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Abstract
The objective of this research was to examine and contrast the levels of cadmium (Cd), copper (Cu), zinc (Zn), and sele‑
nium (Se) in the muscle and hepatopancreas tissues of two species, namely pharaoh cuttlefish (Sepia pharaonis) and Indian 
squid (Uroteuthis duvauceli), from the Persian Gulf. A total of thirty individuals of each species were gathered in January 
2009 from the northern waters of the Persian Gulf. The metal concentrations were significantly higher in muscle tissue 
(p < 0.05) than in other tissues. S. pharaonis had higher metal concentrations than U. duvauceli. In the muscle and hepato‑
pancreas samples of S. pharaonis, the highest mean concentrations were found to be for Zn (58.45 ± 0.96 µg/g dw) and Cu 
(1541.47 ± 192.15 µg/g dw), respectively. In U. duvauceli, the highest concentration of measured elements was seen for Zn 
in both muscle (36.52 ± 0.56 µg/g dw) and hepatopancreas (60.94 ± 2.65 µg/g dw). Se had the lowest concentration among 
the elements measured in both species. There was a negative and significant correlation between Cu and biometrical factors 
(total body length and weight) in both muscle and hepatopancreas samples of S. pharaonic and only in the muscle samples 
of U. duvauceli (p < 0.01, R2 =  − 052; p < 0.01, R2 =  − 0.055). However, there was a strong correlation between Zn and bio‑
metrical factors in hepatopancreas samples of both species. The comparison of metal concentrations with standards revealed 
that only Cd levels in S. pharaonis exceeded the ESFA and WHO standards, whereas other metals were below the standards.
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Introduction

Covering nearly 70% of the Earth’s surface, marine eco‑
systems are vital to human survival as they provide a sig‑
nificant food source. Regrettably, the escalation of various 
human activities has resulted in the significant degradation 
of the marine ecosystem, primarily caused by the discharge 
of wastewater and inadequate waste management. Heavy 
metal pollution is one of the most significant environmental 
pollutants, particularly in water ecosystems [1]. The study 
of heavy metals in marine ecosystems has gained signifi‑
cant attention in recent years. Heavy metals are of particular 
interest due to their toxicity and potential to bioaccumulate 
in various aquatic species [2, 3]). Over time, the toxic metals 
accumulate irreversibly in the organs of marine organisms, 
resulting in the onset of various diseases that threaten the 
survival of aquatic life and pose significant health risks to 
humans [1, 4, 5].
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Heavy metals typically enter water environments through 
various means, including atmospheric deposition, erosion, and 
human activities such as the discharge of industrial wastewater, 
municipal sewage, and leachate from mining activities [5, 6].

Today, in different parts of the world, different tissues of 
fish are used for environmental monitoring and also to assess 
the health risk of people who consume these fish [7–11]. 
Cephalopods are a significant part of marine ecosystems, 
serving as both prey and predators. They are a class of marine 
invertebrates found in a vast array of marine habitats, from 
coastal waters to deep oceans [12]. Cephalopod species with 
varying habitats and lifespans have the potential to accumu‑
late both organic and inorganic pollutants, including metals 
[13–17]. Consequently, they serve as significant contributors 
to the transfer of contamination to higher levels of the food 
chain, such as birds and marine mammals [18]. In addition to 
consuming organisms that have a high ability to bioaccumulate 
essential and non‑essential metals, cephalopods are also an 
important source of food for other large fish and various types 
of whales, so they can be an important carrier of these heavy 
metals to the upper levels of the food chain [14, 18, 19]. So 
far, various reports have been published regarding the high 
concentration of metals in different cephalopod species [14, 
19–22]. It is noteworthy that most of the sites have focused 
on the ability of metals such as cadmium, copper, and zinc to 
accumulate in the digestive glands (hepatopancreas) of these 
organisms even in areas with low pollution [14, 19, 20, 23, 24].

