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ABSTRACT

Production and variety of bottled waters in Morodtave experienced an increase in recent yearsspaese to a
growing consumption increased. There are now séumemds with different labels, packaging and voasmOur
work is focused on the quality of study, specificéthe load of trace elements in these waters. dmalysis is
performed by ICP-MS spectroscopy. All results arscubsed according to Moroccan standards and WHO
guidelines for assessing the nutritional contrilbatiof the samples studied. The study showed thabédrs contain
a fairly large amount of Si. Moreover aerated madexaters are loaded with total trace elementstfar geological
nature of the area in which they arise. Comparihg abundance of a trace element with respect totdted
concentration outside the silicon showed a highalality in the strongly dependent on water composi of the
geographic zone in the water sample, This findiag wonfirmed by the study of the importance ofgralements in
relation to the total dissolved ions, Carbonatedhenal waters provide more than 24% of trace elememicessary
outside of the silicon, As against other watersxdbbring more than 0.5% of the necessary contitimst

Keywords: Trace elements, Nutrition, Sources water, Bottlegiew carbonated mineral waters, ICP-MS, Morocco.

INTRODUCTION

Trace elements are constituents of the earth's tralse number 68, whose concentration is eachthem 100 ppm;
and represent only 0.6% of all chemical element®][1They participate in biogeochemical cycles.. [3he

accumulation of trace elements in the food chaione of the most serious consequences of theiogidl and
non-chemical degradation, their concentrationsreach, at the end of these channels, contentsdintes higher
than those found in water. [4].

There are about 21 chemical elements which wersidered essential for humans: CI, P, Mo, F, Ca, Na,K, Fe,
Cu, Zn, Mn, B, Cr, Ni, Si, V, | and Cr. [5]. Theyeaavailable in drinking water, mainly in ionic fos, which
considerably improves their absorption by the gastestinal tract [6]. Although certain of thesereknts can not
be made in significant amounts through drinkingesathey are essential to human health [7].

Among these trace elements, some, called traceeeksmare essential for biological activity at mable
concentrations. [8]. Trace elements which are gathesized by the body, is essential for its prdpectioning.
They act in most enzyme systems, metabolism atalaretonstruction.

Such as vitamins, trace elements are being recondedaily nutritional contribution. They are neededll ages
of life, and needs vary with age, gender, and gdnleealth status. [9]. They are provided by foodsmall
guantities, in the microgram (mcg), and they paréite in most chemical reactions. Their deficieacies their
excesses have biological and clinical consequefigesl1]. They are similar to drugs to treat sgegifathology.
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[12]. Absence or presence of a mass of them makidomain source of failure and disease developimehe body,
the effect of providing a trace element dependtheramount ingested.

Trace elements have different utilities, dependingvhether one is for the animal species or plpeties. [13]. For
the animal species, the elements such as Cu, CieNi, Zn, As, Cr, Se and V, are essential ® sccess of
their biological process, whereas the plant spemiesonly essential B, Cu, Co, Fe, Mn, Mo, Ni and Zinc and
Copper, for example, are often added to the dianohals, particularly in pig farming [2].

Fifteen trace elements are considered "essentid),1f]. The essential trace elements demonstrastd of

deficiency in humans which are: lodine, Iron, Cappénc, Selenium, Chromium, Molybdenum and Flueriithe
essential trace elements at low risk of deficieG@yproven in humans) are: Silicon, Cobalt, Nickdanganese,
Tin, Vanadium and Lithium. [15]. Indeed, an essanélement is revealed when its deficiency is djety

reflected by a functional disorder, and when itatabution to physiological doses prevents or cutes disorder
[16].

Trace elements are involved in many biological namiéms and their role is predominant. A simple latkrace
elements is likely to evolve into more or less @esi functional disturbances. The action of traemeints in the
human body is often targeted, their effect on ttewh, biomass production, and the biological attiis positive
only if there is an optimum concentration, and thisthe appropriate location within the body [4]xCEss
micronutrients can cause serious disorders, a talamust be found between excess and defect of #esents in
the human body. The oligotherapy is used to prewverdffset a deficit or deficiency, or to achieveharapeutic
effect.
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Figure 1: Effect of biological trace element as aihction of concentration [12]

