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ABSTRACT KEYWORDS
The Sebou river watershed covers a surface of about 40 000 km?. Itswater Clays;
resources are estimated at 5600 billions of m? representing almost 27% of Adsorption;
the whole country superficial waters. However, by an important Heavy metal;
anthropological influence, this water is exposed to severa agricultural, Landfill leachate;
industrial and urban constraints. Thus, it is necessary to monitor water Tunisia.

quality of this watershed. So; the present work gives a physicochemical
typology of waters of this watershed by using the physicochemical
eva uation of fifteen environmental parameters. For this purpose, sixteen
stations were chosen in order to be representative as much as possible of
the various sectors that constitute the prospected zone.

The results have shown four groups of samples differing by the
concentrations in magnesium, sulphates, carbonates, chlorides, sodium,
potassium, nitrates and nitrites, and by the values of the conductivity and
temperature. The value of the chemical oxygen demand and the
concentrations in ammonium and in Calcium allows discriminating two
categories of samples. Also, several zones of the studied environment
were polluted, and the origin of this pollution was multiple: agricultural,
industrial and urban. Also, certain physicochemical variationswere linked
to the “season” factor and to the anthropological activities connected to
this change. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION It isintegrated into the morphogenetic domain of al-

pineage. It drainsthe South hillside of the mountain

Sebou river watershed (figure 1) issituatedinthe  range of Rif Mountains, the Northwest hillside of the
Northwest of Morocco and it isincluded between Middle Atlas, and crosses the western part of the
parallels 33° and 35° North and meridians 4 and 7 south corridor of the Rif. Theclimateis Mediterra-
degrees West. Its surface coversabout 40.000 km?.  nean; the precipitationsinter and intra-annually are
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Figure1: Hydrologic map of Sebou watershed and localization of the studied stations

irregular. Thetemperatures are characterized by high
seasonal differences.

Sebou river, which isthe main watercourse of the
watershed, takes its sources from the Middle Atlas
mountain rangeand it crossesthe groundswith alithol -
ogy dominated by carbonated formations of the Lias*
41, Only the rare Paleozoi ¢ buttonholesand alimited
covering by effus onsof quaternary basaltsinterrupt this
dullness> ™,

Thewater resources of thewatershed areestimated
at 5600 billions of m? representing amost 27% of the
contributionsin superficid watersof thewholecountry,
but the quantity of thesewater of surfaceisstrictly linked
tothe characteristicsof the climatic e ementsof theen-
vironment, soitisinter andintra-annua irregular.

Inthewatershed, the use of thewater ismultiple
such asadrinking or irrigation water. Also, Sebou wa-
tershed isoneof themost popul ated geographical zones
in Morocco. In 1994, its population was estimated
about 5.155.686 inhabitantsamongwhom 22%livein
rural areasthat constitute 17% of the national popula
tion. Besides, the Sebou watershed isendowed with
an important human activity. It constitutesone of the
most important agricultural regionsof the country, and
it has agreat useful agricultural surfacethat covers
191.000 hectaresof farmlands™. Also, thiswatershed
isequipped invariousindustries. Thislast activity is
largely localized around or in many citiessuch asFes

and Kenitra. Two hundred units are installed on the
watershed and are mainly represented by oil factories
(65% of the national production), sugar factories (50%
of thenational production), tanneries (60% of the na
tiona production), apaper factory, textileunitsand an
oil refinery. From the nature of these anthropogenic
activities, wededucethat the degradationfactorsof the
aquatic environment arevaried and the watercourses
of thisenvironment are potentially subjected to physi-
ca, chemicd and biotic constraints. Thus; it isneces-
sary to estimate and to eval uate the physi co-chemical
superficid watersqudity of thiswatershed.

S0, the present work givesan outlineabout the char-
acteristics of the main watercourses of thiswatershed
inparticular of the main watercourse, Sebou river

MATERIALAND METHODS

Thestationschoice

Theaimisto estimatethe physical and chemical
characteristics of superficial watersof thewatershed.
Tothisobjective, sixteen stationswerechosenin order
to be representative, asmuch as possible, of the vari-
ous sectorswhich constitute the prospected zone. In
thischoice, wetook into consideration thefollowing
observations.

