* water

Article

Spatial and Temporal Variations of the Water Quality of the
Tiflet River, Province of Khemisset, Morocco

Zahra Elassassi 1'*, Thsane Ougrad ?, Imane Bedoui >, Mohammed Kara 3%, Mohmed El Bouch 4,
Amine Assouguem 5(0, Mohmed Fadli 2, Rafa Almeer ¢, Hanan R. H. Mohamed 7@, Ilaria Peluso 8

and Abdelaziz Chaouch !

check for
updates

Citation: Elassassi, Z.; Ougrad, I.;
Bedoui, I.; Kara, M.; El Bouch, M.;
Assouguem, A ; Fadli, M.; Almeer, R.;
Mohamed, H.R.H.; Peluso, I.; et al.
Spatial and Temporal Variations of
the Water Quality of the Tiflet River,
Province of Khemisset, Morocco.
Water 2022, 14, 1829. https://
doi.org/10.3390/w14121829

Academic Editor: Katarzyna

Kowalczewska-Madura

Received: 28 April 2022
Accepted: 27 May 2022
Published: 7 June 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Organic Chemistry, Catalysis and Environment, Department of Chemistry, Faculty of Science,

Ibn Tofail University, Kenitra 14000, Morocco; abdelaziz.chaouch@gmail.com

Laboratory of Animal and Plant Production and Agro-Industry, Department of Biology, Faculty of Science,
Ibn Tofail University, Kenitra 14000, Morocco; ougrad.ihsane@gmail.com (1.O.);

imane.bedoui@gmail.com (I.B.); mohmed.fadili@gmail.com (M.E,)

Laboratory of Biotechnology, Conservation and Valorisation of Naturals Resources (LBCVNR), Faculty of
Sciences Dhar El Mehraz, University Sidi Mohamed Ben Abdallah, BP 1796 Atlas, Fez 30000, Morocco
National Water Monitoring Laboratory, Rabat 10000, Morocco; mohmed.elbouch@gmail.com

Laboratory of Functional Ecology and Environment, Faculty of Sciences and Technology, Sidi Mohamed Ben
Abdellah University, Imouzzer Street, Fez 30000, Morocco; assougam@gmail.com

6 Department of Zoology, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, Saudi Arabia;
ralmeer@ksu.edu.sa

Zoology Department, Faculty of Science, Cairo University, Giza 12613, Egypt; hananeeyra@gmail.com

8 Research Centre for Food and Nutrition, Council for Agricultural Research and Economics (CREA-AN),

Via Ardeatina 546, 00178 Rome, Italy; i.peluso@tiscali.it

Correspondence: zahra.elassassi@gmail.com (Z.E.); mohammed kara@usmba.ac.ma (M.K.)

Abstract: Humanity’s water needs are constantly increasing, however, under the action of humanity
themselves, the reserves of this substance are, constantly, deteriorating in quantity and quality. It s,
therefore, necessary to preserve the water reserves. However, any development of a hydrosystem’s
quality conservation strategy is based on determining the chemical characteristics of its waters. There-
fore, the objective of this study is to investigate the spatial and temporal variations of water quality
in the Tiflet River, a watercourse in the northwest of Morocco, to estimate its degree of pollution and
to determine its main sources of pollution. Thus, eight stations, distributed along the watercourse
and positioned taking into account the potential sources of pollution, were fixed, and eleven physico-
chemical parameters were, seasonally, evaluated. Multivariate statistical techniques were used to
assess variations in water quality and identify the main factors responsible for pollution. The results
showed that wastewater discharges into the river can increase the water salinity, phosphorus load
and organic pollution load of the river. The total loads of nitrogen and nitrate pollution were higher
compared to the standard norms in the stations exposed to agricultural pollution and to the leaching
of the watersheds, which could aggravate the eutrophication state of the river and stimulate the
growth of aquatic vegetation. The organic pollution load recorded in the wet season is low, compared
to that recorded in the dry season. Whereas, the nutrient load recorded during the dry season is low,
compared to that recorded in the wet season. An overall pollution index was used, classifying surface
waters from sub-clean to moderately polluted.

Keywords: water; physicochemistry; pollution; Tiflet River; Morocco

1. Introduction

In many countries of the world, the question of water quality is a concern. The differ-
ent uses of this substance by humans and their industrial activities explain the importance
and the particular interest given to this element of life. However, in many countries, water
resources are experiencing qualitative and quantitative degradation [1]. This degradation is
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generated and accentuated by population growth, agricultural development, industrializa-
tion and use of fertilizers and pesticides [2]. These activities, mainly of human origin, have
consequences on the health, economy and ecological balance of aquatic ecosystems [3,4]. It
is, therefore, necessary to find a solution to this problem, by implementing an integrated
and sustainable development policy, to safeguard this environment. For this, a good prior
knowledge of the physical and chemical characteristics of water and soil, as well as the
climatic and hydrological context, is necessary.

