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ABSTRACT

This research is to evaluate the physicochemicalityuof surface waters Oued Moulouya relationskijth his
tributary Oued Sebra. These waters are threatenethé extent of urban and industrial dischargesrfrthe city of
Zaio. Water samples were taken from five stationghe lower part of the Moulouya and a station be teft bank
tributary of the Oued Sebra. This study focused tl@ distinction of physic-chemical water parameters
(temperature, pH, CE, MES, turbidity,@BQ;, DCO, PQ¥, Pt, NH, +, NTK). In order to establish a relationship
between these parameters and to better assessniheci of human activities on the quality of surfacaer, a
statistical analysis PCA (Principal Component A&y was applied to all of these parameters in et season
and dry season. The Explanatory Analysis by Pracipomponent Analysis (PCA) of data physicochemical
allowed us to identify correlations between thdedént parameters and differentiate a typology afex quality in
the study area. The results show an alarming ditnadf the quality of the waters, especially of teed Sebra,
that receives industrial waste from the city of&ZalVe are witnessing an increase in levels of QEICO, MES ...
NTK, and a decrease in dissolved oxygen levelscidfy in the summer period (period of sugar &tgiv The
explanatory analysis (PCA) showed an inter-stati@miability and corroborated the results of the degtive
analysis.

Keywords: Lower Moulouya, Oued Sebra, physic-chemical pararsePCA, industrial pollution.

INTRODUCTION

The growing population in the world and the repratlitype of development will inevitably lead toexplosion in
the consumption of water, accompanied by a degmadailf its quality [1].Anthropogenic activities, roitizing
natural resources, generate solid waste, liquidevasd gaseous effluents. Thus, they cause transferollutants
to the natural environment; therefore, they magdifthe ecological balance of ecosystems [2]. Tpesssures on
water resources are accompanied from the one harlkebincreasing degradation and the severe impadheir
quality [3].They reduce the potential of water nes@s of good quality [4]. These renewable wateoueces will
decrease by 20% by 2050, and water availabilityigeabitant will decrease to the half [1].

Industrial activity causes more and more importdagradation to the quality of ecosystems. This aldafion is
caused by a massive and uncontrolled pollutiohgeiby natural organic matters or by industrialtegtic products.
This pollution affects the ecosystem compartmemiatér, sediment, etc.). Indeed, the continuousaseleof
chemicals in aquatic ecosystems can cause changée istructure and functioning of the biotic conmityy in
other words on the biotic integrity [5]. Dependiog their bioavailability, pollutants which are imet effluent cause
many adverse effects on the biodiversity of aguatidironments [6].

54



A. Brahimi et al J. Chem. Pharm. Res., 2014, 6(7):54-62

The impact of industrial discharges into the aguativironment is mostly local in nature and depemdthe flow of
the water, instead of discharging to sensitive @aréhe local industry is a big consumer of natueaburces and is
one of the main sources of environmental pollutiinputs pressure on water resources (taken magsarel
directly from the groundwater and rivers), on tld or on the quarry materials [7]. Food industireduce
significant discharges of organic matters thatcansing the proliferation of bacteria and othemaoigms, resulting
in a decrease and in loss of aquatic oxygen antlespextinction that needs significant oxygen.

In Morocco, pollution of water resources by indisdteffluents is increasingly important. The totalume of waste
water discharged by the Moroccan industries waisnastd in 1993 at about 965 million®niThese releases are
usually organic and toxic. Three types of industpese serious problems for producers of drinkiagew namely:
oil mills, sugar mills and tanneries. Their impantwater resources in Morocco was strongly feleicent years and
the production of drinking water from water pointtecated downstream discharges of these indudtassbeen
seriously compromised [8]. The main industries #ratcausing degradation of water resources fopithéuction of
drinking water are among other “sugar refineri¢ls&ir wastewaters are rejected at a temperatuveckat40 and 57
° C. They are heavily loaded with organic matta@ise rejected stream pollution varies from 0.2 @ & DBQ; /t
of treated cane and 0.57 a 2.07 kg RBOof treated cane. Both Basins of Sebou and OufRla are most
affected by this pollution in Morocco [8]. With amea of 54.500 km 2 watershed, Moulouya is comsiti@s the
largest watershed in Morocco and also as the lamyms Saharan river of North Africa. Its climate ssmiarid
Mediterranean kind with a marked irregularity ofnfall. Basin Moulouya experiences a situation tfistural
water deficit. The development of urban and indalktctivities, generating wastewater and solidtejaas well as
the intensive use of fertilizers and pesticideagniculture , have inevitably led to a deterioratif the quality of
water resources[9].

