
Abstract 
In recent decades, the Mediterranean Sea has experienced the 

invasion of the blue crab (Callinectes sapidus), which threatens the 
marine ecosystem and economic activities related to fishing and 
aquaculture because of its aggressive behavior. Control strategies 
are being developed to reduce its population. In Italy, a partial 
solution to the problem is its promotion as a food product. 

However, to ensure consumer safety, promoting consumption must 
be accompanied by a careful risk analysis. This study aims to 
assess heavy metals and antibiotic residues in the appendage mus-
cle of 18 blue crab samples from various Mediterranean sites, 
selected by sex and size. Heavy metals were quantified using 
inductively coupled plasma mass spectrometry, and antibiotics 
were analyzed with the liquid chromatography/triple-quadrupole 
tandem mass spectrometry multiresidue/multiclass method. In all 
samples, lead was never detected, while cadmium and mercury 
concentrations never exceeded the limit of 0.5 mg/kg set by 
Regulation (EU) 2023/915. Only one sample tested positive for the 
occurrence of 12 antibiotic residues. The results showed that the 
blue crab is a species commonly characterized by the accumulation 
of heavy metals, according to other studies. Therefore, monitoring 
the concentration of metals in these species is important for food 
safety and ecosystem management. Data on 12 antibiotic residues 
detected in a single crab sample require further investigation 
through extensive sampling in terms of both number and sites, 
involving a wider area along the Mediterranean Sea coast, to allow 
for proper risk characterization. 

 
 
 

Introduction 
The term “alien species” describes organisms introduced to 

new environments by human activities, bypassing natural geo-
graphic barriers, with the potential to establish, reproduce, and 
spread, sometimes becoming invasive (Pyšek et al., 2020). 
According to definitions from the International Union for 
Conservation of Nature, the Convention on Biological Diversity, 
and the World Trade Organization, species are deemed invasive if 
they harm biodiversity, ecosystem services, or human well-being 
(Pyšek et al., 2020). Currently, over 37,000 alien species have been 
introduced globally due to human activities, with documented neg-
ative impacts on more than 3500 species, including 10% in marine 
environments (Castriota et al., 2024). 

The Atlantic blue crab Callinectes sapidus Rathbun 1896 is a 
species native to the western Atlantic, with a range extending from 
Nova Scotia, Canada, to northern Argentina, including Bermuda 
and the Antilles (Castriota et al., 2024). In Europe, it was first 
reported in the early 20th century on the Atlantic coast of France, 
where it was introduced through the ballast waters of transoceanic 
ships (Mancinelli et al., 2017). Subsequently, specimens were 
detected in the North Sea, Mediterranean Sea, Baltic Sea, Black 
Sea, and Sea of Azov from 1932 to 1967 (Nehring, 2011). Since 
2006, C. sapidus has spread rapidly in the western Mediterranean 
(Adriatic Sea, Ionian Sea, and Spanish coasts), reaching a medium 
level of population density in 2015 that intensified to high in the 
period from 2016 to 2023 (Castriota et al., 2024). Nowadays, it has 
been recognized as one of the 100 most invasive alien species in 
the Mediterranean Sea and is drawing significant attention due to 
its rapid spread, substantial population growth, and potential 
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impacts on ecosystems (Streftaris and Zenetos, 2006; Castriota et 
al., 2024). In particular, the ability of blue crabs to expand into new 
areas is primarily attributed to their aggressive behavior, high 
fecundity, strong swimming ability, and adaptability to different 
environmental conditions (Castriota et al., 2024). The biological 
cycle of C. sapidus involves distinct developmental stages influ-
enced by temperature and salinity. Males mature in spring, tolerat-
ing temperatures of 16-27°C and salinities of 20-36 psu, while 
females mature in summer, requiring higher salinity (24-38 psu) 
and tolerating temperatures of 20-28°C. Below 12°C, blue crabs 
hibernate, reducing metabolic activity (Marchessaux et al., 2023). 
Therefore, the large metabolic plasticity enables them to thrive in 
diverse habitats, including estuaries, coastal areas, and lagoons 
(Kara and Chaoui, 2021; Gil-Fernández et al., 2024). In this 
regard, it has been demonstrated that, in a climate change scenario, 
the species’ high tolerance to temperature variations may facilitate 
both population growth in areas where it is already found, particu-
larly in estuaries and lagoons where environmental conditions are 
highly variable, and its expansion into new, non-native regions 
(Marchessaux et al., 2022). The feeding habits of C. sapidus sig-
nificantly impact the ecosystems it colonizes. It is an omnivorous 
generalist, primarily consuming fish, mollusks, and crabs, along 
with plant material and sediment via secondary consumption 
(Ortega-Jiménez et al., 2024). In regions abundant in bivalve mol-
lusks, they can constitute up to 75% of their diet due to their ease 
of capture (Prado et al., 2022). These habits are evident in the chal-
lenges that Italy faces in the shellfish sector, where blue crabs have 
already caused an estimated €100 million in economic damage and 
ravaged up to 90% of young clams, threatening the survival of 
around 3000 family businesses in the Po Delta region (Azzurro et 
al., 2024). One approach to partially mitigate the economic impact 
of the C. sapidus invasion in the Mediterranean Sea is to promote 
it as a food product. This initiative must be supported by a compre-
hensive risk analysis to ensure the safety of this crustacean, there-
by protecting consumer health. To date, several studies have exam-
ined the microbiological risks linked to the consumption of blue 
crab meat (Givens et al., 2013; Rodgers et al., 2014; Smalls et al., 
2023; Gilstrap et al., 2023); however, only a limited number of 
investigations have focused on assessing the chemical risks. 
Furthermore, it is crucial to verify the occurrence of chemical con-
taminants in the Mediterranean Sea seafood, as this ecosystem is 
particularly vulnerable to pollution due to its unique hydrogeo-
graphical features and the significant impact of anthropic activities 
that contribute to high levels of contamination (Bonerba et al., 
2024). Particularly, this activity contributes to the spread of phar-
maceutical contaminants from municipal wastewater effluent into 
aquatic ecosystems, where they can accumulate in bivalve mol-
lusks through filter feeding (Baralla et al., 2021; Chiesa et al., 
2018). Since bivalve mollusks are a primary food source for blue 
crabs, these species may also contain antibiotic residues in their 
edible tissues, potentially posing health risks to consumers. 
Therefore, the aim of this study was to evaluate the occurrence of 
heavy metals and antibiotic residues in the appendage muscle of 18 
blue crab samples fished in different areas of the Mediterranean 
Sea, selected according to sex and size. 

