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ABSTRACT  
This study aims to assess the health status of the Algerian East coast using a sentinel species, the gastropod mollusc Phorcus (Osilinus) 
turbinatus. The concentrations of trace metals (Cd, Cu, Cr, Pb and Zn) in the tissue Phorcus turbinatus and biomarkers such as the activity 
of acetylcholinesterase (AChE) and Glutathione-S-transferase (GST) in the head and coat were determined in samples from four stations at 
different times of the year 2011. Indeed, three stations subject to urban and industrial pollution were selected: the station1 (Collo Bay); 
Station 2 (Bay of Skikda) and station 3 (Gulf of Annaba). A fourth station considered as control (Chetaibi Bay). Knowing that, abiotic 
parameters (temperature, pH and salinity) are measured in field during the collection of snails. Whereas the trace metal analysis in the tissue 
of P. turbinatus  is made in accordance with Conti et al. (2010) and assays of AChE and GST in head and mantle of snails  were carried out 
respectively according to Ellman et al. (1961) and Habig et al. (1974) .The thermal extremes go from 14° C (in winter) at 30,2° C (in 
summer). The salinity values ranged from 34.2 psu in autumn and 38.6 psu in summer. The metal mean concentrations found in P. 
turbinatus are often higher in the stations 1 and 2. The highest concentrations of  Pb and Zn were observed in Station 1, with respectively 
6.51±1.47μg.g-1 (in autumn) and 381,20±38.1μg.g-1 (in summer).Station 2 recorded the highest concentrations of Cd and Cu, where the 
maximum heavy metals was obtained in autumn and winter with values of 3.63 ± 1.14 μg.g-1 and 32.7 ± 2.9 μg.g-1. The lowest metal 
concentrations recorded in the control station. The AChE significantly varies depending on the stations with high activities (21.9 ± 14.84 
µMol / mn / mg protein) for trochus collected at the control station, while the GST is at its lowest value (11 .75 ± 1.7 µMol / mn / mg 
protein). The seasonal effect also has an influence on biomarkers, with a low activity of AChE in the fall and high values of the GST in 
winter. Overall, the results indicate that the alteration of the activity of acetylcholinesterase with the induction of glutathione S-transferase 
during the study period were due, first, to the presence of high concentrations of trace metals, mainly Pb, Zn, Cd and Cu, and abiotic factors 
including salinity and pH in the other hand. The principal components analysis (PCA) and linear discriminant analysis (LDA) using a 
package FactoMine R extra (R.3.2.3) have shown that the control station can be regarded as a reference site and Temperature alone did not 
cause alteration in topshells biomarkers responses. 

 
KEYWORDS: Abiotic parameters, Trace metals, Biomarkers, AChE, GST, Phorcus turbinatus, PCA, LDA, FactoMineExtra R 
(R.3.2.3), Coastline Algerian East. 
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INTRODUCTION 
 
Anthropogenic activities have increased contaminant levels in the marine environment. Nevertheless, risk 

assessment cannot be solely based on chemical analysis of environmental samples since it does not inform us 
about deleterious effects of contaminants to biota [1,2]. Aquatic organisms are currently being exposed to 
multiple chemical contaminants with different mechanisms of toxicity, each contributing to a final overall 
adverse effect. Consequently, in ecological quality monitoring programs, the integration of chemical data with 
biological responses (biomarkers) is strongly recommended to characterize effects of contaminants to organisms 
[3,4]. The accumulation of heavy metals in waters and sediments affects various organisms in the environment 
[5,6,7]. Gastropod molluscs were employed as bio-indicator to determine the effect of marine pollution [10,8,9]. 
These organisms were considered as appropriate indicators since they are available all year long and easily 
collected Molluscs have been well established as bioindicators for monitoring the concentration of heavy metals 
in many areas of the Mediterranean [11,12,13,14]. 

