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Seasonal changes of heavy metal concentrations in the crustacean Callinectes
sapidus were determined by the aid of a Buck scientific Accusys 211 Atomic

Absorption spectrophotometer in 2020. The heavy metals (copper, cobalt, chromium,

Received in revised

iron, manganese, cadmium, lead, nickel, and zinc) were investigated in the tissues of

the blue crab Callinectes sapidus collected from the Mediterranean Sea coast of Port

form 10/3/2022

Accepted 10/3/2022

Keywords: Callinectes sapidus.
cupper. cobalt. chromium, iron.
manganese. cadmium. lead. nickel.
zinc. seasonality. Mediterranean
Sea. Port Said city.

Said, Egypt. Most estimated heavy metals in hepatopancreas, gill, and muscle tissues
are below the permitted level, indicating that blue crab is safe to eat.

1. Introduction

The blue crab Callinectes sapidus is widely
distributed along Port Said Mediterranean shore. It is
high in proteins, minerals, vitamins and Omega-3
fatty acids. This edible crab is one of the most
valuable sources of nutrition for humans (Celik et al.,
2006).

The majority of Egypt's Mediterranean shoreline
zones are at risk of significant pollution discharges
caused by a variety of human activities (Dowidar,
1988).

Run-off and concrete areas, discharges from
mining plants and municipal sewer systems, leaching
from dumps and formal industrial sites, and
atmospheric deposition are the main sources of heavy
metal contamination (Singh and Steinnes, 1994;
Singh et al., 2007). As a result, evaluating the level
of metals in commercial species such as crabs is
crucial in assessing the potential risk of blue crab
eating to human health.

Crabs are principally susceptible to heavy metal
pollution and other toxins because they live in bottom
sediments, where contaminants can collect (Cengiz
etal., 2011).

Heavy metals are regarded severe contaminants
of the aquatic environment and aquatic species
because of their toxicity, high persistence, non-

biodegradability, and tendency to bio accumulate in
organisms.

In recent years, aquatic macro invertebrates such
as blue crabs have been used to assess metal
bioaccumulation in contaminated areas (Cogun et al.,
2017).

The presence of heavy metal residues in food has
been related to immunosuppression, hypersensitivity
to chemical agents, anemia, chronic renal disease,
encephalopathy, cancer, reduced sperm count, and
infertility, according to Rubin and Strayer (2008) and
Rahman et al. (2014).

The study of heavy metal levels in aquatic
species in order to determine whether the
concentration is below legal limits and so would not
harm consumers (Marti-Cid et al.,, 2008). The
purpose of this study was to investigate the seasonal
value of various heavy metals in edible and non-
edible blue crab tissues, as well as their safety for
human consumption.

2. Materials and Methods
2.1 Research location and specimens collection:

The study area was Port Said, a city in north-east
Egypt, stretches over 30 kilometres (19 miles) along
the Mediterranean Sea coast, north of the Suez Canal
(N, 31° 17'E'31 °31). For the entire study, fifty-six
live blue crab samples were taken seasonally from
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the Mediterranean Sea in Port Said city. The .
samples were transferred in plastic bags over a layer Table 3 One- way ANOVA analysis compare
of ice to the Zoology Department, Factually of
Science, Mansoura University.

2.2 Blue crab tissue collection crab tissues.

The crabs were dissected in order to separate and
collect the hepatopancreas, muscles, and gills.

2.3 Heavy metal analysis

Hepatopancreas, muscles, and gills samples
were digested by taking 0.5g of each sample and
adding 4ml of concentrate H2SO4 and leaving it for
24 hours, then putting it on a hot plate with drops of
HCLO4 until the digestion was complete and a liquid
solution formed.

Before analysis, the digested samples were
diluted to 50ml in volumetric flasks with distilled
water.

heavy metals according to their presence in blue

Figure 1 One ~-Way ANOVA for comparison in
terms of seasons.

The heavy metal concentrations was determined
using a Buck scientific Accusys 211 Atomic
Absorption spectrophotometer from the United
States in the Atomic Absorption lab of Mansoura
University's Genetic Engineering and Biotechnology
Unit.

