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Abstract: With the aim to evaluate seasonal changes in heavy metals using a mollusc Phorcus (Osilinus)
turbinatus (Born, 1781) as a biomonitor of elemental pollution in the eastern coast of Algeria, more than one
hundred individuals of the gastropod were sampled and then examined with respect to the accumulation of Cd,
Cr, Cu, Ni, Pb and Zn. Collection was performed in tree strategic locations along 400 km of the coastal area
(Collo Bay, Gulf of Skikda, Gulf of Annaba and a control station: Chetaibi Bay), sample during 13 months
(January 2011-January 2012). The relationships in various heavy metal concentrations were compared according
to station and seasons. Heavy metal content varied with type of metals, seasons and station. A discussion
involving  the  comparison  with  other  molluscs  previously  tested  will  be given. Several statistical
approaches able to analyze data with environmental purposes were applied. Moreover, statistical analyses
(ANOVA, multiple comparison tests, cluster analysis) showed, the maximum rate of Zn (318.10±38.20 µg.g ),1

Pb (6.51±1.47 µg.g ) were recorded at the (station 1). In contrast, the highest level of Cd (3.63±1.14 µg.g ),1 1

Cu (32.70±2.90 µg.g ) and Ni (24.80±20 µg.g ) were determined at the station 2. On the other hand, Station1 1

3, show a low bioaccumulation of ETM and only the control station has the lowest metal concentrations, except
Cr in winter (0.89±0.20 µg.g ). Statistical approaches such as (Kruskal-Wallis and Mann–Whitney, no shown1

in this work) were carried out to assess the changes of the metal concentrations with time (seasons) in each
station. Multivariate methods (linear discriminant analysis LDA on PCA factors) were also applied to obtain
a more reliable site classification.

Key words: Heavy metals Phorcus (Osilinus) turbinatus  PCA  Pattern distribution  Eastern coast of
Algeria

INTRODUCTION Algeria approximately 1622 m and industrial activities

During the last three decades, the Mediterranean (Algiers, Oran, Annaba).It is not immune to threats of
Sea’s health has become a major concern by the coastal marine pollution [7- 13] that already weigh
international scientific community. Indeed, the throughout south western Mediterranean Sea.
hydrogeomorphology of its watershed also the In particular, many studies on quantification of
currentology increasing population density along its various domestic and industrial pollution were discussed
coastline, all these are natural factors that contribute along the coasts of industrialized cities like Algiers [13],
positively to marine pollution [1]. Moreover, numerous Arzew [14- 16], Skikda [17- 21] and Annaba [22]. A few
studies have shown that this semi-enclosed sea is data function the impact of chemical pollutants on the
exposed to the presence of multiple contaminants. functioning of coastal ecosystems and marine
Including heavy metals [2-6] which are considered not biodiversity. In natural environment, the marine health
only toxic to biodiversity but also harmful to human status can be estimated by the use of bio-monitors, as the
health following the consumption of contaminated marine case of benthic invertebrates (molluscs and annelids)
organisms by heavy metals. which  have  the  ability  to  store  and  accumulate in their

established mainly along the coastline of major cities
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tissues a various chemical pollutants, including heavy sedentary, easy to be identifiable and ubiquitous which
metals (copper, lead, zinc, cadmium, etc). The Monodonte can be used as a good biomonitors of baseline seawater
mollusc Phorcus (Osilinus) turbinatus, as many other trace metal pollution [29, 32].
groups (Patellidae, Mytilidae) is among the most common In recent years, researchers have focused their
species used in the marine biomonitoring field [23]. attention on the identification of other possible

The few studies available on the Algerian coast bioindicators for trace metal pollution, such as the
gastropods were more interested to the eco-biological gastropod molluscs Monodonta turbinata. Because it is
aspects [23, 24] to the detriment of ecotoxicological ones necessary to identify a wider range of bioindicators and
[25]. thus expand current understandings of different

Aquatic invertebrates take up and accumulate trace bioaccumulation strategies for trace metals [32-34].
metals whether essential or non-essential, which have the Likewise researchers have also identified alternative
potential to cause toxic effects subsequent tissue and possible bioindicators for trace metal pollution in
body concentrations of accumulated trace metals show Mediterranean areas, such as the gastropod molluscs
enormous variability across metals and invertebrate taxa Monodonta turbinata Born 1781. Because it is necessary
[25-27]. to single out a wider range of bioindicators in order to

Accumulated metal concentrations are interpreted in have an extensive contamination profile through the use
terms of different trace metal accumulation patterns, of organisms with different bioaccumulation strategies for
dividing accumulated metals into two components trace metals.
metabolically available metal and stored detoxified metal. These species are herbivorous and constitute the
Examples of different accumulation patterns are described second link in the trophic chain. M. turbinata lives on the
from crustaceans but have a general applicability to all rocky sea beds of the intertidal belt, tideland, as deep as
aquatic invertebrates [28]. 5-10 m. It is very tolerant to salinity, high temperatures

