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Abstract: The Mediterranean coastline of Morocco is an exceptional and ecologically fragile marine area. It is
characterized by a large diversity of living aquatic resources, and subjected to pollution, originated by industrial activities,
domestic discharges, coastal touristic installations, etc., drown through drainage channels, emissaries, rivers, etc. The
impact of this pollution on the hydraulic network and consequently on the coast, is harmful and may involve water quality
degradation. The pollutant discharges to the Mediterranean coast is very high. The effluents generated by Tangier sea port
and iseveral rivers such as Mghogha, Souani, Lihoud, F’nideq, and Martil can be considered as important pollution
sources based on its anoxic and reductive potential, the low dissolved oxygen contents and high oxydable matter rates.

The performed study showed that Tangier and Tetouan marine areas are the two highest affected areas in the
Mediterranean coastline of Morocco. More than 232 tons/day (t/d) of SS are discharged in their coast. The total oxydable
matters drained to the sea exceed 100 t/d. The total hydrocarbons spilled in coast is estimated to be higher than 5.15 kg/d.
Metal pollution is also important and caused by high load of, among others, lead, cadmium, chromium, and nickel,
exceeding the standards in some locations. Daily drained quantities of these heavy metals to the coast are estimated to be
23.15 kg/d for Pb, 12.65 kg/d for Cd, 10.85 kg/d for Cr, 17.45 kg/d for Ni, 21.50 kg/d for Cu and 47.50 kg/d for Zn. This
situation could be related to the importance of size of Tangier and Tetouan cities; which together represent about 75% of
the total population of Moroccan Mediterranean coastline, and contain more than 75% of the industrial facilities. These
two cities generate a total wastewater volume of 130,500 m’/d, representing about 70% of the total wastewater volume
produced by all the Moroccan Mediterranean cities.

The situation becomes more critical if we consider the important occurrence of commercial traffic. Impacts are potentially
related with deterioration of coastal degradation, of the quality of its resources. In view to preserve the marine
environment and to ensure the sustainability of its natural health, Morocco is trying hard to translate gradually its
international commitments in national legislation level. This effort is further required that these engagements have
involved in specific programs participation, particularly in the Mediterranean. These programs often result in the
implementation of resolutions or recommendations targeted to complete a rigorous policy of sustainable development of

marine coastal environment.

Keywords: Moroccan Mediterranean coastline, degradation of water quality, organic charge, hydrocarbons and heavy metals,

protection measures.

1. INTRODUCTION

Water quality degradation caused by pollution began to
emerge in some areas long time ago. However, the problem
started to become more critical during this late century,
especially with high development of the industry sector,
rapid population growth, coastal land usage development,
and urbanization [1]. Moreover, most of the rivers close to
urban areas in developing countries are used as channels of
industrial effluents discharges [2]. Nowadays, it is on the
coastal parts and especially near great industrial concentra-
tions that marine waters show the most worrying forms of
degradation. The Mediterranean which accounts 1% of the
world ocean surface, corresponds to an interior vast sea [3]
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that represents a fragile and vulnerable ecosystem and a
semi-enclosed sea where waters are slowly renewed (15
years for deep waters) [4]. The water renewal flow is signi-
ficantly hampered by Gibraltar Strait. Such low water
exchange and closure state aggravate impacts of a rapidly
expanding population.

The Mediterranean Sea is particularly sensitive to pollu-
tion resulting from the intense economic activities that
include commercial ships traffic of large volumes and varied
coastal industries. It constitutes the first touristic destination
in the world and is under very high socio-economical deve-
lopment pressure. The urban explosion and the high concen-
tration of the population generated by the activities of
tourism have fatal consequences on the environmental
protection and biodiversity. The urbanization average in
Mediterranean cities is nowadays of 64.3% [5]. The situation
is particularly dangerous considering the great commercial
traffic. Each year, many millions of tons of hydrocarbons
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across the Mediterranean and the events frequency in the sea
is approximately 60 per year [6].

The Moroccan Mediterranean coastline is an economi-
cally rich and ecologically fragile ecosystem. It constitutes a
reproductive and living area for a multitude of vegetable and
animal species. With its 512 km coasts, it is characterized by
a significant marine biodiversity, including a large quantity
of specific species. The pelagic resources show variable
concentrations and consist mainly in Sardine, Anchovy,
Mackerel, Horse-mackerel, Swordfishes and Bluefin tuna.
While demersal resources are represented by mullet, hake,
bug, Calmar, Prawn, Langoustine and Crawfish [7].

It comprises great seaside resorts and several rivers
mouths. The late constitute often discharge places and thus
interfaces between continental water and marine water, cur-
rently showing varied forms of pollution. Those rivers are
characterized by a great variation of their water input regime
during the year and are depending on precipitations which
are highly irregulars between months and years. During dry
seasons, water input of these rivers is less important and
mainly composed by urban and industrial discharges
including lixiviates.

The most exposed zones are incontestably those located
along the strait of Gibraltar and near the great coastal cities.
Harbors of Tangier, M’Diq and Nador constitute important
sources of pollution, particularly with their industrial
discharges.

The water pollution sources are multiple and constitute a
key problem in Morocco, raising much in the irrigated areas
and zones of great economic activities (1). The volume of
wastewater was estimated in Morocco at 500 million m’ for
the year 2000 and is expected to reach 700 million m® in
2020, of which 74% are discharged at the sewerage systems
[8]. The main pollutants sources are:

- Industrial facilities mainly concentrated in and around
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big cities: Among these industries, some are recog-
nized to be highly polluting. Two types of industries
could be distinguished: (1) those whose discharges
are primarily organic like sugar refinery and oil
factory and (2) those whose discharges contain toxic
elements such as tanneries factory, industries of
surface treatment and textile industries. Discharges
correspond to ordinary organic substances, organic
synthesis, petroleum, minerals, heavy metals, poly-
chlorinated biphenyls (PCBs), chlorides, sulphates,
cyanides, and arsenic salts.

- Harmful compounds introduced into aquatic environ-
ment by agricultural activities such as nitrates,
phosphates, pesticides and organic matter.

- Domestic pollutants like wastewater, containing es-
sentially organic pollution (organic matter, deter-
gents, solvents, antibiotics, micro-organisms, etc).

Table 1 provides a detailed list of the most important
contaminants present in wastewater [9].

