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ABSTRACT

There have been growing concerns over the alarming threats to marine and terrestrial
ecosystems from the improper discharge of effluents into water bodies worldwide, includ-
ing Tunisia. Despite the large flow of data on the environmental pollution of various sites,
little data is currently available on the physicochemical, geochemical conditions of the sea-
water of the Gulf of Gabes (South East Tunisia). Accordingly, the present study was under-
taken to investigate and evaluate the physicochemical, biochemical and geochemical
properties and attributes of the water and sediment samples from the coastal dumping sites
of the Boudriere PK4, Ouady Ezzit, Ouady Maou, Sidi Salem, Sidi Mansour, Thyna and Sfax
harbour. The results revealed that the marine environment in the title sites was alarming,
suffering from heavily loaded pollutants from various sources that are predominantly dis-
charged without preliminary or inadequate treatment. The total suspended matter (TSM)
values recorded in the waters along the coastal sites were higher than the standard norms.
In fact, more than 4350 mg/l of TSM were recorded at the coast, and the biochemical oxy-
gen demand (BOD5) and chemical oxygen demand (COD) values exceeded the standard
limits, reaching 300 mg/L and 1050 mg/L, respectively. The total oxidizable matter, repre-
senting BOD5 and COD, also exceeded 1360 mg/L. Low dissolved oxygen (DO) concentra-
tions fluctuating between 0 and 2.95 mg/L were observed, except for some oueds. This
reflected high levels of DO depletion and a tendency towards anoxic conditions. High
hydrocarbon loads were also observed. Heavy metal pollution was equally alarming. Over-
all, the results indicated that the serious organic and mineral contamination of the Tunisian
Mediterranean coastline calls for urgent action from state authorities and the public to
remediate polluted sites and better control non-complying effluent discharge activities.
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1. Introduction

There have been growing concerns during the last
decades over the alarming threats posed by the dis-
charge of chemicals from various urban and industrial
sources into surrounding water bodies worldwide.
The Mediterranean Sea represents about 1% of the glo-
bal ocean surface, and its coasts are home to several
unique species of fauna and flora [1]. The Mediter-
ranean coastline, which correspond to a semi-enclosed
basin where waters are renewed slowly (15 years for
deep waters), is vulnerable to high environmental pol-
lution pressures from various urbanization and indus-
trialisation processes [2]. Of particular interest, the
Tunisian Mediterranean coastline is exposed to vari-
ous loads of pollution due to the intense anthro-
pogenic development and huge industrial activity
based in this area. With a total length of about
1,300 km, the Tunisian coastline is the home of almost
64% of the total population and supports most of the
industrial activities of the country [3]. The effluents
discharged in several sea ports and rivers around the
Mediterranean Sea have been reported to represent
significant pollution sources [4]. The latter have varied
annual weather events and irregular monthly and
yearly precipitation patterns.

The growing concerns over the impacts of the dete-
riorating seawater quality in Tunisian coasts have
attracted increasing attention in recent research. The
Tunisian coastline is subjected to large amounts of
pollution loads from various sources. The water pollu-
tion in Tunisia is issued from industrial units concen-
trated mainly in and around big cities [5]. Two types
of industries can be distinguished. The first type
includes industrial facilities whose discharges are pri-
marily organic, such as sugar refineries and oil extrac-
tion facilities. The second type encompasses industrial
units, whose discharges contain toxic elements, such
as tanneries and textile factories. The effluents dis-
charged from those industrial activities contain ordi-
nary organic substances, organic synthesis, petroleum,
minerals, heavy metals, polychlorinated biphenyls,
chlorides, sulphates, cyanides and arsenic salts. Fur-
thermore, some agricultural activities represent
another significant source of pollution, releasing vari-
ous forms of pollution, such as nitrates, phosphates,
pesticides and organic matter, directly into the sur-
rounding waterways [6]. Urban and municipal efflu-
ents can also comprise wastewater from domestic and
commercial activities. The latter contribute essentially
by organic forms of pollution (organic matter, deter-
gents, solvents, antibiotics, micro-organisms, etc.). In
addition to these types of pollutants from continental
origins, the marine environment is subjected to other

pollution loads from marine traffic and harbour
activities.

The pollutants derived from anthropogenic, agri-
cultural, domestic or marine activities pose serious
contamination threats to aquatic environments and
ecosystems [7]. They involve pollution manifested by
a microbial contaminations, hydrocarbon and heavy
metal accumulation and/or eutrophication, which
causes anoxia or the appearance of harmful algal
blooms.

