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ABSTRACT  
 
 Following the development of urban and industrial centers of the Persian Gulf, various pollutants including 
heavy metals and petroleum products are released into the aquatic ecosystem. These compounds, after being 
absorbed by various organisms existed in their bodies can be metabolized and produced ROS species, organisms 
that eventually are caused tissue damages. Some organic and inorganic pollutants cause oxidative stresses in 
aquatic organisms. Accordingly, changes in the catalase enzyme levels of barnacle was selected as a biological 
marker. In order to measure nickel, vanadium and cobalt, the sampled barnacles accompanied by sea water were 
collected at eight stations through Bahregan Oil Region located on the Persian Gulf. Heavy metals including 
nicle, cobalt and vanadium in barnacle tissue samples were respectively equaled to 0.4 ppm, 0.2 ppm and 0.2 
ppm in average.  Also, the metal analysis were performed using the atomic absorption method. Changes in the 
specific activity levels of catalase was between 11.96 to 41.92. Changes in enzyme levels were measured using 
ELISA Reader Kit. With application of the SPSS software package, correlation between catalase and metals 
vanadium, nickel and cobalt was also determined. Based on performed analysis, only the vanadium element 
showed the significant negative correlation coefficient with the changes of the catalase enzyme. 
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Introduction  
 
 Various pollutants, including heat flows, oil, 
sewages and wastewaters, organic materials, various 
chemicals, metals and semi metals are presented in 
today's world caused diverse ecosystems pollution. 
These toxins entered and polluted the water in 
different ways have been always considered by the 
Environmental Protection Agencies [18]. Regarding 
the importance of the Persian Gulf due to having 
resources like oil, red soil, 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 is necessary. The continuous monitoring of 
the ecosystem contamination is the only possible way 
to protect natural resources, particularly, the aquatic 
resources of the region [21]. Lots of acrogenic 
compounds that are also known as Xenobiotic are 
toxic. These compounds are able to disrupt the 
activities essential to living organisms as well as 
threatening the aquatic environment [25,11]. Usually, 
whenever the organisms are exposed to pollutants, 
began activities in order to metabolize, direct 

deputere and minimizing any cellular damage caused 
by pollutants [7]. Biological indicators applied to 
analyze the effects of exposure to chemical 
contaminants in natural environments are quite 
common and traditional [10]. Biomarkers or 
biological sciences including medicine, cell biology, 
psychology, genetics, toxicology, epidemiology and 
environment hold a significant place [9]. They can be 
named as expresser physiological, biochemical and 
histological changes resulting from chemical and 
environmental contaminants, which are occurred in 
organisms at different levels such as the cellular 
level, population and even ecosystem [5]. 
  In 2007, Tsangaris introduced biomarkers as an 
important approach to assess contaminations. In fact, 
chemical analysis in environmental samples do not 
provide any evidence of the impact of pollutants on 
biota by itself [27].  
 Giguere et al. in 2003, represented the widely 
application of biomarkers for toxic substances like 
metallothionein  to detect the presence of heavy 
metals [14].  
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 Monserrat in 2003, knew the invertebrates as the 
reflector of the local infection in terms of low 
mobility[20]. 
  Accordingly, Changes in levels of catalase 
enzymes in barnacle were used to measure the 
sensitivity rate against the heavy metals. They could 
be able to determine the capability of the mentioned 
enzyme as a biomarker. Barnacles belong to to the 
group of crustaceans called Cirripedia with global 
abundance and distribution through the marine areas 
[22]. These organisms tolerate a wide range of 

salinity and like other creatures have anti-oxidation 
enzyme systems [15]. 
 
Material and methods  
 
 The study area is located on the coast of the 
Bushehr by the Persian Gulf. After field studies, 
eight stations with specific geographic coordinate 
(Table 1) were selected and sampling was conducted 
within the mentioned stations (Fig.1).  

 

 
 
Fig. 1: The situation of the study area and sampling stations in Bahregan- Persian Gulf. 
 
