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ABSTRACT

Estuary Sebou isone of the most important in Morocco. It islocated on the
Atlantic coast of Morocco (34 ° 10N, 6 ° 39W) 10 km from the city of
Kenitra, and it isthe only Moroccan estuary having aport complex. Within
the framework of its maintains, the estuary undergoes dredgings. The ex-
tract sand is marketed for different purposes without giving importance to
itspollution including by metallic elements.

This work focuses on the study of some physico-chemical characteristics
and the concentration of some metallic elements in the sediment that are
extracted of the estuary and used as marketable sand.

The results showed that this sediment has a high concentration of nitrate
and ammonium orthophosphates. Concentrations of Chromium, Copper
and lead are higher than those observed in other African estuaries or bays.
Thus, dredging sand, while facilitating the navigation at the mouth, hasan
impact on the marine ecosystem by resuspending metallic elements, or-
ganic matter, and chemicals such as phosphates and nitrates fixed on the
dredged sediment. So, for any use of sand from the estuary we must take
account of metallic, organic and physico-chemical characteristics of this
substance. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

The operations of the maintenancedredging are
important from an economic standpoint becausethey
alow theevacuation of the sediment clogging the navi-
gation channel sand limit the depth of the estuary mouth
and dockg¥. Similarly, someproductsedging such as
theextracted sand arevaued. Infact, thissand isused

incvil engineeringinthesector of congtruction and pub-
licworks. Thus, in the estuary of Sebouwhichislo-
cated near the city of Kenitra(Morocco), thisproduct
isstored and sold at the platform Mehdia

Note that in Morocco, as part of maintenance
dredging operations, necessary for the maintenance of
oneoptimum levd of port activity named DRAPOR (a
company dredging port) extractsby dredgingindl ports
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of the Kingdom about an annual volume of 3,000,000
m32,

Furthermore, many studiesontheriver Sebou, that
supplies water the estuary, showed that thisriver is
heavily polluted especidly at itslower part. Thetraining
of pollued productsfromitsupstreamtoitsdownstream
isthe cause. S0, the estuary isregarded as adeposi-
tory of chemical pollutants and heavy metds. We cite
of them Jaghror et al. (2013)® and Ouzair €t al.
(2012)“, Similarly, according to other works, such as
that of Jonathan and al. (2011)™, thedredgingin estu-
ariesalowsaresuspens on of the adsorbed sediments
creating so ahigh leve of turbidity in the estuary and
thereforeachemical relargation of many pollutantsin
thewater thereby affectingthemarineenvironment (Fig-
ure?2).

Thus, the purpose of thisresearchisto study the
impact of dredging on the phys cochemical and metdlic
parameters of the surface sediments of the estuary of
Sebou.

MATERIALSAND METHODS

Sudy site

Itislocated ontheAtlantic coast of Morocco (34 °
10N, 6 ° 39W) 10 km from the city of Kenitra and it

Figurel: Aerial photo of theestuary of theriver “Sebou”
showing aplumeof suspended solids. (DRAPOR, 2007)
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has an arm form of the ocean that extendsover adis-
tanceof 15 Km roughly oriented northwest from up-
stream to downstream®. Sebou river crossed the Gharb
plainwhich beongsto thenearby fid dsof the Rif moun-
tainsand itsbedrock congstsof soft soil, marl and flysch
covered by more consolidated sandstone scales®.

Thehydropeaking amplitude, noted inthemouth of
Sebu estuary variesfrom 0.75cmat low tideto 2.3 m
at hightideduring the neaptide; but, it canreach 3.10
mat Whitewater”-8 8, Thewater velocity variesfrom O
t00.82 m/ s. Thefilling of the estuary is performed
after 2 hours, whileitsdrainisnot completed until after
about 5 hourd™ ¢, Theemptying and thefilling of the
estuary are mainly from the bottom'®.

The depth ranges between 1 and 10 m. Themari-
time dominance extends up to 15 km from the mouth.
The seauncorked of the estuary is channel ed through
two pardld jettiescrossngasandbar (aluvid fan) (Fig-
ure?2).

