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ABSTRACT 
 

Some organic and inorganic pollutants cause oxidative stresses in aquatic organisms.Accordingly, the aim 
of this paper isexamine ofchanges in the catalase enzyme[EC 1.11.1.6] level of barnacle as a one of 
biologicalmarker for monitoring against heavy metals contamination inBahregan Oil Region. The result show us 
that barnacle can use as a biomarker for heavy metals. In order to measure nickel, vanadium and cobalt, the 
sample of barnacles accompanied byseawater were collected at eight stations through this Region, located on the 
PersianGulf. These heavy metals in barnacle tissue samples wereequaled respectively to 0.4 ppm, 0.2 ppm and 
0.2 ppm in average. In addition, the metal analysis wasperformed using the atomic absorption method. Changes 
in the specific activity levels of catalasewere between11.96 to 41.92. Changes in enzyme levels were measured 
by using ELISA Reader Kit. With application of the SPSS software package, correlation between catalase and 
metals(vanadium, nickel and cobalt) were also determined. Based on performed analysis, only thevanadium 
element showed the significant negative correlation coefficient with the changes of thecatalase enzyme.  
According to the aim of this paper the measurement conditions show that the catalase enzyme of 
barnacle(Tetraclita rufotincta), as a biomarker cannot be discuss with heavy metals of nickel, cobalt and 
vanadium in this region. 
 
Key words: Catalase enzyme, Barnacle, Biomarker, Heavy metals, Bahregan 
 
Introduction 
 

In recent years, levels of contaminants in the marine environment have increasedbecause of anthropogenic 
activities(Cajaraville et al., 2000). These toxins entered and polluted the water in different ways have 
beenalways considered by the Environmental Protection Agencies (NIEA Water ManagementUnit,2009). 
Regarding the importance of the Persian Gulf due to having resources like oil, redsoil, sulfur, pearls, iron, 
manganese, tin, lead, and also, despite a variety of marine organisms,implementation of environmental 
programs as well as controlling regional pollution sources isnecessary. The continuous monitoring of the 
ecosystem contamination is the only possible wayto protect natural resources, particularly, the aquatic resources 
of the region (Mortazavi et al., 2006). Metals are among the major contaminants reaching the marine 
environment. Their levels have been increasing over the last decades. The exposure of marine organisms to 
certain metals can lead to alterations of several biochemical processes that have the potential to be used as 
biomarkers of exposure and therefore as ‘early warning’ signals of the presence of these particular 
contaminants. It is generally accepted that toxicity will manifest itself at the subcellular level before it is 
observed at higher levels of biological organization (Cajaraville et al., 2000). Thesecompounds are able to 
disrupt the activities essential to living organisms as well as threateningthe aquatic environment (Regier et al., 
2003, Faslebahar et al., 2010).  

Also the concentration of pollutants in the environment are generally much lower than the detection limit of 
the laboratory measurement instruments,But without the pollution in the region, the effects of these substances 
are detectable on live components  

The toxicologicalresponses to a chemical interaction between the receptor and the chemical substance 
areproduced.Therefore, the biochemical responses are the most urgent response in this situation. Hence changes 
in physiological, biochemical and histological organisms in order to estimate the influence of environmental 
chemicals has been increasing. 
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Due to higher accuracy and fewer errors than laboratory assessment instruments,the Biomarkers are 
considered. Therefore, to identify the effects of pollutants in aquatic environments can utilize them well 
(Esmaili Sari, 2003). 

Some biological biomarkers such as catalase (CAT), glutathione peroxidase (GPX), superoxide dismutase 
(SOD) and some others can be measured to show the oxidative stress.  