During the last century, Morocco, like the countries of the Mediterranean region, has
been confronted with the problems of the continual degradation of its watercourses. The
degradation of waterways has been accentuated by climate change and the succession of
periods of drought, which have been putting the country on the path to a major water
crisis. Indeed, the disruption of seasonal precipitation could lead to a disruption of runoff
inputs. In addition, higher temperatures could have higher evaporation and, therefore,
less renewable water potential. In addition, the demand for water is likely, with higher
temperatures, to increase, particularly in agricultural irrigated areas. Anxious to preserve
its natural ecosystems, Morocco is committed to numerous conventions [1], in particular
through the implementation of major projects for the collection and treatment of domestic
and industrial wastewater and the integrated management of water resources, implemented
by nine basin agencies [5]. The Tiflet River, in northwestern Morocco, is one of the natural
resources affected by the qualitative and quantitative degradation of water. Indeed, the
quality of the water in this river is threatened by discharges of domestic or industrial
wastewater, household waste, land-use patterns, leaching of fertilizers and phytosanitary
products used in the basin. The high volume of discharges adds more vulnerability to these
challenges, which threatens the physicochemical quality and, consequently, the quality
of the river. Thus, it is necessary to seek a solution, allowing the reuse of this previously
polluted water [6]. It should be noted that in many countries, this reuse of polluted water
has become unavoidable [7]. However, for any project to use the waters of a hydrosystem,
the analysis and physicochemical evaluation of these waters are necessary. In recent years,
principal component analysis (PCA) has been widely applied to assess the physicochemical
quality of surface waters and to understand the spatio-temporal variation of pollutants [1,2].
A statistical study (Multivariate Statistical Analysis of Surface Water Quality Based on
Correlations and Variations of the Data Set) [2] confirmed the usefulness of Principal
Component Analysis (PCA) technique for the analysis of water quality. Other studies
have shown the power of the technique (PCA), to identify possible factors or sources
that affect the quality of aquatic ecosystems [3,4]. The present study aims at estimating
the values of 12 physicochemical parameters of the Tiflet River, namely: temperature (T),
dissolved oxygen (DO), conductivity (CD), pH, of biochemical oxygen demand (BODs),
chemical oxygen demand (COD), total phosphorus (TP), Orthophosphates (PO4~-P), TKN,
nitrate and ammonium [2]. The objective of this study is to evaluate the effect of human
activities on water quality and to carry out a physicochemical typology, to determine the
physicochemical heterogeneity of the waters of the river studied.

2. Materials and Methods
2.1. Study Zone

Oued Tiflet (Figure 1), a watercourse in the Rabat-Salé-Kénitra region, is part of the
Sebou hydrological basin. It has major socio-economic importance for the inhabitants
(irrigation, abbreviation,). However, in places, it receives untreated wastewater, especially
at stations S1, 52, S7 and S8. The climate of its basin is semi-arid, and the agricultural sector
is the main driver of the region’s economy.
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Figure 1. Oued Tiflet water-quality monitoring stations.

2.2. Choice of Stations and Sampling Procedures

Eight stations, distributed along the studied river, have been fixed. The choice of these
stations took into account the heterogeneity of the environment, in particular, the position
of the probable pollution resources. Table 1 illustrates the geographical position of the
stations surveyed. The water samples, taken (two trials for each station) in summer (e),
autumn (a), winter (h) and spring (p), were collected, refrigerated (4 °C) in isothermal
boxes and transported the same day to the laboratory, where the physicochemical analysis
procedures were carried out within 48 h of collection.

Table 1. Location of the water-quality monitoring stations, of the stream studied.

Stations Description X Y

s1 Located at the source of untreated domestic-wastewater discharges from the municipality of Tiflet 33.89839 630017
(the nursery).

52 Located at the level of rejections from the weekly market and slaughterhouse (Tiflet). 33.89128 —6.29706

s3 Located downstream of the discharges of an oil mill (]?ouar Shraoua), presence of vegetation in the 33.87489 629628

bank of the river.

S4 Located at a source discharging this water dlrectly into Oued Tiflet (control station), presence 33.87286 629622
of vegetation.

S5 Located at the level of agricultural discharges of a human and rural agglomeration (Douar El Haj 33.95647 631664

Thami), presence of vegetation in the bank of the river and a red-black color. ’ ’
S6 Located at the level of agricultural waste (Sidi Boukhlkhal), presence of vegetation. 34.10094 —6.36878
S7 Located downstream of urban waste (Sidi Yahya EI Gharb), presence of a bad odor. 34.31133 —6.31353

S8 Located downstream of industrial waste (stationery, etc.). 34.31358 —6.31317
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2.3. Statistical Analysis Methods of Estimated Variables

The parameters (temperature, dissolved oxygen, conductivity, pH) were measured in
situ, using a HACH-type multiparameter device, model HQ40d, while the BOD5 was deter-
mined by the electrometric method. The chemical oxygen demand (COD) is determined by
the closed system reflux method, followed by a colorimetric determination with potassium
dichromate; the wavelength of the spectrophotometer is adjusted to 600 nm. The TKN
was measured after mineralizing the water with selenium. Nitrates were assayed by an
automated colorimetric method, with hydrazine sulfate and N-1-naphthylethylenediamine
dihydrochloride (N.E.D); followed by a spectro-photometer reading at 324 nm. The ammo-
nium was determined by a colorimetric method. PT-P and POy4-P were measured by the
phosphomolybdic-complex-photometric method. All water quality analyses were carried
out at the National Laboratory for Water Studies and Monitoring, according to standard
water analysis methods.

2.4. Global Assessment of the Water Quality of the River

The water quality is estimated by evaluating the global pollution index P. As indicated
by Zhao et al., 2012 [5], the relationship Equation (1), used to calculate the global pollution
index, is presented below (Table 2) [5]:

len
P= o 21:1 Ci/Si @

where P is the global pollution index.

Ci: is the measured concentration of the pollutant (mg/L),

Si: represents the limits authorized by Moroccan standards, [6],
n: is the number of pollutants selected.

Table 2. Surface-water-quality classification standard [5].

Global Pollution Index of Pollution (P) Water Quality Level
<0.20 Cleanliness
0.21-0.40 Sub-cleanliness
0.41-1.00 Slight pollution
1.01-2.0 Moderate pollution
>2.01 Severe pollution

2.5. Multivariate Statistic Alanalysis

Statistical calculations of seasonal data (June, September and December 2018 and
March 2019) were performed using univariate, bivariate (correlation) and multivariate
(principal component analysis, PCA) statistical analyses. All mathematical and statistical
calculations were performed using Excel 2016 (Microsoft, Casablanca, Morocco) and SPSS
Statistics 26 (IBM, New York, NY, USA). The first method makes it possible to describe the
spatio-temporal distribution of a variable, the second method makes it possible to study the
relations between two variables, and the third method makes it possible to determine the
sources and the factors responsible for the variation of the physicochemical-quality water
from the studied river. It is both a geometric and a statistical approach [8,9]. Note that the
performance of the statistical method has been tested using Kaiser-Mayer-Olkin (KMO).
The KMO value must be greater than 0.5; here, the KMO index equals 0.634, and, also, as
tested by the Bartlett test, this indicates that it is effective to use method factor analysis, for
a reduction in the dimensionality of the dataset.

