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ABSTRACT

KEYWORDS
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The area of M’nasra, which has a water table that represents the only
resource, alows the supply of a population of 140 000 inhabitants. It en-
suresthe development of adynamic irrigation over an area of about 38 000
Hain which morethan 50% of lands are sandy soilsthat are very permeable.
This coastal zone is a place where agriculture is very intensive supported
by fertilizers composed of nitrogen and pesticides that are used at alarge
scale. Thiswork dealswith the physical and chemical study of waters from
59 wellsand the spatial and temporal evolution of the nitric pollution during
the campaign periods of 1993, 2003, 2007 and 2008 for different places of
M’nasra’s region. The results of the statistical analysis have shown a mu-
tation of the nitric pollution in the region. This reveals that 73.6% of ob-
served wells do not respect the World Health Organization (WHO). Fur-
thermore, the spatial analysis has shown up a nitric pollution spread on an

Underground water table;
Pollution;
Degradation;

M ’nasra.

areaof 1370 Habetween the years 1993 and 2008.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Since a couple of years, the protection and the
conservation of natural environmentsparticularly wa-
ter quality hasbecomean important issueand amain
goa indevelopment programs. Indeed, the context of
degradation and scarcity touching nationa water re-
sourcesis becoming more and morethreatening has
encouraged our country to consider at the sametime
asthe efforts concerning devel opment and manage-
ment of water resources, aspecial interest to water
saving essentia for irrigation and to the control of all

kindsof pollutionaswell.

Theintensive cropping of cultivated landsat the
level of irrigated areas has created since acouple of
yearsthe apparition of the problem of underground
water resources pollution by the nitrateion.

Nitrateshave aparticul arity that other chemicals
have not. Infact, nitrateisanutritivemineral e ement
for plants and microorganisms. For thisreason, ni-
trate saltssuch aspotassium nitrate (il called sdtpe-
ter, withaformulaKNQ,), sodium nitrate (NaNO,)
caciumnnitrate (Ca(NO,),), or so ammonium nitrate
(NH,NO,) areused for thefabrication of nitrogen fer-
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tilizerd¥. However, their excessive presenceinto the
soil can contaminate the different water sourcesand
cause problems to human heal th?2 and to the ani-
mal“®l. Indeed, nitrates are pollutants easily leach-
ableand can reach thewater tablewithout being trans-
formed™.

The problem caused by nitrates has sparked of f
the maximuminterest during theselast few yearsand
has becomeamong the current worl dwideissues, such
asthe case of Taiwan!®; Shanganin Chind®; inthe
United States?¥; Hong-K ong™, etc. Asfor Morocco,
itisat thelevel of great irrigated basinswherethis
kind of problemsarefeared especially inthe Gharb
(M’nasra), Tadla, Souss and the coastal zones of El
Jadida. Infact, theintensification of agricultureinthese
regionsisfollowed by an over useof nitrogen fertiliz-
ers and manure. It isimportant to know that these
irrigated areasthat only cover 12% of the useful agri-
culturd area, consume morethan 50% of fertilizerd™.

Thenitric pollution of thewater tableof the coastal
zoneof theGharb (M’nasra) has been noticed in 1993
thanksto a study that has been carried out on more
than 159 wellsand hasrevealed that about 3/4 of the
wellsexceed thisstandard, with levelsin certainwells
exceeding four timesthethreshold level*2.

Thiswork aimsto study the physical and chemi-
cal analysisof 59 wellsidentified in the coastal zone
of M’nasra. On one hand, to study the spatial and
temporal variation of thenitric and ammonium pollu-
tion following the campaign periods of 1993 and 2008
and in different places of M nasra’s region, and on
the other hand to see the spatial dispersion of these
59 wellsstudied infunction of their contamination de-
gree under theform of thematic maps.

EXPERIMENTAL

Material and method
Zoneof thestudy

The area of M’nasra, studied in this work is the
coastal shoreof Gharb, covering ageographical area
of about 48 000 ha. More than 26 100 ha of soils have
lessthan 6% of clay and morethan 82% of sand. The
half of thearea, about 54% is covered by sandy lands
withahigh permegbilityt*2.
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Sampling and measur ement methodol ogy
Choiceof wells

The choice of thewellshas been essentia ly based
ontwo criteria: crop intensfication and thedepth of the
water table.

Sampling

For thesampling, thewater hasbeen taken directly
fromtheirrigation network used for wellswhich are
equipped of pushback pumps. For wellsthat are not
equipped, thesamples aretaken with aballasted me-
talic container. All thesampleshavebeen putinto flasks
meadeof polyethyleneor made of borosilicateglass. The
samplesare carefully marked and kept at +4°C, until
their arriva at thelaboratory.