Several studies have been performed to investigate
and evaluate the environmental pollution in the gulf
of Tunis (North), gulf of Hammamet (East) and gulf
of Gabes (North). Most of the currently available stud-
ies have, however, been limited to one region as a rep-
resentative site of the entire area. In fact, the Gulf of
Gabes covers several cities (including Mehdia, Gabes,
Sfax, Zarsis and Jerba) and involves about 18 ports.
Most of the previous studies have also used various
marine species or water and sediment samples as indi-
cators of pollution, with little focus on the potential
links that might hold between the physicochemical
and geochemical parameters of the sites under investi-
gation. Accordingly, the present study aimed to inves-
tigate, characterize and evaluate the physicochemical
and geochemical parameters of the urban discharges
in different sites within the Gulf of Gabes (coastline of
Sfax).

2. Materials and methods

2.1. Sampling sites and procedures

The coastal sites under investigation were submit-
ted to a weekly sampling programme followed during
April, May, June and July 2002, 2003, 2004, 2005, 2006
and 2008. Water and sediment samples were taken
from different points along of the various canals, out
of rainfall periods to avoid the eventual dilution of
sewage.

Sampling points of water and sediment collection
were selected according to their closeness to industrial
and urban discharge points (Fig. 1). Water samples
were collected manually using glass bottles previously
cleaned according to Rodier process and placed in ice-
boxes at of 4˚C to reduce the risks of precipitation,
adsorption, contamination or evaporation [8]. Sedi-
ment samples were collected from accumulation zones
using a PVC tube of 75 mm of diameter.

2.2. Analytical parameters

Temperature, pH, electrical conductivity (EC) and
dissolved oxygen (DO) were measured in situ. Total
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suspended matter (TSM) was determined by the filtra-
tion and subsequent analysis of a known water vol-
ume. The measurement of biochemical oxygen
demand (BOD5) was performed by a respirometric
apparatus (respirometric system of SIERP) that quanti-
fied the oxygen produced to re-establish initial
pressure. Chemical oxygen demand (COD) was deter-
mined by oxidization with potassium dichromate in
acidic media and in the presence of silver sulphate
and mercury [8]. Total organic carbon (TOC) was mea-
sured by a LECO CR-412 Carbon Analyzer.

To determine heavy metals, samples were oven-
dried at 60˚C for 4 d, lightly ground in an agate mor-
tar for homogenization, sieved to pass <63 μm (metals
are most often associated with small grains) [4]. The
dry samples were digested with HNO3–H2O2–HCl
according to US EPA method 3050B (US EPA, 1999)
and the digestate made up to volume with Milli-Q
deionized (DI) water (18 MΩ). Afterwards, the digests
were analysed for the amount of Zn, Cu, Cr, Cd, Pb
and Fe by inductively coupled plasma-atomic emis-
sion spectrometry (ICP-AES) in triplicate (US EPA,
1996). The instrument was equipped with a cross flow

nebulizer and a glass spray chamber. The detection
limits (mg/L) were 0.007 for Zn, 0.004 for Cu, 0.006
for Cr, 0.007 for Cd, 0.035 for Pb and 0.013 for Fe.
Analytical procedures were described in details [9].
Data reported in this study were calculated on dry
weight basis.

Hydrocarbon compounds were extracted by a
Soxhlet extractor for sediments (8 h). An amount of
5 g of samples, previously freeze-dried, blended and
homogenized, were extracted using 250 ml of dichlor-
omethane/methanol (70:30). In case of non-filtered
water sample, a liquid/liquid extraction by chloroform
from a volume of 10 l was employed. Two internal
standards (C18 and 9, 10 dihydroanthracene) were
added to the samples to determine the recoveries dur-
ing the analytical procedure. The extracts were puri-
fied and separated into nonaromatic hydrocarbons
(NAH) and polycyclic aromatic hydrocarbons (PAH)
using chromatographic column on neutral alumina/
silica for sediments and waters. The silica and alu-
mina, previously cleaned with methanol and hexane
for 8 h, were reactivated at 140˚C for 2 h and partially
deactivated with 5% of water. The chromatography

Fig. 1. Map of the coast of Sfax showing sampling locations.
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column was prepared with 0.4 g of silica (100–200 mm
in mesh), and kept in suspension in hexane. Elution
was performed using hexane (3 ml) and toluene/
dichloromethane (9:1) for NAH and PAH, respec-
tively. The NAH fraction was analysed by gas chro-
matography using an HP AGILENT 6,890 series
chromatograph, equipped with a flame ionisation
detector and a capillary column (30 m × 0.25 mm). The
column temperature was programmed from 60˚C to
290˚C with a heating ratio of 3˚C/min. The maximal
temperature (290˚C) was maintained for 15 min.
Helium served as a vector gas at a flow rate of 2 ml/
min, whereas nitrogen was used as a carrier gas. Stan-
dard reference materials certified by the International
Atomic Energy Agency were used for comparisons.
The fluorescence spectra of PAH were measured by a
spectrofluorimeter (Perkin Elmer, type L. S30).