Furthermore, in this research, PCA was performed on a chemical component correla-
tion (Pearson correlation) matrix, to identify the most significant parameters. Thus, each
water quality parameter was normalized (z scale), and PCA scores were obtained from
standardized analytical data.
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3. Results and Discussion
3.1. The Physicochemical Characteristics of Wadi Tiflet Water

The basic water quality statistics for the Tiflet River are summarized in Table 3, which
gives the range, mean and standard deviation of the results, for each of the 11 parameters
and, also, gives the COD/BODS5 ratio.

Table 3. The results of the evaluation of the physicochemical parameters measured.

s1 2 s3 s4 S5 S6 s7 S8
" R 751-7.66 724-7.95 72-7.98 7.35-7.89 7.76-7.97 8.13-8.52 757-87 729-835
P M+Sd 7582540061 7612544145 7.6+ 040 75305+ 025  7.8925+009 83154016 82054054  7.775 + 0.44
T R 15.40-22.70 15.50-31.10 17.30-22.10 0.101-7.20 19102450  20.10-33.600  21.40-30.90 21-33.30
°C M+Sd 187925+ 369 22675+ 643 19825+ 1.96 18675+ 164 21454268 26125+ 622 25125+ 464 262+ 554
EC R 1433-2470 1187-5300 1076-1477 1048-1102  1732-1997.75  1711-2040 1472-209 15202114
1994.25 + 3169 + 1079.25 + 1997.75 + 17905 +
mS/m  M=+sd o 05 1212 + 184.89 e T 1909 + 15342 1652 + 297.08 e
DO R 0.232.81 0.12-8.25 0.78-8.73 420-814 1.92-7.89 7.12-8.24 2.25-12.22 0.14-7.63
mg/L  M=Sd  096+123 25+388  44705+425 60025+ 174  4665+250 74075+ 055  6015+435  331+372
NO»-N R 0.47-1.83 1.85-5.70 0.30-5.51 1.83-6.39 1.67-11.10 7.64-19.18 0.62-14.62 121-7.77
mg/L  M+Sd 0985254060 3201 +172  23955+251  4964+215  4.87975+423 122:’825 t 357754574 506275+ 276
NH,-N R 0.95-30.90 0.07-75 0.05-11.80 0.04-0.40 0.97-63.80 0.03-4.70 0-28.80 3.73-17.10
mg/L  M=+5d 10?22115 + 20'(3’246275 + 34154562 0199 +0.15 21'22090?_)5 £ 1543754213 93655+ 1355 87075 + 5.84
TKN R 1726-15637  19.43-443.22 9.40-19.60 0.04-3.18 31.84-64.58 0.03-24.12 00-86.03 3.90-92.42
74,0675 + 218.375 + 51.8625 + 267305 +
mg/L  M=5d e By 13794431 1595+ 131 Som 13.65 + 10.84 e 2847 + 4272
BODs R 19-200 75420 1-12 1-3 37-80 4-80 5-70 20-200
mg/L  M=Sd 1272548050 22125+159.9 625556 1754095 492542054 26+ 3611 25+3175 1025 + 9105
COD R 33.75-384 84-1056 1248 9.65-43.20 55.2-84 31.20-60 3120-16320  57.60-2664
2334375 + 7404 +
mg/L  M=5d o 451.8 + 420 25+1612  25826+1870 69+ 1471 4541181 73925+ 60.70 s
COD/BODs 1.83 2.042 4 14.75 14 173 233 7.2
PO,-P R 0.46-7.60 0.36-22.20 0.00-0.01 0.01-0.09 152-4.50 0.69-1.63 0.03-9.00 0.17-10.00
me/l M Sd 3.3370 + 9.2730 + 0.0078 + 0.3525 + 34790 + 1.1843 + 2.6905 + 3.0590 +
8 3.18060 9.2169 0.00450 0.40143 1.38541 0.38540 425112 4.65956
P R 0.94-12.36 0.85-40.96 0.18-0.30 0.07-0.95 3.38-6.20 1.60-30.32 0.51-10.20 0.21-31.48
me/L M sd 6.7460 + 201190 + 0.2270 + 0.3525 + 5.2310 + 9.2140 + 3.3220 + 11.0550 +
8 479225 18.5694 0.05988 0.40143 126146 14.08425 4.64378 14.6282

R: interval; M: the average; Sd: the standard deviation.

