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Abstract. The Saiss water table is one of Morocco's major agricultural regions. Its water resources satisfy
domestic, agricultural, industrial, and tourist needs. The present work focuses on the technique used to detect
spatiotemporal variations in the overall physicochemical, microbiological, and heavy metal quality of
groundwater in the Saiss basin, as assessed by the SEQ-Eau water quality system. A total of 28 samples
were collected during high and low water periods, respectively. The results show that 25% of the stations
present average quality during the dry season, and are located mainly in the southern part of the Meknes
plateau in the El Hajeb, Boufekrane, and Agouray regions, while this pollution is reduced during the wet
season with a percentage of 7.14%. However, the poor quality of groundwater indicates that 75% and
92.85% occupy almost the entire rest of the basin during the dry and wet seasons. Mapping of nitrate
pollution of groundwater indicates that the lowest nitrate concentrations were recorded in the southwest part
of the aquifer. The highest values were recorded in the center of the study area, with a maximum value of
118 mg/l, which exceeds the Moroccan standard due to the anthropogenic impact of agriculture and water
use.
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Certainly, Ensuring the optimal quality and
sufficient availability of water resources is a critical

1 Introduction

Groundwater is a precious resource for human
life and economic development. Indeed, Groundwater is
a vital part of the hydrological cycle and is located
within a porous geological formation known as an
aquifer. Globally, the majority of freshwater originates
from groundwater sources [1] and constitutes a
significant portion of the water ressources. However, the
growing population, expanding industrial performance,
climate change impacts, and intensified agricultural
practices have significantly increased the pressure on
water resources, particularly on groundwater stored in
aquifers, leading to a deterioration in both quantity and
quality [2].
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concern for humanity. Guaranteeing both the quality and
quantity of water presents a significant challenge. Water
quality is especially important because it directly affects
human health. Numerous pollutants, such as organic,
inorganic, and biological contaminants, can compromise
water quality [3-5]. Groundwater contamination by
nitrates, in particular, stands out as a significant
environmental concern [6, 7].

This study aims to investigate the spatiotemporal
fluctuations in the physicochemical attributes,
microbiological features, and heavy metals in the
groundwater of the Saiss aquifer. This approach relies
on the utilization of the water quality assessment system
(SEQ-Eau) for a comprehensive analysis. The results
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will be visually represented through thematic maps
generated using specialized geographic information
systems (GIS) software. These maps will highlight the
spatiotemporal distribution of water characteristics,
especially during periods of high and low water levels.
In the aquifer system of Fez-Meknes

2 Materials and methods
2.1Study area

The Saiss basin stretches from East to West for
80 km, situated between the Rif Mountain range to the
North and the Middle Atlas to the South, from the city
of Fez in the East to the Western outskirts of the city of
Meknes. It is an intra-mountainous continental basin
filled with deposits ranging from the Upper Miocene to
the Quaternary, overlaying a Mesozoic and Paleozoic
basement. The maximum depth of this basin is
approximately 1.5 km in the Northeast and is filled with
deposits ranging from the Secondary to the Quaternary,
covering a Paleozoic basement. The Meknes plateau
contains two main aquifer formations: the Plio-
quaternary phreatic aquifer and the deep Lias aquifer
[8]. The water supply of the region heavily relies on
these aquifers, highlighting their vital role, serving the
agricultural, industrial, and potable water demands of
the nearby community. The Saiss basin is divided into
two sub-basins by a geological structure called the Ain
Taoujdate flexure. This flexure extends in a
predominantly ~ Northwest-Southest —direction and
separates the Meknes plateau to the West from the Saiss
of Fez, also known as the Saiss plain, to the East [9]. As
shown in Figure 1, the altitude of the plain gradually
declines towards the North.
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Fig. 1. Geographical area under study and spatial arrangement
of sampling locations.