The pharmacological effect is the "ergotropic" aleaated between the optimum supply and toxic,asbawn in
Figure 1[12]. In metabolism, the trace element lsarstored without being used. Indeed the richdhilaetissues
may contain the metal in a form metabolically utnlisawhich is often the case of bone cellular &sdwysing the
cells containing storage proteins explains theease plasma levels of certain micro-elements id sgiolysis
syndromes. In the blood are never found trace eil&snas free ions, but related to various typesaofiers. In
human blood, the zinc is found in approximately 8%% blood cells; its plasma protein binding is eomainly with
serum albumin. It especially distributes in theetivkidney, muscle, bone, prostate, and the relija The
absorption of trace elements in the body is notplete, and there are several, mechanisms, Irongxample,
provided by food is absorbed as heme iron (10-398bsorbed) and non-heme (1-5% is absorbed).

Zinc absorption takes place along the small intesby a mechanism mediated by a factor, its bidetvitity is
much more important for the aqueous solutions amkithg water for solid meal [17]. Zinc absorbedcesried by
the blood via the serum proteins mainly albumind$%nd other (35%) and the total mass of zinc enkibdy is
distributed mainly in 2g of the circulatory systemody tissues such as the liver, bones, and kidneys

Food copper is mainly absorbed from the stomachdumtlenum of the gastrointestinal tract. In theobkiream,
the copper is in the red cells bound to a speciijgro-protein 98% and 2% by serum albumin.

Selenium is metabolised to an intermediate selehie®dre borrowing other metabolic pathways. It et
transported in the plasma where it binds selegtiveith albumin and is transferred to the liver whet is
methylated and then excreted in urine for high dose

Nickel uses the same distribution channels withanliody than the iron and calcium or replaces the.Zithium is
completely absorbed from the upper gastrointestindistributed throughout the total body water doés not bind
to serum proteins.
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The absorption of manganese is in the small imediy an active mechanism and influenced by a laueaber of
dietary factors. In the case of low doses, the@dability of this element is enhanced by the pres of ascorbic
acid and a meat diet, whereas it is inhibited byaie sources of dietary fiber, 25% of the totaldoof Manganese is
retained in the skeleton and the rest accumulatéssues rich in mitochondria and endoplasmicuégi[18].

Water being the most consumed food in quantity byiman being. A standard adult man absorbs 215 [i1®,20]
to 3 liters of water per day in various forms [24hlf of this amount consists of drinking water,isoould reach an
average of 1.5 liters per day is 547 liters a yaad even a large quantity in people who undergoeesplans. [22].
Infants aged O to 1, and the weight of the milkdyage ingested by 24 hours is one sixth to ond teihthe body
weight increased by 300 g [23]. The average consompf 1 liter of water per day, or 365 litersthre first year of
life [22]. The adequate fluid intake varies fron01090 mL/kg per day for infants in the first haffthe first year of
life, through 800-1000 mL/day from six months tack 2.5 liters per day for an adult [24].

Some trace elements present in ionic form in theemare both absorbed and utilized by the body wiign food or
drug induced. lons dissolved in water are generatlye easily absorbed by the intestine [6]. Itlbag been known
that trace elements in drinking water can have @#ver beneficial effects on human health dependimgheir
concentration [25]. Bottled water is consideredtby consumer as pure, intact and rich in trace etsnand
minerals needed for good health. Generally, onlg thajor elements are shown on the bottle labels, th
concentrations of the trace elements are ignorecheSrace elements are quite stable in water, sitespecially in
mineral waters, is complexed to the light or expedo air making their limited absorption. This &ips why the
mineral water consumed locally at a much more &ffe@ction than bottled water.

Moroccan law distinguishes three types of bottledewn

 Table water (ET) which is a drinking water of amygin that meets health standards,

 Sources water (ES) that satisfies the standardsvas bottling without undergoing any chemicahtneent,

» Natural mineral water (EM) which has, in additit;m source of water, therapeutic properties. Soimthese
mineral waters are naturally stored gas conceatratiand fall under the qualification carbonateturz mineral
waters (CMW).

* Natural mineral water or natural waters of meldicgéerest according to law 10-95 on water must ttbe
conditions for this label [25]. Mineral water frodeep sources is bottled charged ionic particlehénmost stable
state.