In the summer season, the water temperatures vary between 33.60 °C (S6) and 20.10 °C
(54). In autumn, temperatures fluctuate between 31.10 °C (S2) and 15.90 °C (S1). On the
other hand, in winter, it oscillates between 22 °C (S6) and 15.4 °C (S1) and, in spring,
between 28.8 °C (S6) and 19.9 °C (S3). It can, therefore, be seen that the temperatures
measured during the low-water period are higher than those measured during the rainy
period, which is normally the cold period. These thermal variations depend on the seasonal
variability of the climate, since the sampling takes place at the same time for the same
sampling site. Note that the variation in the temperature during the same season is
explained by the great variation in sampling times, which is dispersed between 7 a.m.
and 4 p.m. Moreover, the water temperature varies from station to station. Indeed, the
high temperature values recorded in the stations exposed to slaughterhouse discharges
(52) and industrial discharges (57 and S8), during the dry period, are explained by the
discharge of relatively hot water into the river [10]. The waters of the Tiflet River are
alkaline and vary according to the stations and the seasons. In summer, the pH is between
7.29 (S8) and 8.52 (S6). In autumn, the pH varies between 7.36 (54) and 8.28 (56). In winter,
it varies between 7.66 (S1) and 8.13 (S6) and, in spring, between 7.24 (52) and 8.62 (57).
Maximum pH values were observed in spring and summer. The high pH values of the
river waters could be explained by the photosynthetic activity of aquatic plants favored
by the increase in water temperature and light. At the spatial scale, the high values are
displayed at stations S2, S6, S7 and S8, which are exposed to wastewater discharges and
agricultural discharges. In contrast, the lowest values were noted in S1, S3, S4 and S5, which
are far from any source of pollution or any significant amount of decaying organic matter.
In addition, in the S7 station, the high pH varies between 7.57 and 8.62, and these high
values could be due to the composition of the wastewater and the solid waste discharged or
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accumulated in the station [11]. Throughout the year, the conductivity values vary between
1070 uS/cm, recorded in summer, rein S4, and 5300 uS/cm, in S2. This last value exceeds
the Moroccan standard for surface water [6]. In autumn, the values oscillate between
4280 uS/cm (S2) and 1097 uS/cm (S4); in winter, they oscillate between 1095 uS/cm and
1732 uS/cm, recorded in station S3, and between 2144 uS/cm and 1048 uS/cm. The values,
therefore, vary according to the station and the season. The variation from one station to
another is made according to the geology of the station and the inputs of sewage from
human origin. Indeed, the high conductivity values are recorded in the stations fed by
agricultural (S5 and S6), industrial (S8) and wastewater (S1, S2 and S7) discharges. On
the other hand, the low values, recorded in stations S3 and S4, are far from any source of
pollution. It should, also, be noted that station 52 had a very high degree of salinity during
the dry season, which is due to the infiltration of domestic wastewater from the town of
Tiflet. Low salinity levels have been recorded during the rainy season, when the volume of
the river is very high, hence the phenomenon of river dilution [12]. The dissolved oxygen
values, during the summer season, oscillate between 0.14 mg/L (in S8) and 8.24 mg/L (in
56). For the autumn season, the values vary between 0.12 mg/L (in S2) and 7.12 mg/L (in
56). In winter, the values show an increase in the majority of stations and vary between
2.81 mg/L (S1) and 8.73 mg/L (S3). In spring, the values oscillate between 0.36 mg/L in
(S1) and 12.22 mg/L (S7). The recorded values, therefore, show a great variation, according
to the seasons and the stations. The variation in dissolved oxygen concentration, from
one station to another, could be due to various factors, including the speed of water flow,
the depth of the river, the abundance of vegetation along the river, the physicochemical
characteristics and the presence or absence of micro-organisms in the station [10]. The low
values, noted in S1, S2, S7 and S8, are due to the combination of the low flow of the river
and the presence of oxygen-consuming microorganisms. On the other hand, the high values
of stations S3, 54, S5 and S6 are explained by the high speed of the river flow. Similarly, the
seasonal variations in dissolved oxygen concentration show very high values during winter
and spring. This is, mainly, due to the decrease in water temperature and the significant
agitation of the water at the surface of the water, observed during these periods, which
promote an increase in air exchange between the surface of the river and the atmosphere.
On the other hand, the values recorded during the summer season and the autumn season
are very low, due to the activity of aquatic microorganisms [13] and the rate of re-aeration
because of high temperatures. In fact, the solubility of oxygen in water decreases when the
temperature increases, which induces a decrease in the oxygen concentration at saturation.
In addition, dissolved oxygen is one of the pollution-indicator parameters; its value informs
us about the degree of pollution and the importance of self-purification of the river [14].

3.2. BODs (Biochemical Oxygen Demand)

In summer, the BOD5 values fluctuate between 3 mg/L in 54 and 200 mg/L, in S8. In
autumn, the values vary between a value of 1 mg/L in 54 and 280 mg/L, in S2. On the
other hand, in winter, the values oscillate between 1 mg/L, in S4, and a value of 75 mg/L,
in S2. In spring, the values oscillate between a value of 1 mg/L, in 54, and 420 mg/L, in
52. From the results obtained, there is, therefore, a variation according to the seasons and
the stations. The variation in BODS5, from station to station, depends on the speed of the
river flow and the organic load. Indeed, the high values of the biochemical oxygen demand
(BOD?5), in the stations that are affected by wastewater (S1, S2 and S8), are coming from the
towns of Tiflet and Sidi Yahya El Gharb. These wastewater discharges cause an increase in
the organic load of the river water. On the other hand, the low values were recorded in the
other stations (S3, 54, S5 and 56), which are far from any influence of wastewater, except in
station 57, where the speed of the water flow of the river is important.

In addjition, the BOD5 values recorded in the dry season are large, compared to those
recorded in the wet season. In fact, in station S8, for example, the BOD5 value fluctuates
between 20 mg/L, recorded in the wet season, and 200 mg/L, recorded in the dry season.
This could be explained by the dilution of water, loaded with organic matter, in the wet
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season. It should be noted that in the dry season, the degradation of organic matter by
microorganisms consumes oxygen and may be at the origin of the self-purification of the
waters of the hydrosystem [15].

3.3. COD (Chemical Oxygen Demand)

The values vary between 3 mg/L (in S3) and 200 mg/L, recorded in S8. In autumn,
the values oscillate between 10 mg/L, recorded in 54, and 355.2 mg/L, noted in S2. In
winter, a slight decrease was recorded at the majority of the stations. A maximum value of
84 mg/L is recorded, in S2 and S5, and a minimum value of 24 mg/L is recorded, in S3.
On the other hand, in spring, the values oscillate between 41.3 mg/L (S7) and 1056 mg/L
(S2). The COD levels, therefore, vary according to the stations and the seasons. In addition,
high values are recorded in the majority of the stations located in the vicinity of the urban
agglomerations, in particular, the cities of Tiflet and Sidi Yahya El Gharb.

Thus, the domestic-wastewater discharges discharged in S1, S2 and S7; industrial
discharges from the paper mill, discharged into station S8; and agricultural discharges
could be at the origin, and the difference in COD contents are noted from one station to
another. Note that low values were recorded in stations 53, 54 and S6, which are not directly
linked to these releases [15]. Likewise, at the level of each station, a seasonal variation
of COD is noted. In fact, in station S8, for example, COD oscillates from 57.6 mg/L and
2664 mg/L. This difference can be attributed to dilution and seasonal variation, in the
amount and composition of the releases at the station.

