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Abstract
Research on groundwater quality and usage in the Cenomanian aquifer in a nearcoastal agricultural region in Morocco was conducted in 2005 and in 2016. This study was
undertaken to determine the characteristics of water quality in this aquifer in order to
identify the sectors most affected by different types of pollution due mainly to the increase
in human activities in this region
Forty-six wells in the vicinity of the landfill site were sampled and analyzed for
parameters including: temperature, electrical conductivity, pH, chloride, sulphate, nitrate,
sodium, potassium, calcium, magnesium and bicarbonate, in addition to the depth of the
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water table. The concentrations of most of the chemical elements exceed drinking water
standards such as chloride, sodium, nitrate and sulphate (4535, 2411, 264 and 851 mg/l
respectively); these wells are located either near the Moulay Abdellah landfill or in the
agricultural and coastal areas.
The analysis of the overall quality of the water revealed that just 20 % of the
monitored wells are of good quality, with the quality of the rest ranging from medium to
very bad quality. Poor water quality in the Cenomanian aquifer is associated with
lithological, marine and anthropogenic sources of chemical constituents.

Keywords: Groundwater, quality, landfill, pollution, anthropogenic, Cenomanian aquifer.

1. Introduction
The Sahel of Doukkala region is currently experiencing increasing agricultural, industrial and urban
development and population growth. This development has been accompanied by a steady increase in
water requirements and a deterioration of groundwater quality (Soudi, 1999). As groundwater is the
only significant water resource in the region, the deterioration in groundwater quality has the potential
to limit the use of this resource.
Water availability in the region is also likely to decline sharply in the long term due to prolonged and
repetitive drought periods (Berdaï, 1997). As a consequence of this, water availability per head of
population is expected to decrease from 800 m3 in 1990 to 400 m3 in 2020, thus classifying Morocco as
a country under chronic water stress (Agoussine and Bouchaou, 2004).
The quality of groundwater in the region has been affected by a number of different sources of
anthropogenic pollution (such as from the use of fertilizers and solid and liquid waste disposal), from
the dissolution of reservoir rocks, aerosols and sea spray (Younsi, 2001).
Consequently, it is important that the physicochemical quality of the groundwater of the Cenomanian
aquifer is investigated to determine the distribution of areas where groundwater quality has been most
severely affected by these processes. Accordingly, two sampling campaigns were undertaken in
February 2005 by Boureggab and the other in February 2016 by our team. The physicochemical
parameters measured on the site and in the laboratory, were used in the characterization of these waters
and to identify the processes responsible for controlling the geochemical evolution of groundwater in
the aquifer.
Our study also aims to raise the awareness of economic actors in order to implement an action plan to
minimize the impacts of the probable origins of the pollution of the Cenomanian groundwater.

2. Study Area Description
2.1. Geographic Location
The studied area is part of the coastal Sahel basin of Doukkala which belongs to the Western Moroccan
Meseta. It lies between latitudes 33°11'and 33°14' and longitudes 8°29' and 8°35'. The area is bordered
on the south-east by the landfill site, on the north-east by Sidi Bouzid and on the north-west by the
Atlantic Ocean. This region covers an area of 281 km2 and is approximately 8 km wide (Fig.1).
Located 7 km south-west of El Jadida city, the landfill site covers an area of 27 ha and has been
operational since November 2006. It receives about 255 daily tons of household and similar solid waste
from six urban and rural communities (El Jadida, Azemmour, Bir Jdid, Moulay Abdellah, Haouzia and
Tnine Chtouka) as well as the El Jadida and Jorf Lasfar industrial zones. Although the landfill is
underlain by a geosynthetic liner, about 25 m3/day of leachate is estimated to be discharged from the
facility.
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Table 1 shows some physicochemical characteristics of raw leachates of the former
uncontrolled discharge of El Jadida city (Chofqi 2004). It should be noted that during our visit of the
landfill site, we noticed a storage of very large volumes of generated leachates without any treatment
and which can easily get infiltrated into the groundwater.
Figure 1: Geographical location of the study area (Image 2016, Digital Globe)