Hydrochemical facies different bottled waters acenthant in Morocco with chloride sodium and potassifor

table waters. The mineral and spring waters haxatheer facies bicarbonate calcium or sodium bicaab® The
chemistry of mineral waters and source can be cetelyl connected to the geological nature that tsmsethese
waters and local tectonic conditions allowing tifiegas and deep source fluid [27].

For deep thermal waters, previous studies of watdrdrawn directly to sources well highlighted thiehness of
these waters with dissolved ions [28,29].

Other studies have focused on changes in traceealsnin bottled water in different countries. [30,30ther
studies have raised the health impacts includirig telements found in some bottled waters [32,33].

In Morocco, the consumption of bottled water haadjupled over the past ten years and this trerdstencontinue
[27]. This study will examine the relationship besn trace elements concentration in bottled watévierocco
with the type of chemistry of various waters. Thadcalation of the dietary intake of trace elemerftdiowing
optimal water consumption placed on the Moroccarketawill be determined taking into account thedguice on
safe drinking water. This work will be complementgda study of the role of the different trace edes and their
possible toxicity of the analyzed waters.

MATERIALS AND METHODS

Different water samples (sixteen 50 cL bottles)empurchased in a supermarket according to the neemdations

of reference [34], the study has taken differeritibdypes listed in Table 1. There are five watessural mineral
(EM1, EM2, EM3, EM4, EM5), a carbonated natural enal water EMG, a natural mineral water carbonated
EMGF, light carbonated natural mineral water (EM(hyee water sources (ES1, ES2, ES3) four tabtergT1,
ET2, ET3, ET4) and carbonated table water (ETGF).

204
Scholar Research Library



M. Ghalit et al Der Pharmacia Lettre, 2015, 7 (11):202-211

Table 1: Analytical indicators studied waters

Elements (mg/L)
Samp, C&' Mg* K' Na° HCo; CI SO* NOs; TDS Type of water
EM; 56.07 43.64 05 16.6 366 5325 3.8 7 351 Ca-Mg-HCQ-CI
EMier 70.49 45.07 05 151 368 55 3.8 7 341 Mg-Ca-HCQ
EM, 16.02 7.67 23 226 73.2 21.3 417 0.1 200 Na-Ca-Mg-HCQ-SO
EM; 69.68 37.87 2.4 148 341.6 246.72 20 4 680 Na-Ca-Mg-CI-HCQ
EM, 19.22 91 56 342 1708 17.75 7.85 3.81 231 Na-Ca-Mg-HCQ
EMs 76.9 33.06 0.7 24 402.6 15.97 5.13 5.18 314 Ca-Mg-HCQ
EMg 108.21 57.39 21.5 267.2 744.2 301.75 11.22 4.96 1406 Na-Ca-Mg-HCQ-CI
EMg. 102.53 58.24 21.4 267.2 854 291.1 11.22 4.96 1358 Na-Ca-Mg-HCQ-CI
ES 76.1 465 0.7 3.4 44225 17.75 3.7 19 363 Mg-Ca-HCQ
ES 82.1 153 05 10.2 315 21 209 0.32 283 Ca-Mg-HCQ
ES 23.23 6.46 1 10.6 10065 7.98 125 0.5 114 Ca-Mg-Na-HCQ
ET: 6.41 383 11 614 427 923 1569 0.2 140 Na-CI-HCG
ET, 11.21 431 04 30.2 65 31.95 19 24 88 Na-Ca-HCQ-CI
ET; 16.02 9.58 0.8 458 549 8253 20.55 3.49 187 Na-Ca-Mg-CI-HCQ
ET, 1442 7.67 0.2 9.6 305 355 12 15 158 Ca-Mg-Na-CI-HCQ
ETer 50.46 10.04 1.1 48.6 2684 49.7 10.3 2 536 Ca-HCQ-CI

The major elements (Table 1) were the subjectpliminary work to determine their potability chateristics and
chemical facies [27].

The analysis of eleven trace elements was don€&CByMS model iCAP Q ThermoScientific Laboratory Hydr
Science in Montpellier. International certifiedesfnce material and water standards for trace elismeere used in
the framework of the quality control procedure.