In Morocco’s Mediterranean coastline, industrial acti-
vities are numerous. They are composed of textile sector
(32%), food-processing industry (24%), metal industry
(19%) and chemical industry (7%). The rest corresponds to
activities of leather, plastic, paper mill, materials quarry and
others. Agriculture activities are mainly developed in small
scale farming exploitations producing generally for their
own subsistence. The urban explosion is such that there is a
decline of rurality across the Mediterranean.

The cities concentrate the two-thirds of the population.
The daily average production of solid waste in great urban
centres increases in quantity and diversity. Currently, it is
0.7 kg per capita. 20% of these wastes are industrial and the
remainder is composed of domestic products, hospital
products, slaughterhouses trade discharges and road wastes.
The impact of these industrial activities, domestic dis-

Table 1. Important Contaminants of Concern in Wastewater (Adapted from Metcalf and Eddy [9])

Contaminants Reason for Importance
Oxygen Composed principally of proteins, carbohydrates, and fats, biodegradable organics are measured most commonly in terms of BOD
consuming (biochemical oxygen demand) and COD (chemical oxygen demand.) If discharged untreated to the environment, their biological

organic matter

stabilization can lead to the depletion of natural oxygen resources and to the development of septic conditions.

Suspended solids

Suspended solids can lead to the development of sludge deposits and anaerobic conditions when untreated wastewater is discharged in
the aquatic environment.

Both nitrogen and phosphorus, along with carbon, are essential nutrients for growth. When discharged to the aquatic environment,

Nutrients these nutrients can lead to the growth of undesirable aquatic life. When discharged in excessive amounts on land, they can also lead to
the pollution of groundwater.
Priori Organic and inorganic compounds selected on the basis of their known or suspected carcinogenicity, mutagenicity, teratogenicity, or
riority pollutants . .. .
high acute toxicity. Many of these compounds are found in wastewater.
Refractory These organics tend to resist conventional methods of wastewater treatment. Typical examples include surfactants, phenols, and
organics agricultural pesticides.

Heavy metals

Heavy metals are usually added to wastewater from commercial and industrial activities and may have to be removed if the wastewater
is to be reused.

Pathogens

Communicable diseases can be transmitted by the pathogenic organisms in wastewater.

Dissolved
inorganics

Inorganic constituents such as calcium, sodium, and sulphite are added to the original domestic water supply as a result of water use
and may have to be removed if the wastewater is to be reused.
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Fig. (1). Study Area. The Moroccan Mediterranean coasts.

charges, coastal installations and touristic centres on the
hydraulic network and consequently on the marine water is
harmful and involves the degradation of water quality [10].

Pollution is manifested by a microbial contamination,
heavy metals and hydrocarbons enrichment, eutrophication
which causes anoxia, development of harmful algal bloom,
etc. Moreover, rubbish tips generate also pollution through
lixiviates representing 10% of tipping amounts unloaded
outside the rainy season. Parallel to this continental pollution
origin, marine environment is subjected to other aggressions
of marine pollution origin, generated by navigation and
harbours activities. To characterize this anthropogenic
pollution and estimate its effects on Mediterranean coastline
of Morocco, the present study is aimed to assess physico-
chemical and geochemical characterization of urban
discharges including lixiviate produced by rubbish tips and
to evaluate contamination generated by important coastal
agglomerations (Fig. 1). This was done through estimations
of oxydable matter, heavy metals and hydrocarbons flows
drained by the urban sprawl the Moroccan Mediterranean
coastline. The study is carried out in Tangier, Ksar Sghir,
F’nideq, M’diq, Tétouan, River laou, Al Hoceima and Nador
which constitute the principal sources of pollution in the
Mediterranean coast of Morocco. Sewerage systems of these
agglomerations form a transport system of the effluents and
constitute physicochemical reactor which conditions the
quality of the effluents [11]. Like most of coastal areas, these
agglomerations do not escape to the constraints of develop-
ment and progress which cannot be done without threatening
the stability and the healthiness of the environment,
particularly the watery systems and its resources.

In the present work, we have characterized the urban
effluents of principal emissaries of the studied zone (from
Tangier to Nador), both physico-chemically and geoche-
mically, and the data obtained have been used to determine
the pollution flow discharges drained toward the littoral
through oxydable matters (OM), heavy metals and
hydrocarbons (HC).

2. MATERIALS AND METHODOLOGY
2.1. Sampling and Variables

Initially, weekly sampling campaigns were carried out
from April to July 2000 for wastewater, and during July
2000 for sediments, out of the rainy period to avoid eventual
dilution of sewages feeding the gutter drainage. Besides,
wastewater samples were also taken during the following
years 2001, 2004, 2005, 2006 and 2008, to fulfill the study,
using the same sampling strategy as in 2000. Wastewater
samples were taken from the middle of the rivers whereas
sediment samples were taken from the accumulation zones
(Fig. 2). Wastewater samples collected at river mouths were
considered as a mixture of all kind of dismissals, domestic
and industrial wastes as well as lixiviates from rubbish tips.
In Tangier and M'Diq harbours, wastewater samples were
taken in the administrative and industrial areas of the ports.
Sediment samples were taken from different points along the
canals from accumulation zones of calm sedimentation and
fine sediments abundance. The urban effluents are relatively
constant in quantity and quality. Sampling points of water
and sediment were selected taking into account the distance
to industrial and urban discharge’s points (Fig. 2).
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Fig. (2). Location of the sampling sites on the Moroccan Mediterranean coasts.

Water sampling was manually done using glass bottles
previously cleaned according to Rodier process and placed in
an icebox at 4°C in order to reduce the risks of precipitation,
adsorption, contamination or evaporation [12]. 500 ml of
unfiltered water were collected for analysis of heavy metals
and acidified with 1 ml of nitric acid ultra pure (Merk). After
that, we analyzed Suspended Matters (SS), dissolved oxygen
(DO), Biochemical Oxygen Demand measured at 5h (BOD),
Chemical Oxygen Demand (COD), Ca2+, Na', K7, Mg2+,
chlorides, sulfates, nitrates, nitrites, hydrocarbons, and heavy
metals (Pb, Cu, Zn, Cd, Cr and Ni).

Sediment samples (0-5 cm) were collected from the
accumulation zone using a PVC tube of 75 mm of diameter.
Samples were oven dried, homogenized and sealed in clean
polythene bags and than stored in a refrigerator. In each
sample, we analyzed Total Organic Carbon (TOC) and
hydrocarbons.

