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agricultural vacationDuring two seasons (winteend summer), the sampling sfirface
waters of nine stations along wadi Bounamoussa is analypedrder to evaluate
preliminarily the pollution of surface water, the study methodology carried out in ord
Keywords check the purrent statg of Wate_r chemistry, its evolution over time and ir_1 snmmad_thg
V the Algerian on the variation ophysicochemical parameter$ water. The results of by3|c.ochem|cal
Northeast analyses oi/vat_ers samplesf our study area s_hows that are very poor in squ_bIe
V the surfac’e waters modera_tely mineralized and ac_centuated with a _neutral appearance require
: : ' precautions such as leaching, which can reduce the yield of sensitiveagrhotuse slow
V physicochemical, salinization ofsoil hence the need for this research. Wethetsame order of abundanc
v PC_:A’ : decreasing for both seasons as folloWa* > Ca*?> Mg*? > K* andClI- > SO > NO3 >
V Irrigation. NO> with absence of carbonates and bicarbonates. The use of graphical water di
made it possible to define theminant ions responsible feahemical facies of waters an
the geological formations at the origin of these facidse results oftatistich analyss
lilia_zaoui@yahoo.fr confirm those obtained ilaboratory and reveal, firstly a variability between ifpexiod
stations (intessite), and secondly, aotential variability betweetwo periods (intesperiod
variability). The physicochemical characteristics of tlisisrface water show that it i
appropriate to irrigation and agriculture.

1. Introduction:

Worldwide water quality has deteriorated in recent years due to uncontrolled industrial discharges, the intensiv
use of chemical fertilizers iagriculture and the disorganized exploitation of water resources. Thesegeoduc
chemical modification ofvate and make it unsuitable folesired usefl].

Among these cases, was the site Rdunamoussalain located inEl Tarf City (NE Algerian), whichis a
predominantly rural areand has an agricultural vacatiafith low industrialization (flour mills, industrial milk
production and tomato concentrate cannimg)ere water resources heavily used for agricultural activities. The
burden of these discharges is growing with the secamomic development of study af¢h The chemistry of
water resources (surface watat wadi Bounamoussa level, surface waserddeep aquifer) often influenced by
the effect of the dissolution of geological formations, domestic, industrial and agricultural adtngtyise of
fertilizers in intensive agriculture, the unsewered sanitation in densely populated areas irrigatibby&kavage
effluents are considered the main polluting factévadi Bounamoussis the principal source of irrigation and
drinking water for the majority of the populatif#:5].

Several studies in Harf region reported various degradations levelsuoface and ground waters as one of the
major concerns among the public and governmental decision ni@kebait these studies did not include an
evolution d inorganic pollution ourface waters especially Bounamoussa river.
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The main objectives of this study wereetealuatesurface watexr qualityof wadi Bounamoussin El Tarf city,

Algeria by using the Physiechemical analysis and to discuss the major ions chemistry of in this case the methods
proposed by correlation and PGd their allocation under both intense urban development and agricultural
activities in two periods aeason (winter and summer). Suitability of water for irrigation can assessed not only
from the total concentration of Isabut also from the type of salt and ions constituting it. It is then essential to
study the parameters defining the characteristics of waters intended to irr[d&tion

2. Materials and Methods
The derelopment of agriculture and fertility ails plain have created dense human settlements isttioked
area particularly irNorth. Research has indicated that agricultural practices may cause nitrate, chlorides anc

sulfates contamination to be high to exceed the maximcceptable level favater[5].

The experimental study carried out on surface water. The work done was the broadest possible physicochemi
characterization of the waters. The objective was to arrive at a thorough knowledge of the environment fo
allowing a good understanding and Evant analysis of the results.

To achieve this objective, two (02) campaigns of sampling and analysis periods wedkaatrrthe first related

to month of April 2016 (end of wet season, beginningriofjation seaon) and the other concernewbrth of
September 2016 (end dfy season, after the release @faffia dam). Nine (09) stations spread across the
Bounamoussa plain have been chemicatiglyzedn the laboratory.

