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Abst ract .  I n order to exam ine and compare vanadium accumulat ion levels in muscle t issues of 
Brachirus or ientalis and Otolit hes ruber  in Persian Gulf waters (Bushehr province region) ,  
sampling was done in both Bushehr and Asalouyeh stat ions dur ing the summer 2013. After  
biomet ry (measurment  of total length and weight ) ,  muscle t issues of the samples were separated 
and chem ical digest ion was done. Vanadium accumulat ion levels in t issues were measured by 
using graphite furnace atom ic absorpt ion inst rument .  Based on the obtained result s, mean 
concent rat ions of vanadium in muscle t issues of B. or ientalis were 0.246 ±  0.006 mg kg -1 dw (dry 
weight )  in Bushehr stat ion and 0.288 ±  0.087 mg kg -1 dw in Asalouyeh stat ion, and mean  
concent rat ions of vanadium in muscle t issues of O. ruber  were 0.245 ±  0.003 mg kg -1 dw in 
Bushehr stat ion and 0.245 ±  0.007 mg kg -1 dw in Asalouyeh stat ion, and it  indicated no 
stat ist ically significant  differences between the two stat ions (p >  0.05) .  The obtained 
concent rat ions and analysis done indicate that  based on the WHO, Canada and I taly standards, 
the amount  of vanadium was lower than the standard levels. 
Key W ords:  Persian Gulf,  Brachirus or ientalis,  Otolit hes ruber, heavy metals,  vanadium, muscle.  

 
 

I nt roduct ion .  Heavy m etal rate has been developed especially in coastal environm ents 
due to the rapid developm ent  of indust ries, city planning, and hum an populat ion. 
Anthropogenic sources including indust rial wastes, agriculture and urban sewages, 
geochem ical st ructure and m ining of m etals create a potent ial resource of heavy m etal 
contam inat ion in aquat ic environm ents and their pollut ion have caused concern about 
coastal environm ents (Askary Sary & Moham m adi 2012;  Mendil et  al 2010) .  These types 
of pollut ions m ay affect  them  direct ly by concent rat ing in aquat ic anim al bodies and 
indirect ly by t ransport ing to the next  t ropical level from  food chain. One of their m ost 
serious exposure results is biological am plificat ion in food chain (Kalay & Canli 2000;  
Ünlü & Güm güm  1993) . 
 Heavy m etal concent rat ion in organism  t issues can be due to severe diseases and 
cause serious harm s in populat ion (Barlas 1999;  Holcom be et  al 1976) .  Moreover,  
exogenous pest icides, heavy m etals,  chemical m utagenes, radiat ion and different 
st ressful factors cause an increase in free radicals and oxidat ive st ress. As a results of 
the increase in these st resses, lipid peroxidat ion, protein denaturat ion and DNA harm s 
happen in living organism  cells.  These changes can have a great  r isk for life and 
product ivit y of organism s (Fat ih Fidan et  al 2008) .  Biological and ecological factors such 
as size, sex (Al-Yousuf et  al 2000) ,  ecological needs, habitat ,  feeding habits (Bustam ante 
et  al 2003) ,  and season (Navarro et  al 2006)  have various and significant  influences on 
bioaccum ulat ion and m etal bioavailabilit y. 



AACL Bioflux, 2014, Volume 7, I ssue 6. 
ht tp: / / www.bioflux.com.ro/ aacl  

490 

Heavy m etals are accum ulated in t issues and organs of the fish after they entered the 
aquat ic ecosystem s and finally they enter the food chains and are considered as a 
potent ially  toxic factor for m icroorganism s (Chen & Chen 1999) . 
 Persian Gulf is a shallow-water basin with an average depth of 35- 40 m eters and 
an area about  240 km 2.  This area is connected to the internat ional waters via Horm uz 
st rait  (Saeidi et  al 2008;  Banat  et  al 1998;  Payam -e Darya 1995) . 
 Water exchange t ime is between three to five years in this basin that  show the 
pollutants rem ain in the Persian Gulf for a significant  period. The north parts of the 
Persian Gulf are m uch m ore influenced by pollutants due to the shallowness, lim ited 
rotat ion, salinit y and high tem perature (Sheppard et  al 2010;  Saeed et  al 1995) .  
Generally it  was specified that  about  30 percent  of  the total world oil t ransference is done 
in Persian Gulf (Pourang et  al 2005a) .   