2.2. Apparatus

Temperature, pH, DO and Electrical conductivity (EC)
were measured in-situ, using a multi-parameter device.
Suspended matter was determined by filtration of a known
volume of water sample. The measure of the Biochemical
Demand in Oxygen is achieved using a respirometric
apparatus (respirometric system of SIERP), which quantify
the oxygen produced to re-establish the initial pressure. COD
was determined by oxidization with potassium dichromate in

acidic medium and in the presence of silver sulphate and
mercury [12]. TOC was measured by the Leco device.

Trace metals, as well as Ca2+, Na’, K" and Mg2+ were
analyzed by ICP-AES (Inductively Coupled Plasma -
Atomic Emission Spectroscopy), model “Ultima 2” (Jobin
Yvon, France). The accuracy and quality of quantitative
determinations of these elements were verified by the use of
standards corresponding to Precise Mono elements of 1000
ppm. The measurements were done at technical support unit
to scientific research (UATRS) of the National Centre of
Scientific and Technical Researches (CNRST) in Rabat-
Morocco. Chlorides, sulfates, nitrates and nitrites were
determined by reflectometry.

2.3. Sample Treatment

For non-filtered waters, a liquid-liquid extraction of a 10
L-sample with chloroform was adopted. The extraction of
hydrocarbons was done by a Soxhlet extractor for sediments
(8 h) which is a certified method. For sediments, 5 g of
sample, previously freeze-dried since it was brought to
laboratory, blended and homogenized, were extracted with
hexane/dichloromethane (v:v). A purification stage on
amalgam column, washed by acetone, was carried out to
eliminate sulfur. The extracted samples were doped by two
internal standards (C18 and 9, 10 dihydroanthracene), in
order to calculate the extraction efficiency and to correct the
loss that may take place throughout the analysis.
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Extracts were purified and separated into non aromatic
hydrocarbons (NAH) and polycyclic aromatic hydrocarbons
(PAH) fractions, by chromatography column on neutral
silica for sediments and waters. The silica, previously
cleaned with hexane/dichloromethane (1:1) for 8 h and dried,
was reactivated at 150 °C during 1 h and partially deac-
tivated with 5% of water. Evaporation was carried out with
35 °C in the rotavapor. The chromatography column was
prepared with 0.4 g of silica (100-200 mm in mesh), kept in
suspension in hexane. The elution was done by hexane
(3 ml) then Toluene/dichloromethane (9:1ml) respectively
for non aromatic hydrocarbons and polycyclic aromatic
hydrocarbons. The NAH fraction was analyzed by gas chro-
matography using chromatograph HP AGILENT 6890 series
equipped with a flame ionization detector (FID) and a capil-
lary column (30 m x 0.25 mm). The limits of quantification
were lower than 1 ng/ml and the background noise was very
weak. The column temperature was programmed from 60 °C
to 290 °C with a heating ratio of 3 °C/min. The highest
temperature (290°C) was maintained for 15 min. Helium was
employed as a carrier gas with a flow-rate of 2 ml/min;
whereas nitrogen constituted the make-up. The control of the
results quality was made by comparison with a certified
referential material provided by the International Atomic
Energy Agency (IAEA). Polycyclic aromatic hydrocarbons
were measured by spectrofluorimeter at fluorescence waves
(Perkin Elmer L. S30 type).

2.4. Statistics

For statistical data analysis, ANOVA or Kruskal-Wallis
tests was applied to analyze the significant differences
among sampling stations for different parameters levels.
Pearson correlation matrix was also calculated for different
parameters to determine the common sources of pollutants.
Regression coefficient was calculated between different
concentrations in wastewater, and Principal Component
Analysis was used as a classification tool. SPSS statistical
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package was used for data analysis. All statements reported
in this study are made at P < 0.05 levels.

3. RESULTS

The physicochemical, biochemical and geochemical
analysis of wastewater samples (24 samples per site) and
sediments (5, 2, 2, 4, 1 and 1 samples respectively for
Mghogha, Souani, Lihoud, Martil and Laou rivers and Nador
lagoon) taken from different effluents, reveal that the
pollution flow, released into sea by important agglomera-
tions, is of critical importance. Unfortunately, all these
loaded waters are transported to the coast through numerous
river mouths without preliminary treatment or with
inadequate treatment. The data measured are reported in
Tables 2, 3 and 4. In the absence of significant variations in
time, the results are expressed as mean values, calculated
from the data obtained for different years. The heavy metals
results dealing with Souani, and Lihoud rivers were taken
from Blind’s work [13] while whose relating to Nador
lagoon correspond to Bloundi’s work [14].

3.1. Physico-Chemical Variables

The liquid discharges showed temperatures oscillating
between 15 and 25 °C, largely depending on climate and air
temperature. The pH values were relatively normal (7-8.5)
and do not constitute any threat to the ecosystems. On the
other hand, SS results proved that the different effluents
drain a considerable load that varies between 50 and
3535mg/L and exceeds 1000 mg/L in the important agglo-
merations. At the Mghogha, Souani, Lihoud and Martil river
mouths, the recorded values are the most important with
2495, 2015, 1350 and 3535 mg/L respectively (Table 2). The
measurement of EC, which provides information on the
global mineralization degree of surface waters, shows high
values at the two principal effluents of the studied area
(Mghogha and Martil rivers). Their averages are 65000 and
20000 ps/cm, respectively. They correspond to 2650 ps/cm

Table2. Biochemical and Geochemical Data of Water Samples from Harbors and the Most Important Effluent of the Moroccan
Mediterranean Coasts, SS: Suspended Matters, DO: Dissolved Oxygen, BDO: Biochemical Demand in Oxygen and CDO:
Chemical Demand in Oxygen, OM: Oxydable Matter

