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Abstract: Octopus vulgaris constitute an important part of most suitable marine resources for human
consumption, however, they can represent a source in chemical contaminants intake such as heavy
metals. In this scenario, the aim of the study was the evaluation of the concentration of lead (Pb),
cadmium (Cd) and mercury (Hg) in the muscle and digestive gland of octopus caught from two
different locations along Campania coast (Castellammare di Stabia and Napoli) and the estimation of
their weekly human intake derived from the ingestion of octopus. Analysing 38 samples showed
a higher concentration of Pb in the muscle of octopus in Castellammare di Stabia than in Napoli.
No statistical differences were reported for Cd, Pb and Hg concentrations in the digestive gland of
octopus between two sampling sites. Differences were observed between the two tissue types, with a
higher level of Cd and Pb observed in the digestive gland compared with the muscle. Noteworthy, the
consumption of muscle from Castellammare di Stabia could increase Pb intake in heavy consumers of
local octopus. In conclusion, the present work determines that it is important to improve strategies to
minimize environmental pollution sources in these areas.
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1. Introduction

Regular dietary fishery products intake is recommended by nutritionists since they contain high
concentrations of functional nutrients, including omega-3 fatty acids, useful in decreasing the risk
of cardiovascular diseases [1]. Fishery products consumption in Italy has increased from 16 kg/year
per person in 2016, to 25 kg/year in 2018, with good prospects of further growth [2]. Cephalopods
constitute an important part of the marine resources most suitable for human consumption. Common
octopus (Octopus vulgaris) is mainly consumed in Southern European countries such as Italy and Spain;
consumption in Italy has a range from 1.5 to 5.1 kg per capita/year [3]. However, this species can
represent a source for chemical contaminants intake. The levels of heavy metals in tissues of marine
organisms is mainly influenced by biotic and abiotic factors [4]. O. vulgaris is a benthic species, living
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in direct contact with the seabed, which constitutes a possible pathway for trace element accumulation,
and can therefore represents a source of human exposure to toxic elements [5,6].

In the Campania region (Italy) several areas exist where the pollution of soil, marine water, and
groundwater is extremely severe and represents a serious hazard to public health. Moreover, these
sites are located near highly urbanized and populated areas and usually represented by ex-industrial
areas or lands nearby illegal waste dumps [7].

European Regulation 1881/06 [8] established maximum levels of contaminants in foodstuffs,
fixing specific limit for heavy metals in Cephalopods (without viscera). The Joint FAO/WHO Expert
Committee on Food Additives [9] revised its risk assessment on heavy metals in fish and adopted a
PTWI of 4µg/kg b.w. week for mercury, 7 µg/kg b.w. for cadmium and 25 µg/kg b.w. for lead. Therefore,
the objectives of the present study were: firstly to evaluate lead, cadmium and mercury levels in
the muscle of common octopus (Octopus vulgaris) collected at two different sites along the Southern
Tyrrhenian Sea coast (Italy) and estimate the weekly human intake (WHI) of heavy metals deriving
from the ingestion of octopus compared with the PTWI; secondly to investigate the geographical
variation of the same metals in muscle and digestive gland.

2. Results and Discussion

Mean concentrations of heavy metals in samples of the muscle and digestive gland of Octopus
vulgaris are summarized in Figure 1. Results showed significantly higher concentration of Pb (p < 0.001)
in the muscle of O. vulgaris in Castellammare di Stabia (mean value 0.537 µg g−1) versus Napoli
(mean value 0.046 µg g−1). Levels of Cd and Hg were very low in all samples of octopus muscle. No
statistical differences were reported for Cd and Hg concentrations in the muscle of octopus between
both sampling sites. In the digestive gland Cd was found at a mean concentration of 2.643 and
2.969 µg g−1, Pb was found at a mean concentration of 1.511 and 0.763 µg g−1 and Hg of 0.040 and
0.101 µg g−1, in Castellammare di Stabia and Napoli, respectively. No statistical differences were
reported for Cd, Pb and Hg concentrations in digestive gland of octopus between Castellammare di
Stabia and Napoli (Figure 1).
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Figure 1. Mean concentration (µg g−1 wet weigth) ± SEM of Pb, Cd and Hg in O. vulgaris muscle and
digestive gland from Napoli and Castellammare di Stabia. Probability levels for significant differences
from sampling sites: p < 0.001(***).

