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Present study consist levels of heavy metals (Fe, Hg, Ni and Pb) in sediments and tissues of blue swimming crab,
Portunus pelagicus from the Persian Gulf coasts, south Iran. The concentration of heavy metals in sediments at all sampling
stations occurs in descending order of Fe > Ni > Hg > Pb. This study assessed the relationship between metals trace in
hepatopancreasn tissue, muscle and exoskeleton with carapace width and weight. Significant increase in the metals levels in
hepatopancreasn tissue (p<0.05) with an increase in carapace width and weight for this species. Hepatopancreasn accumulate
higher levels of the metals in comparison to muscle and exoskeleton. Variation in heavy metals levels among the species is
likely to have resulted from metal bioavailability, changes in tissue composition, organism size, age and locations.
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Introduction

Heavy metal is one of the main groups of
those pollutants which could enter via
wastewaters or atmospheric deposition. This
sort of contaminants may sink in sediment or
enter directly into aquatic organisms'. They
could be circulated by blood in the body and
accumulate in the target organs, interfere with
organ function, and subsequently appear in
toxic forms both for the organisms and humans
who consume seafood. The accumulation of
metals in fish depends on size, age, feeding
habits, and habitats of fish. In addition,
physicochemical factors of water and sediment,
which control the availability of metals, could
play a significant role in their accumulation
patternsz.

Estuaries are highly productive and sensitive
areas in the marine environment because they
play an important role as a nursery ground for
many commercial fish, shrimp and other marine
species” °. On the other hand, many different
types of pollutants may be discharged into these

areas, because of their proximity to sources of
contamination, and decrease their natural ability
and capacity’. The Persian Gulf, a part of
ROPME sea area, is polluted by several human
activities such as shipping and tanker traffic,
industrial, and agriculture  development.
National Research Council in 1985 estimated
that oil pollution in the Persian Gulf is 4.7% of
the whole oil pollution in the world*> %7,

The blue swimming crab Portunus pelagicus
is a benthic invertebrate that feed on crustacean,
fish, bivalves, plant and benthic animals and
they have a slow growth rate and long life
cycle®. This species is a bottom-dwelling crab in
which lipophilic contaminants, such as heavy
metal compounds, tend to accumulate in high
concentrations because of its considerable fat
content’. Also some studies have suggested that
the high levels of heavy metal residues found in
this species are due to biomagnification through
the food chain. In addition, eels are relatively
insensitive to poor water quality and are often
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exposed to high levels of persistent pollutants in
industrial areas and therefore its suitability for
the purpose of this study. This species is
abundant in many marine ecosystems and they
are also crab species subjected to exploitation
by fisheries in the area, being part of the human
diet. Although in other countries, this variety
has a special place in nutrition and includes a
huge part of industrial hunting, but in our
country it is treated like an incident hunting and

Material and Methods

The study was carried out in the four
estuaries in the Khuzestan Province, northwest
of the Persian Gulf. The four stations were
including S1= Bahrekan estuary, S2= Musa
estuary, S3= Ahmadi estuary, S4= Zangi
estuary (Figure 1). Samples of surficial
sediments and available species of blue
swimming crabs were collected from 4 coastal
localities during two seasons (between February
and September 2012). The sampling stations
were selected to reflect progression of pollution,
ecological particularity and human activities in
the area.
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Figure.1—Map of Persian Gulf showing sampling stations

The analysis of total heavy metals were done
by the cold vapor method " using a Perkin-
Elmer Atomic Absorption System AA-2380

it is eaten as a food only in limited areas of
south of the country such as Bushehr,
Hormozgan and  Boushehr  provinces'.
Therefore, their contamination is also a matter
of concern for human health. This study was to
determine the distribution and concentration of
heavy metals (Fe, Hg, Ni and Pb) in sediments
and tissues of species Portunus pelagicus from
Persian Gulf coasts located in South Iran.