The Persian Gulf holds special significance as one of 
Iran’s two main water areas. It has served as a crucial source 
for extracting abundant food resources but has unfortunately 
been increasingly impacted by various pollutants in recent 
years. The northern region of the Persian Gulf is character‑
ized by shallow depths, limited water circulation, high tem‑
perature, and salinity, making it particularly vulnerable to 
the adverse effects of pollutants on the marine environment 
[25]. Additionally, the Persian Gulf has been significantly 
impacted by the entry of pollutants through its river systems, 
past wars, oil extraction, and the transportation of fuel mate‑
rials by ships, among other factors [26]. Currently, there is a 
lack of information on heavy metals in these species in the 
Persian Gulf, despite their potential as useful bio indicators 
for biological monitoring in the region. The goals of this 
research are (1) to investigate the relationship between heavy 
metals and each other and (2) to compare different organs in 
terms of the accumulation of cadmium, copper, selenium, 
and zinc in them.

Materials and Methods

The Persian Gulf is a shallow and semi‑enclosed sea with an 
average depth of less than 35 m, which is linked to the Oman 
Sea and the Indian Ocean through the Strait of Hormuz. Its 

average temperature ranges from 28 to 30 ℃ and can reach 
up to 35 ℃. The dissolved oxygen level in the water varies 
from 4 to 7 mg/L [26]. The study area in this research is situ‑
ated on the coast of Hormozgan province, between Qeshm 
and Kish islands, and is located within the geographical 
coordinates of 27°N ′07 and 22°E ′12 to 27°N 19° and 52°E 
′40 in the Persian Gulf region.

Collection of Samples and Biometry

In December 2017, two species of cephalopods, namely the 
pharaoh cuttlefish (Sepia pharaonis) and Indian squid (Uro-
teuthis duvauceli), were captured using the bottom trawling 
method from the waters in the northern part of the Persian 
Gulf between Qeshm Island and Kish (Fig. 1). The collec‑
tion was carried out over a week by the Ferdous 1 research 
vessel, and 30 samples of each species were collected. The 
samples were immediately placed in coded bags and frozen 
at − 20℃ before being transported to the laboratory. In the 
laboratory, the samples were washed with distilled water and 
biometrically measured, and their mantle length (ML) and 
total length (TL) were calculated using a biometric board. 
The weight of each sample was calculated using a digital 
scale.

Extraction of Heavy Metals

To prepare the required tissue samples, first, the samples are 
dissected, and after determining the gender, the studied tis‑
sues, including muscle and hepatopancreas, were separated, 
and a certain amount of each tissue was weighed. Weighted 
samples were freeze‑dried and homogenized and passed 
through 230‑mesh sieve. The prepared powder was stored 
in closed polyethylene containers until further processing.

For digestion, 1 g of the sample was taken in a polyethyl‑
ene beaker with 4 mL of 60% nitric acid (Merck, Darmstadt, 
Germany) and 1 mL of 70% perchloric acid (Merck, Darm‑
stadt, Germany). The samples were then placed in a bain‑
marie bath at 100 ℃ for 2 h to perform digestion [27]. After 
the completion of the digestion process, the solution was 
filtered using Whatman 42 filter paper (Merck, Darmstadt, 
Germany), and the volume was made up to 10 mL using 
deionized water. Besides, in addition to the digested sam‑
ples, in each series of eight, a procedural blank was digested.