Thevolumeof trapped annualy inthe estuary ma-
terialsis estimated at 600,000 m3, of which 70% is
deposited at its maritime part’?. Thedredging volume
isestimated at 1 millionm3. A maintainsof thecoast at
- 7m of the navigation channel of the entrancetothe
estuary to the port of Kenitrarequires adredging of
4,000,000 m?a,

Physicochemical and metal analysisof sediments

Our study isbased on an andysisof somechemica
physicd parametersand heavy metd of the surface sedi-
mentswhichweretakeninfivedationsdidributeddong
theestuary of theriver Sebou (Figure 2).

Thedationsaredesignated asfollows:

o S1: It’s located 10 km upstream from the col-
lector of industrial dischargesof CMCP plant;
o S2: Itislocated near the Oil Sharifian Com-
pany and wastewater of MCPC Saociety, it re-
celvestheimpact of industrial discharges of

TABLE 1. Digtribution of dredging volumesat theestuary mouth of Sebou.

Section Asociated dredging volume (m®) Percentageof dredging
Southern Channel downstream 150 000 30%
Channel ferry 240 000 48%
Fishing port of Mehdia 10000 2%
Port of Kenitra 100 000 20%
totd 500 000 100%
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Figure2: Location of study sites(S1, S2, S3, $4 and S5) in theestuary of theriver Sebou

TABLE 2: Valuesof themeasur ed physico-chemical parameters.

Parameters Stations pH  Electic conductivity(mg/lkg)  Amonium(mg/kg) Nitrates(mg/kg) Ortho-phosphates(mg/kg)
8,03 0,98
S1 7,98 1,33 25 33 25
81 2,11 17 56 51
7,91 1,37
S2 7,79 3,44 31 58 20
8,05 2,93 91 142 12
7,73 2,91
3 7,68 4,16 35 89 15
7,79 4,61 68 193 18
7,58 3,90
A 7,46 570 70 91 13
7,65 5,09 15 40 10
7,46 4,61
S5 7.4 6,15 24 56 11
7,6 5,19 11 39 9
theseunits; ture of thesample; so, we havearepresentative sample

° S3: Itisstuated downsream theport of Kenitra,
it receivesthewastewater from of Kenitracity;

° S: Itisstuated between theore port and fish-
ing port;

° S5islocated near the mouth of the estuary.

Sampling of sediments

Three seasonal samplesweretaken at low or aver-
agetideinfivesampling stations S1, S2, S3, S4and S5
whichweredigtributed d ong the estuarinezone (Figure

2). Thesampleswerebaggedin plastic food and stored
at 5°C. Amixing was to obtain a homogeneous mix-

Natural Products

inevery thestudied gtation.

Seven physico-chemica and metallic parameters
wereevaluatedinthedredging sand : Electric conduc-
tivity, the concentrationsof Ammonium, Nitrates, Total
phosphorus, chromium, Copper and Lead.

The sampleswereseasonal. For the physicochemi-
cal parameters, two to three samples were taken at
low or averagetideinfivestations. But, for themetallic
elementsafourth samplewas conducted inthe spring
Season.

Comparison of resultswith previousstudies
Toidentify theinfluence of themaintenancedredg-

A Tudéan Journal
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TABLE 3: Valuesof the measured metallic element parameters.

Parameétres Stations Cr (mg/kQ) Cu (mg/kg) Pb (mg/kg)
57,201 25,657 9,370
S1 79,545 27,433 15,303
40,497 20,248 9,626
53,927 25,145 6,168
62,727 28,197 8,824
S2 54,365 26,772 18,724
53,773 25,554 8,779
45,229 23,422 46,239
41,931 22,646 5,969
S3 62,159 21,750 8,618
50,721 21,985 9,736
45,643 21,742 6,307
16,972 10,183 4,138
5% 30,235 11,663 6,040
18,590 9,458 5,870
35,015 14,760 6,909
24,592 15,404 8,216
S5 24,241 16,416 9,083
26,856 11,058 7,267
23,929 13,319 4,063

ing operations at the estuary of Sebou, the results of
our work after dredging were compared with thosemade
by other researchers made beforethe actua operation.

