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ABSTRACT KEYWORDS
In order to effect an assessment of the physico-chemical quality of the .SOUFCGS;I
water in the sources in Tyikomiyne, Talssint region, eastern Morocco. PhySQOCh?mIStry:
Many samplesof water from these sourceswere made during two campaigns Tyikomiyne;
Morocco.

in alow water period (May and June of 2011). Spatial variations of some
physico-chemical parameterswere studied in six sources. Theresultshave
shown that the pH values ranged from values close to neutrality to basic
values, while the electrical conductivity values were above the reference
value set by the European standards and this of the World health
Organization (WHO) standards.

In addition, in the water of the majority of the studied sources, the noted
values of the concentration in Ca*, Mg** and SO,> were higher than the
guideline value set by the WHO standard.

Those chemical characteristics are probably due to the geological nature
of the terrain traversed by the water.
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INTRODUCTION

Overal, groundwater accountsfor about 97% of
freshwater inland liquid®® and the presence of man and
hischancesof survivd dependinmany partsof theworld
theexistenceand quality of thislimited and fragilere-
source. Infact, 75-90% of theworld popul ation uses
water from groundwater.

Moreover, taking account of theavailablequantity

and quality of inland waters, Man worries about his
future ontheglobe. Theconcernismainly dueto popu-
lation growth, especidly in contrast to climate change
and the growing water needs induced by the demo-
graphic devel opment, industry and agriculturé®4. Now,
thewater becomesaimportant tool economic, socid
and thuspalitica. So, itscontrol and itsgood manage-
ment through speciaized studiesare useful and even
necessary.


mailto:hamidsup@yahoo.fr

482

Current Researceh Paper

Thus, asnoted by Danielopol et a. (2004)®, for a
better understanding of these ecosystemsand introduce
new sci entific conceptsin management, planning, moni-
toring, protection and conservation, the study of the
characteristics of groundwater in al their components
isneeded.

Moreover, theregion Talssint (eastern Morocco)
isan economic center and apopular for rura popula-
tions, some of which is nomadic. The rural exodus
strengthensits demographic devel opment. Indeed, area
Tyikomiyne, aregionof Tassint, thespringwater isused
for drinking andirrigation, but thegeol ogical nature of
thesoil intheregion may lead to arisk of contamination
by major components dueto increased the electrical
conductivity of waterof these sources. Many mineral
elements could migrate and reach groundwater, accu-
mulateinthefood chain and poserisksto humen hedthi®l,
A completeanaysisof itsquaiy, and rigorous monitor-
ing of itsevolution are necessary tojudgethe physico-
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chemicd qudity of thewater anditsimpact ontheenvi-
ronment Tyikomiyne area. Note, some work on the
evolution of water quality in thisregion have already
been madeby Taouil and d (2011), Taouil and d (2012)
also Teouil and a (2013)7101,

MATERIALSAND METHODS

Studied d siteand sources

Tyikomiyne areaislimited by the Douar [town]
Ezzaouiaon south, the neighborhood of Affiaonthe
north, RP601 regiond road to ‘Beni-Tadjit on west and
Jbal Alagjraon east. Nine sourceswereidentifiedin
thisarea(Figure 1): Annakhla(S1) Aghram (S2) Almou
(S3) Albour ($4), Akboub (S5) and Moulay abdedllah
(S6).

To our knowledge, these sourcesare natura resur-
gencefueled by jbel [mountain] have can not apollu-
tionintheir upstream.
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Figurel: L ocation of theéudled sour ces S1to S6: Annakhla, Aghram, Almou, Albour, and M oulay Akboub abdeallah

Sour ces
2- Samplingand analysisof water
- Sampling
The samplesweretaken in 2011 during two cam-

paignsin the sameyear in thelow-water period (May

2011).

Thesampleswerestoredin polyethylenebottlesthor-
oughly cleaned beforehand by adightly acidified with
nitricacid solutionandthenrinsed severd timeswithdis
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tilledwaer™. Thesamplesweretreatedinthefiddwith
ultrapureHNO3 and then transported inacooler inless
than 48 hoursin thelaboratory of theNationa Centreof
Scientific and Technical Research (CNRST) Morocco.

| n Situ measurements

On water samples, we measured some physi co-

chemicd paameters.