Instrumental Analysis

Cu and Zn were quantified using Philips PU 9400 analyti‑
cal atomic absorption spectrometer (Philips, Cambridge, 
Cambs), with a slotted tube atom trap (STAT), and aliquot‑
ing device, to optimize the sensitivity, and for Cd, Flame 
Atomic Absorption Spectrophotometer Model SensAA, 
GBC Scientific Equipment Australian made, provided with 
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Cathode Lamps suitable for this chemical element was used. 
An air‑acetylene mixture was also used to create a flame. 
After preparing the standards and applying the related set‑
tings to the device, the standards from low to a high con‑
centration were used to prepare the calibration curve for 
each metal (R2 ≤ 0.99). The recovery range varied between 
90 and 105. Selenium was measured by graphite furnace 
atomic absorption spectrometry (model AAnalyst 3030; 
PerkinElmer, Turku, Finland) using Zeeman background 
correction. At first, the desired range was determined by 
conducting a preliminary analysis, and then the required 
standards were prepared. After drawing the calibration 
curve using standards, we inject the original samples into the 
device and read the absorbance. Based on the calculations, 
the recovery of the device was 96.6%, which is within the 
acceptable range (85–110). The concentration of elements 
in the digested samples was calculated from the equation of 
the calibration curve for each metal.

Quality Control

In order to increase the accuracy of the test and reduce the 
error rate, the quality control method was performed as fol‑
lows. All containers used in the sampling, digestion, and 
storage of samples were washed and dried with dilute nitric 
acid and distilled water. The instrument was calibrated with 
a NIST‑traceable heavy metal standard solution (AccuTrace 

Single Element Standard; AccuStandard Inc., New Haven, 
CT, USA). Three standard reference materials (SRM, 
National Institute of Standards and Technology—NIST), 
namely SRM 1633b (ConstituentElements in coal fly ash), 
SRM 2709 (San Joaquin Soil Baseline Trace Element Con‑
centrations), and SRM 2711 (Montana II soil), were each 
analyzed in seven replicates [28] and were used for check‑
ing the reliability of the analysis. All SRM fell within the 
recovery range (94.8–104.7%) of the expected values while 
replicating SRM and hair sample measurements had a rela‑
tive standard deviation (RSD) < 10%. The calibration curve 
was drawn every day using a control sample (Blank) and 
four standard concentrations. Then the correctness of the 
method was confirmed by using the control solution and 
a standard sample close to the middle concentration range 
(approximately once every 10 samples). For every 15 sam‑
ples, one sample was randomly re‑measured. Also, a stand‑
ard sample was selected and measured with each batch of 
sample injection to ensure the correctness of the device’s 
working process.

Statistical Analysis

SPSS 16 software was used for the statistical analysis of 
data, and Excel 2007 was used for drawing graphs. The 
Kolmogrov‑Smirnov test was used to check the normality 
of the data. The correlation between the two metals was 

Fig. 1  Location of the sampling area
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investigated with Pearson’s normal data correlation test. 
Due to the normality of the data, paired T‑test was used to 
compare the concentration of elements in the tissues of one 
species, and the Dunnett T3 test was used for several ele‑
ments in the tissues of one species. An unpaired t‑test was 
used to compare elements of two types. One‑sample T‑test 
was also used to compare the concentration of elements with 
international standards.

Results and Discussions

General Discussion

Table  1 presents the biometric data, including total 
weight, mantle length, and total length, for the pharaoh 
cuttlefish and Indian squid species. The concentrations 
of Cd, Cu, Zn, and Se in the muscle and hepatopancreas 
were measured and expressed in micrograms per gram of 
dry weight, as shown in Tables 2 and 3. The levels of all 
measured metals in the hepatopancreas were significantly 
higher than those in the muscle tissue (p < 0.01). Among 

