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Abstract :The objective of the present study is to investigate the spatiotemporal variation analysis of water quality and
identification of water pollution sources in Oum Er Rbia river. To evaluate the water quality of river, physico-chemical
analysis of water samples taken from eight stations in dry and in wet seasons along the Oum Er Rbia river were studied.
These stations were monitored for 20 parameters; water temperature, potential Hydrogen, dissolved oxygen, electrical
conductivity, total Hardness, turbidity, complete alkalimetric title, organic matter (oxidizability), chlorides, sulphates,
nitrates, nitrites, ammonium, iron, copper, lead, cadmium, nickel, chromium and zinc. Results of water samples were
compared with Moroccan Standards for drinking water and permitted values recommended by World Health Organization.
Results indicated that the water quality parameters are over Moroccan Standards for drinking water in some stations.
Seasonal variation was observed in the physicochemical composition of water in the wet compared to the dry period.
Water quality index (WQI), which is an important and unique rating to represent the overall water quality in a single term
that is useful to determine the suitability of water for human consumption, was also estimated. The water quality index
method was used to evaluate water quality classification for drinking purpose; it is calculated for each sampling station
studied using 19 parameters. Based on 19 parameters; the range obtained without including the heavy metals for
calculation of WQI was from 75.92(S1) to 243.12 (S6) and from 79.05 (S1) to 464.34 (S6) indicating a good to very poor
quality and a good to unsuitable for drinking in dry and wet period respectively. When the calculation of the WQI to assess
the water quality along the river was included the heavy metals, it observed that all the WQI values exceeded the limit of
300 in all stations indicating the water unsuitable for drinking in the river. This study indicates that the water of Oum Er
Rbia River is potentially dangerous to health of the users and signaled the necessity to treat industrial and municipal
wastewater and to encourage sustainable agricultural practices to avoid adverse health effects.
Keywords:Oum Er Rbia River, water quality, physicochemical parameters, Water Quality Index (WQI).

1. Introduction
Water is considered as the main and most
important natural resource for all the people growth
and for all life forms on the earth, safe water should not
contain any harmful chemicals or living microorganisms
at harmful levels [1]. On the surface of our planet, more
than 70% of the water is covered by water stored in
oceans, lakes, rivers, glaciers, ice caps and also in
groundwater [2]. The increased exploitation of water
resources in the world caused degradation of water
quality and has attracted great attention worldwide [3].
Rapid population growth, fast development of
agricultural activities and the accelerated pace of
urbanization are leading to an increasing demand for
water [4]. Iindustrial, agricultural and domestic
emissions in water bodies lead to a polluted state with a
lot of substances and their residues including nutrients,
heavy metals, pesticides and pharmaceuticals [5,6].
Physicochemical characteristics can be utilized to

evaluate water quality or their degree of pollution.
Excessive trace elements in drinking water that cause
harmful effects on human health have received much
attention in recent time [7].
The Lancet Commission on Pollution and Health
estimates that there are 1.8 million deaths worldwide
from water contamination [8]. Contaminated water
sources are the main cause of diseases transmission of
public health importance. For example, diarrhea, due to
the consumption of infected water, is responsible for
more than 5 lakh deaths per year in the world. In
developing areas, the situation is much worse and
contaminated water supplies are one of the main
causes of morbidity and mortality [9].
Many other factors influence surface water quality,
there are natural processes including weathering,
precipitation and soil erosion, by anthropogenic
activities such as agricultural, urban and industrial
activities and excessive use of water resources [10,11].
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As reliable sources of surface water, rivers are
considered essential for public health and aquatic
wildlife [12].It is considered as important sources for
drinking water, in agriculture and in industry [13].
Deterioration of rivers and streams due to human
activities is a critical issue [14]. Therefore, surface water
as rivers should be frequently followed and monitored
to aid facilitate develop sustainable water quality
management plans [15]. This need is rather found in
semi-arid countries such as Morocco whose water
resources are becoming increasingly difficult to renew,
due to their over-exploitation by a rapidly growing
population. However, the most important cause of river
pollution is industrial and domestic wastewater and
agricultural drainage [16,17].
In Morocco, OumErRbia River is among the most
water-rich rivers, it is the second largest river. Although
not navigable, this river is characterized by a high flow
and plays a major role in the production of
hydroelectrical energy and in irrigation. The
geographical location of OumErRbia river basin, its
water capacities, and its urban and agricultural
characteristics, make it sensitive and vulnerable to
different types of pollution (urban and / or agricultural)
that continues to increase. The major sources of
pollution in OumErRbia River are the discharge of
sewage without treating from neighboring cities such as
Khenifra, Kasbat Tadla and Dar Oulad Zidouh, so we
have as objective the study of its water physicochemical
quality by using Water Quality Index (WQI) and find the
contamination sources at river level.
Traditional water quality evaluation at the water
resources level is to compare the values of the different
water quality parameters with their guideline or
standard values based on the assigned water use or
uses. This type of assessment is simple and
comprehensive, but does not offer a complete and
interpreted picture of water quality, especially for
managers and decision-makers who need concise
information on water bodies. To meet the need solve
this decision-making problem; various water quality
indices have been developed to transform the values of
water quality parameters into an integrated indicator
level. A Water Quality Index (WQI) describes the general
status of water bodies by changing the levels of water
quality parameters to a numerical scale using
mathematical means [18-21].
The technique summarizes different quality
parameters, and transforms big amount of water quality
data into a single simple number easy to read and
understandable [22]. It is a statistical and mathematical
tool for summarizing the analytical data on water
quality into easy terms (excellent, good, bad, poor, etc.);
it reflects the level of water quality in rivers, streams
and lake [23].
The water quality index (WQI) method has been
widely used in water quality assessments of both
groundwater and surface water, particularly rivers, and