- pH:withapH meter typefield: WTW pH 325.

- Conductivity: Usngaconductivity typefidd: WTW
LF 96.

- Temperature: Usingaconductivity typefidd: WTW
LF 96.

Measurementsmadein thelaboratory

Upon arrival at thelaboratory: of every samples,
wefiltered aknown volume of water through afilter of
porosity 0.45um, and the filtrate was used for the mea-
surement of sulfate, orthophosphate, chloride, sodium,
potass um, magnesium, cal cium, fluoride and someni-
trogenous materid sby ion chromatography |aboratory
CNRST-Morocco.

RESULTSAND DISCUSSION

pH

ThepH of thewater summarizesthestability of the
bal ance between different formscarbonic acid. Itisin-
fluenced by the buffer system devel oped by carbon-
ates and bicarbonates*?. In groundwater, it is deter-
mined in part by the geol ogical natureof thedrainage
basin. Thusinapreviouswork theresult has showed
showed that the pH isinfluenced by acid precipitation,
biologicd activity and someindustria waste™?.

Inthe studied area, the valuesfoundin pH range
from7.17 (S2) and 8.26 (S3), (Figure 2). Thus, these
vauesranged closeto neutrdity to basic values.
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Figure?2: Spatial variation of theaver agepH of thewater
sourcesin tyikomiynearea
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Theresultsshow that pH valuesarerdatively high
throughout thestudied part of thecommunity. Thismay
be dueto the nature of limestone and marl of the geo-
logical catchment which promotestherelease of car-
bonates and bicarbonatesthat increase akalinity. This
isnot the case of wellsin the south of Morocco, inthe
regionsof Gue mim® and Agadir*® wheredl surveyed
wellshave pH closeto neutrdity. Indl study Sites, these
watersarefavorablefor irrigation (6.5 <pH <8.5) (Mo-
roccan standards). Thesevaluesarea so placedinthe
range of potability presented by European standards
(6.5t09). In addition, the pH valuesmeasured in the
watersof stationsstudied placethem at theexcdlent to
good class.

Temperature

Thetemperatureisanimportant abioticfactor. Itis
necessary sinceit playsarolein thesolubility of gases,
dissociation of dissolved sdtsand pH determination4.

Theanaysisof figure 3 showsthat the groundwa-
ter intheareastudied ischaracterized by arel aivether-
mal stability and the temperature of thewater sources
studiedisrdatively stable, it mainly dependson thelo-
cation and climate Generd. In fact, the highest value
(12.8° C) is noted at the source (1), the lowest (12.5 °
C) isrecorded in S2 and S3 sources. We noticed that
the temperature does not show large variationsfrom
one station to another and still remains bel ow the an-
nual averagetemperatureintheregion of 20° C. Thus,
theseresultswere observed in the case of the sources
inthesameareaof Tyikomiynd™,
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Figure3: Spatial variation of theaver agewater temperature
in thesourcesof Tyikomiynearea

Electrical conductivity

Theconductivity of water isanindicator of changes
inthe composition of materialsand their overal con-
centration. It providesinformation ontheoverall de-
gree of mineralization of surfacewater''?, and dsore-

e Snoivonmental Science

Au Tudian Yournal



484

Current Researceh Paper

flectstheionic charge of thewater. Asitisshownin
figure4, thewater sources studied have conductivity
vauesgenerdly highand well abovethereferencevaue
set by European standards (100 uS.cm?). Theseval-
uesaregenerdly found between 1180 uS.cm* asmini-
mum va ue (source S3) and 1270 uS.cm™ asthe maxi-
mum va ue (noted in S1 and S3 sources). Thestrong
minerdization of water from these sourcescould bedue
totheexistenceof alocd sdinegeologica formation of
theregion. Thus, thevauesarenot consistent with the
standards set by the World Health Organization (180-
1000 pS.cm®). Thisobservation has been madein the
caseof groundwater located intheregion of Marrakech
and Tdfildet whichhaveahighwater minerdizationand
highédectrica conductivity.