the heavy metals, Cu and Zn had the highest average 
concentrations in hepatopancreas and muscle tissue, 
respectively. Conversely, Se had the lowest average con‑
centrations in both species (Figs. 2 and 3). Negative and 
significant correlations were observed between Cu levels 
in muscle tissue and hepatopancreas and body weight 
and length in both species (p < 0.01 R2 =  − 052, p > 0.01 
R2 =  − 0.055) (Figs. 4, 5, and 6). Zinc concentrations in 
the hepatopancreas had a significant positive correlation 
with body length and weight (p < 0.01 R2 = 0.41) (Fig. 7). 
No significant correlations were observed regarding the 
other investigated elements. Strong and significant cor‑
relations were observed between Cu and Zn in both mus‑
cle and hepatopancreas samples, as well as between Cd 
and Se in muscle only, for Sepia pharaonis (R2 = 0.51, 
p < 0.01 and R2 = 0.74, p < 0.01, and R2 = 0.72, p < 0.01, 
respectively) (Figs. 8, 9, and 10). In contrast, in Indian 
squid, Cd with Cu (R2 = 0.43, p < 0.05) and Cd with Zn 
(R2 = 0.52, p < 0.01) showed a significant and strong cor‑
relation in muscle, while Cu with Cd (R2 = 0.81, p < 0.01) 
showed a significant and strong correlation in hepatopan‑
creas (Figs. 11, 12, and 13) (Table 4).

Table 1  The results of species 
biometry

Total length (mm) Mantel length (mm) Total weight(g) Gender ratio 
female: male

Species

329.23 ±83.74 104.7 ± 33.39 169.39 ± 90.91 SE±mean 1:1 Pharaoh cuttlefish
n: 3069.5 215 880 Maximum

23 75 45 Minimum
306.8 ± 83.40 121.3 ± 66.63 70.5 ± 37.03 SE±mean 1:5 Indian squid

N: 30415 170 151.25 Maximum
170 70 14.64 Minimum

Table 2  The data obtained from 
the measurement of metals in 
Pharaoh cuttlefish µg/g dw

Hepatopancreas Muscle Metal

Maximum SE±mean Maximum SE±mean Maximum SE±mean

43.45 1159.5 417.56 ± 22.89 0.02 1.55 0.0 ± 58.07 Cd
199.77 3988 1541.192 ± 47.15 2.30 23 10.1 ± 54.08 Cu
126.7 1669 674.87 ± 92.33 49.7 67.7 58.0 ± 45.96 Zn

0.26 5.8 2.0 ± 11.27 0.02 0.3 0.0 ± 12.01 Se

Table 3  The data obtained from 
the measurement of metals in 
Uroteuthis duvauceli µg/g dw

Hepatopancreas Muscle Metal

Maximum SE±mean Maximum SE±mean Maximum SE±mean

43.45 1159.5 417.56 ± 22.89 0.02 1.55 0.0 ± 58.07 Cd
199.77 3988 1541.192 ± 47.15 2.30 23 10.1 ± 54.08 Cu
126.7 1669 674.87 ± 92.33 49.7 67.7 58.0 ± 45.96 Zn

0.26 5.8 2.0 ± 11.27 0.02 0.3 0.0 ± 12.01 Se
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Additionally, a strong and significant correlation 
was observed between the molar concentration of sele‑
nium and cadmium in tiger squid muscle (Fig. 14). The 

concentrations of all investigated elements, except Se, in 
both muscle and hepatopancreas tissues of the two species 
showed significant differences (p < 0.01) (Figs. 15 and 16). 
The results indicated that only the concentration of cad‑
mium metal in Indian squid exceeded the standard limit 
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of [29] WHO and EFSA, while the concentration of other 
metals was below the standard limit (Table 5).

Levels and Comparison of Heavy Metals

Upon examining the tissues separately, significant differ‑
ences in the concentration of elements were observed in 

each tissue of the studied species, except for the concentra‑
tion of cadmium and zinc in the hepatopancreas of pharaoh 
cuttlefish and cadmium and copper in the hepatopancreas 
of Indian squid. All other elements measured in the tissues 
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of the studied species exhibited significant differences. 
Moreover, a comparison of the two tissues in terms of 
element accumulation revealed that the concentration of 
all metals in the hepatopancreas tissue was significantly 
higher than that in the muscle tissue for both species.