Table 1:

The average physicochemical composition of leachate (Chofqi 2004)
Parameters

T (°C)
pH
EC(mS/cm)
Cl- (mg/l)
Na+ (mg/l)
K+ (mg/l)
Ca2+ (mg/l)
Mg2+ (mg/l)
SO42- (mg/l)
NO-3(mg/l)

Average chemical composition of leachate (2001)
26.35
8.84
27.18
5967
2941.66
700
202.83
255.83
1800
2.37

2.2. Climatic Setting
Due to the immediate proximity of the ocean and the absence of natural obstacles, the study area has a
semi-arid climate.
During the twelve years, temperatures are irregular from one year to another, the coldest
months are January and February with average temperatures of 15°C; the warmest months are July and
August with an average of 24 °C. Mean annual temperatures range from 18.7 to 20.4 °C.
The average rainfall calculated over a twelve-year observation period (2005 to 2016) is of the
order of 380.08 mm. Rainfall values ranged from a low of 179.7 mm in 2005 to a high of 712 mm in
the rainiest year of 2010.
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Regarding monthly variations, the wettest month is November with a value of 93.83 mm, and a
value of 1.08 mm records in July (Fig.2 and Fig.3).
Figure 2: Annual variation of pluviometry and temperatures at El Jadida station (D.R.A 2005- 2016)

Figure 3: Monthly variation of average pluviometry and temperatures at El Jadida station between 2005 and
2016 (D.R.A)

2.3. Geological and Hydrogeological Setting
Geologically, the study area is characterized by an alteration of limestone and marl formations of
Cenomanian (Cretaceous) age, resting in angular discordance on the basal Paleozoic monoclinal
dolomites (El Achheb 2002) (Fig.4 and Fig.5).
The Cenomanian formations represent the most extensive aquifer at the study area (Ferré and
Ruhard 1975; in Oulaaross 2009). The calcareous layers form a fractured and karstic aquifer which is
up to 100 m thick. The aquifer is recharged on a seasonal basis by infiltrating rainwater which is the
main source of groundwater recharge.
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Test pumping in the vicinity of El Jadida revealed permeability values in the range of 5 x10-6
x1
to 10-5
10 5 m/s for the studied aquifer (Souhel and El Achheb 2000).
Fig
Figure
4: Geological and structural setting of the Sahel off Doukkala basin (Ferré and Ruhard 1975; in
Oulaaross 2009)

Figure
ure 5: Portion of the stratigraphic log of the Cenomanian
Cenomanian of the study area (D.R.H, 1990)

The Influence of Anthropogenic Activities on Groundwater Quality of Southwest
Southwest
Region of El Jadida City (Sahel of Doukkala, Morocco)

101

2. Methods and Materials
Two sampling campaigns of groundwater were carried out on 46 wells covering the study area in February
2005, the same wells being monitored in February 2016 (high water period). These wells are
are used for
supplying water to rural populations, watering livestock and for irrigating vegetable crops (Fig.6)
(Fig. )
These water points were piezometrically surveyed, using a 100 m piezometric probe, a GPS and
a topographic map.
In situ, the same water points were measured for temperature, pH, and electrical conductivity,
using a HACH multiparameter conductivity meter, model 44 600 and a WTW pH meter, pH 522 with
combined electrode.
Samples were taken according to ISO 5665 in plastic bottles of a capacity of 250
250 ml, filled with
refusal (to avoid the formation of air bubbles) and kept at low temperature (2 à 4 °C).The chemical
analyses were carried out at the Laboratory of Geosciences and Environmental Techniques of Chouaïb
Doukkali University, using the volumetry
volumetry (Ca2+, Mg2+, Cl- and HCO3-) and the spectrophotometry
+
methods are either flame (Na and K+) or atomic adsorption (SO42-, NO3-).
For the reliability of the results obtained, we proceeded to the application of the ionic balance,
and an error of 10% was accepted
accepted (Rodier 2009).
For the geostatistical study of the database results, the GIS software processes were used for the
application of the multiple method of "Kriging", which includes exploratory statistical data analysis,
variogram modeling, creating the surface and optionally exploring a variance surface in order to
highlight a spatial structuring of the studied phenomenon.
Figure
ure 6: Locating measured and sampled wells