2.2 Data used

The study utilizes data relating to 25 parameters,
including analysis data for 14 physicochemical
parameters, 3 bacteriological parameters, and 8 heavy
metal parameters of groundwater from the Saiss basin
aquifer. Water samples were collected from 28 stations
over two months during two sampling campaigns
conducted successively during the dry summer low-
water season (September 2018) and the wet spring high-

400000

340000

water season (March 2018). The 25 parameters used in
this study include pH, temperature (T°C), electrical
conductivity (EC), orthophosphates (PO4*), chloride
(CI), total dissolved solids (TDS), sulfates (SO4>),
magnesium (Mg?"), calcium (Ca?"), sodium (K%),
potassium (Na?"), ammonium (NH4"), nitrites (NOy),
nitrates (NO3"), fecal streptococci (FS), , total coliforms
(TC), fecal coliforms (FC), manganese (Mn), lead (Pb),
zinc (Zn), arsenic (As), cadmium (Cd), iron (Fe), , and
chromium (Cr). Evaluation and mapping of the results
were conducted using Excel 2016 and ArcGIS 10.4
software.

3 Methodology
3.1 Water Quality Evaluation System (SEQ-Eau)

This system relies on the concept of the weighted quality
index, which is computed for each parameter and
alteration. Certainly, the values within the ranges
established by the new grids for water quality
assessment are converted into dimensionless values
ranging from 0 for very poor quality to 100 for excellent
quality. (Table 1).The index of each parameter is
calculated through weighting, while the index of an
alteration is determined by averaging the weighted
values of the parameters associated with that alteration
(IP) [10]. The overall quality index represents the
minimum index obtained among all alterations
considered. The groundwater quality grid establishes
five quality classes, each determined by specific
threshold values that must not be exceeded by the
different parameters [11]. To visualize the
physicochemical, microbiological, and metal quality, a
distinct color palette is assigned to each category:
Classes of groundwater quality: Excellent (blue), Good
(green), FAverage (yellow), Poor (orange), and Very
Poor (red).The formula for calculating the weighted
index is as follows [11]:

[Ppa=li+ [(Iv _It)/ (b?'bl)]*(b‘f_pa) (])

Where [P,, represents the weighted index for the
analyzed parameter; I; stands for the lower index; I,
represents the upper index; b; denotes the lower limit; b,
indicates the upper limit; and pa represents the analyzed
parameter value.
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Table 1. Simple framework for assessing overall
groundwater quality [11, 12].

Average
60 40

/Alteration| Quality Class

Index

Temperature
1 Temperature ‘ °C
Acidification
2 pH ‘ - ‘ 85-92 | 365 and ‘
9.2-10

Nitrogenous matter

Nitrites (NO27) mg02/1

3 TDS mg/l 600 -900
DO:Dissolved mg/l
Ammonium mgNH4™

Phosphorus matter

Orthophosphates mg/l

Total P. (TP) mg/l

Mineralization

EC 25% ps/cm 1300-2700 | 2700-3000
5047~ mg/l 200-250 250-400
Cr mg/l 300-750 | 750-1000
5 Ca?* mg/l
Mg mg/l 100-400
Na* mg/l
6 Nitrates
Nitrates (NO3") mg/l

Microorganisms

/100ml 2000-20000 | 20000-50000
>50000

>10000

7 Fecal coliform (FC)

Taotal coliform (TC) /100ml 5000-50000

Fecal streptococci (FS)|  /100ml 1000-10000

[Metallic trace elements

Zinc (Zn) mg/l
Cadmium (Cd) mg/l
Lead (pb) mg/l
Chromium (Cr) mg/l
8 Iron (Fe) mg/l
Arsenic (As) mg/l
Manganese (Mn) mg/l

Copper (Cu) mg/l

4 Results and discussion

900- 1200

<320u >160

Alternatively, the primary aim of the water Quality
assessment system (SEQ-Eau) approach is to precisely

identify significant water

quality deteriorations,

directing pollution control programs accordingly. In this
present study, the weighted index will be calculated for
each parameter as well as the alteration index for that
alteration. Each type of alteration groups parameters of
similar nature or with equivalent impact on the aquatic

environment.

