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 An active biomonitoring study was carried out on the bay of Bou-Ismail (Algeria) using 
mussels (Perna perna) that sampled from the Boumerdes (BM) site and transplanted in 

net cages during 21 days (between Mars and Aprile 2012) to Bouharoun Harbour (BH) 

and Khemisti Harbour (KH). After exposure, the cages of mussels were transferred to 
Mediterranean Aquaculture Elevage (MAE) in Aïn Tagourait (Tipaza) as 

decontamination cycle (15 days). In parallel, other mussels were transplanted in MAE 

site, as control animals in all period of contamination/decontamination of mussels 
transplanted in two harbours. Compared to the MAE control specimens, BH and KH 

caged mussels presented a significant (p < 0.05) increase of catalase induction (38.43 ± 

6.29 U.mg prot-1, 61.42 ± 10.62 U.mg prot-1, 72.66 ± 33.86 U.mg prot-1 respectively). In 
addition, the results of the fecal indicators (total coliforms (TC), fecal coliforms (FC), 

and Escherichia coli (Ec)), and heavy metals (cadmium and copper), were significantly 

higher (p < 0.01), in the KH and BH caged mussels, than MAE caged mussels. 
Furthermore, the decontamination reduced significantly (p < 0.01) the levels of 

antioxidant catalase activity, accumulated fecal bacteria and accumulated cadmium and 

copper in caged mussels. The combination of the selected biomarker and accumulated 
fecal bacteria are useful for assessment of pollution in the Algerian coastal marine. 
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INTRODUCTION 

 

 The increase of human population in Algeria (more than 40% of population inhabits the littoral zone), and 

industrial development (50 % of national industrial units in the littoral) and the absence of urban and/or 

industrial sewage treatment plants have turned the coastal marine environment into a prime recipient of several 

forms of pollution [1, 2]. This sewage is charged by essential suspended matter, heavy metals, detergents, 

organochlorine compounds, polyaromatic hydrocarbons and a variety of pathogenic microorganisms, generate 

chemical and bacteriological contamination [1-6].  

 Pollution by heavy metals is a serious problem due to their toxicity and ability to accumulate in the biota 

[7]. At the cellular level, it is often involved in oxidative stress in marine organisms, which results in the 

production of Reactive Oxygen Species (ROS) [8, 9]. Moreover, bivalves such as mussels may concentrate 

pathogenic microorganisms in their tissues and have higher survival rates inside the bivalves [10, 11]. In this 

context, monitoring the chemical and/or microbiological pollution of coastal sea waters is a highly important 

task [12]. 

 The ‘‘active’’ bio-monitoring is based on the comparison of chemical, biological and/or microbiological 

properties of samples which have been collected from one population and which have, after randomization and 

translocation, been exposed to different environmental conditions at monitoring sites [10, 13]. Therefore 
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biomarkers are considered useful tools and are increasingly incorporated into environmental monitoring 

programs (e.g. Joint Monitoring Program of the OSPAR convention; MED POL, UNEP Mediterranean 

Biomonitoring Program) [14, 15]. Among biomarkers, catalase (CAT: EC 1.11.1.6) is an enzyme of the 

antioxidant defense used as a biomarker of oxidative stress that can be induced by a wide range of contaminants 

including organic xenobiotics and heavy metals in order to protect organisms against oxidative stress by 

catalyzing the dismutation of hydrogen peroxide H2O2 [16-19]. However, marine mussels are widely used in 

passive or active biomonitoring programs because of their ability to accumulate large quantities of pollutants 

and microorganisms in their tissues. Moreover, bacteria may have higher survival rates inside the bivalves [20-

23]. The use of deployed mussels has proved useful for large geographical scale monitoring since mussels can 

be immersed at any location and/or depth [24].  

