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ABSTRACT
Levels of contaminants in fish are of particular interest because of the potential risk to humans consuming
them. This paper examines the levels of cadmium, lead, zinc and copper in liver and muscle tissue of Esox
lucius and in sediments from the Anzali international wetland in Iran. The wetland is a nursery and
feeding habitat for fish species both from the lagoon and the Caspian Sea, which are consumed by the local
inhabitants and others. Eleven main rivers discharge agricultural, industrial, urban and municipal wastes
into this wetland. Twenty five Esox lucius specimens, with a mean weight of 804.6±121g and mean length
of 430.7± 2mm were collected from the wetland by multimesh gill nets in September and December 2007..
The age was determined from scale samples according to the annual ring structure. Average
concentrations of Cd, Cu, Pb and Zn accumulated in the mid-dorsal muscle tissue (filleted and skinned) of
fish were 0.001, 0.21±0.02, 0.13±0.01 and 2.55±0.18 µg.g-1, respectively. The concentrations of these metals
in liver samples were Cd: 0.0014± Cu: 0.96± 0.61, Pb: 0.11 ± 0.04 and Zn: 2.46±1.5 µg.g-1. Significant
positive correlations were detected between Zn and Cu with body weight, while negative correlations
were found between Pb and body weight. The concentrations of Zn, Cu and Cd were below the maximum
allowable concentrations for fish proposed by WHO and MAFF (safe for human consumption) but
concentration of Pb exceeded the standard levels.
Keywords: Heavy metals, Esox lucius, Anzali wetland, Caspian Sea.

INTRODUCTION
Aquatic environmental quality, and how
humans may be affecting this, is an area
which has received increasing attention in
recent years. Aquatic organisms, among
them fish, accumulate contaminants from
the environment and therefore have been
extensively used in pollution monitoring
programs (e.g., ICES: OECD, 1991; UNEP,
1993; Uthe et al., 1991). Two main objectives
being pursued in these programs are (i) to
determine contaminant concentrations in
fish muscles in order to assess the health
risk for humans, and (ii) to use fish as
environmental indicators of aquatic
ecosystems quality (Adams, 2002). In recent
years, anthropogenic factors, such as
habitat destruction played a major role in
the decline of commercial marine fish
species.
Indeed,
the
substantial
development of urban and industrial
activities result in increasing inputs of
Online version is available on http://research.guilan.ac.ir/cjes