Toxicity does not depend on total accumulated metal and  can  survive  out  of the water for several hours.
concentration but is related to a threshold concentration These  gastropods  often ingest epiphyte organisms,
of internal metabolically available metal. Toxicity ensues which are organisms that live on the plants they feed on
when the rate of metal uptake from all sources exceeds the and they generally take metals principally from the diet
combined rates of detoxification and excretion (if present) [35, 36].
of the metal concerned [29]. The  first  goal  of  this  study  is  to  obtain more

The trace metal bioaccumulation allows the prediction information on the possible use gastropod molluscs
and explanation widely and differing in biodynamic model Phorcus turbinatus species as trace metal biomonitors for
accumulated trace metal concentrations in organisms, the Eastern Algerian coasts.
combining geochemical analyses of environmental metal The second goal is to compare our results with those
concentrations with the measurement of key physiological obtained by other authors in the Mediterranean areas
parameters for a species from the site under consideration using the same species. The Environmental biomonitoring
[30]. The combination of the biodynamic model as a studies have significant advantages over traditional
unified explanation of metal bioaccumulation taking in analysis of abiotic matrices (water, sediments). They can
consideration the stage of realistic relationship between supply information on the bioavailability of contaminants
accumulation and toxicity significance of trace metal at the ecosystem level, simplifying the chemical analysis
concentrations in aquatic invertebrates [31]. and providing a measurement of the level of

Using organisms as biomonitors for metal pollution environmental contamination over time.
in nature is well established [27, 32]. Recently, gastropod The accurate monitoring of the metal concentrations
molluscs have contributed to the more complete in the tissue of Phorcus turbinatus is therefore necessary
understanding of bioaccumulation and ingestion by to guarantee the safety of the products [38]. In
humans in marine Mediterranean areas [27, 32]. determining metal contents (g) or of metal concentrations

Additionally, bioaccumulation may not be toxic to (µg.g ) in the tissues of gastropods, it must be
one (or more) species but may be an index of human considered that such levels can be influenced by various
exposure, particularly when the species is known to be factors  like  environmental   conditions,  reproduction,
indigenous food (e.g., topshell); besides, the selected rate of growth and alimentary habits, etc. [33]. The weight
species have high concentration factors (CFs) and are is  surely  the  primary  factor  [34].  Relationships between

1
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metal  content  and  weight  of   the   organism   are Molluscs were analyzed individually after digestion
studied since 1977 by Boyden [35], but, as they vary as a in the microwave oven [29]. Separate dry-weights
function of species and metal considered their determinations were performed on the different biota by
interpretation is still object of study. Many authors oven-drying at 105°C to a constant weight (15 replicates
obviate the problem "weight" using samples with same for each species). All chemicals used in sample treatments
weight [34], but this do not guarantee the public health were ultrapure grade. Water used for solution preparation
because organisms of assorted dimensions are normally and cleaning was obtained from a Millipore Milli-Q
commercialized [33]. The ultimate aim of this work was to system. All glassware was cleaned prior to use by soaking
study the relationship between metallic bioaccumulation in 10% HNO for 24 h and rinsing with Milli-Q water.
in P. turbinatus (Born, 1781) and the spatiotemporal Seawater analysis is a critical step in environmental
variation (station, season). studies [29, 30] due to the high variability of soluble

metals in marine waters. Thus, the water samples are not
MATERIALS AND METHODS shown in this study [38].

Sampling: The sampling of Trochidae gastropod, Cu, Cd) is performed using an atomic absorption
Phorcus (Osilinus) turbinatus, is conducted monthly spectrophotometer of trademark Perkin Elmer 3100, fitted
during a cycle (in 2011), in four stations located along the with a brand graphite furnace Perkin Elmer HGA-600/700.
eastern  Algerian  coast,  with a linear transect of more The analytical method was validated by assays on a
than 250 km (Fig. 1). Station 1 (Bay of Collo) and station certified sample (Mussel’s tissues) from the International
2 (Gulf of Skikda) are exposed to the action of the port and Agency of Monaco Atomic Energy (IAEA Réf.MA-A-
industrial pollution [18- 20, 36]. Station 3 (Gulf of Annaba) 2/TM).
receives organic nature pollutants, especially domestic The average concentrations of ETM were calculated
waste [23, 24]. Station 4 (Bay of Chetaibi), is far from any on the basis of four repetitions with standard deviation
anthropogenic sources and is considered as a control (SD), which is a reference to the variability within the
station [37]. Every month, an average of twenty adult various repetitions.
individuals belonging to size class [30-40] mm, are
manually collected in the intertidal zone: Calculation: The calculation of the dry weight (d.w) of the