3.4. Nitrogen Nitrates (NO3-N)

NOs-N concentrations vary between 0.5 mg/L, recorded in summer, at stations S1 and
53, and 11.1 mg/L, recorded in autumn, at S5. In autumn, the values increase significantly
and vary between 0.964 mg/L (S1) and 19.18 mg/L (56). In winter, the concentrations
vary little and the maximum value (7.643 mg/L) is noted, in S6. The spring values are
very low and vary between 0.683 mg/L, in S1, and 12.1 mg/L, in S6. The NO3-N contents,
therefore, show a great variation, according to the stations and the seasons. This variation
is, mainly due to the decomposition of plant or animal matter as well asthe mode of use of
the soil, manure and domestic and industrial wastewater. High levels of NO3-N (greater
than 10 mg/L) are recorded in stations exposed to agricultural discharges and leaching
from cultivated land (Figure 2) (S5, S6 and S7). On the other hand, the lowest values noted
in S1, S2 and S8 are noted in the wastewater zones of two communities, Tiflet and Sidi
Yahya Elgharb.

Moreover, the results show that at the same station, the concentration of NO3-N
can vary from one season to another. In station S6, for example, NO3-N varies between
19.18 mg/L and 7.643 mg/L. This seasonal variation could be due to the leaching of
seasonal fertilizers, used in the agricultural soils located at the edge of the wadi, and to the
low levels of dissolved oxygen, during the dry season (Figure 2). It should, also, be noted
that high levels of NO3-N have several negative impacts on crops as well as humans and
promote eutrophication of hydrosystems [9].

3.5. Ammonium Nitrogen (NO4-N)

In summer, the NO4-N ion values oscillate between 0.03 mg/L, noted in S6, and
28.8 mg/L, shown in S7; in autumn, between 0.067 mg/L, in 52, and 3.5 mg/L, recorded in
S8; in winter, between 0.05 mg/L, recorded in S3, and 18.2 mg/L, recorded in S5; and, in
spring, between 0.001 mg/L, recorded in S7, and 75 mg/L, recorded in S2.
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Figure 2. Land-cover map in the Khemisset-Tiflet area [11].

The levels, therefore, vary according to the stations and the seasons. NO4-N contents
vary from station to station, depending on the physicochemical characteristics of the station.
High NO4-N values, recorded in stations S2 and S5, during the rainy period, are due to the
processes of incomplete degradation of organic matter, mainly due to rainwater. The levels
recorded in the majority of stations are, therefore, greater than 0.5 mg/L [9].

The high values of the NO4-N ion content are due to wastewater discharges (urine con-
tained in wastewater) and the decomposition of organic nitrogen by microorganisms [10].

Oued Tiflet is affected by high levels of NO4-N. It should, also, be noted that the values
recorded during the rainy seasons are very high, compared to those recorded in the dry
seasons, except for stations S7 and S8, during the summer season. This can be explained by
the contributions of rainwater, loaded with dissolved atmospheric nitrogen.

3.6. Kahdjel Nitrogen (TKN)

The levels recorded in the summer season oscillate between 0.02 mg/L, recorded in
stations 54 and S6, and 443.22 mg/L, recorded in station S2. In autumn, the values vary
between 1.2 mg/L, recorded in 54, and 333.49 mg/L, recorded in S2. In winter, the levels
oscillate between 0.05 mg/L, recorded in S3, and 31.34 mg/L, recorded in S5, and, in spring,
between 0.001 mg/L, recorded in S5, and 77.36 mg/L, recorded in S2. The levels of TKN,
therefore, vary according to the stations and the seasons. The variation from one station to
another is, mainly, due to human activities bordering each station. Thus, the high values
were recorded in the stations exposed to the discharges of domestic water (52) and of
agricultural activities (S5). TKIN contents vary from season to season as well. In station S2,
for example, the levels fluctuate between 19.43 mg/L (winter season), and 443.22 mg/L
(summer season). This can be explained by the effect of the dilution of the river, by the
rainwater of the season.
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3.7. PO4-P and TP

In summer, the orthophosphates oscillate between a value of 0.01 mg/L, recorded in
stations S3 and S4, and a value of 22.2 mg/L, recorded in station S2. Similarly, in autumn,
the minimum value of orthophosphates is recorded in station S3, and the maximum
value of 6.87 mg/L is recorded in station S2. During the winter season, the values of
orthophosphates vary between a minimum value of 0.01, recorded in station S3, and a
maximum value of 1.52 mg/L recorded in station S5. In spring, the orthophosphates
oscillate between a minimum value of 0.01 mg/L (S3) and a maximum value of 7.66 mg/L
(52). It should be noted that orthophosphates represent very high values in stations S1, 52
and S5, in the summer season and autumn season. On the other hand, the levels recorded
in stations S3 and 5S4 are very low, compared to the other stations. Throughout the year, the
total phosphorus of the river waters ranged between 0.07 mg/L, recorded in 5S4 during the
spring season, and 40.96 mg/L, recorded in S2 during the autumn season. Indeed, the very
high levels of phosphorus products in the stations mentioned can lead to eutrophication of
the environment [14] and stimulate the growth of aquatic vegetation, which may explain
the decrease in dissolved oxygen. These results are explained by urban discharges and
agricultural activities propagated in the region.

3.8. Assessment of the Physicochemical Pollution of Water via the Pollution Index

By applying the formula of the global pollution index (P), to calculate the pollution
index of the main parameters measured and to assess the overall physicochemical quality
of the water, with respect to the physicochemical characterization of the water, the results
(Table 4) show that this overall physicochemical quality of the water varies according to the
stations and can, for the same station, vary according to the sampling season of the survey.
This quality can be mild, moderate or, even, severe.

Table 4. Pollution index of each parameter and global pollution index of eight sampling stations.

