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RESUME
Evaluation des éléments de trace dans les sédiments surface du golfe du Hammamet (Tunisie, mer
Méditerranée) : Les métaux dans les sédiments constituent une esoumportante de pollution de
I'environnement marin. Les métaux traces et legoedléments dans les sédiments de surface du delfe
Hammamet (Tunisie) ont été évalués afin de détenmieurs niveaux et leur distribution spatiale aison de
l'urbanisation, du développement économique eistigue de cette région.Vingt stations ont été pectées et
les échantillons de sédiments recueillis ont édyaRs par Spectrophotométrie d'Absorption Atomi(faieA).
Les fourchettes des concentrations mesurées darsgdéments étaient les suivantes: 0,19-1,86 thglkar le
cadmium, 47,6-150,2 mg.Rgpour le plomb, 0,23-0,46 mg.kgpour le mercure, 1,80-30,42 mgkgour le
cuivre, 287 -713 mg.kgpour Zn, 3-26 g.k§ pour Fe, 86-374 mg.Kgpour Mn, 11-18 g.k§ pour Mg, 61-160
g.kg® pour Na, 8-109 g.kgpour le Ca, 4-19 g.kbpour K.

Les résultats ont montré une corrélation signifieaentre Cu, Pb et Zn, indiquant qu'ils y avaiées sources
anthropiques et naturelles communes. La distribuspatiale des métaux dans les sédiments du gelfe d
Hammamet montre que le niveau de métaux dans htiepaentrale et sud-est du golfe est relativergémié
pour certains métaux (a savoir le Pb, le Zn). Cattetamination dépend principalement de sourcés@pigues

et d'activités pétrochimiques. . Les concentratid@snétaux en traces dans la zone étudiée étaimarables
aux niveaux enregistrés dans différents autresyst&rmes méditerranéens. Une surveillance constiitétre
menée car le niveau de métaux lourds peut augmemer I'implantation d'industries dans le golfe de
Hammamet.

Mots Clés: Contaminant, Golfe de Hammamet, Sédiments maridsaik traces.

ABSTRACT
Metals in sediment constitute a significant sowtenvironmental pollution. Trace metals and olgements in
surface sediments from Hammamet gulf (Tunisia) wassessed in order to evaluate their levels antdakpa
distribution due to urbanization, economic and itir development of this region. Twenty stationsrev
prospected and the collected sediment samples avelyzed by Atomic Absorption Spectrophotometrye Th
ranges of the measured concentrations in the setimeere as follows: 0.19-1.86 mgképr Cd, 47.6-150.2
mg.kg" for Pb, 0.23-0.46 mg.Kgfor Hg, 1.80-30.42 mg.kbfor Cu, 287-713 mgk{for Zn, 3-26 gkd for Fe,
86-374 mgkg for Mn, 11-18 gkg for Mg, 61-160 g.kg for Na, 8-109 g.k{ for Ca, 4-19 g.kg for K. The
results showed significant correlation between Rluand Zn, indicating that they have common antbhgepic
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and natural sources. The spatial distribution ofafsein sediments of Hammamet gulf shows that éwell of
metals in the central and south eastern parts eofgthif is relatively high by some metals (i.e. 2ln).This
contamination is depending mainly on anthropogesigrces and petrochemical activities. Concentratioi
trace metals in the studied area was comparablthdolevels recorded in different other Mediterranea
ecosystems. A constant monitoring should be coedusince the level of heavy metals may increase as
industries are established in Hammamet Guilf.

Keywords Contaminant, Hammamet Gulf, Marine Sediments, Heagtals.