RESULTSAND DISCUSSION

Results
Physicochemical parameters

For the various measured parameters, theva ues
arenotedin TABLE 2and 3:

Water pH

ThepH of sedimentisneutra to dightly alkaline
and variesbetween 7.4 and 8.1. Thisneutraity isdue
to the buffering of watersin contact with the sediment
effect. Add, we noted that the pH of the sediments of
the estuary decreasesfrom upstream to downstream,
wherethe content of sedimentsin organic matter in-
creasesinlow water.

Electrical conductivity

Theevolution of dectricd conductivity varigtionwas
proportional to theinverse of the pH changesand fol-

lowsaconcentration gradient increasing from upstream
to downstream of the estuary. Thisisexplained by the
contribution of organic and mineral matter at stations
S2 (indugtria zone), S3 (collector of domestic waste-
water) and the effect of the addition of salt water from
the sea (S4 and S5). In addition, we noted that within
each station, the pH isvariesaccording to the seasons.
Thelowest value (0.98 mg/ kg) was noted at S1 and
thehighest (6.15mg/ kg) in S6.

Ammonium

The spatio-tempora evolution of theammonium
content of soil showed an increase of the ammonium
concentration of S5 (11 mg/Kg) to S2 (91 mg/Kg).
In S5, the concentration was 24 mg/ kgin September.
In S2, amaximum value of 91 mg/ kg was noted in
December. But, in S5thisvauewasminimal (11 mg/
kg).Also, in $4, wenoted alow vaue (15 mg/kg).

Moreover, theincreasein the content of ammo-
nium insedimentsfromtheleaching of agricultura
productsand wastewater dischargesfromthecity of
Kenitra, which arerich in organic matter. Further-
more,

———————, Natural Products
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Nitrates

Theresultsshowed that, inthesediment, thelevels
of nitrate (NO3-) variesasafunction of time and space.
Indeed, in September they ranged from 33 mg/ kg,
registeredin S1, 193 mg/Kg, noticedin S3.

The sametrend was noticed in December, which
wereaperiod of heavy rain, but with higher valuest;
theleaching of fertilizersused in agricultureand waste-
water discharges made tduring thisperiod could the
onethemain causes of thevariation of thisconcentra-
tion.

Orthophosphorus

Theresultsshowed that the maximumleve (51 mg
/ kg) was noted in the S1 station in December and the
low concentration (9 mg/ kg) wasnoted inthe S5 sta-
tion downstream of the estuary in September. Thein-
creasein theconcentration of total phosphorusin sedi-
mentsin December is often dueto leaching of phos-
phatefertilizersused in agriculture. But according to
Boston et al. (1982)!*Y, the sediment can be consid-
ered asastorage tank of thetotal phosphorus. Their
adsorption and rel ease by the sediment depending on
their content in the sediment, and the physicochemica
parametersin the aquatic environment and the sedi-
ment content of organic matter.

Heavy metals

The contents of heavy metals in sediment were
higher inthe sediment than inwater; So, thereisastor-
ageof metalsin sediments.

Chrome

Thechangesinlevelsof chromiuminthesediments
of theestuary show very high values t+and adecreasing
concentration gradient from upstream to downstream
of theestuary. Theresults showed that the concentra-
tion of chromium between 16,972 mg/kg noted in 4
and 79,545 mg/kg noted in S1. Thisshowsahigh de-
greepollution of the estuary by the chrome. Moreover,
thelow chromium concentration inthe sediment of $4
and S5 can beexplaned by the effect of thetideswhich
isimportant at those stations allowing adispersion of
metallic elements. In addition, the concentration of
Chromeishigher in September, compared with De-
cember, which can be explained by thedilution effect

Natural Products

of continenta water that was provided during therainy
Season

M oreover, theresultsthat wefound for chromium
confirmthosefoundin 1999 by Azzaoui™™ whichwere
between 70 and 150 mg/ kg in the sediment.