In this paper catalase, choose as a biomarker. 
In this aspect, a majority of the published works is concerned with bivalve mollusks, particularly mussels 

and oyster, but there is very little information available about these systems in order marine invertebrates like 
lower order crustaceans, a large, divers, and complex group of animals (Niyogi et al., 2001). Barnacles (sub 
class: Cirripedia; Order: Thoracica) (Barnes, 1980) comprise a unique and important group in the class 
Crustacea (Niyogi et al., 2001). Exclusively marine and having worldwide distribution and great abundance, 
they are the only group of exclusively sessile, hermaphroditic crustaceans which make them suitable as 
bioindicator organisms (Niyogi et al., 2001,Datta et al., 2001, Jeffries et al., 1989).  

Accordingly, Niyogi et al., 2001, were used Changes in levels of catalase enzymes in barnacle to measure 
the sensitivity rate against the heavy metals. They could be able to determine the capability of the mentioned 
enzyme as a biomarker.  

Giguere et al. in 2003 represented the widely application of biomarkers for toxic substances like 
metallothionein to detect the presence of heavy metals (Giguere et al., 2003). Monserrat in 2003 knew the 
invertebrates as the reflector of the local infection in terms of low mobility (Monserrat et al., 2003). 

In 2007, Tsangaris introduced biomarkers as an important approach to assess contaminations. Infact, 
chemical analysis in environmental samples does not provide any evidence of the impact ofpollutants on biota 
by itself(Tsangaris et al.,2007). 

In this study, we attempted to evaluate the catalase enzyme in the barnacle tissue and its consequences on 
potential as possible biomarker of heavy metals in Bahregan oil region, northwestern of Persian Gulf. 
 
Materials And Methods 

 
Study area: 

 
Persian Gulf is in the subtropical zone, lying almost completely between the latitudes 24°and 30°N and 

longitudes of 48° and 52°30′E. Maximum depth of the Persian Gulf is100m, with an average 36m depth and 
most of the basin is less than 60m depth. 

The study area is located on the coast of the Bushehr (SW of the Persian Gulf)(Fig.1). 

 
Fig. 1:The situation of the study area and sampling stations in Bahregan- Persian Gulf 
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Sampling and assessment of heavy metals in barnacle tissues: 

 
Samples were collected from all eight stations(period of study: December 2010) (table 1). Fifteen barnacles 

were collected from each station. Their sizes were 50-75mm in length. Samplingof barnacles was carried out for 
two purposes,the determinations of heavy metals (Ni, Co, V) and catalase activity.Barnacles weregently 
separated from the substrate by using hammer and pen. Subsequently, they were packedby using 
aluminum.Then theycoded in two separate packages for enzyme and heavy metalsanalyses separately(Lima et 
al., 2007).The samples were transferred to the laboratory in ice-cold container in order to reduce their 
metabolism. They were dissected in the laboratory the same time for preventing enzyme destruction(Ferreira-
Cravo et al., 2009). 
 
Preparation and assessment of heavy metals in barnacle tissues: 

 
The soft tissues of the barnacle were isolated and placed into the incubator for 18 hours attemperatures of 

80°C. After digestion, they were transferred into the laboratory for measuringthe amount of heavy metals. In 
order to the quality and quantity control, all measures were repeated twice (ROPME, 1999). 
 
Catalase determination: 

 
Catalase measurement was began in accordance with the instruction of catalase kit(Cayman Chemical 

Company)usingwashing the tissue with Phosphate Buffered Saline (PBS), pH=7.4. To measure the level of 
CATenzyme, Enzyme-Linked Immunosorbent Assay (ELISA) reader (Model: Biorad 2550) wasused.Measuring 
absorption of samples was performed at 540 nm.Finally, specific activity ofcatalase was calculated by the 
following formula (Catalase Assay kit, 2008). 
 

(1) 
 
Where, 
R= Rate of special activity CAT (n mol/min/mL), 
C= CAT Activity (n mol/min/mL), 
PL= the protein level of the sample 
 

Determination of proteins: 
 
1 ml of Bradford reagent added to the amount of barnacle’stissue. Then it read by spectrophotometer 

device(Model:2800 DR) at590nm (Catalase Assay kit, 2008).  
 