4.1 Assessment of the SEQ-Eau quality of
alterations in various parameters during both

high and low water level periods.

The weighting and alteration indices were calculated for
all samples representing the collections at the 28 stations
during the two successive high and low water seasons in

2018.

4.1.1  Temperature (Alteration 1)

The water temperature shows very good quality across
all stations of the aquifer during the high-water period

(Fig. 2a). However, during periods of high and

low

water levels, the temperature quality is classified as
moderate for stations located in the Meknes-Boufkrane
regions, while the rest of the basin exhibits good quality
(Fig. 2b). This degradation in quality is due to the dry

season.
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Fig. 2. Maps of alteration quality of temperature during a) the

high-water and b) the low-water periods of 2018.

4.1.2  Acidification (Alteration 2)

The alteration of acidification (pH) indicates excellent
quality for all the studied stations, whether during high-
water or low-water seasons. The groundwater of the
Saiss aquifer exhibits low alkalinity. The extreme pH
values found range between 7.3 and 8.2 during high
water periods, and between 7.0 and 7.6 during low water

periods, as illustrated in Figure 3.
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system, groundwater quality is typically rated as good in
the Fez region and ranges from good to excellent in the
rest of the aquifer during both seasons (Fig. 4a and 4b),
except one station in the Haj Keddour region where the
quality is moderate during the low-water period
(Fig.4a).
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Fig. 4. Maps of alteration quality of Nitrogenous during a)
the high-water, and b) low-water periods of 2018.

RENA23
e e e i i e 4.1.4  Phosphorous matter (Alteration 4)
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Fig. 5. Map of alteration quality of phosphorous matter
during high water and low water of 2018.

4.1.5 Mineralization (Alteration 5)

The groundwater quality assessment system
represents the alteration index of mineralization by
expressing the average of the weighted indices of
parameters like chloride (Cl-), electrical conductivity
(EC), , calcium (Ca2+), sulfates (SO43-), magnesium
(Mg2+), and potassium (Na+). It was found that
groundwater in Saiss for the "mineralization" alteration
exhibits good to very good quality during both high and
low water periods (Fig.6).
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4.1.6  Nitrates (Alteration 6)
. . . . . 4.1.7  Microorganisms (Alteration 7)
Various chemicals, including nitrates, have the
potential to percolate leach into the soil and contaminate The mean value of the weighted indices of the three
groundwater [13]. Beneath agricultural areas, nitrates parameters, namely fecal coliforms (FC), total coliforms
represent the predominant form of nitrogen. They are (TC), and fecal streptococci (FS), following the water
soluble in water and can readily permeate through the quality assessment system, constitutes the index

soil to reach the water table. Nitrates are notably the reflecting the alteration of microorganisms.
primary nitrogen form found in natural waters,

frequently linked to human activities [14]. Overall, the groundwater quality of the Saiss aquifer

is excellent during the high-water period, while this

According to the SEQ-eau, the groundwater quality quality has become good in the eastern part of the
in the Saiss aquifer conceming nitrate alteration was aquifer’ particularly in the regions of Mhaya and Fez,
determined (Fig. 7a and 7b). The concentration of whereas the rest of the basin remains in the excellent
nitrates exhibits a minimum value that influences poor class during the low-water period’ as indicated in
water quality, covering almost the entirety of the basin, Figures 8a and 8b, respectively.
except for two stations located successively in the El 460000 50000 500000 520000 540000 60000
Hajeb region and along the Sebou River during the high- A ' ’ ' ' '
water period (Fig. 7a). Conversely, this quality is g g
improved to moderate quality in the El Hajeb-Boufkrane z| E
area during the period of low water flow, while the
stations in the Meknes-Haj Kaddour and Fez-Taoujdate- - -
Mhaya regions show poor quality (Fig. 7b). The 2 =
degradation of groundwater quality is attributed to high " ) o
nitrate concentrations in most stations of the saiss basin, ""chmd
exceeding the critical threshold of 50 mg/l during both = SEQ-eau_Microorganisms HW_2018| 3
seasons. 3 e 3
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Fig. 8. Maps of alteration quality of microorganisms during
a) high-water and b) low-water of 2018.