Before and after each rejection susceptibletobea
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source of pollution that canimpair water quality, we
havetaken asampling ation. Other stationsweresitu-
ated far from any visibleinfluences; so these stations
were considered asreference sites. Also, somesites
were et near therurd or urban humantowns. Theeas-
ness of access and taking sampleswere also consid-
ered. Totaly, aset of 16 Stations, wherethelocdization
and thecharacteristicsareindicatedinthe TABLE 1
andinthefigure 1, were prospected.
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Sudied physico-chemical parameters

To estimatethe physico-chemica characteristicsof
the studied environment, we have estimated 18 param-
eters(TABLE 3). Theseevduating wereseasondly per-
formed. Some parameterswere measured in situ such
asthetemperature, the pH and the conductivity. Other
measureswere madein laboratory by volumetric or by
spectrophotometer according to the methodsindicated
by Rodier (1996).

TABLE 1: Situation, altitude and geogr aphical coor dinatesof the prospected stations

Station Situation Altitude Geogrqphmal
(m) Coordinates
B1 In Dar Bel Amri located at 10 km upstream from the wastes of the city of Sidi 47 N: 34°11°-21.6”
Slimane W: 005°58°-0.3”’
I . N: 34°15°-33.3”
B2 In Sidi Slimane downstream of the domestical wastewaters 46 W- 005°55°-15.7""
In Near the main road Fes-El Houcima located at roughly 35 km downstream of 151 N :34°11°-52.3”
the confluence point between oued Sebou and oued Fes W : 004°47°-49.7°
. N : 34°27°-36.1"
Og In Ourgha at 10 km upstream of Khnichat 47 W 005°30°-29 1°°
S0 In douar Mkhalef located at roughly 20 Km upstream from the city of Fes 245 N :34°01°-48.8"
W : 004°49°-46.8"°
s1 In Khmiss Hamrialocated at 1.5 Km downstream from the confluence point 245 N : 34°06°-56.7”
between oued Sebou and oued Fes. W : 004°53°-27.6”’
S2 At 8 Km upstream from Kariat BaMed 84 N :34°18-33.5"
' W : 005°08°-48.9”
- N : 34°34°-04.3”
S3 At 3 Km downstream from the urban wastes of Mchrae Bel Ksiri 16 W 005°57°-43.2>°
. . N : 34°31°-09.5
4 Downstream from the wastes of Sidi Alla Tazi 24 W : 006°19°-33.1°
. N : 34°29°-21.1"
S5 At the impoundmen of the guard dam 16 W : 006°24°-46 2>
. . N : 34°16°-33.7”
S6 In Kenitra upstream discharges of sewage 5 W : 006°35°-223”°
. . . N : 34°16°-33.7”
S7 In Kenitra downstream from the Ouled Oujh. domestic wastewaters 5 W : 006°35°-22 3"
. N : 34°11°-42.3”
Bn In Oued Rdom at 5 km downstream from the Boufekrane city 550 W 005°14°-07 1>°
. N :33°911°-09.2”
R1 In Oued Rdom at 8 km downstream from the Meknes city 580 W 34°16°-33.6”
. N :34°11°-52.3”
R2 In Oued Rdom at 5 km downstream from the Boufekrane city 550 W : 005°14°-07.3"°
. N : 34°11°-52.32”
R3 In Oued Rdom at 5 km downstream from the Boufekrane city 535 W - 006°14°-22 3>

To elaborate aphysico-chemical typology of the  vationplan®'9. Itisvery used in chemistry and biology
stationsand samples, all obtained dataweregrouped fidds
inamatrix of ‘18 variables x 64 samples’ which was
handled by amultivariate statisticd analysis, the PC.A.
Let usremindthat thePC.A. isafactorial method
that allowss mplifying the description of atablegroup-
ing alot of measures coming from atime space obser-

