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Abstract
In order to assess the water quality of the Inaouen Wadi and its main tributaries, a
monitoring of the physico-chemical parameters of twelve stations has been carried out
during an entire annual cycle (year 2019). We measured ten parameters (T°, pH,
* Corresponding author:  electrical conductivity, total hardness, sulphates, ortho-phosphates, dissolved oxygen
rezoukisanae@gmail.com and nitrogen compounds) and five heavy metals were determined (iron, zinc, copper,
Received 14 Dec 2020, lead, silver). The upstream stations (S1, S3, S4, S5 and S6) are the most polluted.
Revised 03 Nov 2021, These stations have the highest sulphate, ortho-phosphate, biological oxygen demand
Accepted 03 Dec 2021 and nitrogen compounds. This pollution is a consequence of the solid and liquid wild
discharges brought by the S1 and S5 tributaries and the urban agglomerations installed
on the Inaouen river banks, which have a direct and important impact on the quality of
water in the whole wadi. In addition, heavy metals (Zn, Iron, Ag and Cu) present high
levels upstream of the Inaouen while passing downstream. A statistical multi-variate
study using PCA (Principal Component Analysis) revealed that the content of these
parameters remains low downstream of this river (S11) and the tributaries S10, S9 and
S7 compared to upstream (S5). This pollution generated upstream is mainly caused by
human actions (wastewater discharges, agricultural and industrial activities) without
prior treatment. The main factors that reduce the pollution load downstream of the
Inaouen wadi are self-purification and the tributaries leaving the Middle Atlas
characterized by good water quality.
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1. Introduction

Water resources, especially surface water, play a vital role in various sectors of the economy such as agriculture,
industry, livestock and forestry. Knowledge of a country's water resources and their availability for different uses is a
prerequisite for land-use planning and sustainable development, especially when water resources continue to decline
due to rainfall deficits [2,3]. In addition, its pollution by human activities such as population growth, industrialization,
urbanization, etc. , wastage and overexploitation could make water more scarce, thus threatening the quantity and
quality of water, and hence the water supply and associated food production [4-7] . In Morocco, several international
and national works have been carried out to assess the physico-chemical quality of rivers in different regions and in
particular at the level of Taza [8], north-eastern Morocco [1], Eastern High Atlas, Morocco [5], Sebou Basin [6], El
Haouz of Marrakech [9] and Eastern Morocco [10]. This work has revealed real risks that arise with the acceleration
of pollution problems and their impact on the quality of surface and ground water. Indeed, the important demographic
growth, the extension of agricultural land and the intensification of agriculture, as well as the development of industry
are the main factors which are the origin of various pollutions affecting the air, the soil, the ground water resources but
also and especially the surface water. The Wadi Inaouen is the second major tributary of Sebou. It is located at the
level of the southern furrow rifain Fez-Taza corridor and drains a watershed with an area of 3396 km2 at the level of
which located two dams Driss ler and bab louta. It receives on its right bank the flows of the wadis; Larbaa, Lahdar,
and Amlil. These tributaries collect runoff from the pre-rifaine hills. On its left bank, the Wadi Inaouen receives
tributaries fed, in part, by the primary massif of Tazekka and by the Middle Atlas limestones, often karstic in this
region: Zerg, Bouhlou, Matmata and Bouzemlane [8]. The future of the economy of the Taza region is strongly
conditioned by the quality of water resources and the way they are exploited. Located in a semi-arid climate, this
region has experienced significant agricultural development and a significant population growth in recent decades.
Consequently, the demand for water has increased significantly, mainly in large cities, such as Taza, wadi Amlil,
Tahla etc. [11]. Inaouen's water is used for the irrigation of various organic crops, the industrial activities of the urban
agglomerations installed along the Wadi [8]. The present work proposes to establish a diagnosis of the water quality of
the Inaouen wadi in order to know the real state of water quality and to determine the type and origin of pollution.
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Fig 1. The watershed of Inaoune wadi and its tributaries
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1. Materials and methods

1.1. Description of the study area and studied watercourses

The Wadi Inaouéne watershed (Fig 1) is a sub-basin of the great Sebou basin, located in northeastern Morocco; it
covers an area of 3320 km2. Wadi Inaouen has its source at Bab Merzoka (Taza) downstream where it meets Sebou at
the rural commune of Al Ouadayne (Molay Yaacoub), it is the second main tributary of Wadi Sebou after Wadi
Ouargha.

1.2. Sampling and hydrochemical analysis

During 2019, the water samples from Wadi Inaouen were collected in 500 ml opaque worm bottles. The
water samples were sent directly to the laboratory within 8 hours and at a temperature of 4°c for analysis.
Twelve stations were explored along the wadi (Fig. 1, Table 1), taking into account different criteria such as
source of pollution, direction of flow, accessibility, and others.

Table 1: Description of sampling sites

) Geographical coordinates Altitude
Station Name and Address Human pressure

Latitude N Longitude W (m)

The Wadi Larbaé located at .
S1 34°13°58.841" 4°3°42.36" 483 Urban /agricultural
RN6, 35000 Bab Marzouka

The Wadi Lahdar situe a RNG, i
S2 34°14°3.659"  4°3°50.099" 483 agricultural
35000 Bab Marzouka

Amon d’Inaouen situé a 35000 .
S3 34°13°40.942" 4° 4°7.528" 483 Urban /agricultural
Bab Marzouka,

575 Inaouen Amon located in Ghiata 34°

. 4°12°24.865" 479 forest/agricultural

S4 Al Gharbia 11°57.611"

S5  Wadi amlil situé a RN6, 35252 34° 304 Urban /agricultural
Wadi Amlil 11°17.293" 167398797

S6  Wadi Amlil located at RNS6, 34°11°16.967" 4°16°39.88" 304 Urban /agricultural
35252 Wadi Amlil

575 Wadi Zireg located in Caidat de ~ 34°09'54.2" 4°20'24.5" 367 agricultural

S7 Bouhlou

S8 Middle of Inaocuen located at 34°09'54.5" 4°2024.4" 367 agricultural
caidat de Bouhlou

