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ABSTRACT KEYWORDS
Water of sources in watersheds is used for drinking and irrigation. But Pollution;
the geological nature of soil in this region promotes a contamination by Heavy metals;
metallic trace elements such as Fe, Mn, Zn, Cu, Pb, Cr, Co, Ni and Cd Sediments;
found in that region. So, the objective of this work is to determine the Guir watersheds;
environmental impact of these trace elements in assessment of the East Morocco.

sediment quality of nine sources in Tyikomiyne, a eastern geographical
region of the watershed of “Guir “(Morocco). The spatial variation of
contents in trace heavy metals were evaluated in in superficial and
profound sediments of nine sources in Tiykomiyne, region of Talssint
(East of Morocco). A diagnosis of the current situation of the metal
pollution of the sediment is necessary to judge the quality of the water
and of itsimpact on the environment. Results have showed that the deep
sediments accumulate more Fe, Mn, Ni and Cr and the decreasing
succession of concentrations of studied metals is as following:
Fe>Pb>Mn>zZn>Cu>Cr>Ni>Co. In addition, the concentrations of the
iron, manganese and lead are above of the norms fixed for the drinking
water but levels of these concentrations remain below of the standard of
the water irrigation. The high levels of these three metals could be
explained by the effect of regional geological context.
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INTRODUCTION geologica natureof thesoil of theregionrisk tocausea

groundwater contamination by heavy metalsand this

Inthe Tyikomiynearea, Talssint region, thewater may limit potential use of ginthisroundwater. Indeed,

of springsisused for drinking and irrigation, but the  these elements could migrate and reach groundwater,
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accumulatein thefood chain and poserisksto human
health ¥,

Thistypeof pollutionisindeed oneof the aspects
of themost threatening pollutiontoreceiving media. Its
effectsaregrestly negative. It could lead to dangerous
or critical situationsaffecting among other ecologica
bal ance of ecosystems. Thus, themeta contamination
of aguatic ecosystems has attracted the attention of
many researcherg?4. So, Bouabdli et al ¥, have been
interested inthepollution by heavy metalsof the River
of Moulouya (M orocco) and have noted an effect in
sediments of many metal e ementssuch asCd, Pband
Znaehigher in sedimentsanalyzed.

For thestudied region, acompletediagnosisof the
current Stuation of themetd pollutionand rigorousmoni-
toring of itsevolution isnecessary tojudgethe quality
of sediment sources concerningthemetalic e ements
and their impact ontheenvironment state of thisregion.
So, inthiswork, we have eva uated the concentrations
of ninemetd insuperficia and deep sediment of Ywa-
ter sourcesin Tiykomiynewhichislocated in east of
Morocco.

Note that water physicochimical of wells in
Tyikomiyne and water quality evaluation of theriver
Tidit-Ta ssint hasbeenrecently reported by our group®-

9].

MATERIALAND METHOD

Sudy medium

Region Tassint belongsto thedomain of East High
AtlasMorocco, part of theregion of the eastern, put-
ting thislatter in contact and Meknes-Tafilalt and Fes-
Boulmaneregiong'?. Our study areas concerns sedi-
ment sourcesof Tyikomiynearea, Talssint regionwhich
has been no previous academic study® andislimited
by (Figurel):

e Theagglomerationsof Douars(Ezzaouia) in
south.

e Thequarter (Affia) innorth.

e  Theregiond routeRPE01 towardsto (Beni-Tadjit)
inthewest.

e Jod Alagra intheEast.

Bioclimaticlevel
Onthebioclimatic, theregionischaracterized by
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Figurel: Locat|on of the studied sour ces(S1to S9) which
arenamed : Annakhla, Aghram, Almou, Albour, Akboub,
M oulay abdallah1, Ouali oumousa, M oulay abdallah2, Ain
I’oued

pre-Saharan bioclimate and Saharan environment.
Thetemperatureishighinthe summer and very cold
inwinter, the average minimum of the coldest month
(January) is-5°C and the average maximum of the
hottest month (July) is47 °C. The average annual
pluviometry was about 245 mm for the period 1983/
2007 with largeinterannual gaps; it isabout 500 mm
for the period 2008/2010: the extremes recorded
are 61 mm in 1998/1999 and 684.5 mm in 2009/
201004,