RESULTSAND DISCUSSION

Asitisshownin TABLE 2, thefirst axis(C1) con-
tributesby 24.4% in the explainedinertia, the second
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(C2) 18.8% and thethird axis (C3) 13.5%, i.e. atotal asymbol indicating the station followed by one of the
of 56.7%. Thisrateishighly enoughtoalow thein- four alphabetical lettersA, H, Por E. Eachletter indi-
terpretation of the projection plansof thevariablesand  catesthe season when thelevy wasmadewithA = Fall,

samples «C1xC2» and «C1xC3». H=Winter, P= Spring, E= Summer. The sample sym-
TABLE 2 : Eigenvalues and contribution percentages of the bolized OgA; for example, meansthat the samplewas
variablesin thethreeaxis takeninautumn in the station symbolized Og.

- C1 Cc2 C3 3

Eigenvalues 44001 3.3839 24347
% variance 24.4 18.8 135
% cumulative variance 24.4 43.2 55.7

I nterpretation of C1, C2and C3 axes

The contributions of thevariablesinthe constitu-
tion of thefirst threeaxes, illustratedinthe TABLE 3,
alow the determining of the physico-chemical meaning
of every axis.

Congtituent C1

Mainly, fivevariablescontribute sgnificantly inthe
congtitution of C1.: the conductivity (Cd), the concen-
trationsof sodium (Nat), potassum (K+), chlorine(Cl-
) and carbonates (CaCO3-). From thenegativesideto
the positive side of thisfirst axis, we have noted an
increasing gradient of concentration of fivevariables(fig-
ure2). Thus, Clisan axisrepresenting aconcentration
gradient of salinity (K+, Na+ and Cl-), of contentin
CaCO3-, and of conductivity.

Figure3 : Projection of physico-chemical variables on the
factorial plan C1xC3

TABLE 3: Contribution per centage of the 18 physico-chemi-
cal variablesin thecongtitution of C1, C2and C3(Inbold, the
contribution ratesretained assignificant)

Variables C: C, Cs
( Disolved oxygen (OD) -0.445 0384 0473
HCOy DCO 0238 0073 -0.623
DBO;s 0102 -0.332 -0.104
HCOy 0.122 0687  0.293
CaCOy 0.720 -0.156 -0.337
ca® 0558 0138 -0.569
Mg® 0.361 -0.649 -0.269
Conductivity (Cd) 0.907 0205 0.312
Chlorides (CI) 0.848 0197  0.359
Na’ 0.865 0233  0.398
K* 0.862 0206  0.192
Sulfates (SO, %) 0.144 -0540 -0.098
Phosphates (POy) 0.074 -0.391 0.587
Nitrates (NO3) -0.108 0.728  -0.289
_ o - ) ) Nitrates (NO2) -0.108 0725  -0.289
]Ic:allgtlél;(laa? p lI;;og: (1cxté(:)2n of physico-chemical variables on the Ammonium (NH,") 0221  -0310 -0.505
Temperature (T) 0.075 -0.617 -0.101
To facilitate this interpretation, we codified the pH 0128 0154  -0.056

samplesinthefollowingway; every sampleisnoted by
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Figure4 : Projection of the physico-chemical variables on
thefactorial plan C2xC3

Besides, the projection of the pointsrepresenting
the sampling on the C1xC2 plan (figure 5) does not
showed the presence of the well defined groups of
samples. But, in moving from the negativeto the posi-
tivesdeof C1, the physico-chemicd characteristicsof
the samples becomesgradually different towardsthe
conductivity valueand towards the contentsin Nat,
K+, Cl- and CaCO3-. The phenomenon isthe same
whenwemovegradudly from the negativeto thepos-
tiveside of the C2 axis: thewater temperature values
and thewater concentrationsin nitrates, nitrites, sul-
fatesand magnesium becoming higher.

So, by dividing thefactoria plan C1xC2 into four
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compartmentsA, B, C and D separated between them
by the axes C1 and C2, we can see four groups of
samples. The physicochemical characteristics of these
groupsareasfollows:

GroupA

The concentrations of Mg?*, SO4%, CaCO?, Cl,
Na', K* werelow; the conductivity and thetempera-
turewere also low, but the concentrations of nitrates
and nitritesarehigh.