chemical contaminants which lead to the
loss or alteration of aquatic habitats.
Lagoons and wetlands are economically
and ecologically important because of
intensive recreational and fishing activities.
In
recent
years
concentrations
of
contaminants were found to have increased
in coastal ecosystems due to the release of
industrial wastes and as a result, aquatic
organisms are exposed to elevated levels of
heavy metals (Kalay and Canil 2000; Sankar
et al. 2006). The aquatic organisms exposed
to the heavy metals from runoff water tend
to accumulate these metals in their body,
fishes being more commonly affected than
other species (Guven et al. 1999; Henry et al.
2004). Studies carried out on different fish
species have revealed that both essential
and non-essential metals can produce toxic
effects in fish by disturbing their growth,
physiological, biochemical, reproduction
activities, and mortality (Lee and Stuebing
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1990; Yilmaz 2005). Hence, fishes are
considered as one of the best indicators of
heavy metal contamination in coastal
environments (Evans et al. 1993; Rashed
2001). Since pike perch is a favorite species
for sport fishing and a highly consumed
fish in the region, the present study was
proposed to investigate the accumulation of
heavy metals in liver and muscle tissue of
this species and to increase the awareness
of people on health issues of the fish itself
and of the lagoon.
Materials and methods:
Anzali Lagoon is located in the
southwestern region of the Caspian Sea
coast, at 37°28'N, 49°25'W (Fig.1). The 11
feeder rivers of this lagoons flow through
large areas surrounding the lagoon and
discharge huge amounts of agricultural,
municipal and industrial waste materials
into it. The Lagoon has long served as an
important spawning and nursery ground
for economically important anadromous
fishes belonging to 13 families, 33 genera
and 41 species. Anzali Lagoon used to be
about 2-3m deep in the eastern parts and 8–
11m in western regions (Vladykov, 1964;
Kimball and Kimball, 1974) but due to
heavy erosion, siltation and macrophyte
invasion it has dropped to 1-3 m in depth
which intensifies all kinds of pollution
threats. Heavy metals have rarely been
studied in this lagoon. In the present study
Pike perch (Esox lucius) were collected from
open water areas of the lagoon by
multimesh gill nets in September and
December of 2007. Concentrations of
cadmium,
copper,
lead
and
zinc
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concentrations accumulated in the middorsal muscle tissue (filleted and skinned),
and liver of fish and sediment were
determined. Total body length (mm) and—
to exclude the variations induced by
differences in the stomach fullness—the net
body weight (eviscerated) of each
individual were recorded. The age was
determined from scale samples according
to the annual ring structure of scales
(Bagenal et al., 1978). For the determination
of Cd, Cu, Pb and Zn concentrations, tissue
samples were subjected to wet acid
digestion (Krishnamurty et al., 1976, Farkas
et al., 1993). The Cd, Cu, Pb and Zn
concentrations were determined with a
Perkin-Elmer-5100
atomic
absorption
spectrophotometer.
Concentrations
of
metals in sediments and tissues were
calculated on a dry weight basis and
expressed as µg.g-1. All samples were
analyzed in batches with blanks. Analytical
accuracy was determined using certified
reference material of the Community
Bureau of Reference, i.e. standard for trace
elements in mussel tissue (CRM 278).
Recoveries were within 10% of the certified
values.
Condition factor (CF) was calculated
according to the following formula
(Bagenal and Tesch, 1978; Bolger and
Connolly, 1989): CF= W/Lb X 100 where
W=weight (g), L=fork length (in mm). The
exponent b is derived from the length–mass
relationship at each site which is described
by W=a Lb.
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Fig 1. Anzaly lagoon.
Results:
A total of 25 fish were analyzed with a
mean weight and length of 804.6± 121g and
430.7± 2mm, respectively (Table 1). The
metal
concentrations
and
the
corresponding mean standard deviations
(expressed as µg.g-1 dry weight) measured
in liver and muscle tissues and also
sediment samples are reported in Table 1.
Zinc showed the highest concentrations in
muscle, liver tissues and sediment. The
mean concentration of Zn accumulated in
the mid-dorsal muscle tissue (filleted and
skinned) and liver were 2.55±0.18µg.g-1 and
2.46± 1.5 µg.g-1, respectively and 14.368
µg.g-1 in sediment samples (Table 1).
Positive correlations were recorded for Zn,
Cu and Pb with body weight and negative
correlations for Cd and body weight.
Negative correlation was detected between
condition factor and concentration of heavy

metals in liver tissues for all examined
metals except for Pb (R2= 0.28). In case of
liver tissue a positive correlation was
detected for condition factor with Cu and
Pb while a negative correlation was
observed with Zn and Cd (Table 2).
The relationship between size and weight of
fish and concentration of each metal was
also determined (Fig. 2). In most cases in
muscle and liver tissues a linear relationship
best described the data though the
coefficient or correlation was not very high.
There were no significant correlations
between metal concentrations in the liver
and size of individual fish. Comparison of
concentrations of Cd, Cu and Pb in liver and
muscle tissues of Esox lucius Showed that the
concentration of Zn in muscle tissue was
slightly higher than in the liver but
concentration of Cu was significantly higher
in liver than in muscle tissue (Figure 3).

Table 1. Heavy metal concentrations data of Esox lucius tissues and sediment collected from
Anzali lagoon
Number of
samples
25

Elements

Cd
Cu
Pb
Zn
a Arithmetical mean

µg.g-1 dry weight
averagea (standard deviation)
Muscle
0.004(0.001)
0.21(0.02)
0.13(0.01)
2.55(0.18)

Liver
0.014(0.009)
0.95(0.6)
0.199(0.05)
3.02(1.5)