Technical analysis

The sediments of the profound layer were col-
lected using by alength corer of 1 mand 10cmin
diameter, buried in the sediment at adepth of 15 cm.
These samples were introduced into plastic bags.
Then, we made a brewing to obtain ahomogeneous
mixture. Onceinthelaboratory, sediment samples
weredriedinan ovenfor 24 hoursand sieved to 0.2
mm over aseriesof sievesAFNOR. Then wetook
1 g of sediment that mixed with 10 ml of HNO3 and
5 ml of HCIO, at atemperature of 150 °C for 16
hoursto have agood digestion*?; and then was di-
luted digest obtained in 100 ml of distilled water for
analysis.

Thusthe concentrations of Fe, Mn, Zn, Cu, Pb,
Cr, Co, Ni and Cd were analyzed using ICP-M S
(Inductively Coupled PlasmaMass Spectrometry)
in thelaboratory of National Center Scientific and
Technical Research (CNRST)-Morocco.
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RESULTSAND DISCUSSION

Superficial sediments(SS) - profound sediments
(SP)

In order to determinethe average concentrations
of heavy metalsand to characterizethemeta quality of
Sediments, ninesourceshave beenidentified onthecard
showninFigurel.

Our choicewasfocusad on metalscommonly found
insurface sedimentsand profound sediments, namdly:
Lead, Cadmium, Copper, Nickel, Cobalt, Zinc, Iron,
Chrome and Manganese. The results of analyzes of
heavy metal sin sediment samplescollected and ana-
lyzed areshownin TABLE 1

Heavy metals
- Fer (Fe)

Figure 2 showsthat the average concentrationsare
highindl sediment sourcesstudied, and the maximum
level may reach 36.97 mg/g in the profound sediment
of SP9, whilethelowest content obtainedis5.54 mg/g

at SS5
Notethat theiron concentration iswidespreadin

Fe(mg/g)
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Figure2: Spatial variation of their on aver age content of the
Tyikomiyne sour ces sediment

al thestudied sediments, thelatter isprobably related
tothestructureof slicateswhich aremain components
of sedimentd™®. In addition, in eight out of nine mea-
suring points, the average concentrationsof Feinthe
profound sedimentsare higher tothose of surficid sedi-
ments. Theseresultssuggest that sediment deposition
can accumulate moreor lessimportant and the old or
older fromthewatershed Guir input isencouraged and
dominant. Thereforethe concentrationsfoundiniron
learn about the past more or lessdistant sediment state.

Inal study sites, the averageiron content (15.34
mg/g) exceed that of non-polluted sediment (13.2 mg/
0)*4. Excessiron could comefromregional geologica

551

[

TABLE 1: Averagelevelsof heavy metalsin superficial sediments(SS) and profound sediments(SP) of ninewater sour ces

in Tyikomiyne (ng/g)
Mn Cd Co Cr Cu Fe Ni Pb Zn
SS1 230 0,3 2,62 27,22 26,91 19920 17,94 3475,13 76,09
SP1 230 0,26 4,52 32,48 28,89 25830 18,37 1678,66 89,19
SS2 250 0,27 77,8 26,72 61,8 13190 62,07 451,39 276,43
SP2 270 0,29 4,72 28,18 19,62 19290 18,73 52,97 170,27
SS3 110 0,29 174,01 11,43 13,17 6330 11,29 24,9 21,42
SP3 140 0,25 2,95 22,88 33,04 15360 14,39 58,49 38,56
SHA 160 0,33 0,33 15,22 36,71 11610 12,18 36,88 62,43
SP4 290 0,29 2,51 22,65 27,09 19720 17,32 74,32 102,6
SS5 90 0,33 0,33 10,24 15,61 5540 9,73 12,75 24,51
SP5 340 0,34 6,3 33,42 35,29 13560 18,58 627,83 46,72
SS6 220 0,36 0,54 17,68 19,12 12150 16,05 40,59 37,34
SP6 410 0,31 8,02 39,33 45,39 17020 23,25 719,88 53,51
SS7 240 0,34 1,61 19,75 24,05 10680 20,27 49,3 42,77
SP7 220 0,31 2,63 16,9 18,79 9660 14,24 39,33 57,97
SS8 270 0,3 6,06 29,48 28,88 15040 21,21 74,17 51,15
SP8 260 0,3 341 29,19 19,66 16430 41,02 67,15 48,71
SS9 540 0,3 0,3 17,41 88,15 7840 30,55 139,79 54,39
SP9 160 0,3 9,41 96,32 47,01 36970 43,16 176,67 92,79
Average 246,11 0,3 17,11 27,58 32,73 15340 22,79 433,34 74,82
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context (richin ferromagnesian) as has been found by
other authorsfor different sitesof our™, to highlight an
old moderatepollution by iron.