 The aim of the current paper was the analysis of the reliability and effectiveness of catalase, accumulation 

fecal bacteria (total coliforms (TC) faecal coliforms (FC), and Escherichia coli (Ec)) and accumulation heavy 

meals (cadmium, copper and lead) in mussels Perna perna in the prevention and evaluation the effects related to 

chemical and/or bacterial contamination of the marine environment and their possible use in monitoring 

programs. 

MATERIALS AND METHODS 

 

Sampling area and experimental design: 

 Mussels Perna perna (approximately 100 individuals; 4.5-5.5 cm shell length) were collected from natural 

beds at Figuier, Boumerdes (BM), Algeria (36 ° 46’ 05.38’ N, 3°28’37.92’ E) on 10 March 2012. After 

collection, mussels were immediately transported to the laboratory of mollusc farm (MAE) in Aïn Tagourait 

(Tipaza) and acclimatized in tanks (15 individual/20 L) with aerated natural filtered seawater for a period of 15 

days. After acclimatation, the mussels were placed in cages of polyethylene, with a close-meshed wire netting as 

a barrier against predatory species and sea currents (80 × 60 cm). The cages were placed in the sea with a nylon 

rope and anchored at the bottom with a natural rock (about 1-3 kg), to 1.0 -1.5 m water depth in Bouharoun 

Harbour (BH) and Khemisti Harbour (KH) in the bay of Bou-Ismail (Algeria), in 25
th

 March-15
th

 April 2012 

(Contamination cycle: 21 days). Furthermore, after 21 days of exposure in two harbours (BH and KH), the cages 

of mussels were transferred in control site (MAE) as decontamination cycle during 15 days (15
th 

- 30
th 

April 

2012). In parallel, the animals were transplanted in site (MEA) in 25
th

 March-30
th

 April 2012, as control animals 

in all periods of contamination/decontamination of mussels transplanted in two harbours (Figure. 1).  

 

 
Fig. 1: Study area and sampling sites. 

 

 Before starting the experiment, seawater samples (W) were collected from each site and acclimated mussels 

(n = 30) were analyzed for initial background (t0). During each sampling event, seawater samples and two bags 

containing 15 mussels (n = 30) were collected at each station for physiological, biochemical, microbiological 

and bioaccumulation analysis. Mussel samples were collected in sterilized plastic containers and maintained in 

an icebox until processing in the laboratory. Water samples were collected in presterilised 1000 ml
-1

 glass 

bottles with hermetic stoppers and were submerged to a depth of 20 cm to 30 cm. Both samples (mussels and 

water) were then transported at 4 °C, with the time between collection and analysis not exceeding 4 hours. 

 

Abiotic parameters: 

 Some physico-chemical parameters were measured in situ at all the sampling sites: temperature (°C), 

salinity, dissolved oxygen (mg.L
-1

) and pH are using a multiparametric YSI 556. Ammonia nitrogen (N-NH3,4), 
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nitrogen nitrous (N-NO2
-
), nitrate nitrogen (N-NO3

-
) and orthophosphate (P-PO4

-
) were estimated by following 

standard analytical methods [25]. 

 

Body condition index (CI): 

 The condition index was measured on 15 animals for each cage (n = 15), using the ratio of the weight of the 

soft tissue to the total weight (shell + soft tissues + palleal liquid) of the mussel, multiplied by 100 [26]. 

 

Catalase activity: 

 For the analysis of antioxidant enzyme activities, 5 g tissue (n = 6), was homogenized in chilled mortar with 

50 ml homogenization buffer (Tris, 20 mM, and pH 7.8) and centrifuged at 10000 rpm for 30 minutes at 4 °C 

ground in Tris buffer (0.1 M, pH 7.5) and centrifuged at 9000 g for 20 min at 4
°
C. Aliquots of the supernatant 

(S9 fraction) was used to determine CAT activity. Protein concentrations were determined according to the 

Lowry [27] method using bovine serum albumin (BSA) as standard. Catalase activity was determined using the 

Atli et al. [28], method, and was expressed as µmol of hydrogen peroxide consumed min.mg
-1

protein. 

