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Abstract:
absorption spectrophotometry in the muscle tissues (arms and mantle) of 3 commercial cephalopods (Loligo vulgaris, Octopus

Concentrations of cadmium (Cd), copper (Cu), mercury (Hg), and zinc (Zn) were determined by atomic

vulgaris, and Sepia officinalis) caught in 3 different Tunisian coastal regions. The highest concentrations found correspond
to the essential elements Cu and Zn. Octopuses and cuttlefish showed the highest levels of those elements whereas squid
presented with significantly higher values of Hg in both muscular tissues. This may be related to different feeding behavior
and detoxification processes among benthic and pelagic cephalopods. Variation of element concentrations between seasons
was different between species and seemed to be mostly dependent on the sampling site. From a public health standpoint,
average concentrations of Cd, Cu, Hg, and Zn measured in edible tissues of cephalopods from this study did not reveal,
in general, any risk for consumers. The estimated target hazard quotients for Cd and Hg for consumers of the selected
species were below 1 and within the safety range for human health. Moreover, their consumption could provide in an
important contribution to the daily dietary intake of Cu for the Tunisian population, especially regarding the consumption

of octopus and cuttlefish muscles.
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Introduction

Marine resources constitute a mandatory part of the diet of
many populations around the world. Seafood consumption is rec-
ommended for its nutritional qualities and benefits. The benefits
of seafood derive mainly from its content of high-quality pro-
teins and its high content of omega3 polyunsaturated fatty acids—
that is, eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA)—and other nutrients (Castro-Gonzalez 2002; Domingo
and others 2007). Omega3 fatty acids have demonstrated protec-
tive effects in preventing coronary heart disease, reducing arrhyth-
mias and thrombosis (Oomen and others 2000; Kris-Etherton and
others 2002), lowering plasma triglyceride levels (Harris 1997;
Ismail 2005), and reducing blood clotting tendency (Din and
others 2004; Ismail 2005). Among the commercial marine re-
sources, cephalopods represent one of the most important groups
of species in the world to fisheries, comprising about 4% of total
catches according to the FAO (2013). During the last decades,
cephalopods have been recognized as an appropriate alternative
to traditional marine resources and their consumption is likely to
continue to increase in the future (Caddy and Rodhouse 1998;
Piatkowski and others 2001). They are generally very rich in n-3
fatty acids (Ozogul and others 2008), as well as being excellent
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sources of proteins and of a large number of essential elements
(Oechlenschlager 1997; Storelli 2009). In parallel to the nutritional
benefits of consuming seafood, there is a non-negligible risk of
contamination given the bioaccumulation/biomagnification ca-
pacities occurring in marine organisms. This is true certainly of
cephalopods; they can be considered as “‘potentially” hazardous
for consumers, given their ability to accumulate high levels of Cd,
even in environments of low metal contamination (Bustamante
and others 1998a; Dorneles and others 2007; Kojadinovic and
others 2011).

To settle this specific controversy, several studies have been
published examining various aspects of the risks and benefits
of cephalopod consumption (Storelli and Marcotrigiano 1999;
Lourenco and others 2009; Storelli 2009; Storelli and others 2010).
However, there is scarce or no data available on the nutritional and
health risks associated with the consumption of cephalopods from
Tunisian waters. Health organizations worldwide have compiled
the following procedures. The Joint FAO/WHO Expert Com-
mittee on Food Additives (JEFCA) has released guideline values
and advisories to help consumers to manage risks and maximize
benefits. JECFA has also established a provisional tolerable weekly
intake (PTWI) of 7 and 4 ug/kg body weight per week for Cd and
Hg, respectively JECFA 2006, 2010) and the Institute of Medicine
has set the Dietary Reference Intakes (DRIs, IOM 2001) and rec-
ommendations for the intake of micronutrients to prevent nutri-
tional inadequacy, which could lead to nutrient deficiencies and
consequent impairment of health.

In this context, this study was undertaken to: (1) quantify the
levels of non-essential (Cd and Hg) and essential (Cu and Zn)
metals in the edible parts (arms and mantle) of the European
squid Loligo vulgaris, the common octopus Octopus vulgaris, and the
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common cuttlefish Sepia officinalis caught from 3 different Tunisian
coastal regions during different seasons; (2) to estimate the sanitary
and nutritional qualities of these fishing products. The selected
species are commercially relevant because of their abundance
and high consumption in Tunisia. The country is ranked among
the top countries with high per capita supply of cephalopods
(0.3 kg/capita/year in 2009; FAOSTAT 2013).