4.1.8 Metallic elements (Alteration 8)

The weighted average of parameters indices, cadmium
(Cd), iron (Fe), arsenic (As), chromium (Cr), zinc (Zn),
manganese (Mn), lead (Pb) and copper (Cu), as
indicated by SEQ-eau, represents the alteration index of
metallic elements. Figure 9 depicts the results obtained
by the groundwater quality assessment system for both
high and low water periods, showing very good quality
across the entire aquifer. This indicates that the waters
in the study area were not affected by heavy metal
pollution during the two seasons of the year 2018.
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Fig. 9. Map of alteration quality of metallic matter during
high water and low water of 2018.

4.2 Quality evaluation: SEQ-physicochemical

The water quality assessment system facilitated an
evaluation of the physicochemical quality of water at
each station, taking into account six alterations:
temperature,  acidification,  nitrogenous  matter,
phosphorous matter, mineralization, and nitrates, during
both seasons (Fig. 10a and 10b). Overall, the water
quality recorded for the 28 stations during the high-
water period indicates poor quality (Fig. 10a), during the
low-water period, this quality improves to reach the
moderate class at stations located in the El Hajeb-
Boufkrane regions (Fig. 10b). However, the stations
located in the regions of Meknes-Haj Kaddour and Fez-
Taoujdate-Mhaya continue to exhibit poor water quality.

These poor qualities are attributed to the increase in
nitrate levels in groundwater, potentially resulting from
the leaching of fertilizers applied in agricultural soils
within the Saiss aquifer, particularly in the Fez region.
Additionally, a significant anthropogenic contribution
may also be responsible for this degradation in quality.
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Fig.10. Maps of the SEQ-physicochemical quality during a)
the high-water period, and b) the low-water period of 2018.

4.3 Quality evaluation: SEQ-bacteriological

The assessment of bacteriological water quality
at every station, considering the alteration of
microorganisms, was conducted through the water
quality assessment system. The overall bacteriological
quality remains consistently good to very good
throughout the high-water season. (Fig. 11a).

The thematic map for the low-water period shows
the emergence of a moderate-quality class at stations
located in the Fez, Mhaya, and Sbaa Ayoun regions, as
well as the North of Haj Kaddour (Fig. 11b). This
fluctuation in quality during the dry season is due to the
concentration of fecal and total coliforms, with a
maximum of 8400 and 4200 (/100ml) respectively.
These concentrations are classified in the moderate
category, with index values ranging between 2000 and
20000 according to the groundwater grading system

[11].
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Fig.11. Maps of the SEQ-bacteriological quality during the
high and the low water periods of 2018.

4.4 Quality evaluation: SEQ-metal

Figures 12a and 12b illustrate the evaluation of metal
quality indicated by the SEQ-Eau extracted at each
station, considering the alteration of metallic elements,
showing that the overall quality of stations located in the
Meknes-Haj Kaddour and Fez-Taoujdate-Mhaya
regions is excellent. However, the region of El Hajeb-
Boufekrane (South of the Meknes plateau) exhibits good
quality during both high and low water periods in the
studied area. According to the results obtained, the
groundwater does not seem to be affected by the
alteration of metallic elements.
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The integrated analysis of physicochemical,
bacteriological, and heavy metal parameters of
groundwater in the Saiss aquifer suggests that the
overall quality according to SEQ-Eau is primarily
influenced by physicochemical parameters, particularly
nitrates. This predominant influence is significantly
evident during both high and low water periods.
Thematic maps (Fig. 13a and 13b) illustrating these
specific parameters demonstrate a remarkable similarity
with those obtained through the application of
physicochemical SEQ-Eau (Fig. 1la and 11b).
Nevertheless, the levels of nitrates, in particular, play a
pivotal role in determining water quality, and this
consistency enhances the credibility of assessments
relying on the physicochemical component. These
findings underline the importance of carefully
monitoring and managing nitrate levels to maintain and
improve water quality in the region throughout the
seasons.
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Fig.13. Maps of the overall SEQ-eau quality during a) the
high-water period, and b) the low-water period of 2018.

