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ABSTRACT KEYWORDS
For ports, the dredging is an operation that allows the removal of debris, Estuary;
including the sand, clogging the navigation channels. For sands, because Sebouriver;
of the shortage of this product very used in the Buildings and Public Dredging impact;
Works, this activity isbooming in Morocco. Furthermore, it is recognized Physicochemistry;
that sediment dredging and their disposal at seais a pathway of contami- Water;
nation of the marine environment. Heavy metals;
The present work concerns the study of some physico-chemical param- Morocco.

eters and concentrations of heavy metals from the waters of the estuary of
amajor river of Morocco, the Sebou, just after afirst dredging operation.
The results showed that these waters are highly polluted. This pollutionis
manifested by an increase in the values of indicators of pollution (COD,
BOD5, TSS, conductivity, ammonium, nitrate and ortho-phosphate). The
values often exceed those found by other authorsjust before the installing
of the Operating Company of sea, sand at the estuary especially those of
Ed-Darouichresalizedin 2006.

These values often exceed the recommended standard thresholds by the
draft Moroccan surface water quality. For the heavy metals, particularly
chromium, copper and lead concentrationsin surface water the values are
low and do not pose arisk of contamination. So, the dredging must bedone
within aframework of integrated management, taking into account the eco-
logical balance of the coastal zone asawhole.
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INTRODUCTION that involvetheremova of sedimentsthat isaccumu-
lated inthe channelsand docksthat interfereswith the
Themaintenancedredgingisrepetitiveoperations navigation. They are permanent in many estuariesinthe
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open portson Sea.

Until recently, the dredging practices consisted to
beloaded the unwanted rubbles blocking the channel's
or limiting the depth of the basinsand file these col -
lected solidsfar enough from shore. Theanalysisof the
quality of these deposited materia sremained brief and
limited to considerationsof particlesizeson site. Envi-
ronmenta concernswere secondary.

Moreover, therole of thedredginginthe physical
construction and the ease of nava operationsin estuar-
iesisknown. But, thisrole cannot be pursued without
taking into account the constraints of preservation of
coastal ecosystems. Indeed, it isacknowledged that
dredging activitiesmay haveimpactsonwildlife habi-
tats, causing changesinthehydrologica regimeg®3,

Infact, many authors, including Boutmin (1986)1
and Guillaud et Romana (1984) have reported that
thedredging causes asuspending of the adsorbed sedi-
ment creating so ahigh turbidity inthebiotop. There-
fore, the concentration of chemica pollutantsand me-
tallic trace el ementshave becomeimportant in thewa-
ter. By thisway, thisoperation affectsthe marine bio-
logicenvironmentt.

In Morocco, the estuary of Sebou is one of the
important estuarieslinking theAtlantic Oceanto one of
themgor rivers, the Sebou. Thelow relief of itsenvi-
ronment hasfavored itsextension to over 15 kilome-
ters, and it isthe only M oroccan estuary having ariver
port that receivesalarge number of small boats. How-
ever, thisestuary has experienced many problemssuch
asitsfillingwith sediment from both fluvia and marine
origin. Thus, ance2004, intensvely and perm thedredg-
ing was used asameansfor solving thisproblem. But,
ashaspointed Alzieu (2005)®, it should make provi-
sonswhich limit theimpact of dredging ontheecosys-
temsin particular, with regard to thedisturbance of the
behavior of certain physicochemica characteristicsdur-
ingthedredging period.

Thus, inthis present work we eval uate the impact
of thedredging operation onthebehavior of many phys-
cochemical parametersand many traceelementsinthe
estuary of the Sebou River (Morocco). Notethat the
dredging tests have begun in the estuary by the
DRAPOR Companyin 1994.
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MATERIALAND METHODS

Studied site

Theestuary of Sebou River islocated ontheAtlan-
tic coast of Morocco (34 ° 10N, 6° 39W) at 10 km
fromthecity of Kenitra Itisintheform of anarmof the
ocean and it extends over a distance of 15 km, ori-
ented roughly northwest from upstream to down-
stream®. It crossesthe Gharb plainwhichislinked to
the Prerif mountains that has abedrock formed of a
soft ground, marlsand flyshes covered by the consoli-
dated sandstones™.