Materials and Methods

Sample collection and preparation

Common octopus (Octopus vulgaris), European squid (Loligo vul-
garis), and common cuttlefish (Sepia officinalis) were collected sea-
sonally (spring, summer, autumn, and winter) over a 1-y period
(December 2009 to November 2010) from 3 major commer-
cial harbors (Bizerte, Monastir, and Sfax) spread evenly across
the Tunisian coast (north, east, and southeast, respectively; see
Figure 1). The collected samples were immediately stored in her-
metically closed plastic bags, placed on ice, stored in thermo-
insulated containers and transported to the laboratory at the Univ.
of Tunis. On arrival at the laboratory, dorsal mantle length and
total weight of samples were determined (Table 1). Samples of
arm muscle (A) and mantle muscle (M) were collected and vac-
uum sealed in individual plastic bags, coded for easy identification,
stored at —25 °C and kept for elemental analysis.

Sample analysis. Separated tissue samples were either dried to
a constant weight for several days at 60 °C or freeze-dried and then
homogenized in a mortar and porcelain pestle. An aliquot of ap-
proximately 300 mg of each dried material was digested with 5 mL
of 65% ultrapure HNOj; (Merck®) at 80 °C on a hotplate until the
solution was clear. Next, the acid was evaporated and the residue
was dissolved in 0.3 M ultrapure nitric acid. Blanks were carried
through the procedure in the same way as the samples. Cu and Zn
were determined by flame atomic absorption spectrophotometry
(AAS), whereas Cd was analyzed by graphite furnace AAS using
a Hitachi spectrophotometer Z5000 with Zeeman correction.

The total Hg concentrations were determined by analyzing Hg
directly in the powder obtained from the tissues with an Advanced
Mercury Analyzer (ALTEC AMA 254) on aliquots ranging from
approximately 10 mg of dry sample weighed to the nearest 0.01
mg (Bustamante and others 2006a). Hg determination involved
evaporation of the metal by progressive heating until 800 °C was
reached, the sample was then held under oxygen atmosphere for
3 min, and subsequently amalgamated in a gold-net. Afterward,
the net was heated to liberate the collected Hg, which was then
measured by atomic absorption spectrophotometry.

Accuracy and reproducibility of the preparation were tested by
preparing analytical blanks and replicates of Lobster Hepatopan-
creas (TORT-2), Dogfish liver (DOLT-3), and Dogfish Muscle
(DORM-2) reference standards (Natl. Research Council, Canada)
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Figure 1-Sampling locations (Bizerte, Monastir, and
Sfax) along the Tunisian coast.
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Table 1-Mean + SD and ranges of dorsal mantle length (DML, mm) and weight (g) of cephalopod species from the sampling

locations along the Tunisian coast.

Bizerte (Northern coast)

Monastir (Eastern coast) Sfax (Southern coast)

Species n DML Weight n DML Weight n DML Weight
European squid 21 154 £ 28 118 £+ 64 37 171 £ 29 128 + 47 37 182 £ 32 156 £ 66
Loligo vulgaris 122-227 58-318 120-225 47-207 120-256 59-297
Common octopus 20 112 £ 18 506 &£ 228 27 104 £ 21 476 £ 208 25 117 £ 22 655 + 256
Octopus vulgaris 85-150 286-1267 72-160 114-983 72-155 194-1033
Common cuttlefish 35 110 £ 22 171 £ 90 38 108 £ 16 155 £ 55 38 108 £ 18 163 £ 99
Sepia officinalis 70-145 40-396 80-139 74-258 65-170 41-682

n, number of individuals.

along with each set of samples. Recovery rates were respectively
equal to 92 £ 7% for Cd, 94 & 8% for Cu, 100 £ 3% for Hg, and
101 £ 12% for Zn. Detection limits (DL, pug/g, dry weight [dw])
were 0.034 (Cd), 0.5 (Cu), 0.006 (Hg), and 3 (Zn).