The topshell (Monodonta lineata) and Monodonta turbinata (Archeogastropoda: Trochidae) seem to be 
suitable bioindicator for the use in biomonitoring programs in the Atlantic coast of Europe. It is widely 
distributed over the European West coast, is available whole year-round, is abundant in several areas, including 
reference and polluted sites, has reduced mobility and is easy to sample [15,16,17,18]. 

In the last years, the enzymes cholinesterases (ChEs) and glutathione S-transferases (GSTs) have been 
widely used as environmental biomarkers because they play important roles in two functions determinant for the 
survival and performance of organisms: neurotransmission and detoxification, respectively. In addition, GSTs 
are also involved in anti-oxidative stress defenses [15,16,17,19]. The coastline east Algerian is the most 
important touristic and economic zone. It is continuously affected by various contaminants from urban, 
agricultural, harbor and industrial activities [20,21,22,23]. 

Phorcus (Osilinus) turbinatus (Born, 1778), Gastropoda herbivorous grazers, sessile and easy to remove, 
using in the biolonitoring study, while given its ability to bioaccumulate  the various pollutants in their tissues 
[24,25] and heavy metals [26,27,2829]. Trochus are widely distributed on the Algerian coast [30,31], they are 
available and abundant in many areas, including polluted sites [32,33]. Therefore, The  aim  of  the  present  
study  was  to  establish  a  seasonal assessment  of  the  marine  environment  quality  and  a  putative 
contamination  gradient  between  the  four stations.  So, the purpose of this work is to evaluate selected 
biomarkers in the chosen sentinel species. The use of biomarkers measured at the molecular or cellular level has 
been proposed as a sensitive “early warning” tool for biological effect measurement in environmental quality 
assessment [34]. 

The selected biomarkers should indicate that the organism has been exposed to pollutants, and/or the 
magnitude of an organism’s response to a pollutant [35]. Two biomarkers (acetylcholinesterase activity "AChE" 
and Glutathion s transferase activity "GST") were evaluated in Phorcus (Osilinus) turbinatus collected from the 
four stations. The choice of these markers has already been described elsewhere [36]. Briefly, Glutathion -S- 
transferase (GST  EC 2.5.1.18) plays a role in detoxification of organic compounds and metals [37,38] and 
acetylcholinesterase (AChE  EC 3.1.1.7.) is an enzyme involved in the synaptic transmission of nerve impulses 
that may be inhibited by some neurotoxic compounds targeted to cause this mode of toxicity [39]. Like metals, 
biomarker parameters were determined as a function of sampling station and season. The changes observed are 
related to the degree of metal contamination and abiotic factors. 

 
MATERIALS AND METHODS 

 
Presentation of Sample area: 

Phorcus (Osilinus) turbinatus were sampled at four stations along the Algerian East coast (36°56'44.19''N - 
6°15'39.08''E) and (36°50'38.18''N - 7°49'39.38''E) over a distance of almost 350 km. The Stations 1 
(37°00'07.50''N - 6°34'39.93''E) (Bay of Collo) and station 2 (36°53'32.33''N - 6°53'12.21''E) (Gulf of Skikda) 
are near from Collo and Stora  port.  They are characterized  by  an  intense maritime traffic. This site is exposed 
to the pollution by PAH due to the presence of an important petrochemical complex [40,41,42,43]. Station 3 
(36°55'31.46''N - 7° 45' 44.43''E) (Gulf of Annaba) , is  exposed  to  the  pollution  by  pesticides  and/or  heavy 
metals released from the FERTIAL factory and the port activities [44] and it receives for organic pollutants, in 
particular discharges of domestic wastewater [44,45]. Station 4 (37°02'26.27''N - 7°24'22.04''E) (Bay of 
Chetaibi), being far from any anthropogenic, is regarded as the control station [46] (Fig.1).  
 
