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Abstract. In order to examine and compare vanadium accumulation levels in muscle tissues of 
Brachirus orientalis and Otolithes ruber in Persian Gulf waters (Bushehr province region), 
sampling was done in both Bushehr and Asalouyeh stations during the summer 2013. After 
biometry (measurment of total length and weight), muscle tissues of the samples were separated 
and chemical digestion was done. Vanadium accumulation levels in tissues were measured by 
using graphite furnace atomic absorption instrument. Based on the obtained results, mean 
concentrations of vanadium in muscle tissues of B. orientalis were 0.246 ± 0.006 mg kg-1 dw (dry 
weight) in Bushehr station and 0.288 ± 0.087 mg kg-1 dw in Asalouyeh station, and mean 
concentrations of vanadium in muscle tissues of O. ruber were 0.245 ± 0.003 mg kg-1 dw in 
Bushehr station and 0.245 ± 0.007 mg kg-1 dw in Asalouyeh station, and it indicated no 
statistically significant differences between the two stations (p > 0.05). The obtained 
concentrations and analysis done indicate that based on the WHO, Canada and Italy standards, 
the amount of vanadium was lower than the standard levels. 
Key Words: Persian Gulf, Brachirus orientalis, Otolithes ruber, heavy metals, vanadium, muscle. 
 

 
Introduction. Heavy metal rate has been developed especially in coastal environments 
due to the rapid development of industries, city planning, and human population. 
Anthropogenic sources including industrial wastes, agriculture and urban sewages, 
geochemical structure and mining of metals create a potential resource of heavy metal 
contamination in aquatic environments and their pollution have caused concern about 
coastal environments (Askary Sary & Mohammadi 2012; Mendil et al 2010). These types 
of pollutions may affect them directly by concentrating in aquatic animal bodies and 
indirectly by transporting to the next tropical level from food chain. One of their most 
serious exposure results is biological amplification in food chain (Kalay & Canli 2000; 
Ünlü & Gümgüm 1993). 
 Heavy metal concentration in organism tissues can be due to severe diseases and 
cause serious harms in population (Barlas 1999; Holcombe et al 1976). Moreover, 
exogenous pesticides, heavy metals, chemical mutagenes, radiation and different 
stressful factors cause an increase in free radicals and oxidative stress. As a results of 
the increase in these stresses, lipid peroxidation, protein denaturation and DNA harms 
happen in living organism cells. These changes can have a great risk for life and 
productivity of organisms (Fatih Fidan et al 2008). Biological and ecological factors such 
as size, sex (Al-Yousuf et al 2000), ecological needs, habitat, feeding habits (Bustamante 
et al 2003), and season (Navarro et al 2006) have various and significant influences on 
bioaccumulation and metal bioavailability. 
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Heavy metals are accumulated in tissues and organs of the fish after they entered the 
aquatic ecosystems and finally they enter the food chains and are considered as a 
potentially toxic factor for microorganisms (Chen & Chen 1999). 
 Persian Gulf is a shallow-water basin with an average depth of 35-40 meters and 
an area about 240 km2. This area is connected to the international waters via Hormuz 
strait (Saeidi et al 2008; Banat et al 1998; Payam-e Darya 1995). 
 Water exchange time is between three to five years in this basin that show the 
pollutants remain in the Persian Gulf for a significant period. The north parts of the 
Persian Gulf are much more influenced by pollutants due to the shallowness, limited 
rotation, salinity and high temperature (Sheppard et al 2010; Saeed et al 1995). 
Generally it was specified that about 30 percent of the total world oil transference is done 
in Persian Gulf (Pourang et al 2005a).  

Brachirus orientalis is a benthic fish species which lives in shallow territorial 
waters on muddy and sandy beds (Ghanbari et al 2014). Otolithes ruber is one of the 
migratory and coastal fishes. This species is found in coastal waters highly in regions with 
muddy bed. The species is benthopleagic to the effect that they live both in bed and 
water surface. O. ruber feeds on smaller fish, crustaceans like shrimps and other 
invertebrates (Pazira et al 2014). From a fisheries viewpoint, B. orientalis and O. ruber 
are among commercially valuable fishes and have an important role in human food 
programs (Dìaz de Astarloa & Munroe 1998). 
 Therefore, because of the oil instalation in Bushehr and Asalouyeh, and the metal 
which is used in this areas is vanadium, and also because of the little information about 
the concentration of this metal in these study areas, the objective of this study is to 
measure the vanadium levels in muscle tissues of B. orientalis and O. ruber in Persian 
Gulf waters (Bushehr province region) and compare it with the international standards. 
 