The North-Eastern Morocco is mainly the lower badioulouya and extends over a set of small Mediteraza
basins adjacent to it: Oued Kert west and Ouedtkisgast to the Algerian-Moroccan borders. Therditrgam part
of this river receives some tributaries of the twanks; the main one is Oued Cherraé that drainsntiesive Bni
Snassen, followed by Oued Sebra which drains thm @@ebra [10]. The Oriental sugar Refinery is tedain the
municipality of Zaio which is under Nador provin@hout thirty kilometers south-west of this citygifire 1). It is
part of the agricultural development of the irrigatof the Lower Moulouya, and was located on ttigeeof the
irrigated area in circle of Zaio to reduce distantzethe transport of the used materials.

According to the latest census of 2004, the towgbytation of Zaio is currently 29 851 inhabitants 6067
households. Population growth of this center i®d bketween 1994 and 2004. The drinking water is lseghfrom
surface water of Moulouya sent from Machrad Hamntdh, through the irrigation canal Sebra[l1].Zaity C
knows a multiple daily aggressions caused by imagiollution. Industrial and domestic wastewatedischarged
directly into receiving aquatic areas (case of O8ebra) in a precarious way and without any prieatment. In a
few kilometers Oued Sebra is joined to Oued Moudouy

To contribute to the assessment of water qualityoar environment and to consider reliable andaduable

solutions, we have chosen to study the site ofawer part of the Oued Moulouya and its tributanye@ Sebra; this
is due to several reasons: At the downstream oésteary, it borders several human settlementsrahastrial unit

"Sugar Refinery Oriental." This plant's main adtivis the beet processing and treatment. Sugavitgcperiod

typically takes 90 days, from May to August. Desgtie short duration of its activity, this unit kiées about 240
000 ton of beets per year, producing about 73000p&r year, with a rate of production of (25% pugp of

discharges and 40% of water, 30% of the finishemtipct and by-product for 100 tons of beets) [12je Btudied
area receives domestic and industrial discharges.riBk of the contamination of surface water amsigdwater
that feeds the entire region is potentially drimkiwater. Thus, there is a need to assess the ptiysnical

characteristics of the Oued Moulouya and its tabyOued Sebra waters.

Moulouya river has attracted the interest of magearches, as the study of the quality of thesers/§t3-16] also
study the longitudinal distribution of macro invelstates [17- 18].

EXPERIMENTAL SECTION

1. Study area and sampling stations

The basin of the Moulouya is about 450 km lengtékel these sources to about 1800 m in the junctiea of the
High Atlas and the Middle Atlas, the general dil@ctis South-West North-East[17].0ued Sebra ispiary
tributary of the left bank of Oued Moulouya ,lmetdownstream Machrad Hammadi dam. Its generattaireis
West East and joined the Moulouya to Oulad ben Quatbsa, downstream from the town of Zaio (Figlyelt is
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part of glaze sector Moulouyeens [19], limited e North -west by the small chain Kebdana, at t& end by
Keker chain, and in both South and South-West bycttain of Bni Snassen.

Given the overall objective of this study, we seddcsix stations including five on the lower reacioé the Oued
Moulouya, and its tributary Oued Sebra (FigureThHese were chosen based on their accessibilitypemdmity to
potential sources of pollution.
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Figurel: Localization map of the study area and loation of sampling stations area

» Stationl: Chosen as reference station (control), locatedyafnom human disturbances, downstream the dam of
Machrad Hammadi, and upstream of the confluenc@usfd Moulouya and Oued Sebra. It is located abbuknb
from the mouth of the Moulouya River. The widthtbé river is about 5 to 7m, and its maximum deptbastimated

to 160cm.

« Station 2 is located downstream of Oued Sebra, it wasamds estimate the impact of inflows Release of the
industrial area which is located in the south &f thwn of Zaio on Oued Sebra, its distance fromiridestrial unit

is 10 km, and from S1 about 2 km. the river is véayk, troubling, and with a bad smell. Reddishireedt of the
organic matter and proliferation of filamentouseagn the left bank of the river was observed.

» Station 3 is located near the confluence of Wadi Sebra Witled Moulouya. This station is 1.5 km far from the
two stations 1 and 2. It is chosen to evaluatértipact of inflows of Oued Sebra on Oued Moulouyathis station

we notice the mixture of clear waters of Oued Moykpand those very dark of Oued Sebra.

* Station 4 is located near the bridge Hassan I, at "Macl8a&Saf’, 5 km from S3. It is located in an area f
agricultural vocation, with very dense riparian &ggion consisting mainly of Tamarix and Laurel,endas the
bottom is made of the clayey sand. The watercasrgery wide.