Ppo PnosN PnaaN Prkn Ppgos Pcop Pposp Prp P Water Quality
Sls 0.046 0.01868 1.9 30.17 23 6.171429 15.2 27.33333 12.97993 Severe pollution
Sla 0.088 0.03856 2.242 78.185 40 8.571429 2.86 41.2 21.64812 Severe pollution
Slw 0.562 0.07308 16.4 8.63 3.8 0.964286 0.92 3.133333 4.310337 Severe pollution
Slp 0.072 0.02732 61.8 31.15 35 10.97143 7.72 18.26667 20.62593 Severe pollution
S2s 0.036 0.0904 1.7 221.61 22 8.914286 44 4 100 49.84384 Severe pollution
S2a 0.024 0.13428 0.134 166.745 56 10.14857 13.74 136.5333 47.9324 Severe pollution
S2w 1.65 0.22784 8.6 9.715 15 24 0.72 2.833333 5.143272 Severe pollution
S2p 0.29 0.07404 150 38.68 84 30.17143 15.32 28.9 43.42943 Severe pollution
S3s 0.168 0.016 0.62 9.8 2 0.342857 0.02 1 1.745857 Moderate pollution
S3a 0.156 0.012 3 7 2.4 0.457143 0 0.6 1.703143 Moderate pollution
S3w 1.746 0.22048 0.1 4.7 0.4 0.685714 0.02 0.833333 1.088191 Moderate pollution
S3p 1.508 0.1348 23.6 6.08 0.2 1.371429 0.02 0.6 4.189279 Moderate pollution
Sds 1.008 0.2556 0.08 0.02 0.6 0.275714 0.02 0.666667 0.365748 Slight pollution
S4a 0.84 0.25504 0.232 0.6 0.2 0.275829 0.18 3.166667 0.718692 Slight pollution
S4w 1.628 0.07308 0.48 1.59 0.2 1.165714 0.04 0.633333 0.726266 Slight pollution
S4p 1.326 0.21052 0.8 0.98 0.4 1.234286 0.06 0.233333 0.655517 Slight pollution
S5s 0.998 0.444 3.66 27.11 7.4 1.577143 9 19 8.648643 Severe pollution
S5a 0.384 0.11952 1.942 28.405 16 2.262857 8.84 20.66667 9.827505 Severe pollution
S5w 1.578 0.15056 36.4 15.92 8 24 3.04 11.26667 9.844403 Severe pollution
S5p 0.772 0.06668 127.6 32.29 8 1.645714 6.96 18.83333 24.52097 Severe pollution
S6s 1.648 0.4032 0.06 0.015 0.8 0.891429 24 5.333333 1.44387 Moderate pollution
S6a 1.424 0.7672 1.75 5.05 16 1.714286 2.44 101.0667 16.27652 Severe pollution
S6 w 1.426 0.30572 1.14 10.175 2 1.302857 1.38 6.333333 3.007864 Severe pollution
S6 p 1.428 0.484 9.4 12,06 2 1.234286 3.26 10.13333 4.999952 Severe pollution
S7s 0.796 0.0248 57.6 43.015 14 4.662857 18 34 21.51233 Severe pollution
S7a 0.45 0.5848 0.322 1.555 1 0.891429 29 6.9 1.825404 Moderate pollution
S7w 1.122 0.30572 17 8.89 1 1.714286 0.06 1.7 3.974001 Severe pollution
S7p 2.444 0.26192 0.002 0 2 1.18 0.58 1.7 1.02099 Moderate pollution
S8s 0.028 0.3108 34.2 46.21 40 76.11429 20 39.33333 32.02455 Severe pollution
S8a 0.054 0.04856 7.46 1.95 32 5.074286 2.96 104.9333 19.31002 Severe pollution
S8 w 1.04 0.2142 15.6 5.28 6 1.782857 1.18 2.433333 4.191299 Severe pollution
S8 p 1.526 0.23648 124 3.5 4 1.645714 0.34 0.7 3.043524 Severe pollution

S: station; s: summer; w: winter; sp: spring; a: autumn.
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3.9. Statistical Analysis of Data
3.9.1. Correlation of Estimated Variables

As shown in Table 5, there are correlations between the contents or values of the
various physicochemical variables measured. The pH values are positively correlated with
those of dissolved oxygen (0.657) and nitrates (0.642) and moderately negatively correlated
with that of BOD5 (—0.433) and COD (—0.366). Indeed, pH is a parameter that is affected by
changes in the physical, chemical and biological conditions of the aquatic environment. A
higher rate of photosynthetic activity and CO, uptake for organic matter synthesis increases
the dissolved oxygen and pH [16,17]. In addition, the high rate of photosynthetic activity
is an indication of the presence of certain elements, such as nitrogen, which help certain
enzymes to complete the process of reacting to light. The temperature values are positively
correlated with that of the conductivity (0.353) and COD (0.392).

Table 5. Correlation matrix between studied variables.

pH T EC DO NO3-N NH4-N NKT BOD5 CcoD PO4-P P
pH 1
T 0.206 1
EC —0.083 0.353 * 1
DO 0.657 ** —0.034 —0.474 ** 1
NO3-N 0.642 ** 0.199 —0.11 0.428 * 1
NH;-N —0.226 0.08 0.013 —0.186 —0.289 1
NKT —0.248 0.227 0.943 ** —0.492 ** —0.252 0.039 1
BOD5 —0.433 * 0.166 0.494 ** —0.577 ** —0.275 0.507 ** 0.500 ** 1
COD —0.366 * 0.392* 0.19 —0.389 * —-0.03 0.33 0.24 0.590 ** 1
PO4-P —0.262 0.348 0.816 ** —0.503 ** —0.201 0.229 0.827 ** 0.491 ** 0.451 ** 1
TP —0.149 0.265 0.786 ** —0.458 ** 0.02 —-0.019 0.688 ** 0.583 ** 0.222 0.553 ** 1

**, Correlation is significant at the 0.01 level (two-tailed). *. Correlation is significant at the 0.05 level (two-tailed).