Samples collection:  

Samples of standardized shell length [10-20 [mm size of P. turbinatus were collected during four seasons 
(spring, summer, autumn and winter) of 2011. The samples are transported to the laboratory in a cooler for 
metal analysis (n = 10). Then, they were purified in filtered sea water and aerated for 48 hours to remove the 
contents of the intestines and tissues and they were dissected, isolated and dried at 70 ° C to constant weight 



48                                                                  Sabrine Boucetta et al, 2016 
Advances in Environmental Biology, 10(5) May 2016, Pages: 46-60 

 

 

discribed by Conti et al. [28]. For the biomarkers (n = 10) are not sanitized before dissection coat and head, 
which were immediately homogenized. Abiotic parameters (temperature and salinity and pH) were measured 
simultaneously during sampling molluscs, using a field electronic multi- parameter (CG867). 

 
Metal analysis: 

Seasonal evaluation of heavy metals was carried out from station 3 in monthly samples representing a 
seasonal sample. Before assay, trochus are first shelled after the purge period. Thereafter, the wet flesh is 
extracted quickly using a plastic spatula, weighed, dried in an oven at 70°C for 48 hours and then ground to be 
mineralized. Mineralization is a cold digestion of a 0.5 g sample in 10 ml of nitric acid (HNO3) and 4 ml of 
sulfuric acid (H2SO4) concentrate. The tubes containing the samples are then placed in a sand bath at a 
temperature of 100 to 150°C for 15 h (hot digestion). Volumes digests thus obtained were adjusted to 50 ml with 
bidistilled water. The ultra-pure water is used for all the prepared chemical solutions. Analysis of all the trace 
metals (Cd, Cr, Cu, Pb and Zn) is performed using an atomic absorption spectrophotometer mark of Perkin 
Elmer 3100 equipped with a brand graphite furnace Perkin Elmer HGA-600 / 700. The analytical method was 
validated by assays on a certified sample (Mussel tissue) from the International Agency for Atomic Energy of 
Monaco (A.I.E.A., Ref. MA-A-2 / TM). 
 
Biochemical analysis: 

The mantle and head of each specimen of P. turbinatus was dissected during the same day until biomarker 
analyses. Determinations of AChE activity were performed using a method described by Ellman et al. [47] with 
the use of acetylthiocoline (AChE) as substrate. The activity rate was measured as change in OD/min at 412 nm 
(ext. coeff. 13.6 mM.cm-1). Activity was expressed as μmol/min/mg protein.  GST activity was measured using 
1-chloro-2,4-dinitrobenzene (CDNB) as substrate in a final reaction mixture containing 1 mM CDNB and 5 mM 
reduced glutathione was performed according to the method  Habig et al. [48]. The activity rate was measured 
as change in optical density (OD/min) at 340 nm (ext. coeff. 9.6 mM.cm-1), and the final activity was expressed 
as μmol/min/mg protein. Total proteins were determined according to Bradford, [49]. 
 
Statistical analysis: 

The average concentrations of ETM and biomarkers were calculated on the basis of four repetitions with the 
mean ± standard deviation (m ± s), they are illustrated with box plots. The means were compared pairwise by 
the Kruskal-walis test (Not shown). An analysis of variance ANOVA two classification criteria (station, season) 
was performed (p < 0.05). Several statistical approaches can be used for data analysis applied to environmental 
studies [50,51]. A correlation of Pearson rank is attributed to the ten variables. The Agglomerative Hierarchical 
Clustering (CAH) is applied Subsequently, the data were normalized and analyzed by multivariate analysis 
techniques such as principal component analysis (PCA) and linear discriminant analysis (LDA) on PCA factors 
[51,52,53]. Data analysis was performed by package ADE4, R.2.4.1 program (Facto extraMine R). The 
description of CAH, PCA and LDA techniques are indicated by [50,54,55]. 
 
Results: 
abiotic parameters: 

The physicochemical parameters of seawater measured during 2011 in the four stations of study are shown 
in figure 2. Monthly statements of temperature, allow us to determine the following seasonal variations: 14-16 ° 
C (winter), 17 to 22.60°C (spring), from 22.10 to 30.20°C (summer) and 17.60 to 28.10°C (autumn) (Fig. 2). pH 
measurements showed no fluctuations in the control station where the pH was slightly alkaline.  