Sampling and measuring of heavy metals in water: 

 
A liter of water was harvested from each station, stabilized using concentrated nitric acid, andthen 

transported to the laboratory. Amount of heavy metals including nickel, vanadium andcobalt in samples was 
measured by flame atomic absorption device (Model: Spectr AA.10)(ROPME, 1999). 
 
Assessment of nutrients and environmental parameters: 

 
Samples were collected into the containers prepared in advance (Franson, 1995) and transferredto the 

laboratory on ice as soon as possible. Nutrient was measured using spectrophotometerdevice (model: 2800 DR). 
Electrical connectivity, chloride ion and total dissolved solid werealso measured at each station (Franson, 1995). 

 
Statistical analysis of data: 

 
Statistical analysis was performed using SPSS 16.0 software package. By assuming normality ofapplied 

data, parametric Pearson correlation test was used to examine correlative relationshipsamong data (Luca–Abbott 
et al., 2005; Box et al., 2007). In this regard, the correlationcoefficient of each heavy metal(nickel, cobalt and 
vanadium) in water samples and tissue withspecific catalase activity was investigated too. 

 
Results: 

 
The results concluded from the amount of heavy metals in the sea water and barnacle tissue show 

nosignificant correlation with the level of catalase enzyme due to the values which are almostidentical (except 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira-Cravo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira-Cravo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
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the amount of vanadium in water samples of stations 2 and 3)(Table 2).The results of catalase measurement are 
given in Table 3.Results of the specific activity level of catalase in barnacle tissue suggested that the highest 
andlowest CAT specific activity levels belong to the stations No. 5 and 3 respectively. 

CAT specific activity levels at different stations:3<2<7<1<4<6<8<5 
Considering a general trend, the specific activity level of the catalase as a biomarker shows an 

inverserelationship with heavy metals pollution level. While it has a variable relationship withcontamination 
level of the investigated metals in water. Assessment results of correlationcoefficient between metals, nickel, 
cobalt and vanadium with catalase show no significantcorrelation between the mentioned parameters likewise 
environmental parameters and nutrients. 

The accumulation of heavy metals in tissues of organisms, especially suchas benthic organisms and 
barnacles depends on environmental conditions and physicochemical parameters. Since the measuring of these 
parameters can be Effective for assaying of catalase as a biomarker. 

Based on data obtained from measuring the amount of nutrients, it is specified that phosphate and nitrite 
levels are very low in comparison with the amount of nitrates parameters in the region (Table 4). In addition, 
Research conducted in any of the parameters with catalase did not show significant correlation. 

 
Table 1: sampling stations geographic specification in Bahregan Oil Region –the Persian Gulf 

stations Names geographic specification Time of 
sample 

Temperature of 
water  C 

Temperature of 
air  C 

1 Eskeleh Bahragansar N 
o E 9 21 20 

 

2 Sakoo Norouz Jadid N 
o E 

 
10 20 21 

3 Sakoo Norouz 
Ghadim 

N 
o E 10 20 23 

4 Genaveh N 
o E 19 19 18 

5 Deilam N 
o E 16 18 17 

6 Sakoo Bahragansar N 
o E 10 13 10 

7 Sakoo Soroush N 
o E 10:30 15 16 

8 Khoore mahigiri N 
o E 14 21 19 

 
Table 2: Concentrations of nickel, cobalt and vanadium in the sea water and soft tissues of barnacles at the Bahregan stations,Persian Gulf 

Metals 
 

Stations 

nickel cobalt vanadiumin 
Barnacle 
(ppm) 

Water 
(ppb) 

Barnacle 
(ppm) 

Water 
(ppb) 

Barnacle 
(ppm) 

Water 
(ppb) 

1 0.8 6 0.2 4 0.2 7 
2 0.5 3 0.2 5 0.4 20 
3 0.4 2 0.1 6 0.2 30 
4 0.2 4 0.2 8 0.1 6 
5 0.6 5 0.3 7 0.3 3 
6 0.2 4 0.3 2 0.3 4 
7 0.3 5 0.4 3 0.1 5 
8 0.5 7 0.1 5 0.4 8 