Sample Pre-Treatment: All individuals are adults and (1) illustrate by Chifoleau et al. [39] in Table 1. The
belong to the same size class. The samples are then analytical method was validated by assays on a certified
transported to the laboratory in an icebox and then frozen sample (mussel tissues) from the International Agency for
after two days of purification in filtred and aerated sea Atomic Energy of Monaco (A.I.E.A., Réf.MA-A-2/TM).
water [30]. Before assay, the topshell are first shelled after
the purge period. Then, the wet pulp is derived quickly Performance of Method: A sensitivity method is the
using a plastic spatula, weighed, dried in an oven at 70°C ability to detect or measure low quantities of items
for 48 hours and then ground to be mineralized. accurately. She is expressed by two sizes: the detection

Determination of Heavy Metals or Trace Metal (ETM): certitude and the quantification limit which is the lowest
Individuals  of  Phorcus  turbinatus were picked in the measurable concentration (Table 1). These limits are
tidal  zone  because  they  were  available.  Only indi- related to the dilution factor respectively equation (2) and
viduals of  similar  weight  (and  size)   were  selected. (3) which illustrate in the Table 1. This method is so
They  were  immersed  for  24 hours  in  filtered seawater sensitive to evaluate precisely the most metal contaminant
(of the corresponding station) for purification, so as to contents in coastal shellfish. Standardized results in
allow depuration of the particulate matter residues present routine circumstances (trial taking 200 mg and final
in the mantle cavity and digestive tract [29]. volume of 50 ml) are presented in Table 2. The
Subsequently, the soft parts were taken out of the shell reproducibility of this method (Table 3) is expressed by
using a plastic hammer and spatula, in order to avoid the concentration variation coefficient (CV) (expressed in
metal  contamination  and then rinsed with deionized percentage) of equation (4) (Table 1).
MilliQ water, so as to remove every residue of shell. Then Several statistical approaches can be used for data
samples were deep-frozen inside polyethylene bags. analysis applied to environmental studies [40].

3

The  analysis  of  all  the trace metals (Cr, Zn, Pb, Ni,

examined topshell was calculated following the equation

limit which is the lowest concentration detected with
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Fig. 1: Location of sampling sites ( ). From West to East: Station 1 (Collo Bay) Station 2 (Gulf of Skikda), control station
(Chetaibi Bay) and station 3 (Gulf of Annaba)

Table 1: List of equation
N° Title Equation
1 Calculation of the dry weight (d.w) with(p: is the sample weight taken at baseline(mg); C(µg/g) = (C-C )x(C/P)B

V: is the final volume of the mineral deposit (ml); CB : is the concentration of measured component in
the mineral deposit (µg/l); C: is the concentration of component measured in the blank material(µg/l)

2 Limit of detection of heavy metals Limit of detection = 3x x(V/P)
3 Limit of quantification of heavy metals Limit of quantification = 10x x(V/P)
4 Coefficient of variation of heavy metals in biota with: CV(%) = [C]/ [C]

( : Standard deviation of the concentration series; : the mean of these concentrations).

Table 2: Standard deviations values on the blank material; detection limits and quantification limits of the analyzed metal elements
 (µg/l) LOD (µg/g) Lim. quantification (µg/g)blank

Cd 0.03 0.02 0.08
Cr 0.08 0.02 0.20
Cu (furnace) 0.40 0.30 1
Cu (flame) 13 10 30
Pb 0.20 0.20 0.50
Zn 3.50 3 9
Ni 0.12 0.09 0.30
LOD: limit of detection

Table 3: Certified and measured values of the used reference sample (mean±standard deviation).
Sample type: Mussel; Reference: CRM 278R
Metal Certified value (µg/g) Measured value (µg/g) CV
Cd 0.348±0.007 0.34±0.01 4%
Cr 0.78±0.06 0.71±0.04 6%
Cu 9.45±0.13 9.2±0.20 2%
Pb 2.00±0.04 1.98±0.09 5%
Zn 83.10±1.70 82±20 2%
Ni 0.93±0.12 0.9±0.10 12%

Analysis  of  Statistical Data:  Data  statistical Analysis every  stations  between  season   with   the  One-Way
are realised with the help of Software FactoMineRextra and   Two-Way   ANOVA.   Data   have  been
(3.2.4).  Results  obtained  heavy  metals essays of standardized and analysed by technical multivariate
Phorcus turbinatus suffer a statistical analysis with analysis such as Principal Components Analysis (PCA)
Tukey  test  every  season  between  stations  and for [40].
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RESULTS After,  the  classification  of   studied   stations by

The lowest  metallic  concentrations  are  registered P. turbinatus share the stations in four groups: the group
in the control station concentrations in summer (Cd: (A) represent the station 1, the group (B) depend on
0.65±0.44 µg.g ; Pb: 0.12±0.09 µg.g ), in winter for the station 2, that is not different to group BC, the group (BC)1 1