Metal concentrations in tissues of O. vulgaris captured along the Campania coast were compared
to the values reported for O. vulgaris in other coastal waters.

In the present study, Hg concentrations in muscle of O. vulgaris were lower than levels found in
samples from the Portuguese coast (0.49 µg g−1) [10]. Also, other works reported higher levels of Hg
in the muscle (0.13–0.76 µg g−1) and digestive gland (0.36–7.4 µg g−1) [11,12].
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Lead concentration in the in muscle was higher than levels reported in samples from the Portuguese
coast, ranging from 0.04 to 0.09 µg g−1 [10]. However, other studies showed higher levels of Pb
(range value 1.5–7.2 µg g−1) in the digestive gland of O. vulgaris than those reported in the current
study [13,14].

2.1. Metal Concentration versus Sampling Sites and Tissue Type

Data analysis using multivariate tests allowed an estimation of how tissue type and sampling
sites influence heavy metals concentration (Table 1).

Table 1. Factorial analysis of variance (ANOVA) testing the effect from the collection site (Napoli
versus Castellammare di Stabia), the accumulation organ type (muscle versus digestive gland) on the
concentration of heavy metals (Pb, Cd and Hg) in Octopus vulgaris. df = degree of freedom. Probability
levels for significant effects: p < 0.001 (***); p < 0.01 (**). MS = mean squares; F = F-ratio.

Source of Variation Dependent Variable df Mean Square F

Site Pb 1 7.292 10.08 **
Cd 1 0.521 0.06
Hg 1 0.012 1.15

Organ Pb 1 13.583 18.77 ***
Cd 1 148.532 16.08 ***
Hg 1 0.081 7.68

The tissue type had a highly significant (p < 0.001) influence on the accumulation of Cd and
Pb, leading to higher accumulation in the digestive gland (mean values of 2.81 and 1.137 µg g−1,
respectively) than in muscle (Figure 2A). Mercury was accumulated at same concentration in both
organs. Significant site-specific differences were detected for Pb (p < 0.01) only. Concentration of lead
were significatively higher in octopus collected in Castellammare di Stabia (1.024 µg g−1) versus that in
Napoli (0.405 µg g−1) (Figure 2B).
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Figure 2. Concentration of Pb, Cd and Hg in O. vulgaris depending on (A) organ type: muscle versus
digestive gland; (B) sampling sites: Napoli versus Castellammare di Stabia. Vertical bars represent
average concentration (µg g−1 wet weigth) ± SEM. Probability levels for significant differences:
p < 0.001(***); p < 0.01 (**).

All digestive gland samples of octopus showed the highest Cd and Pb concentration, confirming
the primary role of this district in the bioaccumulation and detoxification processes of Cd and Pb and
confirming the presence of these metals at both sampling areas [6,15]. Also, a similar distribution of
Hg in the two different tissue has already been described in other studies [15,16].

Cadmium concentrations in muscle and digestive gland in the present study were comparable
with those previously reported by other authors [10,17].
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2.2. Metal Concentration versus Biological Parameters

The analyzed individuals varied in size and weight ranges, including males and females. The
multiple regression analyses indicate that there was no correlation between weight, gender and
concentration of Pb, Cd and Hg (p > 0.05). The lack of relations between heavy metals concentration in
muscle and digestive gland of O. vulgaris and weight suggest that, within the range of weight of the
studied specimens these parameters had minor effect on metal accumulation. These observations were
already described in other studies on O. vulgaris captured along Portuguese coast [13]. The absence of
relation between Pb, Cd and Hg levels and gender agrees with other studies on cephalopods [13,18].