Sediment Sampling was performed with van
veen grab from the bottom at all stations. After
sampling, the samples were packed in plastic
bags, preserved and transferred to laboratory for
analysis. Samples of biological material and
sediment were immediately transferred to new
polyethylene bags. All samples were frozen or
stored at about 5 °C until further processing.
Each aliquot of sediment was digested for 4 h in
a water bath at 60 °C, after adding 3 ml each of
concentrated HNO;, H,SO, and HF. H,SO, was
used because the sediment from most of the
sampling sites contains 8 to 10% of organic
matter 2. The digestion of each sample of
sediment was made in duplicate. Each sample
of crabs was homogenized in an acid-cleaned
mortar and 2 g were digested in tr iplicate in a
water bath at 60 °C for 6 h after adding 2.5 ml
each of concentrated HNO; and H,SO,"* '

Crabs sampling was performed with shrimp
trawl. After sampling, samples were transferred
to the laboratory in a cooler and stored in a deep
freezer for further analysis. Each crab was
properly cleaned by rinsing with distilled water
to remove debris, planktons and other external
adherent, and then they were dissected for
collect tissues hepatopancreas, muscle and
exoskeleton. It was then drained under folds of
filter, weighed, wrapped in aluminum foil and
then frozen at 10°C prior to analysis. The
tissues were placed in clean watch glasses and
were oven dried at 105°C for 1 hour and later
cooled in the desiccators'.

with automatic background correction and a
Perkin-Elmer Mercury Analysis System 303-
0830. Replicate (3 to 5) measurements were
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made on each sample. All glass-ware used was
cleaned by the procedure described by Sankar et
al. (2006) . All the reagents used were of
spectroscopic grade and ultra-high purity (99.9
%). In all experiences several blanks were
performed with the reagents used, in order to
check for possible contamination. The data
obtained were statistically analyzed for
confirmation of the results. Metal toxicity from

Results and Discussion

The concentrations of the heavy metals in the
sediments from different stations are presented
in Table 1. Heavy metal concentration in
sediments at all sampling stations occurs in
descending order of Fe > Ni > Hg > Pb during
both seasons. Highest concentrations of the
heavy metal in sediment were recorded in Musa
estuary station and the least was in Zangi
estuary during both seasons. There was
significant difference (P<0.05) between the
level of heavy metals in the different stations
during two season. High metals levels in the
sediments of Musa estuary can be explained by
the located Emmam port, tremendous traffic of
oil  tankers, enormous discharges of
petrochemical units, agricultural activities and
urban developing in the area. Crabs collected
from the Bahrekan estuary also demonstrated
relatively high metals levels in their tissues in
comparison to those from Ahmadi estuary and
Zangi estuary. Bahrekan estuary is used for
many Iranian industrial, shipping and irrigation
purposes. In addition, it passes a lot of cities,
ports and harbors. Therefore, these sources

different tissues and sediments was calculated
by using regression equation and results were
expressed in pg /gm dry weight. Statistical
analysis was performed using SPSS program. In
order to assess significant differences between
species and tissues, one-way ANOVA and
Duncan multiple comparison test were applied.
The significance level was set at a = 0.05.

could result in huge amount of metals in this
coast and its organisms.

The concentrations of Fe were higher than
the other metals, suggesting that there is an
influence of the industrial activities in
surroundings of the sampled stations. Research
same showed that the highest levels of Fe in
water and sediments were found in lakes which
had the lowest water pH and the lowest
sediment pH '* *. Low value of Pb level in the
present study may indicates that the tissues of
P. pelagicus is not the target organs for Pb
accumulation. The absence or low level of Pb in
the crab may be due to the activities around the
location of the Gulf. The area consist mainly
farmland and few residential houses. There are
few or no industrial activities around the
location. This may agree to the study of
Samecka-Cymerman and Kempers (2001) '°.
They concluded that Pb level in the tissues of
crustacean is low than other metals '*. Research
same showed that the highest concentration of
lead was found in the Nuuanu watershed
(Hawaii) when there were high Dboating
activities.

Table 1 — Mean concentration of heavy metal (1 g/g dry weight) in Sediments from different stations along Persian Gulf coast

Station
Season Metal ST 2 33 34
Hg 0.88 +0.05° 6.10+£0.01° 0.58 +0.05° 0.75 + 0.05¢
Summer Fe 16.30 + 0.06 51.40 + 0.40° 13.20 £ 0.01° 25.84 +0.02°
Pb 1.09 + 0.04° 3.35 +0.04° 0.70+0.02° 0.85+0.03°
Ni 18.50 +0.02° 25.7+0.02° 08.53+0.08° 15.01 £0.02°
Winter Hg 0.65 +0.05° 430 +0.03° 0.46. +0.02° 0.60 +0.01°
Fe 15.05+ 0.04° 48.05+0.01° 11.05+0.01% 23.51 +0.06°
Pb 0.86 +0.02° 2.90 + 0.05° 0.54 +0.02° 0.68 +0.01°
Ni 16.80 +0.01* 23.80 £ 0.03" 7.04+0.10° 14.10 £0.01°