INTRODUCTION area. The intense urban, industrial and tourist
activities are considered as sources of inorganic,
Due to their environmental persistence andorganic and bacterium pollution in the Gulf.
biogeochemical cycles and ecological risks, metalsHowever, quantitative studies related to pollutior
are of particular concern worldwide (Liu et al.03)  assessment of metal concentrations in the sediments
Gonzalez-Marcias et al., 2006). Marine sedimentsof the gulf of Hammamet area are very few (Patriata
have often been regarded as the ultimate reseioir et al., 2003; Mahjoub et al., 2009).
trace metals in the coastal environment (Sin et al. The main objective of this study was to identify th
2001; Hong Kong, 2006; Petronio et al., 2012). &rac dispersion pathways and repository areas of natural
metals are stable and persistent environmentahnd anthropogenic inputs through a large-scale
contaminants since they cannot be biodegraded omapping of the geochemical properties in surficial
destroyed. Therefore, they tend to accumulate én th sediments of the Gulf of Hammamet. The elements
soils and sediments. Excessive levels of metals irinvestigated are metals and oligo-elements (Cd, Pb,
sediments affect marine biota and pose risk to mumaHg, Cu, Zn, Fe, Mn, Ca, Mg, Na and K); total organi
health through the consumption of seafood (Mucha ecarbon [TOC] and carbonate contents were also
al., 2003; Zhang et al., 2007). Sediments analysiconsidered in order to improve the understanding of
play a crucial role in assessing the degree ofetrac geochemical and sedimentological factors that yikel
metal pollution and the resulting health risk control the elemental distributions.
associated with the food chain.
The spatial distribution of trace metals in marine MATERIALS AND METHODS
sediments is of major importance in clarifying the
pollution history of aquatic systems (Birch et al., Sediment samples from to the gulf of Hammamet
2001; Rubio et al., 2001; Ajibola and Ladipo, 2011; were collected using a research boat «Hannibal»
Amano et al.,, 2011) and assessing the degree dfvessel of Institut National des Sciences et
contamination and the resulting impact on the foodTechniques de la Mer , Tunisia) during 2008.
chain (Baby et al., 2010; Osasona et al., 2011)sTh Sampling stations (n=20) were chosen to provide a
sediments are the main repository and source oétra good area coverage (Figure 1). Sampling depth
metals in the marine environment and play anranged from 45 m to 215 m. Surface sediments were
important role in the transport and storage ofcollected by a Van Veen grab (surface area is about
potentially hazardous metals (Guevara et al., 20050.1 nf) whose penetration was typically 10-20 cm.
Diaz et al., 2011). For sampling, we selected only the uppermost of
With the rapid industrialization, touristic and sediment with plastic spoon and transferred to
economic development in Hammamet region, inpolyethylene bags. Sediments were stored
addition to run-off during rainy periods, ship amht  immediately in a freezer (-2@) until analysis.
traffic, oil transportation, oil spillage and atrpberic  Following freezing, samples were lyophilized and
fallout, trace metals are continuing to be intraghlic  sieved through vibrating stainless sieves with mesh
to estuarine and coastal environment through riverssizes of 2 mm to 63 um. The fine fraction (<63 pum)
When metals enter into the marine environment, mostvas collected and analyzed. This fraction of
of them will settle down and be incorporated into sediments was used because it contains higher
sediments (O’'Connor et al., 2009). concentrations of mineral elements than the sand
The Gulf of Hammamet is a large gulf situated in fraction. In fact, metals are most often associatit
northeastern Tunisia and occupied a privilegesmall grains (Morillo et al., 2004) and traditiolyal
position (Ben Romdhane et al., 2006) between twothe fine-grained fraction of the sediment has been
basins Occidental and Oriental Mediterranean §ea. | used to examine metal contamination in sediment.
coast joins Cap RasMaamour (Extreme north of Caprhe clay fraction is known to be the most important
Bon) to Mahdia (Figure 1). It's formed by many substrate for metal attachment and metal
sandy beaches separated by rockies points. Theoncentrations tend to increase from sand to silt.
mainly important river is OuedHamdoun which Authors reported that metal adsorption capacity was
diverse water in the Gulf of Hammamet and in the order of sand<silt<clay, due to increases in
represents the main source of contamination of thissurface areas.
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Total Organic Carbon (TOC) and total nitrogen (TN) sediment was determined by digesting the dried
were determined in these sediment samples by meansamples (0.2 g) with a mixture of concentratedaitr
of a CHNS elemental analyzer. The subsamples for acid (HNG;, (5 ml) and fluorhydric acid (HF) (2 ml)
TOC were decarbonated using 1M Hydrochloric acid in a microwave oven (Milestone model Ethos) at
(HCI) and dried at 60 °C. The total element content 1.000 W during 20 min
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Figure 1:Study area and sampling stations in the Gulf ahfemet (Tunisia).