Sediment
1.9
3.88
3.706
14.368
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Table 2. Pearson correlation coefficient (r) and levels of significance (p) for the relationship
between tissue metals concentration of pike perch and their weight and condition factor
Sample
Variable
count
Element
Muscle
Liver
r

p

r

p

-0.694
0.419
0.229
0.406

0
0.01
ns
0.04

-0.21
0.12
-0.1

n.s
n.s
n.s

-0.5

0.05

-0.462
-0.592
-0.286
-0.492

0.02
0.03
ns
0.04

-0.17
0.4

n.s
0.05

0.5
-0.6

0.04
0.03

25

Weight

Cd
Cu
Pb
Zn
25

Condition factor

Cd
Cu
Pb
Zn

Weight

Length
zn
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Fig 2. Concentrations of Zn, Pb and Cu in liver and muscle tissues of Esox lucius against fish
length and weight.
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Fig 3. Mean concentrations Pb, Zn and Cu Esox lucius in liver and muscle tissues from the
Anzali lagoon
Discussion:
The beneficial health effects of fish are
based on several studies from the last 25
years, most of which have linked fish
consumption to several health benefits
(Kinsella et al., 1990; Oomen et al., 2000;
Kris-Etherton et al., 2002). However, one
potential risk of dietary fish intake is its
content of heavy metals. In humans,
cadmium and lead have been associated to
serious health effects on adults and
children and one source of exposition is the
intake of fish with high content of either of
these metals. This has been demonstrated
by several authors; Abernathy et al. (2003);
Burger and Gochfeld (2005); Andreji et al.
(2006); Falcó et al. (2006); Has-Schön et al.
(2006) have determined the levels of these
metals in different fish species which may
be out of permissible limits. Therefore the
intake of fish should be regulated;
information regarding the specie of fish
consumed and its possible levels of content
of heavy metals can be of benefit to
diminish the hazard to public health
(Domingo et al., 2007). Esox lucius was
selected for this study based on
background studies on its popularity and
consumption by local people and others.
In this study there were positive
correlations among Zn, Cu and Pb with
body weight. Farkas et al., 2003 in their
study on Abramis brama reported a negative
size-related correlation for cadmium,
copper, lead and zinc in the muscle and gill
tissues and positive correlation for Pb
which is in agreement with our findings.
Exos lucius is a voracious, greedy predatory