 
Table 3: Specific activity of catalase in soft tissues of barnacles 

Enzyme 
Stations 

CAT 
 Specific activity(U/ml/mg protein) 

CAT 
Activity (U/ml) 

1 21.9 23 
2 12.24 27.07 
3 11.96 23.19 
4 26.88 35.67 
5 41.92 24.44 
6 31.93 54.91 
7 18.71 44.65 
8 33.47 51.55 

 
Table 4: Physicochemicalparameters of water atBahreganstations-ThePersian Gulf 

Parameters 
Stations 

Temperature of 
water  C 

TDS 
Mg/lit 

Nitrate 
mg/lit 

)NO(
−
3  

Phosphate 
mg/lit 
P 

Nitrite 
mg/lit 

)NO(
−
2  

EC 
µmhos/Cm 

Chloride 
mg/lit 

−
Cl  

1 21 39260 3.099 0 0198 0 56900 24901 
2 20 40700 2.22 0.01 0131 0 58200 25283 
3 20 40710 2.22 0.02 0164 0 58200 25130 
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4 19 38920 2.66 0.01 0164 0 56400 23687 
5 18 41500 3.099 0.01 0099 0 59300 25896 
6 21 41100 3.099 0.03 0131 0 58700 25359 
7 15 40100 2.66 0.01 66 2 5600 24823 
8 21 38930 3.099 0.01 0.0198 65400 24440 

 
Discussion: 

 
The analysis results of heavy metals derived from eight sampling stations show that the amountof the 

studied elements compared with the standard values in barnacle tissues is almost identicaland within the 
standard range. Besides, the amounts measured for three mentioned elementswere compared with available 
standards. The results indicated that not all values are within thestandard limit except of nickel. Hence, two 
elements, cobalt and vanadium are considered aspollutants of the region (Ried et al., 2003, Ahmad et al., 1988) 
According to a study on coronatusand pearl oyster, it has been determined that tissue concentration of two 
elements, nickel andvanadium in oysters existed in coastal areas is higher than the other stations which are away 
fromthe beach. Sea currents can cause lack of opportunities for sedimentation and deposition ofpollutants at the 
stations away from the beach (Mortazavi et al., 2006). Thus, pollutants are transferred in to the coastal and 
marginalized areas and deposited there. However, contrary to thisview, the study at eight stations of this project, 
four stations on the beach and four stations awayfrom the coast reveals that, the amount of heavy metals in sea 
water and barnacle tissue show nosignificant differences at all stations but Norouz Jadid and Norouz Ghadim in 
which vanadiumamount was higher than the other stations. Among the factors affecting the metabolism power 
ofa compound in living body, parameters like environmental, biological and physiologicalcharacteristics, types 
of pollutants, its biological availability and the biological accumulation potentiality of the pollutant can be 
named (Yin et al., 2006). On the other hand, if significantamounts of pollutants exist in the environment or 
suddenly release into the environment,barnacles close their shells and prevent pollutants from entering into their 
body in high levels(Frouin et al., 2007, Slavica et al., 2005, Orbea et al., 2005). Nutrients measured in this study 
areincluded nitrate, phosphate and nitrite in which the amount of phosphate and nitrite was so littleand 
negligible. Versus, the amount of nitrate was considerable through the stations. However, atthe time of 
sampling, plankton bloom was observed. This phenomenon indicates the propertemperature and high volume of 
nutrients but the obtained results do not acknowledge theseterms. And perhaps reduction of nitrite and 
phosphate in the region can be justified withplankton feeding from nutrients. Oftentimes, the use of antioxidant 
enzymes as biologicalmarkers in the applicable level is a complex process (Niyogi, et al., 2001). In most 
cases,organisms respond to changes in levels of some pollutants in the environment, which is a functionof time. 
(Esmaili Sari, 2003). Moreover, there are varieties of pollutants in the environment that must be paid enough 
attention in investigation of barnacles.In a research which wascarried out by Lima on Mytilus 
gallopravincialisoyster, it was clarified that Seasonal changes,changes in the volume of available food and the 
physiological changes of the body (through aprocess of growth and increased body size) as well as development 
of organs such as gonadscause changes in the levels of pollutants concentration and antioxidant enzymes. 
Accordingly,the season changes and animal life cycle should be considered (Some organisms are moresensitive 
within certain ages)(Lima et al., 2007). Therefore, the mismatch can be known because of lack of seasonal 
control and factors affected on it. As the analysis results show, theantioxidant reactions in oysters are an evolved 
phenomenon. It means that several enzymes cansimultaneously participate in such reactions and reduce the 
oxidative stress factors. Withincreasing degree of pollution, enzyme activity is raised up to the certain stage and 
then decreaseddue to increasing levels of pollutants. This reduction of enzyme level is occurred because 
ofnegative impact of pollutants that also were observed in this study (Orbea et al.,2005). This wasobserved 
during the overall assessment of catalase enzyme in barnacle faced with metals, nickel,vanadium and cobalt. 
The results of heavy metals in sea water and barnacle body show no directcorrelation with increase or decrease 
of catalase. This case could be occurred due to lack of wildchanges in environmental parameters as well as lack 
of seasonal control and repetition ofanalysis in different seasons. These results are inconsistent with research 
conducted byVlahogianni et al. (2007) in case of relation of heavy metals including iron, lead, copper,chromium 
and cadmium with levels of catalase activity on a type of oyster.The results showedthat the antioxidant activity 
and environmental parameters are also high at stations where containhigh concentration of these elements. In 
this research, it was expressed that changes inenvironmental parameters as a result of the reproductive cycle of 
the oyster, water temperature(seasonal conditions) and food access are including among factors affected the its 
activity(Vlahogianni et al., 2007). Results of the study suggest that the pollution load of the mentioned heavy 
metals in areas near the coast ishigher than the offshore areas (Angel et al.,1999). Thisfinding is matched with 
the studies conducted by Angel and his colleagues. 
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Conclusion: 