After digestion samples were diluted with Milli-Q (International Atomic Energy Agency, Monaco).
water, 0.8 g of boric acid @BO;) was added. For Analytical results indicate a good agreement betwee
control quality, Certified Reference Material (CRM) the certified and measured values and metals
and blanks were included in the set of samples taecovery (95%) being practically complete for most
check the precision and accuracy of the analysis. Wthem (Table I).

used a CRM marine sediment |AEA-405

Table I: Mean and standard deviation (mgRaf data for reference material (IAEA 405).

Element Certified value  Measured value
Cd 0.73+0.05 0.78 +0.11
Pb 748+2.2 74.59 +5.38
Hg 0.81+0.04 0.82 +0.07
Cu 477+1.2 4651 +6
Zn 2797 275+ 20

Fe 37400 + 700 37045 + 1645
Mn 495+ 11 486 + 65
Mg 12300 £ 900 11552 + 1557
Ca 20833 + 4067 23643 +5302
Na 17540 % 3551 20320 + 4360
K 24900 + 7200 23778 + 3955

The concentrations of Cd,
determined by

atomic

Pb and Cu were
absorption

total mercury, the technique of cold vapor was used,
employing a flow injection vapour generator (VGA-

spectrophotometry (AAS) with graphite furnace with
Zeeman correction (Varian 220 Z). Fe, Zn, Mg, Mn, K,
Na and Ca were measured by the flame AAS (Varian
AA-10) equipped with an air—acetylene flame
(acetylene flow 1.5 | min-1). For the determination of

77) system, coupled to a spectrophotometer (Varian

AA 10) using a reducing solution of SnCl, in HCI.

All results were used for the establishment of igpat
distribution maps of the elements in surface
sediments with the Surfer software package.
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Statistical analysis of data and the Principalfine particle was found. TOC showed a similar sgati
Component Analysis (PCA) were used to 20 sampledlistribution (Figure 2).

studied in order to understand the distribution esod The percentage of fine grain size (63 um) in the
of the different elements and discriminate the different stations forming more than 50% of the
different sources of input. Data reportedin thisdgt = sediment was found in most stations. The distrisuti

are calculated as dry weight. is slightly associated with the areas bathymetrg an
geomorphology and it's controlled by the physical
RESULTS transport of sediment. The sediments were dominated

by sand fractions, extending from the large of Mahd
The average and range of TOC are 1.43+0.75 and>70%).
0.06-2.71%. For TN, a concentration of 0.01% in the
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Figure 2:Spatial distribution of total organic carbon carie(TOC) (%) in surficial sediments of the Gulf of
Hammamet Tunisia (Mediterranean Sea).

The distribution of global mean concentrations of particularly;its concentration increased in the thou
trace metals (Cd, Pb, Hg) and oligo-elements (Mg,east of the gulf (Figure 4).The Na concentrations
Ca, Na, K, Cu, Zn, Fe and Mn) in the surface variedfrom 7673 to 109435 mgKwith an average of
sediments collected from different stations in @Gf 18714mgKg.