All data were computed on a ug/g wet weight (ww) basis. Con-
centrations of elements in pug/g ww were obtained from data in
dw using the dry/wet weight ratios measured in all samples. These
ratios indicated a mean moisture content of 78% in cuttlefish and
squid and 83% in octopuses, which matched well with those pre-
viously reported for the same species (for example, Ozogul and

others 2008; Lourenco and others 2009).

Statistical analyses

Levels of elements in the edible parts of the studied species
were represented by median rather than average values because of
their non-normal distribution. Differences in median levels be-
tween species, as well as between seasons, were performed by
Kruskal-Wallis (KW) tests followed by Wilcoxon tests for inde-
pendent samples using Bonferroni’s P-value correction. Levels of
significance of the null hypotheses associated with these tests will
be divided into classes of P-values represented by the following
codes: NS > 0.05; * < 0.05; ** < 0.01; ** < 0.001. All statistical
analyses were performed using the GNU R statistical system (The
R Development Core Team 2008).

Assessment of risk and nutritional benefits for human
consumers

The risk to health was assessed by the calculation of the estimated
weekly intake (EWI) and the target hazard quotient (THQ) for
muscle tissues, considering the average Cd and Hg concentrations
in both arms and mantle of selected cephalopod species caught
along the Tunisian coast. In this calculation, metal sources supplied
by other meals or by drinking water on the same day or week were
not taken into account, that is, only metal intake coming from the
seafood has been considered.

The EWIs of non-essential elements (Cd and Hg) were calcu-
lated by multiplying the respective concentrations in each cephalo-
pod species by the average weight of that species consumed
(33 g/person/day; FAO 2009), and reporting to the average body
weight for Tunisian people (60 kg). The obtained values were
compared to the PTWI defined by the JECFA for these elements
(that is, 7 ug Cd/kg body weight [JECFA 2006] and 4 ug Hg/kg
body weight [JECFA 2010]).

Moreover, the non-carcinogenic effects through cephalopod
consumption by the local inhabitants were assessed based on the
THQ (USEPA 1989). The THQ is an estimate of the risk level
(non-carcinogenic) due to pollutant exposure. Thus, a THQ be-
low 1 means that the exposed human population is unlikely to
experience obvious adverse effects. The methodology for estimat-

ing THQ was available in the U.S. EPA region III Risk-based
Concentration Table (USEPA 2013) and is described by the fol-
lowing equation:

EF x ED x FIR x C _3
x 107

THQ = <
RFD x WAB x TA

where EF is the exposure frequency (365 days/year); ED is the
exposure duration (70 y), equivalent to the average lifetime; FIR
is the food ingestion rate (33 g/person/day; FAO 2009); C is
the metal concentration in cephalopods (ng/g ww; RFD is the
U.S. EPA’s reference dose [Cd = 1 x 1073 ug/g/d, Hg = 5 x
10™* pug/g/d]; USEPA 2013); WAB is the average body weight
(60 kg), and TA is the average exposure time for non-carcinogens
(365 days/year x ED).

In the case of essential trace metals (Cu and Zn), a nutritional
evaluation was carried out by comparing the estimated dietary
intakes from the consumption of edible tissues of the studied
cephalopod species with the RDI values, that is, the recom-
mended dietary allowance (RDA) recommended by the Institute
of Medicine (IOM 2001) for these elements.

Results and Discussion

Metal levels in edible tissues

Considering the results of all combined sites and for all 4 sea-
sons, the median concentrations of Cd, Cu, Hg, and Zn in the
edible tissues (arms and mantle) of European squid, common oc-
topuses, and common cuttlefish, expressed in wet weight basis are
presented in Table 2. The following sequence of metal concentra-
tion was observed in all muscular samples for all studied species:
Zn > Cu > Hg = Cd. Metals such as Cu and Zn are essential
for cephalopod metabolism because they play an important role in
biological functions, whereas non-essential metals such as Cd and
Hg have no known biological functions and can be toxic, especially
in the most sensitive stages (Bryan 1976). In this study, Zn levels
vary over an order of magnitude ranging from 2.6 to 45.3 ug/g
ww and 4.0 to 33.6 ng/g ww in the arms and the mantle, respec-
tively. The highest median concentration (KW, P < 0.001) was
observed in octopuses (arms: 14.2 pg/g; mantle: 11.7 pug/g) and
cuttlefish (arms: 15.0 pg/g; mantle: 11.1 ug/g) followed by squid
(arms: 12.7 pug/g; mantle: 9.8 pug/g; Table 2). These results fall
within the same range of data obtained for the same species from
the European coasts (Miramand and Bentley 1992; Raimundo and
others 2004; Napoleio and others 2005; Seixas and others 2005;
Lourenco and others 2009). For Cu, the levels found ranged from
0.50 to 10.30 pg/g in the arms and from 0.59 to 21.13 pg/g in
the mantle in cephalopods from Tunisia. The lowest concentra-
tions were detected in squid for both muscle tissues with median
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Table 2-Concentrations of Cd, Cu, Hg, and Zn (1g/g ww) in cephalopods muscle tissues from the Tunisian coasts for 4 seasons
(winter 2009 and, spring to autumn 2010). Interspecies comparison results are given in the last columns.