RESULTS AND DISCUSSION

The results obtained by ICP-MS analysis of traeenelnts are reported in Table 2. Note that the $emelasured are
all lower than the maximum levels of potability fdifent international standards. Only the amountahganese
slightly exceeds international standards for caates mineral water while respecting Moroccan stethd@he
amount of silicon measured in mineral waters amgéhsources is large and the silicon can be camside major
factor in those waters. It is of the order of a fewligrams per liter.

Table 2: Concentrations of trace elements (in mg/Lin bottled water in Morocco

Cr Co Cu Fe Li Mn Mo Si Zn \% Ni
(Ha/L) (na/L) (Hg/L) (Mo/L)  (po/L) (Hg/L) (Hg/L) (Mo/L)  (poll)  (po/l)  (ug/L)
EM1 0.318 0.013 0.082 0.398 0.51 0.069 0.083 3128 0.3471.101 <LOD
EM1GF 0.396 0.058 0.364 0.778 0.64 0.096 0.084 2690 0.4210.952 0.010
EM2 0.035 0.003 0.562 0.203 76.54 0.054 0.727 20581 876.0 2.203 0.654
EM3 0.344 0.004 0.104 0.498 87.81 0.037 0.531 5665 30.38 1.351 0.020
EM4 0.119 0.003 0.030 0.197 25.98 0.011 2.513 19531 070.2 14.78 <LOD
EM5 0.688 0.010 0.119 0.134 0.313 0.002 0.115 10840 680.9 1.243 0.098
EMG 0.035 0.020 2.019 2.141 4241.90501.800 0.055 81094 5.422 0.019 1.742
EMGL 0.024 0.033 11.76 5.218 4281.90470.600 0.065 80617 16.66 0.034 8.704
ES1 0.155 0.019 0.283 0.939 0.46 0.034 0.074 2744 0.7730.751 0.179
ES2 0.046 0.007 0.052 0.440 1.62 1.143 0.236 4542 3.0100.134 <LOD
ES3 0.036 0.024 0.026 0.250 0.43 21.600 0.024 4025 51.96 0.105 0.054
ET1 0.088 0.007 0.016 0.581 2.76 0.026 0.143 816 0.3080.213 0.060
ET2 0.411 0.004 0.192 0.268 0.53 0.034 0.013 <LOD 0.4290.010 0.117
ET3 0.037 0.010 0.345 8.215 3.39 0.161 0.193 573 0.9290.388 0.072
ET4 0.659 0.010 0.273 0.075 0.87 0.073 0.025 <LOD 4,727 0.021 0.433
ETGF 0.081 0.090 1.325 1.204 4.86 0.254 0.837 4236 2.3001.815 0.234
* OMS 50 2000 - 400 70 3000 - 70
** US-EPA 100 1300 300 - - 5000 - -
o MN 50 2000 300 500 - 3000 -- 20

* WHO: [17] and US-EPA **; U, S, Environmental Pegttion Agency and *** NM; Moroccan standard [35];

Figure 2 shows the wide variation in load tracenaets different waters. Carbonated mineral wate4GEEMGL)
are the richest in trace elements followed disyahtt mineral waters EM2, EM4 and EM5. Carbonatedaral

waters being hydrothermal water, they are loadedhnmiore easily trace elements due to the chemlieahtion of
the basic magmatic rocks [36]. This chemical atteraoccurs through chemical reactions mainly watefluid-
rock, responsible for the release of trace elen@mt88]. Indeed, these carbonated mineral watergram plateau
Oulmes, a batholith with a strong halo of metamampih which marked the sedimentary host rocks séheradred
meters thick. At these courses are supplementedbdsyc volcanic formations under-saturated, compasied
nephelinites, phonolites and murites [39].
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Mineral waters, which show a high TDS, also congnificant quantities of trace elements. In casitr sources
water, show a much lower amount of trace elemenitich justifies the non-designation of these watersvaters
with therapeutic effect. For water tables, whicimeofrom the drinking water distribution networksthvadvanced
treatments, micronutrient content is very low. Wgter consumed Morocco tap water is predominarftsr ahe

surface network, which leads to a weak interactiith the rock and therefore a lower mineralization.
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Figure 2: Total concentration of trace elements (u)

The note (Table 2) that the silicon is the coningllfactor in most waters (between 0.944 and 0.889race
elements measured) except ET2 and ET4 table wateese if is not detected. The filtration systemduge the
bottling process of these waters and the ET1 ar®l kdters may explain the absence or presence ofibogn in
these waters.