of Hammametappear in Figures 3 and 4 Figures 3 andhe  two principal components  analysis
4 indicate that all elements are subject to a wide(PCA)represented 55.02% of the total variance
variability and heterogeneous spatial distributiop,  (Figure 5).Loading of variables on the first two
to 713 mg.Kg of Zn, 26100 mgKg of Fe, 30.4 principal components showed that Zn, Mn, Fe, K and
mg.Kg* of Cu, 150.2 mg.Kg of Pb, 1.86 mg.Kgof = TOC accounted for almost 34.3% of the variability.
Cd and 374 mg.Kgof Mn. Theywere the dominant variables on PC1, while Cd,
The elements such as Ca, Mg, K and Hg presen€u and Pbwere the dominant variables on PC2
generally a same repatrtition in the gulf.Their leve (Figure 5; Table II). The second factor (PC2)
increased specifically in stations 4, 5 and 12isit associated with Hg, Pb and Cu negatively and
scarcely influenced by coastal anthropogenic saurcepositively with Cd and Mg, accounted for 20.8% of
(OuedHamdounriver). Distribution of Na is the variance (Table II).
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Figure 3: Spatial distribution of Cd, Pb, Hg, Cu; Zn, MrdaRe contents (mg .KY in the less than 63 um

surficial sediment fraction in the Gulf of Hammar(ieunisia).
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Figure 4: Spatial distribution of Na, Mg, Ca and K contemt$he less than 63 um surficial sediment fraction
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Table 11 Results of PCA applied to metals and TOC conegiotns.

Variables PC 1 PC?2

Cd -0.13 0.88
Pb -0.36 -0.44
Hg 0.19 -0.90
Cu -0.20 -0.54
Zn -0.65 0.15

Fe 082 0

Mn -0.78 0.18

Mg 0 0.54

Ca 0.66 0.03

Na 064 0

K -0.88 -0.24
TOC -0.74  -0.02

The resultsshowed that the identification clusteredstations in the southern of gulf could be related t
two main groups showing an evident difference of anthropogenic activities (maritime traffic),
heavy metal distribution patterns (Figure 5) resilt atmospheric contamination and velocity of the autrre
from discharges of oil transport boats, gas andin this area (Figure 5).

petroleum from offshore stations (Tazarka oil Results obtained by Pearson correlation coefficient
platform) in the Northern part of the area. matrix between the trace elements and TOC, as well
Group | is formed by nine stations representing aas PCA, showed that sediments sampled in the
strong evidence of possible impacts of anthropageni Hammamet gulf presented a significant correlation
and petrochemical industrial activities rejecteddily = between the TOC and Fe, Zn Ca and Mn levels and
off shore platform and OuedHamdoun River (Middle between Hg/Cd; Mg/Cd and Cu/Pb (Table IlI).
of Hammamet gulf). The second group Il contain the

Table Il : Pearson correlation coefficient matrix betweenttiace elements and TOC in sediment of
Hammamet Gulf (Tunisia).

Fe Zn Mg K Ca Mn  Na Hg Cd Cu Pb TOC

Fe 1.00

Zn 0.47 1.00

Mg 0.22 0.21 1.00

K 0.67 043 -0.21 1.00

Ca -0.43 -0.24 0.26 -0.69 1.00

Mn 082 045 0.08 057 -0.29 1.00

Na -0.30 -0.21 0.21 -0.69 0.60 -0.36 1.00

Hg -0.15 -0.20 -0.34 0.07 0.12 -0.43 0.101.00

Cd -0.02 0.30 048 -0.11 -0.03 0.16 -0.05-0.79 1.00

Cu 038 024 009 018 016 026 032 0.38 -0.3700

Pb 0.17 038 -0.02 025 -0.06 0.13 -0.20 0.32 -0.1I»50 1.00
TOC 0.51 047 -0.04 061 -0.43 048 -0.41 -0.00 0.14 0.04 0.28 1.00