The pH ranged from a minimum of (6.9 to 6.89) at the station 1 and 2 and a maximum of (8.20 to 8.50) to 
3.2 respectively and station 1. The value of the measured average salinity is about 36.38 psu. It falls 
significantly during floods in the station 3. In contrast, the dry period is characterized by higher salinities 
reaching a maximum in August in station 2. One -way ANOVA showed no significant difference between the 
four stations, except for pH where multiple comparison tests (Newmean- Keuls (SNK), p≤0.05 ) show the 
existence of a single homogeneous group versus pH gathering stations 1, 2 and 3. Subsequently Dunnett's test 
detects the significance between the control station, and the other three stations (Tab. 1). 
 
Metal distribution in tissue of Phorcus turbinatus: 

Data are analyzed together (10 × 4 × 4 seasons stations, n = 160). The distribution of trace metals in tissue 
of  P. turbinatus collected at the four stations is heterogeneous (Fig. 3). The lowest metal concentrations 
recorded in the control station in the summer (Cd: 0.65 ± 0.44 μg.g-1; Pb: 0.12 ± 0.09 μg.g-1), in the winter for 
Zn (55.2 ± 20.6 μg.g-1). With the exception of Chrome in winter which has a high rate of (0.89 ± 0.20 μg.g-1). 
The highest concentrations of Pb and Zn were observed in Station 1 compared to other stations with a maximum 
value Pb during the fall (6.51 ± 1.47 μg.g-1) and a maximum for the Zn in summer (381.20 ± 38.10 μg.g-1). 
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Concerning the station 2, which is crowned by Cd and Cu, the maxima of  heavy metals were obtained in 
autumn and winter, respectively (3.63 ± 1.14 μg.g-1; 32.70 ± 2.90 μg.g-1) (Fig. 3). It is clear that despite varying 
results, Zn and Cu are very predominant in P. turbinatus. The Results of One-way ANOVA of heavy metals 
(Zn, Cu, Cr, Cd and Pb) in P. turbinatus (sampling station as factors) had showed significant effects in all cases 
(p ≤ 0.0001) (Tab. 2). 

For Zn, Tukey test clearly shows that the difference is between the trochus collected from station 1 and 
those of the control station, station 2 and Station 3, which allowed us to group these stations into two groups: the 
control station, stations 3 and station 2 represent the group (A), the station 1 corresponds to the group (B) (Fig. 
3). One-way ANOVAs of chromium in P. turbinatus shows that the difference between the study stations is 
very highly significant (p ≤ 0.0001). Tukey test permits the classification of the stations in four groups: A, AB, 
B and C (Fig. 3). This classification clearly shows the existence of a difference between all stations, apart from 
Station 2 and 3 belonging to the same group (A), as well as for organizations from station 3 with those of the 
control station that record very close Cu levels.  

The difference between the studied stations is very highly significant depending on the results getting 
from the Cd contents in the P. turbinatus. Tukey's test allows us to classify the studied stations into four groups, 
where high significance occurred between the group (A) corresponding to station 2 and group B, BC, and C 
representing station 3, control station  and station 1 (Fig. 3). Classification Tukey concerning the Cr Levels in 
the tissues of P. turbinatus with p ≤ 0.0001 allows us to classify the stations into three groups: group (A) 
representing the individuals in the station 3 and the one of control, the group (B ) corresponds to individuals 
from station 2, the group (C) relates to the station 1 (Fig. 3). Eventually the classification of stations studied by 
the Tukey test shows that Pb levels in the snail divided the stations into four groups: group (A) shows the station 
1, the group (B) corresponds to the station 2 which is no different to the BC group, the group (BC) is the station 
3, where the test shows that there is no significant difference between the control station (group C) (Fig. 3). 
 
