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ABSTRACT

This study addresses the pressing need to evaluate the quality of water resources in the Oued Guir watershed, highlighting the
importance of monitoring both surface water and groundwater in the context of environmental and public health. It focuses on the
evaluation of physicochemical and bacteriological water quality downstream of the Kaddoussa Dam, as well as the characterization
of wastewater from the Boudnib treatment plant discharged into Oued Guir. The goal is to assess the health of aquatic ecosystems
and understand the impact of anthropogenic activities on these sensitive environments. A comprehensive analysis was conducted
at 15 selected stations during a sampling campaign in November 2023. Groundwater and surface water were assessed using
10 physicochemical parameters, while bacteriological quality was evaluated based on fecal coliforms and Escherichia coli. In
addition, 38 parameters were studied to characterize the wastewater discharge. All analyses followed standard procedures and the
results were compared to Moroccan and World Health Organization (WHO) standards. The study revealed that surface water
and groundwater in the study area exhibited strong mineralization, with Electrical Conductivity (EC) exceeding 1400 uS/cm at
all stations. Nitrogen quality, in terms of Nitrates (NOs"), was moderate across stations, while Ammonium (NH4") quality was
consistently excellent. Physicochemical parameters of surface waters indicated overall excellent quality. Bacteriological analysis
showed minimal contamination by fecal coliforms and Escherichia coli, with levels deemed negligible. However, wastewater
from the Boudnib treatment plant exceeded Moroccan standards for organic load, presenting a potential environmental risk.
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1. Introduction

Water quantity and quality pose significant challenges for
humanity in the 21st century!21). The wellbeing of both hu-
mans and crop production is directly impacted by water quality,
which affects soil health, harvests, and the overall ecosystemm.
Water quality is a crucial consideration in various sectors, includ-
ing water supply, wastewater treatment, industry, agriculture,
aquaculture, aquatic ecology, and human and animal health 1.
Human activities are responsible for contaminating and pollut-
ing different ecosystems!> 8. These anthropogenic activities
severely impact aquatic ecosystems, which are also under grow-
ing pressure from population growth, urban development, and
unsustainable water resource exploitation'”). The expanding
population and rapid urbanization further strain freshwater re-
sources, leading to increased water scarcity and stress['%121.
Agriculture is identified as a significant contributor to excessive
water consumption and the degradation of water quality['*!. The
impact of agriculture on water quality originates from multiple
sources, including crop cultivation, livestock farming, and aqua-
culture, which have expanded and intensified to meet the rising
food demand driven by population growth and changing dietary
patterns '], Fertilizers and pesticides are the primary contami-

15.16] ' Fyrthermore,

nants associated with agricultural practices!
the process of irrigation can contribute to the transportation
of accumulated salts in soils into nearby water bodies through
drainage water. This can lead to the phenomenon of salinization,
where the increased salt content negatively impacts the water
quality of these receiving bodies!* 171,

In Morocco, the water sector continues to confront nu-
merous challenges, primarily stemming from water scarcity
attributed to a confluence of factors, including the impacts of
climate change and the escalating overexploitation of ground-
water resources, notably driven by the agricultural sector. Ad-
ditionally, there are various factors contributing to the dete-
rioration of water quality, such as pollution. This issue is
particularly important, especially in arid regions such as oa-
sis regions!'®). However, the study area is one of the oasis
areas affected by these constraints, especially the sudden de-
velopment of agricultural activities after the installation of the
Kaddoussa dam. Agricultural activities and municipal sewage
pose significant threats to the water quality of Boudnib. The
expansion of agricultural activities in the region, especially
in the date palm sector facilitated by the establishment of the
Kaddoussa dam, has led to the excessive use of chemical fertil-

izers and pesticides. Consequently, these substances have the
potential to permeate the soil, resulting in the contamination
of water bodies, particularly groundwater sources!> 119201,
This presents a substantial environmental concern, posing po-
tential risks to both water quality and the health of aquatic
ecosystems“s’ 16,19, 201

In recent years, several case studies have focused on
the impact of human activities on water quality. For instance,
Sarker?!] investigated the effects of agricultural runoff on river
systems in South Asian countries, showing level of pesticides
contamination in the major river systems. In contrast, a study by
Mukate ?? examined the influence of industrial and agricultural
land uses on groundwater quality in semiarid region of Sola-
pur, India, revealing significant contamination of water quality
due to land uses activities. These case studies underscore the
need for integrated water quality assessments that consider both
natural and anthropogenic influences.