 
 
 

Materials and Methods 
 
Sampling 

From January to May 2024, 50 specimens of C. sapidus, 9 

fished in Food and Agriculture Organization (FAO) area 37.2.1 
(Adriatic), 9 in FAO area 37.2.2 (Ionian), 32 in FAO areas 37.3.1 
(Aegean), 37.1.3 (Sardinia), 37.1.2 (Gulf of Lions), 37.1.1 
(Balearic) (8 for each FAO area), were purchased from several 
large-scale retail distribution in the Apulian and Calabrian regions, 
and were transported under refrigerated conditions to the Food 
Safety Unit of the Department of Veterinary Medicine, University 
of Bari Aldo Moro. Subsequently, 31 male specimens were select-
ed because, reaching larger sizes than females, they are more suit-
able for commercial purposes. Finally, 18 mature male specimens 
(with a free and fully expandable abdomen), three from each FAO 
fishing area, with carapace widths of about 13 cm, were further 
selected to standardize the data with the bioaccumulation capacity 
of crabs based on size. Muscle meat from the appendages of these 
18 samples was collected and stored at -20°C until the analysis. 

 
Inductively coupled plasma mass spectrometry for 
the quantitative determination of heavy metals 

The quantitative determination of 17 heavy metals [aluminum 
(Al), iron (Fe), barium (Ba), beryllium (Be), cadmium (Cd), cobalt 
(Co), chromium (Cr), manganese (Mn), mercury (Hg), molybde-
num (Mo), nickel (Ni), lead (Pb), copper (Cu), tin (Sn), thallium 
(Tl), vanadium (V), and zinc (Zn)] and 3 metalloids with proper-
ties similar to heavy metals [arsenic (As), bismuth (Bi), and sele-
nium (Se)] was carried out using an inductively coupled plasma 
mass spectrometry (ICP-MS) system. 

Therefore, 0.2 g of each sample was weighed into appropriate 
vessels using an analytical balance and subsequently dissolved into 
a solution composed of 8.5 mL of nitric acid (HNO3) 65% and 1.5 
mL of hydrogen peroxide (H2O2) 30%. The blank was prepared 
using only nitric acid and hydrogen peroxide to verify their purity. 
Then, the samples and blank were placed under a fume hood for 15 
minutes and transferred to a microwave system for mineralization. 
Once mineralization was finished, the samples and blank were 
cooled to room temperature and filtered using Whatman filter 
paper before ICP-MS analysis was performed according to the 
method UNI EN 15763:2010 (UNI EN, 2010). 