Concentration of metals are compared to the ERLoccur. Within the interval between the two values
(Effects Range-Low) and ERM (Effects Range- negative effects would occur frequently.
Median) concentration guidelines derived from the The average and range of metals concentrations
database of Long et al., (1995) to understand thaletermined in sediment (Table [V) and the
extent of contamination. This database containsclassification of sediment samples based on the
measured concentrations and their biological effect guideline shown in Table V demonstrated that Zn and
of estuarine and marine sediments. ERL define thePb were very important. The majority of the
chemical concentrations below which the probability sediments may occasionally be associated with the
of toxicity and other effects on benthic biota is adverse biological effects due to zinc and lead
minimal. Differently, the ERM value indicates a contents in the sediments.
possible range in which effects would occasionally The percentile of Cd is rarely associated with
negative biological effects. Cadmium levels at all
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stations except 14, 16, 18 and 9 at the large south origin derived from industry, gasoline emissionsl an
part of the studied area were higher than ERL \&lue atmospheric contamination. Their levels were higher
but were much lower than ERM values. However, than ERL and lower than ERM (Table V).

copper levels were lower than ERL values. Thislf the results obtained in the present work comgare
suggests that the concentration range of this nietal with those realised in the Mediterranean Sea (Table

the Hammametgulf sediment

would

rarely be VI), it is shown that Hammamet gulf area does not

associated with biological effects. Lead and mearcur suffer from heavy metals contaminations.
accumulated in surface layer have an anthropogenic

Table IV: Average (+ standard deviation) and range of medatentration in the 20 surficial sediment samples
of Hammamet gulf (Tunisia)

Elément Moyenne (ngkg®) Intervalle(mgkg?)
Cd 0.67 +0.51 0.19-1.86

Pb 82.8 + 26.6 47.6-150.2
Hg 0.36 £ 0.07 0.23-0.46
Cu 15.81 + 8.28 1.80-30.42
Zn 437 + 103 287-713

Fe 14064 + 8009 2976-26100
Mn 208 +73 86-374

Mg 15203 + 2090 10973-17928
Ca 104649 + 22998 61148-159606
Na 18714 + 21814 7673-109435
K 13331+ 3291 3958-19402

Table V: ERL and ERM guide-line values for trace metafanfpdry weight) and percent classification of
sediment samples from Hammamet gulf based on thgoped SQGs.

Sediment Quality Percent of samples  amongst ranges
Guidelines (mgKgdw) of Sediment Quality  Guidelines

Metals ERL ERM <ERL > ERL and <ERM > ERM

Cd 1.2 9.6 75 25 0

Pb 46.7 218 0 100 0

Hg 0.15 0.71 0 100 0

Zn 150 410 0 45 55

Cu 34 270 100 0 0

Table VI: Concentration of Cd, Pb, Hg, Cu, Zn, Fe and Mg kg™) in marine surface sediments of different
Mediterranean Gulfs.

Location Cd Pb Hg Cu Zn Fe Mn | Source

Gulf of 0.07- 18.7- | 0.09- | 7.28- | 75- | 25731- Ennouri et al., 2010
Tunis 0.67 98.8 0.53 | 89.30 | 249 | 47922

(Tunisia)

Gulf of 0.1- | 20-120 MzoughiandChouba,
Gabes 1.3 2005

(Tunisia)

Gulf of Lions | 0.22- 20.6- 9-45.8| 51- | 30000- Roussiez et al.,
(France) 0.82 69.7 250 | 48000 2006
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Ligurian Sea | 0.04- | 1.2-150 0.02-| 2.3-68| 13- | 4100- Bertolotto et
(Italy) 1.13 0.47 610 | 49600 al., 2005
Thermaikos 10-218 19-165 74-| 2900- Christophoridis
gulf (Greece) 358 4500 et al., 2009
Gulf of - 44.7- 0.07- | 42.4- | 86.8- | 27537-| 552- | Buccolieri et
Taranto (Italy) 74.8 0.41 52.3 | 129 | 36098 | 2826 | al., 2006
Izmit Bay 2.5- | 55.2-172 - 24.5- | 440- - Pekey, 2006
(Turkey) 9.5 102.4 | 1900
Gulf of 11.6- | 0.025-| 12.3- 216- | Di Leonardo et
Palermo 60.2 0.707 | 38.6 379 | al., 2009
(Italy)
Gulf of 0.19- 47.6- 0.23- | 1.80- | 287- | 2976- | 86-
Hammamet 1.86 150.2 0.46 | 30.42 | 713 | 26100 | 374 | This study
(Tunisia)