 

Metals analysis: 

 For metal analysis, the soft tissues from each individual (n = 6), were dried in an oven at 70 °C for 48 h 

[29], and then digested with aqua regia or pseudototal digestion (HCl-HNO3-H2O) at 95°C for two hours until 

the solution was clear [2]. The solution is diluted to 100 mL with deionized water (double distilled) and used for 

the chemical analysis. Cadmium, lead and copper were then analysed by atomic absorption spectrophotometry 

type Perkin Elmer Analyst 700, air-acetylene oxidizing flame source was used. The determination limits level of 

the AAS machine for Cd (II), Pb (II), and Cu (II) ions were 0.03 mg.L
-1

, 0.2 mg.L
-1

 and 0.2 mg.L
-1

 respectively. 

 The quality of the attacks was monitored by analysis of international standards which are certified 

concentrations, provided by the Japan International Cooperation Agency (JICA) in Algeria. We used as 

standards: Cod fish tissue (CRM 74026-a, with certified concentration: Cu: 1.25 ± 0.07 mg.Kg
-1

 dry weight). 

 

Bacteriological parameters: 

 The microbiological studies of mussels and their ambient water involved multiple tests designed to measure 

both classical parameters as laid down in the current law on the quality of bathing water (EEC, 1976) (i.e., total 

coliforms, faecal coliforms, and faecal streptococci) and alternative variables, such as Escherichia coli, 

Salmonella [10, 20]. 

 Processing of sampled mussels, (washing, opening, homogenizing) was carried out according to the French 

association for standardization (AFNOR, 2003) [30]. The search for total coliforms (TC), faecal coliforms (FC), 

Escherichia coli (Ec), and Salmonella (S), both in the mussels and the water, was carried out by the five-tube 

most probable number (MPN) method, quoted in the standard methods (AFNOR, 2003) [30]. All results are 

expressed as mean values of bacteria in 100 g (soft tissues + palleal liquid of mussels, n = 10) and in 100 ml for 

seawater.  

 To compare both matrices considered, their values were related to 100 g of mussels and 100 ml of water. 

The quantitative evaluation of the accumulation was called the concentration factor (cf) and was calculated by 

considering each mussel sample and its water matrix. This factor is given by the ratio between the 

concentrations of fecal bacteria in massels relative to the concentration in the overlying water, in the following 

equation [31]: 

 

 
 

Statistical analysis: 

 All data were processed using SPSS 17.0 for Windows software. All parameters detected were statistically 

compared by one-way analysis of variance and LSD multiple comparison test amongst the means. Statistical 

analysis was expressed as means ± SD, with p < 0.05 being considered significant, and p < 0.01 being 

considered extremely significant. 

 

Results: 

Abiotic parameters: 

 Comparison of the various abiotic parameters measured before starting the experiment (t0) and at the three 

sampling sites of Perna perna in contamination/decontamination cycles (Table. 1) showed the temperature, 

salinity and pH values to be homogeneous. However, the BH and KH transplantation sites had a significant 

lowest dissolved oxygen concentration (p < 0.01), and a significant higher concentrations of nitrogen 

compounds and phosphorus (p < 0.01) compared a control site (MEA).  
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Table 1: Means (± SD, n = 3) of the abiotic parameters of seawater, measured before starting the experiment (t0), and at the sampling sites: 

control site (MAE), Bouharoun Harbour (BH) and Khemisti Harbour (KH), during the periods of contamination/decontamination 

cycles, the different letters indicate significant differences (LSD test) between means: p (a/b) < 0.05, p (a/c) < 0.01. 