Zn (55.20±20.60 µg.g ). Except the Chromium in winter depend on station, or the test indicate that there no1

who represent a high of rate (0.89±0.20 µg.g ) (Fig. 2, 3, significant  difference  between  the  control  station1

4, 5). (group C) (Fig. 6). Finally, the ranking of studied stations
The strong concentrations of Pb and of Zn are by  the  Tukey  test  indicate  that  the  contents  in  Ni in

observed in station 1 comparatively to others with the P. turbinatus the stations in four groups: the group (A)
maximum value in Pb while autumn (6.51±1.47 µg.g ) and represent the station 2, the group (AB) represent the1

a maximum for the Zn in summer (381.20±38.10 µg.g ). station 3, the group (B) contains only the station 1and1

When the station 2 who is crowned by the Cd and the Cu, finally the control station 1 that is formed by the group
the strong contents have been obtained in winter and (C).
autumn respectively (3.63±1.14 µg.g ; 32.70±2.90 µg.g ) Two-way ANOVA applied between stations and1 1

(Fig. 6). It appears clearly despite of variable results, the heavy metals and interaction heavy metals/stations
Zn and the Cu are major in the organism of species that indicate that there is a very highly significant difference
was studied (P. turbinatus). between heavy metals (p<0.001). But no significant

One-Way  ANOVA  applied  of  all   heavy  metals difference is observed between the stations and
(Zn, Cu, Cr, Cd and Pb) in P. turbinatus indicate that there interaction heavy metals* Stations (Table 4).
is a high significant difference between the stations Our results in (Table 4), show it can be classified in a
studied (p 0.0001). decreasing order of topshels bioaccumulation capacity

For the Zn, the Tukey test indicate clearly that the depending on the type of metal, whatever the sampling
difference is located between topshels collected from the station, as follows: Zn Cu => Ni= Cd = Pb = Cr.
station 1 and those of control station, station 2 and 3. The average content of Zn in the tissues of the
This allowed gathering these stations in two groups: the topshells collected from station 2 had the lowest value
stations 3, control and 2 represents the group (A) and the (112.10±24.90 µg.g  d.w) (p<0.0001) compared to those
station 1 correspond to group (B) (Fig. 6). measured in trochus of stations 1 and 3, respectively

For the Cu, One -way ANOVA indicate that the 138.40±26 and 318.10±38.20 µg.g  d.w).
difference between the stations studied is highly The topshells collected from the station 2, 1 and 3
significant (p 0.0001). The Tukey test allows the stations have significantly higher levels of Cu (p<0.0001), whose
in four groups: A, AB, B and C (Fig. 6). This classification respective contents are 32.70±2.90 µg.g  d.w, 27.60±3.80
indicate clearly the difference between all the stations µg.g  d.w and 24.70±5.10 µg.g  d.w compared to those
setting apart the station 2 and 3 that belong to (A), of the control station are 20.50±3.60 µg.g  d.w.
similarly the organisms of station 3 with those of control The average Ni content in P. turbinatus collected of
station that registered contents in Cu very close. the station 1 is 7.40±1.50 µg.g  d.w, these levels were

The difference between the stations studied is very significantly higher (p<0.0001) compared with those
highly significant dependent of results obtained from measured in tissues trochus of stations 3, 2 and control
contents in Cd in P. turbinatus. The Tukey allow to stations, respectively 7.40±1.03, 5.20±1.60 and 3.20±0.80
classify the stations studied in four groups, or a highly µg.g  d.w.
significance have been registered between the group (A) The average contents of Pb P. turbinatus collected
corresponding to station 2 and groups( B, BC and C) that from stations 1 and 2 reach significantly higher levels
represent respectively stations 3, control station and (6.51±1.47 and 1.30±0.29 µg.g  d.w, compared to station
station 1 (Fig. 6). 3 (0.36±0.09 µg.g  d.w) (p<0.0001). 

The Tukey classification concerning the contents in The  average  contents  of Cd in P. turbinatus
Cr in P. turbinatus, with p 0.0001 allow to classify the collected from stations 2, 1 and 3 accounts for 3.63±1.14,
stations in three groups: the group (A) represent 2.98±0.80 and 1.87±0.29 µg.g  d.w. These levels are
topshells of control station and 3, the group (B) depend significantly higher (p<0.0001) compared with those
to topshells of station 2, the group (C) concern the station measured in the tissues of the control station 1.04±0.30
1 (Fig. 6). µg.g  d.w.

the  Tukey  test,  indicate  that  the  contents in Pb in the
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Table 4: Results of Two-way ANOVA applied to heavy metals found Phorcus turbinatus collected from four stations of studies (station 1, station 2, station
3 and control station) between January 2010-January 2011(***: very high significant )