S9  Wadi Bouhlou located in Caidat  34°07'56.4" 4°24'33.8" 266 agricultural
de Bouhlou

S10 Wadi matmata located at RNG, 34°07'00.6" 4°32'17.4" 279 agricultural
35203 Matmata

S11 Inaouen Downstream located at ~ 34°08'16.2" 4°30'09.6" 273 agricultural
RP5418, Matmata

S12 Dam Idriss 1st located in Oulad  34°7°31.989”°  4°39°50.032”’ 277 agricultural

Ayyad, caidat of Ouled Riab
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The parameters analyzed are Temperature (T°C), Hydrogen Potential (pH), Electrical Conductivity (EC), Dissolved
Oxygen (DO), directly measured in situ using a multi-parameter (appropriate C931 Consort laptop) Sulfates (SO42-),
Ortho-phosphates (PO4) and Biological Oxygen Demand (BOD5) were determined according to the Rodier protocol
[12]. Thus the Total Hardness (F°) of the water was determined by volumetric titration with 0.2N EDTA, Nitrates
(NO3-) and Ammonium (NH4+) were determined by spectrophotometry. The determination of metallic trace elements
(Mg, Co, Cu, Fe, Ni, Pb, Cr, and Zn), were carried out using Inductively Coupled Plasma Emission Spectrometry
(ICP-AES) at the CNRST laboratory in Rabat.

1.3. Statistical analysis
Statistical analyses were performed on the data for both single-variable (correlation tests) and multivariate (similarity
tests and principal component analysis) to determine the different correlations between these parameters.

2. Results & Discussion

The physicochemical indicators of water quality are often subject to spatio-temporal variations induced by
anthropogenic activities which modify the characteristics of the water and affect its quality [13], Thus, the pollution
degree measurements of this biotope. The average temperature does not show large variations from one station to
another. The recorded minimum is 15.7°C (station S1) and the maximum is 22.74°C (station S11). These values
fluctuate between 9.52°C and 29.5°C (Table 2) and show a slightly increasing gradient both upstream and
downstream. The highest temperature was recorded during the summer season in station S11 and the lowest during the
automn season in station S3 (Table 2). Water temperature is strongly influenced by environmental conditions related
to the geographical location of the locality, the geology of the terrain crossed, the hydrology of the ecosystem and
especially the prevailing climate [14]. The pH values measured are generally alkaline to moderately neutral and range
from 7.33 to 8.02. A slight gradient decreasing from upstream to downstream was recorded. Seasonal variations are
well expressed and follow the same direction as temperature (Table 2). The pH is a factor dependent on natural
environmental conditions, such as vegetation cover, the nature of the rocks and soil substrate, and human activities
such as pollution [15,16]. It decreases in the presence of high levels of organic matter and increases during periods of
low water levels, when evaporation is fairly high [17]. Conductivity is one of the physical parameters that makes it
possible to verify the quantity of salts dissolved in water [12] and the existence of pollution in water [18]. It represents
a better parameter for geochemical differentiation of water [19]. The conductivity of the waters of the Inaouen wadi
and its main tributaries presents significant values which vary very strongly between the two banks of the Inaouen
wadi, in the tributaries of the right bank the conductivity is maximum 2258us / cm at S2 and 2155 ps / cm at S5 on the
other hand, the left bank records minimum conductivity of 180, 202 and 360 ps / cm at S7, S10 and S9 respectively.
Seasonal variations show that the highest values are recorded in the summer and autumn. The increase in conductivity
during the warm period can be linked on the one hand to the low flow of the Wadi, which leads to an increase in the
concentrations of mineral salts, and on the other hand to strong atmospheric evaporation [20]. On the other hand, the
minimum values recorded in the rainy return period could be attributed to the rainfall that led to a phenomenon of
water dilution due essentially to the subterranean water sources, coming from the mountains of the Middle Eastern
Atlas and the pre rif. The average oxygen content of the wadi increases from upstream to downstream and goes from
3.17 mg/l (S3) to 5.98 mg/l (S11). This significant deficit in dissolved oxygen upstream of inaouen is probably linked
to the high organic loads generated by the liquid effluents of the region's urban agglomerations loaded with high
concentrations of polluting substances. BODD5 is an indicator of biodegradable organic pollution and is also evaluated
to determine the oxygen demand to stabilize domestic and industrial waste [21,22]. The upstream of Inaouen (S3, S4
and S6) and the tributaries S1 and S5 record very high concentrations of BOD5 during the summer season reaching a
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maximum value of 597 mg O2/1 at S5, these concentrations decrease significantly downstream reaching a minimum
value of 2.06 mg O2/I recorded at S10 during the spring. These values are higher than the Moroccan standards (10-25
mg O2/1) of surface water quality and consequently these waters are classified respectively of poor quality along
inaouen (S3, S4, S6, S8 and S11), downstream of wadi Larbaa S1 and downstream of wadi amlil S5. For the others,
wadi lahdar S2, wadi zireg S7, wadi Bouhlou S9 and wadi Matmata S10 are considered of good quality. Bn Abbou [8]
recorded average values between 437 mg O2/1 and 207 mg O2/l from upstream which receives discharges from the
city of Taza via the wadi larbaa as well as discharges from the agglomerations of Makansa, wadi amlil and ghiyata
Igharbia downstream which receives unpolluted tributaries of the wadis Matmata, bouhlou, zireg and bouzemlane. The
evolution of the sulphate content (SO4%) shows very important values upstream of the Inaouen wadi and tributaries S1
and S5, these values decrease significantly as they progress downstream of Inaouen and tributaries S7, S9 and S10.
(Table 2), maximum sulphate concentrations decreased gradually in winter and then increased to reach its maximum
level (910 mg/L) in summer at S1 (Table 2). This shows that the anthropogenic contribution is not negligible, because
of the evacuation of domestic water in this element, generally the high content of sulphates is linked to the abundance
of secondary evaporitic formations mainly gypsum (CaSO., 2H;0) and anhydrite (CaSO4). The levels of
orthophosphates (PO4*) found upstream of Inaouen are generally high, the annual concentrations of POs* in the
waters of the different stations vary between 0.48 mg/l and 8.14 mg/l (Table 2), the highest values are found at station
S1, S3 and S5 during winter and autumn. These levels are the consequences of wastewater discharges from many
municipalities near the stations (Taza, wadi Amlil, mkanssa and ghyata Igharbiya). The increase in these grades during
the winter period could be related to increase soil leaching. Average nitrate (NO3-) values in the Inaouen water and its
tributaries range from 22.93 mg/l to 1.29 mg/l. The stations S3, S6 and S11 show high nitrate levels exceeding the
WHO (world health organization) recommended limit for drinking water (50 mg/l). This situation can be explained by
the high use of chemical fertilizers and pesticides related to the agricultural activities developed in the study area. The
station of the idriss 1 S12 dam has a minimum nitrate content of 0.4 mg/l. Bn Abbou [8] reports that the Inaouen
basin records high nitrate levels in winter (142.52 mg/l) that may be caused by fertilizer application. In general, the
nitrate content increases during the low water period and decrease during the rainy period. In unpolluted waters, it
varies between 2 and 3 mg (<20mg/l), its increase is attributed to anthropogenic origin (fertilizer use in agriculture).
The presence of ammonium (NH4+) in water remains a criterion of pollution [16]. The highest concentration of
ammonium is recorded at S1 during autumn (0.91 mg/l) (Table 2). Waters S2, S7, S9, S10, and S12 are classified as of
good quality (0.1-0.5 mg/l) according to Moroccan surface water quality standards.
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Table 2: Spatial and temporal evolution of the physico-chemical parameters of the different stations