 

Abiotic 
Parameters 

Background Sites characteristics 

 

t0 

Contamination Decontamination 

MAE BH KH MAE 

T (°C) 10.72 ± 0.50b 14.06 ± 0.50a 13.99  ± 0.50b 14.37 ± 1.00b 13.83 ± 0.18b 

pH 7,35 ± 0,10a 7.64 ± 0.34a 7.72 ± 0.56a 7.67 ± 0.56a 7.60 ± 0.02a 

Salinity (Psu) 37.31 ± 0.04a 37.63 ± 0.29a 37.25 ± 0.17a 36.96 ± 0.51a 37.86 ± 0.04a 

Do         (mg.L-1) 6.35 ± 0.01b 6.09 ± 0.90a 4.23  ± 0.62c 3.93 ± 0.93c 6.26 ± 1.73b 

N-NH3,4 (mg.L-1) 0.001 ± 0.00b 0.007 ± 0.00c 0.014 ± 0.00c 0.014 ± 0.00c 0.003 ± 0.00b 

N-NO2
-  (mg.L-1) 0,150 ± 0.00c 0,001 ± 0.00a 0.230 ± 0,00c 0,610 ± 0,01c 0.012 ± 0.00b 

N-NO3
-  (mg.L-1) 0.230 ± 0.00c 0.012 ± 0.00a 0.327 ± 0.57c 0.170 ± 0.023c 0.135 ± 0.16c 

P-PO4
-    (mg.L-1) 0.610 ± 0.01c 0.066 ± 0.02a 0.191 ± 0.17c 0.140 ± 0.06c 0.070 ± 0.07a 

 

Physiological status: 

 No mortality of mussels observed before starting the experiment (t0) and during the period of 

contamination/decontamination in the study sites (control site (MAE), Bouharoun Harbour (BH) and Khemisti 

Harbour (KH)), (Table. 2). However, not significant (p < 0.05) deference of the CI of MEA caged mussels and 

KH and BH mussel population (Tab. 2). 
 

Table 2: Means (± SD, n = 15) of physiological status of mussels before starting the experiment (t0) and control site (MAE), Bouharoun 

Harbour (BH) , Khemisti Harbour (KH) caged mussels, during contamination / decontamination cycles. 

 

Sites 

Contamination Decontamination 

Mortality (%) Condition index (CI) Mortality (%) Condition index (CI) 

t0 0 0.40 ± 0.088a - - 

MAE 0 0.41 ± 0.019a 0 0.42 ± 0.060a 

BH 0 0.44 ± 0.000a 0 0.43 ± 0.005a 

KH 0 0.43 ± 0.030a 0 0.41 ± 0.058a 

(-: no exist), (LSD test-p > 0.05). 

 

Catalase activity: 

 The results for the various the levels of catalase activity of the mussel in situ during 

contamination/decontamination cycles are shown in Figure. 2. In comparison with the controls mussel caged 

(MAE): CAT activity was significantly induced in tissue of the BH and KH caged mussels (p < 0.05). For a 

maximum 72.66 ± 33.68 U.mg prot
-1

 in Khemisti Harbour mussel caged compared with a control mussel caged 

(38.43 ± 6.29 U.mg prot
-1

). Moreover, in decontamination phase (15 days), it was observed a decrease in the 

induction of CAT, which levels comparable to the CAT in mussels caged at reference site (CAT (MAE): 43.31 

± 12.09 U.mg prot
-1

, CAT (BH): 69.12 ± 10.46 U.mg prot
-1

, CAT (KH): 48.9 ± 19.34 U.mg prot
-1

 . 

 

 
Fig. 2: Mean (±SD, n = 6) of variation of catalase activity in Perna perna tissues before starting the experiment 

(t0) and at control site (MAE), Bouharoun Harbour (BH) and Khemisti Harbour (KH) during 

contamination/decontamination cycles. The different letters indicate significant differences (LSD test) 

between means: p (a/b) < 0.05. 

 

Metals accumulated: 

 Heavy metal concentrations in mussels are shown in Table .3. In comparison with the controls mussel caged 

(MAE): copper and cadmium concentrations were significantly higher (p < 0.01) in the harbours, for a 

maximum 21.02 ± 0.000 mg of cadmium. Kg sec
-1 

at BH and 19.30 ± 0.000 mg of copper.Kg sec
-1

 at KH. 