The studied estuary isameandering where depths
vary between 1 and 10 m. It is predominantly marine
extending up to 15 km from themouth. The uncorked
of theestuary is channeled through two paralldl piers
crossingasand bar (alluvia fan) (Figure1). Thesiteis
characterized by aparticular tidal dynamicswhich de-
terminesthe parametersand the hydrol ogy of thebiotop.
The current velocity variesfrom0t00.82m/s. The
filling of theestuary occursafter 2 hours, whileitsdrain
ends after about 5 hours® 9. Also, the estuary hasa
port complex consistsof:

- A commercid portin Kenitracity (12 kmfrom
themouth);

- A minera port at Mehdiatown (3, 5kmfrom
themouth);

- A fishing portin Mehdiatown (3kmfromthe
mouth).

Selection of study stations and methods for as-
sessing physicochemical characteristics of the
water

Our study wasbased on anaysisof physicochemi-
ca water of the estuary. The sampleswere collected at
five stationsdistributed a ong the estuary (Figure 1).
The choiceof these stationsreflectsthebibliographic
data, including those of Zitan (2002)19, Ezzaafrani
(2004)14, Tazouti (2004)1*2 and Ed-Darwish
(2006)™, Therate of flow of water, the ease of access
and exposure of the station to apossible source of pol-
lutionwerea sotaken into consideration.

The stationsaredesignated asfollows:

. S1: It’s located 10 km upstream from the col-
lector of industria dischargesof CMCP plant;
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Figurel: Location of sudy sitesin theestuary
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Figure2: Evolution of thetemperaturein thewater duringthreesampling periods

TABLE 1: Evaluation of studied physicochemical parameters

parameters Units analytical methods
T°, pH, dectricd °C, Multi-parameter type Consort. Ref C838
conductivity ms/cm
Suspended matter (MES) mg/| Cellulose membrane filter (® = 0.45 microns)
DBOs mg/l O,  Manometric method, respirometer at constant pressure (AFNOR F90 103)
DCO mg/| According to Standard NFT 92101: Oxidation by excess potassium
dichromate
Nitrates mg/l Potentiometric titration
Ammonium mg/l Colorimetry
Orthophosphates °F Determination complexometric (EDTA) Volumetric
dosing five strong acid (HCL).
Trace elements (Cu, Cr, Pb) mg/l Atomic absorption spectrometry type UNICAM 929AA Spectrometer.
. S2: Itislocated near the Sharifian Oil Com- e A Itisstuated between the oreport and fish-
pany and wastewater collection M CPC Soci- ing port;
ety, it receives the impact of industrial dis- e S5islocated near themouth of the estuary.
chargesof theseunits; For dates of 22/09/2007 to 08/12/2007 and 23/

. S3: Itisstuated downgtreamtheport of Kenitra,  06/2007, many water samplesweretaken at low tide.
it receivesthewastewater from of Kenitracity; Wecollected these samplesalong thebanksof theriver
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Figure4: Evolution of theelectrical conductivity in thewater duringthreesampling periods

against the current in 20 cm depth. We have placed the
water inglassviasrinsed with distilled water and sev-
eral Oncewith the estuary water. In every stationwe
have collected three samplesand have acidified those
with nitricacid to 4% for to eva uatemeta element con-
centrations. According to agenera guidefor the con-
servation and the handling of samples (ISO 5667/ 3 -
1994), the sampleswere stored at 4 °C in a portable
icebox. The evaluation of each parameter was per-
formed accordingto theprincipleindicatedinthetable
1.