Copper

In the sediments, the concentration was between
9,458 mg/kg noted in $4 and 28,197 mg/kg noted in
S2. Also, the evolution of the Copper concentration
followsthe sametrend as of for chromium (Fig.). In-
deed, the copper concentration decreases from up-
streamto downstream (from the station S1to S4). Then,
it undergoesadlight increasein S5. Thisdecrease can
be explained by the dispersion of suspended solids
which areadsorbed by chemical particleswith copper
aong of theestuary trangit. Furthermore, wefound that
levelsaresimilar to thosereported in 1999 by Azzaoui
(2] and vary between 26 and 36 mg/ kg of sediment.

L ead

Theresults show that thelevel of lead in the sedi-
ment followsroughly the sametrend of copper level
which decreases al ong the downstream of the estuary;
except the S2 station, which hasin December apeak
concentration and that is probably dueto the effect of
wastewater discharges of the Moroccan Society of
cardboard and paper industries, and Nationd Electric-
ity Office. Downstream, tidesgeneratethe dispersion
of metal sadsorbed to sedimentswherewe have noted
alow concentration of lead. Add, theresults showed
that the concentration of Lead between 4,063 mg/kg
noted in S5 and 46,239 mg/kg noted in S2.
Discussion

Asreported by Berube (1994)*%, asand mining
causes physicochemical changesin surfacewater re-
lated to increased turbidity and mainly resuspension of
largequantitiesof fineparticles, thiswill trigger asedi-
ment transport plume (cloud seq) (Figure 2). Also, it
aggravaesthe eutrophication during the degradation of
theorganicfraction and that will beevenlarger thanthe
duration of action of the currentswill beimportant!*4,
Thus, theoreticaly, adredging sand estuary must lead
many changesin physico-chemical characteristicsof
water andin the sediment structure of the estuary.

The uncontrolled sand extraction of abeach has

A Tudéan Journal
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usually anegativeimpact and prominent and immediate
risk to thesurrounding environmentincludingabresk in
the dynamic equilibrium of beaches, acontamination of
thefreshwater from salt water and adisruption of sur-
rounding agricultural land*s!. But, because of thein-
creased need of thisbasic substancein all construction
work and whichisthemain congtituent of estuarine sedi-
ments, the sand is extracted from thishydrosystem by
dredging. However, any dredging activity hasmultiple
and unavoi dableimpact on the balance of the coastal
ecosystem such asphysica changes: increased turbid-
ity, chemical changesintheform of reduced contentin
oxygeninwater, and biologica changeswith possible
toxic effectsonliving organisms. Indeed, reactionsthat
occur during dredging operationsare extremely varied,
often reversible, and occur both at thesite of dredging
during transport and after deposition. Thesereactions
may have antagonistic effects, someareleadingto a
fixation of meta dementsinitidlyin solutionon thesedi-
ment. Contrarily, othersareleadingto asolubilization
of themetal eementsinitialy fixed®. Butinall cases,
the sediment isapermanent depository of metal ele-
ment and form akind of reservoir acting asarelay ele-
ment in the fundamenta geochemical cycl€?®l. Thus,
various key mechanisms ensure the accumul ation of
metal sin sediments and thus regul ate the exchanges
which are possible between water and sediment: ad-
sorption phenomena, phenomenaof co -precipitation
with the Oxy / hydroxides of iron and manganese and
carbonates, phenomenaof direct precipitation of heavy
metal s, and complexing phenomenafloccul ation with
organic materid , theincorporation of metalsinthein-
organic crystallinemeshi*4,

Moreover, unlike organic pollutants, practically
heavy metalshave not been thebiologica or chemical
reaction of degradation and could therefore be accu-
mulatedinfood chains. So, they arefoundin toxic con-
centrationsin many marineorganisms19,

Moreover, the problem of exploitation of stocks
sand comesfrom their non-systematically renewable
nature. Thereconstruction of asand deposit can take
thousandsof yearsand involvedifferent geologica epi-
sodes. Thedestruction of astock of sand canaso have
secondary effects on ecosystemn functioning.an Inaddi-
tion, thisresource (sand) whichisat theinterface be-
tween natureand society isfragilerequiresanintegrated

—=> [ul| Paper

inventory management to tend to the preservation of
the system without atering any possibility of sustain-
abledevel opment. Thedifferenceliesinthe operating
force exerted on the resource. A sustained and non-
dimensioned effort may be the reason for the disap-
pearance of environmentsand associ ated ecosystems.
itistherefore necessary to take provisionsto limit the
impacts on ecosystems and to find alternativestoim-
mersion mainly when sedimentshaveundeniabletoxic
characterigticg®.