Morever, the concentration of lead accumulated in mussels caged are all less than the minimum of determination 

level (< 20 mg. Kg
-1

 dry weight
-1

) in all studied sites. 
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Table 3: Mean (± SD, n = 6) of concentrations of metals (cadmium, lead and copper) accumulated by the transplanted specimens Perna 

perna (mg. Kg-1 dry weight-1) during the ending contamination/decontamination cycles  

 

Studied Metals 

t0 Ending cycle of contamination Ending cycle of Decontamination 

MAE BH KH MAE BH KH 

[Cu] bioaccumulated (mg.Kg 

sec-1) 

18.92 

± 
0.000a 

18.55 

± 
0.000a 

21.02 

± 
0.000c 

19.30 

± 
0.009c 

18.73        ± 

0.001a 

19.30 

± 
0.000c 

18.73                                             

±                                           
0.001c 

[Cd] bioaccumulated (mg.Kg 

sec-1) 

< 3c 5,17              

±                    

0.003a 

12.36 

± 

0.001c 

19.00                     

±                      

0.001c 

< 3c < 3c < 3c 

[Pb] bioaccumulated (mg.Kg 

sec-1) 

< 20a < 20a < 20a < 20a < 20a < 20a < 20a 

(t0: before starting the experiment, MAE: reference site, BH: Bouharoun Harbour, KH: Khemisti Harbour). The different letters indicate 

significant differences (LSD test) between means: p (a/c) < 0.01. 

 

Micro biological result: 

 The mean values ± SD of the indicators of faecal contamination (TC, FC and Ec) in caged massels (M) and 

in sea water (W) are shown in figure. 3, subdivided according to sites and sampling periods in 

contamination/decontamination cycles. 

According a figure. 3, in contamination/decontamination experiments, at Bouharoun Harbour (BH) and 

Khemisti Harbour (KH), the concentration of fecal bacteria (TC, FC and EC) in both the caged mussels and the 

water, were significant higher (p < 0.01) than in both the caged mussels and the water of control site (MAE) 

respectively. Thus, it was observed a total absence of Salmonella in mussels and seawater for all sites studied. 

 

 

 
Fig. 3: Fecal bacteria densities obtained during the study. (a) total coliforms, (b) faecal coliforms, (c) 

Escherichia coli, before starting the experiment (t0) and from control site (MAE), Bouharoun Harbour 

(BH) and Khemisti Harbour (KH). Lines represent the results for water samples (MPN 100 ml
-1

) and 

the bars represent the results for the mussels (MPN g
-1

) .The different letters indicate significant 

differences (LSD test) between means p (a/c) < 0.01. 

 

 Moreover, in contamination cycle, the significant (p < 0.01) highest concentration factor (cf) mean 

registered was for FC (0.620 - 4.350), whereas the lowest value registered was for TC (0.007-0.010). Thus, after 

15 days of decontamination in MAE site, the concentration factors for total coliforms (TC) in caged mussels of 

BH and KH Harbours are reductions for the values of 0.010 and 0.009 for BH and KH respectively (Table. 4). 
 

http://www.google.dz/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CB8QFjAA&url=http%3A%2F%2Fwww.parolesmania.com%2Fparoles_my_hero_is_me_9499%2Fparoles_i_studied_metal_at_julliard_769095.html&ei=1h-YU83HMYeO0AWhuYCoAg&usg=AFQjCNF4JqL88dNwwj5TITDhEhfL-ch5zg&sig2=G2EClUNSbycrRUDX5_8lig&bvm=bv.68693194,d.d2k
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Table 4: Mean values of the concentration factor (cf) obtained dividing the values of bacterial densities found in the mussels samples by the 

densities in the water samples. MAE and BH, KH: control site, Bouharoun and Khemisti Harbours, respectively. 