Cadmium

The results of this study indicate that both species had high 
levels of Cd in their hepatopancreas samples, with pharaoh 
cuttlefish exhibiting a significantly higher concentration than 
Indian squid. The accumulation of Cd in the hepatopancreas 

Table 4  Concentration and molar ratio of selenium and cadmium in the tissues of tiger squid and Indian squid

Molar ratio of selenium to 
cadmium
Se/Cd

Average molar concentration of 
cadmium (nmol/g w)

Average molar concentration of 
selenium (nmol/g ww)

Tissue Species

0.257 1.4 0.36 Muscle Pharaoh cuttlefish
0.007 1035.87 7.4 Hepatopancreas
0.544 0.79 0.43 Muscle Indian squid
0.105 59.45 6.3 Hepatopancreas

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

0

Co
nc

en
tr

a�
on

 m
ol

i C
d 

(n
m

ol
/g

 w
w

) 

R2 = 0.77
P<0.01

0.2
Conc

0.4 0
centra�on mo

.6 0.8
oli Se (nmol/g

1
 ww)

1.2

Fig. 14  Correlation between the molar concentration of selenium and 
cadmium in tiger squid muscle

0

10

20

30

40

50

60

Co
nc

en
tra

�o
n 

µg
/g

 d
w

Cd Cu Zn Se

p

I

haraoh cu�le

ndian squid

fish 

Fig. 15  Comparison of the concentration of elements in the muscle 
tissue of pharaoh cuttlefish and Indian squid

Co
nc
en
tra

tio
n
µg

/g
dw

0

200

400

600

800

1000

1200

1400

1600

Cd Zn Cu

phar

India

Se

aoh cu�lefis

n squid

h

Fig. 16  Comparison of the concentration of elements in the hepato‑
pancrea tissue of pharaoh cuttlefish and Indian squid

Table 5  Comparison of the concentration of elements µg/g dw in the 
muscle of the studied species with the limits of international stand‑
ards

*Significant difference
WHO, World Health Organization; EFSA, European Food Safety Author‑
ity; FAO, Food and Agriculture Organization; NHMRC, National Health 
and Medical Research Council

Standard Uroteuthis 
duvauceli

Pharaoh cuttlefish Metal

WHO = 0.1
EFSA = 0.1

0.08 *0.15 Cd

WHO = 10
FAO = 10

0.3 1.52 Cu

WHO = 50
NHMRC = 150

0.8 2.24 Zn

WHO = 0.5
FAO = 0.5
EPA = 0.2
FDA = 0.1

0.03 0.02 Se
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may be attributed to the high metal‑detoxifying ability of 
cephalopods, particularly in this organ [19]. Furthermore, 
factors such as the proximity to bed sediments, the carnivo‑
rous diet of these species, and potential cannibalism may 
also contribute to the observed increase in Cd concentration 
in both species [30]. Iron deficiency can also impact cad‑
mium toxicity as it increases the absorption of cadmium in 
the body through iron reduction. Previous studies on cepha‑
lopods by Bustamante et al. (2008) and Pereira et al. (2009) 
have reported that the highest concentration of cadmium is 
found in the hepatopancreas, which is in line with the find‑
ings of this study.

Copper and Zinc

The results of this study show that copper and zinc con‑
centrations in the tissues of both species are higher than 
the other metals measured. This finding is consistent with 
the results of a study by Craig and Overnell (2003) who 
investigated the levels of heavy metals in different tissues 
of a squid species (Loligo forbesi) on the southern coast of 
Scotland. Among the metals measured by them, the concen‑
trations of zinc and copper in all tissues were significantly 
higher than other elements. Similarly, Prafulla et al. (2001) 
measured essential and non‑essential metals in two species 
of squid (Uroteuthiis duvauceli and Doryteuthis sibogae) 
on the southwest coast of India, and their results showed 
high levels of copper and zinc in the tissues of these species, 
consistent with the findings of this study. Zinc is typically 
found in higher concentrations than other metals in marine 
organisms’ tissues due to its involvement in various enzy‑
matic reactions in living organisms. Both copper and zinc 
are involved in essential metabolic processes and serve as 
catalysts for enzymes that produce heat and are vital for 
energy production and the transport of iron in the body [31]. 
Cephalopods require copper for the production of respiratory 
pigments, hemocyanin, and other essential functions in their 
bodies. Hemocyanin, a protein containing soluble copper, is 
used by cephalopods as a respiratory pigment to transport 
oxygen [32]. Consequently, the high demand for copper in 
cephalopods results in a high concentration of this element 
in these species, making copper the second most abundant 
essential metal in cephalopods after iron [33].