it has played an increasingly important role in water
resource management [24]. Several water quality
indices are used to evaluate water suitability for potable
use; however, every index has strengths and
weaknesses which limit the applicability and ease of
use.
WQI used in this study can be a useful tool with
many advantages; it is capable of expressing the global
state of water quality in time and space; it can therefore
be utilized to assess programs to enhance water quality.
It may be useful to compare water quality from
different sources and locations, without conducting a
highly technical evaluation of water quality dataset.
Therefore, this method can be used to provide a simple
and understandable way to report on the overall state
of water quality to decision-makers and the public. Also
the WQI technique can be used as a decision-making
and management tool by water authorities [25].
The objective of this study is to assess and evaluate
the physicochemical water quality of the OumErRbia
River in two successive periods (dry and wet) by using
the WQI values. To identify the contamination sources
on water quality, 20 parameters were measured from
various designated locations on the OumErRbia river
such as sources (S1), upstream and downstream of
Khenifra (S2), Zawiat Cheikh (S3, S4), Kasbat Tadla
(S5,S6) and Dar Oulad Zidouh (S7,S8) cities. The results
are expected to help assess the spatial–temporal
development of water quality of OumErRbia river and
consequently help managers to comprehend the
principals origins of pollution at the different sites of the
river basin.

2. Materials and methods
2.1. Description of the study area
The OumErRbia River is situated in Center-Western
of Morocco. OumErRbiais considered the second
principal river in Morocco. The river has a length of
550 km and presents an average flow of 105 m3/s of
water. It springs starting from the Middle Atlas, to
1800 m high altitude, passing by the Middle Atlas chain,
the Tadla basic, the Messeta zone and discharging in the
Atlantic Ocean in Azemmour city [26]. The OumErRbia
River across various barrages with a total storage
capacity of 5.090 billion m3. Numerous reservoirs and
dams were built on the OumErRbia River to provide
hydroelectric power, safeguard water for utilization in
irrigation, in industry, and domestic uses.
2.2. Station selection
Water sampling was collected using 8 sampling
stations (sites) dispersed along the OumErRbia river
(Fig.1). The chosen samples were from the sources,
downstream and upstream of the cities such as
Khenifra, Zawiat Cheikh, Kasbat Tadla and Dar Oulad
Zidouh. The sampling carried out during the dry period
(August 2016) with a low water level and during wet
period (February 2017), this period shows intense rain
2
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and a violent flood. The total samples collected and
used in this study were 16 (8 samples in dry period and
8 samples in wet period).

oxidizability (organic matter), iron, copper, chromium,
lead, cadmium, nickel and zinc are regrouped in Table 1.

2.3. Sampling procedures
The sampling for the analysis of the
physicochemical variables was done at the sampling
station approximately 30 cm below the water surface
using polyethylene bottle with a 1.5 L capacity. The
collected samples were refrigerated (±4°C) in isothermal
boxes and transported to the laboratory shortly after
sampling for analysis.
2.4. Determination of physicochemical parameters
Methods for measurement of physicochemical
variables of water, which included temperature,
dissolved oxygen, electrical conductivity, pH, total
hardness, turbidity, complete alkalimetric title,
sulphates, nitrates, nitrites, ammonium, chlorides,

Fig.1. Geographical location of sampling stations along the
OumErRbia River.