2.1.Presentation of study area:
The area of El Tarf is along the littoral and facttjpd the most sprinkled areas the Algerian Northéast 1).
The climate of El Tarf isvet Mediterranean type, characterized by two six months seasons edéh. diee
studyregionsubjected to a Mediterranean climate characterized by two different seasons: one wet, marked b
high rainfall and low temperatures from October to May, and other dry and warm with high temperatures reachin
their maximum in August with low rainfall. Praling southerlywinds blow off the sea during the winter; and in
summer, the hot Sirocco blows in a seastluthwesterly directiongarrying with it a drying effect that is strongly
felt during a one month period of tini#].
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Figure 1: Map of the location of the study arg3.

The geology of the study eat is part of the geology &lgerian northeastern Tell which extends from the
Constantine region on the Algertdinisian border. Thus, it is distinguisheglthe Secondary (Marls ardarl
calcareous), the Tertiary (Formations, sandstone and clay) and at the end of the Quaternary (alluvial deposits)
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The study area is located in two catchment areas, namely the Seybadi and the East Kebir wdd].

It is characterized by differenegmophological unitswhose more widespread Quaternary formations occupy
the lower part (Northwest and Nbeast) otudy areaThese several forms are as follows:

The Marshes of the Mekhrada which constitute a particular environment where duringténedke and during

the summer of the pastures, the Grabbens which are represented by different plains, the Horests which &
represented by the sandstones and clays of the numidien, the Massif Dunaire and the Massifs Rocky, Terraces
different lakesmountains, hills, wadis such as El Kebir East, Bounamoussa and Seybouse and finally the plain:
are those of Annaba, El Tarf, Bouteldja, El Asfour and Oum TdRo0aR].

The presence of numidian sandstones forms the whole of the m@ssjfshe basinshow outcrops of soft rocks

from tellian or maritime and massylienne ufzs4].
A plan adopted to achieve this objective; it consists in the beginning of carrying out a sampling grid with a

complete analysis of the physicochemical parameters of waters.

Nine (09) sites or stations were selected across the study area from upstream to downstream of Bounamou:s
wadi; according to their good accessibility even in winter, their locations in the plain, their types of use
(agricultural land, residential or figddetc ...), and the nature @ollution that affects them and especially
depending on the presence superficial veater

The surface waters were sampled in nine (09) stations spread out in the space between Ben M'Hidi and the Che
dam: Six at the level @igricdtural lands crossed or neaad Bounamoussa, two stations at the bridges crossing
the wadi (Ben M'Hidi Bridge and Zerizer Bridge) and the last distance from the Cheffia dam.

2.2.Sampling and analysis protocol

2.2.1. Sampling
The samples taken from the rungiwater that is to say, the most aanalcenter, about 10cm belosurface,
usingseal and the rope accordingptaces. Until overflow in 1.5 L polyethylene bottles (at least for each sampling
statior) rinsed before filling withwater to beanalyzedandcorked.
Upon return to the laboratory, samples were immediately stored in aerafdgat a temperature below @
protected from light. Due to lack of time the field, filtering done idaboratory the day after the sampling
campaign. The sampl es f il t e rlimicatetsomueh appossidetioids, whice f 0
increase the apparent solubility of certain ions.

2.2.2. Choice of Physicochemical parameters
The studyconcernedanalysis of physicochemical parameters, nanah;: EC, SM, DR, DE, Ca Mg*, COs?,

HCOs, ClI, SO2NO2, NOs, NHs K™, Na' [9] of waters amples taken at 09 study sisdongwadi Bounamoussa
in orderto establish a diagnosis sfate ¢ surface water pollution in owtudy areaDry Residue (DIR Dry
Extract (DE)par evaporation andetermined by weightfinally suspended matt¢6EM) by filtration, pH were
evaluated by pHMeter and electrical conductivity (EC, TDS) were measured in ¢fhe dising a Conductivity
Meter. These analyses performediaboratory leel by colorimetric methodConcentrations of Gaand Mg*
were estimated titrimetric ally using 0.02 N EDTA ammhcentrations of HC®and Cl by H,SO, and AgNQ
titration (0.02 N), respectively. Concentrations of ad K were measuredsing a Flame photometer