Material and Method 
 
Study area. Bushehr is located in 28º55´19.84" N and 50º50´4.76" E of southwestern 
Iran. Asalouyeh is located in 28º28´24.48" N and 52º36´49.79" E on the edge of the 
Persian Gulf (Figure 1) (Moghdani 2013).  

Figure 1. Location of the sampling areas (original drawing). 
 
Sampling. Twenty samples of B. orientalis and other twenty samples of O. ruber were 
caught by trawl net in both regions, Bushehr and Asalouyeh seaports during August 
2013. Then, the samples were placed in a plastic bag and coded and were placed in an 
ice bucket full of ice in order to be transferred in the laboratory. The samples were 
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transferred to Islamic Azad University Bushehr branch laboratory after fishing. The fish 
samples were kept at a temperature of -30ºC by the analysis time in the laboratory. 
 
Sample preparation. First all lab dishes which were going to be used were placed in 
HNO3 for 24 hours and then they were washed by using distilled water and finally they 
were placed in an oven at a temperature of 80ºC to prevent contamination. The samples 
were removed from the fridge. When they reached the environment temperature, 
biometry operation (total length, standard length, total weight) was done. All muscle 
samples were dried at 80°C for 12 h. Homogenized samples (1 g) were weighted and 
then digested, using a heater with 10 mL HNO3. After digestion, the residues were diluted 
to 25 mL with distilled water in volumetric flasks. All digested samples were analyzed for 
vanadium using Furnaco auto sampler atomic absorption spectrometer (FS95) (MOOPAM 
1999). 
 
Statistical analysis. One sample Kologorov-Smirnov test in SPSS®18 was used to check 
the validity of the data normalization. Then, one way sample T-test was used to check 
interactions between heavy metals and stations. Data have been presented as Mean±SDs 
with 95% of the confidence interval (Zar 1999).  
 
Results 
 
Biometric results. Biometric results of B. orientalis indicated that mean weight in 
Bushehr was higher in comparison to Asalouyeh station. Mean weight in Bushehr was 
358.96 g and mean weight in Asalouyeh was 212.38 g. Biometric results of O. ruber 
indicated that there was no significant different between the mean weight in both 
stations. Mean weight in Bushehr was 376.82 g and mean weight in Asalouyeh was 
369.40g. Biometric results are presented in Tables 1 and 2. Also Table 3 shows the 
correlation between length and weight in B. orientalis and O. ruber.   
 

Table 1 
Biometric results of B. orientalis in Bushehr and Asalouyeh stations (N = 20) 

 

Bushehr station Asalouyeh station Biometrics features 
Mean SD Mean  SD 

Total weight 358.96 13.1 212.38 11.96 
Total length 27.81 1.53 27.05 1.36 

Standard length 24.57 1.28 22.79 0.96 
 

Table 2 
Biometric results of O. ruber in Bushehr and Asalouyeh stations (N = 20) 

 

Bushehr station Asalouyeh station Biometrics features 
Mean SD Mean  SD 

Total weight 376.82 14.9 369.4 4.96 
Total length 34.25 1.46 33.7 0.33 

Standard length 30.14 1.55 29 0.67 
 

Table 3 
Correlation between length and weight indices in B. orientalis and O. ruber  

in Bushehr and Asalouyeh 
 

Species Station R R2 Sig. 
Bushehr 0.982 0.964 0.000 Brachirus orientalis 

Asalouyeh 0.937 0.877 0.000 
Bushehr 0.948 0.898 0.000 Otolithes ruber 

Asalouyeh 0.868 0.753 0.001 
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Vanadium concentration. The obtained results show that the lowest and the highest 
vanadium concentration levels in muscle tissues of B. orientalis in Bushehr station was 
equal to 0.231 and 0.255 mg kg-1 dw and in Asalouyeh was 0.233 and 0.475 mg kg-1 dw, 
respectively. According to the obtained statistical results mean and standard deviation 
(SD) with the confidence interval in 95% level of vanadium in Bushehr station was 
0.246±0.006 mg kg-1 dw and in Asalouyeh station was 0.288±0.087 mg kg-1 dw. Based 
on T-test analysis, no significant differences were observed between vanadium levels in 
muscle tissues in both stations (p = 0.181). 
 The obtained results show that the lowest and the highest vanadium concentration 
levels in muscle tissues of O. ruber in Bushehr station was equal to 0.238 and 0.250 mg 
kg-1 dw and in Asalouyeh was 0.232 and 0.258 mg kg-1 dw, respectively. According to the 
obtained statistical results mean and standard deviation (SD) with the confidence interval 
in 95% level of vanadium in Bushehr station was 0.245±0.003 mg kg-1 dw and in 
Asalouyeh station was 0.245±0.007 mg kg-1 dw. Based on T-test analysis, no significant 
differences were observed between vanadium levels in muscle tissues in both stations (p 
= 0.859).  
 Based on the obtained concentrations and comparison done it as specified that 
based on WHO, Canada and Italy standards, the amount of vanadium in B. orientalis and 
O. ruber tissues was lower than the standard permissible levels (Table 4). 
 