Table 1
Water quality parameters and measurement methods.

Parameter
Temperature
Electrica l Conductivity
Potential Hydrogen
Turbidity
Dissolved Oxygen
Total Hardness

Abbreviation
T°C
EC
pH
Turb
DO
TH

Unit
°C
μS/cm

Complete Alkalimetric Title
Oxidizability (Organic matter)

CAT
Oxy

°F
mg/L

Chlorides
Sulphates
Nitrates
Nitrites
Ammonium
Iron
Copper
Lead
Cadmium
Nickel
Chromium
Zinc

ClSO42NO3NO2NH4+
Fe
Cu
Pb
Cd
Ni
Cr
Zn

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Measuring equipment and method analysis
Mercury thermometer
Conductimeter INOLAB cond720
pH meter INOLAB pH7110
Turbidimeter HACH 2100N
Iodometric method according to WINKLER
Titrimetry, Complexometry with EDTA black of
eriochrome.
Titrimetry
Hot oxidation in an acid medium by potassium
permanganate
Volumetric dosage with mercuric nitrate
Nephelometric method with barium sulphate
Sulphanilamide method after reduction on a column
Sulfanilamide method
Indophenol blue method
Inductively coupled plasma atomic emission
spectrometry (ICP-AES) using a Perkin Elmer optima
8000 apparatus

NTU
mg/L
°F

influence more meaningfully the water quality, and
weight 1 to those less influencing. Actually, the high
weight of 5 has been attributed to variables that have
critical influence on condition of health and whose
existence above the critical concentration limits could
limit the use of the source for domestic and drinking
purposes [29,30].

2.5. Calculation of Water Quality Index (WQI)
Water quality index is considered as a parameter that
defined the composite effect attributed to diverse
water quality parameters [27]. The water quality index
(WQI) calculations used here were proposed by
Ramakrishnaiah et al. [28]. To calculate WQI, a total of
19 environmental physicochemical parameters were
measured and every parameter was given with a
definite weightage (wi) in accord to its relative
importance on the overall quality of water in range from
1 to 5. Weight 5 assigned to parameters that have an

Relative weights (Wi) were calculated using the
following formula:
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where: Wi = Relative weight, wi = assigned weight
of each parameter and n = Number of parameters
considered for the WQI calculation.
Following the next step, quality-rating scale (qi)
was measured for each parameter by dividing its
concentration in each water sample (Ci) by its limits
values (Si) given by WHO (2011) [31] and the result
multiplied by 100:

wastewater from Khenifra, Kasbat Tadla and Dar Oulad
Zidouh cities. However, in the rainy period, EC was
lower values than those observed in the dry period, and
this can be related to dilution of content salts arising
from increased water volume in the river.
The Cl- contents of water in OumErRbia River vary
from 163.3–724.9 mg/L in the dry period and 134.9–
611.05 mg/L in the wet period (Fig.2,d). At the S1 and S7
locations, minimum chloride values are measured. The
high concentrations of Cl- ions in water may result from
contamination by municipal wastewater and leaching of
saline residues in the soil and/or may be related to
anthropogenic activity, especially, in the dry period at
stations S2, S6, and S8 where the urban wastewater of
cities (Khenifra, Kasbat Tadla and Dar Oulad Zidouh) is
discharging directly in the river without any treatment
and when the dilution effect is absent. Thus, OumErRbia
river, the most important river of Morocco carries salt
water over a great length and for several months inthe
year. The main cause of the high values of the chlorides
is the contribution of a number of salt springs on a good
part of its course superior, are added the contributions
of Oued Serou, the main tributary of the OumErRbia
River which drains a catchment area dominated by the
outcrops of Triassic lands [32].
The measured dissolved oxygen (DO) values of the
water samples in the OumErRbia river ranging from 4.62
to 7.36 mg/L in the dry period, 6.47 and 8.74 mg/L in
the wet period (Fig.2,e). The DO contents of water
samples are within the Moroccan standard [33] and
WHO (2011) [31] limits for drinking water in all stations
except S2 and S6 in dry season. High values were taken
in S1, S3 and S7 in wet season, however low dissolved
oxygen values were determined at locations (S2, S6, and
S8) in the dry season. The low levels of dissolved oxygen
observed during the dry period at stations (S2), (S6) and
(S8) are due to the organic load of urban discharges
emanating from Khenifra, Kasbat Tadla and Dar Oulad
Zidouh cities without any prior treatment. Dissolved
oxygen is reduced by the activity of bacteria by
decomposing the organic matter present. In addition,
reduced dissolved oxygen rates for river water samples
during the dry period may be due to the result of
nitrification activity into the river course.
The concentrations (mg/L) of NO-3 measured in
water samples from the OumErRbia river vary between
4.22-11.5 in dry season and between 5.18-13.64 in wet
season (Fig.2,f). The high values are measured in the
wet and dry period at S3, S5 and S7 locations. The NO-3
contents of water samples are within Moroccan
standard [33] and WHO (2011) [31]. Maximum value of
nitrates in drinking water according to WHO (2011)
guidelines is 50 mg/L. The high value of NO3concentration recorded for the water samples collected
from the water river might be the result of
contamination of water by animal waste or agricultural
runoff, and leaching of agricultural soils in the wet
period.