 

Pollution parameter 

Concentration factor (cf) 

Contamination Decontamination 

MAE BH KH MAE BH KH 

TC 0.007a 0.013c 0.010c 0.006a 0.010c 0.009c 

FC 2.000a 4.350c 0.620c * * * 

EC * 2.100 1.020 * * * 

*: indeterminate factor (the denominator is zero in the report/absence of bacteria in seawater). The different letters indicate significant 

differences (LSD test) between means: p (a/c) < 0.01. 

 

Discussion: 

 This study combined a biomarker catalase and microbial species accumulated in mussels to assess pollution 

effects in bay of Bou-Ismail (Algeria). A standardized technique of caging mussels in the open sea was used in 

order to avoid bias related to genetic differences as well as the previous physiological and reproductive 

condition of the animals [24, 32]. It is well-known that the exposure to organic and metal contaminants is a 

possible source of oxidative stress and variation in antioxidant enzyme activities [9, 18, 19, 33]. Bouharoun and 

Khemisti harbours (BH and KH) are suffered from high levels of urban and industrial pollution since they are 

continually exposed to discharges of untreated wastewater and consequently lead to contamination by heavy 

metals, polyaromatic hydrocarbons and organochlorine compounds [1, 2, 34]. In our study, the choice of these 

harbours sites is based on the degree of contamination and also the feasibility of the experiment in order to 

minimize the losses of cages. Also, MAE site is used as control/reference site. It is far about 1 Km from the 

coast and this area deemed unpolluted by its location and the lack of significant source of pollution and as 

aquaculture production site.  

 The concentrations of fecal indicators or heavy metals found in the mussels are always the result of 

complex physiological processes that go from filtering to retention and the emission of pseudofaeces. 

Furthermore, these processes are strongly influenced by environmental factors (temperature, oxygenation levels, 

salinity, food availability, and pollution) [10, 19, 20, 35, 36]. 

 In this study, the analysis of the results regarding the abiotic parameters (temperature, salinity and pH) 

shows that the values registered during the study period in all studied sites were relatively stable and were 

within the limits of seasonal values [25]. In particular, a significant difference (p < 0.01) in dissolved oxygen 

between harbours (BH and KH) and control site (MAE) was indicative of possible organic pollution [3]. In 

effect, the physiological processes of mussels are influenced directly by oxygenation level in medium [25, 33, 

35]. In this work, it is high probably the physiological processes of transplanted mussels at control site (MAE) is 

different compared to transplanted mussels at Harbours (KH and BH). Nevertheless, the present of a positive 

correlation between the variation in dissolved oxygen and CAT activity response of mussels [33], and a negative 

correlation between the variation in dissolved oxygen and the bacteria densities in sea water [37], reported in the 

literature. In addition, the microbial stress can influence in catalase activity in messels [23, 38]. Bouraoui-

Gharbi et al. [38], reported that the inhibition of catalase activity in the mollusc Murex trunculus corresponded 

to a high level of oxidative stress due to high bacterial growth following the rise in temperature (30 °C) from 

June to July. 

 In general, irregular variations in the concentration of nitrogen compounds and phosphorus concentrations 

are recorded in different sites of contamination (BH and KH). Thus, the contents recorded in the harbours are 

found higher than those measured at the control site .In addition, the immersion of artificial stations was 

conducted during the period of sexual rest in the months of February and March, in order to minimize the effects 

of fluctuating temperatures and the reproductive cycle of the signals biomarker.  

 As conclusion, abiotic factors may be less important compared to the stress level of the pollution sites 

studied for our specimens. In fact, the measurements obtained of biomarker (CAT), bioaccumulation (heavy 

metals or fecal bacteria) and condition index (CI) of mussels are the direct result of the effect of the degree of 

pollution of the study sites. 