For the different hydrocarbons, the detection limits
ranged from 0.1 to 0.5 ng g−1. Instrumental repro-
ducibility, evaluated from samples Ouady Ezzit and
Sidi Mansour, was on average ±10%. All the concen-
tration values, given in μg g−1 (AHs) sediment dry
weight (sed. dw), were blank—and recovery-corrected.

3. Results

3.1. Physicochemical, biochemical and geochemical analyses

The physicochemical, biochemical and geochemical
analyses performed on the water and sediment sam-
ples from the various sites and leachate samples from
various discharge points revealed the presence of
highly significant pollution load. In fact, most of the
effluents discharged through the various river mouths
into the coastal waters were released without prelimi-
nary or adequate treatments. The values recorded for
the various parameters under investigation are pre-
sented in Tables 1 and 2.

The temperature values recorded for the liquid
discharges ranged between 15 and 25˚C, largely
depending on climate and air temperature. The pH
values were relatively normal, ranging from 7 to 8.5
because station selected were near effluents rejected.
High EC values were detected, particularly for the
effluents at the Boudriere PK4 site. The average EC
rates ranged between 65,000 and 20,000 μs/cm. The
EC values registered for the PK4 and Sidi salem canals
were 55,000–62,000 μs/cm, respectively, whereas for
the other sites EC values did not generally exceed
50 μs/cm.

For TSM, which refer to the solid matters retained
by filtration or centrifugation and may be linked to
terrestrial pollution, such as domestic and industrial
wastes, the different effluents showed considerable

load that varied between 50 and 3,535 mg/L and
exceeded 1,000 mg/L in large agglomerations. At the
PK4, Maou and Sidi Salem canals, the values recorded
for TSM were 2,495, 2015 and 3,535 mg/L, respectively
(Table 1).

The determination of biochemical parameters, par-
ticularly DO, COD and BOD5 is necessary to deter-
mine the water quantity and quality of water bodies
exposed to urban and industrial wastes. These param-
eters are interrelated in such a way that, for instance,
total oxygen demand depletes DO, and that the COD
and BOD5 translate the rate of total oxidizable matter.
The values of DO contents, which play a key role in
the maintenance of aquatic life and regulation of self-
purification processes, were often very low, fluctuating
between 0 and 2.95 mg/L, except for the Sidi Salem
canal, Sfax harbour and PK4 canal, where DO rates of
7.5,10 and 6.5 mg/L were recorded, respectively.
Lower rates of oxygenated waters were detected for
Sidi Mansour, Canal Ouady Ezzit and Thyna, with
DO values of 2.25, 2 and 0.75 mg/L, respectively
(Table 1).

The BOD5 content, which corresponds to the quan-
tity of oxygen consumed during the biological decom-
position processes of organic (vegetable or animal)
and inorganic (sulphide, salts, ferrous, etc.) matters in
a water sample is a function of pollution degree. The
average values measured at the different river mouths
and harbours ranged from 10 to 300 mg/L. The most
important values were recorded in Sidi Mansour, Sfax
harbour and Canal Ouad Maou, with average values
(mg/L) of 200, 190 and 300, respectively (Table 1).

The COD content, which represents the quantity of
oxygen consumed during chemical decomposition
processes of organic matters, showed average values
of up to 1,050 mg/L. The highest COD values were
recorded in Sidi Mansour, Thyna, Sidi Salem canal
and Sfax harbour, with 500, 725, 600 and 1,050 mg/L,
respectively.

3.2. Geochemical analyses

The TOC, reflecting the accumulated and pre-
served organic matter rate, was determined in the
samples of the superficial sediments along the canals
under investigation. The TOC values are reported as
percentage of the total dry weight of the fine fraction
(lower than 63 μm). The TOC contents recorded at the
Sidi Mansour, sfax harbour and Thyna canals ranged
from 2.75 to 8% (Table 2).