2.2.3. Statistical data analysis
The Principal Components Analysis (PCA) results are a descriptive statistical method whose purpose graphical
represented the maximum amount of information contained in a datdt@pl€his statistical method makes it
possible to transform the initiguantitative variables, all more or less correlated with each other, into new
guantitative, uncorrelated variables called main components. The PCA made usBigtibtical software
(version 6). PCA conducted from the correlation matrix. The eigenvatugghismake it possible to access the
factorial axes presenting a maximum of inertia. The use of PCA for the study of water chemistry makes it possibl
to differentiate groups with similar chemical characteristics, their variations (factor) along thexesibua
especially the modes of acquisition of the mineraliz&di.
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3. Results and Discussion
The results of the physicochesal analyses showed that alirface waters of our studyarea were free of

carbonates (C§) and bicarbonates (HGQ The statistical results afther physicochemical parameters of 09
sites for dry anavet period were show in TableThe statistical study apatial distribution of chemical elements
presented the minimum, averagelanaximum values, as wellandard dewtion(SD), (Tables 1).

Seasonal variation in the concentration of chemical elerieergkated to the effect of e g i clinmatic sonditions
(precipitation, evaporation), and to the exploitation of resources by pumping and irrigditisurface waters of
our study area arénigh valuesduring the dry period

Table 1: Descriptive statistics for water chemistry

Wet season Dry season
Variables | Minimum | Maximum | Average| SD | Minimum | Maximum | Average| SD Algeria
Standards
pH 7.20 7.80 7.548 | 0.177 7.72 8.39 7.924 | 0.190 6-85
EC (uS/cm) 212 631 347.333 | 128540 245 523 314.444 | 87.414 /
DR (mg/l) 0.13 0.33 0.230 | 0.065 0.07 0.40 0.230 | 0.109 1500
SM (mg/l) 0.027 0.110 0.059 | 0.032 0.001 0.020 0.010 | 0.005 25
DE (mg/l) 0.051 0.104 0.066 | 0.019 0.010 0.017 0.013 | 0.003 50
Ca** (mg/l) 13.067 27733 | 19.644 | 5.166 | 13867 33333 | 24.741 | 5549 200
Mg*? (mg/1) 11.858 21384 | 14.785 | 3.374 | 14.483 25855 | 19.818 | 3.459 50

TH (mg/1) 24.925 47517 | 34.430 | 7.927 31071 53843 | 44559 | 7.692| 1504a200

Na* (mg/l) 2749 107.80 51.407 | 22417 | 2750 93.32 40.50 |21.394 200

K* (mg/l) 2.42 6.98 3712 | 1381 | 2350 1027 | 4.192 | 2.447 12
NHs* (mg/l) | 0.005 0041 | 0.020 | 0015 | 0.007 0060 | 0.029 | 0.019 05
Cl(mg/l) | 24815 | 332048 |139.043 | 89604 | 11817 | 177250 | 73.526 |55.039 250
SOs (mg/l) | 39529 | 87569 | 57.373 | 14149 | 47.255 | 68235 | 54.314 | 7.030 250
NOs (mg/l) | 3708 | 18958 | 11.148 | 4.758 5 4375 | 15.694 | 11624 50
NOz (mg/l) | 0.033 0153 | 0.071 | 0048 | 0023 0349 | 0.080 | 0.103 01

pH appears to be controlled by theecipitation and the solution of various minerals .The laboratory analytical
results (Table 1) indicated thp values ranged between 7.20 t07.80 and 7.8B23® respectively for wet and

dry season in all water samples, with a mean value of #5387/ and 7.924t 0.19 according to Algeria
standards of irrigation, most of water samples have a good quality for irrigation, where optimal limits of 6 and
maximum permissible limit of 8.8, 17].