The conductivity values are strongly correlated with those of NKT (0.943), PO4-P
(0.816), TP (0.786) and BODS (0.5) and negatively correlated with dissolved oxygen (—0.474).
In fact, conductivity is influenced by various natural and anthropogenic factors, such as,
the geology of the watershed, variations in river flow and anthropogenic activities. Indeed,
the conductivity increases when the flow rate is low, since there is a greater concentration
of ions. Similarly, contaminated water inputs from agricultural, industrial and urban
activities increase the concentration of conductivity. These inputs loaded with organic
matter lead to a decrease in the dissolved oxygen consumed by the micro-organisms.
Dissolved oxygen values are negatively correlated with those of NKT (—0.500), BOD5
(—0.577), PO4-P (—0.503) and TP (0.5). Dissolved oxygen values are negatively correlated
with those of NKT (—0.492), BODS5 (—0.577), PO4~-P(—0.503) and TP (—0.458). A positive
correlation is observed between ammonium and BOD5 (0.507) and a moderately positive
correlation is observed between COD and PO4-P (0.451). The values of NKT are strongly
correlated with those of PO4-P (0.827), TP (0.688) and BOD5 (0.500). BOD5 values are
correlated with COD (0.590), PO4-P (0.5) and TP (0.583). Finally, positive correlations are
observed between the values of PO4-P with the value of TP (0.553). In fact, the increase in
PO4-P and TP levels is due to human activities [18].

3.9.2. Principal Component Analysis

Sampling stations are the dependent variables, while the measured parameters are
the independent variables. The results of the PCA principal component analysis (Figure 3),
based on a correlation matrix, are expressed in Table 6.
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Table 6. Eigenvalues on the correlation matrices of the concentration of the physicochemical parameters,

in %.
Component
1 2 3

pH —0.519 0.701 0.014

T 0.293 0.623 0.500
EC 0.821 0.444 —0.294

DO —0.754 0.319 0.077

NOs3-N —0.376 0.644 0.116

NHy-N 0.321 —0.349 0.602
NTK 0.846 0.259 —0.333

BOD5 0.793 —0.149 0.297

COD 0.555 —0.059 0.615
POy4-P 0.845 0.227 —0.036
TP 0.736 0.343 —0.255

eigenvalues 4.787 2.255 1.481
% of variance 39.892 18.789 12.340

Cumulative % 39.892 58.681 71.021
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Figure 3. Physicochemical parameter score.

In the PCA method, the eigenvalues are, normally, used to determine the principal
components (PC); these values classify the 11 physicochemical parameters into 3 principal
components. Six variables are involved in the constitution of component 1, which represents
39.892% of the total variance of all the data, namely BOD5, NTK, TP, dissolved oxygen,
PO4-P and conductivity. In addition, this axis corresponds to a concentration gradient of
the elements evaluated, increasing from the negative side to the positive side of the axis
concerned, for the elements BOD5, NTK, TP, PO4-P and conductivity, while decreasing for
oxygen dissolved. The stations located in the right part of this axis have high concentrations
of BOD5, NTK, PT, PO4-P and conductivity, with low concentrations of dissolved oxygen.
while the stations located in the left part of this axis have low levels of BOD5, NTK, PT,
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PO4-P and conductivity, with high concentrations of dissolved oxygen. Indeed, the strong
positive charge of NTK indicates its anthropogenic origin, from wastewater discharges [19].
These waters can be loaded with organic matter, which causes the increase in BODS5 in the
water. In addition, the use of chemical fertilizers and manures containing orthophosphates
and total phosphorus in agriculture will accentuate the rate of these elements in the
drainage water from agricultural land. In addition, the water contamination can, also, be of
natural origin, from the leaching of the sedimentary rocks entering into the composition
of the region, which causes the mineralization of the waters of the wadi. In addition,
four physicochemical parameters are involved in the constitution of component 2, which
represents 20.181% of the total variance of all the data, namely the physical elements
(temperature and pH) and the nutrient parameter (nitrites). Moreover, this axis corresponds
to a concentration gradient of the elements evaluated, increasing from the negative side
towards the positive side of the axis considered, for the elements T, pH, nitrites and nitrates.
The coincidence of its elements may be due to the agricultural activities distributed in
the study area [20]. Stations located on the positive side of axis 2 have high values for
T, pH and nitrates, while those located on the negative side of the axis have low values
for T, pH and nitrates. Indeed, the positive load in NO3-N indicates an enrichment of the
environment by the nutrients from agricultural runoff [21,22]. This nutrient factor reflects
the degree of eutrophication of the waters of the wadi. In addition, the high pH load is
attributed to high photosynthetic activity. Indeed, chlorophyllous plants, in the presence
of light and at a high temperature, assimilate CO, to synthesize their own organic matter,
which induces an increase in pH [23]. The third component accounted for 12.340% of the
total dataset variance and included the ammonium parameter, NH4-N and COD. Indeed,
the correspondence of these parameters can be specifically associated with the impacts of
agricultural activities and domestic-wastewater discharges in the study area [24,25]. The
results of the analysis show that the principal component, C1 and C2, provides insight
into the temporal and spatial variations of water quality parameters and explains 58.681%
of the variance, while the three components of the PCA analysis showed 71.021% of the
variance of the dataset.

3.9.3. Classification According to Projection Plan 1 and 2

The global analysis of the graph of the individuals made it possible to define a typology,
determined by the presence of three groups of stations (GI, GII and GIII) (Figure 4). In
addition, an overall pollution index was applied, to qualify the state of the water at
each station (Table 4). Indeed, the GI group includes stations S2 a, S2 e, S8 e and S2 p,
characterized by strongly high values of BOD5, TKN, TP, PO4-P and conductivity as well
as low values of dissolved oxygen (DO). In addition, it is characterized by relatively high T,
pH and nitrates, with the exception of the S2 p station. It should be noted that this group of
readings corresponds to stations located at the level of domestic-wastewater discharges
(52) or downstream of industrial-wastewater discharges (58). Wastewater is, therefore,
the main source of pollution in this area. In addition, the COD/BOD?5 ratio obtained is
around 2.042 for station 52, demonstrating the domestic nature of the wastewater; we, also,
observe a COD/BODS ratio greater than 4 in the S8 station, which reflects the contribution
of an industrial effluent that is more or less difficult to biodegrade [26,27]. Furthermore,
the values of the Global Pollution Index, respectively, for stations S2 e, S2 a, S2 h and S8
e, are 49.84, 47.93, 5.143 and 32.02, are all high and, therefore, according to the values
of the global pollution index (p > 2.01), they indicate severe pollution of this area of
the river studied. The GII group is composed of stations characterized by slightly high
values of BOD5, TKN, TP, PO4-P and conductivity, which are, however, lower than the
values observed for the stations of the GI group. It, also, has low pH values and slightly
higher dissolved oxygen concentrations than those noted for the GI group. Similarly,
with the exception of station S7 e, the temperature, pH and NO3-N of the other stations
are lower than those noted in the GI group. In addition, this group includes stations
located upstream of the domestic-wastewater discharges from the city of Tiflet (51) and