T°C pH EC Dissolved Sulphates PO, * Nitratres Ammoniacal DBO5 Fe
02 NOa. nitrogen
Went 11,02+0,672 7,9+0,1° 1333+19° 2,17+0,07° 890+9,5° 8,81+0,112 22,8+0,5° 0,95+0,112 491 22 52 155+2,672
st Spri 16,1+0,2° 7,95+0,2° 1689+22° 1,950,082 895+11,15° 7,85+0,13° 23+ 0,612 0,59+0,14° 501,7+ 252 90,29+3,7°
Summ  23,1+0,1° 8,2+0,1° 2000+24° 3,02+0,09° 910+11,37° 7,8+ 0,06" 22,7+ 0,25° 0,79+0,1° 520,9 9,952 108,76+2,3°
Autm 12,5+0,382 7,65+0,1° 1310+20? 2,170,072 885+10,3? 8,07+0,07° 22+0,42° 0,91+0,142 386,5+31,11° 180+42
Annual M.V. 15,745.47 7,9£0.2A 15833274 2.33+0,47A 895+10° 8,14+0,46" 22,93+0,294 0.81+0.16 475604 133,5+414
Went 11,96+0,1° 7,88+0,1° 1534212 5,07+0,2° 272,1x14,9% 1,3+ 0,042 7+ 0,08° 0,09 +0,05* 16,74 +2,39° 155,2+3,5°
S2 Spri 19,240,1° 7,91+0,1° 1967+21° 8,11+0,06° 260,8+ 12,2? 1,3+ 0,032 7,4+0,05° 0,11+0,07% 6,46 +3,55% 200,1+3,2°
Summ  26,9+0,1° 8,1+ 0,12 2894£19° 5+0,09° 488+ 10,45° 1,02+0,03? 7,6+ 0,09° 0,18 +0,07°  17,38+4,92? 145,3+3,9°
Autm 11,15+0,1° 7,9+ 0,22 2641+20¢ 7,08+0,06° 288,7+10,5° 1,4+ 0,052 7,39+ 0,06° 0,16 £0,04>  13,72+2,32? 120,2+1,5%®
Annual M.V. 17,347,478 7,95+0,14 2258+691° 6,32+1,548 327+1078 1,28+0,188 7,46+0.128 0,14+0.04 13,5658 155,2+334
Went 11,17+0,1° 7,8£0,2° 1555+182 3,39+0,072 425,2+12,9° 7,21+ 0,047 18+0,262 0,87 +0,1° 373,6 +6,382 95,8442
S3 Spri 18+0,04° 7,91+0,2° 1768+18° 4,40+0,08° 462,66+10° 6,05+ 0,13° 21+ 0,51° 0,59 +0,08"  420,77+15,6° 144,7+3,5°
Summ  26%0,2° 8,05+0,1° 2099£19° 2,23+0,06° 875+ 10,01° 6,450,08° 21+0,43° 0,65+0,04°  516,76+22,2° 159,7+3,1°
Autm 9,52+0,4° 7+0,13° 1809+17° 2,67+0,06% 784,8+11,4¢ 7,46+ 0,12° 22,01+0,59° 0,8 +0,12° 390,79+12,52 191,4+5,7°
Annual M.V. 16,2+7,5% 7,740,488 1808+2244 3,17+0,954¢ 636+226° 6,8+0,66°¢ 20,58+1,72¢ 0,73+0,13 425463 147,88+39,89*
Went 12,7+0,03? 7,7£0,12 1136+22,5° 3,020,072 308,8+10,8? 5,37+ 0,06° 17,7+0,69° 0,65+0,15*  278,6+16,4° 187,06+2 %
4 Spri 18,15+0,2° 7,72+0,1° 1408+23° 6,5+0,07" 374,8+12,7° 3,4+0,09 © 18+ 0,632 0,51+0,07° 401,3+21,38° 180+3,3?
Summ  26,3+0,19° 7,9+ 0,047 1859+22° 3,02+0,08? 580,6+ 14,2° 4,89+ 0,062 21,21+0,24° 0,75 +0,1° 447,27+31,2° 102+7,98 %
Autm 10,5+0,03? 7,1+0,04° 1328+20° 4,02+0,05° 510,13+ 9,2¢ 3,4+ 0,09° 18,9+ 0,8° 0,78+0,04¢ 340,07+24,9¢ 110+2,6%
Annual M.V. 16,9+778 7,6+0,328 1433+3064P 4,14+1,64° 443+123° 4,27+1P 19+1,54P 0,67+0,12 366+73°¢ 144,77+45A
Went 14,3+0,06° 7,35+ 0,1° 1678+212 3,810,062 633,2+9,3? 6,6+ 0,067 20,28+0,972 0,92+0,042 390,45+9,182 99,6+2,42
S5 Spri 25+0,65" 7,61+0,1° 2009+19° 4,49+0,042 690,3+ 14,5 6,13+0,1? 20,36+ 0,17 0,55 +0,22°  491+9,54° 50,02+2°
Summ  25,27+0,1° 7,90+ 0,1° 2495+19,5° 4,39+0,082 879,9+15,15°  4+0,08° 20,23£1° 0,82+0,19° 597,88+18,3° 65,4+1,9°
Autm 15,94+0,1° 7,45+ 0,17 24404£20° 3,92+0,072 785+14,45¢ 7,67+0,06°¢ 20+ 0,72 0,85+0,16°  356,1+17,46¢ 90,12+1,5%®
Annual M.V. 20,145,885 7,58+0,28 2155+3858 4,16+0,34° 747+108F 6,2+1,39¢ 20,23+0,14°¢  0,79+0,16 458+108” 76,28+22,778
Went 12+0,29° 7,2+ 0,12 1145+18,5° 3,22+0,05? 3154132 4,6+0,042 17,4+ 0,742 0,62+0,042 282,9 £7,27° 145+3,662
S6 Spri 23,06+0,2° 7,49+ 0,1° 1398+18° 5,43+0,06" 446+10,5° 4,13+0,05% 17,1+ 0,56% 0,68 +0,1® 338,34+12,6° 120+1,2°
Summ  25,2+0,03¢ 7,840,1° 1590+20,5¢ 3,84+0,07% 646,8+10,4° 4,95+0,09% 16,59+0,64° 0,72+0,03" 405,9+15,45°¢ 87,5+2,33°
Autm 16,4+0,05° 6,9+0,1° 1277+19? 4,12+0,05° 508,3+9,17¢ 3,1+ 0,07° 17,8+ 0,25° 0,67+0,05®  351,99+10,15° 100,13+2,8"
Annual M.V. 19,146,248 7,33+0,38¢ 1352+189AP 4,16+0,93° 478+137° 4,22+0,8° 17,23+0,53F 0,67+0.04 344+5C 113+25,2A
Went 15,26+0,192 7,94+0,1° 110,23+9,55* 6+ 0,06% 145+8,3? 1,22+0,03? 3,97+ 0,042 0,07£0,04* 29,1 #3° 150,87+2,842
St Spri 25,11+0,12° 8,03+0,1° 210,92+8,78%  7,95+0,04° 202,7+11,5° 1,4+0,05° 6,4+0,05" 0,1 +0,08? 57,2+5,68° 1294252
Summ  27,4+0,09° 8,1+ 0,03° 214,3+11,59°  5,01+0,09° 301+11° 1,68+0,04° 7,04+ 0,03P 0,1+0,042 59,1 +1,99° 129,2+3,862
Autm 16,5+0,02° 7,98+ 0,03°  184,8+£9,30° 5+0,09° 285+14° 1,39+ 0,072 6,8+ 0,12° 0,11+0,03* 16,8 +2,68° 131,38+2,4*
Annual M.V. 21,146,158 8,02+0.08"  180+48,4° 5,99+1,398 233+72,98F 1,42+0,198 6,08+1,42F 0,1+0,02 40,5+20,958 135,13+10,63*
Went 13,31+0,1° 7,44+ 0,17 819,4+7,67° 4,12+0,042 389,8+11,6° 3,82+0,232 15,15+0,542 0,45+0,09* 244,9+15,8° 139,83+3,2%cq4
S8 Spri 15+0,19° 7,57+0,1° 1052+7,9° 6,69+0,06° 411,1+10,2° 3,74+0,092 17,24+ 0,09° 0,51+0,03% 231,7+14,28 105,33+2,6"
Summ 19,4+0,48° 7,64+0,1° 1493+10,5¢ 3,36x 0,09¢ 597,85+14°¢ 3,41+0,06% 17,01+0,09° 0,71 £0,05° 337 +15,5° 75,5+3,33°
Autm 18,9+0,1° 7,07+0,1° 1236+10,86¢ 4,81+0,072 420+9,13° 3,11+ 0,01° 17,5+ 0,67° 0,61+0,03¢  257,3+12,8° 109,97+1,4°
Annual M.V. 16,743 7,43+0,3° 1150+285° 4,75+1,42¢8 454,96° 3,5+0,32°¢ 16,74+1,09¢ 0,57+0,12 267+48° 107,66+26,4"