Wastewater may contain harmful substances, such as
pathogens, heavy metals, and chemicals, which can seep into
groundwater. However, it can negatively affect groundwater
quality, potentially threatening ecological stability and human
health 23251,

In contrast, the population in the study area continues
to rely on traditional sanitation systems in the form of septic
systems within the ksours (traditional villages). Wastewater
effluent from these systems is discharged into the Oued Guir.
Similarly, the treated municipal wastewater from the treatment
plant is directly released into the Oued Guir. Globally, approx-
imately 80% of municipal wastewater is released into water
bodies without undergoing any treatment?%1. The discharge of
polluted waters into the Oued Guir may pose a potential risk
of contaminating both surface water and groundwater sources.
This contamination can have detrimental effects on human
health 7, particularly considering that a significant portion
of the population relies on wells and Khettaras as their source
of drinking water. The release of wastewater from various
sources leads to contamination of underground and surface

1126:281 ' This contamination, in turn,

water as well as the soi
affects the safety of food and drinking water. When individu-
als consume water and food that have been contaminated, it
poses a serious risk to human health, contributing to significant

(271 The evaluation of

health problems and even epidemics
wastewater quality parameters, such as pH (potential of hydro-

gen), biochemical oxygen demand (BOD), chemical oxygen
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demand (COD), and total suspended sediments, plays a crucial
role in the effective and dependable operation of wastewater
treatment plants. These variables provide essential informa-
tion for monitoring and maintaining the efficiency of treatment
processes 2% 3.

Effectively addressing water pollution arising from agri-
cultural activities and untreated municipal wastewater requires
the implementation of robust water resource management frame-
works. These frameworks should integrate comprehensive ap-
proaches for managing both land and water utilization, incorpo-
rating strategies for water reuse. Indeed, the primary objective
of this study was to provide insights into water quality in the

region and offer relevant recommendations.

2. Material and Methods

2.1. Study Area

Boudnib, situated on the southeastern border of Morocco,
encompasses the Oued Guir valley, extending approximately
60 kilometers from the Kaddoussa dam site to the downstream
Sahli perimeter (Figure 1). Positioned 60 km southeast of Gour-
rama and 80 km east of Errachidia, Boudnib became part of the
Draa-Tafilalet region following the administrative division of
2015. The region includes seven Ksours (traditional villages)
and two communes: the rural commune of Oued Naam and the
urban commune of Boudnib. As of the 2014 general population
census, Boudnib had a total population of 16,713 (RGPH, 2014).
In terms of water potential, the Boudnib region is characterized
by two main aquifers: the quaternary aquifer and the Senon-
ian aquifer. Additionally, the study area boasts an ingenious
hydraulic heritage known as Khettaras—draining galleries that
channel groundwater to the surface by gravity for irrigation and
drinking water. Presently, six khettaras are still in use in the
Boudnib area. Given this abundance of groundwater, the agricul-
tural sector serves as the driving force behind local development

in the study area.

2.2. Hydrology of Guir Watershed

The study area belongs to the Guir hydraulic basin. The
watershed of Oued Guir has its source in the High Atlas, which
is a region with higher rainfall than that of Boudnib. According
to geological studies, Guir watershed is formed essentially by