Group B

As opposed to the samples of group A, the con-
centrations of CaCO?*, Cl, Na*, K+ and the conduc-
tivity arehigh. Theother characteristicswerethesame
asthosein groupA.

GroupC

Thephysic-chemica characteristicsof thesamples
werethe opposite of those the samples of thegroup B.

Constituent C3

Fivevariablescorrd atesgnificantly to C3axis the
concentrations of Ca*, NH4* (Ammonium), PO4%
(Phosphates), dissolved oxygen (OD), and the DCO
value. Except Ca2* concentration, these variables par-
ticipatein the determination of theeutrophication and
microbia pollution degreeinthe environment(*Y,

2
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Figure5 : Projection of the samples in the factorial plan C1 x C2
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Group D

Phys cochemical characteristicsof thesamplesare
opposite of thosethe samplesof thegroupA.

Besdes, intheC1xC3plan(figure6), fromthenega:
tivesideto the positive side of C3 axis, the samples
showsaprogressive changeintheir DCO valuesand
their concentrationsin Ce?*, dissolved oxygen and phos-
phates. Also, if wesharethisfactorid planinfour com-
partmentsA’, B’, C’ and D’ separated by the axes C1
and C3, two physico-chemical categoriesof samples
could bedistinguished:

Category 1

Formed by samples belonging to compartment A’
or B’, having some physico-chemical characteristics that
wererespectively the same asthe samplesof A and B
(figure5), but al of them havealow DCO and low
concentrations of ammonium and Ca?* whilethe con-
centration of dissolved oxygen and phosphatesarehigh.
Category 2

Formed by samplesbel onging to compartmentsC’
or D’ and having certain physico-chemical characteris-
ticsthat arerespectively the same asthe samplesof C
and D, but having all high DCO and concentrations of
ammonium and C&?* whilethe concentration of thedis-
solved oxygen and phosphates arelow.

367
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Inthefactoria plan C2xC3 (figure 7) wedistin-
guishaclear differentiation between two setsof samples
separated by theaxisC3:

aset situated on the negative side of the axis C2

congdtituted of samplestakenin summer or inspring;
- asat of samplessituated onthepositivesideof this

axis, condtituted of samplestakeninautumnor win-
ter.

Besides, the plan C2xC3 has showed that for a
given station x, the positions of the pointsrepresenting
the seasona samplesdo not changetheir positionalot
accordingto C3axis. It meansthat in this station, the
vauesof theDCO, and the concentrations of dissolved
oxygen, anmonium and phosphatesremainrelatively
stable during the seasons. On the opposite, from the
projection of these points along the C2 axis, we can
deduct that the val ues of thetemperature, the concen-
trations of nitrates, sulfatesand magnesiumvary ac-
cording the seasons. So; for certain stations, wenotice
an antagonism betweenthevauesillustratedin summer
andthoseillustrated in autumn.

Also; theresults have showed that 16 among the
18 studied variables participatein thedetermination of
the physico-chemicd typol ogy of the studied environ-
ment. Only the contribution of the pH and the DBO5
werenot significant. Besides, theinfluenceof the ‘sea-
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Figure6: Projection of thesamplesin factorial plan C1x C3
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son’ factor was not the same to all the variables. The

concentrationsof nitrates, nitrites, sulfates, magnesum
and thevalue of thetemperature werethe most influ-
enced by thisfactor.

