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Abstract
The concentration of five metals, including Pb,
Cu, Cd, Ni and V, in the blood serum and tissues
of Stellate sturgeon was evaluated in spring and
autumn during 2001-2, using Shimatsu AA 670 G
Flameless and Shimatsu AA G70 Flame,
according to AOAC, 1990. The specimens were
caught in two important sturgeon fishery zones
located in Guilan and Golestan provinces in the
Southern Caspian Sea. Concentrations of the
tested elements followed the sequence
Cu>Pb>Cd>Ni,V in tissues, as well as
Cu>Ni>Pb>V>Cd in serum. There were
significant differences in the levels of these
elements in the blood serum and tissues of the
Stellate sturgeon (P<0.05). In this study, the
relationship between the concentration of the
elements and biological characteristics has been
examined. The significant length- and weightdependent relationships were observed for Cd in
blood serum. Only in the case of Pb in the liver
were age related differences found. Only in the
case of Ni in blood serum could significant
differences between two selected sampling areas
be detected. To our knowledge, this study
provides the first extensive data of elemental
accumulation in serum, liver and gill of Sturgeons
of the Southern Caspian Sea.

Keywords: stellate sturgeon, heavy metal, liver,
gill, Caspian Sea.

ﻏﻠﻈﺖ ﺑﺮﺧﯽ از ﻓﻠﺰات ﺳﻨﮕﯿﻦ در ﺑﺎﻓﺖﻫﺎي ﻣﺎﻫﯽ اوزن
( ﺻﯿﺪ ﺷﺪه در ﺧﺰر ﺟﻨﻮﺑﯽAcipenser stellatus) ﺑﺮون
، 1 ﻋﺒﺎس اﺳﻤﺎﻋﯿﻠﯽ ﺳﺎري،2 ﻣﻬﺪي ﻗﺪرﺗﯽ ﺷﺠﺎﻋﯽ،1*ﺑﻬﺮوز اﺑﻄﺤﯽ
،  ﮐﺎﻇﻤﯽ... رﺿﻮانا، 5 ﻣﺤﻤﻮد ﺑﻬﻤﻨﯽ،4 ﻋﯿﺴﯽ ﺷﺮﯾﻒﭘﻮر،3ﻣﻌﺼﻮﻣﻪ رﻫﻨﻤﺎ
5
ﻋﻠﯽ ﺣﻼﺟﯿﺎن
5

 داﻧﺸﮑﺪه ﺗﺮﺑﯿﺖ ﻣﺪرس، داﻧﺸﮑﺪه ﻋﻠﻮم درﯾﺎﯾﯽ-1
 ﺑﻨﺪر ﻋﺒﺎس، ﭘﮋوﻫﺸﮑﺪه اﮐﻮﻟﻮژي ﺧﻠﯿﺞ ﻓﺎرس و درﯾﺎي ﻋﻤﺎن-2
 وزارت آﻣﻮزش و ﭘﺮو رش-3
 وزارت ﺟﻬﺎد ﮐﺸﺎورزي، ﻣﺆﺳﺴﻪ ﺗﺤﻘﯿﻘﺎت ﺷﯿﻼت اﯾﺮان-4
 رﺷﺖ، اﻧﺴﺘﯿﺘﻮ ﺗﺤﻘﯿﻘﺎت ﺑﯿﻦاﻟﻤﻠﻠﯽ ﻣﺎﻫﯿﺎن ﺧﺎوﯾﺎري-5