European squid

Common octopus

Common cuttlefish

n=95 n=72 n =111 Hypotheses

Metal Muscle tissue Median (range) Median (range) Median (range) tests results

Cd Arms 0.041 (0.014-0.17) a 0.026 (0.001-0.20) b 0.026 (0.006-0.10) b KW: <0.001
Mantle 0.045 (0.009-0.16) a 0.043 (0.006-0.27) a 0.041 (0.007-0.18) a KW: NS

Cu Arms 1.94 (0.50-7.22) c 3.29 (1.49-10.62) b 5.33 (2.31-10.30) a KW: <0.001

Mantle 1.22 (0.59-6.13) c 4.90 (1.67-13.93) a 3.63 (0.80-21.13) b KW: <0.001

Hg Arms 0.062 (0.030-0.68) a 0.027 (0.010-0.11) c 0.049 (0.020-0.15) b KW: <0.001

Mantle 0.072 (0.030-0.95) a 0.031 (0.010-0.10) c 0.057 (0.019-0.22) b KW: <0.001

Zn Arms 12.7 (2.8-19.7) b 14.2 (6.4-45.3) a 15.0 (2.6-39.4) a KW: <0.001

Mantle 9.8 (4.0-18.7) b 11.7 (5.3-32.3) a 11.1 (6.2-33.6) a KW: <0.001

The significances of the differences among species are indicated by letters.
KW, Kruskal-Wallis; NS, not significant.

concentrations of 1.94 and 1.22 pg/g in the arms and mantle, re-
spectively. Cuttlefish revealed significantly higher concentrations
than octopuses in the arms but were lower in the mantle (Table 2).
This situation is consistent with the results of Lourenc¢o and others
(2009) on cephalopods from Portugal (that is, 2.6-8.1 ng/g ww
and 1.7-10.3 ug/g ww for octopus and cuttlefish, respectively).
Furthermore, the concentrations of Cu in cuttlefish and octopus
tissues are in agreement with results for mantle muscle of Sepia
officinalis from Turkish waters (that is, 7.31-8.02 pg/g ww; Ayas
and Ozogul 2011) and for Octopus vulgaris from Portuguese coasts
(that is, 7-16 ug/g dw, Carvalho and others 2005; 5.5-14 ug/g
dw, Raimundo and others 2005). The high levels of such essential
metals found in benthic species (octopus and cuttlefish) compared
to those found in the pelagic species (squid) confirms the results
found for the same species by Lourenco and others (2009).

Cephalopods are carnivorous, active predators and have very
high feeding rates (Rodhouse and Nigmatullin 1996). Thus, their
diet represents a major pathway of exposure for many elements in-
cluding Cu and Zn (Bustamante and others 2002, 2004, 2006b).
This should explain the high values of the essential elements re-
ported in this study. The octopus, with the highest concentration
of these elements in its tissues, consumes a wider range of prey
than the 2 other species studied: in addition to polychaetes and
mollusks, octopuses mainly consume crustaceans (Smith 2003)
such as crabs that contain high levels of Cu and Zn, which may
lead subsequently to a higher intake of these elements (Rjeibi and
others 2014). However, an uptake of waterborne elements also
occurs from exposure to seawater (Bustamante and others 2002).
To the best of our knowledge, no data have been published on the
respective proportions in cephalopods of these elements incorpo-
rated from food and seawater. Among the 3 cephalopod species,
squid show the lowest concentrations of essential elements. Ac-
cording to some authors (Pierce and others 1994; Coelho and
others 1997), fish represents the main component of the squid
diet, comprising about 90% of the prey found in their stomachs.
This may explain the lower values of essential elements in this
species, because fish contain fewer minerals than crustaceans, the
preferred prey of octopuses.

