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ABSTRACT

We have been interested in the study of the nitrogen pollution of
M nasra’s water table. This one is located in the Gharb region in Morocco
where 145 000 people live. It ensures the development of a dynamic irriga-
tion over an area of about 38 000 Hain which morethan 50% of lands are
sandy soilsthat are very permeable. We have carried out 80 campaigns of
measurement in different periods with a quite important time interval be-
tween these periods. This water table constitutes the unique non-avail-
able resource of groundwater for this region. Agricultural industries are
highly represented in this region where nitrogen fertilizers and pesticides
areused at alarge scale. Theresults of the statistical analysis have shown
amutation of the nitric and the ammoniacal pollution in the region. This
reveals that 87 % of observed wells do not respect the World Health
Organization (WHO)M oreover, the spatial analysis has confirmed an area
of 2285 Haand 19 885 Hain which the water table hasknown respectively
anitric and aammoniacal pollution between 1993 and 2008.
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INTRODUCTION

Oneof theimportant problemsfor agriculturenowa:
days is nitric nitrogen N-NO3 pollution of
groundwaters, especially dueto the over use of nitro-
genfertilizersinintensivecrop areas¥. Unfortunately,
with demographic evolution and agricultureindustria-
ization, thequantitiesof nitrogen usedincrease continu-
ously. For examplefor the production of dry beansin
theregion of M’nasra, the spread rates of nitrogen fer-
tilizershavereached 32 - 270 kilogramsof N.ha-1 giv-
ing an average of 117 kg N/ha?. Nitrogen can be

formed by oxidation of gaseousnitrogen during arainy
weather (thunder), asit can comefrom the oxidation
(nitrification) of ammoniaor of nitritein oxygenated
milieu® and“. Ammonianitrogenisoften presentin
watersand it usually meansthat thereisan uncompleted
process of organic matter degradation. It constitutes
oneof thelinksof nitrogen cycle Ammoniaisasoluble
gasinwater, but in function of pH conditions, it can be
transformed either in an uncombined compound or in
anionizedform®, Thepresenceof anmoniaintheen-
vironment result from metabolic process, agricultura
andindustrid!®, intensivelivestock breeding can pro-
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duce much moreimportant concentrationsin surface
waterd”, Theimpactsof agricultural practiceson envi-
ronment are closaly and amost exclusively linked to
surface and underground waters or to water used for
transport and transformation mechanismswhich can
contaminate the environment’®. Generally speaking,
problems posed by theexploitation of acoasta aquifer
arecomplext¥ and¥. Thelarge-scaleuseof nitratefer-
tilizersand pesticides. In thefarming sector, the mas-
siveusesof chemica pesticidesand fertilizers, aswell
asthevery high concentration of thezoneswherethe
manureisspread have strongly contributed to the dete-
rioration of the quality of waters. Thisisgoingto en-
gender pollution of thewater tableby anincrease of the
concentration of the nitrogenouscompoundsin particu-
lar nitratesand ammonium™ and*2. Itisinthiscontext
that the present work had as objective on one hand,
the eva uation of theammoniapollution of thewater of
M’nasra’s water table. And on the other hand, the study
of thegpatial and tempora evolution of thisnitrogenous
pollution, for that purpose 80 wellswereobservedin
the campai gn periods 1993 and 2008.

MATERIAL AND METHODS

Zoneof study

The zone M nasra, object of the present study is
the coastd strip of Gharb, coveringageographica sur-
face of about 48 000 ha. More than 26 100 ha of
grounds possesslessthan 6 % of clay and morethan 82
% of sand. Half of thezone approximately 54 % isoc-
cupied by sandy groundswith astrong permesbilityt*3.

Sampling and measur ement methodol ogy

Thechoiceof thesewd Ishasessentialy been based
ontwo criterions. theintensification of cropsand the
depth of thewater table (Figure 1).