Dosage des nitrates

The nitrates have been measured by molecular ab-
sorption spectrometry. After their reductioninnitriteon
cadmium, thenitrates are quantitatively reducedin ni-
tritesby cadmium (Cd) covered of acopper layer after
atreatment by copper sulfate. The produced nitrites
formwith 4-amino benzene sulfonamideadiazoic com-
pound, this one coupled with N-(Naphty-1) ethane-
1,2-diamineformapink complex that islikely of being
measured with aspectrophotometer at awave ength of
540nmi3,
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Figurel: L ocalization of the 59 studied wellsin the zone of
M ’nasra
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Figure2: Variation of the general mean of thenitrate con-
centration inthe59 wellsin function of time
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Figure4 : Variation of the percentage of the wells having a

2003 2008
nitrateconcentration inferior to 50mg /L in function of time
RESULTSAND DISCUSSION

Satistical analysis

To do not haveanegativeimpact of human health,
the concentration of nitratein drinkablewatersshould
not exceed 50mgy/L™,

Themain results show that the general means of
nitrate concentration in 1993, 2003, 2007 and 2008
arerespectively of 115.2mg/L, 130.6mg/L, 147.2mg/
L, and 112.1mg/L; it represent anincreaseof 15.4 mg/
L between 1993 and 2003, and 32 mg/L between 1993
and 2007, and adecrease of 35.1 mg/L between 2007
and 2008.

The TABLE 1 showstheaveragelevelsof theni-
trate concentration, the Max and Min levelsand the
dandard deviationsca culated at theleve of the59wells
in 1993, 2003, 2007 and 2008.

We have exploited the results presented in the
TABLE 1 and we madeabar chart:

By comparing the general mean of the calculated
nitrate concentration, we can clearly notice that this
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B Conceniration moyenne des
nitrates (gL} en 53

B Concertration miayenne des
itrates gL en 2003

W Conceniration mayenne des
nirates [ag/L) en 2007
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nirates [mg/L) en 2008
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Figure3 : The average levels of nitrate concentrations of the
water scoming from the 59 wellsof M *nasra in 1993, 2003,
2007 and in 2008
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Figure5 : Variation of the percentage of wells havmg a ni-
trateconcentration superior to 50mg /L in function of time

meanincreasesinfunction of time. Thedatisticd andy-
sisof thenitrate concentration of the 59 wells, and so
each zone A and B of the area of M’ nasra, in 1993,
2003, 2007 and 2008 is presented in the TABLE 3.
Just likewe havereported before, the zonesA and B
areaso noted.

ZoneA

Itisthezonelocated at the North of the coordinate
lineY =430 000 m, it represents 72% of all the studied
wells

ZoneB

Itisthezonelocated at the South of the coordinate
lineY =430 000m, it represents 28% of all the studied
wells. Thisgtatistica study has shown ustwo essentid
things

Thenitric pollutionisconcentrated mostly inthe
North part of the coordinatelineY =430 000m, of the
areaof M nasra.

Between 2007 and 2008: the nitric pollution has
been aggressiveinthe South part of the coordinateline
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Figure6: Map of thenitric pollution of thear ea of M ’nasra,
Analyssby the SplineArcview method Situation : 1993, 2003,
2007 and 2008

Y =430 000m, of the area of M’nasra.
| solated analysis

Theresultsconcerning theaverageleve sof nitrate
concentration for thedifferent studied classesarere-
cordedinthe TABLE 2.

We have presented the dataof the TABLE 2ina
bar chartinthefigure 3.

By looking at the average nitrate content of these
wellsinfunction of time, wecan concludethat:

Concerningtheclass1

Thegloba situation of thesewellshasdightly im-
proved going from anitrate average of 28.06mg/L in
1993t024.2mg/L, 22.1mg /L, 24.0mg/L respectively
in 2003, 2007 and in 2008.

Concerningtheclasses2and 3

The average levels have known non distinctive
changesinfunction of time.

Concerningtheclass4
Thegloba situation of thesewellshasdightly im-
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Figure 7 : Spatial repartition of the five classes of nitrate
concentrationsin 1993, 2003, 2007 and 2008

proved going from anitrate average of 197.3mg/L in
199310 191.7mg/L, 182.9mg /L, 184.8mg/L respec-
tively in 2003, 2007 and in 2008.