Biochemical responses: 

Data are analyzed together (10×4×4 seasons stations; n = 160). Figure 4 shows the spatial and temporal 
variations of the activity of AChE and GST (µMol/mn/mg protein) respectively in the head and mantle of P. 
turbinatus. The AChE activity goes from a maximum value of 21.9 ± 14.84 (µMol/mn/mg protein) (control 
station, autumn) to a minimal value of 1.20 ± 0.14 (µMol/mn/mg protein) (station 2, summer) (Fig. 5). Two-way 
ANOVA reveales an effect station, season and interaction station / season (p ≤ 0.0001) very highly significant 
(Tab. 3). Tukey's test was used to classify stations into three groups, Group A contains the control station, the 
AB group is the station 1 and 2, and Group B includes the station 3. 

The rate of the GST goes from 80 ± 19.57 (µMol/mn/mg protein) (station 3, spring) to 11.75 ± 1.70 
(µMol/mn/mg protein) (control station, winter) (Fig. 5). Two-ways ANOVA (stations, seasons) (Tab. 3) reveals 
a significant difference between stations (p ≤ 0.001) and very highly significant between seasons and interaction 
seasons / stations (p ≤ 0.0001). Tukey's test was permitted the classification of stations into four groups, Group 
A includes the station 3, the AB group matches the station 2, and Group B includes the control station and the 
group C is the station 1. The correlation study of the Pearson rank between the concentration of ETM, abiotic 
factors and changes in biomarkers analyzed in the trochus tissue taken from the various stations of studies are 
summarized in the matrix (Fig. 6). The latter reveals a positive correlation between Cd, Cu, Pb and pH are 
respectively (r = 0.80 ***  r = 0.44*, r = 0.64 **, p≤0.001 ), Pb is correlated with pH (r = 0.50 *). Salinity is 
correlated with the pH and temperature respectively (r = 0.35, r = 0.23). A negative correlation between Cr is 
raised on the one hand and Cd, Cu, pH and salinity on the other by with respective correlation coefficients -0.77 
***; - 0.48 *;       -  0.58* and - 0.57 *. 

The enzymatic activities of GST and AChE are negatively correlated (r = -0.24). A positive correlation is 
observed between the activity of GST and Zn (r = 0.38) and the pH (r = 0.48 *). AChE has a strong positive 
correlation with Cr (r = 0.70 **) and negative with Cd and Cu respectively (-0.67 ** ; - 0.48 *) and abiotic 
(salinity: r = -0.56 *; pH: r = - 0.51 *). On the other hand, the GST mark a single positive correlation with pH (r 
= 0.48 *). Moreover, no correlation was observed for physical parameter; temperature. The results of the ACP 
illustrated in Figure 7A on the main axes of elements (Dim1× Dim2), represent respectively 60.6 % and 16.9% 
of the total variance, 77.5% cumulative variance. Together Cu, Cd and Pb, as well as salinity and pH are 
correlated with the activity of GST on the first axis Dim1 corresponding to the station 3. Zn and temperature are 
strongly correlated. The second axis Dim 2 represents the Cr in the positive part (r = 0.91) and AChE in the 
negative part corresponding to stations 2 and 1. Finally only trochus taken to the control station have the 
maximum rate of AChE (Fig. 7 B). 
 
Discussion: 

Urban and industrial activities in coastal areas introduce significant amounts of heavy metals into the 
marine environment, causing permanent disturbances in marine ecosystems, leading to environmental and 
ecological degradation [56,57,58,59]. The evaluation of marine ecosystem quality could be done by the study of 
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its abiotic and biotic components [60]. In fact, water temperature, pH and dissolved oxygen are important 
components of water quality according to Douhri and Sayah [61]. The inhibition or induction of biomarkers in 
vivo is a good tool to assess environmental exposure and potential effects of xenobiotics on organisms 
[62,63,64,65]. The temperature and salinity were considered as the main factors influencing the activity of 
natural enzymes [16,65,66,67]. 

The correlation of Pearson rank between the concentration of ETM, abiotic and enzyme parameters 
analyzed in the tissues of trochus collected in different stations of studies reveals, first a positive correlation 
between Cd, Cu, Pb and pH (p ≤ 0.001), second a negative correlation between the Cr one hand and Cd, Cu, pH 
and salinity (p ≤ 0.001) . Furthermore, no correlation was found for temperature. 

