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ABSTRACT

Water plays an important role in the Moroccan economy: including tap water by
humans. However in the last decades, we noticed the deterioration of stream
water quality due to industrialization and human activities.
The study of the physico-chemical effluents characteristics proved of the
industrial units of the Loukkos river estuary shows, that they are at the origin of
important organic discharges. Indeed, the waters of draining of the rice fields
are at the origin of important organic discharges dragging strong concentrations
in suspended matter and nitrate, the general effluents present a high salinity, a
strong concentration in organic carbon. These emissions cause risks of
poisoning for the receiving environment. It especially conjugates him by the
deterioration of the quality of the waters of the Loukkos river estuary to the
level of the section downstream of this estuary.
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INTRODUCTION

Estuaries have several original and have important ecological socio-economic
activities, due to the practice of artisanal fish and mollusks fish. Since the
1930s, the estuary has attracted the attention of researchers, but studies
conducted there for a long time remained limited. It was not until early 1980
that this site was the subject of several research works (Bazairi et al., 2005;
Cheggour et al., 2005; Fekhaoui, 2005; El Morhit, 2005; Yahyaoui and
Azeroual, 2005) to define its organization hydrological, sedimentological and
biological. These studies have highlighted the perpetual evolution of the estuary
over time, resulting in progressive obstruction of the mouth which ensures the
exchange between the estuary and the Atlantic Ocean. Many organic pollutants
introduced into these aquatic environments are likely to concentrate in plants
and animals at levels sometimes considerably higher than rates recorded at their
biotope (water and sediment) and can cause environmental problems, health and
economic (El Morhit et al., 2012).
However, the cutting of the estuary into different zones is necessary for an
understanding of water quality in the Loukkos river estuary. In this objective, a
typological study of the estuary has been undertaken on the basis of seasonal
measures of physicochemical parameters during the sampling campaigns.

MATERIALS AND METHODS

Study Site

The study area is the Loukkos river estuary, which is one of the major estuaries
of Morocco. It is located on the Atlantic coast of Morocco whose perimeter is
between the following coordinates: 35° 9' and 35° 14' north latitude and 6° 5'
and 6° 30' west longitude (El Morhit 2009). To make this work and taking into
account the various activities identified in the area, five stations distributed
along the estuary were selected and defined as follows (Figure 1) :
- Dhiria (S1) : it is located upstream of estuary, at the dam guard, 21 km from

the mouth,
- Ain Chouk (S2) : it is located near a channel 16 km from the mouth,
- Baggara (S3) : it is located at 9 km from the mouth,
- Grangha (S4) : it is located 3 km from the mouth, right near the urban sewage

of the city,
- Port of Larache (S5) : it is situated at the mouth of Loukkos.
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Figure 1: Site of sample collection (Loukkos river estuary in Morocco).

Sampling and analysis methods

The study of the typology of the Loukkos river estuary was based on principal
component analysis (PCA) combined with analyzes discriminating (AD).
Eleven hydrological parameters were chosen to characterize the estuary: the air
temperature (Ta) and water (Te), salinity (Sa), conductivity (Ce), dissolved
oxygen (DO), pH, suspended matter (SM), total organic carbon (TOC), nitrates
(NO), chemical oxygen demand (COD) and biological oxygen demand (BOD).
In the context of quality control, water samples were made on the surface at
high tide and low tide of dead waters during campaigns (March, May, July,
September and November 2006 and January, March and May 2007) at 5
stations, distributed and numbered in ascending order from upstream to
downstream in the Loukkos river estuary.

Statistical Analyses

Data processing was performed by PCA with the XL-STAT software. An
analysis of variance (ANOVA) was also applied using the same software to test
the significance of differences of hydrological parameters between stations and
months (Sokal and Rohlf, 1995).
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RESULTS

Spatiotemporal variation of hydrological parameters

To study the spatial and temporal variation of hydrological parameters, we
analyzed, initially, the evolution of the mean value of each parameter,
calculated over the entire estuary over time. In a second time, we studied the
variation of the mean annual value of these parameters based stations. The
results are presented in Table 1.