ﭼﮑﯿﺪه

( وNi)  ﻧﯿﮑﻞ،(Cd)  ﮐﺎدﻣﯿﻮم،(Cu)  ﻣﺲ،(Pb)  ﺳﺮب:ﻏﻠﻈﺖ ﭘﻨﺞ ﻓﻠﺰ ﺷﺎﻣﻞ
( ﺻﯿﺪAcipenser stellatus) ( در ﺑﺎﻓﺘﻬﺎي ﻣﺎﻫﯽ ازون ﺑﺮونV) واﻧﺎدﯾﻮم
 در ﺳﻮاﺣﻞ ﺟﻨﻮﺑﯽ درﯾﺎي ﺧﺰر ﺑﺎ دﺳﺘﮕﺎه ﺟﺬب اﺗﻤﯽ ﮐﻮره1380 ﺷﺪه در ﺳﺎل
 ﻧﻤﻮﻧﻪ. ﻣﻮرد ﺑﺮرﺳﯽ ﻗﺮار ﮔﺮﻓﺖAOAC  ﻃﺒﻖ روش اﺳﺘﺎﻧﺪارد،اي و ﺷﻌﻠﻪ اي
ﻫﺎ از ﻣﺮاﮐﺰ ﻣﻬﻢ ﺻﯿﺪ ﻣﺎﻫﯿﺎن ﺧﺎوﯾﺎري ﺧﺰر ﺟﻨﻮﺑﯽ در اﺳﺘﺎن ﻫﺎي ﮔﯿﻼن و
 ﻧﺘﺎﯾﺞ ﺣﺎﺻﻠﻪ ﻧﺸﺎن داد ﮐﻪ.ﮔﻠﺴﺘﺎن در ﻓﺼﻮل ﺑﻬﺎر و ﭘﺎﯾﯿﺰ ﺟﻤﻊ آوري ﺷﺪﻧﺪ
ﺗﺠﻤﻊ ﻓﻠﺰات در ﺑﺎﻓﺘﻬﺎي ﮐﺒﺪ و آﺑﺸﺶ از ﺗﺮﺗﯿﺐ ﻣﺲ< ﺳﺮب< ﮐﺎدﻣﯿﻮم< ﻧﯿﮑﻞ
<  در ﺣﺎﻟﯿﮑﻪ اﯾﻦ روﻧﺪ در ﺳﺮم ﻣﺎﻫﯽ ﻫﺎ ﺑﺘﺮﺗﯿﺐ ﻣﺲ،و واﻧﺎدﯾﻮم ﭘﯿﺮوي ﻣﯽ ﮐﻨﺪ
 اﺧﺘﻼف ﻣﻌﻨﯽ داري در ﻏﻠﻈﺖ ﻓﻠﺰات.ﻧﯿﮑﻞ< ﺳﺮب< واﻧﺎدﯾﻮم< و ﮐﺎدﻣﯿﻮم ﺑﻮد
 ﺑﻌﻼوه در اﯾﻦ ﺗﺤﻘﯿﻖ.(p<0/05) در ﺑﺎﻓﺘﻬﺎ و ﺳﺮم ازون ﺑﺮون ﻣﺸﺎﻫﺪه ﮔﺮدﯾﺪ
 ﮐﻪ در،راﺑﻄﻪ ﻏﻠﻈﺖ ﻓﻠﺰات و ﺷﺎﺧﺼﻬﺎي زﯾﺴﺖ ﺳﻨﺠﯽ ﻣﻮرد ﺗﻮﺟﻪ ﻗﺮار ﮔﺮﻓﺖ
آن ﻫﻤﺒﺴﺘﮕﯽ ﻣﺜﺒﺖ و ﻣﻌﻨﯽ داري ﺑﯿﻦ ﻃﻮل و وزن ﻣﺎﻫﯽ و ﻏﻠﻈﺖ ﮐﺎدﻣﯿﻮم
 ﻫﻤﺒﺴﺘﮕﯽ ﻏﻠﻈﺖ ﻓﻠﺰ ﺑﺎ ﺳﻦ ﻓﻘﻂ در ﻣﻮرد ﺳﺮب ﮐﺒﺪ.(p<0/05) ﻣﺸﺎﻫﺪه ﺷﺪ
 ﺗﻨﻬﺎ در ﻣﻮرد، در ﺑﺮرﺳﯽ ﺗﻔﺎوت ﻫﺎي ﻣﻨﻄﻘﻪ اي ﺗﺠﻤﻊ ﻓﻠﺰات ﺳﻨﮕﯿﻦ.ﯾﺎﻓﺖ ﺷﺪ
ﻧﯿﮑﻞ ﺗﻔﺎوت ﻣﻌﻨﯽ داري ﺑﯿﻦ دو ﻧﺎﺣﯿﻪي ﮔﯿﻼن و ﮔﻠﺴﺘﺎن ﻣﺸﺎﻫﺪه ﮔﺮدﯾﺪ
، ﯾﺎﻓﺘﻪ ﻫﺎي اﯾﻦ ﺗﺤﻘﯿﻖ ﺑﺮاي اوﻟﯿﻦ ﺑﺎر ﺑﯿﺎﻧﮕﺮ آﻟﻮدﮔﯽ ﻫﺎي ﮐﺒﺪ.(P<0/05)
آﺑﺸﺶ و ﺳﺮم ﺧﻮن و ارﺗﺒﺎط آﻧﻬﺎ ﺑﺎ ﺑﺮﺧﯽ وﯾﮋﮔﯿﻬﺎي زﯾﺴﺘﯽ در ازون ﺑﺮون ﺧﺰر
.ﺟﻨﻮﺑﯽ ﻣﯽ ﺑﺎﺷﺪ