Went 15,1+0,042 7,31+ 0,12 298,6+9° 6,02+ 0,072 141,2+15,82 1,45+ 0,062 2,4+ 0,045° 0,1 +0,02% 14,02 +2,75° 182,17+2,88°
S9 Spri 19,3+0,17° 7,59+ 0,1° 416,2+10° 8,09+0,06° 151+ 102 1,09+0,16% 1,7+0,042 0,1 +0,04% 11,82+2 472 250,13+2,58°
Summ 22,8+0,15° 7,89+0,1° 425,8+9,75% 7,99+ 0,07° 276+ 10,6° 1,4+ 0,082 1,4+ 0,04° 0,11+0,042 16,8 +£2,90° 255+3,33"
Autm 19,5+0,05° 7,7520,1% 301+8,50° 8+ 0,05° 156,05+3° 1,12+0,15° 2,35+ 0,6° 0,08+0,05% 14,9 +3,99° 254,7+0,5
Annual M.V. 19,2+3,2A 7,640,258 360+69°F 7,53+18P 181+63° 1,28+0,19F 1,99+0,47" 0.1+0,01 14,432,118 235,4+35,7 €
Went 15,7+0,1° 7,14+0,03? 172+8,02% 7,08+0,052 60,95+6,9° 0,84+0,21* 1,34+ 0,02* 0,07 +0,06®  2,33+0,66° 155,2+2,9°
S10 Spri 20,6+ 0,2° 7,19+0,01° 220,11+72 7,36+ 0,042 75,165,243 0,8+ 0,08% 1,03+0,052 0,14+0,06" 2,06 +0,09° 200,1+3,24°
Summ 22,9+0,2¢ 7,36+0,01° 229+8,4° 7,240,052 89,09+5,9° 1,01+ 0,12 1,11+0,09% 0,12+0,08®°  3,11+0,19? 220+3,28"
Autm 18,23+0,2° 7,24+0,01° 189+7,35% 7,69+ 0,042 67,165,472 0,69+ 0,032 1,69+0,16% 0,11+0,07®® 3,27 +0,52* 240,23+3,17°¢
Annual M.V. 19,4+3,18 7,23+0,09° 202+26¢ 7,34+0,265P 73,09+12" 0,86+0,13¢ 1,29+0,3" 0,12+0,03 2,69+0,598 203,9+36,4¢
Went 19,1+0,28 7,24+ 0,17 673+9,5° 4,40+ 0,042 590+ 8,7° 3,35+ 0,062 12,67+0,092 0,63 +0,11*  135,4+24,6% 159,13+42
St Spri 22,10+1,1° 7,36+0,01° 944+7,54° 8,08+0,07" 609+ 5,1° 2,68+0,04° 14,7+ 0,06" 0,62 +0,06*  108,8+ 12,3? 145,53+3%
Summ 29,5+0,91° 7,9+ 0,01° 1308+11° 7,40+ 0,05P 689+ 10,75° 2,5+0,05 @ 15,23+0,12° 0,71 +0,1° 289 +14,64° 180+1,95%
Autm 20,25+0,2% 7,44+0,1° 1090,2+11° 4,02+0,12 610+ 10,9° 2,56+0,21 15,2+ 0,05° 0,72 0,05  195,19+10,8° 101,39+4,54°
Annual M.V. 22,74+4,78 7,49+0,3° 1004+269° 5,98+2,18 624+43C 2,8+0,37F 14,46+1,22! 0,67+0,05 182,1+79,9° 146,52+33,49*
Went 18+ 0,23? 7,3+0,04% 461+6,95% 8,01+0,05? 56+ 4,9° 0,5+0,11 0,4+0,2% 0,12+0,042 2,12+1,042 255,46+2,56%
S12 Spri 24,9+0,4° 7,4+0,03? 508+10,31° 9+ 0,08° 51,57+ 5% 0,42+0,06 0,44+ 0,022 0,07 +0,03* 2,55 +1,38% 250+3%
Summ 26,12+ 1° 7,8+ 0,04° 596+10,5* 7,08+ 0,06° 57+6% 0,6+ 0,06 0,55+ 0,022 0,08 +0,02*  2,9+0,06° 200,48+2,94°
Autm 20,3+0,18° 7,53+0,1° 420+10,5% 8+ 0,04% 52,7843,5% 0,38+ 0,05 0,37+ 0,05? 0,09 +0,04*  1,94+0,49° 200+1,94°
Annual M.V. 22,3+3,8"8 7,49+0,2°¢ 4961755 8,03+0,78P 54,37+2,6" 0,48+0,11° 0,44+0,08H 0,09+0,02 2,38+0,438 226,5+30,36