Table 1: Hydrological characteristics of the Loukkos river estuary during 06/07
(mean ± standard deviation, limit values).

S1 S2 S3 S4 S5
Ta

(°C)
22.4±3.9

(27.7−5.1)
22.2±3.2

(26.8−16.8)
22.8±3.9

(26.9−15.4)
21.3±2.7

(25.4−17.0)
20.3±2.6

(24.7−16.5)
Te

(°C)
23.1±4.6

(28.3−4.3)
23.0±4.5

(29.7−14.8)
23.5±4.4
(28.9−15)

22.1±4.1
(27.5−15.0)

21.1±4
(27.0−15)

pH
7.7±0.4

(8.4−7.2)
7.6±0.4

(8.5−7.2)
7.5±0.2

(7.8−7.1)
7.8±0.3
(8.3−7)

7.8±0.2
(8−7.4)

Sa
(g/l)

6.0±2.1
(8.7−2.6)

12.2±3.5
(18.5−8.2)

21.5±6.4
(31.0−12.5)

27.2±3.9
(34.1−22.2)

33.5±1.1
(34.8−31.7)

Ce
(mS/cm)

0.8±0.2
(1.4−0.5)

11.6±8.3
(27.5−0.7)

19.8±11.8
(48.1−10.5)

30.2±12.6
(52.2−13.1)

44.5±7.2
(54.7−36.4)

DO
 (mg/L)

5.6±3.3
(11.1−1.3)

6.3±4.1
(12.3−0.2)

7.0±4.6
(13.6−0.4)

7.6±5.1
(15.0−1.2)

7.4±5.0
(15.4−1.6)

SM
 (mg/L)

73.2±29.1
(108.0−31.2)

55.4±25.2
(86.0−12.8)

53.7±19.2
(80.0−29.4)

55.5±26.6
(82.0−10.5)

42.2±28.5
(81.0−14.3)

TOC
(mg/L)

8.3±1.56
(10.5−6.3)

8.8±2.5
(12.1−5.2)

9.1±5.1
(15.4−3.1)

11.8±8.4
(24.6−3.7)

19.9±10.5
(33.4−3.5)

NO
(mg/L)

2.4±4.24
(12.8−0.3)

2.1±1.9
(5.7−0.6)

2.9±4.2
(12.4−0.1)

5±5.2
(13.8−0.8)

4.8±5.8
(13.5−0.2)

COD
(mg/L)

20.2±9.3
(38.4−10.0)

20.9±7.3
(30.5−11.6)

37.3±36.2
(98.2−10.5)

27.6±14.5
(50.0−9.7)

26.7±12.3
(46.7−12.3)

BOD
(mg/L)

8.4±4.08
(13.1−2.2)

9.8±4.6
(16.9−3.7)

11.8±7.8
(24.4−3.9)

5.7±2.8
(11.5−2.7)

10.6±7.8
(23.5−2.8)