Onthe other hand for the class 5, the situation of
thewd Ishasbeen dramaticdly deteriorated going from
anitrateaverage of 276.5mg/L in 1993 to 300.6mg/L,
342.7mg /Lrespectively in 2003, and in 2007. We can
noti ce the disappearance of the classin 2008.

Variation of the% of wellshaving a nitrate con-
centration inferior to50 mg /L of 59 wells in 1993,
2003, 2007 and in 2008 (Figure 3)

Theresultsfromtheisolated analysisof nitratecon-
centration that has concerned 59 wellsobtained inthe
year 1993 and in 2008, have revea ed that morethan
% of wells exceed the WHO standard.

Theresultsobtained in 1993 show that the class of
wellshaving anitrate concentration inferior to50mg /L,
represents 27.12% of thewdlls.

Onthe other hand, the same class only represent
respectively 20.34%; 13.56%; and 18.64% in 2003,
2007, andin 2008, and consequently, wenoticeadimi-
nution of thewellshaving agood quality.

Variation of the% of wellshaving a nitrate con-
centration superior to50mg/L over 59wells

Theresultsobtainedin 1993 show that the classes
of wellshaving anitrate concentration superior to 50mg /
L, represent 72.88% of wells.

On the other hand, the same classesrepresent re-
spectively 79.66%; 86.44%; 81.36% in 2003, 2007
and in 2008.
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Figure8: Variation of the percentage of the area covered by
thewater tablehaving anitrate concentration inferior to50
(mg/L) infunction of time

TABLE 1: Averageleves, max, min, standar d deviation and
temper atedepth of nitratesat theleve of the59 wellsin 1993,
2003, 2007 and in 2008
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Figure9: Variation of theper centage of thearea covered by
thewater tablehaving a nitrate concentration superior to50
(mg/L) infunction of time

TABLE 2: Varianceanalysisof the59wellsand at thelevel of
theNorth zoneand at the South of thelineY =430 000 m of
M ’nasra’s zone

(NO3)' (NO3)* (NOg)® (NO3)*

Paramatres (mglL) (mgll) (mgl) (mgl)
Annee 1993 2003 2007 2008
Valeur min 600 800 905 434
Valeur max 29600 36500 42160 400
Ecart type 7770 9149 10314 830
Profondeur moyenne (m) 135 15 12 135
Moyenne 1152 1306 1472 1121
Norme selon L’OMS 50 50 50 50

We have noticed that, an increase of the percent-
age rate of the wells having abad quality between
1993 and 2007; and also aslight diminution of this
onei.e. 5.08 % between 2007 and 2008. Thisdimi-
nution isnecessarily dueto theannual rainfall supply
(922mm).

Spatial analysis

To study and to comparethe spatial repartition of
polluted zones of the areaof M ’nasra, we have elabo-
rated thematic mapsof thenitrate concentrationin 1993,
in 2003, in 2007, and in 2008 at the level of the 59
wells(Figureb).

In order to better illustrate the spatial results pre-
sented in thefigure 5, we have plotted them in abar
chart represented inthefigure 6.

Theareacovered by thewater table having ani-
trateconcentration inferior to 50 (mg/L)

Theareacovered by the water table having ani-
trate concentrationinferior to 50mg/L in 1993, would

Analyse Analyse devariance desnitrates

statistique Entre Entre Entre Entre Entre Entre
despuitsde 1993et 1993 et 1993 et 2003 et 2003 et 2007 et

2003 2007 2008 2007 2008 2008
Zone A S S s s s S
Zone B NS NS NS NS NS S
ZoneA + NS NS NS NS NS S
Zone B

represent only 4 904 Haover 36 007 Hamappedi.e.
13.62% whereasthe same areaused to represent re-
spectively in 2003, 2007 and in 2008, 4 219 Haover
32 467 Ha mapped, 3 645 Ha over 33 683 Ha
mapped and 5 370 Ha over 37 706 Hamapped i.e.
lossof 12.99% ; 10.82% and 14.24% over the total
area.

These results show that the area covered by the
water tablehaving anitrate concentration inferior to 50
mg/L, haslost inimportancei.e. lossof 1 259 Habe-
tween 1993 and 2007.

And consequently, we had an areaof 1 725 Haof
which the water table of M ’nasra has known an im-
provement between 2007 and 2008.