Samples SS (mg/1) DO (mg/1) BDO (mg/l) CDO (mg/) OM (mg/l) Volume of Waste Water (m*/d)
Mghogha oued 2495 £392 1.25 200 £ 45 500 £ 94 354+63
Souani oued 2015 £563 2 115+49 350+69 225 +£57
87500
Lihoud oued 1350 £ 82 2.15 120 + 65 395+74 275+ 66
Tangier Harbour 635110 2.95 190 £20 1050 + 135 515+ 60
Ksar Sghir oued 500 £75 59 25+ 10 550 £205 275+70 15000
F’nideq oued 365+ 29 0 300+94 600 =286 465 + 160
Martil oued 3535+433 0.75 42.5+7.5 725 £61 35425 43000
M’Diq Harbor - 10 10 - -
El Houceima 50+20 - 5012 85+41 72,5 +22,25 5300
Laou oued 125+ 16 6.5 50 £12 25+4 43,15+£8,95 4015
Nador Lagon 150+ 12 - 60+ 12 185+ 65 135+30,05 34000
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Table3. Geochemical Data of Water and Sediment Samples from Harbors and the most Important Effluent of the Moroccan
Mediterranean Coasts, TOC: Total Organic Carbon, THC: Total Hydrocarbons and (Pb, Cu, Zn, Cd, Cr and Ni): Heavy
Metals (the Underlined Values are from Blinda [13] and the Values in Bold Type are from Bloundi [14]
THC (ppm) Heavy Metals in Water (mg/l)
Samples TOCOD 1 Water | Sediment | % ExtractofHein Pb Cu | Zn cd Cr Ni
TOC
Mghogha oued 2.25 39+ 16 5281 23.5 0.45 0.450 0.55 0.2000 0.125 0.150
Souani oued 4 18+4 2762 6.90 0.0025 0.150 0.45 0.0035 0.085 0.150
Lihoud oued 3 21+3 1185 3.95 0.0100 0.035 0.35 0.0020 0.010 0.050
Tanger Harbour - 45+4 - - - - - - -
F’nideq Oued - 25+1 0.09 0.085 0.25 B 0.065 0.085
Martil oued 0.75 17+3 4095 0.4 0.095 0.25 0.15 0.095 0.100
M’Diq Harbor - 69+ 16 - - - - - - -
El Houceima - - - 0.002 0.003 0.15 0.005 0.006 0.03
Laou oued 0.50 3.75 850 0.03 0.01 0.01 0.01 - 0.01
Nador Lagon - 48.5 3900 0.02 0.02 0.03 0.004 0.006 0.06
Table 4. Results of the Analyzes of the Ion Balance of Wastewater (Expressed in mg/l) and Moroccan Standards
Samples Electrical Conductivity (us/cm) | Ca* Na* K Mg™ | Chlorides | Sulphates | Nitrates | Nitrites
Mghogha oued 8500 25 95 5 150 10000 165 6.9 10
Souani oued 2650 197 1.2 0.1
Lihoud oued 950 67 1.1 0.17
Ksar Sghir oued 615 48 1.4 0.02
F’nideq oued 925 57 1.1 0.09
Martil oued 5000 54 13245 3432 1504 20235 109 0.8 0.15
Laou oued 645 21 1.6 0.05
Moroccan maximum value 2500 160 200 12 50 200 250 50

at Souani river and 950 ps/cm at Lihoud river. In the other
sites, conductivity was as low as 50 us/cm.

The determination of DO, BOD, and COD gave us
information about the water quality of industrial and urban
wastes in different effluents. Those parameters are interre-
lated with each other in a way that, the total oxygen demand
depletes DO, knowing that COD and BOD translate the rate
of total oxydable matter. The dissolved oxygen contents,
which play a capital role in the maintenance of the aquatic
life and for the self-purification, are often low and fluctuate
between 0 and 2.95 mg/L, except for Ksar Sghir river,
M’Diq harbor and Laou riverwith respective values of 7.5,
10 and 6.5 mg/L. The less oxygenated waters were those of
Mghogha, F’nideq and Martil rivers with DO values of 1.25,
0 and 0.75 mg/L, respectively (Table 2).

The values of BOD of given water samples seem to be
function of the pollution degree. This demand corresponds to
the quantity of oxygen consumed during the biological
decomposition processes of the organic matters (vegetable or
animal) and inorganic matters (sulphide, salts, etc.). The

average values measured at different rivers mouths and
harbors vary from 10 to 300 mg/L. The most important
values are recorded at Mghogha, Souani, Lihoud and F’nideq
rivers as well as at Tangier harbor and Nador lagoon. The
average values were 200, 115, 120, 300, 190 and 60 mg/L,
respectively (Table 2).

On the other hand, COD which represent the quantity of
consumed oxygen during the chemical decomposition
processes of the organic matters, showed values up to
1050 mg/L on average. The highest values were recorded in
Mghogha, Souani, Lihoud, F’nideq, Martil rivers and
at Tangier harbour with 500, 350, 395, 725, 600 and
1050 mg/L respectively.

3.2. Geochemical Analysis

TOC, reflecting the accumulated and preserved organic
matter rate, was quantified in samples of superficial
sediments along the discharging canals. The results obtained,
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expressed in percentage of dry weight (dw) of the fine
fraction (lower than 63 pm), showed values ranging from
0.75 to 4% (Table 3) at Mghogha, Souani, Lihoud and Martil
rivers.

The concentrations of major geochemical elements for
ion balance are shown in Table 4. The water of the Mghogha
and Martil rivers content significant amount of sodium
chloride. The concentrations of the ions, expressed in mg/L,
are 13245 and 95 for Na*, 1504 and 150 for Mg2+, 54 and 25
for Ca”*, 3432 and 5 for K' and 20235, 10000 for chlorides,
and 25 to 5700 for sulfates, with the highest values being
recorded in Mghogha river. For nitrates and nitrites, the
values fluctuate from 0.75 to 6.9 mg/L and 0.15 to 10 mg/L,
respectively.

In waters coming from the mouths of the studied rivers
and Nador lagoon, the metal traces analyzed and regarded as
main toxic elements having a harmful effect on the environ-
ment (Pb, Zn, Cu, Cr, Ni and Cd), showed variable concen-
trations (Table 3). High concentrations of Pb were measured
at Mghogha, Martil and F’nideq rivers, with 0.45, 0.40 and
0.09 mg/L, respectively. In other sites, Pb values ranged
from 0.003 to 0.010 mg/L. Zn concentrations were generally
low and fluctuate between 0.01 and 0.55 mg/L. High levels
were obtained in Mghogha (0.55 mg/L), Souani (0.45 mg/L),
Lihoud (0.35 mg/L), F’nideq (0.25 mg/L) and Martil
(0.25mg/L). Cu showed a maximum concentration of
0.450mg/L in the Mghogha river, while Cr concentrations
were also high in Mghogha (0.125 mg/L), Souani
(0.085mg/L), F’nideq (0.065 mg/L) and Martil (0.095 mg/L).
In the rest of locations, the concentrations were less than
0.010 mg/L. For Ni, the highest concentrations were
measured in Mghogha, Souani, Lihoud, F’'nideq and Martil
rivers with values of 0.150, 0.150, 0.050, 0.085 and
0.100mg/L. At the other sites, concentrations of Ni did not
exceed 0.01 mg/L. For Cd, the contents recorded at
Mghogha, Martil and Laou rivers were quite important in
quantity and corresponded to 0.200, 0.150, 0.100 mg/L
respectively (Table 3).