Theanalysisof thethreefactoria plans C1xC2,
CIxC3, C2xC3andtheresultsillustratedinthe TABLE
4 showsthat the physico-chemical characteristics of
some studied stations changeaccording to seasons. The
model of thevariation followed by thischangewas not
thesameinadl thestations. The TABLE 4 hasshowed
the existence of threetypes of categories of seasonal
physi co-chemicd variations. Each of these categories
isinfluenced by aseasonal variation of agroup limited
of phys co-chemical varigblesthat contributesgnificantly

The factorial plan C1xC2 shows that the taken
samplesduring thefour seasonsinthestation caled
Og aredl situated on the negative part of theaxis
C3. Thus, these samples are characterized by low
concentrations of Na, Cl-, K+and CaCO?%, and
thelow conductivity. Intheopposite, dl thesamples
takeninthestation S1, were situated on the posi-
tive part of theaxis C3. So, the satationsboth Og
and S1 were stableduring thefour seasonsbut with
different physico-chemical characteristics.- Con-
cerning thenitrates and nitrites, the plan C1xC2
(figure5) hasshowed that inthesamplestakenin
the stations called In, B1 and B2 the concentra-

C3
S3P
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OgP S5P ¢ : o
a6H BIH na S3A
< S6E Inp B2P ;
TUUSTE B3H w :
o S SO e
hh g%p OgE InE S0P
<9 "
BeE ia.C
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S2. 55
. BnP A BIA S5A
- SH BHlH R1A
R3H l
- : R2A
R2P R2A R3A
R3P
" R3E S1A
SIE g SIHH B2A

Figure7 : Projection of the samples in factorial plan C2x C3

tionsdo not vary according to seasons. Ontheother
Side, those madein S4 and R2 has showed clear
seasond variaions. Thisvariation could bedueto
the presenceof adiffusepollution. Indeed, thepres-
enceof nitratescan haveamultipleorigin: agricul-
tural, urban or industrial. Let usnotethat the pres-
enceof nitritesindicatesapollution of bacteria or
organicorigin.

- Thedationcdled Bnhaspresented aseasond varia
tion reflecting apollution of multipleorigins: agri-
cultural, urbanandindustrid. Thisvariation con-
cernssevera physicochemical charac-teristicsin
particular the concentrations of nitrites, nitrates,
sulfates, CaCO®, Cl-, Na*and K* (TABLE 4).

Thefactorid plan C1xC3 (figure6) indicatesthat
the samplestaken during the four seasonsin the
sationsR2 and R3 areall situated onthenegative
part of the axis C3; on the opposite, those of the
S3and $4 are all situated on the positive part of
thesameaxis. So; thesetwo stations have seasondl
physico-chemical stability. Let usnotethat station
R2 and R3 were characterized by a high anmo-
nium concentration, ahigh DCO valueand alow
rateof oxygen. Thus, these stationshave anindus-
tria pollution indicating anincompl ete degradation
of the organic matter and adecomposition of or-
ganic mattersof animal or vegetableorigin.

TheplansC1xC2, C1xC3 and C2xC3 (figures5,
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6, 7) show that the stations S6 and S7 were the most
touched by seasonal physico-chemica variations. The
daily and seasond flooding of these stations by waters
of thelow and thehigh tidesarethe main cause.

Besides, in abig part of sub-Saharan Africa, the
lack of water creates serious problemd 34, In water-
shed of Sebou, thebiggest hydrologica network of Mo-
rocco, our study has showed that for several studied
physico-chemical variables, theobserved valuesindi-
catethat pollutionsof diverseorigins (agricultural, do-
mestic and industrial) threatensthe quality of water.
Consequently, these pollutionshaveimportant adverse
effectsonthe environment and congtitute many risksto
the human and to other specieshealth*S. Threetypes
of pollutionare noticed in thestudied watershed:

Pollution of agricultural origine

For severd developing countries, agriculture con-
sumesthelargest part of availablewater. The Moroc-
can country isacase*4,

Inthiscountry, the Sebou watershed congtitutesone
of themost important agricultural zones. It includesa
superficid important hydrological network: rivers, lakes
and dams.

Moreover, in order to compensate the climatic
changes, theirrigationisvery used and the use of the
atificid fertilizers thepesticidesproductsand thenaturd
or artificial manuresbecameusud. So, theinfiltration of
the agricultural water and the wastewater into the un-
derground waters or into the watercourses cause an
accumul ation of these substancesin theaquatic envi-
ronment. The polluting loads of the aquatic environ-
ment of the Sebou watershed areessentidly constituted
by nitratesand phosphates. Indeed, during aperiod of
four years (1989/1993), the National Officeof Drink-
ing Water™ hasestimated theannua amountsof wastes
asfollowing:

- 37330tonesof DBO5 per year ;
- 97330tonesof DCO per year ;
- 8300tonesof nitrogen per year;
- 1890tonesof phosphor per year.