Selenium

In all the samples, significantly low levels of Se were 
observed. Se is an element that by forming bonds with some 
toxic metals such as Hg and Cd can reduce their toxicity. So 
far, little research has been done on the detoxification role 
of selenium in cephalopods.

Selenium Detoxification Effects Against Cadmium

The molar ratio of Se/Cd is a good indicator to predict the 
availability of these two elements and the ability to detoxify 
Cd. Molar ratios > 1 indicate an excess of Se over cadmium 
and the activation of the selenide detoxification mechanism 
[34] and the formation of a bond between selenium and 
cadmium metallothioneins (Cd‑Se‑selenoprotein) [27]. The 
molar ratio < 1 indicates a deficiency of Se in Cd detoxifica‑
tion and the occurrence of synergistic effects between the 
two elements, which in addition to causing cadmium poi‑
soning due to the involvement of selenium in the body with 
cadmium causes a hidden lack of selenium in the species and 
consequently in consumers [22].

The molar ratio of Se/Cd was less than 1 in both mus‑
cle tissue and hepatopancreas of both species, with values 
ranging from 0.007 (Indian squid hepatopancreas) to 0.544 
(Indian squid muscle) (Table 5). Moreover, a significant 
and strong correlation was observed only between the molar 
concentrations of Se and Cd in the tissues of the two spe‑
cies, indicating the potential formation of a Cd‑Se com‑
pound as part of the selenium detoxification process against 
cadmium (Fig. 14).

Correlation of Heavy Metals with Biometric 
Parameters

A significant negative correlation was observed between Cu 
levels and biometric parameters (total body length and weight) 
in both the muscle (R2 = 0.52; p < 0.01) and hepatopancreas 
(R2 = 0.55; p < 0.01) samples of S. pharaonic and only in the 
muscle samples of U. duvauceli (R2 = 0.57; p < 0.01) (Figs. 4 
and 5). However, a strong correlation was found between Zn and 
biometric factors in the hepatopancreas samples of both species 
(R2 = 0.41; p < 0.01). This relationship is consistent with a study 
by Kim et al. (2008) which investigated the accumulation of 
heavy metals (cadmium, zinc, and copper) in squid (Todarodes 
pacificus) samples collected from Korean coastal waters. The 
results showed no significant relationship between the size and 
gender of squids and the concentration of metals in different 
organs, which may be due to the species’ ability to regulate the 
concentration of these elements in the body. Additionally, a 
similar relationship was observed for Cu levels with biometric 
parameters in Sepia pharaonic in two different lagoons in Portu‑
gal, one of which had a history of anthropogenic and industrial 
pollution and the other receiving urban effluents [19].

Correlation of Heavy Metals in Textures

In both muscle tissue and hepatopancreas of Sepia 
pharaonic, a significant positive correlation was observed 
between Cu and Zn (R2 = 0.51; p < 0.01 and R2 = 0.72; 
p < 0.01, respectively) and between Cd and Se (R2 = 0.72; 
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p < 0.01) in muscle samples (Fig. 6). This strong correla‑
tion between Cu and Zn may indicate their affinity towards 
metallothioneins, as well as Cu’s propensity to bind to other 
proteins that regulate Zn concentration in the tissues [35]. 
In Indian squid, a strong and significant positive correlation 
was observed between Cd and Cu in both muscle (R2 = 0.43; 
p < 0.05) and hepatopancreas (R2 = 0.52; p < 0.05) samples. 
Positive correlations between Cd and essential elements like 
Cu and Zn have been observed in most cephalopod studies. 
The positive correlation of Cd with Cu and Zn may be due 
to the presence of metallothioneins, as Cd can compete with 
Zn and Cu in binding with these proteins and transfer with 
them, like other toxic elements [19, 24, 36].