 The absence of mortality of mussels at the two harbours and control site to which they were transplanted 

(Table. 2) provides further confirmation of the ecobiological status of these bivalves and of their usefulness in 

marine pollution biomonitoring programmes due to their resistance to stressors in impacted areas. Nevertheless, 

Andral et al. [23], observed that the mortality of mussels during transplantation campaigns was due mainly to 

the stress associated with the calibration and sampling operations. Our results, suggest that pollution in these 

Harbours does not cause acute toxicity for specimens Perna perna, but there is a catalase response to this 

contamination. 

 The variations in the physiological state of mussels are shown by C.I [32]. In our study, the values of the 

condition index (CI) used in table 2, shows that the weight gain was not significantly different (p > 0.05) in 

transplanted mussels at the control site, and Bouharoun Khemisti harbours, which corresponds 0.41 ± 0.01, 0.43 

± 0.03; 0.44 ± 0.05 respectively. It may be explained by the immersion time (35 days in total duration) that is 
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insufficient to generate difference condition index although KH and BH caged massels are subjected to stress 

caused by the pollution compared to the control site (MAE).  

 CAT response to toxic chemicals shows a bell-shaped trend with an initial increase in activity due to 

enzyme induction followed by a decrease in activity due to enhanced catabolic rate and/or direct inhibition by 

toxic chemicals. Such trends in CAT activities can be found in mussels at polluted sites according to the levels 

and duration of pollutant exposure [13, 15, 18, 19, 40-44]. Regoli et al. [42], showed an increase in CAT 

activity during the first two weeks of mussel transplantation at an industrialized harbour of NW Italy. The 

significant increase (p < 0.01) in this biomarker in the BH and KH mussels suggests a response induced by 

mixture of contaminants. These well-known harbours sites are continuously exposed to the discharges of 

untreated urban sewage and industrial effluents and consequently to several pollutants capable of ROS 

production such as PAHs, PCBs, heavy metals, and pesticides [1-6, 34], thus CAT responses were evident at 

sites receiving different pollutant inputs (KH and BH) compared with a caged control and show that the non-

specific nature of their response is an advantage as an indicator of mixed pollution [13, 18]. 

 Furthermore, inter-site comparison of average activities of CAT emphasizes a change in antioxidant 

activities. The catalase at Khemisti harbour is significantly higher than those of other sites. Moreover the 

classification of the average of CAT activity for three weeks of exposure can be illustrated as follows: CAT 

(KH) > CAT (BH) > CAT (MAE). 

 However, mussels transplanted at harbours are followed by a phase of decontamination for 15 days in the 

control site. This operation is interesting where it was observed a decrease in the induction of CAT which levels 

comparable to the CAT of transplanted mussels at the control site (CAT (KH): 48.9 ± 19.34 U.mg protein
-1

, 

CAT: (BH) 69.12 ± 10.46 U.mg protein
-1

, CAT (MAE): 43.31 ± 12.09 U.mg protein
-1

) . Thus, it is easy to 

demonstrate the existence a direct relationship between the level of pollution and the degree of induction of the 

antioxidant enzyme CAT. The Transfer of mussels Perna perna can be considered as an interesting technique to 

simultaneously assess the overall water quality and bioavailability of xenobiotics. Moreover, the return of 

catalase activities to their initial level after decontamination test illustrated the adaptability of molluscs 

responses which allows us to qualify them as good bioindicators. 

 However, bioaccumulation of metal within an organism results from interactions between physiological 

factors (growth, weight loss, absorption and accumulation), chemical factors (metal concentration, speciation 

and bioavailability) and environmental factors (temperature and food concentration) [36]. In this paper, it was 

determined, that the concentration of the three metals (copper, cadmium and lead) in the mussel to get an idea 

on the one hand that the concentration were bioaccumulated by specimens of each test group and on the other 

hand, the degree of metal pollution in different areas of transplantation. Moreover, the concentrations of copper 

and cadmium accumulated in Perna perna are responsed to harbours contamination. Cadmium and copper 

levels recorded in caged mussels at the Bouharoun and Khemisti harbours are significantly higher (p < 0.01) at 

the caged mussels at reference site. Our data indicated that Khemisti harbour is most polluted by cadmium. 