« Station 5 located in the downstream of the meeting of tlwedCharaa with Oued Moulouya at a distance of 13
Km from S4. It is chosen to estimate the impactiistharges from Berkane city, drained by Wadi Chafiehe
width of the watercourses is from 5 to 6m, the watge agitated and the flow is important. Therigravegetation

is made of Tamarix.

« Station 6 is located at the bridge of the Mediterranean rivad, 3km from the mouth of the Moulouya Rivér. |
was chosen to assess the global burden of polldt@imed by Oued Moulouya to the marine area.

EXPERIMENTAL SECTION
The field sampling was carried out during a dryigeei(July) and during floods (December) during gasuactivity
period year (2011). The main objective of this gtisl to assess the potential contamination of weai@mined

during industrial activity.

Twelve parameters were measured; each period én takpolyethylene bottles water volume for phystamical
analysis. Transport to the laboratory, flasks samyas taken in a cooler at low temperature (4 ACeach station,
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three samples were taken in order to determineatleage results for each parameter. At the same tim
collection of water samples, some physic-chemicatew measurements have been performed in situ:r wate
temperature, electrical conductivity (CE), pH, dised oxygen (©). The remaining assessments were made by
volumetric dosing, colorimetric or spectroscopicsas, according to the proposed analytical metharold
techniques cited by Rowdier [20] and accordinghtodtandards of Afnor [21].

2.Statistical analysis

To better assess the impact of wastewater on wagdity of the Moulouya river and its tributary Qlu&ebra, and
in order to visualize and analyze existing betw#en different variables through their structuringdaguidance
correlations and to identify the main factors resgpble for the water quality of the surveyed enviment, we
statistically treated all data by Principal Compang&nalysis (PCA). This theory has been widely &apto various
fields. PCA had been applied to physicochemicatattaristics of inland waters by several autho& 3; 24]. It

transforms complex variables into some principanponents by using dimensionality reduction techejqof

which principal components are orthogonal and cefheain information of original variables [25].

The principal component analysis is a method basethe study of correlations between samples angigables

[26; 27].Multivariate statistical treatment is wigeised to characterize and evaluate the qualisuoface water and
freshwater, it is useful to testify spatiotemporafiations caused by seasonal natural and humaor$a[@8-34]. It

is a widely used methodology for interpreting hydremical data [35-42]. Principal component analysia kind

of statistical analysis method that converts odgimultiple variables into minor few comprehensindicators

[43].This method has also found associations betweeiables, thus reducing the dimensions of thietdata. This
is accomplished by the diagonalization of the datien matrix of data that transform a large numdsievariables to

a smaller number of underlying factors (principatnponents (PCs) without losing much information; [4%; 46].

PCA was performed on a data matrix consisting sduiples (6 stations x 1 wet season) and 6 sanfpkations x
1 dry season). These results of this analysistawen in Table 1, 2, 3, 4 and Figure 2 and 3.

RESULTS AND DISCUSSION

2.1. Description of data matrix:

This analysis was performed on a data table ofslividuals (stations) and twelve variables: wae&mperature (T °
water), pH, Turbidity (Tub), conductivity (CE), Swended Solids(MES ), ammonia nitrogen (NB, kjeldahl

Nitrogen (NTK), orthophosphates (FQ, Total Phosphorus (PT), chemical oxygen deman@Q) biological

oxygen demand (DB$), dissolved oxygen (£.

Table 1: Dates and codes of samples taken.

Sampling Dates July 2011 December 2011

Station 1 J1 D1
Station 2 J2 D2
Station 3 J3 D3
Station 4 J4 D4
Station 5 J5 D5
Station 6 J6 D6

Table 2: Matrix data grouping estimated 12 physicoeemical variables studied in 12 Samples

Record number T° pH CE Tub NH4+ NTK PO4 PT 02 DBO5 DCO MES

Jl 28 75 1964 20 001 0.12 0.01 0.05 9.2 0.8 14 135
J2 35 65 8315225 565 304 565 175 00 3650 6182 1350
J3 31 95 3300 84 395 1256218 1053 1.2 280 658 548
Ja 29 82 280057 015 153 0.18 165 15 35 76 165
J5 275795 3275 76 435 6.12 196 095 1.76 56 127 273
J6 285 8 5320 36 0.13 186 0.15 043 1.78 42 90 145
D1 14 7 1290 45 001 0.1 0.01 0.02 95 2 12 35
D2 13 8 3450 36 0.05 0.28 345 136 6.5 70 156 95
D3 135 75 2075 55 006 031 12 89 85 41 86 165
D4 13 7.4 2420 24 0.029 042 0.09 1.02 8.64 15 33 243
D5 125 7.8 2950 46 254 354 166 0.7 6.45 45 110 277
D6 135 79 3270 28 183 256 01 05 87525 68 125

The codes of the six Stations during two periodstoflies (July and December 2011) are illustrateBable 1. For
the twelve physicochemical parameters evaluatddhal results are illustrated in Table 2. The saaide also
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contains the matrix data statistically processethByPCA. It is a matrix of data consisting of aldie entry table"1
variable time 12 samples."

