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ABSTRACT KEYWORDS
Applications using supercritical water often encounter the presence of lonic chromatography
inorganic compoundsinfeed streams, most often withaminor concentration. method;

These compounds can lead to damage of the equipment viaerosion, scaling Wells water analysis;
and corrosion or can influence and disturb the main reaction and processes Hardness;
inside the systems. In order to avoid these problems and to predict the Scale and corrosion;
influence of these compounds, it isvital to posses knowledge of the chemical Sulfate.

composition of the most common inorganic compounds in supercritical
water. For this, the spatial variation of cal cium, magnesium, bicarbonate and
sulfate were investigated during low flow periods of the year 2011 at five
wellslevel inthe Tiykomiyne area, Talsint region, eastern

Morocco, using ionic chromatography method. The obtained results show
that in the majority of wells, their values are higher than the values set by
theWHO (Ca*: 270mgL*; Mg?*: 50 mg L™ and SO,*: 500 mg L*). However,
the total permanent hardness values in all studied stations were found
higher indicating that these waters are very hard. These can be explained
by the cal careous nature of the geological terrain where traversed by water.
Finally, the majority of the studied water wells have a scale or corrosion
character. Thisresult limitsthe use of groundwater as drinking and cooling
water inthisarea © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Sinceitsintroductionin1975by Small et d.™, ion
chromatography (1C) hasemerged asavery powerful
method for andysisof anionsand cationsinavariety of
environmental samples, especially aqueous solutiong?
51, IC offersanumber of advantages over aternative
analytical methodsintermsof speed, sensitivity, selec-
tivity, s multaneous determination ability, stability and
reliability!d. However, anionsand cations cannot be
separated s multaneoudy inthe same columninacon-
ventional ion chromatographic system. In fact, one of
the most effective devel opmentsinion chromatogra-
phy has been theintroduction of proceduresthat alow
thes multaneous separation of metd cationsandsmple
inorganic aniong®”, Thesemethodol ogiesincludeboth
suppressed and non-suppressed techniques.

Inaddition, in most cases, scaesaremade of cal-
cium sats: carbonate, sulfate or phosphate. Because of
their poor thermal conductivity and their good adher-
encetothewalls, these mineral compounds decrease
the heat transfer rate, reduce the water flow rate and
even shorten equipment lifeby corroson. Cacium sul-
fateisthemaor constituent of scalesinthermd desali-
nation plants where brackish waters and sea waters
aretreated®, Therearethree main formsof calcium
sulfate: calcium sulfate dehydrate or gypsum (CaSO, ;
2H,0), caciumsulfate hemihydrate (CaSO,, 0.5H,0)
and anhydrite (CaSO,). When it is precipitated from
anagueoussolution, gypsumispreferentialy formed at
temperaturesat least ashigh as 100 °C.

IntheareaTyikomiyne (people) region of Tassnt,
thewater wellswere used for drinking and irrigation,
but thegeologica nature of thesoil inthisareaislikey
to cause contamination of thewater by calcium, mag-
nesium and sulfatesions. So thismay belimited the
opportunitiesto usethegroundwater intheregion. In-
deed, these el ements can migrate and reach ground-
water, accumulatein thefood chain and poserisksto
human hedthi*2,

However, theca cium hasbeneficid effects. Indeed,
it can block the absorption of heavy metds, increasing
bone massand prevent certain types of cancer. Then,
at very high concentrations, the cal cium can have nega
tiveeffectson theabsorption of other essentid minerals
for human body.
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Inaddition, magnesium can providedrinking water
an unpleasant taste. For some people, just aconcen-
tration of 100 mg L, but for most peopl e, thisconcen-
tration should be about 500 mg L 1. These concentra-
tionsarefar superior to thosethat havethe most water.
In drinking water, magnesium can have alaxative ef-
fect, especidly if the concentrations of magnesium sul-
fateare greater than 700 mg L. However, the human
body tendsto adapt to thelaxative effect.

Inthe other hand, sulfateisamajor component of
dissolvedin rainwater compounds. High concentrations
of sulfatein drinking water can haveasignificant laxa
tive effect combined with ca cium and magnesium, the
two major components of water hardness. Sulfate can
be attacked by bacteriawhich reduces hydrogen sul-
fide(H,S).

For this purpose, the maximum sulfatelevel sug-
gested by the WHO guiddlinesfor therequired quality
of water intended for consumption, according to the
GenevaAccordsin1993is500mg L. TheEU stan-
dardswhich aremorerecent, 1998, completeand strin-
gent than WHO standards suggesting amaximum of
250 mg L of sulfatein water intended for human con-
sumption.

So, acomplete analysisof the current situation of
pollution calcium, magnesum and sulfatesand rigorous
monitoring of itsevolution areneeded tojudgethequa -
ity of thesewaters and itsimpact on the environment
sateinthisregion.