 
Different oil fieldsand bases in the Persian Gulf, various streams and tides as well as different industrial 

anddomestic wastewater can be effective in increase the amount of cobalt and nickel in the PersianGulf water. 
Therefore, whatever can be measured in this environment is the outcome of oil fieldsavailable in the area 
(especially the polluting sources in the northwestern part of the Persian Gulf). In general, the amounts of heavy 
elements in the environment of the organism are notequivalent to those stored in their tissue. With this vision 
can be said that the ratios obtainedfrom the barnacle tissue elements does not show the necessary coordination 
with ratios in thevarious oil bases. Although the purpose of this paper was not found a significant relationship 
between metals in water and tissue ofbarnacleand catalase enzyme, but more research must be done in different 
seasons. 
 
Acknowledgement 

 
Study ahead was conducted with financial and scientific support of Reasearch and Development Affairs of 

Iranian Offshore Oil Company in Behregan operational area. 
A special note of appreciation is hereby expressed to hardworking personnel of the company atHSE, 

Laboratories and Marine Operations sections for their sincere assistance. 
 
References 
 
Ahmad, S., C.A. Pritsos, S.M. Bowen, C.R. Heisler, G-J. Blomquist, R.S. Pardini, 1988. Subcellular distribution 

and activities of superoxide dismutase, catalase, glutathione peroxidase, and glutathione reductase in the 
southern armyworm, Spodoptera eridania. Archivesof Insect Biochemistry and Physiology, 7: 173-186. 

Angel, D.L., U. Fiedler, N. Eden, N. Kress, D. Adelung, B. Herut, 1999. Catalase activity inmacro-and 
microorganisms as an indicator of biotic stress in Coastal waters of the easternMediterranean sea. Helgol 
and Marin Research, 53: 209-218. 