Thetypological analysis showed that the C2 axis
reflectsan agricultural pollution. It representsaset of a
concentration gradient of Mg?, nitrites, nitratesand
sulfates. Concerning the origin of thesechemical ele-
ments, let usremind that themagnesumisessential for

369
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theformation of theleaf anditisan essentia chemica
element for agood agriculturd production. So, itisused
inagricultureasafertilizer. Themainused formof this
product isthemagnesium sulfatemoreor lesshydrated
(MgS0O4).

TABLE 4 : Seasonal physico-chemical variationsrecor ded
in prospected stations(+) : variation, (-) : no variation

Studied physico-chemical variables

Stations Category 1 . Categor.y 2 2?ategciry 3 _
cd, Na?*, Na?, Nitrates, Nitrites, C_a ,NH,", PO,~,
K*. CI', CaCO~ ” Sulfates, Dissolved Oxygen

Mg, Temperatures and DCO.

R1 - + -

R2 +

R3 +

RO +

S1 +

S2 +

Og +

A +

S5 +

Bn + +

S6 + + +

S7 + + +

In

B1

B2

S3 + +

Besides, thefertilizers necessary to cropsgrowth
arephysco-chemicdly various: nitrogen, phosphor, po-
tassium, etc. But; these chemical products, spread on
theground or pulverized on the cultivated plant, then
solubilized by therain and carried by runoff or infiltra-
tion causesanincreasein thewater concentrations of
Mg?*, SO4%, nitrites, nitrates. Then, an agriculturd pol-
lutionisestablishedintheenvironment. Thewater which
returnsto riversafter being used for irrigation isoften
strongly degraded by excessof nutrients, sdinity, patho-
genic agentsand some sediment which often makethis
water unsuitablefor any usage unlessit cleanedinwa
ter treatment plants*®. For example, sulfate anions
S0O42- brought to the soil by the magnesium sulfate
can bean acidifying agent in the environment; the ni-
tratesand nitrites contribute to the eutrophi cation of
water-courses or thewater accumulations.

In 1993, for exampl e, the pollution generated by
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the use of fertilizersand pesticidesin Moroccan agri-
culturewas estimated at 8500 tons of nitrogen and 15
tons of pesticides. 8 to 10% of the nitrogen used as
fertilizer isleached into ground watersor into water-
coursesand 0.5to 1% of the pesticides productsjoin
watercourses®”. Thus, thistype of pollutionisvery
threstening.

Pollution of domesticorigin

In 1993, the volume of wastewaters producedin
urban zonesis estimated at 500 billions of m2. The part
collected by the sewer networksrepresentsavolume
of 370 millions of m3. Thehalf of thisquantity isre-
jected into thesea. Therestisrgectedintoriver sys-
temsor spread on the ground*¥. For the same period,
the main polluting materials conveyed by domestic
wastewaters (infiltrated or discharged to the soil sur-
face) are estimated as shown bel ow: 260000 tones of
oxidizing matter: 50%, 4800 tones of nitrogen: 54%
and 7300 tones of phosphor: 53%.

Currently, theincreasing s ze of theM oroccan popu-
lation and its concentration in somegeographic zones,
theindustria production of new phyto-chemica qudity
and theincreasing quantity of wastewater accordingto
the various human activities have becomeworrisome.
In addition, the studied basin isdemographically very
populated and the mgj ority of itsrural and urban con-
centrations discharged their wastewater without any
treatment. Then, the aquatic environment of thebasinis
very exposed to varioustypes of pollution from do-
mestic sources™., Thus, thispollutionisresponsiblefor
amuch polluted environment by nitrogen and phospho-
rugty,

Accordingtothe ONEP, in 1994 (Anonymous 2,
1994) among theimpactsgenerated by direct discharges
of wastewater intorivers:

» Aneutrophisation of dams|ocated downstream
fromthedischargecenters;

» Areuseof raw wastewater inirrigation immedi-
ately downstream of the citieswith all the health
risksthat may arisefor farmersand consumer.
Similarly, the ONEP (Anonymous 2, 1994) indi-

cated that these areas of rivers, located immediately

downstream of dischargesfromtownsand villagesin
thewatershed of Sebou, have poor or very poor water
qudity. Large pollution loadsof wastewater discharged
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into domestic and industria watersareresponsiblefor
thispollution. The best examples are downstream of
Fez, Meknes, Sidi Kacemand Sidi Slimanecities. Ac-
cording to the sameresource, in the studied watershed,
the main physicochemical parameters degrading the
water quality relateto theorganic matter andtotal phos-
phorus concentration.

Pollution of industrial origin

In Morocco, the branch of industry generatesan
organic and animportant toxic pollution. In 1993, the
volume of residual waterswas estimated at 964 mil-
lionsof m?, that is89% of thetotal used volume*®. In
1996, it was aready considered that between 200 and
400 chemicd'scontaminatewatercoursesintheworl d*9.
Today, because of theindustrid development, thesefig-
uresarewidely exceeded.

In Sebou watershed, theindustry sector isvery di-
verse: food-processing industry (sweets, oil-works,
dairies, and canning factories), paper industries, tan-
neries, textileindustry, oil refineries, yeast production
plants, alcohol production, etc. Thetotal |oads of or-
ganic pollution of industrid originisestimatedto 2 750
000 equiva ents-inhabitants, anong whom about 70 %
result from sugar factories, paper factoriesand oil-work
plants. Theindustrial pollutionisresponsiblefor 40 %
of the organic pollution, 20 % of the nitrogenous and
phosphorous pollution, 100 % of reject in heavy met-
as. In 1994, the ONEP has estimated thistype of pol-
lution at 2 million equiva ents-inhabitants™.

Inthe studieszone, thelargest part of the organic
industrial releasesis spread directly in the Sebou wa-
tershed and indirectement in the Atlantic Ocean. So,
the Sebou watershed concentrates an organic pollu-
tioni*? and acontamination by the chromium; theim-
portant part of thislast type of pollutioniscaused by
tanneried”. Food-processing industriesreject about 22
millionsof m? of water residud, congtituting 90% of the
using water inthis sector. They contributeto the pollu-
tion by important loadsin organic matters(80%in COD
and 66% in BOD5) and by ailmost the totality of the
pollution by nitrates and phosphors.

CONCLUSION

Theresultshave showed that thisenvironment was
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physico-chemically heterogeneous and severd of its
zoneswerepolluted. Theoriginof thispollutionismul-
tiple (agricultural, industria or urban) ; So, four groups
of samplesweredistinguished and characterized by:

Afirstgroup (A)
The concentrationsin Mg*, SO,*, CaCO,, CI,
Na", K* werelow; the conductivity and thetempera-

turewere d so low, but the concentrationsin nitrates
and nitriteswerehigh.

A second group (B)

Trained by sampleshaving high concentrationsin
CaCO,, Cl', Na", K* and high value of conductivity;
but other characteristicswerethe same asthose of the
samplesinthegroupA.

Athirdgroup (C)

Constituted by samples having physico-chemica
characteristicsopposed to those of thegroup B samples.
A fourth and last group (D)

With physico-chemica propertieswhich opposeto
those of the samplesof thegroupA.

Besides, theresults have showed adistinction of
two physico-chemical categoriesof samples:

- Afirst category where al the samples have low
DCO andlow concentrationsinammoniumandin
Ca?* whilethe concentration in dissolved oxygen
and phosphateswerehigh.

- A second category constituted by the sampleshav-
ing physco-chemica characteristicsthat were op-
posed to those of the samples of the other category
regarding the DCO and the concentrationsin am-
monium, Ca2* high, dissolved oxygen and phos-
phates.

We haved so noted that certain physico-chemica varia

tionsarelinked to seasond climate change and to hu-

man activitiesthat were connected to thischange.
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