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Abstract: The quality of groundwater in and around the city of Tiflet depends mainly on the various
anthropogenic impacts on ecosystems where the Maamora groundwater in this region is subject to liquid
discharges from the city of Tiflet from Oued Tiflet and infiltration of leachate from the uncontrolled landfill.
With the ultimate aim of considering the necessary solutions and ensuring the means of protecting water
resources and sustainable development of the Tiflet region, the study of the physical, chemical and
bacteriological quality of groundwater (Maamora groundwater) from the city of Tiflet to the centre of the
commune of Sidi Boukhelkhal, which is located north-west of the city and on the banks of Oued Tiflet, is
the first step. These results are processed by ArcGis software and presented by interpolation maps. The
bacteriological characterization of groundwater shows that it is not drinkable but acceptable for
agricultural use, however, physico-chemical parameters such as nitrates and sulphates remain below the
quality standards for human consumption. Turbidity, pH and conductivity vary according to space but also
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do not exceed quality standards in irrigation and human consumption.

1 Introduction

Water is defined as a vital substance for all living
things. Once it is polluted or contaminated by
different sources of pollution, it leads to the spread
of several diseases such as gastroenteritis, viral
hepatitis, typhoid, leptospirosis. Millions of infants
and children die each year from diarrhoeal diseases
caused by contaminated food or drinking water.
[1,2, 3]

Morocco has very important water resources:
groundwater, rivers and two oceanic facades with
3500 km; a wealth of plant, animal and fish
species likely to ensure the country a solid
foundation for a real economic take-off and a
sustainable and harmonious human development.
However, population growth and the rate of
urbanization have had a negative impact on
ecosystems.

In addition, the unreasonable management of these
natural resources, the dumping of solid waste and
liquid discharges into the natural environment
without any treatment, illegal landfills and the lack
of fundamental notions of environmental
protection among citizens, jeopardize the country's
environmental stability.

The city of Tiflet, in this case, is one of the
Moroccan cities that does not have a wastewater
treatment plant or a controlled landfill, which is a
priori involved in the deterioration of the
groundwater table, through the infiltration of
leachate and chemicals from pesticides used in
agricultural activities.

The objective of this work is to highlight water
quality and identify sources of disturbance, based
on the spatial factor, of groundwater of the
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Maamora groundwater from the city of Tiflet to
the centre of Sidi Boukhelkhal and its
surroundings by means of bacteriological and
physico-chemical parameters.

2 Materials and methods
2.1. Study site

The city of Tiflet (Fig. 1) is a Moroccan city,
located 56 km from the capital Rabat, dependent
on the province of Khemisset in the Rabat-Salé-
Kenitra region.

The population of Tiflet is 86709 inhabitants and
covers an area that tends to be around 12 km?. The
city is affiliated to the two catchment areas, Sebou
and Bouregreg and has two water resources, the
Oued de Tiflet and the Maamora groundwater,
which are used in agriculture, which is defined as
the city's main economic activity with a UAA of
67 ha, livestock farming comes second, a dominant
sheep activity estimated at 97.2%. [4]
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Fig. 1. Geographical location of the city of Tiflet
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2.2 Geology and hydrogeology of the
study site

Our study area is geologically part of the
Khemisset-Tiflet region, which is located between
the meseta that was structured during the
hercynian phase. It extends over the geological
provinces of the Sehoul block in its western part
(Tiflet region) while most of it lies to the south of
the Pre-Rife Wrinkles [5]

In addition, it belongs to a domain with the same
litho-stratigraphic facies as the neighbouring
hydrogeological units (North of Maamora and
Northwest, Rharb in the North East and Meknes
Basin in the East) [7].

However, from a hydrogeological point of view,
our study site is part of the Madmora groundwater,
which is bounded by the Rharb groundwater as its
western boundary and by the Fés-Meknés corridor
as its eastern boundary. [6]

In addition, the Maamora aquifer in the Tiflet
region is characterized by the presence of two
superimposed aquifers:

» The water table which circulates in alluvial
formations of the Villafranchien made up of sand,
sandstone and limestone.

» The deep-water table made up of limestones
from the Lias and separated from the surface water
table by Miocene age marl formations. [8]

2.3 Sampling

We have taken groundwater from the Maamora
groundwater from 36 wells located along the city
and its surroundings (rural communes) and the
commune of Sidi Boukhelkhal over a length of
approximately 40 km and an area of approximately
360 km? (Fig. 2)

abstraction wells

The piezometric level of the wells studied
increases from the town of Tiflet and its
surroundings to the northwest where the

groundwater level varies between 100 m and 400
m above sea level. (Fig. 3)
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Fig. 3. Piezometric level of the wells studied
2.4 Groundwater analysis techniques

In order to determine the quality of the
groundwater in the Tiflet region and its
surroundings, we carried out physico-chemical and
bacteriological analyses.