Brachirus orientalis is a benthic fish species which lives in shallow territorial 
waters on m uddy and sandy beds (Ghanbari et  al 2014) .  Otolithes ruber  is one of the 
m igratory and coastal fishes. This species is found in coastal waters highly in regions with 
m uddy bed. The species is benthopleagic to the effect  that  they live both in bed and 
water surface. O. ruber  feeds on sm aller fish, crustaceans like shrim ps and other 
invertebrates (Pazira et  al 2014) .  From  a fisheries viewpoint , B. orientalis and O. ruber 
are am ong com m ercially valuable fishes and have an im portant  role in hum an food 
program s (Dìaz de Astarloa & Munroe 1998) . 
 Therefore, because of the oil instalat ion in Bushehr and Asalouyeh, and the m etal 
which is used in this areas is vanadium, and also because of the lit t le inform at ion about  
the concent rat ion of this m etal in these study areas, the object ive of this study is to 
m easure the vanadium  levels in m uscle t issues of B. orientalis and O. ruber  in Persian 
Gulf waters (Bushehr province region)  and com pare it  with the internat ional standards. 
 
Material and Method  
 
Study area .  Bushehr is located in 28º55´ 19.84"  N and 50º50´ 4.76" E of southwestern 
I ran. 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. Locat ion of the sam pling areas (or iginal drawing) . 
 

Sam pling .  Twenty sam ples of B. orientalis and other twenty sam ples of O. ruber  were 
caught  by t rawl net  in both regions, Bushehr and Asalouyeh seaports during August  
2013. Then, the sam ples were placed in a plast ic bag and coded and were placed in an 
ice bucket  full of ice in order to be t ransferred in the laboratory.  The sam ples were 
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t ransferred to I slamic Azad Universit y Bushehr branch laboratory after fishing. The fish 
sam ples were kept  at  a tem perature of -30ºC by the analysis t ime in the laboratory. 
 
Sam ple preparat ion .  First  all lab dishes which were going to be used were placed in 
HNO3 for 24 hours and then they were washed by using dist illed water and finally they 
were placed in an oven at  a tem perature of 80º C to prevent  contaminat ion. The sam ples 
were rem oved from  the fridge. When they reached the environm ent  temperature, 
biom et ry operat ion ( total length, standard length, total weight )  was done. All m uscle 
sam ples were dried at  80° C for 12 h. Hom ogenized sam ples (1 g)  were weighted and 
then digested, using a heater with 10 m L HNO3.  After digest ion, the residues were diluted 
to 25 m L with dist illed water in volum et ric flasks. All digested sam ples were analyzed for 
vanadium  using Furnaco auto sam pler atomic absorpt ion spect rom eter (FS95) (MOOPAM 
1999) . 
 
Stat ist ica l analysis.  One sam ple Kologorov-Sm irnov test  in SPSS® 18 was used to check 
the validity of the data norm alizat ion. Then, one way sam ple T- test  was used to check 
interact ions between heavy m etals and stat ions. Data have been presented as Mean± SDs 
with 95%  of the confidence interval (Zar 1999) .   
 