Non-essential Cd and Hg do not have a known biological func-
tion in cephalopods’ metabolism and are therefore not regulated
by homeostatic processes. The amount of Cd and Hg in cephalo-
pod organisms would therefore reflect the environmental levels of
these metals in the ocean. The Cd content for all studied species
was in the range of 0.001 to 0.20 ug/g and 0.006 to 0.27 pug/gin
the arms and mantle, respectively. Regardless of the geographical
origin, squid revealed significantly higher values in the arms with
a median concentration of 0.041 pg/g, followed by octopuses and
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cuttlefish (median concentration: 0.026 ug/g). Although there
were no significant differences between species detected in the
mantle, squid showed the highest levels (0.045 ng/g; Table 2).
In cephalopods, Cd preferentially accumulates in internal organs
like the digestive gland, but is poorly concentrated in the muscle
tissues, where the concentrations are usually very low (Bustamante
and others 1998b; Raimundo and others 2004, 2005; Miramand
and others 20006). Although the biological half-life of Cd is rela-
tively long in whole cephalopods (that is, >257 d; Bustamante
and others 2002), this parameter remains to be quantified for
muscle tissues specifically. The median Cd content for the octo-
puses and cuttlefish in this study was lower than that found in
studies conducted in other locations, like the Portuguese waters
(0.33 and 0.23 pg/g; Lourenco and others 2009) and the Adriatic
sea (0.87 and 0.27 pg/g; Storelli and others 2006), but concern-
ing squid, it was in the same range of that from Spain and the
British Isles (Villanueva and Bustamante 2006; Pierce and others
2008).

Concerning Hg, levels varied from 0.010 to 0.68 ug g~ ' in
the arms and from 0.010 to 0.95 ug g~ ' in the mantle. The
same trend was detected for both muscle tissues in the 3 ana-
lyzed species: significantly higher concentrations (KW, P < 0.001)
were found in the arms and mantle of squid (0.062 and 0.072
ug g~ '), followed by cuttlefish (0.049 and 0.057 ug/g) and oc-
topuses (0.027 and 0.031 pg/g; Table 2). This different Hg dis-
tribution among the studied species is in accordance with the
process of bioaccumulation of this metal in cephalopods, which is
dominated by the diet (Lacoue-Labarthe and others 2009). The
highest concentration of Hg found in squid reflets their behavior
of feeding mainly on fish and other cephalopod species (Pierce
and others 1994; Coelho and others 1997). Such a pelagic diet
would lead to higher Hg exposure and hence to higher Hg bioac-
cumulation in pelagic cephalopods, because their prey contains
higher organic Hg loads than those of benthic species (Cossa and
others 1990; Chouvelon and others 2012). The concentration
of Hg in the edible parts of the cephalopod species under in-
vestigation were generally slightly lower than the levels reported
by authors in other areas of the world (Bustamante and others
2006a; Storelli and others 2006; Villanueva and Bustamante 2006;
Lourenco and others 2009). In a previous study, we showed that
these difterences were not due to important differences either in
size or in weight distribution, and thus they reflect actual geo-
graphic variations (Rjeibi and others 2014). Within the Tunisian
zone, the eastern coast may be subjected to potential natural inputs
from nearby Hg ferrous belts and previous mining areas (Joiris and
others 1999), whereas the southern coast is especially contami-
nated by Cd from the phosphate extraction waste (Hamza-Chaftai
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and others 2003; Smaoui-Damak and others 2003; Banni and
others 2005, 2007).

Seasonal variations of heavy metal concentrations in the edible
tissues of the 3 cephalopod species are shown in Table 3. In general,
a similar seasonal profile was observed for the different metals in
both muscular tissues. In most cases, the variation among seasons
was different between species and seemed to be dependent on the
sampling site. Considering the essential elements, the maximum
concentration of Cu was obtained in spring for squid and cuttlefish
from Bizerte and Monastir, and in autumn for octopuses from
Monastir and cuttlefish from Sfax. In the case of Zn, higher levels
were found in summer for the arms tissue of cuttlefish in all
sampling sites, whereas maximum values were obtained in winter
for the mantle. Squid caught from the eastern and southeastern
coast and octopuses from the northern coast showed higher Zn
levels in autumn (Table 3).