species preying over rather larger preys.
This increases the potential of excessive
metal concentration in its tissues as
compared to a benthivorous species such as
bream. It is generally accepted that
accumulation of heavy metals in living
organismss i controlled by specific uptake,
and size-specific metabolic rate of
organisms [Newman and Doubet, 1989;
Fagerstrom, 1997).
There were negative relationships between
condition factor and concentration of heavy
metals in muscle tissues for all examined
metals except for Pb (R= 0.28). In case of
liver tissues a positive correlation was
detected between condition factor with Cu
and Pb while a negative correlation was
observed with Zn and Cd (Table 2). The
negative relationship between the heavy
metal concentration of organs and the
condition factor of fish suggests the relative
dilution effect of the lipid content of tissues.
This assumption is supported well also by
the fact that lipid as a percent of body
weight is usually lower in younger fish,
decreases during winter and spawning and
reaches its peak at the end of the main
feeding period (Shul’man, 1974; Weatherly
and Gill, 1987). These variations may
explain also the opposite correlations
observed between heavy metals—size and
heavy metals—condition factors of fish.
The overall levels of all metals were higher
in liver than muscle tissues of all analyzed
specimens. Although fish muscle is the
most important part consumed by human,
fish liver may also be consumed to some
extent but due to less consumption of fish
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liver in the region the health threat
potential for human is negligible. Our
study showed that the concentrations of
metals in muscle and liver tissues of pike
perch were generally higher than those
reported for commercially important fishes
from the Caspian Sea. However, they were
below the recommended levels for human
consumption. This does not mean that the
concentration of Zn, Cu and Pb in sediment
samples of the wetland may be overlooked.
The presence of Cd, Cu, Hg, Pb and Zn in
sediments of the Anzali lagoon is mostly
due to anthropogenic sources as there are
no sources of natural inputs in the region.
Runoff and sanitary waste derived from
urban and industrial developments are
among the contamination sources that
directly impact sediments of the lagoon.
Particular attention must be paid to the
concentration of Zn in the lagoon as a
mining and refinery complex for Zn
upstream of the Sephidrud River might be