permeable to semi-permeable soils, which occupy almost the

whole of the area of the basin, which promotes the infiltration
of surface water!®!!. The annual rainfall pattern in the high Guir
basins is marked by two distinct rainy seasons: autumn and
spring. The average annual rainfall in the upper basin reaches
approximately 250 mm, while in the downstream area of the
basin, it amounts to around 112 mmB!. Concerning Oued Guir,
it is considered as one of the longest Oued in North Africa. Its
total area is around 17500 km? in Moroccan territory 2. At the
exit of the Boudnib area, Oued Guir joins Oued Bouanane. Sev-
eral tributaries feed Oued Guir before arriving at the Kaddoussa
dam. In Moroccan territory, the main tributaries of Oued Guir
are Oued Assefti, Oued Ait Aissa and Oued Zelmou. Before
the construction of the Kaddoussa dam, Oued Guir, along its
course in the study area, is fed by resurgences of the alluvial
aquifer, by small Oueds and by perennial sources of low flow,
with flows of a few liters per second) or temporary (associated
with heavy rains at high altitude®*!. Despite the extent of the
Guir watershed, a high flow velocity given the presence of steep
slopes characterizes the floods of Oued Guir. Indeed, they are
classified in the category of torrential floods of small moun-
tain basins**. In 2008 the study area experienced violent and
catastrophic flooding, causing the destruction of many habitats.
Following these floods, the measures adopted to restore the bal-
ance is the construction of the Kaddoussa dam. The construction

work on this dam was completed in 2021.

(Kaddoussa dam)

169200

= Ksar Tazougart

154000
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Figure 1. Geological location of the study area: Boudnib, Morocco.

70000 o700

Source: own study.

2.3. Climatic Characteristics

The climate of the region is semi-arid continental type,
marked by the scarcity of rainfall. Temperatures are character-

ized by large seasonal and daily variations with peaks varying
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between —5 °C in winter and 50 °C in summer. The precipitation
recorded is generally weak and uneven in time and space. The
average annual rainfall is 100 mm in the plains and 150 mm
in the mountainous areas. Monthly and annual means have a
special significance of randomness due to the large variations
in rainfall patterns. The prevailing winds have a direction from

northeast to southwest 32,

2.4. Sampling

The selection of stations aimed to cover the entire perime-
ter of Boudnib, starting from the Kaddoussa dam and extending

to Sahli, which represents the last point downstream (Figure 2).

“| Geological location of study area and
sampling stations : Boudnib - Morocco

Figure 2. Geological location of sampling stations.

Source: own study.

2.4.1. Groundwater Sampling

Groundwater samples were collected from eleven wells
and boreholes located in the ksours (traditional villages) and
farms. Electric pumps were used for the groundwater sampling,
as it is a practical and widely employed technique for this pur-
pose. In cases where stations did not provide a continuous flow
of water, such as in modern farms, a flow of water was initiated
for one hour before directly sampling the water sample. This

step ensured representative sampling of the groundwater.

2.4.2. Surface Water Sampling

Surface water sampling was done manually in three water

points using a sampling pole.

2.4.3. Wastewater Sampling

Direct sampling of the wastewater that comes out of the

canal, coming from the Boudnib wastewater treatment plant,

which discharges into the natural environment (Oued Guir).
2.5. Physicochemical Parameters

Water temperature, pH, electrical conductivity and dis-
solved oxygen, these parameters were measured in situ using
portable devices. The samples were packaged in bottles, and
transported to the laboratory in order to carry out the rest of the
analyses. Additional indicators were analyzed according to the
analysis methods recommended by AFNOR *#! and Rodier!**!.
The results found were compared with Moroccan standards for
surface water and groundwater (Direction de la recherche et de
la planification de 1’eau, 2014a), and with the standards of the
World Health Organization*®. For wastewater, the recorded
results were compared with the general discharge limit values
applicable to discharges of wastewater, which do not have spe-

cific limit values 37,

2.6. Bacteriological Parameters

The samples were put in sterilized bottles, after they were
transported to the laboratory. Two indicators were analyzed:
fecal coliforms and Escherichia coli. The count of these bac-
teria indicating fecal contamination was carried out based on
the technique recommended by Rodier!*>). The results found
were compared with Moroccan standards for surface water and
groundwater, also compared with the standards of the World

Health Organization %3¢,

2.7. Statistical Analysis

In conducting the statistical analysis for this study, data
processing was meticulously executed through the utilization
of SPSS 10.0.5 software.

3. Results and Discussion

3.1. Physicochemical Parameters of Ground-
water and Surface Water

The results of the physicochemical analyzes of surface
water and groundwater are summarized in the following table
(Table 1):
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Table 1. The results of the physicochemical analyzes of surface water and groundwater.