Conductivity (ps/cm)

-

S1 S2 S3 sS4 35 S6
Figure4: Spatial variation of theaverageconductivity inthe
water of thesourcesin Tyikomiynearea

Sodium

According to Ayadi et al*® and Maalg et al.[*7,
the sodium contributesdirectly to thetotal salinity of
thewater, and thissalinity variesinthe samedirection
of themineraization™2. So, it could betoxicto sensi-
tive cropssuch ascarrots, beans, Srawberriesand rasp-
berries. Other work!® reported that the Na® concen-
tration exceeds500 mg/ L ingroundwater in Meskiana
(North-eastern Algeria) and 73% of wellsexceed the
drinking water standards. In our case and ‘after the
figure5 showsthat the content of Na" ionis between
13.58 mg/ L inthe S6 and 29.59 mg/ L in the Sb.
Thus, thesevauesarefound wdl below the WHO stan-
dard (150mg/L). Thereforewaters studied Na" meet
the standards set by the WHO.

Potassium

Potassium playsakey rolein muscle contraction
and heart, but dso inthetransmission of nerveimpul ses.
Itsconcentration isquite low inmost mineral waters.
Previouswork!*® have showed that the potassium re-
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asultsfromthedteration of potassum claysand dissolu-
tion of chemical fertilizersareused extensvely by farm-
ers, and the presence of thiselement may berelated to
the discharge of domestic wastewater. According
Gouaidia(2008)8, theleve sof the higher potassium
ion areobserved during thelow water period, withan
averageof 13.44mg/ L andamaximumof 21 mg/ L.

In our case (figure 6), the values found are well
bel ow the WHO standard (12 mg.L ). Therefore, the
water studied inthiselement meet the tandards set by
theWHO.

Na*(mg/L)
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Figure5: Spatial variation of the average sodiumionsin
water sourcesof Tyikomiynearea

K (mg/L)
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Figure6: Spatlal var|at|0n of the average potassium ion

water sourcesof Tyikomiynearea

Chlorides

Thechloridesexistindl watersat variable concen-
trationswhoseorigin can be percol ated through the salt
fidds, infiltration of seawater into groundwater or deep,
human waste (urine), extractiveindustries (ail, cod...)
and especially theindustries of salt (saline), sodaand
potash9,

Theresultsshow that, inthe studied water sources,
the Cl-ion content varies according thestations (Figure
7). Comparatively to Moroccan water standards for
the production of drinking water, which requireamaxi-
mum of 300 mg.L* and 750 mg L * asmandatory vaue,
the chloride concentrations of thewater in the studied
sources are consistent with M oroccan standards and
that set by WHO (200 mg. L1).

-r"
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Figure7: Spatial variation of theaveragechlorideion con-
tent in water sourcesin Tyikomiynearea

Sulfates

Thesulfatesare ubiquitousin natural watersand
comemainly fromerosion, whichisthemainfactor agent
enrichment of surfacewater by dissolution of gypsum
or by oxidation of the substrate surfacesor soil organic
matter', or of theleaching of the pyriting land or the
oxidation of sulfides. It can beman-madein connection
with anindustrial or urban pollutiont®. The work of
Gouaidia (2008)1*8 has shown that the highest values
of sulfateion are recorded during the period of low
water in thewater Meskiana (North-eastern Algeria)
with an average of 472 mg/ L, following the phenom-
enon of evaporation and 83.5%inthewells exceeded
thestandard (250 mg/ L) for drinking water.

Inour study, concentrationsof SO,* vary fromone
sourceto another (figure 8). Indeed, the va uesfound
arebetween532.2mg/ L inthe 4 and 660.4mg/L in
the S6. Moreover, thelevelsfound arevery highinal
points. According to Moroccan standards of water
quality for the production of drinkingwater requirea
limit value of 200 mg L in concentration of sulfates,
and accordingto WHO standardsthislimitis250mg.L-
1, So, all sources surveyed have higher values. There-
forethenoted levels of sulfate may contributeto the
contamination of the studied water sources.