Means followed by different letters are significantly different . The LSD0.05 test was used as a post-hoc comparison.

The values followed by the same letters are not significant (lower case letters for saisons and upper case letters for stations).

In this study, we investigated the existence of five essential trace elements (Ag, Fe, Pb, Cu, and Zn) (Table 3). Cu, Zn, and Fe which are essential metals in the human body,
but if the body takes these elements excessively from the external environment, they will damage health. [23] Pb is potentially dangerous for various life forms because of its
toxicity [24]. Annual mean concentrations range from 0.091-0.05, 0.64-0.02, 0.091 -0.05, 1.90-0.005 and 0.009-0.094 mg/L, respectively, seasonal variations are significant
for Ag, Fe and Pb concentrations (p < 0.05) whereas Zn and Cu concentrations are unaffected (P> 0.05). The average concentration s of iron, silver and lead in the autumn are
higher than the average values determined for the other seasons. The content of heavy metals, particularly Fe, Pb, Cu and Mn, is higher than the relative standards, which is
explained by the artisanal activities of the city of Taza than by the city's domestic liquid discharges. On the other hand, heavy metals, in addition to their possible origins from
anthropogenic activities, they may also have a geological origin and, have reached the river system through hydro-climatic erosion.
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Table 3: Heavy Metals at different stations