Table 4 
Comparison of vanadium concentrations in muscle tissues of B. orientalis and O. ruber 

with WHO, Canada and Italy standards (mg kg-1) 
 

Standard Vanadium concentration 
WHO (FAO 1976) 0.5 

Canada (Goyer 1986) 0.5 
Italy (Goyer 1986) 0.7 

Brachirus orientalis, Bushehr 0.246 
Brachirus orientalis, Asalouyeh 0.288 

Otolithes ruber, Bushehr 0.245 
Otolithes ruber, Asalouyeh 0.245 

 
Discussion. Heavy metals unlike the most contaminants in the environment are not 
ruined and pass an ecological cycle during which natural waters are the main pass. 
According to Abdolahpour Monikh et al (2012) and Pourang et al (2005a, 2005b) the 
highest concentration of heavy metals is usually found in aquatic environments and 
aquatic environment bed sediments. Therefore, being informed of heavy metal 
concentration and their dispersion in sediments and aquatic creature bodies can play a 
major role in pollution resources in aquatic systems (Moghdani et al 2014; Ghanbari et al 
2014; Pazira et al 2014).  
 Heavy metals are concentrated in tissues and organs of aquatic animals especially 
fish after entering the aquatic ecosystems and they finally enter the food chain. Since fish 
formed a main part of human diet, these heavy metals can enter the human body via 
feeding contaminated fish. The absorption and concentration levels of heavy metals in 
aquatic animals especially fish are dependent on biological, chemical, physical and 
ecological conditions of water, element type, aquatic animal and physiology of the 
creature body (Jaffar et al 1998). Metal concentration in fish usually depends on the 
species, habitat, fish activity, diet, or other related behaviours (Henry et al 2004). Total 
mean concentrations of vanadium in B. orientalis in Bushehr station was 0.246±0.006 
mg kg-1 dw and in Asalouyeh station was 0.288±0.087 mg kg-1 dw. Also total mean 
concentration in O. ruber in Bushehr station was 0.245±0.003 mg kg-1 dw and in 
Asalouyeh station was 0.245±0.007 mg kg-1 dw. The results of previous studies in the 
same area showed that different species of fish have different vanadium levels in their 
tissues (Table 5). In different regions of the Persian Gulf, oil pollution along with the 
other urban, industrial and agricultural pollutions cause the destruction of this valuable 
ecosystem and the valuable resources of the aquatic animals present in it, are exposed to 
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different pollution risk and have posed a threat to the aquatic animal populations present 
in it (Pourang et al 2005b).  
 Feeding habits, ecological needs, heavy metal concentration in water and 
sediment, fish exposure period in aquatic environment, fishing season and physical and 
chemical characteristics of water (salinity, pH, hardness and temperature) are effective 
factors in heavy metal accumulation in different organs of fish (Canli & Atli 2003). Heavy 
metals have caused a concern about fish consumption due to different negative effects 
such as decrease of growth, temperature changes, genetic changes and also mortality in 
aquatic animals and because of their toxicity and tendency to accumulate in food chain 
(Kalay et al 1999). Thus, taking measurements of concentration of these metals in order 
to determine the standards of public health and protect the sea environment is 
significant.  
 Toxicity with heavy metals in fish toxemia having symptoms such as loss of 
reproductive ability, deformation of skeleton, changes in blood factors, an increase in 
sensitivity to infectious factors and finally death may be due to the sustained harms to 
the fish immune system (Roberts 2001). Based on Viarengo (1989), creatures' abilities 
for absorption, accumulation, removal or detoxification of heavy metals mainly vary with 
each other. Species having specific quantities of metallothioneins and lysosomes can 
remove the toxicity of these metals. According to the obtained results, we can attribute 
one of the probable reasons of concentration fluctuation of heavy metals in different 
species of fish to this matter. However, according to Roesijadi (1994), if the amount of 
heavy metals is high, their toxicity will increase since the ability of metallothioneins and 
lysosomes to remove their toxic effect is limited. On the other hand, according to 
Cappuzo (1985), when heavy metals exist excessively in the environment, they act as 
enzyme inhibitors. Also, the absorption and concentration level of heavy metals in fish 
can be under the influence of physicochemical conditions of water, heavy metals 
concentration in water and sediment, feeding habits and the other factors (Canli & Atli 
2003).  
 Vanadium element is found in algae, plants, invertebrates and the other aquatic 
animal species. This element concentration in seashells and crabs is about 105 to 106 
times more than the vanadium concentration in sea water. Seashells and crabs as two 
biological indexes can store this element in their organs in large quantities. A research 
done regarding the level and effect of vanadium element in Mugil curema gonads shows 
that due to the existence of high fat in tissues of M. curema, heavy metals, especially 
vanadium element, are absorbed and can have an effect on its genetic and evolutionary 
balance. This element is exchangeable and can be simplified inside gonad tissues 
biologically VO2+ and VO3+. Although vanadium element is not stored as mentioned forms 
while passing through the digestive system. It is likely to be stored during the larval or 
fingerling stage (Arias de Diaz et al 2001). An increase in vanadium element in the 
creatures bodies cause the prevention of some enzyme activities such as nervous, 
respiratory disorders and paralysis of the organs and it has also negative effects on 
kidney and liver. An increase in vanadium consumption in humans can cause harms 
including anemia, inflammation, swelling around the eyes, inflammation of the lungs, 
cataract, cognitive deficits, diarrhea, and decrease in appetite in consumers (Esmaeili 
Sari 2002).  
 Sepe et al (2003) obtained the vanadium rate existing in species of anchovy 
(Engraulis encrasicolus), red mullet (Mullus barbatus) and mackerel (Scomber scombrus) 
of Adriatic Sea as follows 89.9, 79.1, and 43.5 mg kg-1 respectively. Lavilla et al (2008) 
also during a study on species of fish, seashell and crustaceans in Spain, obtained that 
the vanadium rate in these species is in 0.82–5.14 mg g-1 limits.   
 The results of this study generally showed that the measured vanadium levels in 
muscle tissues of B. orientalis and O. ruber in both Bushehr and Asalouyeh stations didn't 
have significant differences. Also the concentration level was lower than standard 
permissible. This indicated that consumption of fish in these areas, does not create a risk 
of vanadium to consumers. Bushehr which is a fishing region is also a place for mooring 
the fishing boats. Beside this fishing pier, the Bushehr nuclear power station, the 
customs, and the National Shrimp Research Institute was located. The National Shrimp 
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Research Institute has some shrimp farming pools and its discharge drainage is directly 
discharged into the sea. In Asalouyeh station, in addition to the fishing pier which is 
located near Asalouyeh city, the largest world gas and oil installations, South Pars oil 
particular region are located there influencing the environment directly and indirectly. All 
installations of the South Pars region located near the Asalouyeh city and pier are located 
along the shoreline due to the location of oil and gas fields in the sea and also several oil 
rigs are located on the sea near it. Table 5 shows the comparison of vanadium 
concentrations in the present study with the other researches. 
 