High total hydrocarbon concentrations were
recorded at the different sites under investigation, rang-
ing between 8 and 65 mg/L. The highest hydrocarbon
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concentrations were detected at the sfax Harbour, PK4,
Ouady Ezzit and Sidi Salem, with 65, 41, 38 and 35 mg/
L, respectively. At the other sites, hydrocarbon concen-
trations ranged from 8 to 29 mg/L. The total hydrocar-
bons recorded for the sediment samples collected from
river mouths were also significant. The values ranged
between 209.5 and 1,027 μg/g dry weight (dw). The
results revealed that hydrocarbon concentrations (mg/
g dw) of 528.1 were recorded at Sidi Mansour, 276.25 at
canal Ouady Ezzit, 418.5 at Canal PK4, 209.5 at canal
Ouady Maou, and 839 at canal Sidi Salem (Table 2).

Several chemical substances can cause the degrada-
tion of water quality, including heavy metals. The
findings revealed that the water samples collected
from the various river mouths and canals displayed
various concentrations of toxic trace elements (Pb, Zn,

Cu, Cr, Ni and Cd) with harmful effects on the envi-
ronment (Table 2).

The findings indicated the presence of high Pb
concentrations (mg/l) of 125.2, 25.8 and 20.2 at the
PK4, Sidi Salem and Sfax Harbour canals, respectively.
The Pb values recorded at the other sites values ran-
ged between 1.1 and 16 mg/L. The Zn concentrations
were generally low and fluctuated between 10 and
282 mg/l. The highest levels were detected at Canal
Sidi Salem (281.9), Canal PK4 (270.1) and Sfax harbour
(207.7). The copper content showed a maximum con-
centration of 81.4 mg/L at Canal Sidi Salem. The high-
est Cr concentrations were detected at canal Ouady
Ezzit (196.9), Canal Sidi Salem (185.8), with the other
sites showing Cr concentrations of less than 22 mg/L.
Furthermore, the highest rates Ni content were

Table 1
Biochemical and geochemical data of water samples from harbours and the most important effluent of the Sfax-Tunisian
Mediterranean coasts, TSM: total suspended matters, DO: dissolved oxygen, BOD5: biochemical demand in oxygen and
COD: chemical demand in oxygen

Samples
Physicochemical parameters (water samples)

TSM (mg/l) DO (mg/l) BOD5 (mg/l) COD (mg/l)

Sidi Mansour S1 2,495 ± 391.92 2.25 200 ± 44.9 500 ± 93.90
Canal ouady ezzit S2 2,015 ± 563.38 2 115 ± 48.99 350 ± 69.40
Canal PK4 S3 1,350 ± 81.65 6.5 120 ± 65.32 395 ± 73.84
Sfax Harbour S4 635 ± 110.23 10 190 ± 20.41 1,050 ± 134.72
Canal Sidi Salem S5 500 ± 75 7.5 25 ± 10 550 ± 205
Canal Ouady Maou S6 365 ± 28.58 5.9 300 ± 93.90 600 ± 285.77
Canal SIAPE ONAS S7 4,350 ± 510 10.5 130 ± 35.42 595 ± 83.5
Thyna S8 3,535 ± 432.74 0.75 42.5 ± 7.5 725 ± 61.24

Table 2
Geochemical data of water and sediment samples from harbours and the most important effluent of the Sfax-Tunisian
Mediterranean coasts, TOC: total organic carbon, THC: total hydrocarbons and (Pb, Cu, Zn, Cd, Cr and Ni): Heavy met-
als (the underlined values are of Blinda (2007) and the values in bold type are of Bloundi (2005))

Samples

Geochemical parameters (sediment samples)

TOC (%)

THC (ppm) Heavy metals (mg/l)

Eau Sediment
%Extract of
Hc in TOC Pb Cu Zn Cd Cr Ni

Sidi Mansour S1 2.25 29 ± 1.6 528.1 23.5 1.2 9.2 26.9 0.800 20.9 17.4
Canal ouady ezzit S2 4 38 ± 4.08 276.25 6.90 11 6.3 41.6 1.9 196.9 15.2
Canal PK4 S3 6.7 41 ± 3.27 418.5 54 125.2 8.1 270.1 6.8 21.3 19.24
Sfax Harbour S4 8 65 ± 4.08 1,027 34.66 20.2 2.6 207.7 36 1.6 10.5
Canal Sidi salem S5 7.8 35 ± 0 839 28.3 25.8 81.4 281.9 20.5 185.8 10.85
Canal Ouady Maou S6 2.75 17 ± 3.27 209.5 8.95 16 10 61 4 15.5 7
Canal SIAPE ONAS S7 6.8 35 ± 0 549 18.4 23.5 31.4 181.2 23.5 125.3 16.75
Thyna S8 3.5 8 ± 0.4 234 7.9 1 9 10.9 0.7 2.9 1.4
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recorded at Canal PK4, Sidi Mansour and canal
Ouady Ezzit, with concentrations of 19.24, 17.4 and
15.2 mg/L, respectively. At the other sites, Ni concen-
trations did not exceed 11 mg/L. As for Cd content,
the highest concentrations were recorded for the Sfax
Harbour and Sidi Salem Canal, corresponding to 36,
20.5 mg/L, respectively (Table 2).