Thevariation in the content of somemetallicele-
ments could berel ated to the variation of the degree of
water sainity dong the estuary. Indeed, alarge number
of pollutants, and especially certain metalsor metal -
loids, bind strongly oninert or living, organic or inor-
ganic particles, condtituting amaximum turbidity. The
material quantitieswill be evicted based on theflow
regime, low flow or flood, and onthetida coefficient
(bright or neap). At their expulsion, sedimentary par-
ticles passthrough asalinity gradient from freshwater
toaclosed salinity of seawater (35 %o). Changing sa-
linity whichisanionic strength of theenvironment, will
have animpact on the binding power of themeta ions.
So, depending on the period, estuaries were consid-
ered sources of metal 2.

For thethree metallic € ements studied the concen-
trationsnoted in the Estaire Sebou are superior tothose
reported by KEUMEAN et al. (2013)1?3 in the sedi-
ments of the estuary of the River Comoé in Grand-
Bassam (South-eastern Cote d’Ivoire).

Theoriginof thesemetalic dementshasbeen often
anthropogenicd?®. But, the distribution of themeta ele-
ment content in the sediment of an estuary or bay de-
pends on the action of many factorsincluding the par-
ticlesizeof thesediment. Infact, thehighest vdlues are
foundingenera inthefinest sediment fractionl?> 2429,

Therefore, it appearsthat the dredging operation
of sand hasno significant effect on the phys co-chemi-
cal charcteristicsor the concentration of heavy metal
element of the estuary sediments. But, evenif theprac-
ticeof dredging isnot to question, it cannot be pursued
if wetakeinto account the constraintsof preservation
of coastal ecosystems. Indeed, it isrecognized that sedi-
ment dredging of disposal a seaisaway of transfer of
contaminantsinto themarineenvironment. Further note
that the estuary of theriver Sebouisconsidered asthe

————————, Natural Products
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most polluted one. It recelves many anthropogenic pol-
lutions (domestic, industrial and agricultural) and the
entirewatershed of the citiesthat are crossed by the
river Sebou

In addition, other factors may interveneto disrupt
thestability of thesefactorsincluding thetidethat ac-
cording to Mergaoui et al. (2003)" led to atransfor-
mation of the physicochemical characteristicsof the
estuary, the release of chemicals and heavy metals
adsorbed to sediment, and thefactor “season” which,
according to ED-Darouich (2006 )7, could enrichthe
water of the estuary by the suspended matter which
comesof erosion in variable quantitiesdepending on
theseason.

CONCLUSION

Superficid sedimentshaverichnessin organic mat-
ter, innitratesand in phosphate. Thisrichnesswasdue
to the domestic waste contribution and the leaching
water fromagricultura soils Also, thefinesediment (Clay,
siit) retainsmuch morewater and organic matter that
the coarse sediments.

Theaverage concentrationsof heavy metalswhich
wereaccumulated inthesuperficid sediment vary from
20to 68 mg/ kgfor thechromium, 10to 28 mg/ kg for
the copper and5to 28 mg/ Kgfor thelead. Thesehigh
levels of heavy metals reflect a state of significant
micropol lution, confirming theability of these sediments
to absorb metallic elements according the physico-
chemica conditionstheaguatic environmen.

Thedredging of sand and theestuary dredge, while
alowing theeaseof navigation of theboatsat the chan-
nel mouth, it hasanimpact onthe marine ecosystem by
resuspending many meta € ementsand organic matter
and chemicd dements, such asphosphatesand nitrates,
that arefixed on the dredged sediment whichincreases
so thewater turbidity and the pollution of the estuary
and creates asignificant stressfor the species of the
medium.

Moreover, thedredging operationisvital for mari-
timetraffic and ports, sand dredging remainsan alter-
native solution for protect beaches and coastal dunes
and to remedy the damage. However, theuse of stocks
of sand, must go through the integrated management,
taking into account the ecological balance of the ex-

traction zone.
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