Physicochemical Analysis

Geographic Coordinates

Water . _ Dissolved Total Phos- Electrical .
D Nature T pH NHs  NO: Oxygen phorus CDO  BODS (.o ity (EC) Fluorides X v
Unit - °C pH Unit mg/l mg/l mg 02/1 mg P/l mg/l mg/l pS/em mg/l
s1 S;f;cre 2.7 8.9 007 1002 443 <0.1 <30 <3 1600 025 651227.92 176520.90
s2 G;Z:‘;" 22.9 8.2 <0.005  41.07 - - - 3460 0.33 651998.07 175431.59
3 S;;i‘:re 20.03 9 <0005 128 433 <0.1 <30 <3 1980 021 650780.70 170331.56
sS4 Ground 4 1 73 <005 448 - - - 1965 02 676868 152127
water
S5 Ground 53 7.5 <005 929 - - - 1716 0.25 677772 152767
water
S6 Ground 22.1 72 <0.05 7.24 - - - 1771 0.2 670728 151078
water
s7 Ground  py 5 7.3 <005 654 - - - 1809 0.13 670823 150479
water
s¢ domd gy 77 <005 1.69 - - - 1934 <0.1 657865.66  155570.11
so  Ground 5 8 <005 10.82 - - - 1637 0.22 65354123 16717171
water
$10 Ground )3 8.1 <005 553 - - - 1921 0.22 674962 153361
water
s Ground 5, 776 <002 1165 - - 1500 0.23 655444 156806
water
sz Ground oy 7.9 <005 0.87 - - - 2460 <0.1 651693 157376
water
s13 S\‘;r:tfrc 207 8.8 009 936 455 <0.1 <30 <3 1935 0.15 68549022 15297834
S14 Ground 18.4 78 <0.05 27 - - - 3300 0.15 684946.27 152815.69

water

Note. All abbreviations used in this article are defined below.

S - Station; T - Temperature; COD - Chemical Oxygen Demand; BODS5 - Biochemical Oxygen Demand, 5-day.

The physicochemical analysis results of groundwater and
surface water were examined to assess the quality of water in
the study area. The data presented in Table 1 provide a compre-
hensive overview of the key water quality indicators, including
temperature, pH, ammonium (NH4"), nitrates (NOs"), dissolved
oxygen, total phosphorus, chemical oxygen demand (COD),
biochemical oxygen demand (BOD:), electrical conductivity
(EC), and fluorides, among others.

To assess the quality of this water, the recorded values
were compared with Moroccan standards and WHO standards
in points where the water is drinkable.

3.1.1. Temperature

The recorded temperatures vary between 18 °C and 24
°C. The temperature influences the other parameters, such as
the case of dissolved oxygen and electrical conductivity. High

temperatures leading to degradation of water quality 3% 3.
3.1.2. pH

The waters in the study area are characterized by an al-
kaline pH. The recorded values vary between 7.2 and 9. The
values recorded in the points where the water is drinkable are
within Moroccan standards (between 6.5 and 8.5). Regarding
surface waters (S1, S3 and S13), the recorded values exceed
a pH level of eight. Generally, pH values in waters have a

dynamic relationship with other water quality parameters "],

3.1.3. Electrical Conductivity (EC)

Conductivity is a parameter used to assess the mineral load
in water. It is an indicator of inorganic pollution. The recorded
values range between 1500 pS/cm (S11) and 3460 puS/cm (S2).
The findings indicate that the water sources in the study area,
particularly the Quaternary groundwater, exhibit high mineral-
ization levels. Specifically, two stations, Kaddoussa (S2) and
Sahli (S14), demonstrate inadequate mineralogical quality in
terms of electrical conductivity, as per the standards established
by the national system for assessing overall groundwater quality
(Direction de la recherche et de la planification de I’eau, 2014a).
The values recorded in these two stations exceed the values
set by the WHO (less than 2000 pS/cm). On the other hand,
the remaining stations exhibit an average mineralogical quality.
The high mineralization of groundwater observed in the study
area can be attributed to several potential factors, including
the composition of the source rock, the use of fertilizers con-
tributing to increased electrical conductivity, irrigation practices
involving water with high levels of dissolved salts or salinity,
and the presence of soils with elevated levels of dissolved salts

or salinity (4",

3.1.4. Ammonium (NH4")

Ammonium (NH4") is a main indicator of pollution that

can be caused by polluted discharges™. The nitrogen quality
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in terms of Ammonium (NH.4") is excellent for all stations. The
S2 and S3 recorded the lowest levels of ammonium content.
Ammonium levels do not exceed the values established by the
national system for evaluating the overall quality of ground-
water!'®. The values recorded are less than 0.1 mg/l, which
is lower than the permissible limit of the WHO, that is, 1.5
mg/161,