Manganese (Mn)

Such asiron, in profound sediments, all sources
have high concentrationsof metaliceement Mncom-
pared to superficid sediments, except for source9which
hasavery high concentration at SS9 (540 ng/g) (Fig-
ure3). Theseresultssuggest that in most of thesources
studied, old sedimentary contribution coming fromthe
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Figure3: Spatial variation of theaver age manganese content
in sour ces sediments

watershed Guir input isencouraged and dominant.

Theenrichment of manganese could be attributed
to theregional geological context. Previouswork(*®
have shown that the origin of this element is both
anthropicand naturd.

Zinc(Zn)

The concentrations of this metal were between
21.42 and 276.43 pg/g with an average of 74.82 ng/g
(Figured). Inaddition, aparticularly high concentration
were noted in the sediment surface of SS2, around
276.43 ng/g. Moreover, theimportant intake of thezinc
inthisparticular level providesan information onthe
recent state of sediment. It should be mentioned that
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Figure4: Spatial variation of the av
Tyikomiyne sour ces sediment
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the concentrationsof theZndeterminedin all stations
by our anayzesgeneraly remainlower relativeto those
foundin SS2.

Theresultsof andyssof metd sin sedimentsstud-
ied show that the average content of Zn (74.82 ug/g)is
lower than thereferencelevel (90 pg/g)i*", and also
below the referenceva ue 200 pg/g fixed for the soil8.

We underlinethusametal depollutionof Zninal
measurement points. Thereforethe metal Zn doesnot
risk disturb theaguatic life of thecommunity studied.

Copper (Cu)

Suchaszinc, thefound valuesof copper vary from
according to the sources. The high copper content
(88.15 ng/g) was obtained at the source 9, at the su-
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Figure5: Spatial variation of theaveragecopp
Tyikomiyne sour ces sediment.

perficial sediment richin copper SS9 (Figure5).

Thustheresultsof analysisof heavy metalsin all
studied sediments, show that for Cu, the average con-
centration (32.73 ug/g) isdightly higher than thelevel
of reference’® which is 30 pg/g. But, thisvalue re-
mains bel ow thereference value of 50 pg/g fixed for
thesoil. Thereforethemetallicdement Cuisnot likely
to disturb the ecological balance of the environment
Studied.

- Chrome(Cr)

Theconcentrationsobtained in chrome oscillate be-
tween 11.43 and 96.32 pg/g with amean of 27.58 pg/
g (Figure6). Thus profound sediments deposited for
most measuring points have high concentrationsof Cr
element that was derived from thesuperficia sediments.

Such asiron, the high concentrationin Cr was ob-
tanedinthesource9 at SP9. Theseresultssuggest that
thismetdic & ement wastransported inthe source sedi-
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ment from the old sedimentary deposits of Watershed
Gurr.

Inal measurement points, the mean concentration
of Cr (27.58 png/g) at the studied sediments is less than
thevadueof 75 pg/g indicative for soil*®. Thereforethe
Cr metal element not disrupts aquatic life of the me-
diumstudied.