Considering the non-essential metals, Cd levels have been re-
ported higher in winter for cuttlefish samples from Bizerte (KW,
P < 0.01) and Monastir, and in autumn for octopuses from Mona-
stir (Table 3). For Hg, higher concentrations were detected in
squid and octopus samples from the northern coast and in cut-
tlefish from the eastern coast in spring, whereas they tended to
increase in summer for all selected species from the southern coast
(Table 3).

For safety purposes, authorities and environmental agencies
around the world have set standards for metal concentrations in
food. The Ministry of Agriculture, Fisheries and Food in the
United Kingdom (MAFF 1995) limits the levels of Cu and Zn in
the muscle at 20 and 50 pg/g ww, respectively, whereas the West-
ern Australian Food and Drug Regulations List has established a
Zn maximum limit in fish of 40 pg/g ww. In Tunisia, there is
no legislation regarding Cu and Zn levels in food or in products
of animal or plant origin. Using the above-mentioned values as a
guideline, average concentrations of Cu and Zn found in this
study were below the proposed limits, with the exception of one
cuttlefish caught in winter on the northern coast for Cu in the
mantle, and 2 octopuses from the southeastern coast for Zn in
the arms.

For non-essential metals, the Tunisian authority (Directorate
General for Veterinary Services; DGSV 2006) as well as the Eu-
ropean legislation (Official Journal of the European Communities
2001) stipulates that the maximum concentrations for Cd and Hg
in cephalopods should be 1 and 0.5 pug/g ww, respectively. None
of the muscle samples reached this limit for Cd. For Hg, only 3
squid caught in spring from the northern coast (Bizerte) exceeded
the limit proposed by the European Community. Despite this
fact, the average levels did not exceed the indicative value.

Assessment of contamination risk and nutritional benefits
for human consumers

In this study, the Cd and Hg weekly intakes for cephalopods
from Tunisia, based on average concentrations, were calculated by
considering a weekly average consumption of 231 g (7 days x 33 g)
for the Tunisian population (FAO 2009). As shown in Table 4, the
average EWIs represented very low percentages of the reference
values (ranging from 1.37% to 15.76% for a person weighing
60 kg). The highest dietary intake of Cd and Hg assessed in this
study was associated with the consumption of octopuses from Sfax
(maximum of 26.18 pug/wk) and of squid from Bizerte (maxi-
mum of 37.81 ug/wk), respectively (Table 4), which are still far
under the limits (420 pg/wk for Cd and 240 pug/wk for Hg). It
is therefore unlikely that Cd and Hg intakes through cephalopod
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Table 4-Metal concentrations (1g/g ww), estimated Cd and Hg weekly intakes (EWIs; pug/kg bw), estimated dietary intake for Cu and Zn (mg/day), and target hazard quotients

(THQs) for Cd and Hg following the consumption® of edible tissue (mantle and arms muscles) of cephalopods caught off 3 different Tun

isian regions.

Percent of

Estimated daily

Average
concentrations

Target hazard

Percent of

Estimated weekly

Average
concentrations

Cd
0.039
0.025

0.040

0.053

PTWIP

DRIs®

quotients intake®
Cd

intake?®

Cephalopod

Cu Zn Cu Zn Cu Zn

Hg

Hg

Cd
2.17
1.37
2.18
2.92
1.44
2.48

Cd Hg

0.

Hg

species

70

5.09-3.

8.31
19.18

0.41

07

17
0.18
0.06
0.13
0.17
0.06
0.15
0.15

0.

12.34
10.92
14.74
11.58
13.28
12.76

9.93
18.40
13.95

2.26
5.23
5.55
1.67
4.08
5.07

1.

0.18
0.04
0.04

0.09

0.02
0.01
0.02
0.03
0.01
0.02
0.02
0.06
0.02

15.76
3.58
3.83
7.66
3.04
6.47
7.28
3.06
6.37

0.63
0.14
0.15
0.31
0.12
0.26

0.

0.164
0.037

European squid

Bizerte

4.50-3.28
6.08—4.42
4.78-3.47
5.48-3.98
5.26-3.83
4.09-2.98
7.59-5.52

36
0.49
0.38

0.
0.

0.