Hydrocarbon concentrations extracted from water, found
in different studied sites, were important in quantities and
varied from 5 to 69 mg/L. The highest contents were
recorded in Tangier and M’Diq harbors, Nador lagoon and
Mghogha river with 45, 69, 48.5 and 39 mg/L, respectively.
At the other sites, total hydrocarbons ranged from 5 to
21mg/L. In sediment samples collected from rivers mouths,
total hydrocarbons are important in quantity, ranging from
1185 to 5281 ng/g dw. The Concentrations expressed in
mg/g (dw) correspond to 5281 in Mghogha river, 2762.5 in
Souani river, 1185 in Lihoud river, 4095 in Martil river and
3900 in Nador lagoon (Table 3).

3.3. Statistical Analysis

ANOVA analysis pointed out the absence of temporal
variations in the ecosystem studied. From the spatial point of
view, the analysis allowed the distinction between two
groups. The first group included Cu and Cd where the test of
variances homogeneity was not significant whereas the
second group showed a complete test of variances
homogeneity (sig <0.05), involving Pb, Zn, Cr, Ni, and HC.
This latter shows a significant spatial variation which was
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attested by the Tukey's post hoc test that showed a
significant variation between the different stations. For Cu
and Cd, the Kruskal-Wallis test showed a significant
variation which could be related to the parameters measured
at various stations. The Principal Component Analysis
(PCA) of the different variables showed that the eigen-values
for the first 3 components were higher than 1 (Table 5). This
fact allows us to limit the study to the first three components
which explained 85.45% of information. Table 5 showed that
all elements are explained by component 1 except for the
hydrocarbons which are explained by component 3. In the
case of Cd the element was explained by the two
components 1 and 2. This allows us to choose the bi-
dimensional representation from two components 1 and 2.
Indeed, those latter allow distinguishing between three
groups: a group of OM, Zn and Cd, a second group that
includes the suspended solids and other metals (Pb, Cu, Cr
and Ni) and a third group related to hydrocarbons. By
integrating the sampling sites, analysis of the principal
component, which allows to establish the relationship
between variables and the sampling points, showed a
dispersion of different parameters in all sites except Martil
and Mghogha sites and, at lesser extent, Souani site which
form the same group with metals, hydrocarbons, suspended
solids and oxydable matters, materials (Fig. 3).

TableS. Factor Loadings for Biochemical and Geochemical
Data Concentrations in Water from the Most
Important Effluent of the Moroccan Mediterranean
Coasts

CP1 CP2 CP3
SS 0.762 -0.475 -0.180
OM 0.745 0.443 -0.307
HC 0.260 0.510 0.769
Pb 0.810 0.013 -0.162
Cu 0.862 -0.054 0.301
Zn 0.829 -0.261 0.160
Cd 0.655 0.631 -0.385
Cr 0.960 -0.114 -0.088
Ni 0.874 -0.174 0.276

4. DISCUSSION

The results obtained are discussed in terms of flux of
contaminant load drained by the effluent, expressed in tons
per day (t/d) and compared with Moroccan standards of
limits discharges into aquatic environment [15]. These
results showed the extent of pollution rejected toward the sea
by Moroccan Mediterranean cities. Statistical analysis
allowed establishing the existence of significant spatial
variations for all parameters: HC (F= 22.38, p <0.5), MO
(F= 17.78, p <0.5), heavy metals (16.45<F<21.38, p <0.5).
No significant temporal variations were observed.

Characterized by an important organic and mineral load,
water of different effluents and harbours of the study area are
evacuated into coastal waters through numerous river
mouths without preliminary or adequate treatment. The
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Fig. (3). Principal component analysis (PCA) for biochemical and geochemical data in water collected in locations of the Moroccan

Mediterranean coasts.

comparison of physicochemical (BOD, COD, DO, SS) and
geochemical results (heavy metals and hydrocarbons), with
standards confirms poor water quality.

Wastewaters poured to the coasts present high loads of
SS, with quantities higher than the established standards.
They range from 0.265 to 142 t/d and exceed 5 t/d in
important agglomerations. In total, more than 232 t/d of SS
are discharged to coastal waters. Mineral and organic SS are
used as support for several chemical pollutants and bacterial
mass including pathogenic species. Indeed, the bacterial load
calculated in Tangier bay is higher than 10°/ml and contains
hi%her quantities of total and faecal coliforms, more than
10°/100ml.

The monitoring of bacteriological quality of coastal
waters permits to note that some Mediterranean areas are
subjected to remarkable contamination, due to leaching of
soil caused by heavy rainfall and the accumulation of waste
into the sewers, especially during the spring period. SS
increase water turbidity and change the physical chemistry of
the water column by reducing activities of photosynthesis
and consequently the oxygenation of local ecosystem. The
typical microbiological composition of domestic wastewater
includes 10°-10° CFU coliforms, 10°*-10* CFU faecal strepto-
cocci, 10'-10° protozoan cysts, and 10'-107 viruses [9].

The values of EC obtained reflect high mineralization
degree of urban water according to the limits established by
Nisbet [16]. The salinity rate was very important. A clear
correlation appears between the concentrations of major ions
responsible for the salinity of sewage and electrical
conductivity.

Nitrogen contained in wastewater can be either organic
or mineral. The organic nitrogen is mainly constituted by
proteins, polypeptides, amino-acids and urea. The mineral
nitrogen includes ammonium (NH,"), nitrites (NO,) and
nitrates (NO;3) and constitutes the major part of total
nitrogen [12]. Nitrate concentrations showed a maximum of

6.95 mg/L which remains however lower than the standards.
The low nitrite concentrations measured in wastewaters
could be explained by the fact that NO, is an intermediate
compound, which is unstable in the presence of oxygen and
whose concentration is usually much lower than the two
other nitrogen forms (nitrate and ammonium ions). These
three nitrogen forms are linked each other.