2.4 Statistical analysis

The data is presented as a mean with standard
deviation. One-way analysis of variance (ANOVA)
was utilized for statistical analysis, followed by a
Post Hoc test (Least Significant Difference, LSD)
using SPSS version 20 statistical software. P<0.05
was considered significant.
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Table 1. Mean levels of copper, cobalt, chromium, iron, and manganese (mean + SD) in different
tissues of C. sapidus

Meta Summer Autumn Winter Spring

sex H G M H G M H G M H G M

Cu | &| 1.28+ | 1.02+ | 0.68+ | 1.17+ | 0.97+ | 0.58+ | 1.16= | 0.61+ | 0.30+ | 1.25+ | 0.97+ | 0.61%
0.07 |0.02 |0.07 |002 |0.03 |0.01 |0.01 |0.08 |0.02 0.02 0.04 0.09

Cu | ?| 1.19+ | 0.99+ | 0.57+ | 1.04+ | 0.70+ | 0.29+ | 1.04+ | 0.62+ | 0.17+ | 1.11+ | 0.91+ | 0.45+
0.02 | 0.01 0.13 | 0.01 0.03 | 0.03 | 0.01 0.04 | 0.01 0.01 0.06 0.11

Co | &|0.63% | 0.54% | 0.51% | 0.45+ | 0.40+ | 0.32+ | 0.26+ | 0.21= | 0.19+ | 0.54+ | 0.50+ | 0.38+
0.04 |0.03 |0.01 |008 |[0.06 |0.05 |004 |0.03 |o0.01 0.02 0.03 0.07

Co | Q] 0.56+ | 0.51+ | 0.48+ | 0.43+ | 0.34+ | 0.24+ | 0.24+ | 0.21+ | 0.11% | 0.52+ | 045+ | 0.37+
003 003 |0.05 |006 |0.06 |0.03 |001 |0.01 |o.01 0.04 0.04 0.04

Cr | 8| 032+ | 0.26= | 0.12+ | 0.22+ | 0.18% | 0.10+ | 0.20+ | 0.13+ | 0.08+ | 0.24+ | 0.18+ | 0.11%
002 |0.01 |0.01 |001 |[0.01 |0.01 |0.01 |0.02 |o0.01 0.03 0.02 0.01

Cr | @026+ | 0.22+ | 0.11% | 0.19+ | 0.13+ | 0.09+ | 0.18+ | 0.12+ | 0.05+ | 0.19+ | 0.14+ | 0.09+
001 |0.01 |0.01 |001 |0.01 |0.01 |0.01 |0.010 |o.01 0.01 0.01 0.01

Fe | 4| 3.19% | 2.16+ | 1.19%+ | 0.49+ | 0.44% | 0.31% | 0.44% | 0.32+ | 0.20+ | 1.78+ | 1.14+ | 0.96+
0.21 013 | 0.12 | 0.04 | o0.01 0.01 0.09 | 0.02 |0.03 0.53 0.01 0.04

Fe | @|2.67+ | 1.96+ | 1.02+ | 0.45+ | 0.38+ | 0.30+ | 0.33+ | 0.27+ | 0.14+ | 1.58+ | 1.10+ | 0.92+
051 | 051 |0.01 |007 (003 |0.01 |0.09 |0.03 |o0.01 0.51 0.01 0.01

Mn | 4| 4.73+ | 1.51+ | 1.51+ | 1.42+ | 1.16+ | 0.89+ | 0.12+ | 0.02+ | 0.06+ | 1.66+ | 1.37+ | 0.92+
0.51 0.03 | 0.03 |0.07 |o.01 0.04 | 0.03 |0.01 |o.01 0.06 0.06 0.04

Mn | @|2.09+ | 1.28+ | 1.03+ | 1.26+ | 0.93+ | 0.76= | 0.15+ | 0.03+ | 0.09+ | 1.41+ | 1.27+ | 0.91%
001 |[0.03 |0.01 |005 [0.05 |0.05 |001 |0.01 |o.01 0.06 0.05 0.05

H=Hepatopancreas, G=Gills, M=Muscles.
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Table 2. Mean concentrations of cadmium, lead, nickel, and zinc (mean + SD) in different tissues
of C. sapidus.