Ag Fe Pb Zn Cu
Went 0,051 £0,0062 0,53+0,03 2 0,051 +0,0032 1,95+0,032 0,013 +0,0032
s1 Spri 0,05+0,001°2 0,51 +0,02% 0,05+0,003% 1,88 +0,066° 0,011 +0,002%
Summ 0,092+ 0,007° 0,72+0,07° 0,09 +0,02° 1,88 +0,038% 0,012 +0,0022
Autm 0,17+0,0248° 0,78+0,03°¢ 0,17 +0,03° 1,89+0,022 0,002 +0,00122
Annual M.V. 0,091+0,05 A 0,64+0,13 A 0,091 +0,06 A 1,90+0,03 A 0,009+0,005 A
Went 0,046+ 0,003 0,018+0,0052 0,046+0,0022 0,005+0,001°2 0,009 +0,0012
$2 Spri 0,049 +0,0042 0,02+0,006 2 0,049+0,0082 0,0055+0,0012 0,011 #0,0032
Summ 0,049+0,0032 0,05+0,001 % 0,049+0,0032 0,0053+0,0012 0,013 +0,025%
Autm 0,091 +0,001° 0,02 £0,008? 0,087+0,01° 0,005+0,0012 0,012 +0,0032
Annual M.V. 0,058+0,024 0,027 +0,018 0,057 +0,02 A 0,005+0,00048 0,094+0,16 A
Went 0,052 +0,0062 0,46+0,032 0,051+0,002 2 1,81+0,022 0,01 £0,0022
s3 Spri 0,049 +0,003? 0,49 £0,0252 0,052+0,012 1,09 +0,045° 0,012 +0,0032
Summ 0,06 £0,04? 0,49 £0,0152 0,045+0,04° 1,13+0,03° 0,01 £0,0012
Autm 0,16+0,06° 0,56+0,03° 0,16 £0,031°¢ 1,8 0,072 0,012 +0,0022
Annual M.V. 0,08 +0,05A 0,540,042 ¢ 0,079+0,06 4 1,46+0,4 € 0,011 +0,0009 4
Went 0,048+ 0,0082 0,36 £0,015? 0,049+0,004 2 0,405+0,0052 0,01 £0,00052
s4 Spri 0,05 £0,0032 0,39 £0,032 0,05+0,0012 0,99+0,072 0,01 +0,002°2
Summ 0,093+0,015° 0,42+0,04 b2 0,08+0,004 1,08+0,052 0,011 +0,001 @
Autm 0,14+0,035°¢ 0,44 +0,02° 0,13 +0,03" 0,86+0,032 0,011 +0,0032
Annual M.V. 0,082+0,0424 0,41+0,034° 0,079+0,0414 0,83 +0,29° 0,011+0,0007 A
Went 0,046+0,004 2 0,485+0,032 0,046 +0,0032 1,87 £0,0252 0,011 +0,00112
S5 Spri 0,093+0,04° 0,57 +0,07° 0,09+0,03° 1,89+0,022 0,023 +0,0012
Summ 0,049 +0,0022 0,51+0,06 2 0,049+ 0,0032 1,09+0,022 0,012 +0,0032
Autm 0,11 +0,045" 0,57 +0,03° 0,11+0,03° 1,57+0,032 0,01 +0,001°2
Annual M.V. 0,075 +0,03 A 0,54+0,045 ¢ 0,074+0,034 1,61+0,37 ©A 0,014 +0,006~
Went 0,036 +0,0142 0,310,022 0,04 £0,0022 0,7 £0,035° 0,008 +0,0012
6 Spri 0,052+0,008? 0,34+0,02 2 0,051 +0,0052 0,83+0,02? 0,01 £0,0012
Summ 0,1+0,04° 0,36 +0,04° 0,101 +0,008° 0,9 +0,025% 0,01 +0,001°
Autm 0,11+0,08° 0,39 +0,05 0,11+0,04° 0,926+ 0,035% 0,01 +0,001°
Annual M.V. 0,074 +0,04 4 0,35 +0,034° 0,076+0,03 A 0,84 +0,1P 0,01+0,001 4
Went 0,037+ 0,0062 0,014+0,0022 0,039+ 0,0032 0,0045+0,0015° 0,01 £0,00032
57 Spri 0,05 +0,0132 0,024+0,002° 0,049 +0,003? 0,005 +0,0022 0,01 +0,001°
Summ 0,049+0,0052 0,025+0,004° 0,05+0,0012 0,005+0,0012 0,011 +0,0022
Autm 0,051 +0,0012 0,026+0,003° 0,05 +0,0022 0,004 +0,0012 0,011 +0,0012
Annual M.V. 0,047+0,007 B 0,02 +0,006 & 0,05+0,005 4 0,005+0,0005 B 0,01 +0,0014
Went 0,038+0,004 2 0,15 +0,03¢ 0,038+0,0022 0,75 +0,03% 0,008 +0,0004°
S8 Spri 0,045 +0,0022 0,19 +0,04° 0,043 +0,003? 0,8 +0,025% 0,01 +0,00142
Summ 0,09+0,03° 0,2 +0,03" 0,09+0,01° 0,98 £0,0952 0,011 +0,0032
Autm 0,11 +0,04° 0,28 £0,05°¢ 0,095+0,004° 0,940,032 0,01 +0,002°
Annual M.V. 0,07 +0,03~ 0,22+0,06 BE 0,07+0,034 0,9+0,1° 0,01 +0,0014
Went 0,033+0,007 2 0,011+ 0,0022 0,031 +0,0022 0,005+0,0012 0,0077 +£0,002 2
59 Spri 0,052+0,003 2 0,021 +0,003° 0,049 +0,0022 0,005+0,0022 0,011 +0,0022
Summ 0,051+0,0082 0,023 +0,003 ¢ 0,05+0,0032 0,0051+ 0,001 2 0,01 +0,001°
Autm 0,050,022 0,025 +0,002°¢ 0,050,006 2 0,0056 +0,0007 2 0,0107 0,001 2
Annual M.V. 0,05+0,01 8 0,02 +0,006 & 0,045 +0,0094 0,005 +0,0003 B 0,01 +0,002 A
Went 0,051+0,012 0,023 +0,022 0,052+ 0,004 2 0,005 +0,0012 0,011 +0,0022
s10 Spri 0,05 £0,002? 0,024+0,002 2 0,05+0,0012 0,0051 +£0,00072 0,01 £0,002 2
Summ 0,049+0,012 0,025+0,004 2 0,049+ 0,0012 0,0053+0,0022 0,011 +0,0022
Autm 0,052 +0,0022 0,026+0,002° 0,05 +0,003? 0,005+0,001°2 0,011 +0,0022
Annual M.V. 0,05+0,0018 0,024 +0,001 BE 0,051+0,0014 0,0052+0,0001 B 0,011+0,0006 A
Went 0,055 +0,03? 0,12+0,022 0,049+0,002 2 0,650,042 0,01 +0,001°2
s11 Spri 0,052+0,004 2 0,19 +0,05° 0,051+0,0012 0,75 +0,03° 0,012 +0,0022
Summ 0,050,004 2 0,24+0,03 ¢ 0,05+0,0022 0,98 £0,11° 0,012 +0,0022
Autm 0,091+0,05° 0,26 £0,04 ¢ 0,099+ 0,01° 0,940,072 0,011 +0,0012
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Annual M.V. 0,062+0,024 0,2 0,06 0,05+0,0254 0,8 +0,15° 0,011 +0,0008 A
Went 0,052+0,0132 0,023 +0,01° 0,051+0,0022 0,005+0,0012 0,011 +0,001°
Spri 0,053+0,0262 0,023 +0,005° 0,051+0,0012 0,005 +0,001° 0,011 +0,002°?
S12 Summ 0,051+0,005% 0,02 £0,002°2 0,051+0,003% 0,005 +0,0012 0,011 +0,002?
Autm 0,05+0,0012 0,021+0,003% 0,05+0,0012 0,0051+0,001 2 0,011 +0,0012
Annual M.V. 0,051 +0,001 B 0,022+0,002 BE 0,05 +0,0006 A 0,005 +0,09 B 0,011+0,0002 A

Means followed by different letters are significantly different . The LSDO0.05 test was used as a post-hoc comparison.
The values followed by the same letters are not significant (lower case letters for saisons and upper case letters for stations).