2.3. Concern for Public Health

Levels of Cd and Hg in present study were low in all samples of muscle and were below the legal
limit for human consumption. Anyway, the average concentrations of Pb in samples of muscle from
Castellammare di Stabia were above the maximum concentration level of 0.3 µg g−1, leading to the
exclusion of this product for human consumption [8].

To establish possible human health implications related to consumption of octopus, the Pb estimate
weekly intakes (EWI) were subsequently compared with the provisional tolerable weekly intake (PTWI)
of 25 µg/kg of body weight [9]. Estimating a weekly consumption of 100 g of O. vulgaris muscle, EWI
values were found to be 53.7 µg/week. This value accounted for 3.06% of the tolerable weekly intake
set by EFSA. Considering the level of Pb, the consumption of octopus muscle from Castellammare di
Stabia may increase Pb intake, but it would not contribute significantly to the PTWI. In contrast, it may
contribute greatly to high EWI values in heavy consumer of octopus, when all other main contributors
to dietary Pb intake and professional exposure were included in the exposure assessment.

3. Materials and Methods

3.1. Sampling

Thirty-eight samples of common octopus (Octopus vulgaris) were fished directly from two different
locations along Campania coast (Italy) in autumn of 2016 (Figure 3).
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Once captured, the octopus were weighed, their total length were measured and then they were
immediately sealed in individual polyethylene bags, frozen at −20 ◦C and kept at the same temperature
until dissection. Sex was also determined for each individual (Table 2).

Table 2. Number of individuals (n), weight (g), size (mm) and sex of O. vulgaris captured along the
Campania coast.

Sites Geographic Coordinates n Weight Range (g) Total Lenght Range (cm) Sex

Napoli 40◦ 49′ 39” N; 14◦14′ 47” E 19 845 ± 143 71.7 ± 18.3 15 ♀
4 ♂

Castellammare di Stabia 40◦ 41′ 46” N; 14◦27′ 53” E 19 740 ± 229 67.6 ± 21.5 8 ♀
11 ♂

In the laboratory, the digestive gland of each organism was totally removed under partially defrost
conditions without rupture of the outer membrane. Subsequently, the digestive gland was treated
separately from the remaining tissues and an interior portion was sampled for metal analysis. Arms
and mantle were dissected including the skin. Each tissue was subsequently homogenized by means
of a laboratory mixer and stored at −20 ◦C until further analyses.

3.2. Chemical and Instrumental Analysis

Glassware and laboratory equipments were decontaminated before use with diluted ultrapure
65% HNO3 (Romil UpA, Cambridge, UK) and rinsed with Milli Q water (Millipore, Bedford, MA, USA).
Aliquots of each sample (0.50 ± 0.02 g) were digested in 5 mL of ultrapure 65% HNO3 and 2 mL of 30%
H2O2 (Romil UpA, Cambridge, UK) in a microwave digestion system (Milestone, Bergamo, Italy). The
final volume was obtained by adding Milli-Q water. Metal concentrations in the digested samples
were determined with an atomic absorption spectrometer (Aanalyst 600, Perkin-Elmer, Madrid, Spain)
equipped with a graphite furnace and a L’vov platform for Pb and Cd. A flow injection analysis hydride
system (FIAS 100, Perkin-Elmer) was used for the determination of the total Hg. The equipment
was calibrated with standard solutions (Perkin-Elmer), resulting in a calibration curve with three
concentrations for Pb and Hg and four concentrations for Cd.

Recovery of the metals was determined by adding known amounts to metal-free samples, which
were then subjected to the same digestion procedure. The resulting solutions were analyzed for metal
concentrations. Recovery of metals from spiked samples ranged from 85 to 120%. Concentrations of
each heavy metal were expressed as milligrams per kilogram wet weight [19].