Cobalt (Co)

The concentrations of cobalt element varie be-
tween 0.3 and 174 pg/g (Figure 7), with amean of
17.11 pg/g. So, these concentrations are generally
very in sediments of the studied sources, except
surficial sediments of SS2 (77.8 pg/g) and SS3
(174.01 ng/g) having dightly elevated concentrations.
These results suggest that high intake of cobalt in
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Figure 7 : Spatial variation of the average Co content of
Tyikomiyne sour ces sediment

these particular level s providesinformation on the
recent state of the sediment

In all measurement points, the mean concentra-
tion of Co (17.11 pg/g) at the studied sediments is
lessthan thevalue of 25 pg/g, reference value for
s0il*8, Therefore, the Co does not disrupt the aguatic
life of the studied sources.

lesical CHEMISTRY  commm—

Plomb (Pb)

Theanaysi sresultsshow that lead level soscillate
between 12.75 and 3475.13 pg/g, with a mean of
176.67 png/g (Figure 8). Note that sediment contamina-
tion by lead iswidespreadin severa points. Thus, the
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Figure 8 : Spatial variation of the average Pb content of
Tyikomiyne sour ces sediment

concentration observed at the superficial sediment de-
posited SS1 was 3475.13 ng/g.

Thus, inal measurement pointsthe mean concen-
tration of Pb (433.34 ng/g) at the studied sediments are
eight timesthevalue of 50 pg/g, reference value for
s0il1%8, In addition, the enrichment of lead could bedue
toregiona geologicd context. Thereforethemeta ele-
ment Pb may disrupt aquaticlifeof our study site.

Cadmium

Ingenerd, inall sourcesstudied thereisno signifi-
cant difference between the concentrations of cadmium
insuperficial sedimentsand those sediments deposited
profound. The mean concentration isobtained of the
order 0.3 ug/g (Figure9), below thevaueof 0.8 ug/g,
reference val ue of the soil*8, Consequently, themetal -
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licdement cadmiumdoesnot risk disrupt aquaticlifeof
our study sSite.
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Nickel (Ni)

Thenickd content in sedimentsstudied are between
9.73 ng/g (SS5)and 62 pg/g (SS2) (Figure 10), with a
mean of 22.79 png/g. In several sources where a com-
parison ispossi ble between the two types of sediment,
wenotethat the concentrationsof superficid sediments
arelower than those of profound sediments. Thesere-
sults show that the sediment that accumulatesin de-
posit moreor lessimportant iscoming, inlarge part,
from the contribution of thebasin of the Guir. Inaddi-
tion, the comparison of the concentrations of theNi in
the superficia sédimentents and those found in th deep

70 ~

Figure10: Spatial variation of theaver age Ni content of the
sediments

sedimentsgivesinformation onthehitoriquetheminerd
status of the sediment with respect to the metal.

On the other hand, the maximum concentration,
whichisabout 62 pg/g, was observed in the deposited
superficia sediment (SS2). Thisresult supportsthecon-
clusonthat animportant contribution of Ni at thislevel
particul ar providesinformation about the recent state
of the sediment. Thusthe mean concentration of Ni in
sedimentsof thenine sourceswas22.79 pg/g. It is less
than thevalueof 50 ug/g which is the reference of the
soil 28,

CONCLUSON

In most measurement points, the average concen-
trationsof Fe, Mn, Ni and Cr inthedeep sedimentsare
higher than those of surface sediments. Thisresult can
be Explained by the phenomenon of migration down
thessmetallic eements. Thereforethevertica evolu-
tion of the metallic element concentrations provides
somehistory informationsof thegeologica contitution
of the sediment.

—= Pyl Peper

Inseveral sources, metals: Zn, Cu, Cr, Co, Cdand
Ni areunlikely to disturb the aguatic lifein the study
area. In contrast, the enrichment of metallic elements
Fe, Mnand Pbinmost measurement points, iscreating
arisk of harmto aquaticlifeinour study arees. Inaddi-
tion, theclassification based on the average concentra-
tion of heavy metasin all studied sediments, generdly
gives: Fe> Pb>Mn> Zn> Cu> Cr> Ni> Co.

Therefore, theseresultsclearly show thereatively
polluted state of sediment in the study sitesin many
metallic elements, namely Fe, Mn and Pb, and there-
foretheir likely impact on the quaity of water sources
intheareamay threaten the health of users.
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