. درﯾﺎي ﺧﺰر، آﺑﺸﺶ، ﮐﺒﺪ، ﻓﻠﺰات ﺳﻨﮕﯿﻦ، ازون ﺑﺮون:واژه ﻫﺎي ﮐﻠﯿﺪي
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Introduction

river and contamination of water and sediment by

The Caspian Sea, bounded by the five littoral states of

pollutants, which are disrupting for the migration and

Azerbaijan, the Russian Federation, Iran, Kazakhstan

reproduction of the sturgeons (Billard and Lecointre,

and Turkmenistan, is the largest inland water body in

2001). Among these, chemical contamination seems to

the world (De Mora et al, 2004). During the past forty

be one of the most significant factors influencing the

years, especially in the last decade, the levels of

population

pollutants

pesticides,

Furthermore some other studies also reported elevated

petroleum hydrocarbons etc.) in the Caspian Sea have

levels of heavy metals in some fishes (Anan et al.,

increased, subsequently the anthropogenic pressures

2005), seals (Anan et al., 2002) and sediment of

on the coastal and marine ecosystems have grown

Caspian Sea (De Mora et al., 2004). However, a few

progressively (Pourang et al., 2003; Kajiwara et al.,

studies in this field have been conducted on Sturgeons

2003). Because it is a closed environment without any

(Gapeova et al., 1990; Pourang et al., 2003; Agusa et

outlet, various environmental pollutants released from

al., 2004). In the present study, we examined the

coastal catchment areas have accumulated in the

accumulation of five trace elements in the blood

Caspian Sea (Anan et al., 2002) Furthermore, since

serum, liver and gill of Stellate sturgeons in the

there is no outlet, various pollutants arising out of fuel

Caspian Sea and discussed the results in relation to

leakage from oil wells and wastewater from the river

location, and growth.

(including

heavy

metals,

of

sturgeons

in

the

Caspian

Sea.

basin and urban area accumulated in the Caspian Sea
(Karpinsky, 1992). Heavy metals are important for the

Materials and Methods

ecology of the Caspian because they do not

The samples were collected from two sturgeon fishery

decompose, only change chemical bonds. Metals thus

zones in Guilan and Golestan provinces were located

gradually accumulate in the sea, in sediments and in

in southern part of the Caspian Sea (Figure 1) during

living marine organisms (DHI, 2001).

2001-2002. The total number of samples collected

Metal levels in the water of Volga River, which

was 79. The biological characteristics including total

contributes > 80% of the total water inflow to the

length and weight were recorded. The age of

Caspian Sea (Anan et al., 2002), have increased from

specimens determined using pectoral fin sections. The

1977 to 1992: Cu by 11.5 times, Zn by 9.8 times, Pb

biological data of specimens are given in Table 1.

by 5.6 times, and Cd by 4.9 times (Karpinsky, 1992).