Results 
 
Biom etr ic results.  Biom et ric results of B. orientalis indicated that  m ean weight  in 
Bushehr was higher in com parison to Asalouyeh stat ion. Mean weight  in Bushehr was 
358.96 g and m ean weight  in Asalouyeh was 212.38 g. Biom et r ic results of O. ruber  
indicated that  there was no significant  different  between the m ean weight  in both 
stat ions. Mean weight in Bushehr was 376.82 g and m ean weight  in Asalouyeh was 
369.40g. Biom et ric results are presented in Tables 1 and 2. Also Table 3 shows the 
correlat ion between length and weight  in B. orientalis and O. ruber .    
 

Table 1 
Biom et ric results of B. orientalis in Bushehr and Asalouyeh stat ions (N =  20)  

 

Bushehr stat ion Asalouyeh stat ion Biom et rics 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 

Biom et ric results of O. ruber in Bushehr and Asalouyeh stat ions (N =  20)  
 

Bushehr stat ion Asalouyeh stat ion Biom et rics 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 

Correlat ion between length and weight  indices in B. orientalis and O. ruber  

in Bushehr and Asalouyeh 
 

Species Stat ion 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  concentrat ion .  The obtained results show that  the lowest  and the highest 
vanadium  concent rat ion levels in m uscle t issues of B. orientalis in Bushehr stat ion was 
equal to 0.231 and 0.255 m g kg -1 dw and in Asalouyeh was 0.233 and 0.475 m g kg -1 dw, 
respect ively.  According to the obtained stat ist ical results m ean and standard deviat ion 
(SD)  with the confidence interval in 95%  level of vanadium  in Bushehr stat ion was 
0.246± 0.006 m g kg -1 dw and in Asalouyeh stat ion was 0.288± 0.087 m g kg -1 dw. Based 
on T- test  analysis,  no significant  differences were observed between vanadium  levels in 
m uscle t issues in both stat ions (p =  0.181) . 
 The obtained results show that  the lowest  and the highest  vanadium  concent rat ion 
levels in m uscle t issues of O. ruber  in Bushehr st at ion was equal to 0.238 and 0.250 m g 
kg -1 dw and in Asalouyeh was 0.232 and 0.258 m g kg -1 dw, respect ively.  According to the 
obtained stat ist ical results m ean and standard deviat ion (SD)  with the confidence interval 
in 95%  level of vanadium  in Bushehr stat ion was 0.245± 0.003 m g kg -1 dw and in 
Asalouyeh stat ion was 0.245± 0.007 m g kg -1 dw. Based on T- test  analysis, no significant 
differences were observed between vanadium  levels in m uscle t issues in both stat ions (p 
=  0.859) .   
 Based on the obtained concent rat ions and com parison done it  as specified that 
based on WHO, Canada and I taly standards, the am ount  of vanadium  in B. orientalis and 
O. ruber  t issues was lower than the standard perm issible levels (Table 4) .  
 

Table 4 
Com parison of vanadium  concent rat ions in m uscle t issues of B. orientalis and O. ruber  

with WHO, Canada and I taly standards (m g kg -1)  
 