0.10
0.15

0.20

Common octopus

20.36
6.13
14.98

18.57

0.040

0.079

Common cuttlefish

European squid

Monastir

44

03
0.07
0.08
0.03
0.07

0.

0.10

0.026 0.031
0.067

0.045

Common octopus

0.42
0.33

0.

0.17
0.17
0.44
0.14

Common cuttlefish

European squid

6.70

83

29

0.076
0.032

0.044
0.113

Sfax

16.17

61

441
4.44

6.23
2.

0.12
0.25

Common octopus

5.75—4.18

16.26

0.46

06

0.066

0.038

Common cuttlefish

*Based on a daily consumption of 33 g of cephalopod (FAO 2009) for a person weighing 60 kg.

PPTWI: Provisional Tolerable Weekly Intake (Cd: 7 pg/kg bw; Hg: 4 pug/kg bw; JECFA 2006, 2010).

‘DRIs: Dietary Reference Intake (Cu: 0.9 mg/day; Zn: 8 (women); 11 (men) mg/day; IOM 2001).
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consumption would cause any risk for average consumers. Indeed,
it would be necessary to eat more than 7 times the daily average
consumption in the specific case of the squid and octopus that
presented the highest concentration in this study (381 and 962 g,
respectively). Assuming that most of the Hg found in cephalopod
muscles is in methyl-Hg form (ranging from 67% to 83%; Busta-
mante and others 2006a) and that the standard PTWI value of 1.6
ugkg™! body weight (JECFA 2010) equals 96 ug MeHg per week
for a 60 kg person, we have also estimated the related risk. With
the worst hypothesis (83% of MeHg), the average EWI accounted
for MeHg was in the range of 15.11% to 32.7%, 6.31% to 7.43%,
and 7.94% to 13.43% of the PTWI due to the consumption of
squid, cuttlefish, and octopuses, respectively. However, when cal-
culating the maximum safe consumption using the highest MeHg
concentrations, the PTWI was reached with only 183.5 g of squid
from the northern coast (Bizerte). Taking this result into consid-
eration, it seems that the Hg content in squid from Bizerte may
present a health hazard if consumed excessively.

According to the report of USEPA (2013), the dose calculations
are made using the standard assumptions for an integrated USEPA
risk analysis, including the exposure over an entire 70-y lifetime
and for a 60 kg body weight for an average Tunisian adult. In
addition, it was assumed in accordance with the USEPA (1989)
that the ingested dose is equal to the absorbed contaminant dose
and that cooking has no effect on the contaminants (Cooper and
others 1991). Table 4 shows the results of estimated THQs for Cd
and Hg, caused by consuming muscle tissues of the selected species
from different sampling locations. The obtained values were all
below the acceptable safe value of 1. Therefore, our results infer
that consumption of these cephalopod species at the present rate
may not be hazardous to the human population.

In parallel to the negligible risk related to the metal contami-
nation of this seafood, results of essential elements (Cu and Zn)
concentrations were analyzed from a nutritional point of view.
Given the DRIs published by the IOM (2001), the nutritional
contribution that the edible part of the species offers in terms of
essential elements was calculated (in DRI percent; see Table 4).
The DRI relates to a set of the reference values (RDA) given in
concentration level per day (Table 4). The estimated daily intake
of each element was calculated using the average content obtained
in each muscle tissues for the selected species and considering a
meal of 33 g of seafood. Results from Table 4 show that the contri-
bution to daily intake through the consumption of muscle tissues
of the selected species was lower than the required DRIs. The
contribution of octopuses and cuttlefish from all sampling sites are
more important than that of squid, especially for Cu.

Conclusions

In summary, levels of the metals analyzed (Cd, Cu, Hg, and
Zn) in the edible parts of 3 cephalopods species (L. vulgaris, O.
vulgaris, S. officinalis) from various Tunisian coastal regions were
broadly comparable to those reported in similar international stud-
ies for the same species. We showed that the average concentra-
tions for these metals were below the limits provided by inter-
national authorities and environmental agencies. In addition, the
consumption of cephalopods from Tunisian waters did not exceed
the PTWIs for the non-essential elements investigated, indicating
that average consumers should not be at risk. In fact, the studied
cephalopods specie would provide a reasonable percentage of the
DRIs for the essential elements (Cu and Zn) in the average human
diet.
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