Conductivity reflects the mineralization of water, therefore, the high values of electrical conductivity is high
values of the concentration of dissolved salts. This parameter is directly related to salinity the mean is recorded
the order of347.333t 128.540uS/cmand 314.444 87.414uS/cm also theange from a minimum dt12 and
245uS/cmand a maximum 0831 and 5231S/cmrespectively for both seasons (tableHigher values of these
parameters characterize wells located in the agricultural atgal suggest a large contribution of saline return
flow waters and the dissolution of evaporate sedimédbis

Water samplesare very poor in soluble salts and presents no immediate risk for its use in irrigation; the means
values of salt are respectiydbr both season 0.2300.065 and 0.230 = 0.109 for dry residue, 0.059 + 0.032 and
0.010 £ 0.005 for suspended matter, 0.066 +£0.019 and 0.013+ 0.003 for dry extract.

Ca' 2 and Md 2 content means of water samples 28e644 mg/l, 14.785 mgAnd 24.741mg/l, 19.818 mg/I
respectively for both seasons (Table 2)f €and Mg ? were dominant in surface water. N@ntent of water
samples ranged fro8v.49 to 107.8@ng/land27.50 to 93.32ng/I respectively. The concentrations of €Mg*,

K*and Ndin water samples were suitable for irrigati@a].

The surface waters characterized by the evolutigdhetontents ofations and anions which present the same
orderof decreasing abundance for both seasons as fola/s: Ca 2> Mg* 2> K* for cations and Ck SO;%>

NOs> NO; for anionsconferring towater asodium chloride facieCdcium, sodium and chloridare major
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constituent®f natural water in this are@hloride source is tha@issolution of evaporate rocksor mi ng t he
area sil, and the main anthropogersources are urban, and agricultural wastewéaier
The chloride value is found in the range2df815 t0332.048mg/| for wet season arfdl.817 tol77.250 mg/l for

dry seasonvith a mean value af39.043- 89.604 mg/land 73.526 £5.039mg/l respectively for both seasons.
(Table 1). Results shows tredt most of sampleare of good quality for irgation accordingo Algeria standards

for irrigation (optimal limits of 250 mg/ljnd Rodier (2009)

Certains paramete like nitrates, nitrite and suspended matter inform us abmganic pollution of water.
Contamination by these elements mainly related to soil leaching and anthropogenic activities (waste release:
Na" ions exchangeable can replace alkaline earth ior’s é0d Md") clays, thus causing clogging of soil pores

and thus waterproofinfl1]. Calcium and magnesium can be tolerated, even in relatively great amounts in
irrigation waters. High valued these parameters indicate sodium is not in excedarnnwates and thathazard

of defoliating sensitive crops by a sprinkling system is very{#jwDuring high water markow chloride content
explained by dilution by rainwater’ s. Since chlor
where tle sources of this element were essentially constituted by wastewater discharge, notably urljah waste
In spite of efforts made to raise awareness to nitrate surface water pollution, nitrate fertilizer use has not decrease
but has increased due to suoé tilling practices linked to increased crop production and progressive agricultural
developmeni3].

The hardness of water is reduced to its concentration of calcium and magnesiumtienaiaters studied (Table

1), this parameter shows a large vio, it increases in dry period and decreases in rainy period, This variation
would be related to the lithological nature of the aquifer formation and in particular to its composition in
magnesium and calciufd2].

The measured values of nitrafgsspectivelyl1.148 mg/l and.5.694mg/l) and nitrites(0.071 mg/l and 0.080

mg/I respectively) for both seasatfisough wadi Bounamoussa were I¢lablel). The concentrations found in
analysedvater do not exceed the standard accepted by the WHO [@ED8jg/l forNOs and0.1mg/l for NO)
furthermore the natural limit is greatly exceedigd

Slim etal., [12] found that a trace amount of nitrate in surface water related to either algal growth in these sites
or the joint phenomenon denitrification, which transforms nitrat®s" into nitrogen N thanks to the presence

of organic matter.