The variation in the mean temperature of the waters of the estuary follows
closely the variation in atmospheric temperature. Indeed, it varies between
21.09 and 23.50 °C with a maximum concentration (27.78 °C) was recorded in
Station 1. The amplitude of the variation between the sampling points not
exceeds in any case 29 °C. The temperature of the basin is relatively
homogeneous.
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The pH is relatively stable and alkaline for all stations. It varies between 7.02
and 8.52 with a maximum concentration (8.52 mg/L) was found in station 2.
The mean values of this parameter remain relatively high along the estuary
except at station 3 (7.58 mg/L) where there was a slight decrease from
contributions of runoff discharges.
Salinity and conductivity mean of the waters of the Loukkos river estuary range
between 6.08 and 33.54 g/L for salinity and between 0.84 and 44.58 mS/cm for
conductivity. They follow by moving against the tide, the maximal limit is
34.80 g/L for salinity and 54.70 mS/cm for conductivity and minimal is 2.60
g/L for salinity and 0.59 mS/cm for conductivity.
Analysis of results of dissolved oxygen shows that the mean minimum and
maximum values recorded are 5.68 and 7.63 mg/L with a concentration of
dissolved oxygen maximum (15.40 mg/L) was observed in station 5. The peak
in this station is due to the influence of marine waters well oxygenated.
Suspended matters represent all the mineral and organic particles contained in
water. Their effects on physical and chemical characteristics of water are very
harmful (change in turbidity, reducing light penetration thus photosynthesis). In
the Loukkos river estuary, in relation to the relatively low erosive potential of
the basin, the water is sufficiently charged in the suspended matter. The mean
concentrations are of the order of 42.28 in the S5 and 73.27 mg/L in S1. The
high load (108 mg/L) recorded exceptionally at the S1 is probably the result of a
brutal event hydrological (flood), which suspended matters show a large
difference between the minimum and maximum values recorded. This could be
related to seasonal variations very important. The mean increase, from station 5
to station 1, can be attributed to an intense erosion of the Loukkos basin, due to
sudden rainstorms.
The mean concentrations of total organic carbon are recorded in the order of
8.33 in S1 and 19.96 mg/L in the S5. They show an increasing gradient from
upstream to downstream. This increase in mean total organic carbon can be
attributed to municipal wastewater from the city of Larache and tidal dynamics.
The mean concentrations of nitrate vary between 2.19 and 5.04 mg/L. These
concentrations may be due to discharges from waste water of rice fields during
this month. Other months showed very low levels. These low nitrate
concentrations can be attributed in part to the action of the aquatic microflora
might use for the synthesis of new organic molecules. The high level (13.80
mg/L), recorded in station 4, is due to a very active nitrification during this
period of reoxygenation of the site. Moreover, the results reveal strong
contributions of nitrates from marine and downstream of the estuary.
The mean values of chemical oxygen demand recorded in the waters of the
Loukkos river estuary are proportional to that of dissolved oxygen. They show
the presence of mineral filler important with mean values oscillating between
20.28 and 37.31 mg of O2 of the COD/L. These values can reach 98.20 mg/L in
S3. With such high rates, we can speak of a rather intense pollution and a little
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dangerous situation. This is noticeable at the S3 (transition zone) subjected to
continuous rejections of the city of Larache (downstream) water and drain rice
fields (upstream). However, through the mean concentrations obtained we see a
slight reduction of this charge at the S4, with an increase of the oxygen we can
probably closer to an uncompleted oxidation of organic pollutants and to
dilution water effect of dam guard. The enrichment of the S3 by oxidizable and
organic matter is mainly due to discharges from the city of Larache reinforced
occasionally by marine inputs during the flood tide.
The biological oxygen demand expresses the quantity of oxygen required for
biodegradation of organic matter from water. It is substantially proportional to
the content of the water in biodegradable organic matter and thus the amount of
microorganisms is inversely proportional to the dissolved oxygen content. It
expresses the quantity of oxygen required to degrade organic matter. It has
partly to the nature of dissolved organic matter, the dissolved oxygen content
and the presence or absence of elements of the microbial inhibitors
(hydrocarbons, detergents ...). Indeed, the concentration of biological oxygen
demand shows the presence of important mineral load with mean values
oscillating between 5.76 and 10.68 mg/L of BOD. These values can reach 24.40
mg/L in S3.

Typology of variables studied in water of the Loukkos river estuary

PCA allows a synthesis of all data collected throughout the river system of the
Loukkos river estuary, and describes the structure by two main gradients F1 and
F2. It was conducted on a data matrix consisting of 40 samples (5 x 8 stations
campaigns) during which the 11 variables (air temperature and water pH,
salinity, conductivity and dissolved oxygen, suspended matter, total organic
carbon, nitrates, chemical oxygen demand and biological oxygen demand) were
measured (Table 2).
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Table 2: PCA codes and correlations of variables with the axes.
Variables Code F1 F2 Stations Code Campaigns Code

Air
temperature

T°a −0.42 −0.60* Dhirai D March-06 R

Water
temperature

T°e −0.35 −0.67* Ain Chouk A May-06 M

pH pH 0.26 −0.45 Baggara B July-06 J
Salinity Sa 0.92* −0.12 Grangha G Sept-06 S

Conductivity Ce 0.88* 0.11 Embouchure E Nove-06 N
Dissolved

oxygen
OD 0.31 −0.63* January-07 j

Suspended
matter

MS −0.36 0.67* March-07 r

Total organic
carbon

CO 0,46* −0.19 May-07 m

Nitrate NO 0.31 0.56*
COD DC 0.05 0.06
BOD DB 0.01 0.10

The values mentioned with star (*) are also significant p<0.05.