4. Discussion

The results obtained were analysed in terms of
flow rate expressed by the gross load of effluent in
(mg/L) and compared to the standard limits of the
Tunisian project on certain substances discharged into
the aquatic environment (surface water, etc.). The
results showed the extent of pollution flows released
at sea by the large cities on the Tunisian Mediter-
ranean coast. The wastewaters discharged from the
urban and industrial facilities into the river mouths
and coastal waters of the Mediterranean basin without
preliminary or inadequate treatment were character-
ized by significant organic and mineral loads. The
comparison of physicochemical (BOD5, COD, DO and
TSM) and geochemical (heavy metals and hydrocar-
bons) variables of the sample water, sediment and lea-
chate samples with standard reference values
confirmed the bad water quality of the sites under
investigation. The waters discharged into the coastal
sites were noted to display high TSM loads. The TSM
contents are of mineral or organic nature, together
with several other chemical pollutants. These TSM cre-
ate conditions favourable for pathogenic bacteria spe-
cies that might affect the marine ecosystem. The Sfax
harbour was, for instance, noted to display a high bac-
terial load of about 105/ml and high quantities of fae-
cal coliforms that exceeded 103/100 ml.

The monitoring of the bacteriological quality of
coastal waters of the Mediterranean basin allowed to
conclude that some areas are subject to marked rates
of contamination due to the accumulation of heavy
metals in the soil and water bodies as a result of
heavy rain, run off and leaching events, especially
during spring period. Increasing turbidity and TSM
may alter various physical and chemical properties of
water, thus inhibiting photosynthesis and, conse-
quently, the oxygenation and respiration in the
medium.

The EC values recorded at the studied sites
reflected the high mineralization degree of urban
water compared to the established standard limits
[10]. The salinity rate was also significantly important.
A clear correlation was observed between the

concentrations of major ions responsible for the salin-
ity of sewage and electrical conductivity.

The nitrogen presence in wastewater can be
organic or mineral. The organic nitrogen is mainly a
constituent of proteins, polypeptides, amino-acids and
urea. The mineral nitrogen which includes ammonium
(NHþ

4 ), nitrites (NO�
2 ) and nitrates (NO3) constitutes

the major part of total nitrogen. The nitrate concentra-
tions recorded in the water samples showed a maxi-
mum of 6.95 mg/L, thus remaining lower than the
standard values. The low nitrite concentration
detected in the wastewater of the studied effluents
could be explained by the fact that the nitrite ion
(NO�

2 ) is an intermediate compound, unstable in the
presence of oxygen, whose concentration is usually
much lower than that of the two forms that are linked,
namely nitrate and ammonium ions [6].

The results also revealed high loads of organic pol-
lution. The BOD5 and COD values reached 300 mg/L
and 1,050 mg/L, respectively, far exceeding the per-
mitted limits (Fig. 2(b)). The total oxidizable matter,
representing the total amount of BOD5 and COD drain
in the sea exceeded 1,360 mg/L. The limit values are
10 and 40 mg/L, respectively. Low total DO rates were
also observed, fluctuating between 0 and 2.95 mg/L,
except for some oueds. This reflected a tendency of dif-
ferent media to anoxia, which was further confirmed
by the important organic matter accumulation rates. In
fact, high TOC values were recorded, ranging between
5 and 8% of dry weight, which promotes redox condi-
tions favourable for the accumulation and preservation
of organic matter. This high organic matter content can
be explained by the high load of municipal biodegrad-
able matter discharges that can contain up to 55% of
organic matter [11].

In the absence of free oxygen, reactions of organic
matter degradation starts, initially by the intervention
of anaerobic nitrate and sulphate-reducing bacteria. In
the ultimate stage, degradation takes place by metha-
nogenic bacteria that produce CH4 from the CO2

reduction or by attacking acetates or methanol, which
explained the presence of unpleasant smells at the
shores of the effluents.