3.3. Quality Assurance

Quality was monitored through analysis of procedural blanks, duplicate samples, and standard
solutions. Standard solutions of analytes were prepared from certified stock solutions of Cd, Pb, and
Hg with a relative matrix modifier (atomic spectroscopy standard, Perkin Elmer). Concentrations for
each set of samples were determined in the medium range of the calibration curve.

The performance of the method was assessed through participation in interlaboratory studies
organized by FAPAS (Food Analysis Performance Assessment Scheme, Sand Hutton, UK). The FAPAS
studies were conducted with fish tissue. The limit of detection (LOD) and the limit of quantification
(LOQ) were calculated by determining the standard deviation of 10 independent blanks spiked at 1, 2,
4 and 8 µg g−1 for Cd and 25, 50 and 100 µg g−1 for both Pb and Hg, with an external standardization
curve [20–22].

3.4. Statistical Analysis

All metal concentrations were expressed in wet weight as mean ± SEM (standard error from
mean) [16]. Factorial analysis of variance was used to test statistical significance of the influence of the
sampling site (Napoli versus Castellammare di Stabia), the target tissue for metal accumulation (muscle
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versus digestive gland) on the concentration of heavy metals. Moreover, ANOVA and Mann-Whitney
test was used to detect differences between metal concentration in muscle and digestive gland and
sampling area. Statistical significance between concentration of metals and the variables (total weight
and gender) were analysed using multiple regression.

The normal distribution of data was confirmed by the One-Sample Kolmogorov-Smirnov Test.
Statistical analyses were performed using MedCalc for Windows, version 18.11.3 (MedCalc Software,
Ostend, Belgium). The result, of p < 0.05, was considered significant.

4. Conclusions

The present study provided data on heavy metals concentrations in Octopus vulgaris from the
Southern Tyrrhenian Sea (Italy). The concentration of Cd and Pb found in tissues of octopus sampled at
Castellammare di Stabia and Napoli witness for their presence in the environment. Mercury occurred
only at trace concentrations at both sampling area. The results also indicate that there was no correlation
between weight, gender and concentration of heavy metals. Instead, large variations in Cd and Pb
concentration existed across muscle and digestive gland of this species.

Considering Hg and Cd intake, the consumption of octopus muscle from both sampling sites does
not contribute significantly to the PTWI of 4 µg/kg b.w. week and 7 µg/kg b.w. week, respectively.
In contrast, the consumption of muscle from Castellammare di Stabia could increase Pb intake in the
heavy consumer of local octopus, but it would not contribute significantly to the PTWI of 25 µg/kg
b.w. week.

The capability of digestive gland to accumulate higher levels of Cd than muscle, as reported by
Roldán-Wong et al. [23] could provide a new tool for the monitoring of the geographical distribution
of this metal, even when present at negligible levels in the edible part. The presence of Pb at a higher
concentration at Castellammare di Stabia in both muscle and digestive gland was probably due to a
major anthropogenic pressure in this site.

Monitoring studies on heavy metals in a greater number of samples of Octopus vulgaris and other
species of the marine food chain, as suggested by Sangiuliano et al. [24], will provide more detailed
information of the human exposure to metals in these areas. Although monitoring of levels of chemical
contaminants in marine food resources is fundamental for human health and ecological approach, it is
needful to improve strategies to minimize environmental pollution sources in these areas.

Author Contributions: Data curation, A.A. (Andrea Ariano); Investigation, A.A. (Andrea Ariano), G.S., R.M. and
S.V.; Methodology, A.A. (Andrea Ariano), R.A. and S.M.; Supervision, A.A. (Aniello Anastasio) and L.S.; Validation,
L.S. and R.A.; Writing—Original Draft, A.A. (Andrea Ariano); Writing—Review & Editing, G.S. and R.M.

Funding: The Authors wish to thank the Centro di Riferimento Regionale per la Sicurezza Sanitaria del Pescato
CRiSSaP—Campania Region—for economic grant.