The organic load measured was important in quantity.
The Tangier’s harbour, Mghogha, Souani, Lihoud, F’nideq,
Martil effluents could be considered as pollution sources
with anoxic and reductive potential, considering the low
dissolved oxygen contents and the high oxydable matter
rates. Very aerated water is generally supersaturated with
oxygen, whereas water containing degradable organic matter
by micro-organisms is under-saturated. Indeed, the presence
of organic matter in a stream, for example, allows micro-
organisms to develop while consuming oxygen. The
correlation matrix shows that the OM and dissolved oxygen
values are inversely proportional and thus negatively
correlated, with a correlation coefficient of 0.9.

The pollution load was also important in oxydable matter
values, fluctuating between 225 mg/L and 515 mg/L. The
wastewater was responsible for the increased oxygen
demand, 60% for toilets water and 40% for gray water [17-
19], including the oxygen amount required for nitrification.
The limit value is 105 mg/L. The required oxygen quantity
for nitrification was significant and could actually exceed the
amount of oxygen required to satisfy the BOD. Stoichio-
metrically, each milligram of ammonia nitrogen (N-NHj3)
requires 4.57 mg of oxygen to transform it biochemically
into nitrate [9]. This can explain the absence of correlation
between OM and DO at Mghogha effluent.

Total wastewater oxydable matters, representing the
amount of BOD and COD, exceed 100 t/d. The DO rates
were also low and fluctuate between 0 and 2.95 mg/L, except
for some rivers. This situation reflects a tendency of different
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rivers to anoxia state, which is confirmed by important rates
of organic matters accumulation and preservation. Indeed,
the TOC contents are important and vary from 0.75 to 4% of
dry weight, which militates in favour of redox conditions,
favourable to the accumulation and preservation of organic
matter. This high content in organic matter could be
explained by the high load of wastewater biodegradable
matter which could contain up to 55% of the total organic
matter [20].

Often, there is an increase in concentrations of organic
matter from upstream to downstream rivers, normally
associated to anthropogenic origin. This organic matter acts
as a preferential carrier of trace elements. Indeed, a very
close relationship was observed between organic matter and
heavy metals concentrations (Cd, Pb, Zn and Cu) in upper
layer of sediments [21]. This reflects the important role of
organic matter in complexation of heavy metals in sediments
[22, 23]. The concentrations measured in the samples indi-
cate a relatively polluted state in the upper layer of sediments
of Souani and Mghogha rivers and consequently their likely
considerable impact on the environmental quality of
Tangier’s bay. PCA confirmed the anthropogenic and natural
origins of metals found in the fine fraction [21]. The aerobic
degradation reaction of the organic matter and generally the
biological balance of aquatic environments are conditioned
by the oxygen rate in the ecosystem. In wastewater net-
works, complete disappearance of organic matter is usually
accompanied with appearance of H,S in the air from the
reduction of sulphur compound present in waste [24].

In the absence of free oxygen, reactions of organic matter
degradation begin by the intervention of anaerobic bacteria
using nitrates as a source of O, and then by the sulfate-
reducing anaerobic bacteria using sulphates as source of O,.
In ultimate stage, the degradation takes place by methano-
genic bacteria that produce methane from the CO, reduction
or by attacking acetates or methanol, which explain the
unpleasant smells that are expressed at the shores of the
effluents [25].

In the effluents of important agglomerations of the
Moroccan Mediterranean coast with industrial activity
(Tangier, Tétouan and Nador), the ratio COD/BOD are
higher than 2.5, thus reflecting industrial predominance in
discharges. Generally speaking, the contribution of industry
in wastewaters discharged from coastal cities is estimated to
be about 55% [26]. This ratio indicates the importance of
polluting material considered as little biodegradable or even
non-biodegradable [12, 27]. The wastewater presents then an
industrial predominance character and thus not easily bio-
degradable. Reflecting the ability of the organic substances
bio-deterioration by the micro-organisms of the watery
system [28], COD/BOD ratios indicate the weak conser-
vation of the biological balance of the natural ecosystem
against urban wastewater.

Water effluents were highly loaded with hydrocarbons.
The 1 mg/L standard limit is largely exceeded for all studied
sites. The flows drained to the Moroccan Mediterranean
coasts are considerably higher and reach 2.65 kg/d in
Tangier harbour. The total hydrocarbons spilled in coast is
estimated at more than 5.15 kg/d, if we count the many small
harbours, fishing villages and small villages that line the
coast. Moreover, sediments are known to act as a pollution
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reservoir, playing a fundamental role in the geochemical
cycle of all chemical elements [29]. The results obtained
showed amounts ranging from 850 to 5280 pg/g, represen-
ting 3.95 to 50% of TOC and exceed the quantities usually
extracted from immature recent sediments which are in
general 3% of TOC at maximum, corresponding to free
hydrocarbons inherited from original biomass [30]. This
situation reflected the contamination of studied sites by
allochthonous hydrocarbons corresponding to pollution
products resulting from industrial units. The qualitative
analysis confirmed the petroleum hydrocarbon compounds
origin. The composition of extracted hydrocarbon from
effluent is dominated by the polar products fraction. The
light hydrocarbons migrate more easily, at the expense of the
polar compounds which, thanks to their functional group-
ings, remain attached to the mineral matrix by adsorption
[31, 32]. Samples taken from Moroccan Mediterranean
coasts, showed hydrocarbon composition dominated by the
light compounds fraction which could reach up to 70% [33].

Indeed, the rates of hydrocarbons identified in superficial
sediments samples, water and benthic organisms endowed
with remarkable ability to filter, coming from different sites
of the Mediterranean Moroccan coasts (Tangier - Nador),
showing important levels of contamination [34, 35]. The
Tangier, Tetouan and Nador coastal area represent the most
exposed zones to urban and industrial discharges. The
recorded contamination rates, corresponding to non aromatic
hydrocarbons (NAH) and polyaromatic hydrocarbons (PAH)
are largely higher than the allowed standards.