Silicon is the most abundant trace element in theers studied; it is in the form of silicic acid nwmer SiQH,.
Silicic acid contained in drinking water and in béas a protective effect against oxidation indubgdaluminum
[40]. A sufficient intake of silica in drinking wat lowers the risk of Alzheimer's disease linkedltominum [41].
At low concentrations at neutral or acid pH, tHeaiis in the form of a true solution [42]. Theldaility can reach
0.14 g/L at 25°C. It is the most abundant comporergroundwater, due to the erosion of rocks andenails,
compared to surface water. Dissolved silica haknoavn harmful effects to humans.

Water of sources and mineral water EM1 did not shaignificant presence of trace elements. Theetomf trace
elements of water tables can be considered nelglighpart carbonated mineral water, trace elemdsytsiot taking
into account the Silicon, in whole do not excee@ @/L.

The percentage contribution of each of the traeeneht according to the total concentration of thalyzed trace
elements (excluding silicon) is given in FigureThis comparison shows a high variability in the position of

water, but water from the mineral the same geogcaphrea show a relatively close distribution aice elements.
The gasification process of mineral water EM1,raltétle distribution of trace elements.

1207 Ni (ng/1)

100 7 V (ug/1)
80 ] zn (ug/1)
60 Mo (ug/1)
40 o m Fe (pg/l)
20 m Cu (pg/l)
0 -9 5 95 9 S5 9559955599 m Co (ug/l)
zpyzzsgcgggeEEegg  Cow
= = L m M (1g/1)

Figure 3: Values in% relative to the total concentation of trace elements excluding silicon; ([Xi] Sum ([Xi] - [Si]) * 100)
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Figure 4: The geological situation of the main sowes of bottled water in Morocco [43]

The most abundant element after silicon in carlemhatineral water is the Lithium for 6 of the anagzwaters.
This element also appears predominant in minerégém@&mM2, EM3, EM4 and EM5) and table water ET1e3é
mineral waters are from the same area as where takea carbonated mineral waters (Middle Atlasp(iFé 4).
The ET1 table water is bottled by the same comphai/the waters EM2 and EMG, which suggests arironf
water in common area, explaining the large conedintn of Lithium in ET1. Manganese is the most imipot
element in water source ES3 representing almost ®0#tese trace elements, Zinc for water table E/l0%6) and
Fe for table water ET3 (60%). Water EM5 allows atdbution of the same size of the transition elatagCr, V
and Zn).

Nutrient intake of trace elements

The daily need of major elements of the mg to gy, dvhile the trace elements are needed in dosteadrder of
micrograms /day [44]. The World Health Organizat{gvHO) has adopted rules setting maximum conceatrsiof

metallic elements in drinking water to avoid thekrof poisoning. These guidelines are intendedier by national
authorities as a basis for the establishment abmalt standards for drinking water. The concertrai of trace

elements in drinking water may be on the ordehefriecessary daily needs, but sometimes higher.

Table 3: Daily intake (in pg/L) by the consumptionof bottled water in Morocco on the basis of 1.5 L/ay