The COD/BOD5 ratios at the effluents in large
agglomerations marked by intense industrial activity,
such as Sidi Mansour, Thyna and Sfax harbour, were
higher than 2.5, thus reflecting the predominant effects
of effluent discharges from industrial origin. Overall,
the contribution of industry to the effluent discharges
in the coastal waters is estimated to attain 55% [12].
The ratio indicates the presence of industrial effluents
loaded with non-biodegradable substances [8,13].
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Micropolluants from diverse origins contaminate
water, sediments and organisms living in the medium.
They are present in the different forms (aqueous, solid
and biotic) and different chemical structures. Microele-
ments and heavy metals, such as copper and zinc, are
essential for the functioning of all living organisms at
certain concentrations beyond which they become
toxic [14]. Some other metals (mercury, lead and cad-
mium) and organic microelements are toxic even at
very low concentrations. The results revealed the
water samples from the studies sites were highly
charged in hydrocarbons fractions, far exceeding the
accepted standard limit of 1 mg/L. The flows of pollu-

tion discharges drained into the Tunisian Mediter-
ranean coasts were high, reaching 270 mg/L at the
Sfax harbour. The total hydrocarbon content released
into the coast exceeded 1,000 μg/g. This high level of
hydrocarbon contamination could be explained by the
presence of small ports, fishing communities and
small villages on the coastline. The sediments, which
represent a large reservoir that provides information
on the geochemical cycle of elements [15] showed high
amounts of hydrocarbons ranging from 295 to
1,027 μg/g. Expressed as a TOC percentages, hydro-
carbons represented 8–54% of TOC and exceeded the
quantities usually extracted from the recent immature

Fig. 2. The TSM quantities and The total oxydable matters (expressed in mg/L) discharged at the Sfax-Tunisia Mediter-
ranean coastline.
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sediments that generally have a maximum of 3% of
TOC, corresponding to free hydrocarbons inherited
from original biomass [16]. This reflects the contami-
nation of the sites under investigation by allochtho-
nous hydrocarbons corresponding to pollution
products from industrial units and dumps [17].

The qualitative analysis confirmed the origin of
petroleum hydrocarbon compounds, with the oil frac-
tion collected from the effluent being predominantly
composed by polar material. Light hydrocarbons
migrate more easily, at the expense of polar com-
pounds which, owing to their functional groupings,
remain attached to the mineral matrix by adsorption
[18,19]. The composition of the hydrocarbons of the
sediment samples taken from the coast was dominated
by the fraction of light compounds, which reached up
to 70%. In fact, the hydrocarbons rates identified in
samples of superficial sediment, water and benthic

organisms with marked filtering ability collected from
different sites in the Tunisian Mediterranean coasts
(Sfax—Thyna) showed important levels of contamina-
tion [20,21]. The Sfax harbour, Thyna and Sidi Man-
sour represented the zones most exposed to urban
and industrial discharges. The contamination rates
corresponding to NAHs and PAHs were significantly
higher than the allowed standards values. Qualitative
analyses, made by gas chromatography-mass
spectrometry (GC-MS) and estimated geochemical
parameters (Pr/Ph, CPI, UCM/NA), allowed to con-
clude that the origin of hydrocarbons could be linked
to petrogenic inputs attesting to oil contamination
(Figs. 3a–3c) [20].

Some heavy metals appeared to make part of
chemical substances that could be at the origin of
water quality degradation. In aquatic ecosystems, the
concentrations of trace elements depend on the TSM.
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Fig. 3b. Gas chromatogram of saturated and unsaturated non aromatic hydrocarbons from sediment at PK4 canal site
(mouth). The n-alkanes distribution is designated as C17–C35.
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24772 H. Zaghden et al. / Desalination and Water Treatment 57 (2016) 24765–24777



In fact, the TSM content drained into the coast were
important in quantity (more than 4,350 mg/L of TSM
in total). Those materials clearly contained heavy met-
als. The trace element concentrations also depend on
the pH. Thus, for instance, copper trapped by the par-
ticulate phase is desorbed with acid pH; it becomes
labile and bioavailable to aquatic life. The contrary
effect occurs at high pH, where the dissolved copper
is associated with the particulate phase [22].

The results revealed significant rates of metal pol-
lution, represented by heavy loads of lead, cadmium,
chromium and nickel which, in certain sites, were pre-
sent at alarming concentrations and far exceeded the
standard limits. The heavy metal accumulations
expressed in mg/L reached 125 for Pb, 23 for Cd, 196
for Cr and 19.2 for Ni. For Cu and Zn concentrations,
the values amounted to 81 and 270, respectively
(Fig. 4). Those heavy metals came from various
anthropogenic and industrial sources, including
municipal and industrial effluents and inputs from
rural areas (pesticides), or atmospheric sources, such
as fuel combustion. Heavy metals are distinguished
from other chemical pollutants by their low
biodegradability and high bio-accumulative capacity
along the food chain. They enter various compart-
ments of the aquatic ecosystem (water, suspended
matter, fish) and accumulate in several food chains,
causing significant environmental and health problems
[23–25]. Living beings that inhabit these environments
and organisms including bivalves are endowed with a
great filtration potential and are generally exposed to
metal pollution. This explains why even at concentra-
tions not exceeding the established standard values,

certain metals can pose serious effects on natural
ecosystems [9].