Barnes, R.D., 1980. Invertebrate Zoology (4 edition). Holt Saunders International Editions. Japan., pp: 795-797. 
4. 

Box, A., A. Sureda, F. Galgani, A. Pons, S. Deuderi, 2007. Assessment of environmentalpollution at Blearic 
Islands applying oxidative stress biomarkers in mussel Mytilusgalloprovincialis. Comparative Biochemistry 
and physiology part c146: 531-551. 

Cajaraville, M.P., M.J. Bebianno, J. Blasco, C. Prote, C. Sarasquete, A. Viarengo, 2000. The use of biomarkers 
to assess the impact of pollution in coastal environments of the Iberianpenninsola: a practical approach, the 
science of the total environment. Ecotoxicology andEnvironmental Safety, 2(66): 232-243. 

Cayman Chemical Company, 2008. Catalase Assay kit, catalog No 707002.Cheung, C.C.C.; Zheng,G.S.; Li,; 
Richardson, A.M.Y., B.J., Lam, P.K.S., 2001. Relationshipbetween tissue concentrations of aromatic 
Polycyclic Hydrocarbons and antioxidetive responsesof marine mussels, Perna viridis. Aquatic Toxicology, 
52: 189-203. 

Datta, A.G., S. Niyogi, S. Biswas, S. Sarker, 2001. Seasonal variation of antioxidant andbiotransformation 
enzyms in barnacle, Barnacle balanoides, and their relation with polyaromatichydrocarbons. Marine 
Environmental Research, 52: 13-26. 

Esmaili Sari, A., 2003. Pollution, Health and Environmental Standards. Naghshe MehrPublication, Tehran, pp: 
1-735. 

Faslebahar, Sh. M. Emtiazjoo, M. Monavari, P. Eghtesadi, B. Shahabi, 2010. SuperoxideDismutase enzyme, as 
a biomarker of Heavy metals (Ni, Co, V) in Barnacle in Bahragan Area,Danesh Zisti, 4(2): 9-19. 

Ferreira-Cravo, M., J. Ventura-Lima, J.Z. Sandrini, L.L. Amado, L.A. Geracitano, M. Rebelo, A. Bianchini, 
J.M. Monserrat, 2009. Antioxidant responses in different body regions of the polychaeta Laeonereis acuta 
(Nereididae) exposed to copper, 72(2): 388-393. 

Franson, M.A.H., 1995. Standard methods for the examination of water and wastewater,Washington. American 
public Health association. Xxx IV, varias paginaciones, edition,19a de. 

Frouin, H., J. Pellerin, M. Fournier, E. Pelletiver, P. Richard, N. Pichaud, C. Rouleau, F. Garnerot, 2007. 
Physiological effects of polycyclic aromatic. Aquatic Toxicology, 82: 120-134. 

Giguère, A., Y. Couillard, P.G.C. Campbell, O. Perceval, L. Hare, B. Pinel-Alloul, J. Pellerin, 2003. Steady-
state distribution of metals among metallothionein and other cytosolic ligandsand links to cytotoxicity in 
bivalves living along a polymetallic gradient. Aquatic Toxicology, 64: 185-200. 

Jeffries, W.B., H.K. Voris, CH.M. Yang, 1989. A new mechanism of host colonization:Pedunculate Barnacles 
of the genus Octolasmis on the Mangrove crab Scylla serrata. Ophelia, 31: 51-58. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Ferreira-Cravo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Ventura-Lima%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Sandrini%20JZ%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Amado%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Geracitano%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Rebelo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Bianchini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�
http://www.ncbi.nlm.nih.gov/pubmed?term=Monserrat%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=18692896�


2537 
J. Appl. Sci. Res., 9(4): 2531-2537, 2013 
 
Lima, I., S.M. Moreira, J.R. Osten, A.M.V.M. Soares, L. Guilhermino, 2007. Biochemicalresponses of the 

marine mussel Mytilus galloprovincialis to petrochemical environmentalcontamination along the North- 
western cost of Portugal. Chemosphere, 66: 1230-1242. 