Next sub-indices (SI) were calculated to compute the
WQI.

where: SIi is the sub-index of i-th parameter; qi is the
quality assessment founded on value of concentration
of i-th parameter [28]. The determined WQI values are
classified into five classes as mentioned in Table 2
[27,29].
Table 2
The water quality index (WQI) categories.

Range
˂50
50-100
100-200
200-300
˃300

Quality
Excellent water
Good water
Poor water
Very poor water
Unsuitable for drinking

3. Results and discussion
3.1. Physicochemical characteristics of water
The physicochemical parameters studied in the
OumErRbia River during the dry and the wet seasons
were represented in Table 3.
The measure of the water temperature values
varied within a range 10.5–15.1 °C in wet period and 15
to 24.5 °C in the dry period (Fig.2,a). The value of
minimum temperature values were determined at the
S1 and S3 stations, maximum values were observed at
the S2, S6 and S8 stations. The main reason for this
difference in temperature values may be the large
difference in altitude along the OumErRbia River, the
geographical characteristics of each station and the
period of sampling.
The pH results of the river waters of OumErRbia
varied from 7.56 to 8.59 during dry period and 7.42 to
8.53 during wet season (Fig.2,b). The values indicate
that water samples of this river have alkaline properties.
Usually, high pH values were found in areas having a
contact with carbonate rocks.
The EC values of water river vary within a range
904-2220 μS/cm in wet period and 898-2260 μS/cm in
dry period (Fig.2,c). The maximum EC values were
measured at locations S2, S3, S4, S5, S6, S7 and S8,
which appears to depend on increasing ion contents
related to origin of water in OumErRbia River and
4
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Table 3
Statistical summary of the physicochemical parameters of the river water in dry and wet season.

Dry season

Wet season

Min

Max

Average

Standard
deviation

pH

7.56

8.59

8.1675

0.285043856

7.42

8.53

8.2775

0.354753436

T water (°C)

15.0

24.5

22.275

3.037738821

10.5

15.1

13.175

1.417996575

EC (µS/cm)

898

2260

1960.625

466.9979925

904

2220

1690.875

443.0744657

Turbidity (NTU)

0.43

46.90 20.90625

17.17328069

1.24

182

113.7925

69.09592003

CAT (°F)

19.5

30.05 23.06875

3.801591537

16

28

20

4.01781746

TH (°F)

26.4

32.4

28.98125

1.933527033

20.18

29

24.00375

3.442897192

DO (mg/L)

4.62

7.36

6.18625

1.083815186

6.47

8.74

7.93625

0.811751853

Chlorides (mg/L)

163.3 724.9 463.3838

194.1186653

134.9

611.05 394.55

192.6850928

Nitrites (mg/L)

0.004 2.09

0.6355

0.8923718

0.004

0.846

0.250125

0.346815487

Nitrates (mg/L)

4.22

8.89

2.216142079

5.18

13.64

11.04125

2.5966651

Ammonium (mg/L)

0.028 0.973 0.378625

0.387797052

0.011

0.303

0.0775

0.094415495

Sulphates (mg/L)

45

86.7

71.2125

12.74703747

42.66

70.2

59.2025

9.843840351

Oxidizability (mg/L)

0.84

3.61

2.38875

0.839803336

0.96

3.03

1.9975

0.642622973

Fe (mg/L)

0.061 0.799 0.24925

0.272187304

0.042

0.243

0.1025

0.069232527

Cu (mg/L)