The codes of twelve physicochemical parameterst@dumbers of samples taken during one year us&CA
are reported in Table 2.

2.2. Choice of Eigen values (selectable number afctors):

The Eigen value analysis is used to choose the aupfifactors, and therefore the number of axiseg@onsidered
in the analysis in order to minimize the loss dbrmation.

Table 3 shows the variances of the different factor

Table 3. Eigen values (contributions and percenta

1F F2
Eigen values 8.31 1.70
Variance (%) 69.28 14.19
Cumulative (%) 69.28 83.47

The analysis of results shows that the majoritinfifrmation is explained by the first two factorates (Tables 3, 4
and Figures 2, 3). The contributions of differeatgmeters in the expression of the first two faataxes F1 and
F2 are respectively 69.28% and 14.19 % or a tdt&8B8o47 % of the information explained. The maximafrthe
total inertia is accumulated by the plan formed thne factorial axis F1 x F2.Thus, the significanck o
physicochemical factor axis F1 and F2 is necessary.

Eigenvalues of correlation matrix

Active variables only
10

69,28%

Eigenvalue

49%
4.19%
2,26% 40% 8794 19% ,10% ,02% ,01%

Eigenvalue number

Figure 2: Eigen values of correlation matrix

3.3. Analysis of the distribution physic-chemical prameters in the plan F1xF2

The matrix shows a high correlation between T° @gg Turb, NH*, NTK, DBOs, DCO, MES. With the exception
of the dissolved oxygen, all other parameters s vorrelated. But the pH is negatively correlateth all other
elements and positively with NH (Table 4). This is well illustrated by projectittte variables on the factorial plan
F1xF2 (Figure 3).
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Table 4: correlation matrix of physic-chemical paraneters

Matrix correlations of variables
variable | T°C | pH | CE [ Turb [NH4+ [NTK | PO4 | PT | 02 |DBOS5 | DCO | MES
T°C 1,000
pH 0,159 | 1,000
CE 0,574  -0,239 ' 1,000
Turb 0,583 | -0,328 0,803 1,000
NH4+ 0,508 | 0,049 0,619 0,778 1,000
NTK 0,616 -0,208 0,833 0,965  0,8461,000
PO4 0,322 -0,176/ 0,722 0,825 0,698 0,8081,000
PT 0,246 -0,054| 0582 0,700 0,435 0,675 0,8311,000
02 -0,805 | -0,304 -0,692 -0,637 -0,6270,641 -0,511 | -0,379 1,000
DBO5 0,502  -0,495 0,850 0,950 0,655 0,936 0,791 0,68m48% 1,000
DCO 0,511 -0,473| 0,851 0,954 0667 0944 0,797 0,69049. 1,000 1,000
MES 0,545 -0,253| 0,831 0,961 0,800 0,984 0,811 0,69%61< 0,943 0,950 1,000

Projection of the variables on the factor-plane ( 1 x 2)

10}

0,5

Factor 2 : 14,19%
o
o

o
o1

-10 ¢

-1,0 -0,5 0,0 0,5 10 & Active
Factor 1 : 69,28%

Figure 3: Projection of physic-chemical parametersn the factorial F1xF2

The correlation circle formed by the axis F1 and(F®. 3) shows 83.47% of the total informationdiczated the
existence of two kinds of water according to axis@9.28%. From the one hand, in the positive pathe Flaxis,
the well-oxygenated water and less charged sligimiyeralized organic material, and on the otherdhan its
negative side characterized in turbid and stromgigeralized waters presenting a very high conditgtiVoaded
into ammonia nitrogen and relatively high tempemsy associated with variables such as REBCO and PG,
PT which are indicators of domestic pollution. Thigs F1 defines a gradient of the mineralizaticonf right to
left. The Position of dissolved oxygen on the pesipart of the component F1 could be justifiectiy fact that the
waters of Moulouya are more oxygenated in the epstr part (D1 and J1), away from the impact of urbad
industrial effluents, and in the downstream parirdythe wet season located in the downstream efdiecharge
points (D2, D3, D4, D5, D6) (Figure 4). This is &greement with previous studies, suggesting thiat water
contains a large amount of dissolved oxygen thammwaater [47].
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The axis F 2 (14.19%) is associated with varialslesh as suspended solids (MES) and turbidity. These
parameters evolve at the same time. This axis elefollution by natural organically and mineraltjgdes carried
by the river during the flood period. The transpoytrunoff, of soil particles towards rivers causesincrease in
suspended solids and turbidity. An increase in aoded solids is usually accompanied by an increaserbidity
[47].

