
(Yang et al., 2000) have proven that many types of Cancer have been frankly associated with fluoride. In Southern
Algeria, dental fluorosis is a "silent" epidemy that local population suffers from. the physicochemical analysis of
the waters of four regions (Ouargla, Touggourt, E1 Oued et Biskra) of Northern Sahara, shows that the concentration
of fluoride frequently exceed the standards of the WHO (Messaitfa, 2007). The fluorosis risk rises when it took into
consideration the amount of fluoride contained in the very specific diet of the region of study (tea and dates
consumption). The aim of this study is to determine the fluoride concentration in the drinking waters for the
watertables feeding the networks of drinking water supply, and that of the different food stuffs locally produced. In
order to efficiently and economically remove fluoride within the waters, four methods have been proposed (lime,
Aluminum sulfate, the ferrous and ferric sulfate).

2. Materials And Methods

2.1. Localizing the study zone

The region of Ouargla is situated in Southern-East Algeria, it stretches over a surface of 211980 Km?, according to
2010 statistics, the population is estimated over 633967 inhabitants, distributed over 21 municipality. It is limited by
Djelfa in the North and El Oued, in the South by the city of the city of Illizi and Tamanrasset, in the Ouest by
Ghardaia and in the East by Tunsia (Figure 1). The basin of Ouargla is caracterized by an arid climate that was very
hot (exceeding 42 °C in July ) and cold in winter (3 .02 °C in January) with a very high thermic amplitude, a very
weak and irregular flow (12.5 mm in January), a very high evaporation (340 mm in July). The region of the study
presents quite important potentials represented by three types of watertables, the first is free, corresponding to the
watertable, the remaining two are captive, corresponding to the terminal complex watertables terminal (Mio-
pliocene , Senonien) of a depth of almost 60 to 250 m respectively with an exploited flow between 10 and 45 I/s,
and the Albien water table that is caught from a depth oscillating between 1300 to 1400 m and exploited with a flow
of 100 to 120 Us.



296

Kais Baouia and Amar Messaitfa / Energy Procedia 74 (2015) 294 — 300

1
lmmepirTeERRAINE

PO UGAL J M E R E
|| Blida ALGEH Be| aia Skikda IA““'aba
Mostaganem Tipasa Jijel funis
i Tenes Cherchel == ] Medfe
= T L (R.-U.} Oran Ech=Che = —Ahra
OCEAN Sah e Ghazawer ol ine
350 LT as ol bessa
May 3 ; O
ATLANTIOUE i Garsa -4
jh = Tazeur \’[?\_
'ﬁ"\:}"\ TUNISIE

N
\ =N

Nk
ot a fj
: " el-Golea

poud

'

Guarzazate e
i3

Tanezrouft

MALI

5o

Fig 1. A Map of the situation of the region of Ouargla.

2.2. Methods
The analysis of fluoride dosage de fluorure were made on water samples of 25 drills of different watertables (Mio-
pliocene, Senonien, Albien), the consumed food stuffs (dates, lentil, potato, semolina, carrots, pumpkin) and tea.
The chosen method of analysis so as to determine the content of the chemical elements (F", Ca®", Mg*", Fe*", A’ is
the spectrophotometer method DR 2800. Fluoride tenor of consumed food is obtained by decomposing the
organic substance by at a temperature of 500 °C during two hours time (Bock 1979, Messaitfa 2007), once cooled,
the ashes are smoothly crushed until reduced into a homogenic powder. The mineralization consists in putting an
amount of 5 g of powder with a relatively concentrated chlorhyde acid volume, after 24 hours time reaction,
the mineralization process is adjusted on 100 ml with distilled water, afterwards filtered and the obtained solution is
ready for analysis.
Our experiment consists of utilizing the removal method, with lime, Aluminium sulfate, ferous and ferric by adding
growing doses of the reaction to the taken water sample, from the drill of "Beldet Amor" (Touggrout), of 200 ml to
be treated by the four above mentioned methods. The purpose of reducing the studied water fluoride dosage, the
process in which lime is used aims at minimizing the water hardness and reducing the fluoride dose in the same
time. The process of softening relying softening lime only consists in reducing calcic carbonate that is to say the
precipitation of calcium related to carbonate (HCO;). The optimal dose in lime necessary to the softening, in
equivalence with CaCQs, is calculated according to the equation (Raymond, 1990): [Ca(OH),]= [HCO;].
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3. Results And Discussion

3.1. Fluoride of water consumption of the region of Quargla
Considering the results of twenty-five (25) samples, fluoride tenor for the Mio-pliocene watertable varies from 1.62
to 2.01 mg/l, as for the Senonien, it presents tenors less increased than 1.15 to 1.62 mg/l, finally the Albien
watertable, they oscillate from 0.79 - 0.96 mg/l. In order to better illustrate the variability in the space a map was
realized (tableau 1).