In the high-water season, water quality is generally poor
throughout most of the basin, except for two stations
located respectively in the E1 Hajeb region and along the
Sebou River, which exhibit better quality (Fig. 7a, 11a,
and 13a). During the low-water period, a slight
improvement is observed in El Hajeb-Boufkrane, but the
quality remains poor in the Meknes-Haj Kaddour and
Fez-Taoujdate-Mhaya regions (Fig. 7b, 11b, and 13b).
This degradation of groundwater quality is attributed to
high nitrate levels in the majority of stations in the study
area during both seasons, exceeding the threshold of 50
mg/l considered to distinguish polluted wells from
unpolluted ones [16] (Fig.14). The environmental
deterioration of this quality in the Saiss aquifer,
particularly in the Fez region, is linked to anthropogenic
impact, especially agricultural development, including
the excessive use of pesticides and chemical fertilizers,
which can contaminate groundwater through leaching of
fertilizers used in agricultural soils.

Similar results show that the increase in pollution,
mainly of anthropogenic origin, is contributing to the
degradation of water quality in multiple aquatic
ecosystems across Morocco.For instance, studies like
the one conducted by [17] has underscored that
agriculture, along with domestic and industrial effluents
along the Boufekrane River passing through Meknes
city, are the primary contributors to this decline.
Similarly, research conducted by [18] has underscored
the same phenomenon in the rivers of Fez city. This
coherence between the integrated results of SEQ-Eau
and the specific outcomes in the chemical domain
strengthens the credibility of these parameters'
significance in assessing water quality in the studied
region. This, in turn, leads to the development of water
management strategies aimed at improving and
maintaining water quality in the Saiss basin.

Stations

Fig.14. Nitrate concentrations at different stations during
high and low water levels in 2018.

5 Conclusion

The present study focuses on developing a
comprehensive diagnosis of groundwater pollution in
the Saiss aquifer using SEQ-Eau. The results obtained
demonstrate that:

The physicochemical SEQ indicates that the overall
quality of groundwater is poor, except for two stations
located in the regions of El Hajeb and along the Sebou
River during periods of high water flow. However, this
quality improves slightly to reach a medium level at the
El Hajeb-Boufkrane station during periods of low water
levels. Conversely, stations located in the regions of
Meknes-Haj Kaddour and Fez-Taoujdate-Mhaya show
poor water quality.

The bacteriological SEQ of groundwater reveals
good quality during the high-water period. However, a
seasonal degradation in quality is observed during the
dry season, particularly in stations located in the region
of Fez, Mhaya, Sbaa Ayoun, and the North of Haj
Kaddour. This deterioration is mainly due to an increase
in levels of fecal and total coliforms, exceeding
acceptable thresholds for optimal quality.

The metal SEQ indicates good quality during both
high and low water seasons. This suggests that the
alteration of metal elements does not have a significant
effect on the groundwater table. This could be the result
of natural filtration or dilution processes within the
aquifer system.

The physicochemical, bacteriological, and heavy
metal analyses suggest that the overall quality of
groundwater in the Saiss aquifer during both seasons is
primarily controlled by physicochemical parameters,
particularly nitrates. The overall SEQ-Eau results are
consistent with those obtained from physicochemical
SEQ analysis.

The decline in overall water quality in the study area is
primarily attributed to elevated nitrate levels observed in
the majority of stations, exceeding the standards
established by Moroccan authorities (50 mg/l). This
pollution is closely linked to human activity, particularly
agricultural development and the excessive use of
pesticides and chemical fertilizers.
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