Variation DDL SCE CM F Pobs

Stations 3 2121.586 707.195 0.990 0.397
Heavy metals 5 614850.529 122970.106 172.207 < 0.0001***
Heavy metals/ Stations 15 13824.791 921.652 1.290 0.205
Error 360 257068.564
Total 383 887865.472
DDL: Degree of freedom; SCE: Are square deviations; CM: Square medium; F : Fisher test; P: Level of significance.obs

Fig. 2: Boxplot showing winter variations of metals concentration in Phorcus turbinatus in study area (Station 1: Bay
of Collo, Station 2: Gulf of Skikda, Station 3: Gulf of Annaba and Control Station: Bay of Chetaibi).
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Fig. 3: Boxplot showing spring variations of metals concentration in Phorcus turbinatus in study area (Station 1: Bay
of Collo, Station 2: Gulf of Skikda, Station 3: Gulf of Annaba and Control Station: Bay of Chetaibi)
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Fig. 4: Boxplot showing summer variations of metals concentration in Phorcus turbinatus in study area (Station 1: Bay
of Collo, Station 2: Gulf of Skikda, Station 3: Gulf of Annaba and Control Station: Bay of Chetaibi).
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Fig. 5: Boxplot showing autumn variations of metals concentration in Phorcus turbinatus in study area (Station 1: Bay
of Collo, Station 2: Gulf of Skikda, Station 3: Gulf of Annaba and Control Station: Bay of Chetaibi)
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Fig. 6: Spatiotemporal variations in average metal concentrations (Cd, Cr, Pb, Cu, Zn and Ni) (µg.g  dry weight) in the1

tissues of Phorcus turbinatus (mean±std; n=160). For each different metal letters indicate no significant
differences against the same letter confirms a very highly significant difference (Tukey test, p 0.0001) between
the seasons for each stations.

The  principal  component analysis (PCA) was The comparison between stations of the metal
applied   to    the    matrix    of    correlations  obtained concentrations found in P. turbinatus (Fig. 7) shows that
(10×4 seasons×4 stations, n = 160), taken in pairs. This there is a very clear pattern of spatial distribution model,
method was performed separately for all four studied thus the concentrations of chromium (Cr) defined the
stations (station 1, station 2, 3 station and control station) control station and station 3. Furthermore, Station 1 is
on the  matrix  of  average seasonal data 2011. marked by high levels of Pb and Zn. Finally, station 2
Calculations performed with FactoMineRextra software presents high rates of Cu, Cd and Ni. 
(2.3.4) give each time the characteristics of the six main Parallel, the comparison between seasons of the metal
axes, only the first main axes having. Heavy metals are concentrations found in P. turbinatus (Fig. 8) shows
distributed according to axis 1 / axis 2 as (60%). The clearly that individuals of P. turbinatus collected at
composition of the PCA revealed: a positive correlation Station 1 in autumn accumulate Pb. Those of station 2, in
Cu and Cd, the element Cr is negatively correlated with Cu spring, accumulate (Ni, Cu and Cd). In summer, topshell
and Cd and the element Pb is not correlated with the Cu collected of control and station 3 assimilate chromium and
(Fig. 7). zinc (Fig. 8).
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Fig. 7: Results of PCA heavy metals analyzed in Phorcus turbinatus according study area for all seasons

Fig. 8: Results of PCA heavy metals analyzed in Phorcus turbinatus according study area for all seasons
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DISCUSSION In this work, topshell collected in four stations show

From an environmental point of view, coastal areas growth and metabolism of animals exposed strongest
can be considered as the geographical area of the accumulation in P. turbinatus (dry weight) in comparison
interaction between terrestrial and marine ecosystems, with the other four metals. The high concentration of Zn
which is of great importance for the survival of a wide is associated with the activity of enzymes that play a role
variety of plants, animals and marine species [41]. The in the enzymatic process in aquatic invertebrates [24-26].
adverse human impacts on the coastal environment Copper is an essential trace metal metabolism of animals,
include eutrophication of heavy metals, organic, microbial but at high levels is highly toxic to aquatic life. Rainbow
pollution and oil spills [42]. [27] reported that aquatic invertebrates usually regulate

The results obtained (Table 5), clearly show that the their body concentrations of essential elements Zn, Cu at
maximum levels for all metals, with the exception of Cu and about constant levels of non-toxic. By cons, Philips and
Cd were observed in summer, spring and autumn in the Rainbow [27], considers that no- essential heavy metals
tissues of Phorcus turbinatus. This seasonal variation of (Cd, Cr, Cr, Pb and Ni) are bioaccumulate by aquatic
heavy metals is signalled in the same species by Bryan invertebrates.
[43]. Chromium and Nickel are considered priority