S1= Bahrekan estuary, S2= Musa estuary, S3= Ahmadi estuary, S4= Zangi estuary

a, b, ¢ show significant differences among tissues
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Table 2 — Mean concentration of heavy metal (u g/g dry weight) in tissues of crab, P. pelagicus during summer season from

different stations along Persian Gulf coasts

; Station
Tissue Metal 31 2 33 32

Hg 0.65 £0.02° 3.08 £0.05¢ 0.40 £0.05° 0.48 £0.01°

H Fe 14.20 +0.03% 44.43 +0.40° 10.59 +0.012 20.80 + 1.05°
Pb 0.79 + 0.02° 2.85 +0.04° 0.4620.02° 0.55+0.02°
Ni 15.65+0.01* 21.80 + 0.02° 6.85+0.02° 11.05+0.01%
Hg 0.28 +0.05° 1.60 +£0.05° 0.16. £0.05° 0.17 +0.02°

M Fe 7.30+ 0.04% 18.85 +0.02° 4.55+0.04° 11.01 +£0.10°
Pb 0.10 +0.02° 1.92 +£0.01° 0.14 +0.30° 0.20 + 0.30°
Ni 8.05 + 0.02° 10.82 +0.02% 3.04 £0.10° 7.10£0.01°
Hg 0.15 £0.05° 1.04 £0.02° 0.12. £0.02° 0.40 +0.05°

E Fe 5.30+ 0.04° 13.15+0.01° 3.50 £0.01° 8.01 £0.10°
Pb 0.06 +0.02° 1.02+0.01* 0.10 £0.02° 0.11 £0.30*
Ni 6.05 +0.02° 6.02 £ 0.05% 2.04+0.10° 5.10+£0.01°

S1= Bahrekan estuary, S2= Musa estuary, S3= Ahmadi estuary, S4= Zangi estuary

H= Hepatopancreas, M= Muscle, E= Exoskeleton
a, b, ¢ show significant differences among tissues

Table 3 — Mean concentration of heavy metal (i g/g dry weight) in tissues of crab, P. pelagicus during winter season from

different stations along Persian Gulf coasts

Tissue Metal 31 2 33 32

Hg 0.46 +0.02° 2.78 +0.05° 0.28 £0.02° 0.41 £0.01°

H Fe 12.34 £0.01° 41.43£0.10° 8.29+0.01° 18.80 + 1.03"
Pb 0.40 £0.02° 2.15 £0.05 0.29+0.01° 0.40 £0.02°
Ni 13.05+0.01° 19.10 £0.02° 4.05+0.01° 10.22 £0.01°
Hg 0.23 £0.01° 1.61 £0.02° 0.16. +0.02° 0.20 +£0.02°

M Fe 8.30+ 0.02° 29.05+0.01° 6.55 +0.01° 12.01 £0.10°
Pb 0.10£0.01° 0.95+0.01° 0.21 £0.30° 0.16 +£0.30°
Ni 7.05£0.02° 11.02+0.01° 2.04 £0.04° 6.10£0.02°
Hg 0.18 £0.02° 0.60 +0.00° 0.06. +0.02° 0.12 £0.05°

E Fe 6.05+0.03" 24.80 +0.02° 4.15+0.04° 10.01 +0.10°
Pb 0.06 +0.02° 0.40 % 0.01° 0.14 +0.04° 0.09 +0.02°
Ni 5.05+0.01° 8.02 + 0.00° 1.14+0.03° 5.10+0.02°

S1= Bahrekan estuary, S2= Musa estuary, S3= Ahmadi estuary, S4= Zangi estuary

H= Hepatopancreas, M= Muscle, E= Exoskeleton
a, b, ¢ show significant differences among tissues

The results indicated that concentrations of all
heavy metals in the sediments and tissues of
crab during summer season were higher than
concentrations of all heavy metals during winter
season. There was no significant difference