DISCUSSION Sea (Angelidis et al., 2011). These contaminations

imprint is clearly evidenced in most of the
The highest concentrations of TOC were found in theMediterranean near-shore sediments (Miralles et al.
north-east part of the gulf, it can be explainedtyy ~ 2006; Palanques et al., 2008) where rivers and
general current of the Gulf which is dependenthef t atmospheric deposition.
general Mediterranean current velocities (Samntari eThe levels of Pb and Zn are maxima in the surface
al., 1999). This last divided to the level of theilgan may result either from input of anthropogenically
Chanel in two branches; a first connects round thecontaminated particles and/or re-deposition of
north coasts of the Mediterranean Sea while theupward fluxes of previously deposited metals
second branch crosses in the south of the Gulf in dgeleased by diageneticmobilization of Fe and Mn
SSE-NNW direction. The passage of this secondoxides (Abesser and Robinson, 2010). This later
branch of the general current creates a same zongrocess shows a good correlation Zn and Fe with Mn
characterized by sediment relatively sandier than(Table Ill) in surface sediment layers.The
what surrounds it and controls the distributiortled ~ concentrations of metals were controlled by the-oxi
different pollutants. TOC are comparable to thoseanoxic and redox conditions at the bottom (Amano et
recorded from other region, similar values oursnfbu  al., 2011).
in the sediments of the Ligurian Sea (ltaly) Contamination sediment off shore Mediterranean was
(Bertolotto et al., 2005) and are lower than (0.40-study a lot and showed well that maritime traffirda
1.17%) those found in Palermo gulf (Di Leonardo etatmospheric input plays a key role for the transpbr
al., 2009). polluted particles to the Mediterranean basin
The levels of Cd, Pb, Cu, Fe, Mn and Zn have a(Angelidis et al., 2011; Mzoughi and Chouba, 2011;
similar spatial evolution characterized by the lkigth Amidio et al., 2014) while river borne anthropogeni
levels in the northern and central area face themetals are mostly stored on continental shelves
Hamdoun River. This implies that the inputs frora th (Roussiez et al., 2006). Migon (2007) estimated tha
Hamdoun River are the main source with at least 50% of Cd, Pb and Zn transported to the
anthropogenic pollutions along the coast with rdgar offshore environment of the Western Mediterranean
to the mentioned metals. The elevation of metalare of atmospheric origin. However, it is very
levels of Pb, Cd and Cu was found near the northdifficult to assess the importance of atmospheric
eastern zone, due to boat traffic, semi-submeiible riverine inputs in the long term because of thatéoh

number of data of trace elements concentrations in
and gas platform “Tazarka” (Nabeul offshore) and oi the atmosphere and their high temporal variability.
transportation by current in this region. The anthropogenic imprint is clearly evidenced in
Ca, Mg, K and Hg present generally a samemost of the Mediterranean when the petrochemical
repartition in the gulf, the level increased speaify industry and traffic boats are important in thigaar
in stations 4, 5 and 12; it is scarcely influendsd A comparison of the above mentioned concentrations
coastal anthropogenic sources (Hamdoun River)with the corresponding values of the metals given i
Distribution of Na is particularly the concentratics  different gulfs showed low concentrations compared
increase in the south east of the gulf, this viamat to those obtained in Naples and Greece gulfs
due to prevailing marine currents in the gulf. (Bertolotto et al., 2005; Mzoughi and Chouba, 2005;
Land-based natural and anthropogenic sources botBuccolieri et al., 2006; Pekey, 2006; Roussiezlet a
supply trace metals to the land-locked Mediterranea 2006; Christophoridis et al., 2009; Di Leonard@let
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