Luca-Abbott, S.B., B.J. Richardson, K.E. Mcclellaw, G.J. Zheng, M. Martin, P.K.S. Lam, 2005. Field validation 
of antioxidant enzyme biomarkers in mussels (Perna viridis) and clams(Ruditapes philippinarum) 
transplanted in Hong Kong coastal waters. Marine Pollution Bulletin., 51: 694-707. 

NIEA Water Management Unit, 2009. Water pollution on Incidents and Enforcement, NorthenIreland 
Environment Agency, pp: 1-33. 

ROPME, 1999. Manual of oceanographic observation and pollutant analysis methods(ROPME). Regional 
organization for the protection of the marine environment, Kuwait, pp: 15-30. 

Monserrat, J.M., L.A. Geracitano, A. Bianchini, 2003. Current and future perspectives usingbiomarkers to 
assess pollution in aquatic ecosystems. Comments on Toxicology, 9: 255-269. 

Mortazavi, SH., A. Esmaili Sari, A. Riahi Bakhtiari, 2006. Determine the ratio of nickel andvanadium caused by 
oil pollution in Pinctada radiate and accosterea cucullata available on thesidelines of Hormozgan Province 
coast. National Resources Journal, 58(1): 159-170. 

Niyogi, S., S. Biswas, S. Sarker, A.G. Datta, 2001. Antioxidant enzymes in brackish wateroyster, Saccostrea 
cucullata as Potential biomarkers of polyaromatic hydrocarbon pollution inHooghly Estuary (India): 
Seasonality and its consequences, Science of the total Environment, 281: 237-246. 

Orbea, A., M.P. Cajaraville, 2005. Peroxisome profile and antioxidant enzymes in transplantedmussels of four 
Basque estuaries with different levels of PAHs and PCBs pollution.Environmental Toxicology and 
Chemistry, 25(6): 1616-1626. 

Reid, D.J., G.R. Maefarlane, 2003. potential biomarkers of Crude oil exposure in the gastropodmollusc, 
Austrocochlea poecata: Laboratory and manipulative field studies. Environmentalpollution, 12: 147-155. 

Regier, H.A., E.B. Cowell, 2003. Applications of ecosystem theory, succession, diversity,stability, stress and 
conservation, Biological Conservation., 4(2): 83-88. 

Slavica, S., A. Borkovic, S.S. Jelena, A. Aponjic, Z. Sladjan, A. Parlovic, P. Duxko, A. Blagoyevic, M. Slavixa, 
Miloxevic, A., B. Tijana, A. Kovaevic, M. Ratko, B. Radoyic, B. Mihajlo, Spasica., V.Z. Radoslav, C. Ikic, 
A.S.A. Zorica, 2005. The activity of antioxidant defense enzymesin the mussel mytilus galloprovincialis 
from the Adriatic sea comparative biochemistry andphysiology, part c, 141: 366-37 4. 

Tsangaris, C., E. Papathanasiou, & E. Cotou, 2007. Assessment of the impact of heavy metalpollution from a 
Ferro-nickel smelting plant using biomarkers.Ecotoxicology and Environmentalsafety, 2(66): 232-243. 

Vlahogianni, T., M. Dasenakis, M. Scoullos, A. Valavanidis, 2007. Integrated use ofbiomarkers (superoxide 
dismutase, catalase and lipid peroxidation) in mussels Mytilusgalloprovincialis for assessing heavy metal’s 
pollution in coastal areas of the Saronikos Gulf ofGreece. Mar Pollut Bull, 54: 1361-1371. 

Yin, Y., H. Jia, Y. Sun, H. Yu, X. Wang, J. Wu, Y. Xue, 2006. Bioaccumulation and ROSgeneration in liver of 
Carassius auratus, exposed to phenanthrene. Comparative Biochemistryand Physiology-Part C: Toxicology 
and Pharmacology, 145: 288-93.  

 