Si (mg/l) | Li (ug/l) | Mn (ug/l) | Cr (ug/l)| Co (ug/l)| Cu (ng/l)| Fe (ua/l)| Mo (ua/l) | Zn (ua/l) | V (ug/l) | Ni (na/l)
* (1)) 11.6 20 2.69 0.18 20 0.54 0.02 9.05
** | (mg/Kg) 0.2 0.02 0.02 1 60 0.1 33 0.3 0.1
EM1 4.69 0.77 0.1 0.48 0.02 0.12 0.6 0.12 0.52 1.65
EM1GF 4.03 0.96 0.14 0.59 0.09 0.55 1.17 0.13 0.63 143 020
EM2 30.87 114.81 0.08 0.05 0 0.84 0.3 1.09 9.13 3.30 0.98
EM3 8.49 131.72 0.06 0.52 0.01 0.16 0.75 0.80 0.57 2.03 0.p3
EM4 29.29 38.97 0.02 0.18 0 0.05 0.3 3.77 0.31 22.17 q
EM5 16.26 0.47 0 1.03 0.02 0.18 0.2 0.17 1.45 1.86 0.15
EMG 121.64 636285 752.7 0.05 0.03 3.03 3.21 0.08 8.130.03 2.61
EMGL 120.92 642285  705.9 0.04 0.05 17.64 7.83 0.1 24.990.05 13.06
ES1 411 0.69 0.05 0.23 0.03 0.42 141 0.11 1.16 113 270
ES2 6.81 243 171 0.07 0.01 0.08 0.66 0.35 452 0.2
ES3 6.03 0.65 32.4 0.05 0.04 0.04 0.38 0.04 2.95 0.16 .08 0
ET1 1.22 4.14 0.04 0.13 0.01 0.02 0.87 0.21 0.46 0.32 .090
ET2 0 0.8 0.05 0.62 0.01 0.29 0.4 0.02 0.64 0.02 0.18
ET3 0.86 5.09 0.24 0.06 0.02 0.52 12.32 0.29 1.39 0.580.11
ET4 0 131 0.11 0.99 0.02 0.41 0.11 0.04 7.09 0.03 0.65
ETGF 6.35 7.29 0.38 0.12 0.14 1.99 181 1.26 3.45 272 350
* Estimated Daily Intake of some trace elementsater for adults (ug) [44].
** Amount (mg/Kg) trace elements in the human Hd&y47].
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A standard adult man absorbs a maximum of 1.5sliper day in the form of drinking water [21]. Kn@dbe of the
contents of trace elements bottled water in Moroand allows the consumer to know the quantity aieshrin
liquid form on the basis of 1.5 | / day (Table 8f&o from the estimated daily needs. (Table4). Nt the amount
of silicon available is very important in minerahter, water of sources and carbonated table.

Lithium is present in large quantities in mineralter (EM2, EM3, EM4) and carbonated mineral wathas bring
more than recommended amounts. As for molybdenuis,provided in sufficient quantity in the casemineral
water EM1, EM2 and carbonated water table. Carlsahahineral waters are rich in nickel. For zinc, the
contribution is more than the daily amount recomdsehfor all bottled water in Morocco.

Table 4: Percentage of trace element introduced kthe consumption of bottled water (Percentage consption to 1.5 L/day) compared
to estimated needs

Si(%) Li(%) Mn(%) Cr(%) Co(%) Cu(%) Fe(%) M%) 2Zn(%) V(%)  Ni(%)
* (mg/day) 5 0.5 3 0.056 0.1 2 9 0.15 12 0.02 0.075
EM1 9338 0.15 0.003 0.734 0.02 0.006 0.007 0.083 00D. 8.258 0
EM1GF 80.7 0.19 0.005 0.914 14.5 0.027 0.013 0.084 0.005 7.140 0.020
EM2 617.4 22.96 0.003 0.081 0.75 0.042 0.003 0.727 0.076 16523  1.308
EM3 169.9 26.34 0.002 0.794 1.00 0.008 0.008 0.531 0.005  10.133 0.04
EM4 585.9 7.79 0.001 0.275 0.75 0.002 0.003 2513 00D  110.850 0
EMS 325.2 0.09 0 1.588 2.5 0.009 0.002 0.115 0.012 9.323 0.196
EMG 24328 12726  25.09 0.081 5.00 0.151 0.036  $.05 0.068 0.143 3.484
EMGL 24185  1284.6 2353 0.055 8.25 0.882 0.087 6.0 0.208 0.255  17.416
ES1 82.3 0.14 0.002 0.358 475 0.021 0.016 0.074 0100. 5.633 0.358
ES2 136.2 0.49 0.057 0.106 1.75 0.004 0.007 0.236 .0380  1.005 0
ES3 120.7 0.13 1.080 0.083 6.00 0.002 0.004 0.024 .0250  0.788 0.108
ET1 24.4 0.83 0.001 0.203 1.75 0.001 0.010 0.143 0040. 1598 0.120
ET2 0 0.16 0.002 0.948 1.00 0.014 0.004 0.013 0.005 0.075 0.234
ET3 17.2 1.02 0.008 0.085 2.50 0.026 0.137 0.193 01D. 2.910 0.144
ET4 0 0.26 0.003 0.734 2.50 0.020 0.001 0.025 0.059 0.158 0.866
ETGF 127.1 1.46 0.005 0.914 22.50 0.099 0.020 0.8370.029  13.613  0.468

*Recommended dietary allowances per day in milligsg9].
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Figure 5: Percentage intakes by total trace elemesit (Excluding silicon and carbonated mineral wates)

To all studied trace elements, carbonated minesérs provide more than 24% of trace elements sapgsutside
of the silicon. As against other waters (Figuréha}t adduces no more than 0.5% of the necessatsitugions. The
most important contributions concerning mineralewst EM2, EM3 and EM4.