There aremany sources of pollution by sulfates,
AmongAll weincludetheindustry of food, theagricul-

600 .
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Figure8: Spatial variation of theaver agesulfateion content
of thewater in thesourcesin Tyikomiynearea
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ture, theoil industry and thetextile. But thereisnot any
activity of thistypeinthelstudied locdity Tyikomiyne
HasNoindusgtrid activity, Mdthus. So, the pollution of
water soursesin Tyikomiyne by sulfatesisrelated to
thedissolution of gypsum and of leaching of pyriféres
land area.

Calcium

Principally, thecalcium isthemost common ele-
ment in nature (evaporites, carbonates, etc.) intheform
of bicarbonates or sulphatesor chlorides. It comes of
the geol ogical nature of the environment in particular
the broad masses of biogenic rocks®! Thus, the cal-
ciumion concentrationisdirectly related to the geo-
logical nature of the land crossed by the waters. The
concentration of calciumionsarehighinwater contain-
ing carbon dioxidefrom limestone or water in contact
with rocksthat have undergone dissolution of sulfates
suchasgypsum®.

Theconcentration noted in the satudied soursesdo
not any problem for the drinking water. By cons, very
soft water can cause corrosion problems ducts?.

Inaddition, indl studied sources(figure9), the con-
centrationsof caciumionarehighly variableaccording
the sources. Indeed, the highest content Ca?* (545.01
mg L) were recorded in S5, while the lowest |evel
(244.69 mg L) wasrecorded inthe S6.

Ca?*(mg/L)

600

%Hﬂnﬂﬂn

Figure9: Spatlal variation of theaverage|on caIC|um con-
tent inthewater sourcesin Tyikomiynearea

Thus, theva uesmeasured inthe different sources
studied are higher compared to thevaluesreportedin
other regionsof Morocco by Ait Boughrous (2007)1
andinthemgority of plants, thevauesfound are higher
than the guidelineval ue set accepted by the WHO stan-
dard (270mg/L).

Magnesium (M g?)
Magnesiumisfound inthelimestones, marly lime-
stoneand Triassi c geological formations (gypsum)??
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In addition, a previous work!?® showed that magne-
siumisasignificant el ement of the hardnessof thewa
ter; ans, itscontent in water depends on the nature of
theland and can be crossed in high watersthrough land
richinMgSO,. Also, the same work® has signaled
that thelevelsof concentrationsof Mg?* arerdated to
the presence of Mg in sedimentary rocks.
Accordingtotheresultsof figure 10, thelevelsmea-
suredin Mg? were between 41.26 mg.L* (in S6) and
95.54 mg.L* (in S5). In most studied water sources,
we have find that these observed values are slightly
higher than thereference valueindicated by the WHO
‘(50 mg.L1) Theseresults can be explained by thedo-
lomitic nature of thegeological substrate®. Thus, the
vauesmeasuredin our sourcesarerelatively low com-
pared to thevalues of other studiesreported in other
sourcesof Morocco such asthose of certain sourcesin
Tafilaet and Marrakech (entre of Morocco).

Mg*(mg/L)

100 ]
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Figure10: Spatial variation of the averagewater content of
magnesium ions| n the studied sour cesin Tyikomiynearea

CONCLUSION

Thiswork formspart of the assessment of physico-
chemical quality of the water sources of the area
Tiykomiyne, Talssint region, Moroccan eastern. Thus
theresultsof thisstudy showed that, the temperature of
the sources does not present large variationsfrom one
station to another and till remainsclosetheannua av-
eragetemperatureintheregion of 20° C. The pH val-
uesranged from valuescloseto neutraity towardsba:
sicvaues; thismay bedueto the nature of limestone
and amarly geologica catchment which promotesthe
release of carbonates and bicarbonatesthat increase
thewater alkdinity. In addition, thewater sourcesare
of on enough degradation quality in concentrations of
major elementssuch as Ca#*, Mg* and SO %, indeed,
concentrationsva uesof thesechemica eementswere

Physicochemical characteristics of the water of six sources located
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higher than those of reference va ues set by the WHO.
While, thedectrica conductivity valueswereabovethe
reference val ue both set by European standards and
thisof the WHO.

Thus, globally, these results can be explained by
theexistenceof alocd minerd geologicd formation pro-
moting physicochemical pollution of thewater inthe
sourcesin Tiykomiyne area.
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