The increase in winter levelinked to the increase gbil-leaching phenomenon and their decrease in summer
contents could explained by the decrease in diffuse poll{itigfr These seasonal changes are aest with

those recorded irivers[14].
AccordingMEDJANI [3] results shown that the degree of ptitin varies by zone, as well as by month to month

with contents often excdang recommendations made World Health Organization (WHO). The protection of
water quality and the reduction afsk contamination are of great importance in the region to a reliable and
sustainable development. The evaluation of physicahids parameters measuredsuarface waters of adi
Bounamoussa shows a degraded water quilifyand[15] reached this carusion, ndicating the alteration of
waters of our study area whose has a very high organic pollution class.

3.1. The mineralization
The concentration of Total Dissolved Solids, salinity or total dissolved[lidddThis parameter represents the
total concetration of substances dissolved in water. TDS is composed of inorganic salts and some organic matte
These elements can come from a number of natural sources as well as from human adli8itekulated by
summing the main ionispeciesa', Ca 2 Mg*?, K*, CI, SQ2, NOs, NO; and NH"), [5, 16].
It is more important from south to north of our stadea. Figure 2A and 2B foations and Figure 3A and 3B
for anionsillustrate the variations aflissolved salts (TB, or total concentration afissolved salts) for both
seasons. The rate of TDSdarface waters of our study argenerally increases duridgy season andedreases

at the beginning olvinter seasoifil6, 18].
The salinity varies in notables proportions in the zone of sidthygether, it is rather high on borders of the North

of the wadi Bounamoussa and it decreases in the Sohéspatial evolution oéverage concentrations of
dissolved salts afurface waters follows an increasing gradient upstreamstogam ofvadi Bounamoussait is
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importantin site S9 or it noted thabbrcentrations of sodium, chloridmnd sulphates were also imporgnhus
The highchloride concentrations can cause toxicity to sensitive crops at high concen{i2itjol¢hile nitrites,

nitrates ad potassium have no determining role in the mineralization of waters.
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Figure 2(A and B): Concentrations of cations and anions of samples waters (wet season)
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Figure 3(A and B): Concentrations of cations and anions of samples waters (dry season)

3.2.Principal Component Analysis (PCA)
In order to tudy the chemistry governing surface waters of area sandygorrelations between elemerasd
different variables, we opted for the main component analysis méthedPrincipal Component Analysis (PCA)
which is a methodcomplementary to classical approaches of hgdrochemical research provides quick
visualization and shows correlation among different water quality varigtdle®5]. The aim of the analysis is to
obtain a small number of linear combinations that accfmunmhost of the variability of data.
The values in bold show tlwerrelation coefficients aftrongly correlated variables between them (negatively or
positively). This remark is valid for all correlation matrices.
fifteen variables pH, EC, MES, DR, DECa’, Mg*, TH, CI', SOr2,NO;, NOs, NH4,K*, Na" and nine individuals
from S1to S 9 used by PCA treatment. The PCA results on a data matrix; whickirngos$isine stations during
wet campaign (high water mg and nine stations durirdry campaign (low water levels).
Table 2 given correlation matrix of chemical elements during wet seBisemNH" / NO., NHs* / NOs and NH*
/ SOs2couples appear to be without a direoklbetween them and with &llements duringvinter. Ther degree
of correlation withother ions is not significant.
A strong correlatin is observed between the 342 and THMg*? pairs with correlation cosffients equal to
0.954, 0.88%espectively. The KNa" pair has an excellent correlation coefficient d22. The relationships
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between the different cations indicate the existence of ion exchange reactions Beilsstution andadsorbent
complex[15, 16]. The strong correlation of chlorides and the electrical conductivity of water is excellerg, henc
agreat influence of chloriden the salinity of water, the correlation coefficient between CE5 @B35, pH / Cl
=-0.896 The high chloride concentrations can cause toxicity to sensitive crops at high concer{@afions