Previous studies conducted by Seixas et al. in 2005 and 
Preira et al. in 2009 have shown a significant positive relation‑
ship between the concentrations of cadmium, zinc, and copper 
in the species examined. This is consistent with the findings 
of the current study. Furthermore, the correlation between the 
concentration of selenium and cadmium in muscle tissue sug‑
gests the formation of the Cd‑Se compound, which is part of the 
protective mechanism of selenium against cadmium. Although 
enzymes that require cadmium for their function have not been 
identified, the amount of cadmium accumulation in the body 
is generally dependent on the levels of zinc and copper. Metal‑
related proteins such as metallothioneins have been found to play 
a small role in binding to cadmium and other heavy metals in 
most marine mollusks [32].

Comparison of the Concentration of Elements in Two 
Species

In general, the concentration of heavy metals in the hepatopan‑
creas and muscle of pharaoh cuttlefish was much higher than 
that of Indian squid. Except for Se, all the other elements had 
a significant difference in the muscle tissue of the two species 
(p < 0.001) (Fig. 15). Furthermore, levels of all the elements 
except Se, between the species, were significantly different 
(p < 0.01) (Fig. 16), from each other in both muscle and hepato‑
pancreas tissue samples. The difference in the concentration of 
elements in different species may be due to many factors such 
as diet, habitat, metabolic activity, and behavior of the species, 
or due to the difference in size and age of the species [37]. How‑
ever, given the fact that the two studied species have a simi‑
larity in food habits (pharaoh cuttlefish: benthic; Indian squid: 
benthopelagic), higher exposure of benthic organisms to heavy 
metals might be the reason for elevated levels of heavy metals 
in pharaoh cuttlefish [38, 39]. Among 7 species of fish from 
the coasts of Uruguay, benthic organisms displayed the highest 
levels of heavy metals due to their close association with bottom 
sediment [40]. In addition, the greater average length and weight 
of pharaoh cuttlefish compared to Indian squid can be another 
reason for this difference in concentration.

Comparing the Concentration of Metals 
in the Studied Species with the Standard

Comparing the concentration of metals with international 
standards showed that only the concentration of Cd in Indian 
squid was significantly higher (p < 0.01) than the standard 
limit of WHO and EFSA, and the concentration of other 
metals was lower than the standard limit. The pollution of 
the Persian Gulf region and the high ability of cephalopod 
species to accumulate cadmium in their hepatopancreas can 
be one of the reasons for the high concentration of cadmium 
in this species. In most of the studies conducted on various 
cephalopod species, especially squid, very high concentra‑
tions of cadmium have been reported in these species [14, 
19, 32].

Conclusion

This study analyzed the concentrations of Cd, Cu, Zn, 
and Se in the muscle and hepatopancreas tissues of two 
dominant cephalopod species in the Persian Gulf. The 
results revealed that the concentrations of these elements 
in the hepatopancreas tissue were significantly higher 
than in the muscle tissue of both species. Surprisingly, 
the increased concentration of essential metals did not 
result in a decrease in cadmium absorption. Additionally, 
there was a significant difference in the metal concen‑
trations between the two species, with the benthic phar‑
aoh cuttlefish species having higher levels of measured 
metals than the pelagic Indian squid species. The high 
concentrations of metals, particularly cadmium, in these 
species, indicate contamination of the Persian Gulf with 
heavy metals, posing a threat to aquatic animals and con‑
sumers. Cephalopods are ecologically important species 
in marine ecosystems and play a crucial role in the food 
chain as both predators and prey. Thus, their ability to 
accumulate metals can lead to the transfer of pollution 
to higher levels of the food chain.
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