Parameters: DB DCO, PQ* and PT are negatively correlated with F2. Theeefthis pole includes the majority
of parameters that determine the degree of orgasilation. This axis defines a gradient of orgapatlution from
the pole positive to the negative pole.

Projection of the cases on the factor-plane ( 1 x 2)

Cases with sum of cosine square >= 0,00

2 |
J4
J6o
X © 1
o 1t
-
q?
-
N
o)
©
©
L

-8 -6 -4 -2 0 2

o Active
Factor 1: 69,28%

Figure 4: representation of stations of the map faor F1 x F2
PCA is a technique which, quite literally, takedifferent viewpoint of multivariate data [43].

The analysis of the projection of individuals oe flactorial plan F1-F2 allowed us to define a tyggyl dominated
by the individualization of four groups of statioi{Bigure 4), we observed that the inclusion ofenéh and organic
variables is basically translated into the follogvisbservations:

Indeed, the spatial profiles of the DCO and BBEi@e opposite to that of the dissolved oxygen. Vdlaes recorded
in the study area show a large load of organic enafi2 station on the river Sebra submitted pecailyi to
industrial releases of sugar refinery of the Oaéand permanently to urban waste of the Zaio tiitg,situation is
very critical. At that level we notice deoxygenagtim the middle and lower dissolved oxygen values also
recorded respectively at stations (J3, J4, J5dd@nstream of the Oued Moulouya (1.2, 1.5, 1.788 ng Q.I") at
the time of low water, where excessive amountggénic matter leads to a significant decreasessalved oxygen
as a result of its use in the phenomenon of biadtion. In the wet period, we are witnessing axygenation of
the medium part by increasing values of recordestalved oxygen. This re-oxygenation could be du¢h®
assimilative phenomenon and brewing water. Theutiool of nitrogen and phosphate forms reflectsahemical
imbalance due to large domestic and organic poliutindeed, the evolution of ammonium, Kjeldahtogen and
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orthophosphate in the different stations showdively high spatial variations, especially at sias J2, J3 and J5,
influenced by industrial and urban waste respelgti¢aio and Berkane cities.

The analysis of the projection of individuals o ttactorial plan F1-F2 has enabled us to definéstuiloution of
stations according to sampling month dominatedhleyindividualization of four groups of stations G|, GlIl and
GIV (Figure 4).

v'The GlI: includes the station upstream of the study arehdownstream of the Machrad Hammadi dam, during
summer and wet periods J1 and D1, and all statiomsistream of the Oued Moulouya during the wetque(D2,
D3, D4, D5, D6), positively correlated with the Edmponent, characterized by the absence of sudaistirial
activity and denoting well-oxygenated surface watard excellent qualities [49].

v'The GIl: is represented by the stations downstream of Mio&ilouya during summer periods J4 and J6
characterized by average water quality, followingit remote distances of the points of discharge.

v'The GllII : is represented by the J5 and J3 stations lociiamstream of the study area, we note a very alkali
pH at these stations, characterized by large indlisind domestic pollution especially during thg deason, when
the stations are more loaded with organic pollgtéading to low concentrations dissolved oxygen.

v'The GIV: is represented by the J2 station loaded with ecgaamd mineral pollutants. It determines water efyv
low quality [49]. This resort is influenced by imstrial discharges during the sugar activity peridthis unit
discharges the waste without any treatment inebeiving environment (Oued Sebra), and resulthértraining of
pollutants that affect the quality of water res@sr the lower Moulouya.

CONCLUSION

e Our study provided a good example of a high palutinfluenced by industrial discharges heavily fadath
minerals and organic pollutants.

» Except pH, all the other parameters physicochenfiaak participated in the typology of Sebra and Moya
rivers.

» All of the results proved that area waters are shgvsigns of deterioration Moulouya, since the mgjoof
values recorded revealed that they exceed the Marostandards.

» This has a major risk deriving their degradationtli$ vital aquatic environment, the ecologicaldnale and
socio-economic development of the whole area ofdfas

» The results obtained in this study indicate annailag situation of Oued Moulouya and its tributagbf's water
quality; which could have adverse effects on thendaand flora of Wadi, on the soils irrigated bgde waters and
also the health of the surrounding populations.
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