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ABSTRACT

Sodium (Na+) contamination of irrigation groundwater isaseriousworldwide
problem. The Mnasrazone which hasan agricultural land areathat represents
70% of thetotal areaand itsagricultural production reach 12% of the national
production is threatened by a sodization of underground waters. We know
that this water table is the only ground water source available for this
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region. Inthisview, thiswork aimsdevel oped asimplemechanistic smulation
model for predicting of Future Sodisationin Ground Water located at M nasra
zone. According to this study, we predict a sodization of an important area
of 5093 Ha, between the years 2007 and 2021. These results will have a
negative impact at medium term and at long term on the agricultural

production of thisregion.

INTRODUCTION

The contamination of the physical and chemical
quality of groundwaters has caused aspecid attention
at theinternationa scale. Studieshave been carried out
inthe past by!*%]. This problemismainly dueto the
over-useof fertilizersand pesticides. The phenomenon
of seawater invasion that can spread over kilometers
insidelandsisaseriousrisk for coastal zonesthat are
dependant to groundwatersfor their supply infresh
water. Under certain conditions, salted water spread
insidelands and contaminate groundwatersfrom the
water tablethat islocated closeto the sea. Thus, the
invasion of fresh watersby salted waterswill causea
degradation of soilsand asdinizationduetoirrigation
trough thesewaters. The Gharb region, situated at the
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north-west of Morocco which hasasandy soil iscon-
fronted to nitrogen pollution. Studieshavebeen carried
out in thisregion’®°] have confirmed an alteration of
thephysicad and chemicd quality dueto agricultura ac-
tivities. Thanksto assetsdueto water quality (plenty of
ground water resources) and to soils(soilshaveless
than 6% of clay and more than 82% of sand!), the
coastal zone of M ’nasra has known an increase of the
areaof irrigated zonesthat used to reach 5,766 hain
1998t0 39,686 hain 2005. Today, theirrigated zoneis
facingtoanimportant diversfication of vegetable crops
(pepper, potato, tomato, aubergine, watermel on, cab-
bage, carrat, turnip. . .) and exotic crops (banana, straw-
berry, avocado. ..). This crop diversity is unfortunately
associated with an over-useof fertilizersand pesticides
that causeanitric pollution of M’nasra’s water table2.



332

Current Researceh Paper

Average levels of SAR

35
3
el |
15
1
. o
0 Year

1993 2007 1021

Figurel: The average levels of SAR of the waters coming
fromthe59 wellsof M ’nasra in 1993, 2007 and in 2021

It is important to notice that the water table of
M ’nasra is also confronted to other kinds of pollution
dueto seawater intrusion and to crop intensification,
especialy the sodization of ground waters.

Accordingto Peterson®®, themain problemwitha
big quantity of sodiumisitseffect on soil permeability
and onwater infiltration. Sodium aso directly contrib-
utestowater’s total salinity and can be toxic for sensi-
tive cropssuch as carrots, beans, strawberries, rasp-
berries, onions etc.%1. The sodization of ground wa-
tersof irrigated areas has generated aparticular atten-
tion at theinternational scaleand in different region of
theworld likein Chind'9, in Pakistan*”), in Niger and
inMali®®, in Uzbekistan9. Inthisway, thiswork has
the objectiveof firstly, eval uating the sodization of the
water of M’nasra’s water table used for irrigation, sec-
ondly, the study of spatial and temporal evolution of
thiswater table. To do so, 59 wellshave been observed
between 1993 and 2007, and findlly, predicting of Fu-
ture Sodisation in Ground Water |ocated at Mnasra
zone.

Severa numerical models of water transport and
agrochemicalshave been devel oped to predict thefate
of solutesin agricultural soil§%21, Themethod chosen
to predict the variation in groundwater Sodium pollu-
tion of thewater table M ’nasra is the same as the popu-
lation based on an increase (or decrease) geometry
(geometric series). With thismathematical model, we
cal cul ated future concentrationsof Sodiumin2021.

MATERIAL ANDMETHOD

Data and samples collection
A study was performed in the water region of
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TABLE 1: Averagelevelsof concentration of nitratelevels
Max, Min, and deviation typescal culated for the 159 wellsin
1993, 2003 and 2013

Parameter SAR
Y ear 1993 2007 2021
Max Value 7,04 29,46 10,90
MinVaue 0,07 0,76 0,89
Standard deviation 1,11 5,09 2,40
Mean 1,15 3,61 3,81
WHO standard 59 59 59

M ’nasra, onwater quaity. Anagriculturad land and water
qudity survey was performed and water samplesfrom
variouswellswere collected and analysed in | abora-
tory. 59 samples of groundwaters were collected on
two periods of companions: 1993 and 2007.

M easur ement methodology

Also, Themethod chosento predict thevariationin
groundwater sodisation of thewater table M nasra is
thegeometric series. With thismathematica model, we
cd culated future concentrationsof Sodiumin2021:

We have assumed that : g= constante

Weknew the concentrations of nitrate measured at
59 wells during periods of companionsin 1993 and
2007. Withthismodel, we can cal culatethe constant g
at theend of 14 yeers, asan example:

Fromthefollowing equation:

U,=q'xU, @A)
We: U, =SAR in 2007

n=Number of years between thetwo concentrations
(n=N-0=14)

U,=SARin1993

Wecalculateq=?