a huge source of Zn input in to the lagoon
through irrigation canals and drainages
and also other rivers. The negative impact
of release of significant levels of metals
from the sediment into the water column
(Acevedo-Figueroa et al., 2005) needs to be
evaluated in terms of bioaccumulation and
toxicity, particularly with native species of
this lagoon. Hence intensive studies on
heavy metal concentrations in other
important fish species of the Anzali lagoon
and its feeding rivers are must do issues.
Concentrations of Cu, Cd and Pb in this
study were lower than the guidelines for
food summarized by MAFF (2000) (Cu, 20
lg/g wet wt.; Cd, 0.2 lg/g wet wt.; Pb, 2.0
lg/g wet wt.). Zinc concentrations in all the
specimens were also lower than the
guideline value (50 lg/g wet wt.) but
concentrations of Pb in this study were
higher than the guidelines for food
summarized by WHO (Pb, 0.0 lg/g wet wt ).
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ﻓﻠﺰات ﺳﻨﮕﯿﻦ  Cu, Zn, Cdو  Pbدر ﺑﺎﻓﺖ و ﮐﺒﺪ  Esox luciusو رﺳﻮب آﻧﻬﺎ در
ﺗﺎﻻب ﺑﯿﻦاﻟﻤﻠﻠﯽ اﻧﺰﻟﯽ -اﯾﺮان
ج .اﯾﻤﺎﻧﭙﻮر ﻧﻤﯿﻦ ،م .ﻣﺤﻤﺪی ،ص .ﺣﯿﺪری ،ف .ﻣﻨﺼﻒ راد
ﭼﮑﯿﺪه
اﻧﺪازهﮔﯿﺮی ﻣﯿﺰان ﺗﺠﻤﻊ آﻻﯾﻨﺪه ﻫﺎ در ﻣﺎﻫﯿﺎن ،از آﻧﺠﺎﯾﯿﮑﻪ ﻣﻮرد ﻣﺼﺮف اﻧﺴﺎﻧﯽ ﻗﺮار ﻣﯽ ﮔﯿﺮﻧﺪ ﻣﻮرد ﺗﻮﺟﻪ ﻗﺮار ﻣﯽﮔﯿﺮد.
در اﯾﻦ ﻣﻘﺎﻟﻪ ،ﺗﺠﻤﻊ ﻓﻠﺰات ﮐﺎدﻣﯿﻮم ،ﺳﺮب،روی و ﻣﺲ در ﺑﺎﻓﺖ ﮐﺒﺪ و ﻣﺎﻫﯿﭽﻪ اردک ﻣﺎﻫﯽ و رﺳﻮﺑﺎت از ﺗـﺎﻻب اﻧﺰﻟـﯽ-
اﯾﺮان اﻧﺪازه ﮔﯿﺮی ﺷﺪه اﺳﺖ .ﺗﺎﻻب اﻧﺰﻟﯽ ،زﯾﺴﺘﮕﺎه و ﻧﻮزادﮔﺎه ﮔﻮﻧﻪ ﻫﺎﯾﯽ از ﻣﺎﻫﯿﺎن ﺑﻮﻣﯽ و درﯾﺎی ﺧﺰر ﻣـﯽ ﺑﺎﺷـﺪ .اﯾـﻦ
ﮔﻮﻧﻪ ﻫﺎ ،ﺗﻮﺳﻂ اﻓﺮاد ﻣﺤﻠﯽ و ﺳﺎﯾﺮ اﻓﺮاد ﻣﻮرد ﻣﺼﺮف ﻗﺮار ﻣﯽ ﮔﯿﺮدو ﻫﻤﭽﻨﯿﻦ از ﻃﺮف دﯾﮕﺮ ﯾﺎزده رودﺧﺎﻧﻪ اﺻﻠﯽ ،ﻣـﻮاد
زاﯾﺪ ﮐﺸﺎورزی و ﺻﻨﻌﺘﯽ وﺷﻬﺮی ﺧﻮد را در داﺧﻞ اﯾﻦ ﺗﺎﻻب ﻣﯽ رﯾﺰﻧـﺪ.ﺗﻌـﺪاد  25ﻧﻤﻮﻧـﻪ اردک ﻣـﺎﻫﯽ از ﺗـﺎﻻب اﻧﺰﻟـﯽ
ﺗﻮﺳﻂ ﺗﻮر ﮔﻮﺷﮕﯿﺮ در ﻣﻬﺮ ﻣﺎه و آذر ﻣﺎه ﺳﺎل  1386ﺟﻤﻊ آوری ﺷﺪﻧﺪ.وزن و ﻃﻮل ﮐـﻞ ﺗﻤـﺎم ﻣﺎﻫﯿـﺎن اﻧـﺪازه ﮔﯿـﺮی
ﺷﺪﻧﺪ .ﻣﺘﻮﺳﻂ وزن  804/6 ± 121 ،ﮔﺮم و ﻣﺘﻮﺳﻂ ﻃﻮل  430/7 ± 2ﻣﯿﻠﯽ ﻣﺘﺮ ﺑﻮدﻧﺪ .ﺗﻌﯿـﯿﻦ ﺳـﻦ ﺑﺎاﺳـﺘﻔﺎده دواﯾـﺮ
ﺳﺎﻻﻧﻪ ،ﻧﻤﻮﻧﻪ ﻫﺎی ﻓﻠﺲ اﻧﺠﺎم ﺷﺪﻧﺪ .ﻣﺘﻮﺳﻂ ﻏﻠﻈﺖ ﮐﺎدﻣﯿﻮم ،ﻣﺲ،ﺳـﺮب و روی در ﺑﺎﻓـﺖ ﻋـﻀﻠﻪ ﻣﺎﻫﯿـﺎن ﺑـﻪ ﺗﺮﺗﯿـﺐ:
ﮐﺎدﻣﯿﻮم ،0/001:ﻣﺲ،0/ 21 ± 0/02 :ﺳﺮب 0/ 13 ± 0/01 :وروی2/55±0/18:ﻣﯿﮑﺮوﮔﺮم ﺑﺮ ﻟﯿﺘـﺮ وﻧﯿـﺰ ﻫﻤﭽﻨـﯿﻦ در
ﺑﺎﻓﺖ ﮐﺒﺪ ﺑﻪ ﺗﺮﺗﯿﺐ ﮐﺎدﻣﯿﻮم ،0/0014 :ﻣﺲ ، 0/96±0/61 :ﺳﺮب 0/ 11 ± 0/04 :و روی2/46±1/5 :ﻣﯿﮑﺮوﮔﺮم ﺑﺮ ﻟﯿﺘﺮ
ﻣﯽ ﺑﺎﺷﺪ .ﻧﺘﺎﯾﺞ ﻧﺸﺎن داده اﺳﺖ ﮐﻪ ارﺗﺒﺎط ﻣﺜﺒﺖ ﻣﻌﻨﯽ داری ﺑﯿﻦ ﻓﻠﺰات ﻣـﺲ وروی ﺑـﺎ وزن ﺑـﺪن و ﻫﻤﭽﻨـﯿﻦ ارﺗﺒـﺎط
ﻣﻨﻔﯽ ﺑﯿﻦ ﻓﻠﺰ ﺳﺮب ﺑﺎ وزن ﺑـﺪن وﺟـﻮد دارد ) .( p<0.05ﻣﻘﺎﯾـﺴﻪ ﻣﯿـﺎﻧﮕﯿﻦ ﺗﺠﻤـﻊ ﻓﻠـﺰات ﻣـﺲ ،روی و ﮐـﺎدﻣﯿﻮم ﺑـﺎ
اﺳﺘﺎﻧﺪارد ﻫﺎی ﺟﻬﺎﻧﯽ ) (MAFF,WHOﻧﺸﺎن داد ﮐﻪ ﭘﺎﯾﯿﻦ ﺗﺮ از ﺣﺪ ﻣﺠﺎز ﺑﻮده اﺳﺖ در ﺣﺎﻟﯿﮑﻪ ﻣﯿـﺰان ﻓﻠـﺰ ﺳـﺮب،
ﺑﯿﺸﺘﺮ از ﺣﺪ ﻣﺠﺎز ﺑﻮده اﺳﺖ .