For most of benthic organisms, especially in bivalve, pollutants, due to their toxicities to aquatic organisms
this variation is attributed to changes in body masses that [30]. Cadmium, is extremely dangerous, acts as a poison,
are related to reproductive cycle [44]. In this study the it may affect the blood pressure, the kidneys and destroys
time variation, would be related to the psychological the red blood cells [29]. Lead is a neurotoxin that causes
needs  of  these gastropods, heavy metallic concentration behavioral deficits in aquatic organisms and because of
were detected in males of Phorcus turbinatus, probably the growth rate declines, survival and metabolism. There
due to a greater development of gonads compared to is often little Pb accumulation in marine and freshwater
females. This is performed during the acceleration phase species [50]. High concentrations of lead may occur in
of metabolism, causing a differential seasonal aquatic organisms close to anthropogenic sources. 
bioaccumulation of metallic contents in the pulpit of the Moreover, in the same genus, in the bay of Bakar
aquatic invertebrates [45, 46]. (former Yugoslavia) Ozretic et al. [51] have found in the

In contrast, Bouquegneau et al. [47], observed in soft body of Monodonta articulata (Bay Bakkar;
Murex trunculus topshell that the largest decrease in the Yugoslavia) high levels of Cd (0.20 µg.g  wet weight)
Cd concentrations occurred during autumn. According to and Pb (0.61 µg.g  wet weight). While in the bays of
these authors, this is not related to the reproduction, but Larymna, Vavrouna and Larouma (Greece), Nicolaidou and
the construction of growth ring of the shell. The same Nott [52] indicate the levels in the wet weight of
findings are reported in Cerithium vulgatum and Monodonta articulata, M. mutabilis and M. turbinata
Monodonta sp. reported by Nicolaido [48]. This is in superior to findings in this study. Crisetig et al. [53]
perfect agreement with our results. observed in Mytilus galloprovincialis variable wet

The maximum rate of Zn and Pb were recorded at the weight/dry weight (d.w) ratios in the range of 4.32-8.50 for
station 1. Thus, most high level of Cd, Cu and Ni) were mussels as long as 4-5 cm; Martincic´ et al. [54] found
determined at station 2. Station 1 (Bay of Collo) is a variable ratios in the interval of 4.27-12.99 in mussels
fishing port, while Station 2 (Gulf of Skikda) is subjected transplanted into an estuary environment (Krka River,
to anthropo-industrial pollution. This metal pollution is eastern Adriatic coast). We think that data concerning
raised both in the sediment compartment [20] than in sea d.w (dry weight) are susceptible to less variability than
water [18, 36]. It probably source for ballast water and those of wet weight [55].
marine traffic of the Port of Collo [36]. This may explain In addition, Cubadda et al. [34] are perfect agreement
why the stations 1 and 2 are more polluted than the other with this study with the exception of Zn contents
two (3 and control) Station 3, (Gulf of Annaba), this detected in Monodonta turbinata and M. mutabilis
charge of waste water and anthropogenic pressure [21, 22] (Sicily). Similarly, for metal concentrations encountered in
as an important tourist center. This would explain low Monodonta  labio  of  Cape Aguilar (Hong Kong) [56].
bioaccumulation of ETM. The control station (Bay of The  results  in this study are also consistent with the
Chetaibi) has the lowest metal concentrations, except Cr work  of Monodonta  turbinata  of Duysak and Ersoy
in winter. [46]  in  the  Bay of Iskenderun (Turkey) for Cr, Cu and Zn.

levels of Zn and Cu high. Zinc is essential for normal

1

1
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Table 5: Selected references of metal concentrations (µg.g  d.w.) of mollusc Phorcus turbinatus from different geographical areas (mean values and ranges)1

Standard deviation and/ or Means of average heavy metal concentrations
-----------------------------------------------------------------------------------------------

Species Region (sites) Tissues Cd Cr Cu Pb Zn Ni Notes Authors

M. turbinata Bay of Bakar 0.20 - - 0.61 - - Association of Ozretic et al. [51]A A

(Yugoslavia) 9-12 individuals

Monodonta articulata Larymna (Greece) Whole 3.69±0.56 20.62±4.09 199.80±63.86 - 107.39±19.58 15.25±6.74 Pools of 10 individuals Nicolaido [48]
(Contamined area)
Vavrona and Souvala Whole [3.89-5.28] [24.69-101.73] [71.21-301.32] [101.40-130.48] [10.42-29, 13]
(Greece) Muscle 5.28±0.83 - 36.63±11.93 95.54±30.21 4.61±1.74
(uncontamined area)
Larymna (Greece) Whole 2.95±1.14 9.02±4.16 222.80±42.06 88.63±11.67 9.29±1.46
(Contamined area)
Vavrona and Souvala Whole [2.65-3.62] 9.07±4.07 [43.15-159.08] [85.03-108.95] [2.15-17.21]
(Greece) Muscle 5.77±0.98 25.17±14.56 222.55±83.55 135.25±20.12 6.46±1.67
(uncontamined area)