Compared to some countries in the Mediterranean
basin, the Rhone river (France) has been reported to
be subject to important anthropogenic pressure in
terms of pollution and physical disturbances, thus dis-
playing high chemical contamination by persistent ele-
ments (hydrocarbons, heavy metals and organic
micropollutants) presenting harmful threats to the
marine environment and its living organisms [26]. The
situation in Algeria has been reported to be even
worse, with the waters of the Tafna and Mouillah
oueds, serving the Oran city via the Hammam Bough-
rara dam, being confronted to intense pollution loads
from urban, agricultural and industrial activities.

The study of physicochemical parameters is impor-
tant to obtain accurate data on the seawater quality.
The pH is one of the most important factors in the
coastal ecosystems. In fact, several biological activities
can occur only within a narrow pH range. The wide
variety of aquatic animals prefers pH values ranging
between 6.5 and 8. Accordingly, the pH values
recorded for the sites under investigation were within
the accepted range. The water temperature controls
the rate of all chemical reactions, and affects fish
growth, reproduction and immunity. The results indi-
cated that the surface water temperature was gov-
erned by atmospheric temperature.

Furthermore, the samples were rich in Na, Ca, Mg
and K minerals, which could explain the important
EC and, hence, salinity values recorded at the studied
sites. In fact, salinity is quantified as the total concen-
tration of soluble salts and is expressed in terms of
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Fig. 3c. Gas chromatogram of saturated and unsaturated non aromatic hydrocarbons from sediment at Sfax harbor
(mouth). The n-alkanes distribution is designated as C17–C35.
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electrical conductivity. Salinity refers to the presence
of dissolved inorganic ions, such as Mg++, Ca++, K+,
Na+, Cl−, SO2�

4 , HCO�
3 and CO2�

3 , in the aqueous
solution.

The minimal concentration of heavy metals
reported for water quality criteria (WQC, 1972) are
50 μg/L for Fe; 20 μg/L for Zn; 10 μg/L for Cu and
2 μg/L for Ni. The results indicated the accumulation
of heavy metals in the water samples. This contamina-
tion could be attributed to industrial effluents, fishing
activities, ship traffic and inputs from municipal
wastewater.

The TOC can be considered as a direct indicator on
the extent, type and origin of organic contamination in

seawater. The results showed that the organic carbon
values were higher than the inorganic carbon values.
The BOD5 and COD values are also important indica-
tors of organic load in water according to reference
standards (NT106, 1989). If COD/BOD are higher than
2, then there is recalcitrant chemical pollution that
couldn’t be efficiently treated with biological methods.
The results revealed that the COD/BOD, particularly in
the Harbour of Sfax, were higher than 2, thus indicating
the high degree of chemical pollution in this area. The
findings also indicated that most of the organic matter
in the water samples from this site was biodegradable.
Those heavy loads of chemical pollution could be due
to industrial effluents and intense fishing and maritime

Fig. 4. The heavy metals’ flows (expressed in mg/L) discharged at the Sfax-Tunisa Mediterranean coastline.
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traffic which generate various pollutants such as hydro-
carbons. In fact, the GC/MS data indicated the presence
of a large group of hydrocarbons, including n-alkanes
from C12 to C25 as well as individual isoprenoid hydro-
carbons, pristane and phytane, thus suggesting the sea-
water at the harbour of Sfax exhibited petroleum
contamination. The pristane (2,6,10,14-tetramethylpen-
tadecane, Pr) and phytane (2,6,10,14-tetramethylhex-
adecane, Ph) hydrocarbons are common isoprenoids
detected in coastal marine sediments (pristane phytane
turkey). They are commonly present in most petroleum
media, usually as the major constituents among a much
wider distribution of isoprenoid alkanes. Therefore,
they are often considered as good indicators of petro-
leum contamination [27,28].

The contamination sources of coastal sediments
from the region of Sfax have been extensively investi-
gated during the last few decades [29]. Louati et al.
reported that the hydrocarbon concentrations are
relatively high in the coastal area of the city of Sfax
compared to other coastal Mediterranean sites. The
impact of this hydrocarbon contamination has become
significant in areas of harbour activities, where the
concentration of total petroleum hydrocarbons reached
772 μg g−1 and total of PAHs amounted to 11 μg g−1

[27].
The region receives hydrocarbons from several ori-

gins, such as fisheries activities, ship traffic, inputs
associated with municipal and industrial sewage
waters, especially from crude oil storage and phospho-
gypsum stockpiles at the coast.