Therefore, our work hasfocused ontheimpact sudy
of calcium, magnesium, hydrogen carbonate and sul-
fateson thewater wellsquality using ion chromatogra-
phy and on the environment of Tyikomiyne area of
Tdssintregion.

MATERIALSAND METHODS

Sudy area

TheTa ssint region belongsto the Eastern High-
Atlasdomain, part of the eastern region, puttingitin
contact and regions Tafildt-Meknesand Fes-Boulmane.
Our medium study concernsthe wellswaters of the
Tyikomiyne, region Tassint area, to our knowledge, has
been no previous academic study!*d, andit isddimited

by:
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e AgglomerationsDouars“Ezzaouia” south,

e Thearea®’ Affia” north

e TheRP601 regional road towards °’ Beni-Tadjit”
west

o Jbd Alagra, a theeast.

Inorder to determinethequdity of calcium, calcium,
magnesium and sulfates on thewater wellsquality of
Tyikomiyneares, fivewd Isstationsweresdected. These
stationsaredenoted such asshownin TABLE 1.

These stationsarelocated on the map below (Fig-
ure 1), which representsthelocation of water wellsof

oliznit

25

——==Jurrent Research Papser

Bioclimatic map

Thisregionischaracterized by pre-Saharan and
Saharan environments. Thus, it washighinthesummer
andvery coldinthewinter. So, theaverageminimum of
the coldest month (January) was— 5 °C and the aver-
age maximum of the hottest month (July) was47 °C.

Theaverageannua rainfall wasabout 245 mm for
1983/2007 period with largeinter-annua variations. It
was about 500 mm for 2008/2010 period: theextremes
recorded are 61 mm in 1998-1999 and 684.5 mmin

. . . . 15
Tyikomiyne Talssint region (eastern Morocco). 2009/20101!.
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Figurel: Location water wellsof TyikomiyneTalssint region

TABLE 1: Namesof wellsinthe Tyikomiyne area®.
wdll: Wwdl2: Wdl3: Wdl4 Well
P1 P2 P3 P4 5:P5
Faryat El Magid Hadi Hilla Deppiz
Analysismethod

The water samples were stored in polyethylene
bottlesthoroughly cleaned beforehand with adlightly
acidified solution, then rinsed severa timeswith dis-
tilled water*®, These Water samples, used for the de-
termination of heavy metals, aretreatedintheterrain
with ultrapure HNO,.

AnICS-3000 system (UATRS, Morocco), which
offersarange of modul eswithout reactiveion chroma:
tography (Reagent Free™, RFIC™). Thissystem com-
binesthe automatic generation of e uentsand removing
self regenerated to maketheion chromatography esser
and moreefficient. Also, ICS-3000 is characterized

by the presence of three

detectors, two conductivity and amperometric; abil-
ity tofacilitiessevera typesof separation columnsfor
different gpplicationsand automatic sample. All dements
weredetermined using thismethod after filtration of the
water by afilter with 0.45 um of porosity.

RESULTSAND DISCUSSION

Calcum

Cdciumisandkdineearthmeta, themajor water
hardnesscomponent, itscontent varieslargdy depending
onthetraversedterrain nature. It isthe most common
element inthe nature (carbonates, etc.), especialyin
theform of bicarbonates, sulfatesor chlorides. It holds
itsoverdl vauefrom thegeological natureof theenvi-
ronment in particular large masses of the organogenic
rock!,
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Therefore, itisnecessary, to notethat the Ca* con-
tent ishighwherethewater flowsthrough the carbon-
atefacies. So, the Ca?* contentsseemto beso closdy
linked to theland nature™™.

However, the calciumionsresult from attack by
water containing carbon dioxide of limestoneor smple
dissolution of sulfates such asgypsum®@. In addition,
thiselement playsan essentid roleinthe skeletonsand
shellsformation, and the phenomenaof cell permesbil-
ity, it is concentrated by organisms from water or
food!*8,

It can not inany way problematic for drinking wa:
ter, theonly disadvantage of domestic high hardness
scaling whilevery soft water can cause problemssuch
aspipescorrosion¥, It isresponsiblefor water hard-
ness. Thewater hardnessis expressed by total hard-
nessin French degrees (20° F =4 mg L* calcium)®¥,

For this, analysesof fivewellshavebeen studiedin
thisregion. The obtained resultsare presented in Fig-
ure 2. Itisnoted that calciumion content are highly
variablefrom onewd | to another. So, the highest con-
tent (396.49 mg L) wasrecorded inwell 2, whilethe
lowest value (257.69 mg L) wasrecorded inwell 3.
Inaddition, itisremarked that all measured valuesare
higher compared to thevalues reported in other re-
gionsof Moroccol*®2-22, Thiswater ishardness scal-
ing and corrosive such as mentioned in our previous
workg?-2,

However, inthemaority of stations, the obtained
values of caciumarerelatively higher than the stan-
dards guideline value set by WHO (270 mg L) and
theAlgerian potability water (200 mg L), Another
study was carried out on North-East of theweb Makian
(Northeast Algeria)i?, they found the most wells
(92.85%) have higher content of the standard water
potability somevaluesreached 845 mg L ™.