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 46" ' 46  °29 
E  31"  23'  °49 

9 21 20 
 

2 Sakoo Norouz Jadid N 40"  28'  °29 
E  " 40  َ23  °49 

 
10 

20 21 

3 Sakoo Norouz 
Ghadim 

N "100  '30  °29 
E   "200  '24  °49 

10 20 23 

4 Genaveh N "38  28'  °29 
E   "31  23'  °49 

19 19 18 

5 Deilam 1" N  3'  °30 
E  3" ' 9  °50 

16 18 17 

6 Sakoo Bahragansar N 23"  59'  °30 
E  " 58 ' 50  °49 

10 13 10 

7 Sakoo Soroush "N 69/7  1'  °29 
E  " 15/22 ' 27 °49 

10:30 15 16 

8 Khoore mahigiri N 35" ' 49  °29 
E " 31 ' 23  °49 

14 21 19 
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Sampling and assessment of heavy metals in balanus 
tissues: 
 
 Barnacles cover an important and unique group 
in the crustacean. These organisms have a wide 
marine distribution in the world. Most of the 
barnacles are hermaphrodit and highly compatible 
with environmental conditions [8,3,15]. Sampling of 
barnacles was carruied out for two purposes, the 
measuring  of heavy metals including nickel, cobalt 
and vanadium as well as estimating the level of the 
catalase enzyme.Barnacles were gently separated 
from the substrate by using hammer and pen. 
Subsequently, they were packed using aluminum 
packaging and codded in two separate packages for 
enzyme and heavy metals analyses separately [16]. 
 
Assessment of heavy metals in barnacle tissues: 
 
 The soft tissues of the barnacle were isolated and 
placed  into the  incubator for 18 hours at 
temperatures of 80°C. After digestion, they were 
transferred into the laboratory for measuring the 
amount of heavy metals. In order to the quality and 
quantity control, the internal and international 
standards were applied and all measures were 
repeated twice [19].  
 
Catalase measurement: 
 
 Catalase measurement was began in accordance 
with the instruction of catalase kit using washing the 
tissue with Phosphate Buffered Saline (PBS), 
pH=7.4. To measure the level of CAT enzyme,  
Enzyme-Linked Immunosorbent Assay (ELISA) 
reader (Model: Biorad 2550) was used.Measuring 
absorption of samples was performed at 540 
nm.Finally, specific activity of catalase was 
calculated by the following formula (Catalase Assay 
kit, 2008). 
 

PL

C
R               (1) 

 
Where, 
R= Rate of special acticity CAT (n mol/min/mL), 
C= CAT Activity (n mol/min/mL), 

PL= the protein level of the sample 
 
Sampling and measuring heavy metals in water: 
 
 A liter of water was hervested from each station 
and stablized using concentrated nitric acid and then 
transported to the laboratory. Amount of heavy 
metals including nickel, vanadium and cobalt in 
samples was measured by flame atomic absorption 
device (Model: Spectr AA.10) [19]. 
 
Assessment of nutrients and environmental 
parameters: 
 
 Samples were collected into the containers 
prepared in advance [12] and transferred to the 
laboratory on ice as soon as possible. Nutrient was 
measured using spectrophotometer device (model: 
2800 DR). Electrical connectivity, chloride ion and 
total dissolved solid were also measured at each 
station [12].  
 
Statistical analysis of data: 
 
 Statistical analysis was performed using SPSS 
software package. By assuming normality of applied 
data, parametric pearson correlation test was used to 
examine correlative relationships among data [17,4]. 
In this regard, the correlation coefficient of each 
heavy metals (nickel, cobalt and vanadium) in water 
samples and tissue with specific catalase activity was 
investigated too. 
 
Result and discussion  
 
 Based on data obtained from measuring the 
amount of nutrients, it is spesified that phosphate and 
nitrite levels are very low in comparison with the 
amount of nitrates parameters in the region (Table 2). 
 The results concluded from the amount of heavy 
metals in sea water and barnacle tissue show no 
significant correlation with the level of catalas 
enzyme due to the values which are almost identical 
(except the amount of vanadium in water samples of 
stations 2 and 3)(Table 3). 
 The results of catalase measurement are given in 
Table 4. 

 
Table 2: Physicochemical parameters of water at Bahregan stations -the Persian 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 
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 
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Table 3: Amount of heavy metals, nickel, cobalt and vanadium in sea water and barnacle tissue samples at Bahregan stations – the Persian 
Gulf in terms of ppb/ppm 

Metals 
Stations 

nickel cobalt vanadium in 
Barnacle water Barnacle water Barnacle Water 

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 4: Results of the specific activity level of catalase in barnacle tissue. 

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 

 

 Results of the specific activity level of catalase 
in barnacle tissue suggested that the highest and 
lowest 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 shows an inverse relationship 
with heavy metals pollution level. While, it has a 
variable relashionship with contamination level of 
the investigated metals in water. Assessment results 
of correlation coefficient between metals, nickel, 
cobalt and vanadium with catalase show no 
significant correlation between the mentioned 
parameters likewise environmental parameters and 
nutrients.  
  