RESULTSAND DISCUSSION

Temperature

Thetemperature valueshave varied according the
seasonsand havenot shown thelargevariationswithin
thesamecampaign (Figure 2). However, inthe stations
upstream the mouth, the temperature hasslightly in-
cressed. Thisincreaseisdueto thedeclininginfluence
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of themarinewater temperature, whichiscolder inthe
downstream. Also, the effect of continentality and the
relatively high temperature of the cooling water of
MCPC machinesand thethermal stationwould dsobe
acauseof thisvariation.

pH

Duringthethree seasonsof sampling, thepH ranged
between 6.8 and 8.4inal stationsstudied (Figure 3).
Thesevaluesremainwithintherangeof pH levels(6.5
and 8.5) reported by several authors whose Tazouti
(2004)*2 Ezzaafrani (2004)*Y and Ed-Darwish
(2006)12.

Generdly, thisrelative stability of thepH isdueto
the tampon system devel oped by carbonates and bi-
carbonatesthat areimportant in thisenvironment(®4,

Thedight differenceof pH va uesrecorded upsiream
theestuary and those noted downstreamtheestuary is
explained by thefact that the headwaters of the estuary
aremoreinfluenced by the mass of pollutantstrans-
ported by the Sebou. Indeed, because of their high or-
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Figure5: Evolution of thesuspended solid concentration inthewater during threesampling periods
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Figure6: Evolution of theBOD5in thewater duringthreesampling periods
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Figure7: Evolution of theCOD in thewater duringthreesampling periods

ganic matter,content, thesewatersare characterized by
relatively high pH. In opposite, thewaters closest to
the estuary mouth havethelessakaline pH because of
their low load of organic matter and better oxygenation
of ocean waters4.

Electrical conductivity

From the upstream to thedownstream estuary, the
conductivity values (Figure4) have progressively in-
creased. So, thedegree of thewater salinity seemsto
be adetermining factor of the conductivity. During the
studied seasons, thelowest conductivitieswere noted
inthestation S1 (1,9) whilelarger vaues(> 10 uS/cm)
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Figure10: Evolution of the Copper concentration in thewater duringthreesampling periods.

werenoted inthe S5that issituated at themouth. The  discharged. Indeed, thetime evolution of the contents
similar resultswerereported by Ed-Darwish (2006)13.  of thissubstance revealed low valuesrecorded in Au-
Suspended solids (SS) gustin t_hestati on S1whi gh islocated away from po_l -
. ) |utant dischargesand maximum valuesarerecordedin

Generally, the suspended solids content inwater - pecember in S2 and S3 (Figure 5) which arelocated

linkstothehydrological sequencesintherivers(floods 4 theoutlet di schargesof industria and domesticwaste-
and droughts)™ and of the nature of thepollutionload  \ 5erlz6l

=
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Biochemical oxygen demand (BOD5)

AsitisshowninFigure6thevauesof BOD5 have
varied according the seasons and according the sta-
tions. Indeed, thesevaueswerelow inwinter and im-
portant insummer. Similarly, becauseof theurban dis-
chargeimportancein station S3, and the M CPC plant
industrid dischargesin S2, thevaueswerehigh. Incon-
trast, because of the effect of the dilution of sewage
watersby thetidal action, the stations S1 and S2 which
aresituated near the mouth, have shown thelow vaues
of BOD57,

Chemical oxygen demand (COD)

Thehighvaluesof COD areobserved in stations
S2 and S3which arelocated at theoutlet of industria
and domestic wastewater (Figure 7). Thosehigh val-
ues can beexpla ned by thewed th of theM CPC waste-
water by organic and of mineral mattersand those of
the collectorsof sewagefrom Kenitracity, thet areeasily
oxidized. Moreover, thereisasignificant reduction of
COD in the winter in the moment of the rainwater,
whereasit increasesin thefall. The values of COD
thereforevary depending on the stationsand seasong*”.