metal Summer Autumn Winter Spring
sex H G M H G M H G M H G M
Cd 3| 0.44% | 041 | 0.40= | 0.28+ | 0.26x | 0.25+ | 0.27+ | 0.17+ | 0.15+ | 0.42+ | 0.39+ | 0.36x
0.09 | 0.01 0.07 0.04 0.02 0.01 0.05 0.04 0.03 0.04 0.03 0.05
Cd Q| 041+ | 040+ | 0.32+ | 0.27+ | 0.26+ | 0.25+ | 0.20+ | 0.15+ | 0.11+ | 040+ | 0.36+ | 0.21+
0.04 | 0.02 0.02 0.04 0.01 0.01 0.01 0.01 0.01 0.02 0.06 0.02
Pb 4 | 046x | 040 | 038+ | 035+ | 0.32+ | 0.30+ | 0.16x | 0.07+ | 0.06x | 0.42+ | 038+ | 0.31%
0.06 | 0.03 0.04 0.05 0.03 0.01 0.01 0.01 0.01 0.04 0.04 0.03
Pb Q| 045+ | 0.39+ | 037+ | 0.32+ | 0.31x | 0.22+ | 0.07+ | 0.06= | 0.05+ | 0.41+ | 0.36+ | 0.30%
0.08 | 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.07 0.09 0.02
Ni 31035+ | 032+ | 026 | 027+ | 025+ | 0.23+ | 0.17+ | 0.14+ | 0.08+ | 0.30+ | 0.29+ | 0.27+
0.05 0.02 0.01 0.01 0.02 0.03 0.01 0.01 0.01 0.02 0.03 0.01
Ni Q1030+ | 0.28+ | 0.26+ | 0.26+ | 0.24+ | 0.20+ | 0.16x | 0.12+ | 0.08+ | 0.27+ | 0.25+ | 0.21+
0.02 | 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01
Zn 3217+ | 095+ | 0.84+ | 0.92+ | 0.60+ | 043+ | 0.19+ | 0.15+ | 0.07+ | 1.11x | 0.84+ | 0.76x
0.21 0.05 0.04 0.03 0.06 0.07 0.01 0.01 0.01 0.01 0.09 0.10
Zn Q@ | 1.27+ | 0.88+ | 0.84+ | 0.87+ | 0.60+ | 0.39+ | 0.21+x | 0.12+ | 0.04+ | 1.06+x | 0.83+ | 0.76+
0.07 | 0.05 0.04 0.02 0.06 0.08 0.01 0.01 0.01 0.02 0.05 0.07

H=Hepatopancreas, G=Gills, M=Muscle.

. Results and Discussion

Heavy metal levels in the hepatopancreas, gill and
muscle tissues of C. sapidus are provided in Tables
1,2.

According to obtained results , the total mean
concentrations of investigated heavy metal was
significantly higher in males than females p<
0.05(Cu 0.880+0.319; Co0.413+0.146 ; Cr0.177
+ 0.072; Fe 1.051 = 0.917; Cd 0.317 = 0.099; Pb
0.298 +£0.131; Ni 0.227+0.067; Zn 0.752+ 0.564)
versus in female (Cu 0.756+0.339; Co 0.369+0.143;
Cr 0.147+0.06 ; Fe 0.926+ 0.793; Cd 0.278+ 0.101;
Pb 0.276+0.143; Ni 0.221 #0.068; Zn 0.656
+0.387), except manganese, which its level is
insignificant and higher in males than females p>

0.05 during the autumn, spring and summer seasons
(total mean 1.251+ 1.238 versus in female
0.933+0.609) but during winter females had higher
manganese levels (male= 0.068, female= 0.091).
The highest Mn content was found in the
hepatopancreas and muscle tissues, with mean values
of 1.605 ppm and 0.725 ppm, respectively.

The largest concentration of iron was found in the gill
tissues when compared to other tissues, with a
concentration of 0.969ppm). The accumulation of the
studied heavy metals in hepatopancreas tissue was in
the following order: mn> Fe> Cu> Zn> Co> Cd> pb
> Ni> Cr.

In gill tissue, the accumulation of the examined
heavy metals was Fe> Mn> Cu> z n> Co> Cd> p b>
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Ni> Cr, but in muscle tissue, it was M n> Fe> Zn>
Cu> Co> Cd> p b> Ni> Cr.

The concentration of heavy metals in blue crab
organs varies significantly (p<0.001) depending on
the season.