Forwet seasorthree factorial axes F1, F2 aR@ alone represent 86.86%tofal variance (respectively 48.01%,
25.49% and 13.36) and are representative wdiriance of the set of datkl-F2 and F1F3 factorial designs
respectively represent variances &do 73.50%and 61.36% (Figure 4)

The projection of the individuals shows that these are the surface waters of stations S1, S8 which are locat
upstream of the gtly area (near the Chaffia damapd site S9 marked by the high concentrations of all the
chemical elemats, therefore the most pollutééigure 5).

Table 2: Correlation matrix of different parameters in wet season

Variables pH EC DR SM DE Ca™ Mg™* TH Na* K* NH, * CIr SOs | NOs- NO,
pH 1

EC -0.941 1

DR -0.440| 0.423 1

SM -0.676| 0.722 | 0.292 1

DE -0.133| 0.184 | 0.684 | 0.169 1

Ca™ 0.739 | -0.824| -0.178| -0.512| 0.174 1

Mg™ 0.434 | -0.550| 0.183 | -0.389| 0.489 | 0.711 1

TH 0.666 | -0.771| -0.038| -0.499| 0.322 | 0.954 | 0.889 1
Na* -0.684| 0.731| 0.327| 0.412| 0.506 | -0.460| -0.261| 0.411 1
K* -0.714| 0.767 | 0.254| 0.545| 0.348 | -0.522| -0.283| -0.461| 0.922 1
NH,* 0.045| -0.006| 0.117 | -0.035| 0.703 | 0.352 | 0.307 | 0.360| 0.634 | 0.481 1
CI -0.896| 0.935| 0.199| 0.835| 0.105| -0.753| -0.523| -0713| 0.717 | 0.809 | 0.053 1
SOs -0.077| -0.011| 0.823| -0.112| 0.684| 0.220| 0.635| 0.414| 0.133| 0.097 | 0.252| -0.185 1
NO; - -0.788| 0.838 | 0.671| 0.755| 0.307 | -0.726| -0.293| -0.598| 0.513 | 0.639 | -0.126| 0.761| 0.333 1
NO, -0.195| 0.130| 0.005| 0.479| -0.237| -0.378| -0.116| -0.296| -0.305| -0.210| -0.597| 0.244 | -0.169| 0.341 1
Variables (axes F1 et F2: 73,50 %) Variables (axesFletF3: 61,36 %)
1 1
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Figure 4: Factorial chemical distribution (wet season)
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Figure 5: Factorial distribution of samples (wet season)

Table 3shows the correlation matrix ofarious parameters dfy season. The majority abrrelation coefficients
are positive, which indicates a direct and significark hetween the majorities physicochemical parameters
of surface waters of our study zone.

Table 3: Correlation matrix of different parameters in dry season

Variables pH EC DR SM DE Ca™ | Mg TH Na* K* NH, * CI SOs | NO3- NOy

pH 1

EC 0.866 1

DR 0.311 | 0483 1
SM 0.463 | 0.615 | 0.730 1
DE 0.628 | 0.490 | 0.446 | 0.529 1
Ca*™ 0.184 | 0.268 | 0.612 | 0.427 | 0.647 1
Mg** 0.401 | 0.315| 0.519 | 0.205 | 0.153 | 0.428 1
TH 0.313 | 0.335| 0.675| 0.400 | 0.536 | 0.914 | 0.758 1
Na* 0.844 | 0.744 | 0.413 | 0.680 | 0.518 | -0.050 | 0.196 | 0.052 1