3.1.5. Nitrates (NOs")

The nitrogen quality, specifically in terms of nitrates
(NOs"), is generally classified as good to excellent at most sta-
tions, with the exception of the Kaddoussa point where the
quality is average. The recorded nitrate concentrations range
from 0.87 mg/1to 41.07 mg/1. The Kaddoussa station (S2) ex-
hibits the highest nitrate content (41.07 mg/l) compared to the
other stations. While, the lowest nitrates contents were recorded
in the (S12), that is, 0.87 mg/1. However, the recorded values do
not exceed the maximum permissible limit for drinking water,
which is set at 50 mg/1P%. The potential causes of the high
nitrate content at the Kaddoussa point can be attributed to the
use of nitrogen fertilizers, animal waste, manure, or domestic

wastewater in the area (40,
3.1.6. Fluorides

Fluoride levels recorded at all the stations comply with
the WHO standard (1.5 mg/l) (WHO, 2008). Fluoride is a natu-
rally occurring element and can be found in various geological

formations, including rocks and soils. It can also enter water

sources through the weathering of minerals or human activities
such as industrial discharges, agricultural runoff, and the use of

fluoride-containing fertilizers #7431,
3.1.7. Surface Waters: Additional Parameters

For the three specified stations - Kaddoussa dam (S1),
surface waters of Tazougart (S3), and Sahli (S13) - an extensive
analysis included additional parameters. These parameters en-
compassed dissolved oxygen (registering below 5.6 at all three
stations), total phosphorus (measuring less than 0.1 mg/l of P at
all three stations), chemical oxygen demand (COD) (recording
less than 3 mg/1 at all three stations), and 5-day biochemical oxy-
gen demand (BODS5) (noting values below 30 mg/1 at all three
stations). The recorded values consistently adhere to Moroccan
quality standards for high-quality surface water, stipulating dis-
solved oxygen greater than 7, total phosphorus not exceeding
0.1, BODS5 below 3, and COD below 30, respectively[lg].

The inclusion of these additional parameters is paramount,
as they constitute essential measurements in evaluating and
quantifying the extent of water pollution within a specific water
body .

3.2. Physicochemical Parameters of Wastewa-
ter

The results of the physicochemical analyzes of wastewa-
ter, discharged from the Boudnib wastewater treatment plant,

are summarized in the following table (Table 2):

Table 2. The results of the physicochemical analyzes of wastewater.

General Discharge Limit Values Applicable to Waste Water Discharges that Do

Parameters Unit Results Not Have Specific Discharge Limit Values
Temperature °C 19 30
pH Unit pH 7.9 5.5-9.5
Electrical conductivity at 20°C ps/cm 2661 2700
Suspended matter mg/I 26 100
COD mg/l 326.40 500
Sulphates mg/l 266.80 600
Total phosphorus mg P/1 11.38 15
Nitrogen Kjeldahl mg N/I 112.08 40
Phenol index mg/I <0.1 0.5
BODS mg/l 109.60 100
Anionic detergents mg/l 0.87 3
Cationic detergents mg/I 0.09 3
Ionic detergents mg/I 0.12 3
Hydrocarbons by infrared mg/I 4.54 15
Hexavalent chromium mg/l ND 0.2
Active chlorine mg/I <0.1 0.2
Oils and Fats mg/l 185 30
Free cyanides mg/l <0.01 0.5
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Table 2. Cont.