Magnesium

Magnesumisoneof themost common eementsin
thenature. It congtitutesabout 2.1% of the Earth’s crust.
Thisisasignificant component of water hardness. The
magnesi um ions content in the water dependson the
nature of theterrain whereit crossesand canbehighin
water through therichin MgSO,/*". He showed that
the contents magnesium ions arerelated to the pres-
enceof magnesium-sedimentary rockswhich enrichthe
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existing sourcesinthe Bou Regreg area. So, theseions
come, ascaciumions, fromthecarbonated compounds
dissolution richin magnesum(®.

Figure 3 showstheobtained resultsandysisfor five
wells. It isobserved that that the average contents of
magnesium ionswas between 53.08 mg Lt (well 3)
and 80.9 mg Lt (well 2). Thesevaluesarerdatively
low compared to other studies reported in the Mo-
rocco (regionsof Tafilalet and Marrakech) wherethe
average contentsof M@?* arevery high inthe mgjority
of water well$*® and are greater than indicated by the
WHO (50 mg L1). Thismay be dueto the dolomitic
nature of the region through by water™8.,

500

ca* (mgL”)

Well 1 Well 2 Well 3 Well 4 Well 5
Figure2: Spatial variation of theaver agecontent of calcium
ionsin thewater wellsof Tyikomiyne

100

80.96

Mg™ (mg L™

Well 2
Figure3: Spatial variation of theaver age content of magne-
siumionsin thewater wellsof Tyikomiyne

Well 1 Well 3 Well 4 Well &

Total permanent hardness

Tota hardnessof water isthe sum of themetal cat-
ions concentrationsother than alkali metal and hydro-
geniong®®. Thewater hardnessis dueto the presence
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of divaent metal ionssuch asCa?* Mg, Fe?*, Mn?,
Sr?* etc. themost abundant ionsare Ca?* et Mg2iong?.

Thus, water hardness was cal culated from mea-
sured Caand Mg concentrations using the method de-
scribedinAPHA et d. (i.e. 25[Ca] +4.1[Mqg]).

Figure4 showstheobtained resultsof thetotd per-
manent hardness of water for fivewells. It isnoted that
thetotd hardnessof water of thestudied stationsvaries
from one gtationto another and al water arevery hard.
Itisalsofound that thesevaues arehigher which may
be duetothe cd careous nature of the geologicd terrain
traversed by water. It can say that the mgjority of the
studied watersarevery hard (> 300mg L) [30]. The
sameresult wasobtained by Alami when hestudied the
groundwater intheregion M nasra located in the Gharb
region (northwestern Morocco) .,
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Well 1 Well 2 Well 4 Well 5

Figure4: Spatial variation of theaverageof total permanent
har dnessin thewater wellsof Tyikomiyne

Bicarbonate

Figure 5 showsthe obtai ned results of the bicar-
bonate (hydrogen carbonate) of water for fivewdlls. It
isnoted that the bicarbonate valuesin the studied sta-
tionsvariesfrom one stationto another. Itisaso found
that thesevalues arehigher which may beduetothe
calcareous nature of the geol ogical terraintraversed by
weter.

However, thepH of thewater well isgenerdly be-
tween 7 and 9 (TABLE 2) whichitisshownthat at the
pH from 7 to 8, lessthan 2% of the carbonatesarein
theform of CO,* and themajority isHCO, ionf*1.

Inthepreviousresults, dl welswater containsca-
cium and bicarbonate ions, the reaction shiftsto the
calcium carbonate preci pitate formation according to

H.Taouil et al. 27
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thereaction:
Ca®® + 2HCO;— CaCO; +H,CO; @
Thisisafundamentd thermodynamic conditionfor
theformation and dissolution of scale. Thus, it can see
that the scd e phenomenon iscontrolled by theequilib-
rium concentration of Ca#* ionsand CO_* ions. This
depends mainly on the temperature, pressureand the
concentration of freeionsinthewater.