K* 0.818 | 0.721 | 0.480 | 0.712 | 0.532 | -0.001 | 0.250 | 0.112 | 0.990 1

NH,* 0518 | 0.640 | 0.675| 0.494 | 0.158 | 0.475| 0.760 | 0.684 | 0.377 | 0.398 1

CI 0556 | 0.582 | 0.373 | 0.736 | 0.675| 0.212 | -0.098| 0.109 | 0.716 | 0.753 | 0.052 1

SO, -0.021| -0.017| -0.503 | -0.668 | -0.143 | -0.116| -0.149 | -0.151 | -0.383| -0.394 | -0.243 | -0.177 1

NO3 - -0.168 | -0.277 | 0.074 | 0.128 | 0482 | 0453 | -0.028 | 0.314 | -0.195| -0.190 | -0.344 | 0.079 | -0.318 1

NOz 0.893| 0.903| 0.652] 0.705| 0.560/ 0.312] 0.496] 0.448| 0.864| 0.874| 0.742] 0.604| -0.241| -0.277 1

However, it observed that the'CEQy, CI/ NOs, CI/ NO, and SQ / NOs™ pairs appear to have no direct link
between them and with all the elements during this companiorn. dégriee of correlation witbther ions is not
significant. The K"/ Na" pair has an excellent correlation coefficien0Od#90 for dry season. €hrelationships
betweendifferent cations during botheasons indicate the existence of ion exchange reactions between solution
and the adsorbent complEb, 16]. pH with ECand NQ" (respectively 0.86&nd 0.893) shown a strong positive
correlation. Thes strong correlations shown that the variations of the dissolved ionic charges related partly to
variationsin the contents of these ions. DuriGg@ptember campaign, thé axis expressed 49.26% of total
variance F2 axis expressed 18.76% and F3 axis esque 13.74% dbtal variance (81.76% dbtal variance).

The factorial FAF2 and F1F3 represented respectively 68.02% and 63% varigfrtgsre 6)
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The F1 factor groups all the chemical elements in the positive pole exceptT&® F1 factor therefore
characterizes the mineralization (influenced mainly by evaporates) in its positive part and the less rdineralize
waters in the negative pole. In the individual plane (Figyréh& FI axis distinguishes between slightly to
moderately charged waters and hygmineralized waters.

Variables (axes F1 et F2: 68,02 %) Variables (axes FLet F3: 63,00 %)
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Figure 6: Distribution of chemical elements on the factorial plane (dry season)
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Figure 7: Factorial distribution of samples (dry season)

Our results are consistent withetlieonclusions of Jerénimo et [8] who showed that weseason is strongly
correlated with electrical cwluctivity, chlorides, sulphates and sodium. While the skgson is strongly
correlated with ammonium, alkalinignd nitrates.

3.3. Chemical facies
In order to better identify the chemical faxi@nd to have an indicatiaf the qualitative aspect stirface waters
of study sarea, the graphical representation of the analysis results is a valuable tool. To achieve this goal, th
Piper, Riverside and SchoeHlBerkaloff diagrams were used. Thelization of these diagrams made using the
Diagram software, designed BpNALD SMLER (hydrogeology laboratory, University of Avignon, 2004).
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3.3.1. Piper diagram: this diagram has the particularity to represent several sampsesranplane. It is
composed btwo triangles, to determine the chemical facies (cationic and anionic). The global facies obtained by

intersection on a rhombus synthesizing the chemical facies of the sample corj@itlet¢f
The Piper diagram established byrface waters of our study area (Fig 6) shows three families of facies during
both wet and dry seasons:

| A chlorinated and sulphated calcium and magnesian family.
| A sodium chloride family.
| A sulphated calcium and magnesian family.