Nitr ates

Theresultsshow the existence of anitrate concen-
tration gradient which isdecreasing from upstream to
thedownstreamthe estuary. Thehigh nitratelevel up-
streamisprobably rel ated to the leaching action of the
agricultura landswhich arehighly charged of nitrates,
of animal waste or vegetable debris. These materials
enrichthewater in organic nitrogen compounds. In ad-
dition, theselevelsof nitratearerelaively highin Sep-
tember and low in December. Thisseasond difference
inyieldsisprobably dueto variation of theflow of the
river (Figure 8). Note that McGowan (2007)11 and
Domingues et al.*¥ have reported that Nitrate and
ammonium arethe most important nitrogen sourcesfor
phytoplankton growth.

Ammonium (NH4 +)

Theammonium concentrationsdecreasefromthe
upstream to thedownstream estuary (Figure9) and vary
according to seasons. These concentrationswere higher
in September and low in December. Thislast differ-
ence can beatributed to theimportance of the quantity
of freshwater on December that muddi esthewaters of

—=> [ul| Paper

the estuary. Moreover, it wasreported®d, the nitrate
and ammonium arethemost important nitrogen sources
for phytoplankton growth and the ammonium adsorp-
tion by sedimentsplaysanimportant roleinthecycleof
nitrogenintheestuarinetidd flat ecosystem(*

Concentrationsof threeheavy metalsin water
Copper

Theva uesrecorded arevery low and ranged from
0.015 (recordedin $4) to 0.024 mg/ | recorded in S5)
(Figure 10). Theweakness of these copper concentra-
tions can be explained by thefact that the copper in
ion-free statusisscarcewhen thepH valueinthe estu-
aryisbetween 6.5and 9. Thisinterva of pH favorsthe
complexation of the copper with various complexing
agentsinclude: carbonates, oxidesand silicates?!.

Moreover, in September thelevel s of copper have
decreased from upstream the estuary at thedownstream
estuary, whilethereversewasnoted in December. This
behavior can be explained by thefact that copper, like
other metals(As, Cr, Pb, Cd), hassgnificant variations
initslevelsduring thetransition from thefreshwater to
the saltwater?, This same phenomenon wasreported
by Ezzaafrani (2004)1*3; Tazouti (2004)™; and Ed-
Darwish (2006)123.

L ead

The noted concentrations are bel ow the limit of
quantification of themeasuring device (31 /1). These
low values can remove any risk of disrupting the eco-
logical balance by thistoxic meta™.

Furthermore, suchlow valuesof theorder of /1,
wereal so reported by many authorssuch as Ezzaafrani
(2004)* and Ed-Darwish (2006)1*3. Aloso, thelow
concentrations of |ead can be explained by the pres-
ence of higher levels of sulfates and carbonates that
causestheprecipitation of |ead on estuarine sediment',

Chrome

Theresultshaveshown that chromium hasappeared
invery low concentrations. Indeed, all sampleshave
shownthelevelsbelow 0. 6ug, limit of quantification of
the device, except two samples which have shown
0.0006 and 0.0011 mg/ |. Notethat low valuesof the
order of several gwerereported by Tazouti (2004)1*2
and Ezzaafrani (2004)1Y,
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CONCLUSION

The pollutionin Sebou estuary hasreached worry-
ing proportions. This pollution isaccentuated by the
dredging actionwhichincreasesthewater turbidity and
changesphysical, chemica and biological characteris-
tics of the environment such asthe decreased concen-
tration of dissolved oxygen inwater. Without control
thedredging operation and of the discharges of pollu-
tionloadsand heavy metalsdumpedinto the estuary of
Sebou River the pollution could reach level s of pollu-
tion that threatenstheriver surrounding and the sea.
Indeed, the slf-purifying capacity of theestuary would
beinsufficient. Thus, thedredging operation should take
into considerationthe ecol ogica ba anceof thiscoastd
zone,
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