The post hoc test (least significant difference)
revealed a highly considerable variation( p< 0.001)
in the amounts of heavy metals among
hepatopancreas, gill, and muscle tissues, as well as a
highly significant difference between seasons, with
the exception of chromium, which revealed an
insignificant difference(p > 0.05) between autumn
and spring, while there were significant differences
between the remaining seasons. In addition, The LSD
revealed that there was no substantial difference
between autumn and winter, but there were
substantial variances between the other seasons.
There was no substantial difference in LSD
manganese between autumn and spring, but there
were substantial differences between the other
seasons.

Saber et al. (2017) investigated the organochlorine
pollutants and heavy metals contamination in
Egyptian shellfish

, finding concentrations of cd in crab from Ismailia,
Damietta, and Alexandria (0.21, 0.37, 0.36,
respectively), with the total mean cd concentration in
this study (0.32) being higher than the crab from
Ismailia and insignificantly lower than the crabs from
Damietta and Alexandria. The Pb concentration in
crabs from Ismailia, Damietta, and Alexandria (0.84,
1.49, 1.24, respectively) was significantly lower than
the Pb values in crabs from Ismailia, Damietta, and
Alexandria .The current study's pb total mean(0.3)
was much lesser than Pb values found in crabs from
Ismailia, Damietta, and Alexandria.

The total mean of cd (0.32) and p b (0.30)
concentrations in this study were greater and lower
than those found in crabs taken from fish markets in
Kalyobia governorates, Egypt (0.12, 0.40,
respectively) (Helmy et al., 2018).

Mutlu et al., (2017) found that, concentrations of
metals in tissues of blue crabs, from Mediterranean
wetlands were found to be (Cd ;0.08, Cr ;0.13,
Cu;11.7,Fe ;38.2, M n ;2.98, Ni; 0.45,Zn ;20.1) were
higher than those in the present study except Cd, Cr
which were lower than present study.

Although the non-important metals (cd, pb) have no
metabolic role in crustaceans, the elevated
concentration of Zn and Cu in the hepatopancreas
compared to the gills may represent the elements'
vital role as a key component of several coenzymes
involved in reproduction.

In crustaceans, the normal permissible values for cd
and p b are 3 and 1.5, respectively (USFDA 2003).
The heavy metal concentrations in C. sapidus in this
study were lower than FAO and USFDA standards
(2003) and Gutierrez-Pena et al. (2018).

The high quantities of metals in C. sapidus’
hepatopancreas may be due to the creation of low-

molecular-weight metal-binding (metallotionine-
like) proteins, which have been found in a variety of
crab species (Chouvelon et al., 2019; Yuzereroglu et
al., 2010).

The highest concentrations of heavy metals were
observed in summer and the lowest concentrations
were observed in winter in the present study, which
could be related with natural difference of heavy
metals in the aquatic environment. These findings are
in agreement with those of Turkmen et al. (2006) and
Cogun et al., 2017. Copper, cadmium, zinc, and lead
concentrations were found to be highest in the
summer and lowest in the winter in a study of
seasonal concentrations.

The amounts of heavy metals in C. sapidus from the
Mediterranean Sea, Egypt, were studied in this study.
The goal of this work was to determine the
accumulation of Cu, Co, Cr, Fe, Mn, Cd, Pb, Ni, and
Zn in C. sapidus tissues and their relationship to
seasonality. The current study found that blue crab
tissues have different abilities to accumulate metals
from the environment, that males had higher metal
concentrations  than  females, that  higher
contamination occurred in the summer and lowest
contamination occurred in the winter, and that heavy
metal concentrations were higher in the
hepatopancreas > gill> muscle. The levels of heavy
metals in blue crab muscles in this investigation were
lower than the FAO and USFDA (2003) permitted
limits, therefore As a result, we may conclude that
these metals pose no risk to blue crab muscles when
consumed.

. References:

Celik M., Kucukgulmez A., Yanar Y., Cikrikei M.
(2006). Concentrations of some heavy
metals in tissues of the blue crab,Callinectes
sapidus, from the Lagoon of the North
Eastern Mediterranean sea, FEB/ Vol 15/No
(5), 349-353.

Cengiz M., Mustafa T., Aysun T., Yalcin T. (2011).
Comparison of metal concentrations in
tissues of blue crab, Callinectes sapidus
from Mediterranean Lagoons, Bull Environ
Contam Toxicol ;87:282-286.