Monodonta mutabilis Larymna (Greece) Whole 3.0±1.1 9.0±4.2 222.8±42.1 - 88.6±11.7 9.3±1.5
(Contamined area)
Vavrona and Souvala Whole 3.6±0.5 - 43.15±9.6 109.0±36.7 2.2±0.5
(Greece) Muscle 5.8±1.0 25.2±14.6 222.6±83.6 135.3±20.1 6.5±1.7
(uncontamined area)

M. turbinata Island of Favignana, Dry weight [0.68-2.93] [0.12-0.41] [5-18.5] [0.14-0.47] [13.8-53.7] - Pools of 50 individuals Cubadda et al. [34]
Sicily, Italy

M. mutabilis [1.29-1.64] [0.12-0.35] [9.9-18.2] [0.12-0.15] [18.9-23.2] - pools of 60 individuals

M. turbinata Island of favignana, Dry weight [0.58-3, 35] [0.13-0, 54] [5.7-21, 5] [0.15-0,66] [14-55]  - Individual Campanella
Italy (1.7-2.2) (height). et al. [35]

Table 5: (Bis1) Letter : Wet weight Letters  and  Show differences among seasons;  and  among stations Data shown with different letters are statistically significant at the differences p<0.05A x y a, b, c d

level

Standard deviation and/ or Means of average heavy metal concentrations
--------------------------------------------------------------------------------------------------

Sspecies Region (sites) Tissues Cd Cr Cu Pb Zn Ni Notes Authors

M. labio Nature Reserve Total weight 5.8  - 26.4 55.9 - - Blackmore[56]
Agulaire Cap
(Hong kong)

M. turbinata Gulf of Gaeta, Soft body [0.86-1.41] [0.26-0.72] [50.5-83.0] [0.52-0.67] [92.5-129.3] - Pools of Conti and
Italy 5-10 individuals Cecchetti [29].

M. turbinata Iskenderun Bay Çevlik Spring 9.01±3.02 3.67±1.68 29.30±9.81 90.8±2.61 101.40±11.41 4.91±1.97 - Duysak anda.x ax a.x a.x ax a.x

(Turkey) Autumn 7.63 ±0.29 3.02±0.91 334.47 ±83.27 13.34±0.44 79.98±10.97 2.67±0.82 Ersoy [56] a.y ax a..y a.y a.y a.x

Konak Spring 3.24±0.66 32.24±6.40 25.17± 7.39 2.97±0.61 30.17±7.93 5.81±1.84bx bx a.x b.x bx a.x

Autumn 6.50±1.28 1.74±0.32 181.76±35.38 15.68±1.55 85.97±18.07 4.86±1.13by by b.y b.y a.y a.x

Kalekoy Spring 2.51±0.43 45.06±13.43 20.03±3.07 3.25±0.19 32.56±4.39 3.22±1.51bx cx a.x b.x b.x a.x

Autumn 8.58±0.95 6.46±2.42 156.25±52.79 13.02±1.40 79.33±9.73 26.93±14.10cy cy c.y a.y a.y b.y

Arsuz Spring 5.42±1.35 1.43±0.49 40.61±14.78 1.44±0.32 54.00±18.54 16.89±1.11cx ax a.x b.x b.x b.x

Autumn 6.48±1.05 1.76±0.19 157.98±27.13 13.29±3.17 60.66±6.15 17.16±4.80a.x bx c.y a.y b.x b.x

Iskenderun Spring 3.50±1.15 1.43±0.49 30.57±9.15 3.34±1.82 43.81±20.79 2.93±1.46dx ax a.x b.x b.x a.x

Autumn 7.69±1.57 1.76±0.19 177.13±38.40 13.54±0.91 80.37±16.67 2.550.37a.y b.x b.y a.y a.y a.x

Dortyol Spring 4.95±1.01 2.20±0.72 39.38±10.94 5.3672.11 15.87± 6.15 12.04±4.20cx a.x a.x c.x c.x b.x

Autumn 6.63±2.70 3.31±1.50 140.35±54.89 12.47±1.63 89.30±28.64 9.08±4.57by a.x d.y a.y a.y b.x

Eastern coast of Bay of Winter 2.55±0.57 0.29±0.09 20.01±2.3 4.54±0.61 106.9±17.2 4.2±0.4 Pools of 10 Present
Algeria Collo Spring 2.81±0.84 0.54±0.10 24.7±5.1 2.25±0.65 65.4±10.3 7.4±1.03 individuals study

Summer 2.87±0.16 0.2±0.06 19.9±2.8 1.24±0.27 318.1±38.2 5±2.0
Autumn 2.98±0.8 0.22±0.06 14.9±1.14 6.51±1.47 56.5±20.7 7.1±1.11