0.086 0.539 0.187

0.155538695

0.036

0.28

0.099125

0.081726788

Cd (mg/L)

0.118 0.378 0.165125

0.086660977

0.088

0.138

0.112375

0.017020471

Pb (mg/L)

0.093 0.307 0.136875

0.074137782

0.072

0.104

0.084875

0.011268635

Ni (mg/L)

0.136 0.3

0.17125

0.052962925

0.115

0.166

0.1335

0.016707569

Zn (mg/L)

0.244 0.449 0.28275

0.067685723

0.207

0.269

0.225125

0.019327534

Cr (mg/L)

0.065 0.278 0.097625

0.073006727

0.027

0.175

0.06175

0.046845491

11.5

The ammonium (NH4+) values of the water samples
ranging from 0.028 to 0.973 mg/Lin the dry period,
0.011 and 0.303 mg/l in the wet period (Fig.2,g). The
NH4+ concentrations measured at the S6 and S8
locations exceeded the permissible limit of Moroccan
standard for drinking water (0.5 mg/L) in the dry period
when the dilution effect is absent. High values were
recorded at locations (S2, S6 and S8) in the dry period;
there was an increase in ammonium values after the
pollution point sources (Khenifra, Kasbat Tadla and Dar
Oulad Zidouh cities). The relatively high levels measured
in the S2, S6 and S8 stations in the dry period reflect the
process of incomplete degradation of the discharged
organic matter of urban wastewater directly into the
river.
Nitrite (NO2-) contents of the OumErRbia river
water were determined as ranging from0.004-2.09 mg/L
in the dry period and 0.004-0.846 mg/Lin the wet period
(Fig.2,h).
The high values were obtained at S2, S6 and S8
stations during the dry and wet period. This related to
the relatively high amount of waste discharge from
Khenifra, Kasbat Tadla and Dar Oulad Zidouh cities into
the river. Nitrite in water bodies is derived from

Min

Max

Average

Standard
deviation

domestic and industrial waste. The NO2- contents of
water samples exceeded the permissible limit of
Moroccan standard for drinking water (0.5 mg/L) at S2,
S6 and S8 locations in two seasons (dry and wet) except
S8 in wet season. There was an increase in nitrites
values after the pollution point sources (S2, S6 and S8)
especially in the dry period where the effect of the
dilution is absent.
Turbidity values of the water samples are between
0.43 and 46.9 NTU in the dry period and between 1.24
and 182 NTU in the wet season (Fig.3,a). The
permissible limit of the turbidity is 5 NTU according to
Moroccan standard [33] and WHO (2011) [31]. The
obtained results show that the turbidity values are over
the limit values at all locations in two periods except S1
in two periods and S3 in dry season. High values were
measured in the stations S2, S6 and S8 in dry and wet
period. In dry season, the high values observed of
turbidity in S2, S6 and S8 are due to the discharging
wastewaters of the Khenifra, Kasbat Tadla and Dar
Oulad Zidouh cities in the river without any treatment.
For the wet season, the high values (87 to 182 NTU) are
recorded in stations S2, S4, S5, S6, S7 and S8. These high
values may be the result of a sudden (flood)
5
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hydrological manifestation, which can be attributed to
an intense erosion of the watershed due to sudden
rainstorms that cause an increase in turbidity.
The concentration of SO42- varied in the range of
45–86.7 mg/L in the dry period and 42.66–70.2 mg/Lin
the wet period (Fig.3,b). The sulphates concentrations
measured at all locations are within the permissible
limit of Moroccan Standard [33] and WHO (2011) [31]

for drinking water. The minimum value was obtained in
the site S1 in two periods when the high values were
determined in all stations. Consequently, sulfate could
come from soil organic substances decomposition, the
leachable sulfate from fertilizers and other human
impacts, like sulfuric salts in domestic wastewater
[30,34].