In the case of Tangier’s bay, coastal area of Ksar Sghir
and Martil and Nador lagoon, hydrocarbons rates were
respectively 62.5, 10, 31.5 and 48 pg/L. Organisms showed
THC rates varying from 1137.5 in Ksar Sghir to 3087.5 in
Tangier’s bay. In sediments, the THC varied from 244
recorded in Ksar Sghir to 3754 pg/L observed in the Martil
coast. NAH analysis revealed a relationship between hydro-
carbons detected in the effluents and those detected in
coastal marine waters. This link was reflected in the
chromatograms of NAH. All chromatograms showed the
same characteristics: an unimodal distribution of n-alkanes
dominated by heavy compounds and the presence of the
Unressolved Compound Mixture named UCM which
generally contains ramified and cyclic hydrocarbons. This
UCM appear in all samples shifted towards the heavy
compounds. This fact was often related to petrogenic origins
(Fig. 4a, b and ¢).

The analysis of the F2 fraction (PAH) revealed the
presence of high concentrations. Twelve PAH were identi-
fied. The most represented compounds correspond to anth-
racene and triphenyl-methane. These compounds are mostly
phenyl groups derived from anthropogenic hydrocarbons
(industrial activities) [33].

On the other hand, linear alkylbenzens (LABs), contain-
ing alkyl chain ranging from 13 to 14 carbons, were detected
in cockles from sampled sites of North-Western Moroccan
Mediterranean coasts analyzed by monitoring the key ion at
m/z 91 and m/z 105. Total concentrations of LABs vary
from 478 to 1954 ng/g dw [36]. Long chain alkylbenzenes
are very important intermediates in the manufacture of the
detergents surfactants [37], and they are the raw material for
the industrial production of the linear alkylbenzenesulfonates
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Fig. (4). Gas chromatogram of aliphatic and alicyclic hydrocarbons from sediment sampled from (a) Oued Mghogha (mouth), (b) Tangier’s
Bay and (c¢) Oued Laou (mouth). n-Alkanes are designated as C17—C35; Pr: pristine; Ph: phytane; UCM: unresolved complex mixture.

(LAS) which are the anionic surfactants commonly used in
domestic synthetic detergents [38-40]. More resistant to the
microbial degradation, LABs have been widely used for
monitoring sewage inputs [40, 41]. They were detected in
water [40, 42], in river and marine sediments [43, 44] and in
marine organisms [39, 45] and thus reflect the urban origin
of at least part of the hydrocarbons found.

The spatial distribution of hydrocarbons revealed a strong
relation between contamination levels and the effects of
anthropogenic pressures on the coastline. Indeed, this
distribution was strongly linked to the proximity to domestic
and industrial effluents, to harbour activities (fishing and
navigation) and to intense maritime traffic. The impact of
this latter was clearly shown on the rocks of the Ksar Sghir
site, where it is remarkable an important tarry deposit [34].
The qualitative and quantitative analysis point out two
important origins of hydrocarbons: natural source linked to
phytoplankton, bacteria and continental plants and anthro-
pogenic source related to petrogenic inputs from harbours
and fishing activities and urban dismissals emanating from
coastal agglomerations [33].

Heavy metals are among most important chemical subs-
tances that may degrade water quality. In aquatic ecosys-
tems, the concentrations of these heavy metals depend on
suspended matter content. However, drained SS to coasts are
important in quantity, representing more than 232 t/d, and

they represent and important source of metals, its final
chemical form and bioavailability being dependent on water
pH [46].

Metal pollution was also important in the zone and,
mainly as high concentrations of lead, cadmium, chromium
and nickel that, in some places, exceeded the permitted
levels. Draining flows to the coast were estimated to be
23.15 kg/d for Pb, 12.65 kg/d for Cd, 10.85 kg/d for Cr and
17.45 kg/d for Ni. For Cu and Zn, estimated flows were
21.50 and 47.50 kg/d respectively. These heavy metals,
transported to the marine environment, come from natural
and anthropogenic sources, discharged from effluents,
leaching of metals coming from discharges and solid waste,
inputs from rural areas (pesticides) or atmospheric sources
(fuel combustion).

The statistical analysis showed significant correlation
between SS, and Cu, Zn, Cr, Ni, MO and, at lesser extent,
Pb. The correlation coefficients fluctuated from 0.743 to
0.852. On the other hand, there was also a significant corre-
lation between OM and Cd. The hydrocarbons are a special

case (Table 6), suggesting different anthropogenic origins.
Multivariate analysis using PCA showed a dispersion of
different parameters for some areas except Martil and
Mghogha sites and, at lesser extent, Souani site which form
the same group with metals, hydrocarbons, suspended solids
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Table 6. Correlation Matrix of the Various Measured Parameters
SS oM HC Pb Cu Zn Cd Cr Ni
SS 1.000
oM 0.707 1.000
HC -0.036 0.252 1.000
Pb 0.571 0.611 0.107 1.000
Cu 0.905 0.712 0.179 0.548 1.000
Zn 0.743 0.633 0.270 0.204 0.850 1.000
Cd 0.156 0.719 0.143 0.857 0.252 -0.024 1.000
Cr 0.852 0.618 -0.290 0.704 0.927 0.691 0.519 1.000
Ni 0.826 0.669 0.234 0.407 0.945 0.795 0.241 0.898 1.000

and oxydable matters (Fig. 3). This fact explains that Tangier
and Tetouan areas are hot pollution spots of the Moroccan
Mediterranean coastline. This is in agreement with a study
on the assessment of metal contamination in waters of
Tangier bay performed by Stitou et al., who reported Fe, Cu,
Pb and Ni rates representing a metal anthropogenic pollution
resulting from industrial discharges of Mghogha river and
especially of the area of Tangier harbour [47].

As can be seen, if compared with the typical composition
of wastewater [9, 11], the various analyzed parameters in
many studied effluents show, generally, largely higher
contents (Table 7).

In comparison with other Moroccan cities, effluents from
El Jadida and Azemour, located on the Moroccan Atlantic
coast, are loaded with pollutants. CDO is 4194 mg/L and the
dissolved oxygen rates are 3 mg/L on average [48] while SS
are 785 mg/L. In Jorf Lasfar region (Atlantic coast of
Morocco), the analysis of heavy metals from tissues of two
Polychaetes species, Sabellaria alveolata and Arenicola
grubii, collected from a polluted site, showed an anthro-
pogenic bioaccumulation of metals (Cd, Zn, Cu, Fe, Al, Cr
and Mn) originated from urban wastewater. In Fez region
(Morocco), particularly in Fez and Sebou rivers, water
quality assessment based on the physicochemical and
ecotoxicological investigations has indicated that sites
located close to the most urbanized and industrialized areas
are severely polluted. The major water quality problems are:
low dissolved oxygen (DO), high turbidity, organic matter
and ammonia contents, severe chromium and copper
pollution and high acute and chronic toxicity [49]. Water
samples and samples of suspended solids were collected
along Sebou river and its tributaries. Analysis results of both

dissolved and particle phase constituents revealed high levels
pollution of Cu (0.25 mg/L dissolved Cu, 0.55 mg/g
particulate Cu), Pb (0.23 mg/L, 0.35 mg/g), Fe (27 mg/L, 50
mg/g) and Mn (2.5 mg/L, 1 mg/g). These results drew
attention to the significant input from man-made sources
(industry, farming, landfills) [50].