Gulf of Skikda Winter 3.48±0.10 0.23±0.09 32.7±2.9 0.6±0.11 111.8±25.0 2.8±0.3
Spring 3.49±0.58 0.1±0.08 25.6±9.6 1.3±0.29 89.6±19.2 24.8±20
Summer 3.46±0.51 0.28±0.08 24.6±1.24 0.7±0.14 112.1±24.9 3.2±0.8
Autumn 3.63±1.14 0.28±0.07 31.3±4.5 0.56±0.15 61.8±12.0 2±0.9

Gulf of Annaba Winter 1.87±0.29 0.55±0.22 14.2±3.5 0.53±0.4 60.6±13.4 4.8±0.5
Spring 1.85±0.21 0.3±0.28 15.8±5 0.42±0.10 166.3±36 5.2±1.60
Summer 1.83±0.30 0.65±0.15 27.6±3.8 0.47±0.10 138.4±26 2.9±0.7
Autumn 1.8±0.28 0.51±0.25 21.8±1.8 0.36±0.09 97.2±7.2 7±1.9

Bay of Chetaibi Winter 0.65±0.44 0.89±0.20 12.4±3.9 0.29±0.16 55.2±20.6 4.1±1.5
Spring 0.9±0.20 0.68±0.10 20.5±3.6 0.15±0.51 78.2±11.2 3.7±0.48
Summer 1.04±0.30 0.5±0.21 10.8±1.4 0.12±0.09 134.4±22.9 7.4±1.5
Autumn 0.89±0.97 0.34±0.09 11.2±1.6 0.28±0.63 180±34 5.5±1.74
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Moreover, in the islands of Linosa and Ustica (Italy), rates very heterogeneous high metal concentrations depending
of ETM (Cr, Cu, Cd, Pb and Zn) reported in M. turbinata on the season. The levels of contamination found in
[34, 37], they are slightly lower than results found in this control station (Bay of Chetaïbi) during the four seasons
work (Table 5). Nickel is among the ETM often measured may be considered as thresholds guides used for possible
in wet chair at M. articulata, M. mutabilis, these levels comparison with Mediterranean coast.
are generally highly variable among snails [55, 60].
However, in the Bay of Iskendrum (Turkey) this metalloid CONCLUSION
is present in M. turbinata [53], with higher rates compared
to those reported in this study. This element is affected This study highlights the use of bioindicators turns
by several factors such as housing, living conditions and out be very valuable for the biomonitoring coastal
the pretreatment and storage of samples after collection ecosystems. The snail Phorcus turbinatus have a high
[61]. potential for bioaccumulation of heavy metals in the

The  spatio-temporal  variations  of  metal   levels  in Mediterranean. They are easy to identify and taste, are
P. turbinatus show significant differences (p<0.001). The available all year and are present in almost all areas of the
results of statistical comparisons between multiple Mediterranean Sea.
stations and seasons for the studied metal elements, show The gastropod P. turbinatus was taken at four
the existence of very highly significant (p<0.0001). stations along the Algerian coast. The bioavailability of
Bioaccumulation of these trace metals in P. turbinatus Cd, Cr, Cu, Pb, Zn and Ni was not homogeneous.
knows a seasonal variation in very clear and significantly Statistical analysis (One-way ANOVA, Two-Way
different (p<0.0001) in autumn and spring. This has been ANOVA and PCA) showed a very highly significant
already reported in the same species in Turkey [46], in difference (p<0.001). The maximum rate of Zn and Pb were
Mytilus galloprovincialis [57-59]. recorded at station 1. However, the highest level of Cd, Cu

The global metal distribution observed at levels of and Ni were recorded in station 2. Station 1 is located in
the three selected stations offers the models following in the fishing port (Bay of Collo), while station 2 in the Gulf
descending order: Zn>Cu>Pb=Ni>Cd>Cr for station 1; of Skikda is subject to industrial pollution.
Zn>Cu>Cd=Ni>Pb=Cr for station 2; and This   is    the   first   study   on   gastropod  mollusc
Zn>Cu>Ni>Cd>Cr=Pb  for  station  3.  These sequences P. turbinatus in this field and data are important as
are similar models found by Campanella et al. [35] and scientific support to estimate the future impact of metal
Conti et al. [37], except Cd, which shows higher levels in concentrations in this region.
this study. In addition, average concentrations of Cr, Cu,
Pb and Zn are clearly high compared to those of the ACKNOWLEDGEMENT
control station, depending on the model
Zn=Cu=Ni=Cr>Cd>Pb. These results are similar to those We would like to thank Professor Ali Tahar
observed  with  Linosa  and  Favignana  Islands (Sicily) (Department of Biology, Faculty of Sciences, Badji
[23, 55]. Mokhtar University - Annaba), for achieving statistical
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