The values of the two components F1 and F2 and their contribution to the total
inertia are shown in Figure 2A. Variable codes that are highly correlated and
their coordinates are shown in Table II.
The results (Table II and Figure 2A) can perform an initial typological approach
of the different variables according to their affinities and their combinations on
the first two principal components from their contribution. The F1 and F2 axes
determine 44.13% of the total information (23.35% for axis F1 and 20.78% for
axis F2). The values of the PCA, the circle of correlation and factorial maps are
shown in Figure 2.
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Figure 2: Graphical approach of the PCA of the hydrological
parameters according F1XF2.

A: Distribution of the inertia between the axes.
B: Correlation circle of the variables.
C: Factorial map of the stations.
D: Factorial map of the campaigns.

In the factorial axes F1 X F2

Axis F1 is determined by salinity (r = 0.92) and conductivity (r = 0.88). It
defines a gradient of mineralization. Axis 2 is represented by air temperature
and water (r = -0.60 and r = -0.67) (Figure 2B). It defines a thermal gradient
which results in cold water during the hot months of March and during July
opposite the contamination gradient in suspended matter (r = 0.67) and nitrate (r
= 0.56). However, the influence of seasonality, particularly temperature, seems
less noticeable. No relationship emerged between this parameter and the content
of salinity (conductivity).
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The global analysis is used to define a typology dominated by individualization
of three station groups GI, GII, GIII (Figure 2C). This spatial organization
releases the exact location of stations relative to their situation:
Group I (GI) includes the upstream stations S1 (RD, MD, JD, SD, ND, jD, rD,
MD) and S2 (AR, MA, JA, SA, NA, jA, rA, MA) located in a area of low
mineralization. This group is opposed to Group III (GIII) represented by the
stations S4 (RG, MG, JG, SG, NG, jG, rG, mG) and S5 that is furthest
downstream (RE, ME, ME, SE, NE, jE, rE, mE ). It is characterized by a
significant mineralization related to marine influences. Between the two is the
group II (GII) represented by the station 3 in all seasons (RB, MB, JB, SB, NB,
jB, rB, mB), denoting a moderate quality water quality.
Seasonal variations do not seem to change the level of water quality by salinity
(conductivity) with the exception of May, 2006 where there was a slight
decrease in salinity at station 1 (ME) and March 2007, where the level of the
water quality of a station (rD) is low compared to other seasons (Figure 2D).

Hydrosystem dynamics

The overall synthesis offered by the PCA conducted on the estuary of Loukkos,
we provided an approach of the structure function of the aquatic ecosystem. It
can be summarized by the presence of two main gradients: a growing
mineralization from upstream to downstream, and a nitrogenous organic
enrichment, which seems conditioned by seasonal variations (the positive pole
of this gradient is in winter). This seems minor compared to the first.
Analysis by campaigns allows understanding the functioning of the
hydrosystem. Thus the figure 2D illustrates this representation by the factorial
plan F1XF2, we can distinguish two situations A (broken line) and B
(continuous line) different from each other by their position identified (stations).

Situation A

This shows a very different quality of water from one station to another because
these values are spaced from each other in the factorial design (F1XF2). It
brings the campaigns for months in July 2006, September 2006, January
2007 and May 2007, which are characterized by very specific hydrological
conditions as to their position on the factorial design; it is on side highly
mineralized. Station values of S4 and S5 are widely spaced from each other on
the factorial plan and are subjected to tidal effects. These values are slightly
moved to the positive pole with a croissant gradient of mineralization from
upstream to downstream. They are more pronounced in summer than winter.
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Situation B

It concerns only the campaigns of March 2006, May 2006, November
2006 and March 2007. It is characterized by a change in hydrological conditions
(rainfall). Concentration of stations occupy on factorial plan a position fairly
pronounced toward the center. However compared to the previous situation,
there was a displacement of all values towards the negative pole of the thermal
gradient except values of March 06. The marine influence is excluded because it
is a situation at low tide. In the second gradient, Lower mean mineralization
was detected in station 1. In addition, higher concentrations of suspended matter
during flood were contributed to the increase of the organic load. In the station
3 that made the exception by its surprising position in the center compared to
the two gradients. It had to receive a positive effect by dilution with flood
waters relatively less loaded.