Tissue samples in the weight of 20 gr and blood

Mainly four commercial species of sturgeon inhabit

samples in the minimal valium of 10 ml obtained from

the Caspian Sea: the northern part of the Caspian Sea

fishes for measuring of metal concentrations. Tissues

and Volga River are the habitats for the beluga (Huso

and sera after remove of hematocrite, were saved in a

huso), Russian sturgeon (Acipenser gueldenstaedtii)

freezer until analysis at -20 t° C. The preparation of

and Stellate sturgeon (Acipenser stellatus), while the

samples for instrumental analysis was done according

southern part of the Caspian Sea is the habitat for the

to AOAC (1990). The concentrations of four trace

Persian sturgeon (Acipenser persicus) (Khodorevskaya

elements (Pb, Cd, V, and Ni) were measured with

et al, 1997). Catches of sturgeons in the Azov and

flameless atomic absorption spectrometry (Shimatsu

Caspian Seas, which represented 90% of the world

AA G70 G flameless). Cu concentration was

landings, totaling about 24,000–25,000 t annually

determined by Flame atomic absorption spectrometry

during 1970–1985, have fallen to less than 2000 t in

(FAAS) (Shimatsu AA G70 Flame). In this study,

1999 (Billard and Lecointre, 2001). This decline

trace element concentration was expressed on the wet

results

environmental

weight basis (µg/g wet wt.). All data were tested for

degradation such as construction of dams across the

goodness of fit with Kolmogorov–Smirnov’s one

from

over-fishing

and

1386  ﺑﻬﺎر، ﺷﻤﺎره ﺳﻮم،ﻋـﻠـﻮم ﻣﺤـﯿـﻄﯽ ﺳﺎل ﭼﻬﺎرم
ENVIRONMENTAL SCIENCES Vol.4, No.3 , Spring 2007

¡ 78 ¡

sample test. Because most of the variables were not

The concentration of Cu, Cd were found to follow

normally distributed, the data were log transformed

the order liver> gill> serum while the Pb level follows

and subjected to parametric statistics. Pearson’s

the sequence gill> liver> serum. In liver and gill of

correlation

to examine

fish the average concentration of the tested elements

relationships between the elements as well as between

follows the sequence Cu>Pb>Cd. Ni and V values in

elements and the biological characteristics. The

liver and gill in all the cases were less than the

concentrations of the elements in blood serum and

detection limits (<0.001± g/g wet weight). Thus, these

tissues were compared statistically by means of one

data could not be considered in the statistical analyses.

way ANOVA and Duncan’s new multiple range tests.

Concentrations of the tested elements followed the

Regional differences in trace element concentration of

sequence Cu>Ni>Pb>V>Cd in serum.

coefficients

were

used

sturgeons were tested by independent samples t-test.
The level of significance was set at P< 0.05. These
statistical analyses were performed using SPSS
program.

The elements concentration in serum and tissues of
sturgeons are shown in Table 2.

Discussion
In this study, a significant positive correlation between
body length and weight was found (P<0.01). Growth
of sturgeons is known to be continuous with age and
growth rate dose not be reduce appreciably even after
reproduction (Billard and Lecontre, 2001). The
relationships between trace element levels in the
tissues and the biological characteristics (especially
length)

have

been

documented

by

several

investigators. The results varied between the studies.
Sometimes even contradictory results have been
obtained from different researches. For example, Canli
and Atli (2003) reported that lead in the liver was
negatively correlated to length of Scomberesox saurus
specimens (Henry et al., 2004), in contrast, reported
no clear relationship between lead levels in liver of
several fish species. Windom et al (1987) reported that
copper in muscle was positively correlated to length of

Coryphaenoides armatus specimens, but Canli and
Atli (2003) observed a negative correlation between
the size and the muscle copper content in Atherina

hepsetus. There was positive correlation between the
concentration of Cu in the muscle of Acipenser
Figure 1- Map of the Caspian Sea showing area of sample
collection. 1. Guilan catch area, 2.Golestan catch area

persicus from the Caspian Sea and body length,
whereas a significant negative correlation was found
in the case of Vanadium (Agusa et al, 2004). Pourang