Acknowledgments: The Authors wish to thank Gianluigi Paduano for cooperation in sample collection.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Cirillo, T.; Fasano, E.; Viscardi, V.; Arnese, A.; Amodio-Cocchieri, R. Survey of lead, cadmium, mercury and
arsenic in seafood purchased in Campania, Italy. Food Addit. Contam. B 2010, 3, 30–38. [CrossRef] [PubMed]

2. Food and Agriculture Organization of the United Nations. The State of World Fisheries and Aquaculture.
2018. Available online: http://www.fao.org/3/i9540en/i9540en.pdf (accessed on 28 June 2019).

3. ISMEA. Rete di Rilevazione dei Mercati Ittici. 2016. Available online: http://archivio.ismea.it/ReportIsmea/

Filiera_pesca_2016.pdf (accessed on 23 September 2016).
4. Has-Schön, E.; Bogut, I.; Strelec, I. Heavy metal profile in five fish species included in human diet, domiciled

in the end flow of River Neretva (Croatia). Arch. Environ. Contam. Toxicol. 2006, 50, 545–551. [CrossRef]
[PubMed]

5. Mustafa Canli, M.; Atli, G. The relationships between heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size
of six Mediterranean fish species. Environ. Pollut. 2003, 121, 129–136. [CrossRef]

http://dx.doi.org/10.1080/19440041003636646
http://www.ncbi.nlm.nih.gov/pubmed/24785313
http://www.fao.org/3/i9540en/i9540en.pdf
http://archivio.ismea.it/ReportIsmea/Filiera_pesca_2016.pdf
http://archivio.ismea.it/ReportIsmea/Filiera_pesca_2016.pdf
http://dx.doi.org/10.1007/s00244-005-0047-2
http://www.ncbi.nlm.nih.gov/pubmed/16453065
http://dx.doi.org/10.1016/S0269-7491(02)00194-X


Molecules 2019, 24, 2401 7 of 7

6. Bustamante, P.; Cosson, R.P.; Gallien, I.; Caurant, F.; Miramand, P. Cadmium detoxification processes in the
digestive gland of cephalopods in relation to accumulated cadmium concentrations. Mar. Environ. Res. 2002,
53, 227–241.

7. Maselli, V.; Polese, G.; Rippa, D.; Ligrone, R.; Kumar Rastogi, R.; Fulgione, D. Frogs, sentinels of DNA
damage induced by pollution in Naples and the neighbouring provinces. Ecotoxicol Environ. Saf. 2010, 73,
1525–1529. [CrossRef] [PubMed]

8. Commission regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs. Off. J. Eur. Union L 2006, 364, 324–365.

9. Joint FAO/WHO Expert Committee on Food Additives (JECFA), Safety Evaluation of Certain Food Additives
and Contaminants. WHO Food Addit. Ser. 2011, 966, 1–136.

10. Carvalho, M.L.; Santiago, S.; Nunes, M.L. Assessment of the essential element and heavy metal content of
edible fish muscle. Anal. Bioanal. Chem. 2005, 382, 426–432.

11. Raimundo, J.; Vale, C.; Canário, J.; Branco, V.; Moura, I. Relations between mercury, methyl-mercury and
selenium in tissues of Octopus vulgaris from the Portuguese Coast. Environ. Pollut. 2010, 158, 2094–2100.

12. Seixas, S.; Bustamante, P.; Pierce, G. Accumulation of mercury in the tissues of the common octopus Octopus
vulgaris (L.) in two localities on the Portuguese coast. Sci. Total Environ. 2005, 340, 113–122. [CrossRef]

13. Raimundo, J.; Caetano, M.; Vale, C. Geographical variation and partition of metals in tissues of Octopus
vulgaris along the Portuguese coast. Sci. Total Environ. 2004, 325, 71–81.

14. Napoleão, P.; Pinheiro, T.; Reis, C.S. Elemental characterization of tissues of Octopus vulgaris along the
Portuguese coast. Sci. Total Environ. 2001, 345, 41–49.