In addition, the chemica reaction causing thepre-
cipitation of calcium carbonateiswidedy promoted by
increasing of temperature, releasing carbon dioxide, ac-
celeratesthe scaleformation. So, thereislittleor no
scaling on cold water. In contrast, hot water circuits
represent afavorablefield of scale

400

344.13

3004

HCO, (mg L")
=
T

Well 1

Well 2 Well 3 Well 4 Well 5
Figure5: Spatial variation of theaver ageof bicarbonatein
thewater wellsof Tyikomiyne

However, scaleformationisdetermined usng one
of thethreeindices of incrustation. For this, we deter-
mined theLangdlier Saturation Index (LSl) and Rysnar
Saturaionindex (RSl) usngtheparameter vaues listed
intheliterature®34. The obtained results of different
water wells are presented in Table 2. It isremarked
that the Langelier Saturation Index (LSI) valuesare
positivewhich justified by the calcium carbonatefor-
mation intheseconditions. In addition, the Rysnar Satu-
rationindex vauesindicatethat al water wellshavea
little scale or corrosion excluding wells2 and 4 which
havealittlescale. These can beexplained by thelarge
amount of dissolved oxygen diffusonwhileincreasing
thehydroxyl OH- amount formed according two reac-
tions
0 +2HO+2¢ — 5 HO +20H

HZO2 +2¢

@
©)

— > 20H
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However, the OH-ionsformedinduce anincrease
inthe pH values of all water well, which causesthe
calcium carbonate precipitation®. Lee et a.[* are
observed at pH = 7.9 the scale deposits are thinner

ESAIJ, 9(1) 2014

than thoseformed in solutionswith apH of 8.3. Ac-
cording our previousstudy for theuse of water in cool-
ing systemwhere our conditionsare T=32°C and pH
=7.35, thesewater are very scaling'®-2,

TABLE 2 : Scaling and corrosion severity of the studied wells water

wels T(°C) pH CO&%‘;&L‘;HV " 5?7550 LS RSl Characteristics
1 129 801 1320 72,71 077 61 ;z'l ; S‘;ﬁ'ﬁg@gﬁ;‘r‘:ggnmrméve
2 13 817 1290 7.1/6.9 11 57 ;z'l ; Lsiiﬁlgggng but non Co"osf"e
3 126 804 1300 7372 070 63 Eg'l ; Sﬁﬁ';;’;@f:ﬂ;‘::;ggnm"osfve
4 124 800 1420 7070 086 59 ;z'l ; Lsiiﬁlgggng but non Co"osfve
5 129 773 1250 7069 064 61 :;g'l ': Sﬁﬁ':gﬁ'gfg‘::g‘;gnwms‘ve
Sulfate Sincethelocdity Tyikomiynehasnoindustrid activity,

The presenceof sulfatesin water may berelated to
thedissolution of gypsum, according to thefollowing
reaction:

CaSO. 2H,0  e—* Ca*™ +S0./+2H,0 )

or to sulphideoxidation or it can beto anthropogenicin
connectionwithanindustrial or urban pollution™®. The
wells surveyed by Boutin and Dias®” in the area of
wastewater application from the Marrakech city of
showed that the sulfate content ranging from 100 to
200 mg L-1whilethesevalueswerelesswhich their
ranging from 20to 120 mg L inthe Tiznit region3,
Thework have shownthat the highest values of sulfate
ion are recorded during the low water period in the
water of Meskiana (North-easternAlgeria) withan av-
erageof 472 mg L2, following the evaporation phe-
nomenon and 83.5 % of the wells exceeded the stan-
dard value (250 mg L %) for drinking water?",

Inour case, the SO,* contentsvary from onewell
to another and their valuesfrom 680.80 mg-*inthe
well 3t0 1267 mgLtinwdl 2 (Figure6). Thesevaues
arevery higher wherethe M oroccan standards of wa-
ter quality for thedrinking water production requirea
‘limit’ of 200 mg L™ of sulfate. Indeed, accordingto
WHO, all wellsdo not meet the standard value (250
mg LY). Therefore, thelevelsof sulfatemay contribute
to the contamination of water wellsand springsin the
area

However, the sources of pollution by sulfatesare
many suchasfood, agriculturd oil industry, andtextile.

thereforethe source of pollution by sulfateinthe stud-
ied waters may berelated to thedissol ution of gypsum
according to equation (4).

1400 -

1 1267
1200
1000 4
800

600 J

SO.7 (mgL™)

400

200

p4

Well 2
Figure6: Spatial variation of theaver age content of sulfates
ionsin thewater wellsof Tyikomiyne

Well 1 Well 3 Well 4 Well &

CONCLUSION

Thespatid variation of cacium, magnesum, bicar-
bonate and sulfate wereinvestigated during low flow
periodsof the year 2011 using ionic chromatography
method. Theobtained results show that inthemgjority
of wells, their values  arehigher than theval uesset by
the WHO. In addition, thetotal permanent hardness
vauesinal studied stations  werefound higher indi-
cating that thesewatersarevery hard. The determina
tion LSl and RSl indicated that the studied watershave
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scale character. Theseresultslimit the use of ground-
water asdrinking and coolingwater inthisarea.
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