3. Data analysis

Principal Component Analysis (PCA) was carried out to identify trends, correlations and phenomena that may
influence the distribution of chemical elements in the waters of Inaouen and its tributaries. To study the correlations
between the physico-chemical variables we perform a principal component analysis. PCA was applied to data
including twelve water samples and ten variables (Table 4).

4. Choice of eigenvalues (number of selectable factors)

The treatment of these physico-chemical data by PCA gives several results which are presented in Tables 4 and 5.
Table 4 shows the eigenvalues, variability and accumulation, the contributions of the different parameters whose
expression on the first two factorial axes F1 and F2 respectively are 70.99% and 12% or 82.99% of the information
explained.

Table 4: Eigenvalues with an inertia of 82.99%

Initial eigenvalues

Component Total % of variance cumulative%o
1 7,100 70,995 70,995
2 1,200 12,002 82,997
3 0,744 7,439 90,436
4 0,492 4,925 95,360
5 0,314 3,142 98,503
6 0,079 0,792 99,295
7 0,052 0,522 99,817
8 0,017 0,169 99,985
9 0,001 0,012 99,997
10 0,000 0,003 100,00

5. Analysis of the distribution of the parameters in the F1xF2 plane

Examination of the correlation matrix between the variables shows a significant correlation between NO;*BOD5
(0.964); PO,**BOD5 (0.962); NO3*NH,4* (0.966); NOs*SO; (0.926); PO,**SO; (0.919); DO*NOs™ (-0.973) and
DO*BOD5 (-0.942). There is also a lower degree of correlation between variables such as NH,**PO,*(0.898);
SO;*DBO5 (0.887); F° *DBO5 (-0.736); F° *NH.* (-0.736) and F°*SOs (-0.727). These different correlations reflect
the influence of each parameter on the mineralization of the waters of the Wadi Inaouen and its tributaries (Table 5).

Table 5: The Correlation Matrix
DBO5 SOs NH.* NO3z EC pH T DO PO Fe

DBO5 1,000
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SOs 0,887 1,000
NH4* 0,957 0,914 1,000
NOs 0,964 0,926 0,966 1,000
EC 0,647 0,699 0,631 0,707 1,000
Ph 0,044 0,260 -0,063 0,130 0,278 1,000
T -0,467 -0,368 -0,349 -0,492 -0,487 -0,256 1,000
DO -0942 -0916 -0914 -0,973 -0,650 -0,246 0,556 1,000
PO* 0,962 0,919 0,898 0,923 0,641 0,210 -0,537 -0,947 1,000
F° -0,736 -0,727 -0,736  -0,813 -0,629 -0,132 0,243 0,768 -0,646 1,000
1,0 pH
i
o .
&
E.':'. 00 g
5 “
- ‘DO
05
104
A0 05 00 05 0

Factor F1: 70.99%

Fig 2: Graphical presentation of one's own factorial design F1 x F2 (82.99%)

In the figure formed by the F1 and F2 axes (Fig. 2), there is a range of variables such as EC, SOs, NOs, PO,*, BOD5
and NH4" that are positively correlated on the F1 axis with a variability of 70.99%. Inversely, there is a negative
correlation between the variables F°, DO, T and pH On the F2 axis, with a variability of 12%, there is a positive
correlation between the variability of pH, EC, POs*, NO3z, SOsand BODS5, inversely to the variable F°, DO, T and
NHs*. The graph in Fig.3 illustrates the distribution of the different sampling stations studied (12 stations) on the
factorial plane F1 x F2, which will be automatically unhooked with that of the variables (chemical elements) to give
an idea of the groups according to their quality. The projection of the sampling stations on the factorial plane F1xF2,
confirms the existence of four more or less distinct zones (GI, Gll, Glll, and GIV) (Fig 3): Group I: represented by
stations S1, S3 and S4, the water in this zone is characterized by anthropogenic, industrial and agricultural pollution
resulting in high levels of BOD5, NOs', SOs and PO4*. This significant load of chemical elements and organic matter
seems to be mainly due to human activity (wastewater from the city of Taza). Group II: This group occupies the
positive parts of F1 and the negative part of F2. It is represented by stations S5, S6, S8 and S11. This area, in addition
to their anthropogenic pollution caused by domestic and agricultural discharges, is characterized by a high load of
NH.*, which could be related to the anaerobic conditions of the ecosystems. Group IlI: occupies the negative part of
F1 and the positive part of F2 and is represented by stations S2, S7 and S9 which present less polluted waters from a
mineralization point of view, the waters of the stations S7 and S9 come out of the Middle Atlas characterized by an
excellent water quality and which is far from the agglomerations with high Ca?* and Mg?* contents, for S2, the waters

are strongly influenced by the presence of CaSo. gypsum and NaCl halite in the marly-limestone geological
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substrates of the preriff. The group IV represented by S12, Idriss | dam which receives water from Inaouen and other
tributaries of the middle atlas (matmata gallery and wadi Bouzemlane) and S10 wadi matmata which a compensation
gallery of the two dams, the water in these two stations are of very good quality characterized by a high hardness,
temperature and dissolved oxygen content this is mainly due to the inflow of water out of the middle atlas at the self-
purification of the wadi Inaouen.

2,00000 52

1,00000—

00000

Factor F2 : 12%

-1,00000

S10

-2,00000

T T T T T T
-1 50000 -1,00000 - 50000 00000 50000 1,00000 1,50000
Factor F1:70.99%

Fig 3: representation of the stations in the factorial plane F1 x F2.