Tablel. Fluoride Tenor of the drills of the region of Ouargla.

watertable Drill PH TH Ca™ Mg”"  HCOy Cl™ SO, ™ F
(F)  (mg\)  (mg\)  (mg\)  (mg\)  (mg\l) (mgl)

Mio -pliocene  Blidet Amour 7.5 187 529.05 134.5 518.5 1014.31 1475 2.01
Gharbouz 7.47 94 22044  94.74 133.03 298.23 625 1.86

Elgoog 7.32 167 388.7 170.37  170.12 856.96 1075 1.83
Sokra 7.37 105 280.56  85.07 120.06 375.78 725 1.74
Frane 741 112 272.54 106.93  229.41 489.6 950 1.98
Bour Elhaicha 7.64 80 196.39 7534  250.25 422.33 525 1.62
Senonien Beni Thour 722 145 456.91 75.33 130.71 908.88 1375 1.58
Sellise 7.13 99 260.52 82.63 129.83 483.92 825 1.25

Mekhadma 2 736 115 280.56  109.37  553.35 661.66 1050 1.44
Mekhadma 3 7.10 110 24448 119.09 5185 665.3 1350 1.62

Université 7.15 115 284.56  106.94  147.32 709.4 875 1.47
Ain Baida 7.55 86 204.41 85.06 199.63 392.7 525 1.58
F 22 HMS 745 115 244.84 131.24 128 199.95 675 1.35
El bour 1 7.25 105 248.49 10451 12535 433.31 850 1.46
Ifri 7.42 98 264.52  T77.77 129.83 430.15 775 1.58

Sidi Khouiled 1~ 7.36 128 300.6 128.81  136.47 616.91 1025 1.23
Sidi Khouiled2  7.39 100  260.52  85.06 128.2 533.21 1050 1.37

Said Otba 7.27 95 22444 9479 158 313.44 800 1.6
Hassi Ben Abde 7.73 152 396.79  128.81 135.07 516.24 1050 1.25
Hassi Miloud 7.41 88 248.49  63.19 112.61 467.18 650 1.58
Albien Elhadeb 1 7.26 91 19238 104.51  589.11 396.1 650 0.93
Elhadeb 2 7.36 88 18436  102.08 597.91 392.29 625 0.96

Blidet Amour 734 102 23246 10694  566.42 345.37 675 0.89
Sidi Mehdi 2 7.33 96 24448  85.06  541.53 514.17 850 0.85
Sidi Slimane 736 105 24048 109.37 165.65 480.58 625 0.79

According to the results of fluoride dosage of drinking water of the exploited underground watertable in the region
of Ouargla, all the drills of the Mio-pliocene contain high condensations compared to the standards of the WHO
(1.5 mg/1), nonetheless the waters of the Albien watertable are characterized by an acceptable dosage of fluoride but
that of the Senonien watertable exceeds the standards of the WHO more than 38% of fluoride..
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3.2. Fluoride removal from drinking water in the region of Ouargla
In many countries, different processes of fluoride removal from water have been chosen and their optimization has
been developed whether in the laboratory, pilot stations or even in the industrial scale. The effectiveness of these
processes varies according to the nature of the process and the characteristics of the treated water. The most adopted
techniques are the chemical process by precipitation, the classical physical and chemical process (coagulation-
floculation, absorption, ions exchange) and membranes (electrodialysis, inverse osmosis and nanofiltration). The
results of the four tested methods (lime, aluminum sulfate, ferrous and ferric) are given in the tables 2,3.,4,5.

Table 2. Results of treatment by lime (Ca(OH),)