@ station 01
@ station 02
£ station 03
| station 04
© station 05
& station 06
O station 07
@ station 08
@ station 09

A station 01
O station 02
© station 03
@ station 04
© station 05
@ station 08
© station 07
@ station 08
@ station 09

HCO3+CO3 103 b Ca ° ‘ HCO3+CO3 e
Figure 8A: PiperDiagram of Waters Figure 8B: Piper Diagram of Waters of
Wet Season Dry Season

Figures 8A and B illustrated the predominanoé Na' ions with respect to Gaand Mg*amongcations, as well
as the abundance of- @hd SG* ions among anions waters of this period. This explains the predominance of
sodium chloride facies observed on both diagrig#k

3.3.2. Riverside Diagram
The Riverside diagram, which based on electrical conductivity (EC) and Sodium Absorption Ration (SAR), taker

into account the balance between these two variables, one of which influences the other. . The risk of sodicity dt
to SAR attenuated in the preserof high salinity[25].

According to Riveside diagram established byrface waters of study arealected during Apri(Fig 97A) which

shown that they belong to classes{€D and (C351). These classes classified as medium to good, poor quality
and water used with caution in poorly drained soils and only for irrigation oft@aitant crops. Dragmge is
necessary and durireptember (FigB) which shown that they belong to classes-81) and (CZ51). These
classes were as medium to good qualityifogation and as water for use with sensitive plants and in poorly
drained soils and faensitive plants (fruit tree§25].

3.3.3. Representation on the Schoeller-Berkaloff diagram

A semilogarithmic diagram gives indications on certain chemical parameters of Wagerepresentation of the
chemical content of the water points on the Scho8&rkaloff diagram hathe same appearance as the Piper
diagram, and it is constant that the dominant facies is the sodium chloridgFagiges 10A & 18) respectively

for wet and dry seasoni$ reported that the content of bicarbonates and / or carbonates were absepésedo
to that of the other anions, which explained the very low distribution of the bicarbonate facies.
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Figure 10A: SchoellerBerkaloff diagram

(wet season)

Conclusion

Before using water for irrigation, its quality, which is equally important to its quantity, should be assessed so tha
it could not create any health hazard. If Iquality of water is utilized for irrigation, soluble tahnd /or other

Figure 10B: Schoeller Berkaloff diagram

(dry season)

toxic elements may accumulate in the soil thus deteriorating soil properties and crop quality
Seasonal variation in the concentration of chemical elements is related to the dffeategion's climatic
conditions (precipitation, evaporation), and to the exploitation of resources by pumping and irrigation.

Wadi Bounamoussa constitutes a privileged area in humid region, characterized by a dagdyethy filling

of whichpiezometic levels are very close to thoseatfil generally very fertileThe study of chemical quality of
surface waters made it possible to detesmihat the ionic balance stirface waters of our study area were
characterized by @ominance of sodium thexa cium amongations, and chlorides thenlphate amonganions.

This study has also shown the importance and utility of multivariate analysis techniques to obtain information ol

water quality, to identify the dominant typology of water and thus preverkiadyf pollution.
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The chemical facies of the surface watersafli Bounamoussa made it possible to understand thioredhips

that exist betweenhemical parameters of these waters and their origins. The most predominant facies of these
waters is sodim chloride facies.

The spatiotemporal variation of several physicochemical parameters gave us an idea of a relatively intens
pollution which results in a significant polluting load and a deterioration of the water quality, particularly in the
area of BerM'Hidi located partly upstream @fadi Bounamoussa, subject to urban, agricultural and industrial
discharges (Station S9 presents a risk of occasional accidental pollution).

Salinity can lead to significant adverse effects due to the fixation of satilomde by soil colloids. In addition,

salts cause changes in soil structure (permeability and aeration) that directly affect crop development. Irrigatio
with raw water that is too rich and rich in salt will result in an increase in soil salinity afienment with
chloride, sodium and calcium. These waters are generally acceptable for agricultwighogeany alkaline or
bicarbonate and magnesium hazards.

The release o€Cheffia dam plays ammportant role in improvingurface waterguality of wad Bounamoussa,

with caution in irrigation areas. These discharges contained in water have adverse effects on the soil ar
agriculture and can create health risks for farmers who come into contact with these waters and for consumers

agricultural products

Acknowledgements: At the end of this work, | am very pleased to express my thanks to all those who contributed
directly or indirectly to the development of this work.
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