The pH and temperature were determined by a 206
Lutron pH meter equipped with a temperature
Sensor.

The electrical conductivity was measured using a
WTW LF90 conductivity meter. Turbidity was
determined by a portable 2100p turbidimeter.
Suspended solids (SS) are determined by filtering
a volume of water on a GF/C membrane (0.45
micron). The mineral material was calculated by
drying the sample at 550°C in porcelain capsules
first weighed and reweighed after drying and the
organic material was measured by evaporating the
sample at 105°C in porcelain capsules first
weighed and reweighed after drying. [8]

The water hardness was determined by
complexometry by making a  volumetric
determination of 50 ml of the sample with a
complexing titrant, EDTA in the presence of a
buffer solution and the NET colour indicator. The
TAC (full alkali titre) was determined from the
100 ml volumetric assay of the sample with 0.02
mol.l-1 acid to H30+ ion in the presence of
helianthin. [8]

Nitrates NO3- are determined by the
spectrophotometric method in the presence of
sodium salicylate and read at 450 nm wavelength.
Sulphates are measured by the nephelometric
method in hydrochloric medium as Barium
sulphate and Tween solution and read out over a
wavelength of 650 nm. Phosphates are calculated
by the spectrophotometric method in the presence
of the ammonium molybdate reagent and read at
wavelength 880 nm. [8]
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Microbiological analyses were limited to the
determination of indicators of faecal pollution
(faecal coliforms and faecal streptococci).

Fecal coliforms are determined by filtering water
on a membrane which is then deposited on
TERGITOL medium and incubated at 44°c for 48
h.

Fecal streptococci are determined by filtering
water on a membrane which is then placed on
SLANETZ medium and incubated at 37°C for 48
hours. [8]

3 Results and discussions
3.1. Physico-chemical quality

The physico-chemical analyses of the groundwater
studied remain quite variable from one parameter
to another.

Thus, the pH varies between 6.47 and 7.66. These
values comply with the standards for water
intended for human consumption on the one hand
and with the standards for water intended for
irrigation on the other hand. [9, 10]

The conductivity of these waters is gradually
decreasing from the town of Tiflet to the northwest
while an increase is observed to the northeast.

The recorded conductivity values range from a
minimum of 640.1pS/cm to a maximum of 9232
pS/cm measured at well number 13 in the
commune of Sidi Abderrazak. (Fig. 4).

According to the simplified grid for assessing
overall groundwater quality, the results show that
36.4% of wells are of good quality, 48.48% are of
medium quality, 3% are of poor quality and
12.12% are very poor. [11]

In general, 75.65% of the wells studied have
conductivity values below the conductivity limit
value for water intended for human consumption,
given by drinking water standards, and 100% of
the wells do not exceed the maximum value set by
the quality standard for water intended for
irrigation. [9, 10]
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Fig. 4. Spatial variation of conductivity in the study
area

Water turbidity ranges from 0.15 NTU to 51.3
NTU. However, 90% of the wells do not exceed
the turbidity limit set by the drinking water quality
standard. (Fig. 5) [9]

Fig. 5. Spatial variation of turbidity in the study area

The content of suspended matter is highly variable
with a minimum value of 3 mg/l and a maximum
value of 1100 mg/l recorded in the commune of
Sidi Boukhelkhal. (Fig. 6)

According to the quality standards for water
intended for irrigation, this water remains
acceptable for irrigation (gravity irrigation
system). [10]
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Fig. 6. Spatial variation of TSS in the study area

As for mineral matter, the values recorded in the
waters studied vary from 1 mg/l to 24.15 g/l. The
highest concentrations are observed in the southern
part of the study area. While the level of organic
matter varies between 3 mg/l and 17.63 g/l.

The water hardness calculation shows that 100%
of the wells studied are very hard since they
exceed 30°F. [12]. (Fig. 7)
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Fig. 7. Spatial variation of the total hardness in the study
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The nitrate concentration fluctuates between 0.29
mg/l and 117.34 mg/l. The lowest concentrations
are found in the municipality of Sidi Boukhelkhal.
According to the simplified grid for assessing the
overall quality of groundwater, 33.33% of wells
are of excellent quality, 12.12% of wells are of
good quality, 51.55% of wells are of medium
quality and 3% of wells are of poor quality. [11]
According to our results, 88% of the wells studied
do not meet the limit value for nitrate
concentration in drinking water set by the quality
standard, which is limited to 50 mg/I. [9]

0153

Fig. 8. Spatial variation of nitrates in the study area

The concentrations of sulphates collected from the
wells analyzed range from 0.89 mg/I to 47.99 mg/I.
These values are consistent with the maximum
values set by drinking water quality standards and
for water intended for irrigation. 9, 10] (Fig. 9)