State of stratification of water temperature and dissolved oxygen

Marked thermal stratification of temperature was detected at the spatial scale.
She begins to settle from S4 due to increased surface water temperatures
followed by a decline that began between S4 and S5 to be diffuse total mixing
until the S5. This is inversely proportional to that observed in the same stations
in dissolved oxygen. This dissolved oxygen deficit in the S1 shows in
great biodegradation in the depth and in elevated temperature (Figure 3).
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Figure 3:  Vertical profiles of water temperature and dissolved oxygen in the
the Loukkos river estuary
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Thus, the model of thermal stratification and dynamics observed at the estuary
Loukkos is typical of a river can be classified as warm monomictic.

DISCUSSION

The typological study undertaken during the sampling campaigns in the water
of the Loukkos estuary helped define the main characteristics of the
hydrological quality. The PCA results showed that the percentage of the spatial
and temporal variability (44.13%) is low (Figure 2A). The percentage of
variability is attributed to salinity (conductivity) showed that a significant
spatial and temporal variation (p<0.01) and a significant seasonal variation for
total organic carbon (p<0.01). For suspended matter and nitrates, their
differences are considered significant for a (p<0.05). While concentrations of
other hydrological parameters (temperature, pH, chemical oxygen demand and
biological oxygen demand) measured in the water of the Loukkos river estuary
are relatively homogeneous and show no statistically significant deference nor
depending on the station or nor by season (Table 3).

Table 3: Results of the ANOVA of the hydrological parameters
Stations Saisons

Parameters
F P>F F P>F

Te (°C) ns 0,061 ns 0,598
pH * 0,040 * 0,035

Sa (g/L) ** 0,009 ** 0,002
Ce (mS/cm) ** 0,003 * 0,039
DO (mg/L) ns 0,148 ns 0,126
SM (mg/L) ns 0,133 ** 0,006

TOC (mg/L) ns 0,178 * 0,048
NO (mg/L) ns 0,081 ** 0,005

COD (mg/L) ns 0,250 ns 0,165
BOD (mg/L) ns 0,372 ns 0,243

values of the statistic test (F) and those of the probability are mentioned [ns :
(p>0,05) ; * : (p<0,05) ; ** : (p<0,01)].