Results

et al (2003) found that accumulation of Cd decreased

The biometrical characteristics of specimens are

with an increase in the weight of sturgeons. As

shown in table 1.

mentioned before, in the present study a length and
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Table 1- Some characteristics of Stellate sturgeons from South Caspian Sea

Location

Fork length (Cm)

Weight (Kg)

Age (year)

126.63±10.79

10.04±2.89

12.45±1.51

Min

106

5.50

10

Max

143

15

15

123.83±17.54

10.70±5.30

11.66±2.06

Min

111

7.50

9

Max

159

21.30

14

Mean±SD
Guilan

Mean±SD
Golestan

Table 2- Heavy metal concentrations (±g/g Wet Wt.) in Blood serum and tissues of Stellate sturgeons from Caspian Sea
(Mean ±SD, Min, Max)

Location

Tissue

Pb

Cu

Cd

Ni

V

Serum

0.0066±0.0025

0.2275±0.1089

0.0015±0.0009

0.0922±0.0242

0.0263±0.0032

0.0023

0.0880

0.0008

0.0698

0.0234

0.0106

0.4620

0.0037

0.1395

0.0333

0.4527±0.5873

18.2028±14.9805

0.3234±0.2457

N.D

N.D

N.D

*N.D

N.D

2.125

66.50

1.250

0.6007±0.8966

1.0873±0.4652

0.1214±0.1376

N.D

0.125

N.D

4.750

2.875

0.375

0.0058±0.0019

0.4130±0.1283

0.0018±0.0018

0.0502±0.0271

0.0284±0.0039

0.0040

0.1660

0.0002

0.0184

0.0245

0.0103

0.6670

0.0074

0.0935

0.0380

0.6250±0.6175

24.41±17.09

0.5446±1.2168

N.D

1.50

N.D

N.D

N.D

2.50

67.50

6.50

0.7317±0.4711

1.2625±0.6825

0.1750±0.2236

N.D

N.D

N.D

N.D

N.D

1.50

2.88

0.75

Liver
Guilan

Gill

Serum

Liver

Golestan
Gill

N.D
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N.D

weight positive relationship was observed only for Cd

properties of the metals involved; also it has been

in blood serum. The lack of any relationship between

regarded as indicative of similar biochemical pathways

the other metals concentrations and the length may be

or, at its simplest, as demonstrating that the binding of

explained in part due to the body capacity to regulate

certain metals in animals indicates the occurrence of

the concentrations of these metals and the fact that

particular ligands (Paez-Osuna et al., 1995). In the

body size and biochemical factors associated have a

present study, there were no significant (P>0.05)

small or null influence on variability (Paez-Osuna &

correlation between element concentration pairs in

Ruiz-Fernandez, 1995).

blood serum and tissues. Hence, relatively few similar

In the present study, an age dependent relationship

trends can be expected for them. Mean concentrations

was observed for Pb in liver. Pourang et al (2003)

of heavy metal in the tissues and blood serum of A.

reported no clear relationship between the heavy metal

stellatus do show variations. Statistical comparisons

levels in muscle of sturgeons and fish age. According

revealed that metal concentrations were significantly

to Rashed (2001) different trace elements can be

different in liver, gill and blood serum. The differences

classified into three groups from relationship between

in metal concentration of the tissues and serum might

the concentrations in the muscle of Tilapia nilotica

be as a result of their capacity to induce metal binding

and the fish ages: (a) Cu showed increasing tendency

proteins such as metallothioneins.