3. Results and Discussions
3.1. Piezometric Analysis
The analysis of the two isobath
isobath maps (Fig.7)
(Fig. ) shows that groundwater occurs at a shallow depth in coastal
areas and downstream of the landfill (<15 m deep). This makes these areas, particularly vulnerable to any
kind of surface pollution (nitrogen fertilizers, pesticides, sewage, leachate,
leachate, sea spray, ...). The depth of the
inland water table of the study area increased and has reached a maximum depth of 40 m.
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The comparative study of the two maps of 2005 and 2016 showed a more or less identical
appearance with a reduction of the water
water table of around 4 m in 2016.
This may either be due to the rainfall deficit or the strong exploitation of wells, especially
during dry periods.
The comparison of the piezometric maps of these two years (Fig.8)
(Fig. ) shows a strong similarity in
the direction of flow of groundwater that is always towards the Atlantic Ocean (which is a natural
groundwater discharge area). However, the two maps show differences in potentiometric contours
which indicate that there was a steeper hydraulic gradient in 2005.
The regional
regional direction of groundwater flow is to the north-west,
north west, although there is also a southsouth
western component of groundwater flow in part of the study area. The potentiometric contours indicate
that groundwater discharge probably takes place at the coast into
into the Atlantic Ocean. Consequently,
there is also a risk that leachate plume from the landfill extends towards the coast and is affecting
groundwater use in the densely populated area downgradient of this site (Chofqi and al. 2007).
Figure 7:
7 Isobaths map
map of Cenomanian aquifer

Figure 8: Piezometric maps of the Cenomanian aquifer
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3.2. Physicochemical Parameters Analysis
• Temperature and pH
The temperatures of the monitored wells varied from 14.2 to 21.6 °C in 2005 and from 17.4 to 24.9 °C
in 2016 but remained below the World Health Organization standard (25 °C) (O.M.S 1994).
In natural waters and in the absence of any significant throw from human activity, the pH
depends on the origin of these waters and the geological nature of the surrounding rocks (Chapman and
al. 1996). The majority of the wells monitored have relatively neutral pH (6 to 8.65), with low
variability (Tab. 2).
Table 2:

Basic statistics for the quality data of groundwater in the southwest area of El Jadida city

Years

2005

2016

Parameters

Min

Average

Max

T (°C)
pH
EC (mS/cm)
Ca2+ (mg/l)
Mg2+ (mg/l)
Na+(mg/l)
Cl-(mg/l)
SO42-(mg/l)
NO3- (mg/l)
K+ (mg/l)
HCO3- (mg/l)

14.2
6
1.23
62
51.6
92
159.7
33.6
23.04
1.4
189,1

17.9
7.02
4.57
216.27
116.12
695.21
1051.91
221.002
80.11
14.74
390,91

21.6
8.04
9.00
436
268.8
1884
2564.87
414.16
264.6
67.58
10,4

Standard
-deviation
1.3
0.39
2.4
120.11
52.31
503.3
710.06
90.81
47.46
20.79
262,95

Min

Average

Max

17.4
7
1.31
24
58
157.5
488.13
83.75
6.33
5.9
268,4

21.15
7.75
5.04
122.01
202.6
772.44
1707.07
426.11
48.56
14.92
404,68

24.9
9
11
308.4
580
2411.5
4535.13
851.20
136.8
56.2
561,2

Standard
-deviation
1.1
0.38
2.4
133.78
76.55
534.96
1009.38
234.09
32.17
11.83
70,07