The physicochemical characterization of the sam-
ples showed a heavy contamination by organic and
inorganic micropollutants. These are among the most
toxic compounds due to their low biodegradation, and
they represent excellent indicators of urban and indus-
trial pollution [30]. Their presence requires regular
monitoring, preventive measures and stringent provi-
sions that ban their discharge along the coast of Sfax.
The increasing of anthropogenic and industrial activi-
ties with organic contamination represents the most
serious sources for the deteriorating water quality.

The permanent threats to coastal and marine envi-
ronments and their detrimental effects on natural
habitats and ecosystems call for vigilance, planning
and commitment to preserve aquatic environment and
ensure the sustainability of its resources. In fact, sev-
eral measures have been taken in the Tunisian context
to achieve those purposes. The currently available reg-
ulatory documents are, however, characterized by a
multitude of fragmented texts with little focus and
poor coordination. State agencies seem to have given
priority to installations with economic impact where
the need for coherent integrated management is

needed. Local authorities have opted for the installa-
tion of sewage treatment plants to control the wastew-
ater flows drained into the coastline. The stations have
different process performances and removal efficien-
cies. The wastewater treatment facility of South Sfax
has, for instance, a limited drawdown rate of 30%.
The treated wastewater is discharged at sea via a 3-
km-long emissary submarine outfall. The discharged
water is still loaded in various contaminants (hydro-
carbons, heavy metals and toxic elements). The self-
purification ability of the sea on which the authorities
rely for additional treatment is not sufficient. In fact,
the flows of TSM, oxidizable matter, hydrocarbons
and heavy metals discharged into the coast are high,
constituting a serious problem for the health and sta-
bility of the Mediterranean ecosystem and its biota.
The need to draft a comprehensive authoritative legal
text for the protection, management and control of the
Tunisian coastline has become more urgent than ever
before. This is consistent with the current gradual
efforts in Tunisia to adapt its national environmental
rules and bilateral, multilateral and regional
agreements so as to match them with its international
commitments. These efforts have been further
enhanced by international engagements that involve
participation in specific programs, particularly in the
Mediterranean. These programs often result in the
implementation of resolutions and recommendations
targeted to implement a rigorous policy of sustainable
development of marine and coastal environments
[5,14].

5. Conclusion

The results from the physicochemical, biochemical
and geochemical analyses of water, sediment and lea-
chate samples for various harbours along the Tunisian
Mediterranean coastline revealed that the pollution
flow released into the sea from anthropogenic and
industrial activities in the region is alarming. Those
loaded waters are discharged into the sea via various
channels, including river mouths and canals, without
adequate or preliminary treatment.

The results indicated that the wastewaters released
into the sea are loaded with TSM, reaching a value of
4,350 mg/L and, hence, far exceeding the established
standard limits. The organic load was also significant.
The COD and BOD5 values were far above the permit-
ted limits, reaching 300 mg/L and 1,050 mg/L, respec-
tively, thus reflecting that the discharges had a
predominantly industrial origin. The total oxidizable
matters, representing the amount of BOD5 and COD,
released into the sea exceeded 1,360 mg/L. The DO
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rates were also low, fluctuating between 0 and
2.95 mg/L, except for some oueds. This reflected the
tendency of different media towards anoxic conditions.

High hydrocarbon loads were also observed, tak-
ing several small ports, fishing zones and small vil-
lages along the coastline into account. Significant rates
of metal pollution were also recorded, represented by
heavy and intolerable loads of lead, cadmium, chro-
mium and nickel, which, in some places, were present
at high concentrations that far exceeded the standard
limits. Considering the serious impacts of the organic
and mineral contamination of the Tunisian Mediter-
ranean coastline, further state and public efforts are
needed to protect the Mediterranean ecosystem and
its habitat.
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Pb, Hg) et les hydrocarbures totaux dans les sédi-
ments superficiels de la frange cotière du golfe de
Gabès, 2006.

[15] S.N. Luoma, Bioavailability of trace metals to aquatic
organisms—A review, Sci. Total Environ. 28(1–3)
(1983) 1–22.

[16] X. Durrieu de Madron, C. Guieu, R. Sempéré, P.
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P.-L. Merle, C. Migon, W.L. Miller, L. Mortier, B.
Mostajir, L. Mousseau, T. Moutin, J. Para, T. Pérez, A.
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