Table 5 
Comparison of vanadium concentrations in the present study with the other researches 

(mg kg-1) 
 

Reference V conc. Region Species 
Pourang et al (2005a) 1.17 Northern Persian Gulf Epinephelus coioides 
Pourang et al (2005a) 0.1-0.4 Northern Persian Gulf Solea elongata 
Pourang et al (2005a) 0.03-2 Northern Persian Gulf Psettodes erumei 
Pourang et al (2005b) 0.011 Southern Caspian Sea Acipenser persicus 

Bu-Olayan & Subrahmanyan (1996)  1.1 Persian Gulf, Kuwait shores Solea bleekeri 
Bu-Olayan & Subrahmanyan (1996) 0.7 Persian Gulf, Kuwait shores Gastrophysus lunaris 
Bu-Olayan & Subrahmanyan (1996) 2.2 Persian Gulf, Kuwait shores Acanthopagrus latus 
Bu-Olayan & Subrahmanyan (1996) 4.6 Persian Gulf, Kuwait shores Sillego sihana 

Current study 0.246 Persian Gulf, Bushehr Brachirus orientalis 
Current study 0.288 Persian Gulf, Asalouyeh Brachirus orientalis 
Current study 0.245 Persian Gulf, Bushehr Otolithes ruber 
Current study 0.245 Persian Gulf, Asalouyeh Otolithes ruber 

 
Conclusions. Vanadium usually enters the environment through the natural resources as 
well as fossil fuels and remains in water, soil, and air for a long time. Another 
characteristic of this element is that it is combined with other elements and materials in 
water and sticks to oil sediments. Generally speaking and based on the obtained 
concentrations and made comparisons it was specified that according to the standards of 
WHO, Canada and Italy, vanadium level in muscles of B. orientalis and O. rubber from 
Persian Gulf is lower than the permissible standards.  
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