In other Mediterranean countries, such as Algeria, marine
water is also currently affected by intense pollution due to
industrial, urban and agricultural wastes. The western coast
of Algeria (Arzew bay) is highly polluted by suspended
matter, oxydable matter and hydrocarbons, with concen-
trations exceeding 30, 1000 and 75 mg/L, respectively.
Besides, wastewaters rejected in the coasts contain also some
heavy metals (Fe, Pb, Cd, Zn, Cu...) [51]. The Oran coast is
highly-coveted coastal system, where several forms of
Posidonia degradation are reported: the stability of the
coastline and several marine species are threatened [52]. The
Algiers area is very urbanized and industrialized. Indeed, its
population constitutes 17 % of total Algerian population. On
the other hand, this area represents 23 % of industrial and
economic activities. All urban and industrial wastewaters of
this area are discharged without previous treatment, into
Algiers Bay which is considered as highly contaminated
environment. Algiers Bays is going through serious environ-
mental problems. The spatial interpretation by geostatistical
methods shows the discharges influence on the heavy metals,
hydrocarbons and nutrients distribution [53].

The Sfax coastline is another very important industrial
and harbour activity site which generates multiple rejections
discharged in the littoral and weakens consequently the
ecosystem. High contents of trace metals (Cd, Cr, Cu and
Pb) are recorded in the superficial layer of sediment [54].

Table 7. Concentrations of Pollutants in Domestic and Urban Wastewater

SS BOD COD Cr | SO | NOy | NOy Cd Cu Pb Zn
Weak value 100 110 250 30 20 0 0 - - - -
Domestic Wastewater )
9] Medium value 220 220 500 50 30 0 0 - - - -
Strong value 350 400 1000 100 50 0 0 - - - -
Urban Wastewater [11] 100-500 100-400 | 250-1000 - - - - 1-10 | 83-100 | 5-78 | 100-570
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The estimation of hydrocarbon pollution along Sfax and
Gabés Gulf coasts (Tunisia), shows that the non-aromatic
hydrocarbon concentrations vary in the range of 310-1406
pg/ g sediments in dry weight, which is high compared to
other Mediterranean sites. GC/MS data indicate a large
group of unresolved compounds suggesting a petroleum
contamination [55].

Against this serious situation related to organic and
mineral contamination of the Moroccan and other Mediter-
ranean coastlines, local authorities have opted for the instal-
lation of treatment plants, with different results. At Tangier,
this action against pollution is a drawdown rate of 30% of
organic load, but still remains insufficient. The treated water
is discharged toward the sea via a 3 km submarine emissary
outfall. The discharged water is still loaded with various
contaminants (hydrocarbons, heavy metals and toxic ele-
ments). The sea self-purification, whereupon the authorities
count for an additional treatment, cannot be sufficient. The
wastewater treatment plant of Grand Nador, which is the
largest on the south shore of the Mediterranean in terms of
size and advanced used technology, is the second of its kind
after that of Al Hoceima. These both stations assure a high
and better performance than Tangier.

In parallel, Morocco is trying to implement gradually, in
the framework of its national legislation, its international
commitments on bilateral, multilateral and regional levels.
This effort is further required that these engagements have
involved the participation in specific programs, particularly
in the Mediterranean. These programs often result into the
targeted resolutions or recommendations implementation to
complete a rigorous policy of sustainable marine and coastal
environment development. International cooperation is an
essential support and legal and moral obligation which is
reflected through the ratification of international conventions
and agreements of which seven are specific to the Medi-
terranean. The emphasis should be on Morocco's accession
to the Barcelona Convention which states, in its 81/420/EEC
of 19 May 1981 Decision, the fight against marine pollution
by hydrocarbons, telluric and other harmful substances in
cases of emergency. As defined by the Barcelona Conven-
tion, Morocco has established a coastal monitoring network,
which aims mainly to coastal areas safety.

CONCLUSIONS

The physicochemical, biochemical and geochemical ana-
lysis, achieved in all harbors and effluents, revealed that
pollution is reaching critical levels. Unfortunately, waste-
waters are transported to the coast through numerous rivers
and rejected in sea through rivers mouths, without effective
preliminary treatment or with inadequate treatment. Waste-
waters drained toward the coast are highly loaded with SS
important quantities of organic matter. Biochemical oxygen
demand and chemical oxygen demand reach 13.65 t/d and
50.15 t/d respectively, exceeding extremely the allowable

limits and reflecting industrial predominance discharges. The
total oxydable matters drained to the sea, expressed in terms
of BOD and CDO amounts, exceed 100 t/d. Also, the
dissolved oxygen rates are low and fluctuate between 0 and
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2.95 mg/L, except for some rivers. This reflects a tendency
of different areas to anoxia.

Total hydrocarbons spilled in coast is estimated to be
above 5.15 t/d, if we count the several small ports, fishing
villages and small villages that line the coast. Metal pollution
was also important in the zone, with very high concen-
trations of several metals such as lead, cadmium, chromium
and nickel, exceeding the values admitted by authorities in
several sites. Flux drained toward the coast was estimated to
be 23.15 kg/d for Pb, 12.65 kg/d for Cd, 10.85 kg/d for Cr
and 17.45 kg/d for Ni. For Cu and Zn, estimated flows were
21.50 and 47.50 kg/d respectively. This indicates the pre-
sence of hot spots of the Moroccan Mediterranean coastline
under the high anthropic pressure. These zones present
natural characteristics that permit the accumulation of
pollutants as a result of low capacity of assimilation due to
the nature of the semi closed system and has several bays
characterized by shallow depth water.

To face this serious situation related to organic and mine-
ral contamination of the Moroccan Mediterranean coastline,
more efforts are still required, particularly from local and
governmental authorities dealing with environment to
preserve healthy marine environment.
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