Fromeg. (1):

[SAR in 2007]= q“x[SAR in 1993]

And then: g*=[ SAR in 2007] /[ SAR in 1993]
Andthen:

q = 10]]14>< log ([ SARin 2007] / [ SARin 1993] ) (2)

With thismathematical modd , wecd culated future
SARIN 2021 for 59 simples:

[Concentrationsof nitratesin 2021] = (2)x[Concentr ations
of nitratesin 2007]

Measure of SAR
SAR (sodium, calcium, and magnesium are stated
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Figure2: Mapsof the SAR in M nasra zone (M orocco) in
2021, analysisthrough splinear cview method

inmeg/L) isca culated according to thefollowing equa
tion*3:;
Na*
(Ca2+ + mg 2+)
2
Thedosage of sodium (Na') is realized by flame
photometry. Caciumions(Ca*) and magnesum (Mg?)
are dosed by volumetric method?,

SAR =

RESULTSAND DISCUSSIONS

Statistical analysis

Themainresultsshow that theoverd| average SAR
calculated in 2021 is 3, 81. We compared the SAR
calculated in 2021 with the results measured in 1993
and 2007.

TABLE 1showstheaveragelevelsof SAR, levels
Max, Min, and deviation types cal cul ated for the 59
wellsin 1993, 2007 and 2021.

Wefound theresultsspread over TABLE.1ashis-
togramspresentedinfigure 1.

In doing the comparison of theoverall average of
SAR cdculated, we can clearly observethat thisaver-
agewill continueto increase aswell during the com-
panion 2021. And, in order to seethe significance of
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Figure3: Spatial repartition of thefour classesof the SAR
in 1993, 2007 and 2021

thisincrease, wecdled for astudy of variance.

Theresults of the analysis of variance of the 59
wells and each zone A and B are displayed in the
TABLE 2.

Thedtatigtica anaysisconfirmthat thezoneat the
North of thelineY =430 000 m (38°30') isthe zone
whichisthe most affected by sodization. Indeed, it
corresponds to the largest area of the sandy zone,
wheredunesand interior plateaus havealow relief,
from 5 to 20 m high. As a consequence, the water
table is very close to the surface (3 to 10 m), this
explainthecurrent intensive exploitation and the over-
useof fertilizersthat are often composed of sdlts. Thus,
the Southern zone, hasknown asignificant increase of
sodization. Thisismainly dueto seawater intrusionin
thiszoné“.
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Variation of the percentage of area occupied
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Figure4 : Variation of the percentage of the area covered by
thewater table havinga SAR inferior and superior to 3in
function of time

Spatial analysis

Accordingto our analytical results, wehaveusthe
Geographicd Information System (GIS) Arcvieandits
gpatial extension analys, to create maps of the calcu-
lated of SAR N 2021 (Figure 2).

We compared thelatter with thethematic maps of
SAR measured during periods of companions: 1993
and 2007 level of 59 wells.

Therough analysisof the above cards, confirmed
the sodisation more pronounced in the North of
M’nasra. And, in order to predict which area will be
occupied by each class of the SAR, and in order to
better illustratethe spatial results presentedinthefig.2,
we have plotted them in abar chart represented in the
figure3:

We can see clearly that the areas occupied by the
class C1 continueto decrease during the companion
2021. Moreover, theareas occupied by theclasses C2,
C3and C4 will continueto increase during the same
periods companion. And to better expressthisvaria-
tion of sodium, We have expressed of thelatter in per-
centages.

Wehave summarized theresultsin TABLE 3.

We have presented the dataof the TABLE 3ina
bar chartinthefigure4:

(1) Theareacovered by thewater tablehavinga
SARinferior to3

Theareacovered by thewater tablehavingaSAR
inferior to 3 haslost inimportancei.e. lossof 5093 Ha
between 2007 and 2021.

Therefore, this frequency is around 88,32%,
44,78%, and 29,87% respectively during the measure-
ment periodsin 1993, 2007 and 2021.

Prediction of sodization in coastal irrigated areas

ESAIJ, 5(6) 2010

TABLE 2: Resultsof theanalysisof variance of the SAR for
59wellsand each zoneA and B between 1993, 2007 and 2021

. a??fsgc:fc\?lv 4l Between 1993 Between 1993 Between 2007
y and 2021 and 2007 and 2021
from
Globale (59puits) HS HS S
Zone A HS HS S
Zone B S S S

S : Significant difference; HS : Highly significant difference

TABLE 3: Percentageof areaoccupied by SAR pallution of each
classof wellson thetotal land mapped in 1993, 2007 and 2021
area occupied by class of SAR / total land mapped * 100
Class 1 (0-3) Class 2 (>3)
88,32 % 11,68%
44,78 % 55,22%
29,87 % 70,13%

Year

1993
2007
2021

(2) Theareacovered by thewater tablehavinga
SAR superior to3

Theareacovered by thewater tablehavingaSAR
inferior to 3 has spread in importance area between
2007 and 2021.

Therefore, this frequency is around 11,68%,
55,22%, and 70,13% respectively during themeasure-
ment periodsin 1993, 2007 and 2021.

The comparison of thespatia resultsallowsusto
confirm adecrease of 15 % in the areain which the
tablewater hasaSAR inferior to 3 ppm between 1993
and 2021.

And consequently, we predict an areaof 5093 Ha
hectares where the water will be polluted by the so-
diumin2021.

CONCLUSION

Thisstudy concernsthefirst Attemptsfor Predict-
ing of Future Sodium Concentrationsin Ground Water
in 2021 of 59 wells spread over an areaof 38 000 Ha.
And ontheother hand to study the spatia and tempo-
ral evolution of the SAR by agtatistica anaysisfollow-
ing thecampaign periodsof 1993 and 2007. Theanaly-
sisof theresultshas shown theevol ution of thegenerd
average of the concentration in sodium between the
years 1993, 2007 and 2021 whichisrespectively 1.15,
3.61and 3.81i.e. an increase of 2,66. The obtained
values in 2008 and 2021 are definitely superior to
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M oroccan standards (3). According to thisstudy, we
predict an area of 5093 Hawhere the water will be
polluted by the sodiumin 2021.
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