Fig.2. Spatio-temporal variation of temperature (a), pH (b), electrical conductivity (c), chlorides (d), dissolved oxygen (e), nitrates (f),
ammonium (g) and nitrites (h) in the sampling stations along the OumErRbia River.
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The measured oxidizability values of the water
samples in the OumErRbia river ranging from 0.84 to
3.61 mg/L in the dry period, 0.96 and 3.03 mg/L in the
wet period (Fig.3,c). High oxidizability values were
measured at locations (S2, S6 and S8) in two seasons;
this can be attributed to the wastewater from
neighboring cities without treatment. Low oxidizability
was determined at location S1 in the dry and wet
season. The oxidizability concentrations measured at all
locations are within permissible limit of Moroccan
Standard for drinking water.
The TH contents of water in the OumErRbia river
vary from 26.4 to 32.4 °F and from 20.18 to 29 °F in dry
and wet periods, respectively (Fig.3,d). The minimum TH
values were measured at the S7 and S8 locations,
maximum values were measured at the S1, S2 locations.
Generally, we find that the values are quite high,
whether in wet or dry periods; this is the result of the

geological nature of the OumErRbia watershed,
characterized by the lithological dominance of dolomitic
limestone rich in its composition magnesium and
calcium.
CAT values in river water vary within a range 19.5–
30.05 °F in dry period and 16–28 °F in wet period
(Fig.3,e). The maximum CAT values were determined at
locations S1 and S2 in the two periods, the minimum
value was determined at station S6 in wet period. These
characteristic values of carbonates, hydrogen
carbonates and hydroxides, at the source level in both
periods (wet and dry). They originate from the
geological nature of the basin giving rise to these
sources which is composed of a high limestone plateau
(carbonate rocks), the Ajdir plateau which shelters the
numerous sources of the OumErRbia allowing feeding in
a rather constant way the river in summer [35].

Fig.3. Spatio-temporal variation of turbidity, sulphates, oxidizability, total hardness and complete alkalimetric title in the sampling
stations along the OumErRbia River.
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NH4+), EC, Turbidity, DO and metallic trace elements;
which have the most important effects on the water
quality, especially on human consumption. The metallic
trace elements accumulations found in the waters
indicate the presence of natural or anthropogenic
sources. It can cause side effects for human health, if it
exceeds or reaches high levels such that they are
poisonous pollutants [36,37].
Similarly, nitrogen compounds in water exist in the
water in the form of nitrates (NO3-), ammonium (NH4+)
and nitrites (NO2-) ions. NO2- presents a more toxicity to
human health than nitrates [30]. In addition, the
consumption of water contains concentrations of
nitrates causes abnormalities in humans [30,38].pH,
SO42- and Oxidizability were assigned a weight of 4; TH
and Chlorides were given a weight of 3 taking into
account their position in water quality. The lowest
weight of 2 was given to the CAT, for the reason their
least significance in water quality. In addition, the
relative weights (Wi) were calculated for each variable,
and the principal results are given in Table 5 and 6.
Water quality types were given for each station.
Since of the high values of OumErRbia river water metal
trace elements, the index values was categorized into
two classes (without and with heavy metals ) for each
points as placed in Table 5 and 6. Agreeing to the
classification of water quality in light of weighted
arithmetic WQI method, as presented in Table 2, the
observed range of water quality index values of
OumErRbia River (without including heavy metals) in dry
season is 75.92 (S1) to 243.12 (S6). The lowest WQI
value of 75.92 was recorded at station S1, which
indicates good water quality (Table 6). The WQI values
of station S2, S6, and S8 were 207.46, 243.12 and
212.23 respectively which indicates very poor water
quality.
A maximum WQI values was recorded at station
S2, S6 and S8 due to the discharging wastewaters of
Khenifra, Kasbat Tadla and Dar Oulad Zidouh cities in
the river without any treatment. The general WQI for
the river is 169.87, indicating poor water quality. For the
wet season, the computed WQI values are between
79.05 (S1) and 464.34 (S6) in the station S1 that
indicates good water and S6 which indicates water
unsuitable for drinking respectively. The high values of
WQI indicating water unsuitable for drinking in the wet
season at all stations except S1 and S3 is due to the high
values of turbidity recorded along the river in this
period. The general WQI for the river is 342.21
indicating water unsuitable for drinking. When heavy
metals studied are included (Table 5) in the calculation
of the WQI for the river in dry and wet period, all values
of WQI in two seasons are higher than 300 which mean
that the water is unsuitable for drinking in the entire
river according to the classification in Table 2.

