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ABSTRACT

we have compared the physicochemical characteristics and the degree of
metallic contamination, recorded in winter, and those recorded in summer in
thewater of R’dom river which is a tributary of Sebu river (Morocco). The
results have shown that, in places, the waters of thisriver have an organic
pollution and / or métallque. This pollution is both winter and summer in
some stations and it is only in winter or in summer in others. The main
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causes of the variation of this pollution can be attributed to the changesin
water flow Oued R’dom and thus to the dilution of wastewater discharges
from stormwater. Whilethe stationsmost vul nerabl e to urban waste, indus-
trial or agricultural have showed a persistently high level of pollution.
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INTRODUCTION

In many countriesthe deteriorating of the surface
water and groundwater quality isongoing. Human ac-
tivity isthemain causg¥, and Moroccoisnot escaping
by this phenomenon. In effect, by therejection of the
wastewater, and by hisindustria and agricultura activi-
tiesespecialy itsoveruse of fertilizersand pesticides
the human degradesthewater quaty and even destroys
itsreserves.

Moreover, inadequate, and sometimesthecomplete
absence, of regulationsto control the nature of there-
jection of thewastewater and thetreatment applied to

thosewater dischargesinto the environment increase
thedegration of the superficia and underground water.

In Sebu watershed, the pollution sourcesarevari-
ousand beyond al measures of environmental protec-
tion? including to theuse of thewater to potability pur-
posesor irrigation. The Biodiversity of aquatic envi-
ronment is not escaped to thisplague.

Inmany regions, it istherefore necessary to ensure
the assessment of the superfificiellewater quality be-
causethisvital mater isvery exposed to degradation
factorsof variouskinds. physica, chemicd, biological
and organic metd. Thus, inthispresent work, wehave
evaluated the phys co-chemical and metaic chracterics
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of water in R’dom river which is a part of a Moroccan
largewatershed : Sebou watershed that coverstwoman
plans. theplain of Saisandthe Gharb. Itisdivided into
three parts.

- Thetop Sebou;

- Theaverage Sebou;

- The Low Sebou

Thebottomistraversed by Sebuand Rdomrivers.
Thelatter receivestheurban andindustria wastewater
of many human settlements (citiesof Meknesand Sidi
Kacem). It istherefore imprortant to estimate of the
physico-chemicd, metallicand biologica degreesof the
pollutioninthisaguatic biotop.

Thus, we assessed the degree of the metallic
contamiétion of thewater in R’dom River by determin-
ing the concentrationsof ten heavy metals: Al, Ba, Cd,
Cr, Cu, Fe, Mn, Ni, Pb and Zn.

MATERIEL ET METHODES

Sudy sites

Wetook into congderation Six water sampling sta-
tionsto beandyzed wich aredigtributed on R’dom Oued
and its two tributaries, Wadi Wadi and Boufekrane
Wisdan (Figurel).

La légende
e Bassin du Sebon

e Riseau hylraugrap higue
Bassin du Faiss

Figurel: Framework Hydrological Water shed Sebou; red,
thesub-basin of R’dom River.

The geographic situations of surveyed stationsare
notedinFigure2:

* S1: upstream of the city Boutkrane

* S2: upstream meknes city and at 2 km down-
stream Boufekrane

* S3: 7 km downstream from the city of Meknes
on BoufraneRiver

* S4: in R’dom River, downstream the confluence
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of Widanariver with BoufkraneRiver

+ S5: In R’dom River at 2 km upstream the town of
Sidi Kacem (40 km from Meknes).

* S6: In Oued R’dom downstream of Sidi Kacem

S6 N
x\ # Sidi Kacem f
S5
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Figure2: Location of orgamzatmnssampllng water

Analysis methods of the metallic elements and
physicochemical parameter sevaluated

We measured, in Juneand January, ten metallicel-
ements and six physicochemical parameters. Some
physico-chemica measurementswereredizedinsitu
such asthewater temperature, electrical conductivity
and pH. Theremai ning assessmentsweremadeby volu-
metricfilling or spectroscopic assays, according to the
methods proposed by Rodier.

The measurement of physicochemica parameters
was assessed by thefollowing methods:

- Thetemperature measurement was performedin
Situ using aportabl e conductivity meter (WTW Cond.
315/ SET);

- The pH was measured using amicro prosector
pH meter HI 8314 (Hannainstruments);

-Thedissolved oxygen was measured using apor-
table oximeter 9143 (HANNA instruments);

- The conductivity was measured with aportable
conductivity meter (\WTW 315/SET cond);

-The BOD5 was determined with amanometric
method (at constant pressurerespirometer) inthedark
and at 200 ° C;

- The DCO isdetermined using astrong oxidant:
potass umdichromate.
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For metallic elements, each sample of 50ml was
taken, homogenized; then added 5ml of nitric acid
(HNO3) concentrated. Theresulting solutionisplaced
in abeaker and heated on ahotplate at temperatures
around 100 °C to have a volume of 5 ml (1 hour). To
thissolution wasadded 5ml of hydrochloricacid (HcL)
concentrated and 10ml of distilled water, then heated
until completedissolution of precipitation. Allowed to
cool. Theresulting solutionwasfiltered (filter with pores
of 0.45mm), then enriched to 50ml with distilled water.