Standard Vanadium  concent rat ion 

WHO (FAO 1976)  0.5 

Canada (Goyer 1986)  0.5 
I taly (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 m etals unlike the m ost  contam inants in the environm ent  are not 
ruined and pass an ecological cycle during which natural waters are the m ain pass. 
According to Abdolahpour Monikh et  al (2012)  and Pourang et  al (2005a, 2005b)  the 
highest  concent rat ion of heavy m etals is usually found in aquat ic environm ents and 
aquat ic environm ent  bed sedim ents. Therefore, being inform ed of heavy m etal 
concent rat ion and their dispersion in sedim ents and aquat ic creature bodies can play a 
m ajor role in pollut ion resources in aquat ic system s (Moghdani et  al 2014;  Ghanbari et  al 
2014;  Pazira et  al 2014) .   
 Heavy m etals are concent rated in t issues and organs of aquat ic anim als especially 
fish after entering the aquat ic ecosystem s and they finally enter the food chain. Since fish 
form ed a m ain part  of hum an diet ,  these heavy m etals can enter the hum an body via 
feeding contaminated fish. The absorpt ion and concent rat ion levels of heavy m etals in 
aquat ic anim als especially fish are dependent  on biological,  chemical,  physical and 
ecological condit ions of water,  elem ent  type, aquat ic anim al and physiology of the 
creature body (Jaffar et  al 1998) . Metal concent rat ion in fish usually depends on the 
species, habitat ,  fish act ivit y,  diet ,  or other related behaviours (Henry et  al 2004) .  Total 
m ean concent rat ions of vanadium  in B. orientalis in Bushehr stat ion was 0.246± 0.006 
m g kg -1 dw and in Asalouyeh stat ion was 0.288± 0.087 m g kg-1 dw. Also total m ean 
concent rat ion in O. ruber  in Bushehr stat ion was 0.245± 0.003 m g kg -1 dw and in 
Asalouyeh stat ion was 0.245± 0.007 m g kg-1 dw. The results of previous studies in the 
sam e area showed that  different  species of fish have different  vanadium  levels in their 
t issues (Table 5) .  In different  regions of the Persian Gulf,  oil pollut ion along with the 
other urban, indust r ial and agricultural pollut ions cause the dest ruct ion of this valuable 
ecosystem  and the valuable resources of the aquat ic anim als present  in it,  are exposed to 
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different  pollut ion r isk and have posed a threat  to the aquat ic anim al populat ions present 
in it  (Pourang et  al 2005b) .   
 Feeding habits, ecological needs, heavy m etal concent rat ion in water and 
sedim ent , fish exposure period in aquat ic environm ent ,  fishing season and physical and 
chem ical characterist ics of water (salinit y,  pH, hardness and tem perature)  are effect ive 
factors in heavy metal accum ulat ion in different  organs of fish (Canli & At li 2003) .  Heavy 
m etals have caused a concern about  fish consum pt ion due to different  negat ive effects 
such as decrease of growth, tem perature changes, genet ic changes and also m ortalit y in 
aquat ic anim als and because of their toxicit y and tendency to accum ulate in food chain 
(Kalay et  al 1999) .  Thus, taking m easurem ents of concent rat ion of these m etals in order 
to determine the standards of public health and protect  the sea environm ent  is 
significant .   
 Toxicit y with heavy m etals in fish toxemia having sym ptom s such as loss of 
reproduct ive ability ,  deform ation of skeleton, changes in blood factors, an increase in 
sensit ivit y to infect ious factors and finally death m ay be due to the sustained harm s to 
the fish im m une system  (Roberts 2001) .  Based on Viarengo ( 1989) ,  creatures' abilit ies 
for absorpt ion, accum ulat ion, rem oval or detoxificat ion of heavy m etals m ainly vary with 
each other.  Species having specific quant it ies of m etallothioneins and lysosom es can 
rem ove the toxicity of these metals. According to the obtained results,  we can at t ribute 
one of the probable reasons of concent rat ion fluctuat ion of heavy metals in different 
species of fish to this m at ter.  However,  according to Roesijadi (1994) ,  if the am ount  of  
heavy m etals is high, their toxicity will increase since the abilit y  of m etallothioneins and 
lysosom es to rem ove their toxic effect  is lim ited. On the other hand, according to 
Cappuzo (1985) ,  when heavy m etals exist  excessively in the environm ent ,  they act  as 
enzym e inhibitors.  Also, the absorpt ion and concent rat ion level of heavy m etals in fish 