General Discharge Limit Values Applicable to Waste Water Discharges that Do

Parameters Unit Results Not Have Specific Discharge Limit Values
Fluorides mg/l 0.78 20
Free sulfides mg/I 0.03 1
Chlorine dioxide mg/l 0.02 0.05
AOX ng/l <0.01 5
Arsenic (As) mg/I <0.0005 0.1
Barium (Ba) mg/I 0.04 1
Cadmium (Cd) mg/l <0.0005 0.25
Copper (Cu) mg/I 0.02 2
Manganese (Mn) mg/I 0.09 2
Nickel (Ni) mg/I 0.02 5
Lead (Pb) mg/l <0.0005 1
Selenium (Se) mg/I <0.0005 0.1
Chromium (Cr) mg/I 0.03 2
Mercury (Hg) mg/I <0.0005 0.05
Aluminum (Al) mg/l 0.04 10
Cobalt (Co) mg/l <0.0005 0.5
Tin (Sn) mg/I <0.0005 2.5
Iron (Fe) mg/I 0.17 5
Zinc (Zn) mg/I 0.02 5
Silver (Ag) mg/l <0.0005 0.1

Note. All abbreviations used in this article are defined below.

COD - Chemical Oxygen Demand; BOD5 - Biochemical Oxygen Demand, 5-day; AOX - Halogenated Organic Compounds.

A total of 38 parameters were examined to evaluate the
quality of the wastewater that is discharged from the Boudnib
wastewater treatment plant.

Discharge limit values are predefined thresholds for spe-
cific pollution indicators. They represent the maximum allow-
able levels of certain parameters in wastewater or other dis-
charges. Non-compliance with these limit values indicates a
deterioration in water quality. These values can be general, ap-
plicable to a wide range of activities, or specific to particular
industrial or domestic activities. The purpose of these limit
values is to regulate and control the discharge of pollutants into
water bodies, ensuring the protection of water resources and the
environment 37,

The largest proportion of waste released into Oued Guir
is attributed to sewage. Sewage comprises a combination of
municipal and domestic wastes, including waste from bathing,
laundry, kitchen activities, and human fecal matter.

Based on the analysis of the liquid effluent discharged
from the Boudnib treatment plant, it has been determined that
three measured parameters exceed the general discharge limit
values®7]. The liquid discharge exhibits elevated concentrations
of organic matter, specifically Kjeldahl nitrogen (112.08 mg/1),
BODS (109.6 mg/l), and oils and fats (185 mg/1). The respective
applicable limit values for these parameters are 40 N mg/1 for
Kjeldahl nitrogen, 100 mg/l for BODS, and 30 mg/1 for oils and

fats 7], The observed exceedance of these limits signifies a con-

cern as it indicates the presence of significant organic pollution
in the discharged effluent, posing potential environmental risks
to the receiving ecosystem, which is Oued Guir. Ensuring that
wastewater discharge is within regulated limits for parameters
such as Oils and Fats, Heavy Metals, and Detergents will help
prevent contamination of surrounding water bodies.

In the analysis of the liquid effluent, it is commonly ob-
served that there is a low concentration of metals such as nickel
(Ni), cadmium (Cd), lead (Pb), cobalt (Co), copper (Cu), mer-
cury (Hg), silver (Ag), zinc (Zn), chromium (Cr), iron (Fe),
tin (Sn), arsenic (As), selenium (Se), barium (Ba), manganese
(Mn), and aluminum (Al). The recorded levels do not exceed
the applicable limit values®”). Wastewater not only contributes
to organic pollution, but it is also a significant source of chemi-
cal pollution from heavy metals. The discharge of wastewater
leads to an increased presence of heavy metals in the ecosystem,
which can accumulate in aquatic life, animals, and ultimately in

the human body %%,

3.3. Bacteriological Analysis of Groundwater
and Surface Water

The summarized results of the bacteriological analysis

conducted on surface water and groundwater are as follows

(Table 3):
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Table 3. The results of the bacteriological analysis of surface water
and groundwater.

Bacteriological Analysis

ID Fecal Coliforms Escherichia Coli
Unit CFU/100 ml CFU/100 ml
S1 <1 <1
S2 <1 <1
S3 1.1%¥10* <1
S4 <1 <1
S5 <1 <1
S6 <1 <1
S7 <1 <1
S8 <1 <1
S9 <1 <1
S10 <1 <1
S11 <1 <1
S12 <1 <1
S13 <1 <1
S14 <1 <1

Note. All abbreviations used in this article are defined below.
CFU - Colony-Forming Unit.