Analysisof data collected

All thedatagrouping the evaluating val ues of the
studied phys co-chemicd and metdlic parameterswas
grouped inadatamatrix.

Moreover, for the development of atypology of
the surveysand the surveyed stationswe have stati sti-
cally andyzed the datamatrix with amethod of multi-
variateanayss. PCA. Thus, wedeveloped afind data
matrix consisting of 16 variablesand 12 observations
(oneinsummer and one spring for each station).

Recall that the A.P.C. is afactoria method that
could simplify the description of ameasurement chart
wichisdifficult tohandle (Bourocheand Sgporta. 1980;
FRONTIER, 1981)*9, Itiswiddly usedinthefield of
chemistry and biology.

RESULTSAND DISCUSSION

Results

Theresults (TABLE 1 and 2) show that the first
three axesaccount for 65.2% of total information ex-
plained with 34.7% for the C1 axis, 15.8%for the C2
axisand 14.7%for the C3 axis. To interpret the phe-
nomenonweneed to interpret the projection planes of
the variables and statements C1xC2, C1xC3 and
C2xC3. But tothisinterpretation we need to know the
physi co-chemica ecologica signification of thethree
axesC1, C2and C3.

TABLE 1: Eigenvalues and percentage of variance explained
by three main axes

C1 Cc2 C3
Eigenvalues 565576 2,5250 2,3506
% variance 34,7 15,8 14,7
% Cumulative variance 34,7 50,5 65,2
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- Physicochemical inter pretation of theaxesof the
typological study

+ Meaningof C1

Theresultsof theandyss(TABLE 2and Figure 3)
show that three physico-chemical variablesweresig-
nificantly correlated with axis C1: dissolved oxygen
(DO), BOD5, and COD. Thevauesthat cantakethese
three variablesdependent of the degree of organic pol-
[ution of theenvironment. Thus, theaxisrepresentsan
increasing gradient of organic pollution of theaquatic
environment.

TABLE 2: Corrdation (in squar€) between thevariablesand
theaxesC1,C2and C3

Variables C1l c2 C3
Al 0.3588 0.1844 0.0016
Ba 0.1943 0.0595 0.4093
Cd 0.1601 0.0048 0.6437
Cr 0.4867 0.0344 0.1915
Cu 0.3744 0.0055 0.1701
Fe 0.3151 0.1216 0.2068
Mn 0.3573 0.1396 0.0565
Ni 0.4241 0.1698 0.0227
Pb 0.3053 0.2382 0.0374
Zn 0.0615 0.1235 0.2083
T 0.0035 0.3041 0.0622
pH 0.0009 0.7849 0.0066
Cond 0.2696 0.2305 0.0593
oD 0.7442 0.0543 0.0000
DBO 0.7431 0.0023 0.1479
DCO 0.7614 0.0673 0.1267
c2

oD

DEO

Figure3: Graphical representation of variablesin C1xC2
plan
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+Meaning of C2

Theresultsof theandysis(TABLE 2and Figure 3)
show that only the pH contributesnegetively inthecom-
position of the axis C2. The C2 axisisagradient of
decreasing pH fromthe negativeto positiveside of C2.

o

pH CEC

In

Figure4: Graphical representation of variablesin C1xC3
plan

+ Significanceof C3

Theresultsof theanaysis(TABLE 2 and Figure4)
show that only cadmium contributessignificantly tothe
C3axis. TheC2 axisisagradient of concentration of
cadmiuminthecommunity. Thisgradient decreasesfrom
thenegativetothepositiveside C2.

- Inter pretation of projection planes of thevari-
ablesand theleviesand de

§ Interpretation of the plan C1 x C2
Variables

All themetdlicvariablesarestuated inthepositive
sideof theaxis C1, because the high concentrations of
these el ementsare consi stent with the high val ues of
COD and BOD and thelow levelsof dissolved oxy-
gen, i.e. withahighdegreeof organicpollution. It should
specify than themagnesium and the nicke arethemost
abundant elementsin when the pH, temperature, and
conductivity areimportant.

Levies
Plan C1xC2 (Figure5) distinguishestwo groups.
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- Afirst group cons sting of thefollowing stations
and levies. thestation S1 and S2 in January and June,
andthe Sc gtationin January. All thesestationsarechar-
acterized by thelow dissolved oxygen pupils, and the
low values of BOD and COD, iealow degree of or-
ganicpollution.

Theoreticaly, thestation S1isfar fromany pollu-
tion source. The station S2 islocated downstream of
thevillageBoufkrane. So, it receiveswastewater from
thevillage but during the month of January, thesewa-
tersareheavily diluted by rainwater, hencetheir low
pollution levelsduring thisseason.