can be under  the influence of physicochem ical condit ions of water,  heavy m etals 
concent rat ion in water and sedim ent,  feeding habits and the other factors (Canli & At li 
2003) .   
 Vanadium  elem ent  is found in algae, plants,  invertebrates and the other aquat ic 
anim al species. This elem ent  concent rat ion in seashells and crabs is about  105 to 106 
t imes m ore than the vanadium  concent rat ion in sea water.  Seashells and crabs as two 
biological indexes can store this elem ent  in their organs in large quant it ies.  A research 
done regarding the level and effect  of vanadium  element  in Mugil curem a gonads shows 
that  due to the existence of high fat  in t issues of M. curem a,  heavy m etals,  especially 
vanadium  elem ent,  are absorbed and can have an effect  on it s genet ic and evolut ionary 
balance. This elem ent  is exchangeable and can be sim plified inside gonad t issues 
biologically VO2+  and VO3+ .  Although vanadium  elem ent  is not  stored as m ent ioned form s 
while passing through the digest ive system . I t  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 prevent ion of som e enzym e act ivit ies such as nervous, 
respiratory disorders and paralysis of the organs and it  has also negat ive effects on 
kidney and liver.  An increase in vanadium  consum pt ion in hum ans can cause harm s 
including anemia, inflamm ation, swelling around the eyes, inflam m ation of the lungs, 
cataract ,  cognit ive deficit s,  diarrhea, and decrease in appet ite in consum ers (Esm aeili 
Sari 2002) .   
 Sepe et  al (2003)  obtained the vanadium  rate exist ing in species of anchovy 
(Engraulis encrasicolus) ,  red m ullet  (Mullus barbatus)  and m ackerel (Scom ber scom brus)  
of Adriat ic Sea as follows 89.9, 79.1, and 43.5 m g kg -1 respect ively.  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 m g g -1 lim its.    
 The results of this study generally showed that  the m easured vanadium  levels in 
m uscle t issues of B. orientalis and O. ruber  in both Bushehr and Asalouyeh stat ions didn't  
have significant  differences. Also the concent rat ion level was lower than standard 
perm issible.  This indicated that  consum pt ion of fish in these areas, does not  create a risk 
of vanadium  to consum ers. Bushehr which is a fishing region is also a place for m ooring 
the fishing boats.  Beside this fishing pier,  the Bushehr nuclear power stat ion, the 
custom s, and the Nat ional Shrim p Research Inst itute was located. The Nat ional Shrim p 
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Research Inst itute has som e shrim p farming pools and it s discharge drainage is direct ly 
discharged into the sea. In Asalouyeh stat ion, in addit ion to the fishing pier which is 
located near Asalouyeh cit y,  the largest  world gas and oil installat ions, South Pars oil 
part icular region are located there influencing the environm ent  direct ly and indirect ly.  All 
installat ions of the South Pars region located near the Asalouyeh cit y and pier are located 
along the shoreline due to the locat ion of oil and gas fields in the sea and also several oil 
r igs are located on the sea near it .  Table 5 shows the com parison of vanadium 
concent rat ions in the present  study with the other researches. 
 

Table 5 
Com parison of vanadium  concent rat ions in the present  study with the other researches 

(m g 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  Pset todes erum ei 
Pourang et  al (2005b)  0.011  Southern Caspian Sea Acipenser persicus 

Bu-Olayan & Subrahm anyan (1996)   1.1  Persian Gulf, Kuwait  shores Solea bleekeri 
Bu-Olayan & Subrahm anyan (1996)  0.7  Persian Gulf, Kuwait  shores Gastrophysus lunaris 
Bu-Olayan & Subrahm anyan (1996)  2.2  Persian Gulf, Kuwait  shores Acanthopagrus latus 
Bu-Olayan & Subrahm anyan (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 environm ent  through the natural resources as 
well as fossil fuels and rem ains in water,  soil, and air  for a long t im e. Another 
characterist ic of this elem ent  is that  it  is com bined with other elements and m aterials in 
water and st icks to oil sedim ents. Generally speaking and based on the obtained 
concent rat ions and m ade com parisons it  was specified that  according to the standards of 
WHO, Canada and I taly,  vanadium  level in m uscles of B. orientalis and O. rubber  from  
Persian Gulf is lower than the perm issible standards.  
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