Chouvelon T., Strady E., Harmelin-Vivien M.,
Radakovitch O., Brach-Papa C. (2019).
Patterns of trace metal bioaccumulation and
trophic transfer in a
phytoplanktonzooplankton-small  pelagic
fish marine food web. Marine Pollution
Bulletin, Elsevier, 2019, 146, pp.1013-
1030.

Cogun H.Y., Firat O., Aytekin. T., Firidin G., Firat
O., Varkal H., Temiz O. (2017). Heavy
metals in the blue crab (Callinectes sapidus)
in Mersion Bay, Turkey, Bull of Enviromen
contamin and toxicol.

Dowidar N.M. (1988). Productivity of the south-
eastern Mediterranean. In: Natural and
Man-MadeHazards, pp. 477498 (El-Sabh,

15



Journal of Environmental Sciences, 2021; Vol. 51, No. 1: 10-16

M.IL., Murty, T.S., Eds.). Dordrecht: Reidel
Publishing Com-pany.

(14) (PDF) Distribution and Contamination Status of
Trace Metals in the Mediterranean Coastal
Sediments, Egypt.

FAO (2003). Nutrition country profiles —Egypt.
Rome: FAO, 2003.

Gutierrez-Pena L. V., Picon D., Gutierrez I.A., Prada
M., Carrero P.E., Delgado-Cayama Y.J.,
Gutierrez, E.O., Moron M., Gonzalez,
Carlos E., Lara N.D., Vielma Guevara J.R.
(2018). Heavy metals in soft tissue of blue
crab (Callinectes sapidus) of Puerto
Concha, Colon Municipality, Zulia State,
Avances en Biomedicina,.7. (1), 2018.

Helmy N.A., Hassan M.A., Hassanien F.S., Maarouf
A.A. (2018). Detection of heavy metals
residues in fish and shellfish, Benha
Veterinary Medical Journal, 34, (2):255-
264.

Marti-Cid R., Liobet J.M., Castell V., Domingo J.L.
(2008). Dietary intake of arsenic, cadmium,
mercury, and lead by the population of
Catalonia. Spain Biol Trace Elem Res.
2008;125(2):120-132.

Mutlu C., Erbas M., Tontul A.S. (2017). Some
characteristics of honey and other bee
products and their effects on human health.
Academic Food, 15(1), 75-83.

Rahman M.A., Rahman M.M., Reichman S.M., Lim
R.P., Naidu R. (2014). Heavy metals in
Australian grown and imported rice and
vegetables on sale in Australia: Health
hazard. Ecotoxicol.Environ.Saf.100,53-60.

Rubin R., Strayer D.S. (2008). Rubins pathology;
Clinicopathologic Foundations of
Medicine. Sth ed. Lippincot Williams &
Wilkins; 2008. Environmental and
Nutritional pathology.

Saber T.M., Khedr M.H.E., Darwish W.S. (2017).
Residual levels of organochlorine pesticides
and heavy metals in shellfish from Egypt
with assessment of health risks, Slov Vet
Res :55(2):101-113.

Sastre M.P., Reyes P., Ramos H., Romero R. and
Rivera J. (1999). Heavy  metal
bioaccumulation in Puerto Rican blue crabs
(Callinectes sp), Bull of Mar Sci, 64(2):209-
217.

Singh B.R., Steinnes E. (1994) Soil and Water
Contamination by Heavy Metals, in R. Lal
and B. Stewart (eds), Soil Processes and
Water Quality, Lewis Publishers/CRC
Press, pp. 233-279.

Singh N., Kumar D., Sahu A. (2007). Arsenic in the
environment: effects on human health and
possible prevention. J Environ Biol.
2007;28(2 Suppl):359-365.

Turkmen M., Turkmen M., Tepe Y., Mazlum Y.,
Oymael S. (2006). Metal concentrations in

blue crab (Callinectes sapidus) and Mullet
(Mugil cephalus) in Iskenderun Bay,
Northern East Mediterranean, Turkey,
Bull.Environ . Contam. Toxico.77:186-193.

Yuzereroglu T.A., Gok G., Cogun H.Y., Firat, O.,
Aslanyavrusu S., Maruldali O., Kargin F.
(2010). Heavy metals in Patella caerulea
(Mollusca, Gastropoda) in polluted and
non-polluted areas from the Iskenderun
Gulf (Mediterranean Turkey). Environ.
Monit. Assess., 167: 257-264.

16