Whereas, Bouharoun harbour most polluted by copper. Furthermore, the concentration of lead accumulated in 

mussels caged are all less than the minimum determination level (< 20 mg. Kg
-1

 dry weight
-1

) in all studied sites. 

 Besides, mussels can completely remove metals when the water quality improves [2]. It has been shown 

that in messels decontamination, the metal elimination resulted from reproduction and/or from direct excretion 

[36]. Cadmium concentrations measured at the end of the decontamination cycle for mussels transferred at 

control site are lower significantly (p < 0.01) than those observed in mussels during contamination cycle. In 

addition, it appeared that the decontamination implies the existence of an effective regulatory mechanism and 

kinetics of copper decontamination that is slower than cadmium for the duration of decontamination 15 days 

[36]. 

 Moreover, the bacterial densities found in mussels are the result of complex interactions related to the 

physiology and morphology of the bivalve such as size, filtering, excretion, and metabolic rates [45], and also 

depend on prey characteristics such as size, specific composition and density of the bacteria in the water. The 

bioaccumulation of bacteria is affected by several environmental conditions such as solar irradiation, 

temperature, salinity, and nutrient availability [46, 47]. 

 In this paper, the significant higher levels (p < 0.01) of fecal contamination in mussels caged at Bouharoun 

and Khemisti harbours compared with caged mussels at control site may be explained by the water of harbours 

(BH and KH) that are chronically more contaminated. Thus presenting higher densities of fecal bacteria due to 

the location of these transplanted sites. Also, Bouharoun and Khemisti harbours are proximity near to the cities. 

It means that these waters are subjected to contamination by illegal sewage discharge and/or by urban drainage 

waters that are considered to be the main causes of the contamination of coastal waters especially after periods 

of rain. These results confirm the ability of mussels to concentrate and to retain bacteria into their tissues 

(recorders of present or even past microbiological pollution). Also, the bar graphs show how great the variance 

is for bacterial uptake in the contaminated sites, it indicates that the bacterial uptakes measured in mussels are 

very spread out around the mean and from each other. In addition, the concentrations factors for fecal bacteria  

obtained is lower at control caged mussels compared with caged mussels in harbours (BH and KH) that could 
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explain by the degree of contamination and greater persistence of bacteria in the within bivalve. Prieur (1981) 

[48], emphasized the adaptation of certain bacteria to adverse conditions encountered in the digestive tract of 

mussels.  

 Though, the elimination of bacteria is significantly higher (p < 0.01) during the decontamination cycle for 

15 days at control site. It can be linked the recommencement the filtration activity of mussels. Thus, according 

to Solic et al. [11], bacterial concentration by mussels is the result of physiological processes that control 

filtration rates, retention and excretion. Ronald et al. [49], suggested that, the elimination of microbial 

contaminants, especially of viruses is not optimal in all the conditions that there is a filtration activity from the 

mussels. 

 The analysis of fecal indicator bacteria in sessile filtering organisms such as the mussel P. perna may reveal 

chronic contamination differently from the determination of the extremely variable fecal bacteria densities in 

water samples which point only to acute contamination. In fact, De Donno et al. [10], suggested that the 

biological characteristics of the mussel may reveal contamination events that might be missed by water 

monitoring.  

 

Conclusion: 

 The biomarker catalase was analyzed in this study clearly differentiated the contaminated Harbours (BH 

and KH) compared to the control site MAE confirming their usefulness as early warning tools for the detection 

of anthropogenic environmental disturbances. Therefore, although this biomarker can help in the assessment of 

the Algerian marine environment. In addition, the quality of mussels of the species P. perna may be a useful 

tool for helping in the monitoring of the heavy meatls and microbiological quality of Algerian seawater.  
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