Water 2022, 14, 1829

13 of 16

at the level of the agricultural discharges from a rural human agglomeration (Douar El
HajThami) (S5). These discharges are rich in organic matter and lead to low concentrations
of dissolved oxygen [28]. This group includes readings, or stations, less polluted than those
that constitute the GI group. Indeed, the readings S1s,S1 a,S1 p,S55s, S5 p, S7 s and S8 a,
having, respectively, P values of 12.98, 21.65, 20.63, 20.63, 24.52, 21.51 and 19.31, are part
of the GII group and, also, have values greater than 2. According to the pollution index
P, they are heavily polluted, while noting that, for some stations, the degree of pollution
severity can change, according to the seasons. In addition, the COD/BODS5 ratio, calculated
for station S1 and station S5, is less than 2, which indicates easily biodegradable effluents
of the domestic type [29]. On the other hand, stations S7 and S8 have a ratio greater than
4, indicating industrial effluents that are difficult to biodegrade. Besides, the GIII group
consists of stations characterized by high concentrations of pH, dissolved oxygen and NO3
as well as low concentrations of BOD5, NKT, TP, POy4-P and conductivity. With regard to
water temperature, the stations of this group are divided into two sub-groups: GIII a and
GIII b. Stations of the GIII a subgroup are richer in nitrates, and their temperature is higher.
In addition, the campaigns constituting the GIII b sub-group are, mainly, campaigns carried
out in winter. The “season” effect is, therefore, present [30]. In addition, depending on the
values of the P index, the GIII group includes, more or less, severe pollution readings and
stations; indeed, for example, stations S1 w, S3's, S3 a, S3 w, S3 p, S4 s, S4 a, 5S4 w and 54
p all have index values p less than 2; they, therefore, present light to moderate pollution.
On the other hand, stations S5 w, S5 s and S8 s show severe pollution. Furthermore, the
COD/BODS5 ratio obtained for the stations in this group indicates the domestic character
of the effluents. Indeed, the COD/BODS5 ratio of stations S3 and S4, located in a rural
environment downstream of discharges from an oil mill (Douar Shraoua), which is greater
than 4, is explained by a high COD, due to the presence of organic molecules that are
difficult to degrade [31,32].
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Figure 4. Score of stations using axis 1 and axis 2.

Furthermore, GI groups together surveys carried out in station 2 (summer, autumn
and spring seasons) and station 8 (summer season). GII groups together surveys taken
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in station 7 (summer), station 1 (summer, fall and spring), station 5 (summer and spring)
and station 8 (fall). GIII groups together surveys carried out in station 1 (winter), station 3
(summer, autumn, spring and winter) and station 4 (summer, autumn, spring and winter),
of the surveys carried out in stations 2, 5, 6, 7, and 8 (winter), in station 5 (summer), in
stations 6 and 7 (fall) and stations 6, 7 and 8 (spring). Thus, these results clearly show that
the “season” factor influences the physicochemical quality of the stations.

3.9.4. Classification According to Axes 1 and 3

According to axes 1 and 3, three zones have been defined (Figure 5). Zone 1 consists
of stations characterized by high concentrations of NH4-N and COD. This zone includes
stations located near the domestic-wastewater discharges of the town of Tiflet (52), and
near the industrial zones (S8). Zone 2 is made up of stations characterized by values close
to the mean value in NH4-N and COD. On the other hand, zone 3 includes a single station
characterized by low values of NHy-N and COD during the dry season.
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Figure 5. Station scores using axis 1 and axis 3.

4. Conclusions

In this study, the physicochemical analyses of the water revealed high values of BOD5
and COD in the wastewater reception stations, high concentrations of the TP and PO4-P
elements, in the stations exposed to the discharge of domestic wastewater, and agricultural
discharges and high concentrations of nitrogenous elements, in particular NO3-N and NHy-
N, in stations located in rural areas exposed to agricultural discharges and leaching from
the watershed. Note that nitrogen and phosphorus pollution were, relatively, more severe
during the dry season than at other times. This leads to the degradation and ecological
imbalance of the hydrosystem. Similarly, the principal component analysis made it possible
to define a typology by the presence of three groups of readings and stations (GI, GII and
GIII). The first group is characterized by strongly high values of BOD5, TKN, TP, PO,-P and
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conductivity as well as low values of dissolved oxygen (DO). Likewise, it is characterized
by high values of temperature, pH and nitrates. The second group is characterized by
slightly elevated values of BOD5, TKN, TP, PO4-P and conductivity but lower values than
noted for the measurements in the stations of the GI group. The low temperature, pH and
nitrate values are slightly higher than those noted for the G1 group stations. The third
group is characterized by stations with high values or concentrations of dissolved oxygen
and low values of BOD5, TKN, TP, PO4-P and conductivity. Concerning the distribution
of the stations in the C1 x C3 plane, principal component analysis made it possible to
differentiate three groups: G’1, G’2 and G’3. The G’1 group is characterized by high
concentrations of NH4-N and COD. The G’2 group is characterized by values close to the
mean value of NH4-N and COD. On the other hand, the G’3 group is characterized by
low NH4-N and COD contents in the dry season. The results, therefore, showed that the
main causes of the degradation of Oued Tiflet and the differentiation of survey groupings
are the discharge of domestic, industrial, agricultural and domestic wastewater, from the
communities of Tiflet and Sidi Yahya El Gherb. Indeed, all the results show the presence of
a strong degradation in the majority of the stations receiving, or near to, the rejections of
anthropic origin. Thus, this situation requires the establishment of wastewater treatment
plants for the municipalities of Tiflet and Sidi Yahya El Gherb, and the results of this study
can help policymakers and other stakeholders to find the necessary actions to take the
measures that impose a decision.
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