15. Storelli, M.M.; Garofalo, R.; Giungato, D.; Giacominelli-Stuffler, R. Intake of essential and non-essential
elements from consumption of octopus, cuttlefish and squid. Food Addit. Contam. B 2010, 3, 14–18.

16. Pereira, P.; Raimundo, J.; Vale, C.; Kadar, E. Metal concentrations in digestive gland and mantle of Sepia
officinalis from two coastal lagoons of Portugal. Sci. Total Environ. 2009, 407, 1080–1088.

17. Piras, P.; Chessa, G.; Cossu, M.; Rubattu, F.; Fiori, G. Variability of cadmium accumulation in cephalopods
(Octopus vulgaris, Sepia officinalis, Loligo vulgaris and Todarodes sagittatus) collected in Sardinia in
2008–2012. Ital. J. Food Saf. 2013, 2, 24.

18. Bustamante, P.; Cherel, Y.; Caurant, F.; Miramand, P. Cadmium, copper and zinc in octopuses from Kerguelen
Islands, Southern Indian Ocean. Polar Bio. 1998, 19, 264–271.

19. Ariano, A.; Lo Voi, A.; D’Ambola, M.; Marrone, R.; Cacace, D.; Severino, L. Levels of Cadmium in White and
Brown Meat of Warty Crab (Eriphia verrucosa). J. Food Prot. 2015, 78, 2253–2256.

20. Nthunya, L.N.; Masheane, M.L.; Malinga, S.P.; Nxumalo, E.E.; Mamba, B.B.; Mhlanga, S.D. Determination
of toxic metals in drinking water sources in the Chief Albert Luthuli Local Municipality in Mpumalanga,
South Africa. Phys. Chem. Earth. 2017, 100, 94–100. [CrossRef]

21. Nthunya, L.N.; Maifadi, S.; Mamba, B.B.; Verliefde, A.R.; Mhlanga, S.D. Spectroscopic Determination of Water
Salinity in Brackish Surface Water in Nandoni Dam, at Vhembe District, Limpopo Province, South Africa.
Water 2018, 10, 990. [CrossRef]

22. Russo, R.; Voi, A.L.; Simone, A.D.; Serpe, F.P.; Anastasio, A.; Pepe, T.; Severino, L. Heavy metals in canned
tuna from Italian markets. J. Food Prot. 2013, 76, 355–359.

23. Roldán-Wong, N.T.; Kidd, K.A.; Ceballos-Vázquez, B.P.; Arellano-Martínez, M. Is There a Risk to Humans
from Consuming Octopus Species from Sites with High Environmental Levels of Metals? Bull. Environ.
Contam. Toxicol. 2018, 101, 796–802. [CrossRef] [PubMed]

24. Sangiuliano, D.; Rubio, C.; Gutiérrez, A.J.; González-Weller, D.; Revert, C.; Hardisson, A.; Zanardi, E.; Paz, S.
Metal Concentrations in Samples of Frozen Cephalopods (Cuttlefish, Octopus, Squid, and Shortfin Squid):
An Evaluation of Dietary Intake. J. Food Prot. 2017, 80, 1867–1871. [CrossRef] [PubMed]

Sample Availability: Not available.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ecoenv.2010.05.011
http://www.ncbi.nlm.nih.gov/pubmed/20684845
http://dx.doi.org/10.1016/j.scitotenv.2004.08.012
http://dx.doi.org/10.1016/j.pce.2017.04.006
http://dx.doi.org/10.3390/w10080990
http://dx.doi.org/10.1007/s00128-018-2447-9
http://www.ncbi.nlm.nih.gov/pubmed/30232511
http://dx.doi.org/10.4315/0362-028X.JFP-17-184
http://www.ncbi.nlm.nih.gov/pubmed/28994612
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussion 
	Metal Concentration versus Sampling Sites and Tissue Type 
	Metal Concentration versus Biological Parameters 
	Concern for Public Health 

	Materials and Methods 
	Sampling 
	Chemical and Instrumental Analysis 
	Quality Assurance 
	Statistical Analysis 

	Conclusions 
	References