Thestation S5islocated upstream of Sidi Kacem.
Itisrelatively far from sourcesof organic pollution; this
situation and the purifying power of theriver explanthe
low leve of organic pollution, evenin January.

-A second group consisting of theleviesdonein
January and Juneinthestation S3and &4, inJuneinthe
gation S5, and in January and Junethestation S6. These
stationswere characterized by ahigh degree of organic
pollution.

Inaddition, in January and June, thestation S6is
characterized by ahigh pH. In June,

the station S5 were organically polluted and this
pollution can beexplained by thelow rateof theR’dom
river during thisperiod. Thelow water velocity favor-
itesthe degradation of the organic matter.

The three stations S3, $4, and S6 are al down-
stream of major conurbations (S3 and $4 arelocated
downstream from M eknes, and S6 downstream Sidi
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Figure5: Graphical representation of leviesin C1xC2 plan
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Kacem) and subsequently receive large amounts of
Sewagefromthesecities. Thisexplainsthe high degree
of organic pollution of thesestations. Therdatively high
pH noted in the station S6 can be explained by the
release and persistence of waste water residuesof the
refining facility “SAMIR”. In addition, in all stations,
thepH isdightly akaline. Itisbetween 7.15 and 7.55.
Thisakainity ismainly dueto thenature of limestone
or marno-limestoneland crossed by therivert.

§ Interpretation of the plan C1x C3
Variables

Thisplan showsthat the C3 axiscorrespondsto a
concentration gradient of cadmium, the highest concen-
tration of zinc and copper corroboratewith high con-
centrations of cadmium. Thisisnot the casefor Ba, Fe
and Cr. Notethat in aaguatic biotope, thecadmiumis
mainly boundto organic matter’”. Similarly, thismetal -
lic element could be bioaccumulated in the tissues of
certainfishsand Shellfishgd.

The cadmium uptake by plants can be reduced by
the presencein the middle of high concentrations of
ca cium, magnesium and sulfur, whilethebarium canbe
bio-accumulated in variousfoodsincluding various
foodstuffg9.

Also; Tessier et al. 19799 havereported that the
sediments, in particul ar thefraction bound to oxides,
arethelargest fixativesof theiron.

Levies

Theplan C1IxC3 (Figure6) differentiatesthesame
groupsasthoseshown inthefirst plane C1xC2, adding
that relatively tothe C3 axis, thelevies of thegroup n°
2 can be subdivided into two subgroups:

* Subgroup 1: characterized by thefollowing sta-
tions: Thestation S3and S5in June, and the station S6
in Juneand January, which are characterized by me-
dium or low level sof cadmium.

* Subgroup 2: thegtationin January and S3and 4
stationsin June and January, which were characterized
by ahigh concentration of cadmium and hencehigh con-
centrations of Zinc and Copper. Therichness of Cd,
Zn, and Cu station S3in January can be explained by
thedischargesfrom wastewater enriched by the runoff
watersdrainingthevileof Meknesand those of therich
agricultura areaswith thefertilizersduring this period.
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Thesameobservationisvalidfor thestation $4in Janu-
ary.

The significant contamination of thestation S4in
Junemay bedueto thereceipt of thiswastewater sta-
tionincluding thosefrom the new town of Meknesand
thecommonWedane.
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Figure6: Graphical representation of leviesin C1xC3plan

Concerning the spatia and temporal variation of
pollution level sbetween the stations and found we note
thet:

-All stationsshow aseasond fluctuationintheleve
of organicpollution.

- In some stations, metal pollution is permanent
throughout the year.

- Some stations have a seasonal variationin the
degree of contamination by somemetalic elements.

Moreover, most of these metal contaminantsare
anthropogenic. Asan example, asignificant accumula
tion of lead and zinc and may be related to the road
trafficintheurban ared”. Thevariation of pH (natural
or man) seemsto bethefactor whose action on metal
mobilityismost critical*Y.

CONCLUSION

Theresultsshow theexistence of aorganicand a
metallic pollutionand, in somegtations, theleve of this
pollution can varies according to seasons. Whilein oth-
ersit doesnot change

Thesecond group of stationshaveaimpotante or-
ganicpollution duringthewinter and thesummer, suchas
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S3, 4, and B, or haveno organic pollution during these
seasons, such as S1, S2, and S5. The Variation of the
water flow of theriver of ‘Rdom’ and of the degree
dillution of wastewater by therainwater arethemain
causesof variationinthedegreeof organic pollutionand
thedegree of metal contamination of thewatersof some
gtations. Whilethelocation of somedtations, just down-
stream of dischargesof urban wastewater and/ or in-
dustrid agriculturd areascould bethemain causeof a
permanenteand high organicand metdlic pollution.
Inaddition, the persistence of low level sof organic
or metalicpolltion recorded in somestationswasdue
to thefact that these stations are away from sources of
pollution and purifying theriver such asthe S5 station.
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