Fig. 9. Spatial variation of sulphates in the study area

As shown in the following figure, the
concentration of phosphates in groundwater
changes from 0 mg/l (24% of wells) to 4 mg/l.
(Fig. 10). The low phosphate concentration can be
explained by the ease with which phosphates can
be fixed by the soil. [13]
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Fig. 10. Spatial variation of phosphates in the study
area

3.2. Bacteriological quality

From a bacteriological point of view, the
groundwater of the city of Tiflet and its regions
are found not to be drinkable as a whole since
they exceed the value set by the Moroccan
standard for the quality of water intended for
human consumption, this is reflected in the high
concentrations of faecal coliforms, which
generally exceed 65 CFU/100 ml, (Fig. 11) and
faecal streptococci, which generally exceed 70
CFU/100 ml (Fig. 12). On the other hand, this
bacteriological quality remains acceptable for use
in irrigation according to the quality grid for
water intended for irrigation. [9, 10]
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By way of comparison, the bacteriological quality
of the groundwater in the city of Tiflet; dependent
on the Maamora groundwater; is good compared to
the quality of the groundwater in the Martil
groundwater table, which exceeds 1000 CFU/100

ml. [14] g
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The turbidity of the Tiflet groundwater is 9 times

the turbidity measured at the Mohammedia,
’ Temara and Dar Bouazza groundwater level (2
- = L NTU), on the other hand the hardness retained is
almost twice the hardness referenced at the Tadla
groundwater level (137.38 °F). [16, 17]
The alkalinity of the water is high in the region
from Mzamza to Settat (77.75 °F), where it is more
than ten times the alkalinity measured at Tiflet and
twice the alkalinity measured at Tadla (31.20 °F).
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) p [17,19]

However, organic matter varies greatly between
o Tadla groundwater, which is 3083.88 mg/l,
- . T E R 1 Maamora groundwater at Tiflet, which is 950 mg/I,
. Il 20 AP I” I 11 E II and Taza groundwater, which is 2.37 mg/l. [15,
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it The concentration of nitrates in water varies from
Fig. 12. SF concentration of the wells analysed one region to another. The area of the Central High
Atlas has the lowest concentration 16.49 mg/l,
compared to the region of Tiflet 32.66, Tadla 44
mg/l, Mohammedia and Dar Bouazza 100 mg/l
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3.2. Discussion of the results

Several studies and analyses have been carried out S

at the national level to determine the quality of i

groundwater from different Moroccan aquifers, to an

this end we compare the results obtained at the

Maamora aquifer (in the city of Tiflet) and the ?;""‘M

aquifers of the provinces of Taza, Martil, Settat, g o

Mohammedia, Temara, Dar Bouazza, Tadla and e

the Central High Atlas. Z o

Taking into account our results, the electrical .

conductivity of Tiflet's groundwater is lower than ‘

that of the groundwater in Taza province (5010 e I I i
us/cm), the Mzamza Chaouia community (3002 w =
ps/cm), and Tadla (409236 us/cm), while it is Tiflet Taza Temara  Mohammedia DarBouzza  Tadla  Haut Atlas

Zone d'etude

higher than that of the Central High Atlas (1640.03
us/cm). (Fig 13) [15, 17, 18, 19]
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Taza 147 mg/l, Temara 400 mg/l (Fig 14).
[15,16,17,18]
Fig. 14. Nitrate concentration at different slicks in
Morocco

The concentration of sulphates in the groundwater
of the city of Tiflet remains lower than that of
groundwater in the Settat region (490.83 mg/1) and
in the Tadla area (179.34 mg/1). [17, 19]

Conclusion

The physico-chemical and bacteriological quality
of the groundwater of the city of Tiflet belonging
to the Maamora aquifer remains variable from one
area to another depending on the geographical
structure on the one hand and the exposure to the
sources of anthropogenic pollution on the other
hand.

From a bacteriological point of view, the
groundwater in the city of Tiflet is polluted and
does not meet drinking water standards. Thus, the
concentration of fecal coliforms and fecal
streptococci above 65 and 70 CFU/100 ml with a
source of fecal pollution of mixed origin
predominantly animal.

This said, water disinfection is an essential step
before any use.

However, from a physico-chemical point of view,
these waters comply with Moroccan standards for
water intended for human consumption, with 76%,
90% and 88% of the wells studied not exceeding
the maximum concentration standard for
conductivity, turbidity and nitrates in drinking
water respectively.

This groundwater complies with 100% of the
physico-chemical parameters analysed and meets
irrigation standards.

The comparison of the physico-chemical
characteristics of the groundwater of the city of
Tiflet shows a lower concentration by all
parameters (pH, Conductivity, Turbidity, TH,
TAC, MO, Sulfates, Nitrates and Phosphates)
compared to other groundwater of different
regions of Morocco (Taza, Martil, Settat,
Mohammedia, Temara, Dar Bouazza, Tadla and
the Central High Atlas). This can be explained on
the one hand by a low rate of population and
industrial activities and on the other hand by the
depth of the groundwater and its permeability.
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