(P>0.05) between the level of heavy metals
during different seasons. Seasonal variation
may effect metal concentration in body
organism (Fig. 2). This variation could result in
internal biological cycle in organism or
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variation in bioavailability of metal in
environment. Temperature, food availability
and water could increase metal concentration in
summer than winter *°. Such this condition was
happened during present study and metals levels
in different tissues showed higher in summer
season compared to winter season. In other
words, most levels of metals in body organism
is in the form methyl metal which is soluble in
fatty tissues, thus seasonal reproduction could
be cause reduce heavy metals in winter season.
Similarly in the present study, less metal uptake
was showed during winter season. According to
different studies the heavy metal levels in
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Fig. 2 — Comparison of heavy metal level (n g/g dry
weight) in three tissues of P. pelagicus between summer
and winter

In this species, significant correlations (r =
0.89) were found between carapace width and
weight in P. pelagicus (Fig. 3). There were

1039

invertebrates showed higher in winter season >
3 Tt was revealed that algae and invertebrates
all show similar seasonal patterns in metal
concentrations it would seem likely that
environmental factors (discharges to the
estuary, pH, salinity, suspended matter, etc.) are
having a greater overall influence on seasonality
than biological factors (metabolism,
reproduction, fluctuations in tissue weight, etc.).
Seasonal variation in metal levels may be
caused by such factors as land drainage to the
marine environment availability of food,
temperature and reproductive cycle and
condition of the organism )
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positive significant relationships (p<0.05)
between Carapace Width and metals

concentrations in tissues of P. pelagicus.



1040 INDIAN J. MAR. SCI, VOL.44, NO. 7 JULY 2015

Therefore, we used carapace width crab, to
investigate their relationship with heavy metals
levels in  hepatopancreas, muscle and
exoskeleton tissues. The primary biological
factors governing the accumulation of heavy
metals include age, weight and diet, and
numerous field studies have shown that the
level of total heavy metals in crab correlates
positively with age, length and weight .
Storelli et al. (2007) found that heavy metals
levels increased with size for 7 species of
marine fish from the Adriatic Sea *. There was
a positive correlation between size and heavy
metals concentrations for 11 of 14 species of
marine fish collected in the western Aleutians
(Bering Sea/North Pacific). Additionally,
because larger Crustacean specimens have been
exposed a longer time compared of smaller and
thus bioaccumulated higher heavy metals
concentrations (usually size is used as a
surrogate for age). Larger specimens are also
more dependent to bed (benthic) and less to
surface (pelagic) in comparison to smaller
specimens and thus are longer present in
polluted sediment *°.

200
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Fig. 3 — Relationship between Carapace Width and
weight in P. pelagicus

However, total heavy metals levels may not
always correlate with size due to differences
associated with diet and residence time in a
contaminated habitat *’. In contrast to muscle
and exoskeleton tissues, there were no

significant correlations (p>0.05) between
carapace width and heavy metals concentrations
in exoskeleton and muscle tissues in any of this
species (r<0.24). This is probably due to the
moulting process. Since crustaceans have
several moulting stages in their life, the
bioaccumulation process in the exoskeleton is
also cycling and each time, new
bioaccumulation starts in a new exoskeleton.
Therefore, one does not expect any relationship
between carapace width and heavy metals in
exoskeleton.  According to field and
experimental studies, tissue distribution and
accumulation of heavy metals in crabs varies
widely depending on size, sex, growth stage,
molting, migration, season of sampling, metal
bioavailability, = hydrodynamics  of  the
environment, changes in tissue composition,
reproductive cycle, habitat, feeding habits,
capacity of metals accumulation and kind of
species *'. Despite of being benthic and non-
migratory species indicated different metals
accumulation in their tissues. These differences
may be resulted from the variation in their diet
and accumulation strategies. Generally, the
benthic species accumulated higher
concentrations of the metals, due to the greater
exposure to metals enriched sediment and
interactions with benthic organisms **.

Current study provides new information on the
distribution of metals in the sediments and
tissues of blue swimming crab, Portunus
pelagicus from the Persian Gulf. In general, the
metals showed a strong tendency to accumulate
in the sediments and followed by
hepatopancreas, muscle and exoskeleton tissue
respectively. Metals levels in edible part of the
crab are below the proposed limit values for
human consumption except in some cases. In
addition, the results of present study showed
that different tissue have various capacities to
accumulate the metals from the surrounding
environment. Thus, people how consume crab
from this area should eat a diversity of crab to
avoid consuming harmful quantity of essential
and non-essential metals.
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