Theareacovered by thewater tablehaving ani-
trateconcentration superior to50 (mg/L)

Theareacovered by the water table having ani-
trate concentration superior to 50 mg/L in 1993, would
represent 27 554 Ha over 32 458 Ha mapped, i.e.
84.89 % whereasthe same area used to represent re-
spectively in 2003, 2007, and in 2008, 28 239 Ha,
28 813 Ha and 28 458 Ha over 32 458 Ha mapped

——r  Analytical CHEMISTRY
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TABLE 3: Theaveragelevelsof nitrate concentrations of thewater scoming from the 59 wellsof M *nasra in 1993, and in

2007
Qualite
1993 2003 2007 2008 selon
Classe I’'OMS
Concentration Concentration Concentration Concentration
Number Numbre Nombre Nombre
de puits moyenen 4 puits moyene de puits moyenen puits moyenen Bonne
nitrates (mg/l) nitrates (mg/l) nitrates (mg/l) nitrates (mg/l)
C1 16 28.06 12 24.4 08 22.1 11 240
C2 14 81.34 14 748 16 741 17 7696
C3 12 126.1 13 133 10 124.3 11 1239
C4 13 197.3 12 191.7 16 1829 20 1848 Mauvaise
C5 04 2765 08 300.6 09 342.7 - -
Moyenne 4 1152 59 1306 59 1472 59 1121
generale

i.e. from 87 %, 88.77% and 87.68% of thetotal area

These results show that the area covered by the
water tablethat hasanitrate concentration superior to
50mg/L, hasspreadi.e. of 904 Habetween 1993 and
2008.

And consequently, we have had an areaof 904 Ha
wherethewater table of M ’nasra has known pollution
by nitrate.

Thespatia andyssof theresultsobtained fromthe
59 wells has confirmed that we had atotal areaof 1
370 Hawherethewater table of M ’nasra has known a
pollution by nitratesbetween 1993 and 2008.

Comparativeanalysis

Theresultsobtained confirm the variation of the
sdinization of thewater tableinisolated areasbut at the
spatia level aswdll.

Indeed, thiszoneisaplacewhereagricultureisvery
intensive, especialy for vegetable cropse.g. peantt,
pepper, etc. Thus, the over exploitation of the water
tableand theover use of fertilizers participatein adi-
rect way to the pollution of thewater table. Therate of
polluted wellsthat was 72.88% in 1993 hasincreased
t081.36% in 2008, i.e. anincrease of about 9 points.

InMorocco, itisat theleve of great irrigated zones
wherethat kind of problems should be considered es-
peciadly inthe Gharb (M’nasra), Tadla, Souss and the
coastal zonesof El Jadida Indeed, theintensfication of
agriculturein theseregionsisfollowed by an over use
of nitrogenfertilizersand manure. It isimportant to know
that theseirrigated areas that only cover 12% of the
useful agriculturd area, consumemorethan 50% of fer-

tilizerd™. Thenitric pollution of the water table of the
coastal zone of Gharb (M nasra) has been stated by
the Office Régional de Mise en Valeur Agricole du
Gharb'? since 1993 thanksto amonitoring redlized on
20 wdlsof thiszone. Theresultshavereveded that 16
of the 20 wells had a content of more than 50 mg/I
which correspond to thethreshold level recommended
by the WHO and 3 of the 4 wells having a content
inferior to thisval ue had aconcentration between 40
and 50 mg/l. Some wells have a concentration more
than threetimes higher than the concentration of rec-
ommended by thestandard. Severa internationa stud-
ies have shown that the pollution of underground wa-
tersby nitratesisdueto the over useof fertilizersand
pesticides>*® and the bad agricultural practices, es-
pecidly theover useof nitrogenfertilizerscoupled with
anon adapted irrigation system arethe main causes.
Thisstatement hasrecently been confirmed by the study
carried out by the Secrétariat d’Etat Chargé de
I’Environnement™ inthe el aboration of aprogramaim-
ing to minimizeand to control theimpact of fertilizers
and pesticideson theenvironment of the Sebou basin.
Thisstudy hasreveded that crops such aspeanut, pep-
per and potato cantogether releasemorethan 1 000 T
of nitrogenintothewater table of the coastal zone hav-
ing aminimal global value of 4 MDH that haveonly
been used to contaminate the water table without any
positive agronomic aspect?,

CONCLUSION

This study concerns on one hand the physical and
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chemica analysisof 59wellsspread over anareaof 38
000 Haand on the other hand to study the spatia and
tempora evolution of thenitric pollution by agtatisticd
andysi sfollowing the campaign periodsof 1993, 2003,
2007 and 2008. The obtained results have shown an
evolving and spread pollution by nitratestouching the
water table. Indeed, 73.6% of prospected and ana-
lyzed wellsdo not match to drinkabl e water standards
according theworld health organization (WHO). Fur-
thermore, thespatia anaysishasreveded anitric pol-
lution touching an areaof 1 370 Habetween theyears
1993 and 2008.
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