3.3.1. fecal coliforms

Based on the analysis of the bacteriological examination
results for fecal coliforms, it has been observed that the contam-
ination of the analyzed waters is very low and can be considered
negligible (less than 1 CFU/100 ml). This indicates a relative
absence of significant fecal contamination. Overall, the bacteri-
ological quality in terms of coliforms is excellent. The surface
waters of Tazougart (S3) recorded the highest number of fecal
coliforms (1.1*¥10' CFU/100 ml). Furthermore, it should be
noted that the waters in this particular location are not suitable
for drinking. They are designated solely for irrigation purposes.
However, all the results obtained from the stations comply with
the values set by the national system for evaluating the overall

8] For the two stations

quality of ground and surface water
(S7) and (S9), which are commonly utilized as sources of drink-
ing water, the recorded results meet the guide values for the
verification of microbial quality set by the World Health Orga-

nization ¢,

3.3.2. Escherichia Coli

Based on the analysis of the results from the bacteriologi-
cal examination of Escherichia coli, it has been determined that
the contamination of the analyzed waters is very low and can
be considered negligible (less than 1 CFU/100 ml). In terms of
microbiological quality, all the stations, including both surface
water and groundwater, meet the established standards['® 361,
The bacteriological analysis shows that both fecal col-

iforms and Escherichia coli are generally absent or present at
very low concentrations, suggesting minimal fecal contamina-
tion across all water samples. This indicates a good level of
water safety for most of the samples in terms of microbial health

risks.

3.4. Overview of Water Quality Assessment
across Study Stations

The water quality across most stations in the study area
meets the acceptable limits for pH, ammonium, and nitrate lev-
els, as per both WHO and Moroccan standards. However, two
stations, S2 and S14, exhibit higher electrical conductivity, sug-
gesting increased mineralization. Bacteriological analyses show
minimal contamination, with fecal coliforms and Escherichia
coli either absent or present at very low concentrations, indicat-
ing that the water quality poses minimal health risks. In terms
of wastewater discharge, the Boudnib plant exceeds limit values
for several parameters, including BODS, Kjeldahl nitrogen, oils,
and fats, pointing to significant concerns about organic pollu-
tion. The mineralization and contamination of the waters in the
studied region are influenced by both natural and anthropogenic
factors. Naturally, the dissolution of minerals from surround-
ing rock formations contributes to elevated levels of dissolved
solids, including ions such as calcium, magnesium, and sodium.
Anthropogenic activities, particularly agricultural practices and
wastewater discharge from urban centers like Boudnib, increase
the concentrations of nitrates, ammonium, and organic pollu-
tants. The high electrical conductivity observed at certain sta-
tions reflects the geogenic influence of the region’s geological
formation. Additionally, bacteriological contamination, such
as the presence of fecal coliforms and E. coli, is likely linked
to untreated or inadequately treated wastewater effluents, espe-
cially in areas with poor sanitation infrastructure. The variation
in water quality across stations highlights the spatial differences
in contamination levels, with stations located closer to urban
areas experiencing higher levels of pollution compared to more
remote locations. Furthermore, multivariate analysis methods,
as demonstrated in the study by Nouayti®*!, indicate that the
quality of groundwater in the upper Guir basin is controlled by
three major phenomena: anthropogenic activities, rainfall, and
the leaching of soils and hydrolysis of rock minerals, further
supporting the complex interplay of natural and human-induced
factors in the mineralization and contamination of the ground-

water in this region.
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4. Conclusions

The study assessed the physicochemical and bacteriologi-
cal quality of surface water, groundwater, and wastewater in the
study area. The results indicate generally good water quality,
with minimal fecal contamination and moderate mineraliza-
tion in surface water. However, some groundwater samples
exhibited elevated nitrate concentrations, suggesting potential
contamination from agricultural or anthropogenic activities. Ad-
ditionally, wastewater analysis revealed exceedance in certain
discharge parameters, particularly nitrogen and organic load,
posing potential environmental risks.

To ensure sustainable water quality management, it is
recommended to improve wastewater treatment, focusing on
reducing nitrogen and organic pollutants. Continued monitoring
of groundwater, especially for nitrates, is essential to track poten-
tial contamination sources. Regular water quality assessments
will be crucial for maintaining ecosystem health and ensuring

safe water resources in the region.
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