The mean temperature near to 20 °C remains related to the local conditions.
These concentrations are similar to those found in other site (Hatje, 2003). El
Morhit et al. (2008) explained this situation by hydraulic planning in the basin
of the Loukkos river estuary. Compared to other studies, the water temperature
of Loukkos river estuary is low compared to that found in the Ganges River
where it fluctuates from 15 to 35 °C. Compared to other studies, the water
temperature of Loukkos river estuary is low compared to that found in the river
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Ganges where it fluctuates from 15 to 35 ° C, suggesting that this increase is
due to natural influences and anthropogenic (Sarkar et al., 2007; El Morhit et
al., 2012).
The difference between the concentration of salinity and conductivity between
the upstream and downstream of the Loukkos river estuary was explained by the
influence of marine waters and industrial discharges that penetrate inside the
estuary, favored by the low slope of the water main courtyard, leads to a
significant increase in chloride ions. This influence can define a gradient of
decreasing mineralization from downstream to upstream and dilution of fresh
water input upstream where the geological characteristic salty and gypsiferous
stations upstream influence the load of dissolved salts (Fekhaoui, 2005; El
Morhit et al., 2009).
The mean values of conductivity observed in the all ecosystem are high
compared to those measured in the Babughat and Diamond Harbor station of the
Ganges River (Sarkar et al., 2007) where they fluctuate between 0.8 and 3.9
mS/cm, in the Sebu estuary between 0 and 29 mS/cm (Malki et al., 2008) and in
the river Sebu (Mergaoui et al., 2003) between 1 and 1.4 mS/cm. While the
mean values of extreme salinity recorded during the various campaigns are
relatively high compared to those determined in other sites (Sarkar et al., 2007),
explaining this situation by the influence of the natural and anthropogenic
inputs. Works done by Snoussi (1984) and by Fekhaoui (2005) had shown
salinity concentration similar to those in our study. El Morhit et al. (2008)
explained this phenomenon by the influence of tidal dynamics and fresh water.
The mean dissolved oxygen in our study is lower to those reported by El Blidi
et Fekhaoui (2003) in Sebou estuary. The concentration has been found in our
study is close to that determined by Fekhaoui (2005); it ranges between 6 and 9
mg/L. This situation has been explained by the increase of the temperature in
period 2005 (Fekhaoui, 2005). In addition, El Morhit et al. (2008) explained the
concentration of dissolved oxygen by the movement of the tide creates by
continuous mixing of the water mass and therefore an enrichment of the
dissolved oxygen. Other studies have found that the dissolved oxygen
concentration is low and depends on the tidal dynamics (Hatje, 2003;
Yurkovskis, 2007; Malki et al., 2008). The spatiotemporal evolution of the
content of dissolved oxygen in the Loukkos river estuary, shows that the load of
biodegradable organic matter from domestic, industrial and agricultural rejected
and accumulated, contributing to a significant drop oxygenation of the medium
and especially in station 3 of our study. The excessive contributions of the
organic fermentable matter rejected by sewers of the Larache city are results of
an increased consumption of the dissolved oxygen.
In Loukkos river estuary with an erosive potential low of the basin, the water is
sufficiently charged by suspended matter. The high suspended matter load (108
mg/L) recorded exceptionally in January 2007 is probably the result of a brutal
event hydrological, which it shows a great difference between the minimum and
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maximum values recorded. This could be related to seasonal variations and also
very important to the tidal dynamics. The mean increase of the suspended
matter can be attributed to agricultural activity and to an intense erosion of the
basin, due to sudden rain storms (El Morhit et al., 2011). During rain period,
transportation by runoff of soil particles into rivers causes an increase of the
suspended solids. An increase of the suspended matter is usually accompanied
by an increase in turbidity, which makes the treatment of the water for purposes
of drinking water more difficult and more expensive. Such an increase may also
result in warmer water, which will reduce the quality of habitat for cold-water
organisms (Himmi et al., 2003). The values of total organic carbon show
significant temporal variations denoting upstream-downstream gradient. This
probably can be attributed to the tidal dynamics. These values are very high
compared to those determined in the estuary of Port Jackson (4.54 mg/L) (Hatje,
2003), suggesting that this situation can be explained by tidal movements.
Mean values of nitrate they are relatively low compared to those observed in the
same estuary Fekhaoui (2005). These have been explained by the presence of
phytoplankton. While other authors have found that nitrate can reach higher
values (24 mg/L), suggesting the presence of organic matter (Mergaoui et al.,
2003). Violette and Gassama (2002) explained the increase by the presence of
nitrogen fertilizers.
Moreover, the PCA has shown that other hydrological parameters (pH, chemical
oxygen demand and biological oxygen demand) contributed only slightly in the
Loukkos river estuary in the spatial and temporal variation. This result shows
that water dynamics played a role in mixing of different water masses,
preventing establishment of a vertical stratification and lowering the upstream-
downstream gradient.
The waters of the Loukkos river estuary show a pH varies in relation to
probable fluctuations in salinity following the tidal cycle and possibly
fluctuations in organic load (El Morhit et al. 2008). Mean values are alkaline pH
and show spatio-temporal differences significant (p <0.05, Table 3). This
alkalinity is due to the buffering effect of ocean waters. Other authors have
shown that the pH of the water of estuaries (Sebou and Om Rbia River) is
buffered. The pH is about 8 because of the buffer system developed by the
carbonates and bicarbonates (Ezzaouak, 1991; El Blidi and Fekhaoui, 2003;
Himmi et al., 2003).
Low concentrations of the pH which have been registered at the station 3 may
be due to the presence of organic matter. Fekhaoui (2005) confirmed this result
in the same ecosystem by the presence of biodegradable organic matter.
Moreover, the values of this parameter found in the Loukkos river estuary are
similar to those found by other authors (Hatje, 2003; Sarkar et al., 2007). Sarkar
et al. (2007) explained the low concentration of chemical oxygen demand by the
presence of organic matter. The same phenomenon was described by Romero et
al. (2004). Moreover, maximum values were recorded at high tide during the
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winter season (March 2007). This confirms the origin of a domestic wastewater
from the town of Larache.
Throughout the site, the concentration of biological oxygen demand is relatively
high compared to that detected in other sites such as the Ganges River where it
fluctuates between 2.7 to 5.95 mg/L in the Babughat station and between 0.75
to 2.8 mg/L in the Gangasar station (Sarkar et al., 2007). Compared to other
estuaries in Morocco, the concentrations of biological oxygen demand of the
estuary Loukkos are lower vis-à-vis the values usually identified (Mergaoui et
al., 2003), suggesting the release of excess pollutants of organic origin.
The BOD/COD is about 0.36. This result supports the conclusion that the
waters of the Loukkos river estuary are polluted by a fairly strong inorganic
pollution. In addition, the report COD/BOD and SM/BOD are of the order of
2.76 and 2.81 respectively, very high values, indicating that the oxidizable
material in waters of the estuary bottom Loukkos is easily biodegradable. This
could be attributed to the release of a textile industry connected to the stream.
Our results agree with those found in previous studies (Aboueloufa et al., 2002;
El Guamri et al., 2006). In addition, the rice paddies could be an important
source of supply of suspended matter in estuaries (El Morhit 2009).
Comparing the different results obtained in the waters of the Loukkos river
estuary with standards (Table 4), shows the water quality of the Loukkos river
estuary is characterized by water temperature without significant difference
between the different stations. The temperature mean about 20 °C is related to
weather conditions and it is less than 30 °C, considered to limit direct
discharges into the receiving water (CNS 1994). The overall mineral content of
water estimated by the analysis of conductivity and salinity remains very high
along the estuary. Indeed, the water conductivity greater than 1.5 mS/cm makes
the water unusable for irrigation of crops (Rodier, 1996). Meanwhile the pH
remains near neutrality. It is acceptable according to Moroccan standards and oh
the (WHO 2009).
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Table 4: Standards for water quality for human consumption