Analysis of heavy metals in the water samples
from the eight sampling sites along the OumErRbia river
revealed varying degrees of concentration of these
metals in dry and wet season. Cadmium (Cd) recorded
values between 0.118-0.378 mg/L and between 0.0880.138 mg/L in the dry and wet season respectively
(Fig.4,a). The concentration of Chromium (Cr) ranged
between 0.065-0.278 mg/L in the dry season and
between 0.027-0.175 mg/L in the wet season (Fig.4,b).
The concentration of Iron (Fe) ranged between 0.0610.799 mg/L in the dry period and between 0.042-0.243
mg/L in the wet period (Fig.4,c). During the dry and wet
season, copper (Cu) concentration (mg/L) in water river
varied from 0.086 to 0.539 and from 0.036 to 0.28 in dry
and wet season respectively (Fig.4,d). The Pb, Zn and Ni
containing in water samples were given as ranging from
0.093–0.307 mg/L, 0.244–0.449 mg/L and 0.136–0.3
mg/L and from 0.072–0.104 mg/L, 0.207–0.269 mg/L
and 0.115–0.166 mg/L in the dry and in the wet periods
respectively (Fig.4,e-g). All heavy metals contents in the
water samples from the eight sampling sites along the
OumErRbia River except copper (Cu) exceeded the
permissible limit of WHO (2011) [31] and Moroccan
Standard [33] for drinking water.
The results shows that the waters of Oued
OumErRbia contain metallic trace elements with
contents exceeding the limit values recommended by
the Moroccan and international standards (WHO 2011)
for drinking water at all stations with significant
contents in the sources (S1) which means that the origin
of these metals is natural in the waters of this river in
question. Therefore, these concentrations affect the
quality of this water for human consumption.
3.2. Assessment of the water quality using Water
Quality Index (WQI)
Water quality index (WQI) of the OumErRbia river
was determined using the arithmetic equations cited
above, and the results obtained are shown in Table 5
and 6. To assess water quality of the river, the WQI
method was used. The parameters pH, EC, Turbidity, TH,
CAT, DO, Cl-, SO42-, Oxidizability, NO3-, NO2-, NH4+ , Fe,
Zn, Cd, Pb, Ni, Cr and Cu were taken into justification for
calculation of the WQI value for each sampling station
in both periods (wet and dry) with and without heavy
metals to show the effect of these metals on river water
quality. The analysis results appropriate to all 8
locations points (in dry and in wet periods) were utilized
for quality evaluation. Furthermore, the World Health
Organization WHO (2011) [31] limits were used to
compute the WQI. To calculate the WQI values for each
station, the weight values of each physicochemical
water quality parameter were defined according to their
relative effect on the overall water quality (Table 4).
The elevated weight value of 5 was relied to some
parameters such as nitrogen compounds(NO3-, NO2-,
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Fig.4. Spatio-temporal variation of all heavy metals studied in the sampling stations along the OumErRbia River.
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Table 4
Calculation of Water Quality Index (WQI) of the river.

Parameters

weight (wi)

pH
EC (µs/cm)
Turbidity (NTU)
CAT (mg/L)
TH (mg/L)
DO (mg/L)
Chlorides (mg/L)
Nitrites (mg/L)
Nitrates (mg/L)
Ammonium (mg/L)
Sulphates (mg/L)
Oxidizability (mg/L)
Fe (mg/L)
Cu (mg/L)
Cd (mg/L)
Pb (mg/L)
Ni (mg/L)
Zn (mg/L)
Cr (mg/L)

4
5
5
2
3
5
3
5
5
5
4
4
5
5
5
5
5
5
5

WHO standards (2011) (Si)
7.5
250
5
200
500
5
350
3
50
1.5
250
5
0.3
2
0.003
0.01
0.07
0.1
0.05

Relative weight (Wi)
0.047058824
0.058823529
0.058823529
0.023529412
0.035294118
0.058823529
0.035294118
0.058823529
0.058823529
0.058823529
0.047058824
0.047058824
0.058823529
0.058823529
0.058823529
0.058823529
0.058823529
0.058823529
0.058823529

Table 5
Water Quality Index values of different sampling sites with including all heavy metals.

Sample
S1
S2
S3
S4
S5
S6
S7
S8

Dry season
1063.05
510.51
439.43
451.47
438.27
507.57
480.50
526.43

Water type
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking

Wet season
432.54
516.38
399.37
450.13
538.05
564.02
562.86
581.41

Water type
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking

Table 6
WQI values of all stations without including all heavy metals.