In this study, we note a significant inhibition of acetylcholinesterase activity in trochus taken from all 
monitoring stations. This inhibition might be the source of exposure neurotoxic pollutants. Indeed, the 
acetylcholinesterase activity is known for being inhibited in the presence of certain pesticides [68,69]. Several 
studies have used the inhibition of AChE to assess the biological impact of organophosphates and carbamates 
[70,71]. Other studies have shown that acetylcholinesterase can be inhibited by heavy metals present in various 
organisms [72,73,74]. Indeed, similar observations have been reported in the blue mussel Mytilus edulis 
collected from polluted sites of the Spanish Mediterranean coast [75]. Ricciardi et al. [76] have highlighted 
comparable results in zebra mussel Dreissena polymorpha taken from polluted locations of the Lake Maggiore 
(northern Italy). Baron et al. [77] has also reported an inhibition of acetylcholinesterase activity in the mollusc 
Marine Mussels (Mytilus galloprovincialis) exposed to Decabromodiphenyl Ether (BDE-209) and Dechlorane 
Plus (DP). Analogous disturbances were shown also in clams clam Ruditapes philippinarum exposed to copper 
[78]. 

The sensitivity of Trochidae to environmental conditions is manifested by reproductive cycle disturbances, 
fertility declines or larval developmental disorders and the effects observed in disturbed areas on aquatic 
invertebrates were already described by Conti et al. [79]; Belhouari et al. [31] and Conti et al. 

The Acetylcholinesterase has a high positive correlation with Cr and negative with Cd and Cu .These 
findings are similar to those found by Pereira et al. [80], where they report a strong correlation between 
inhibition of AChE and increased metal levels in Osilinus turbinatus colonizing Portuguese coasts. Other 
authors have reported fluctuations of acetylcholinesterase in marine invertebrates depending on abiotic 
parameters. In fact Dellali et al. indicate a negative correlation between temperature and AChE activity in 
Ruditapes decussatus in the lagoon of Bizerte. In addition, Zanette et al. [82] found Salinity strongly influences 
the effects caused by diesel in oyster Crassostrea gigas collected from (Brazil). But, Salinity alone did not cause 
alteration in oyster's biomarkers responses. 

The PCA and LDA results reveal a temporal spatial heterogeneity (station seasons) enzymatic activity 
(AChE, GST) for trochus, where AChE activity is clearly inhibited in the autumn in the station 2 located near a 
petrochemical industrial zone. Same ascertainment observed in winter in the station 3 where inhibition of AChE 
could be due to the presence of a discharge of urban waste water. The same findings reported by Tim-Tim et 
al.[16], where they recorded the existence of a highly significant difference of AChE activity depending on 
stations and seasons with Monodonta Lineta sampled in the northeast of Portugal after the Black tide of the 
Prestige, where it decreases the autumn until winter. In opposition, Benali et al. [19] and Stein et al. [85] 
reported that the seasonal variation of acetylcholinesterase activity in Mytilus galloprovincialis shows no 
significant difference. In contrast, Kamel et al. [83] and Attig et al. [84] reported a seasonal fluctuation of AChE 
activity in Mytilus galloprovincialis .They determined the existence of the seasonal variation of the 
acétylcholinestérase and different fluctuations with the annual temperature. Moreover, Boudjemaa et al. [38] 
signal that inhibition of the cholinesterase activity in Brown Mussels (Perna perna) under Acute Cadmium, 
Lead, and Copper Exposure (Algeris Bay).  