Conclusion: 
  
 The analysis results of heavy metals derived 
from eight sampling stations show that the amount of 
the studied elements compared with the standard 
values in barnacle tissues is almost identical and 
within the standard range. Besides, the amounts 
measured for three mentioned elements were 
compared with available standards. The results 
indicated that all values are not within the standard 
limit except of nickel. Hence, two elements, cobalt 
and vanadium are considered as pollutants of the 
region [24,1]. According to a study on coronatus and 
pearl oyster, it has been determined that tissue 
concentration of two elements, nickel and vanadium 
in oysters existed in coastal areas is higher than the 
other stations wich are away from the beach. Sea 
currents can cause lack of opportunities for 
sedimentation and deposition of pollutants at the 
stations away from the beach [21]. Thus, pollutants 
are trasfered in to the coastal and marginalized areas 

and deposited there. However, contrary to this view, 
the study at eight stations of this project, four stations 
on the beach and four stations away from the coast 
reveals that, the amount of heavy metals in sea water 
and barnacle tissue show no significant differences at 
all stations but Norouz Jadid and Norouz Ghadim in 
which vanadium amount was highier than the other 
stations. Among the factors affecting the metabolism 
power of a compound in living body, parameters like 
environmental, biological and physiological 
characteristics, types of pollutants, its biological 
availability and the biological accumulation  
potentioality of the pollutant can be named [29]. On 
the other hand, if significant amounts 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 
[13,26,23]. Nutrients measured in this study are 
included nitrate, phosphate and nitrite in wich the 
amount of phosphate and nitrite was so little and 
negligible. Versus, the amount of nitrate  was 
considrable through the stations. However, at the 
time of sampling, plankton bloom was observed. 
This phenomenon indicates the proper temperature 
and high volume of nutrients but the obtained results 
do not acknowledge these terms. And perhaps 
reduction of  nitrite and phosphate in the region can 
be justified with plankton feeding from nutrients. 
Oftentimes, the use of antioxidant enzymes as 
biological markers in the applicable level is a 
complex process [22]. In most cases, organisms 
respond to changes in levels of some pollutants in the 
environment which is a function of time. [10]. 
Moreover, there are varieties of pollutants in the 
environment which must be paid enough attention in 
investigation of barnacles. In a research which was 
carried out by Lima on Mytilus gallopravincialis 
oyster it was clarified that Seasonal changes, changes 
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in the volume of available food and the physiological 
changes of the body (through a process of growth 
and increased body size) as well as development of 
organs such as gonads cause changes in the levels of 
pollutants concentration and antioxidant enzymes. 
Accordingly, the season changes and animal life 
cycle should be considered (Some organisms are 
more sensitive within certain ages) [16]. Therefore, 
the mismatch can be known  as a result of lack of 
seasonal control and factors affected on it. As the 
analysis results show, the antioxidant reactions in 
oysters are an evolved phenomenon. It means that 
several enzymes can simultaneously participate in 
such reactions and reduce the oxidative stress factors. 
With increasing degree of pollution, enzyme activity 
is rised up to the certain stage and then decreased due 
to   increasing levels of pollutants. This reduction of 
enzyme level is occurred as a result of negative 
impact of pollutants that also were observed in this 
study [23]. This was observed 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 
direct correlation with increase or decrease of 
catalase. This case, could be occurred due to lack of 
wild changes in environmental parameters as well as 
lack of seasonal control and repetition of analysis in 
different seasons. These results are inconsistent with 
research conducted by Vlahogianni et al. [28] 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 
showed that the antioxidant activity and 
environmental parameters are also high at stations 
where contain high concentration of these elements. 
in this research, it was expressed that changes in 
environmental 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 [28]. Results 
of the study suggest that the pollution load of the 
mentioned heavy metals in areas near the coast are 
highier than the offshore areas [2]. This finding is 
mached with the studies conducted by Angel and his 
colleagues. Different oil fields and bases in the 
Persian Gulf, variouse streams and tides as well as 
different industrial and domestic wastewater can be 
effective in increase the amount of cobalt and nickel 
in the Persian Gulf water. So, whatever can be 
measured in this environment is the outcome of oil 
fields available in the area (especially the polluting 
sources in the northwestern part of the Persian Gulf). 
In general, the amount of heavy elements in the 
environment of the organism are not equivalent to 
those stored in their tissue. With this vision can be 
said that the ratios obtained from the barnacle tissue 
elements does not show the necessary coordination 
with ratios in the various oil bases. On the other 
hand, TDS environmental parameter showed positive 
significant correlation with superoxide dismutase 

(SOD). Hence, the SOD can be counted as a 
biomarker for environmental parameters. 
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