Sample

Dry season

Water type

Wet season

Water type

S1
S2
S3
S4
S5
S6
S7
S8

75.92
207.46
142.07
164.89
148.14
243.12
165.16
212.23

Good water
Very poor water
Poor water
Poor water
Poor water
Very poor water
Poor water
Very poor water

79.05
449.94
195.25
312.34
347.23
464.34
425.50
464.03

Good water
Unsuitable for drinking
Poor water
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
Unsuitable for drinking
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4. Conclusion
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[8] E. Boelee, G. Geerling, B.V.D. Zaan, A. Blauw, A. D. Vethaak,
Water and health: From environmental pressures to
integrated responses,ActaTropica193 (2019) 217–226.
[9] M.G. Singh, C.S.K. Kaushik, A C.S .Mukherji, Revelations of
an overt water contamination, Medical Journal, Armed
Forces India 73 (2017) 250–255.
[10] K.P. Singh, A. Malik, S. Sinha, Water quality assessment
and apportionment of pollution sources of Gomti river
(India) using multivariate statistical techniques - a case
study, Analytica Chimica Acta 538 (2005) 355–374.
[11] A.S. Todd, A.H. Manning, P.L. Verplanck, C. Crouch, D.M.
McKnight, R. Dunham, Climate change driven
deterioration of water quality in a mineralized
watershed, Environmental Science & Technology 46
(2012) 9324-9332.
[12] Y. Tian , Y. Jiang, Q. Liu, M. Dong, D. Xu, Y. Liu, X. Xu, Using
a water quality index to assess the water quality of the
upper and middle streams of the Luanhe River, northern
China, Science of The Total Environment 667 (2019) 142151.
[13] F. Bostanmaneshrad, S. Partani, R. Noori, H. P.
Nachtnebel, R. Berndtsson , J. F. Adamowski,
Relationship between water quality and macro-scale
parameters (land use, erosion, geology, and population
density) in the Siminehrood River Basin Science of The
Total Environment 639 (2018) 1588-1600.
[14] P. Namour, L. Schmitt, D. Eschbach, M. Bertrand, G.
Fantino, C. Bordes, P. Breil,
Stream pollution
concentration in riffle geomorphic units (Yzeron basin,
France), Science of The Total Environment 532 (2015) 8090.
[15] R. Noori, M.S. Sabahi, A.R. Karbassi, A. Baghvand, H.T.
Zadeh, Multivariate statistical analysis of surface water
quality based on correlations and variations in the data
set, Desalination 260 (2010) 129-136.
[16] S.R. Carpenter, N.F. Caraco, D.L. Correll, R.W. Howarth,
A.N. Sharpley, V.H. Smith, Nonpoint pollution of surface
waters with phosphorus and nitrogen, Ecological
Applications 8 (1998) 559-568.
[17] H.P. Jarvie, B.A. Whitton, C. Neal, Nitrogen and
phosphorus in east coast British rivers: Speciation,
sources and biological significance, Science of The Total
Environment 210–211 (1998) 79-109.

In this study, water quality of OumErRbia River and
its suitability as drinking water were evaluated. The
water quality index (WQI) technique was used to assess
seasonal variations of surface river water quality using
19 parameters. According to obtained physicochemical
results, some variables at most stations indicated
average concentration exceed those recommended by
the guide levels permissible by the Moroccan Standard
for the quality of river water. In the same vein, all
physicochemical parameters investigated during the dry
season were significantly different from wet season.
Virtually all heavy metals investigated exceeded the
permissible levels allowed by Moroccan and WHO
standards for drinking water with exception of
copper. These results showed a very significant
pollution of river water that can be related to different
activities such as, domestic and urban wastewater,
contamination by agriculture activities, as well as
natural processes by weathering of soil and rock. The
WQI technique using 19 physicochemical parameters
helped in identifying the factors or sources causing the
degradation of water quality. The index classified the
water of OumErRbia river, without including heavy
metals as a parameter, as good for drinking at station
S1, poor at stations S3, S4, S5, S7 and very poor at
stations S2, S6, S8 in dry season. For wet season, the
water is good for drinking at the first station S1, poor at
station S3 and unsuitable for drinking for other stations.
When heavy metals were included, the index was more
than the value of 300 and classified the OumErRbia
water quality as unsuitable for drinking in the river.
Water quality index (WQI) is an important method for
studying and diagnosing the state of river water. With
all these revelations, this study showed that the water
of OumErRbia river was potentially hazardous to health
of the consumers and highlighted the need to treat
urban and municipal wastewater and to encourage
sustainable agricultural practices to prevent adverse
health effects. We therefore suggest wise management
of anthropogenic activities in the catchment of
OumErRbia River and their tributaries. River water
quality should be continuously monitored for irrigation
and drinking purpose so that risk from physicochemical
contaminants can be reduced by appropriate treatment
methods and building stations for treatment of
wastewater coming from neighboring cities before their
discharging in river.
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