Electrical conductivity (EC)
The electrical conductivity increases with the dissolved salts content of water. Table 2 shows
that the electrical conductivity values of groundwater sampled in the study area varied between 1.23
and 9 mS/ cm.
Most wells have an EC exceeding the potability standard (1.2 mS/cm). This high mineralization
of groundwater can lead to groundwater becoming unsuitable for potable use and can cause adverse
effects on soils and agricultural yields from irrigated crops.
The spatial distribution maps of the electrical conductivities of the aquifer highlight the
existence of two distinct zones of conductivity values (Fig.9):
• The upstream part where the EC values are very high and increase, in the vicinity of the
landfill. They can reach the value of 9 mS/cm;
• The downstream part (coastal sectors) with relatively low values, of the order of 2 mS/cm.
•
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Figure 9:
9 Electrical conductivity maps (mS/cm)

This can be explained by different potential sources, namely:
• The dissolution of the reservoir rock: the studied groundwater circulates in moderately
permeable Cenomanian
Cenomanian limestones, characterized by a large surface area and duration of
water-reservoir
reservoir contact. This favors chemical exchange by dissolution, between
groundwater and the Cenomanian limestone and marl formations of soils;
• The dissolution of the salt crystals
crystals contained in sea spray: the leaching of NaCl, by the
first rains and/or irrigation water, will train these elements, through the unsaturated thin
and permeable zone, to the groundwater (Younsi and al. 2001);
• The irrational use of agricultural salts and the return of salt-laden
salt laden irrigation water;
• The contamination of groundwater by leachate loaded with salts from the landfill site.
Areas of groundwater with low EC values are generally found in the north-east
north east and south-east
south
of the landfill site where groundwater
groundwater flows in a geographically limited unconfined aquifer comprised
of sediments that are Pliocene to Quaternary in age. These sediments have vertical fractures that form
preferred pathways for water infiltration, and the limited contact time with sediments
sediments during recharge
events limits the dissolution of soluble salts.
• Chloride,
Chloride sodium and potassium ions
The distribution of chloride and sodium ions in groundwater in 2005 and 2016 was similar
although concentrations of these ions were observed at wells near
near the landfill in 2016 (Fig. 10 and 11).
This suggests that leachate from the landfill site is discharging to groundwater.
The chloride concentrations of the studied groundwater ranged from 160 to 2564 mg / l in 2005
and from 488 to 4535 mg / l in 2016 with
with low levels being observed to the NE and SE of the landfill
site in both sampling campaigns (Fig. 10).
The spatial distribution of chloride and sodium is similar to the distribution of EC (Fig. 9 and
10 and indicates that these ions are a dominant component
10)
component of the dissolved salt content of
groundwater.
High sodium concentrations were measured at the wells near and downgradient the landfill site
and decreased with distance from this facility (Fig 11),
), suggesting that leachate contamination is the
principal source of these ions in this area.
principal
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Other potential sources of sodium and chloride ions in groundwater include the precipitation in
marine salts in dry fall and in rainfall as well as the recirculation of saline drainage waters in
agricultural areas (Younsi
(Youn 2001).
The potassium content varies between 1.4 and 67 mg/l in 2005 and between 5.9 and 56 mg/l in
2016. The highest values are recorded in coastal areas, more precisely in Sidi Bouzid and in the inland
part of the study area. The sectors with a high concentration
concentration are generally agricultural areas or the
intensive use of different fertilizers
Figure
ure 10: Chlorides spatial distribution maps

Fig
Figure
11: Sodium spatial distribution maps

This good correlation between EC, sodium and chloride ions can also be demonstrated by the
graphs in Figure 12.
1 . This allows us to conclude that the saline load of groundwater in the study area is
mainly determined mainly by chloride and sodium ions. The same degree of correlation between these
parameters was found using
using data collected in 2005.
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Fig
Figure
12: Correlations between electrical conductivity (EC), chlorides (Cl-) and Sodium (Na+) in 2016