with fish age, (b) Cr and Sr were independent of fish

To understand the magnitude of heavy metal

ages, (c) Co, Fe, Mn, Ni and Zn increased slightly

contamination in Stellate sturgeons of the Caspian

with fish age. Except the temperature, salinity,

Sea, the levels noticed in this study were compared to

dissolved oxygen, and pH all exhibit unique patterns

those reported for fish in other regions (Table 3). The

of fluctuation, as their amount decrease from the west

present data showed that metal concentration of the

coast (Port of Astara) toward the east coast (Torkaman

liver and gill in the present study were higher than in

Port) (Anan, 1998). Regional differences in trace

fish caught from marine stations. To understand the

element concentrations of sturgeons might reflect the

magnitude of heavy metal contamination in sturgeons

contamination in the respective areas. The difference

of the southern Caspian Sea, the levels noticed in this

between the specimens from the two sites in

study were compared to those reported for fish species

accumulation of Ni in blood serum can be attributed to

in this and other regions. There have been very few

the differences in ambient environmental conditions

studies on metals in sturgeons. Gapeova et al (1990)

(especially salinity and temperature). Moreover, the

examined the levels of heavy metals in four chosen

possible differences in bioavailability of Ni between

tissues and blood serum of stellate sturgeon from the

the two sites can be cited as another reason for the

South Volga River. Comparison with the data obtained

significant differences in the levels of Ni in the

from our study with the mentioned research shows that

specimens collected from the sites. Pb and Cd

in case of Cu in serum, Pb in liver and Cu and Cd in

concentrations were higher in Rutilus rutilus caspicus

gill the results of the two studies are comparable while

from eastern stations than those from western stations

the levels of Pb and Cd in serum and Pb in the gills of

(Anan et al, 2005). This condition is not seen in

fish from the southern Caspian Sea are well below the

stellate sturgeon. These inconsistencies might be due

concentrations in the stellate sturgeons from the Volga

to the migration of sturgeons for feeding and

River (Table. 3).

reproduction in the Caspian Sea (Bemis and Kynard,
1997).

Based on the results, it can be concluded that:
- Concentrations of the tested elements followed the

The relationships between some of the metal pairs

sequence

may be attributable to similar physicochemical

Cu>Pb>Cd>Ni,V

Cu>Ni>Pb>V>Cd in serum
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in

tissues,

and

- In the case of Cd, length and weight related

- Concentrations of Ni in the blood serum showed

differences (positive) could be observed in blood

significant variation between the selected sites

serum.

(P<0.05).

- An age dependent relationship was observed for Pb

- There were no significant correlation between

in liver.

element concentration pairs in serum and tissues
(P>0.05).
Table 3- Comparison of Heavy metals concentrations in Serum and tissues of fish from various waters

References

Serum or
Tissues

Species

V

Ni

0.0481
-

0.139
-

Cd

Cu

Pb

0.007
0.428
0.144

0.387
20.89
1.159

0.006
0.524
0.655

Caspian Sea
This study
This study
This study

Serum
Liver
Gill

Stellate sturgeon
Stellate sturgeon
Stellate sturgeon
Caspian Sea

Gapeova et al,
1990
Gapeova et al,
1990
Gapeova et al,
1990

Seum

Stellate sturgeon

-

0.21

0.06

0.54

0.55

Liver

Stellate sturgeon

-

0.63

0.18

7.52

0.68

Gill

Stellate sturgeon

-

0.50

0.11

0.87

1.09

0.019

-

<0.001

1.50

0.013

-

6.14

-

-

17.51

Caspian Sea
Agusa et a l, 2004

Muscle

Stellate sturgeon
Caspian Sea

Fazeli et al, 2005

Liver

Liza aurata
Mediterranean Sea

Canli and Atli,
2003
Canli and Atli,
2003
Canli and Atli,
2003
Canli and Atli,
2003

Gill

Sparus auratus

-

-

1.79

5.01

13.31

Gill

Atherinahepsetsu

-

-

1.85

14.64

12.37

Liver

Mugil cephalus

-

-

1.64

202.8

12.59

Liver

Scomberesox
saurus

-

-

1.72

18.18

17.54

-

-

0.13
0.12

16.8
11.1

0.04
0.09

North French
Costal Waters
Henry et al, 2004
Henry et al, 2004

Liver
Liver

Limanda limanda
Pleuronectes
platessa
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