Parameters Results Standards * Quality

NO (mg/L) 3.50 50 Excellent

T°a (° C) 21.88 25 (1) Good

T°e (°C) 22.50 25 (1) Good

pH 7.70 6.5−8.5 (2) Good

DO (mg/L) 6.80 5−8 (2) Good

SM (mg/L) 56.00 50 Good

COT (mg/L) 11.40 --- Good

COD (mg/L) 26.30 500 Medium

BOD (mg/L) 9.20 100 Medium

Sa (g/L) 20.10 35 Poor

Ce (mS/cm) 21.40 2.7 Poor

*Joint Order of the Equipment Minister and the Minister for Physical Planning,
Urban Planning, Habitat and Environment N° 1275-1201 of 10 Sha'ban 1423
(October 17, 2002).

CONCLUSIONS

Through analysis of the mean of the physicochemical parameters of the water in
the Loukkos river estuary, the current state of water quality, reflects the
presence of a moderate to permanent pollution and localized near the city of
Larache with significant spatiotemporal variations.
Given the heavy load produced by industrial activity and urban highly active.
Several questions take such as: Absent of a significant and substantial impact on
the hydrochemistry of the water system since the concentrations measured in
water do not reflect accurately the relative contributions of pollution. This could
be explained in the intervention of some physico-chemical phenomena such as
precipitation, trapping, settling and storage of pollutants in sediments without
neglecting the phenomena of bioaccumulation in fauna and flora. The situation
might be acceptable if there were not, storage in sediments and bioaccumulation
by plants and animals.
Thus, this study will adopt a better methodological approach to determine the
types of pollutants that disrupt the water quality of this ecosystem, for a
thorough understanding of the hydrological quality of the site to ensure its
protection.
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