Calcium and magnesium ions
The analytical results for Ca2+ and Mg2+ ions show a great variability of concentrations.
Calcium ions shad an average concentration of 216 mg/l in 2005 and 122 mg/l in 2016. The high
Calcium
concentrations of calcium seem to be related to the dissolution of limestones that comprise the
Cenomanian aquifer (Table 2).
A reduction in recharge rates associated
associated with low rainfall may be a significant factor that
controls the variability of calcium ion concentrations.
Concentrations of Mg2+ reached maximum values of 268 and 580mg/l respectively in 2005 and
2016.
In the coastal areas, the ratio Mg2+/ Ca2+ of the majority of the wells exceeds 1 with a maximum
of 1.7 recorded in 2016, which indicates a pronounced magnesium enrichment. This could be
explained by a possible marine intrusion towards the studied aquifer system (Lhadi and al. 1996; El
Achheb 2002). This remarkable increase in concentrations is due to the great development of the
agricultural activity in these sectors accompanied by a strong exploitation of the wells especially
during the dry seasons
• Sulphate ions
Possible sources of sulphate in groundwater
groundwater include the use of fertilisers, landfill leachate and
the oxidation of sulphide minerals in aquifer sediments (Venkatesan and Swaminathan 2010).
Concentrations of sulphate in groundwater in the study area ranged from a minimum of 34 to
71 mg/l and a maximum
maximum of 414 to 851 mg/l, respectively for the years 2005 and 2016 (Fig.13
(Fig.13). The
majority of these levels generally exceed the potability standards (250 mg/l) and the maximum
allowable limit (400 mg/l) set by the O.M.S 1994.
Sulphate ions have for a similar distribution to chlorides, especially in 2016 and the highest
sulphate concentrations are always located near the landfill site. These high concentrations of sulphate
ions in groundwater are probably associated with landfill leachate which is known to contain
contain high
sulphate levels in this area (average concentration = 1800 to 1940 mg/l). This highlights the great
interest of sulphates as indicators of pollution caused by leachates (Lerner and Tellam 1992; Khattabi
and al. 2002).
•
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Figure 13: Sulphate spatial distribution maps

Nitrate
The spatial distribution of nitrate in groundwater was assessed to determine the extent to which
the Cenomanian aquifer had been affected by contamination from agricultural practices and wastewater
disposal. The observed distribution of nitrate in groundwater (Fig. 14) was very different to that of EC,
and sodium and chloride ions and appeared to vary over time. In 2005 elevated concentrations of
nitrate in groundwater were observed in groundwater in the west of the landfill facility whereas in 2016
elevated nitrate levels were mostly restricted to the area around the Sidi Bouzid and Moulay Addellah
communities. It is clear that in the immediate vicinity of the landfill nitrate levels in 2016 are relatively
low compared to those of 2005 with a decrease in concentrations reaching 30 mg/l.
The high nitrate load is explained by the population explosion around the communities of Sidi
Bouzid and Moulay Abdellah accompanied by a large increase in the number of poorly maintained
septic tanks percolation and by the increased agricultural development in the area associated with the
excessive use of fertilisers.
The decrease in nitrate concentrations downgradient of the landfill facility is possibly due the
reaction of this ion with organic carbon in the leachate plume from this facility. The water in the wells
located in this area contain very low oxygen levels which is likely to enable denitrification to take
place. Indeed, Tazi 2002 has demonstrated the existence of a bacterial flora in underground waters
circulating just above the aquifer and which would be at the origin of a biological denitrification of
nitrates in these waters. On the other hand, as one moves away from the landfill, well water becomes
more oxygenated, which explains the significant nitrate load encountered in these wells (Khattabi and
al. 2002; Lerner and Tellam 1992).
•
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Figure
ure 14: Nitrate spatial distribution maps