Parameter / sample N° 1 2 3 4 5 6 7 8 9
Dose de Ca(OH), (mg/l) 00 50 100 150 200 250 300 350 400
F (mg/l) 2.01 1.79 1.59 1.53 1.27 1.26 1.13 1.09 0.88
Ca®'(mg/l) 529.05 465 440 420 350 360 360 330 235
Mg* (mg/1) 134.5 130 120 120 115 120 125 125 120
Fe”"(mg/l) 0.1 0.11 0.1 0.08 0.1 0.11 0.12 0.11 0.11
AP (mg/l) 0.13 0.09 0.098  0.119 0.11 0.09 0.1 0.099  0.094
TH (F°) 187.29  170.41 160 155 135.41 140 142.08 134 .58 108.7
PH 7.5 8.33 9.6 10.75  10.77 10.8 10.74 10.83  10.88
EC (ms/cm) 4.61 4.5 433 4.2 4.24 4.23 433 4.23 4.23
Table 3. Results of treatment by aluminum sulfate (Al,(SO,)3)
Parameter /sample N° 1 3 4 5 6 7 8 9 10
Dose de Aly(SOy); 00 20 30 40 50 100 150 200 300
(mg/1)
F™ (mg/1) 2.01 1.73 1.66 1.45 1.55 1.42 1.19 098 0.84
Ca*"(mg/l) 529.05 515 515 540 505 465 395 310 305
Mg (mg/1) 134.5 115 115 115 125 125 110 125 120
Fe*'(mg/l) 0.1 0.11 0.09 0.09 0.1 0.11 0.11 0.11  0.11
AP"(mg/l) 0.12 0.12 0.07 0.1 0.1 0.11 0.14  0.105 0.1
TH (F°) 187.41 160.33 176.66 176.66 175 178.33 168.33 144 129.5 126
PH 7.5 6.6 6.6 6.6 6.7 6.6 6.6 6.1 52
EC (ms/cm) 4.61 4.03 4.04 3.97 3.85 3.83 3.65 3.58  3.17
Table 4. Results of treatment by ferrous sulfate ( FeSO,)
Parameter / sample N° 1 2 3 4 5 6 7 8
Dose de Fe(OH), (mg/1) 00 50 100 150 200 250 300 350
F" (mg/1) 2.01 1.89 1.77 1.7 1.56 1.54 1.32 1.25
Ca”"(mg/l) 529.05 510 460 405 365 345 320 280
Mg* (mg/1) 134.5 130 125 120 130 135 135 135
Fe*'(mg/1) 0.1 16.4 21.7 70.25 99 102 120 135.5
AP (mg/l) 0.12 0.079 0.096 0.1 0.087 0.091 0.086 0.076
TH (F°) 187.29 181.7 167.1 151.3 145.4 142.5 136.3 126.3
PH 7.5 5.9 5.8 5.7 5.6 5.5 54 53
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Table 5.Results of treatment by ferric sulfate (Fe,(SOy)s)

Parameter / sample N° 1 2 3 4 5 6 7 8 9 10
Dose of Fe(OH); (mg/1) 00 10 20 30 40 50 100 150 200 300
F™ (mg/1) 2.01 1.83 1.79 1.75 1.76 1.76 1.74 1.7 1.64 1.45
Ca”"(mg/l) 529.05 455 500 500 505 505 515 510 405 320
Mg* (mg/1) 134.5 125 125 120 120 125 130 125 110 125
Fe” (mg/l) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.11 0.11 0.12
AP (mg/l) 0.12 0.06 0.095 0.079 0.12 0.1 0.11 0.11 0.12 0.115
TH (F°) 187.29 166 177 175 176 178 183 180 147 132
PH 7.5 6 6.1 6.2 6.2 6.2 6.3 6.3 4 3.3
EC (ms/cm) 4.61 4.11 412 406 4.12 413 418 4.11 4.14 424

Fluoride removal by lime provided an outcome of 56.22 % with a decrease of fluoride amount equivalent to a rate
between 2.01 mg/1 to 0.88 mg/I after adding 400 mg/1 of lime, it was noted that the tenor of fluoride ions decreased
exponentially with the increase of the lime dosage, this result are explained by the precipitation of CaF, and CaCO;
(Raymond, 1990). In addition to that the rate of outcome of fluoride removal by aluminum sulfate are 58.21%, with
a decrease of fluoride of 2.01 mg/l a 0.84 mg/I1 after adding an amount of 350 mg /1. Finally, the outcome of ferrous
sulfate and ferric which are respectively 37.81 and 27.86 %. this phenomenon could have been explained by the
decrease of the initial tenor fluoride during the treatment by coagulation and flocculation (aluminum sulfate, ferrous
and ferric sulfate) would be a phenomenon of absorption (fixation), according to Rabosky (1975), the frost of
hydroxide formed (Al(OH);, Fe(OH); ) could serve as fixation surface or absorption of iron ions. This occurred
during the floculation, the fluoride ion are thus absorbed in the ionic layer (double layer) of the floculant than
removed by the latter during decantation.

Conclusion

The population of the region of Ouargla is characterized with a diet that is very marked with tea, dates, lentil, carrots
potato and pumpkin consumption, where fluoride ions dosage was very significantly. Moreover, the arid climatic
conditions (T °C > 40 °C in summer) lead to a heavy water consumption and a strong sweating of the body, and thus
a condensation of fluoride in the organism. In fact, it seems that standard of how drinkable the waters are vis-a-vis
of the fluoride ions prescribed by the WHO are from being applied in these condition. These findings incite us to
fluoride removal from water that which the tenor of fluoride ions exceed 0.85 mg/l according the WHO
recommendation. These findings allowed us to conclude that the water table of Mio-pliocene is the most charged
with fluoride as regards the standards of the WHO nonetheless the Albien one contains a dosage of fluoride lesser
that that of the WHO standards. In order to decrease fluoride in water, the four methods have provided outcomes
and remarkable values, especially in the case where the treatment was made by lime (56.22 %) and the aluminum
sulfate (58.21%). As regards the food stuffs where the dosage of fluoride is quite high, they vary between 0.03 and
18.24 mg\kg. Finally, the establishment of a feeding equation (water ;. food) is advocated, in such a way to obtain an
all in all fluoride dosage estimated of 4.4 mg/day /inhabitant.
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