6. Conclusion

Several parameters such as physico-chemical parameters and heavy metals are taken into account in our study on the
water of the wadi Inaouen and its main tributaries. Ten water quality parameters and five heavy metals were
considered to assess the water quality of the rivers.

References

[1] H .Derfoufi, M. Legssyer, C .Belbachir, B .Legssyer. Effect of physicochemical and microbiological parameters on
the water quality of wadi Zegzel. Materials Today: Proceedings 13 (2019) 730738

[2] S. Baki, M. Hilali, | .Kacimi, A .Mahboub, N .Kassou, N .Nouiyti.. Study of intrinsic vulnerability to the pollution
and quality of surface water in the Saharan zones: example of wadi Rheris basin (Southeast Morocco) J. Mater.
Environ. Sci. (2016) 7 (11) 3961-3972

[3] O. Afolabi, O. Okunola, B. Uche, P. Olupinla , Mor. J. Chem. 7 N° 3(2019) 460-473

[4] A .Barakat, M. El Baghdadi, J. Rais, B. Aghezzaf, M. Slassi,. Assessment of spatial and seasonal water quality
variation of Oum Er Rbia River (Morocco) using multivariate statistical techniques. Int. Soil. Water. Conserv. Res.
(2016) 4, 284-292

[5] A. Nouayti, D. Khattach, M. Hilali, N. Nouayti, and M. Arabi.. Assessment of groundwater quality using
statistical techniques in high Basin of Guir (Eastern High Atlas, Morocco). Materials Today: Proceedings (2019) 13:
1084-1091.

[6] L. Benaabidate.. Caracterisation du bassin versant de Sebou VF, Hydrologie, Qualite des eaux et Geochimie des
sources thermales. These en Hydrologie a FST- sais 2000, p : 250.

Mor. J. Chem. 9 N°3 (2021) 576-587

586


https://revues.imist.ma/index.php/morjchem/article/view/15632/9746

[7]1 A. Reggam, H . Bouchelaghem, M. Houhamdi.. Physico-chemical quality of the waters of the Oued Seybouse
(Northeastern Algeria): Characterization and Principal Component Analysis. J. Mater. Environ. Sci. (2015) 6

(5) :1417-1425

[8] M .Ben Abbou, F .Fadil & M. El Haji. Evaluation de la qualité des cours d’eau de la ville de Taza utilisés dans
I’irrigation des cultures maraichéres (Maroc). Journal of Applied Biosciences (2014) 77:6462— 6473

[9] K.Boukhari, S. Er rouane et A. Gouzrou. Apports des analyses physicochimiques et biologiques a la Connaissance
de la qualite des eaux de la plaine de Mejjate (Haouz Occidental, Maroc). 3eme Journees Internationale des
Geosciences de [’Environnement. Universite Chouaib Doukkali - Faculte des Sciences El Jadida. 2005

[10] M. Doubi, A. Dermaj, B. Ait hadou, D. Chebabe, H. Erramli, N. Hajjaji, A. Abdellah srhiri,. Contribution a
1’etude physico-chimique de 1’Oued Moulouya et un affluent au niveau de la région d’Outat el haj. Larhyss Journal,
(2013) n°16, pp. 91-104

[11] M. El haji, S. Boutaleb, R. Laamarti et L. Laarej. Qualité des eaux de surface et souterraine de la région de Taza
(Maroc) : bilan et situation des eaux. Afrique Science (2012) 08(1) 67 — 78

[12] J. Rodier, C. Bazin, JP. Broutin, P. Chambon, H. Champsaur, L. Rodier. The Analysis of Water 8th ed. Dunod:
Paris; 1996

[13] L. Karrouch and A. Chahlaoui . Bio-evaluation of the quality of water of the Boufekrane river (Meknes,
Morocco). Biomatec Echo, (2009) 3 (6) 6-17.

[14] J.Rodier, H.Beuffr, M.Bournaud, J. P.Broutin, Ch.Geoffray, G.Kovacsik, J. Laport, E.Pattee, M.Plissier, L.Rodi,
J.Vial, L’analyse de I’eau, eaux naturelles, eaux résiduaires, eau de mer. 7e édition. Ed. Dunod, 1984

[15] R.Bermond, R.Vuichaard. Les paramétres de la qualité des eaux. Documentation Frangaise, Paris, (1973) 179.
[16] B. Dussart. Limnologie : Etude des eaux continentales. Gauthier-Villars., ed., Paris, 1966

[17] M.Meybeck, G.Friedrich, R. Thomas, D. Chapman. Water quality assessments: a guide to the use of
biota,sediments and water in environment monitoring, Chapman edition, 2 ed. E & FN Spon, London, 1996

[18] D. Ghazali, A. Zaid. Study of the physico-chemical and bacteriological quality of the waters of the Ain Salama-
Jerri spring (Meknes region,Morocco). Larhyss J (2013); 12: 25-36.

[19] K.A Merghem, E. Gharibi, H. El Halouani, J-D Taupin, M. Ghalit, A.A. Alnedhary, A. Zarrouk Vol 4, No 3
(2016)

[20] D.Lamri, D. Belghyti. Bio-evaluation de la qualité des eaux par application des indices biotiques : cas de 1’oued.
Science lib (2011) 3 N°110905, ISSN 2111-4076

[21] AK. De. Environmental Chemistry, 5th ed, New Delhi. New Age Inter Pub (2003); 215: 242-244.

[22] G. Nidhi, P. Pankaj, H. Jakir, Effect of physicochemical and biological parameters on the quality of river water
of Narmada, Madhya Pradesh, India. Water Sci (2017); 31: 11-23

[23] E.Mutlu, A. Kurnaz,. Determination of seasonal variations of heavy metals and physicochemical parameters in
Sakiz pond (Kastamonu-Turkey). Fresenius Environmental Bulletin (2017) 26 (4) 2807-2816.

[24] OS. Fatoki, N. Lujiza, AO. Ogunfowokan Trace metal pollution in Umtata River. Water Sci Africa (2002)
28:183-189

Mor. J. Chem. 9 N°3 (2021) 576-587

587


https://revues.imist.ma/index.php/morjchem/issue/view/443
https://revues.imist.ma/index.php/morjchem/issue/view/443