The study of the spatiotemporal variation of the activity of GST reveals a significant induction in stations 1 
and 2. This situation would be probably owed to the presence of strong lead concentration as well as the 
nearness of these stations in industrial zones. Station 2 is a trafic port and industrial pole. This situation is 
similar to that reported by Douhri and Sayah on the Patella vulgata prosobranch gastropod in the Bay of 
Tangier.  In contrast, enzyme induction of GST decreases from autumn to spring in P. turbinatus of station 3, 
under the influence of the organochlorine pollution. Moreover, Gharbi - Bouraoui et al. [86] reported that high 
levels of GST activity in the Murex trunculus (Bizerte lagoon) in december, is not related to environmental 
conditions, but to bioaccumulation of the copper. No seasonal variation was statistically demonstrated for the 
GST and the acetylcholinesterase found in P. turbinatus taken the control station (Chetaibi Bay). This is in 
perfect harmony with the results found by Benali et al. in Mytilus galloprovincialis (Oran Bay) and Kopecka et 
al. [87] in the blue mussel (Mytilus edulis) in the North Sea. 
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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) station 3 (Gulf of Annaba). Figure 1. Location of sampling sites (▼). 
From West to East: Station 1 (Collo Bay) Station 2 (Gulf of Skikda), control Station (Chetaibi Bay) 
Station 3 (Gulf of Annaba). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2: Spatio-temporal variations of physicochemical parameters identified in the various stations. station 1 

(Collo Bay), Station 2 (Gulf of Skikda), station 3 (Gulf of Annaba), control station (Chetaibi Bay). 
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Table 1: Results of multiple comparison tests (Test Newmean-Keuls (SNK) and Dunnett between stations for pH water. 
Newman-Keuls test (SNK) 

Model CM Groups 

Station 1 8.0623 A 
A 
A 
 
                    B 

Station 2 8.0138 

Station 3 7.9946 

Control Station   7.5962 

 Dunnett test(bilateral) 

Model Pr > Diff Significant 

Control station vs Station 1 0.0056 true 

Control station vs Station 2 0.0142 true 

Control station  vs Station 3 0.0202 true 

 
Table 2: Results of one-way ANOVA of the levels of metal (Zn, Cu, Cr, Cd and Pb) into the body of individuals of P. turbinatus for all 

stations to study (p < 0.0001).                          
Zn 
Source DDL SCE CM Fobs P 
Model 3 524352.5438 174784.1813 19.5967 < 0.0001***  
Error 61 544062.9463 8919.0647     
Adjusted total 64 1068415.4900       
                                                                                   Cu 

20592.2769 6864.0923 56.5004 < 0.0001***  
7410.7332 121.4874     
28003.0101       

                                                                                   Cd 
240.8518 80.2839 35.4499 < 0.0001***  
138.1476 2.2647     
378.9994       

                                                                                     Cr 
9.1222 3.0407 61.0832 < 0.0001***  
3.0366 0.0498     
12.1588       

                                                                                   Pb 
263.2562 87.7521 66.4098 < 0.0001***  
80.6037 1.3214   
343.8599       

DDL:  Degree of freedom; SCE:  Sum of squared deviations; CM:  average square; F obs.:  Fisher test; P: Level of significance. 
            

            
            
            
            
            
            
            
            
            
            
           

 
 
 
 
 
 
 
 
 
 
 

C A B BC 

C B A           A 

A    B      BC      C 
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Fig. 3: Spatiotemporal variations in average metal concentrations (Cd, Cr, Pb, Cu and Zn) (µg / g dry weight) in 
the tissues of Phorcus turbinatus (mean ± SD; 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. 
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Fig. 4: Spatio-temporal variations of acetylcholinesterase activities and Glutahtion S-transferase in the head and 
mantle of P. turbinatus collected in area of study. (Station 1: Bay Collo, station 2: Gulf Skikda station 3: 
Gulf of Annaba, control station: Chetaibi Bay). (A: Winter; B: Spring C: Summer; D: Autumn) during 
the period (Jan.11-Jan.12). 

 
Table 3: Results of analysis of variance two classification criteria AV2 (station/ season) the specific activity of acetylcholinesterase (AChE) 

and glutathione-s-transferase (GST) of Phorcus turbinatus within four stations during the study period (N = 4). 
 