The intake of carbonated mineral waters Mangangsenportant; this trace element is known for itcedbent
bioavailability.
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Table 5: Importance of trace elements in relationd the total dissolved ions

Total Trace elementsTDS Total / TDS (Total-Si) / TDS
ug mg % (en ppm du résidu solide)

EM1 3130.92 480 0.89 6.09
EM1GF 2693.80 481 0.79 7.89

EM2 20668.07 161 10.33 539.30
EM3 5756.08 676 0.85 134.68
EM4 19574.84 233 8.47 188.54
EM5 10843.69 490 3.45 7.53
EMG 85849.15 1274 6.11 3732.72
EMGL 85412.00 1386 6.29 3458.84
ES1 2747.67 539 0.76 6.80

ES2 4548.69 402 1.61 16.63

ES3 4049.51 121 3.55 202.38
ET1 820.20 136 0.59 30.79
ET2 2.01 146 0.00 13.80
ET3 586.74 158 0.31 86.97
ET4 7.17 75 0.00 94.98
ETGF 4249.00 536 0.79 24.23
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Figure 6: The importance of trace elements in relébn to the total dissolved ions (%)

Trace elements present in water are among the ssdidues when the water is evaporated. Table &shbe
proportion of trace elements based on the tota dissolved in water. Note that, in mineral wat&fst2, EM4 and
EMS5 and carbonated mineral waters: EMG and EMGL iandater of sources: ES3, trace elements ionssemt
more than 3% of dissolved salts (Figure 6). It rhbaynoted that this water originates from the sapmgraphical
area
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Figure 7: Importance of trace elements outside th8i relative to total dissolved ions (ppm of the tall solid residue)
CONCLUSION
If one does not consider the silicon content presgethe waters, other trace elements are onlyapiem of solid

waste. (Figure7). Deep mineral waters EMG, EMGL,EMM4 are the richest. Water of sources: ES3l&ively
rich in trace elements.
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Food security at the individual, household, natipregional and global is effective when all pegme all times,
have physical and economic access to sufficiefe, aad nutritious food to meet their dietary neadd preferences
food to lead healthy and active lives [48].

The nutritional quality is available at two levefigsst, the diversity and the nutritional balandelte diet in terms of
nutrient components (Carbohydrates, lipids andgimej, vitamins and trace elements, and secontdydards and
food hygiene.

The nutritional contribution of food, especiallate elements is the essence of nutritional quaigter is the most
food consumed by humans, and trace elements pbbigiéhe water are more easily absorbed by the .body

The trend of the consumption of bottled water @vwgng, including mineralized and spring watersgs itmportant to
know the percentage of trace elements and thusatdmputs to prevent deficiencies or excesses.

The overall content of trace elements in Bottledt&/&n Morocco does not depend on the classificatibwaters
(Mineral water, sources water and table water). Tinedominant parameter in the concentration and the
predominance of trace elements is related to tlogrg@hic area, so local geological conditions, whegter is
removed.

As for the nutritional contribution of water studjecompared to the estimated daily intake requineadults, few
waters exceed this quantity, especially for Zind drithium. But this excess is not observed withpeeg to
nutritional contribution trace elements recommendeidy. The absolute overshoot is marked as theosilin
mineral waters and aerated and the lithium in H#se®f sparkling mineral waters.

Those are the mineral waters: EM2, EM4 and EM5ifjedltherapeutic effect to contain the most tratements.
Conversely, mineral water EM1 is not particularighrin trace elements, and there are sources watatsable
waters that are much richer of the trace elements.

Apart from silicon, plasters or aerated water \wilbvide about 0.5% by recommended amount of tréements.
Only mineral water EM2, EM3 and EM4 and ES3 sprirsger provide significantly trace elements.

These results were confirmed by studying the magmitance of trace elements in relation to thel witsolved
ions recovered as solid residue (TDS).
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