Dosage of ammonium

The ammonium was measured by spectrophotom-
etry (inindophenol blueor in Nesder reagent), inalka
linemilieu (pH=10.8 and 11.4) theammoniareacts
guantitatively with the hypochlorite and gives
monochloramine. Themonochl oramineformswith phe-
nol, inthe presenceof nitroprussateandwithasurplus
of hychlorite, theindophenol blue, detectablewith a
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Figurel: Localization of the 80 studied wellswithin the
zoneof M ’nasra

colorimetric dosage at thewavel ength of 630 nm{*4,
Dosageof nitric

Thenitrates have been measured by molecular ab-
sorption spectrometry. After their reductioninnitriteon
cadmium, thenitrates are quantitatively reducedin ni-
tritesby cadmium (Cd) covered of acopper layer aftera
treatment by copper sulfate. The produced nitritesform
with 4-amino benzenesulfonamideadiazoic compound,
thisone coupled with N-(Naphty-1) ethane-1,2-diamine
formapink complex thatislikely of beingmeasuredwith
aspectrophotometer at awavelength of 540 nm{*4,

RESULTSAND DISCUSSIONS

Satistical analysis

Todo not haveanegativeimpact of human hedlth,
the concentration of nitrateand theammoniumindrink-
ablewatersshould not exceed respectively of 50 mg/L
and0,5mg/L.

In order to assess the nitric and the ammonium
pollution of thewater of our wells, we have done 80
measurement campaigns on the different periods:
1993 and 2008.
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The characteristics of thewater of the80wellsin
1993 arepresentedinthe TABLE 1.

TABLE 1: Nitricand ammonium composition of water from
wellsin 1993

Parameter Nitric ~ Ammonium
Average 121 2,1
Min Vaue 9,00 0,2
Max Vaue 300,00 6
Standard deviation 70 0,82
Number of samples 80 80
Standard according to the WHO 50 0,5

Thecharacterigicsof thewater of thesame80wdls
in 2008 are presented inthe TABLE 2.

TABLE 2: Nitricand ammonium composition of thewater
from the samewellsin 2008

Parameter Nitric  Ammonium
Average 155 45
Min Vaue 30 14
Max Vaue 555 100
Standard deviation 14,23 12
Number of samples 80 80
Standard according to the WHO 50 0,5

Themain results show that the general means of
nitrate concentrationin 1993 and 2008 arerespectively
of 121 mg/L and 155 mg/L ; it represent an increase of
34 mg/L between 1993 and 2008. Moreover, themain
results show that theoverall averagesof the concentra:
tion of Ammonium in 1993 and in 2008 are respec-
tively 2,1 mg/L and 4,5mg/L; i.e. anincrease of 2,4
mg/L of theAmmonium concentration between 1993
and 2008.

Thecomparison of averagesof different studied pa-
rameters during the measurement campaignsof 1993
and 2008 isrepresented inthe Figure 2.

The comparison of the bar charts presented bel ow,
has clearly shown apositive correl ation between the
studied parameterssuch as; the nitric concentration and
the concentration of ammonium. Thesefactors cause
anincrease of the nitrogen pollution of thewater table.
By comparing the general mean of the cal cul ated ni-
trate and ammonium concentrations, we can clearly
noticethat thismeanincreasesinfunction of time. The
datistical andysisof thenitrateand theammonium con-
centrations of the 80 wells, and so each zoneA and B
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Figure2: Comparison of thestudied physical and chemical
parameter aver agesin function of time.

of theareaof M’nasra, in 1993 and 2008 is presented
inthe TABLE 3. Just likewe havereported before, the
zonesA and B are a so noted:

ZoneA: Itisthezonelocated at the North of the coor-
dinatelineY =430 000 m, it represents 80 % of all the
Sudiedwells.

ZoneB: Itisthe zonelocated at the South of the coor-
dinatelineY =430 000 m, it represents 20 % of all the
studied wells.

TABLE 3: Varianceanalysisof the80wellsand at thelevel of
theNorth zoneand at the South of theline' Y=430 000 m of
M ’nasra’s zone

Analyse de variance des nitrates

Analyse statistique 1993 - 2008
ammonium nitric
Zone A HS HS
Zone B S S
Zone + Zone B HS HS

Thisstatistical study has shown ustwo essential
things

Thenitricand ammonium pollution areconcentrated
mostly in the North part of the coordinate lineY=
430 000 m, of the area of M’nasra.

Theresultsobtained in 1993 show that thewells
having anitrate concentration superior to 50 mg /L, rep-
resent 73% of wells.On theother hand, thesamewels
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represent 87 % in 2008. Moreover, The results ob-
tained in 1993 show that thewelIshavingaammonium
concentration superior to 0,5 mg /L, represent 94% of
wdlls. Ontheother hand, the samewel lsrepresent 100
% in 2008, an increase of approximately 6 points. In
that sense we can assert that the water tableis more
polluted.