Bicarbonate
The bicarbonate contents vary from 189 to 498 mg/l in 2005 and 300 to 614 mg/l in 2016. The
lowest contents are recorded in the south-eastern
south eastern part of the aquifer where the waters are at the
beginning of their journey in the aquifer, but the highest concentrations are observed in the inland part
and more precisely in the NE part. This may be due to the circulation of these waters in the aquifer of
limestone nature according to the following reaction: CO2 + H2O + CaCO3  Ca2+ + 2 HCO3• Chemical facies of the studied groundwater
In order to determine the chemical facies of the waters of the studied
studied aquifer, we used a Piper
diagram (Eblin 2014) which indicated that that the composition of the groundwater is dominated by
sodium and chloride ions with a minor component of calcium and bicarbonate ions (Fig. 15).
1
•

Figure 16:: Report of wells
ells tracked on the Piper chart
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Suitability of groundwater for use
The obtained results of the 46 wells analyzed were compared according to the potability
standards enacted by the World Health Organization (O.M.S 1994). It appears that the majority of
wells have electrical
electrical conductivity and major element concentrations that exceed the standards, with an
average quality of 20 to 26% and a very poor quality of 25 to 27% (Fig. 16).
1 ). Which make these waters
unsafe for human consumption (Bremond and Perrodon 1979; Dimane and al. 2017).
•

Figure
ure 16: Histogram of groundwater quality status (February 2005 and 2016)

Between 2005 and 2016, we noticed a degradation in groundwater quality which is mainly due
to the overexploitation of the aquifer during these years of drought, to the excessive use of fertilizers,
to return water loaded with agricultural salts, leachate leached from the landfill facility and aerosols
and to salt deposition especially in coastal areas (Fig. 16).
1

4. Conclusions
This study investigated how groundwater
groundwater quality varied spatially and over time for the period between
2005 to 2016 in a part of the Sahel in Doukkala in Morocco. The investigations have indicated that
groundwater flow predominantly takes place in a fractured rock and karstic limestone aquifer
aquife of
Cenomanian age. This aquifer flows towards the Atlantic Ocean, the main outlet of the aquifer, at
varying depths between 4 and 40 m.
The average electrical conductivity of groundwater in the aquifer is of the order of 4.8 mS/cm
and the average contents
contents of chloride and sodium ions are, respectively, 1379 and 733 mg / l. The
analysis of the overall water quality revealed that 20 to 25% of the groundwater sampling sites are of
good quality, 24 to 26% are of medium quality and 20 to 27% are of very poor quality.
quality. This makes the
groundwater studied unsuitable for human consumption. The chemical facies of the waters of the
aquifer, at the level of the sector studied, is of sodium chloride type, with minor amounts of calcium
and bicarbonate ions.
This shows that
that the mineralization of water is mainly determined by chloride and sodium and
secondarily by bicarbonate and calcium ions. The spatial evolution of the physicochemical parameters
(CE, Cl-, Na+, Mg2+, SO42- and NO3-) shows that the majority of the sectors located near and
downstream of the landfill facility have high concentrations, especially in 2016. Potential sources of
pollution may be related to leachate leakage from the landfill site, dissolution of the carbonate rocks,
leaching of salt crystals from aerosols and sea spray, recycling of drainage water in the agricultural
area (excessive use of fertilizers and agricultural salts), and the increased concentration of dissolved
salts in shallow groundwater by evaporation (sectors located in N and NE of the landfill site).
The following factors appear to have a significant influence on groundwater quality in the region:
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the magnitude and intensity of rainfall which affects the amount of groundwater
recharge that takes place and groundwater salinity;
• the depth of the water table which affects the extent to which groundwater is polluted by
surface land use activities.
Finally, data collected before and after the establishment of the landfill site and the urban
developments of Moulay Abdellah and El Jadida city have indicated that this development has adversely
affected groundwater quality and that the salinity of groundwater in these areas is continuing to increase.
•
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