AChE 
Source DDL SCE CM Fobs P 
station 3 1292.978 430.993 130.664 < 0.0001*** 
season 3 655.775 218.592 66.270 < 0.0001*** 
station * season 9 1632.075 181.342 54.977 < 0.0001*** 
GST 
Source DDL SCE CM F Pr > F 
station 3 1547.297 515.766 3.520 0.022** 
season 3 14490.797 4830.266 32.965 < 0.0001*** 
station * season 9 14954.891 1661.655 11.340 < 0.0001*** 

DDL:  Degree of freedom;  SCE:  Sum of squared deviations; CM:  average square;  F obs.:  Fisher test; P: Level of significance. 
 

 
Fig. 5: spatio-temporal variation of the specific activity of acetylcholinesterase and glutathione-S-transferase 

(µMol / min / mg protein) in the head and mantle of P. turbinatus collected in different stations during 
the period (Jan 11- Jan 12) (m ± s; n = 160). 
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Fig. 6: Results of the correlation of Pearson rank of all the abiotic parameters, metal and biochemical found in 

Phorcus turbinatus in the four stations studies (Jan11-Jan12). 
 

Fig. 7: Results of PCA and LDA of all abiotic parameters, metal and biochemical found in Phorcus turbinatus 
in all stations of studies (Jan.11-Jan.12) (A. Variation of ETM, biochemical response and  abiotic 
parameters B: Variation between stations). 
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Table 4: Seasonal variation of enzyme activity of AChE and GST (µ.Mol / min / mg protein) of Phorcus turbinatus in the study area (n = 
160, for medium seasons followed the same uppercase letter are not significantly different, while for stations, means followed by 
the same lowercase letter are not significantly different (p ≤ 0.05) . 

Station 
 
Season 

Enzymatic 
 response 

Station 1 Station 2 Station 3 
Control  
Station 

Winter 

AChE 2.4±0.82 A 
a 

2.6±0.50 A 
b 

7.1±2.14 A 
c 

7.9±2.02 B 
d 

GST 21.5±12.28 A 
a 

18±5.09  A 
b 

19.25±5.31 A 
c 

11.75±1.7 A 
d 

Spring 

AChE 3.05±1.58 A 
a 

2.95±1.47 A 
b 

6.9±1.83 A 
c 

6.98±3.84 B 
d 

GST 34±16.97 B 
a 

55.5±5.8 B 
b 

80±19.57 B 
c 

22.5±1.29 B 
d 

Summer 

AChE 2.25±0.85 A 
b 

1.2±0.14 A 
b 

5.5±1.48 A 
c 

6.22±1.15 B 
d 

GST 62.25±10.21 C 
a 

60±3.74 C 
b 

75.75±6.34 C 
c 

23±8.75 Cd 

Autumn 

AChE 3.05±1.51 A 
a 

3.65±3.05 A 
b 

6.7±0.69 A 
c 

21.9±14.84 B 
d 

GST 17.75±5.85 D 
a 

35.75±7.36 D 
b 

65.75±19.72 D 
c 

18.75±6.18 D 
d 

 
Conclusion: 

This study presents the results of some biochemical markers (AChE, GST) measured in the head and the 
mantle of Phorcus (Osilinus) turbinatus sentinel species useful for Biomonitoring the environment. Our results 
of GST and AChE activities of Phorcus (Osilinus) turbinatus were found to be influenced by abiotic factors, 
mainly salinity and pH. Furthermore, no correlation was found for temperature. It is clear that despite varying 
results, Zn and Cu are majority in the body of the studied species (P. turbinatus).The correlation study of the 
Pearson rank among the abiotic factors, the concentration of ETM and biomarkers analyzed in the trochus tissue 
taken from different stations study shows significant differences. AChE has a strong positive correlation with 
the negative with Cr and Cd, Cu, salinity and pH. In contrast, the GST track a single positive correlation with 
pH. The seasonal variation of GST and AChE is significant for topshells of station 1, 2 and 3. Against, no 
seasonal variation in acetylcholinesterase has been statistically demonstrated in the control station. Therefore, 
the changes and the differences between the four stations may be related to the intensity and duration of stress 
found in stations 1, 2 and 3 compared to the control station. 
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