Spatial analysis

To concretize better theana ytica resultspresented
in the previous chapter, we proceeded to a spatial
analysisin order to seetheimpact of theseresultson
thefield. We elaborated thematic maps of theAmmo-
nium and the nitric pollutions of the water table of
M’nasra in 1993 and 2008 on the basis of the obtained
results, by usng (SIG) Arcview (Figure 3):

Nitrie pollution in 2008 7

‘Nitric pollutionin 1993l

Ammoniacal pollution |
' in 2008

Ammoniacal pollution
in 1993

zoneof M ’nasra, analyzed by the Spline Arcview method: (situ-
ation: 1993 and 2008).

Thefirst bas candyssof themagpsabovehasshown
that thereis atotal degradation of the quality of the
water table between 1993 and 2008.

Theareacovered by the water table having ani-
trate concentration inferior to 50 mg/L in 1993, would
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represent only 6 655 Haover 36 007 Hamappedi.e.
18,48% whereas the same area used to represent in
2008, 4 370 Ha over 37 706 Hamapped i.e. loss of
11,58% over the total area (Figure 4). These results
show that theareacovered by thewater tablehavinga
nitrate concentration inferior to 50 mg/L, haslostin
importancei.e. loss of 2 285 Ha between 1993 and
2008.

Moreover, the space covered by the water table
having aconcentration in Ammonium lower than 0.5
mg/L in 1993, would represent 21 075 Haon 41 244
Hamapped i.e. 51.09 % whereas the same space rep-
resentsrespectively in 2008, only 1 190 Haon 31 368
Hamapped i.e. 3,79 % of the total area (Figure 4).
Consequently, wehaveasurfaceof 19885 Haof which
thewater table of M nasra has known a pollution by
theAmmonium between 1993 and 2008.
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Figure4: Variation of the percentage of the area covered
respectively by thewater tablehavinganitrateconcentration
inferior to 50 (mg/L ) and ammonium concentration inferior
t0 0,5 (mg/L) in function of time

Thissuitsperfectly tothefact that thiswater table of
M nasra is a very productive and easily accessible water
table, isintensively exploited for irrigation by private
pumping. The number of wellsduginthewater table
exceed 20 000. Thiswater table, becauseof thestrong
permesability of theground and of the underground and
because of itsgtuation with alow depth, isvery vulner-
abletothediffuseagriculturd pollution (N-NO3).

2008
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COMPARATIVEANALYSIS

The obtained results showed achange of theam-
monium pollution of thewater tableaswell & the punc-
tual level asat thespatia level. Indeed, thestudied re-
gionisapart of these coastal zones, where the only
water resourcesare of underground origin, circulating
inaheterogeneousaquifer anditssupply ismainly from
watersof wellg*l.

Thezoneof M’nasra knows deep transformations
both about the social and economical level and at the
agricultural and ecological level. For that purpose, itis
important to underlinethat, inthisarea, thefarming sec-
tor isin phase of self devel opment essentially charac-
terized by theextension of theirrigation from thewater
tableviatensof thousandswdls. Findly, our resultsare
inaccordancewith severd studiesandthey confirmthe
pollution of the M ’nasra’s water table by nitrogenous
elementd’®1¥ and? and?”. Thewater tableof M ’nasra
isstill the most important water table of the zone of
Gharb, becauseof itsexcellent quality for theirrigation
and because of its nearnessto the ground surface, of-
fering extremely interesting opportunitiesfor itsexpl oi-
tation. Thisexplainsthe advanced degree of the agri-
culturd intengfication observedinthiszone. But theother
sideof medd staysintheuseof thewater of thiswater
tableasadrinkablewater for apopul ation exceeding
145 000 inhabitants.

CONCLUSION

Theresultsof thiswork, alowed usto confirmthe
existence of an evolving and spread ammoniaca pollu-
tion of thewater tablein theregion M ’nasra. Conse-
quently, thewells matching the standard of the WHO
decreased of 4.08 % of wells. Thespatial andysis, has
confirmed a surface of 10 000 Hawhere M ’nasra’s
water table has known an ammoniacal pollution be-
tween 1993 and 2008. Currently, thewater consump-
tionfromthewater tableisincreasingintensively and
congtitutes an important sanitary risk for the people of
theregion of M ’nasra.
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