 
Multiresidues multiclass analytical method for the 
determination of antibiotics 

Determination of the antibiotic residues was carried out using 
the method described by Joseph et al. in the application note enti-
tled “Quantitative Screening of Multiresidue Veterinary Drugs in 
Seafood Using the Agilent 6470 Triple Quadropole LC/MS” 
(Joseph et al., 2020). The method was validated according to the 
Commission Decision 2002/657/EC criteria (Commission of the 
European Communities, 2002). The molecules investigated were: 
nalidixic acid; oxolinic acid; AHD (1-aminodantoin), amoxicillin; 
AMOZ (5-methylmorpholine-3-amino-2-oxazolidone), ampicillin; 
AOZ (3-amino-2-oxazolidone); carbadox; ceftiofur; ciprofloxacin; 
chloramphenicol; chlortetracycline; cloxacillin; danofloxacin; 
dapsone; demeclocycline; dicloxacillin; difloxacin; doxycycline; 
enoxacin; enrofloxacin; 4-epichlortetracycline; 4-epioxytetracy-
cline; 4-epitetracycline; erythromycin A; florfenicol; florfenicol 
amine; flumequine; josamycin; lincomycin; marbofloxacin; meta-
cyclin; metronidazole; minocycline; nafcillin; norfloxacin; 
olaquindox; oxacillin; oxytetracycline; penicillin G; penicillin V; 
sarafloxacin; SEM (semicarbazide); sum of malachite green and 
leucomalachite green; spiramycin I; sulfabenzamide; sulfac-
etamide; sulfaquinoxaline; sulfachloropyridazine; sulfadiazine; 
sulfadimethoxine; sulfadimidine; sulfadoxin; sulfaguanidine; sul-
famerazine; sulfameter (sulfamethoxydiazine); sulfamethyzole; 
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sulfamethoxazole; sulfamethoxypyridazine; sulfamonomethoxine; 
sulfamoxol; sulfanilamide; sulfapiridine; sulfatiazole; sulfisoxa-
zole; tetracycline; thiamphenicol; tiamulin; tilmicosin; tylosin A; 
trimethoprim; tulathromycin A; valnemulin; leucomalachite green; 
malachite green; virginiamycin M1. For all antibiotics, the detec-
tion limit of the method used was 5 μg/kg, while the quantification 
limit was 10 μg/kg. 

 
Data processing 

For descriptive statistics, the concentration of analytes was 
expressed in μg/kg or mg/kg, considering the dilution factor used 
during the extraction procedure and the exact sample weight. In 
addition, mean concentrations, standard deviation, minimum and 
maximum values (range) of each analyte were calculated for the 
groups of the three samples belonging to the same FAO Area. 

 
 
 

Results 
Heavy metals 

The concentration of heavy metals in the analyzed samples, cat-
egorized by FAO Area, is displayed in Tables 1-3. The Tables show 
the mean concentration of heavy metals analyzed for the three sam-
ples belonging to each FAO Area. Moreover, they include the range 
of values calculated for each analyte in the same samples.  

 
Antibiotic residues 

Of the 18 samples analyzed, no antibiotic residues were detect-
ed in 17. However, one sample from FAO Area 37.2.1 contained 
the presence of residues from 12 different antibiotics, with the cor-
responding measured concentrations detailed in Table 4. 

 
 
 

Discussion 
The results of this study revealed that the concentrations of 

heavy metals have the following decreasing order: zinc > copper > 
manganese > arsenic > chromium > cadmium > vanadium > mer-
cury > cobalt > selenium > molybdenum. In addition, no traces of 
beryllium, aluminum, iron, nickel, tin, barium, thallium, lead, or 
bismuth were detected in all samples analyzed. For cadmium, lead, 
and mercury, maximum levels of 0.5 mg/kg in muscle meat from 
appendages are set by Regulation (EU) 2023/915 (European 
Commission, 2023). In this study, none of the analyzed samples 
exceeded the regulatory limits for these three metals.  

Other studies have quantified the levels of heavy metals in the 
muscle tissue of C. sapidus. Fakhri et al. (2021), in a study carried 
out in the Persian Gulf region, measured levels of chromium, cop-
per, mercury, lead, and zinc. The order of heavy metals in the blue 
crab’s muscle was iron (0.414±0.288 mg/kg) > lead (0.238±0.087 
mg/kg) > nickel (0.092±0.039 mg/kg) > cadmium (0.052±0.018 
mg/kg) (Fakhri et al., 2021). Genç and Yilmaz (2017), in a study 
performed in Köyceğiz Lagoon System, quantified in C. sapidus 
muscle tissue the levels of mercury, cadmium, copper, lead, 
chromium, and zinc. In agreement with our study, the heavy metals 
with the highest concentration were zinc (43.981±3.44 mg/kg) and 
copper (18.214±2.60 mg/kg) followed by chromium (1.813±0.41 
mg/kg), lead (1.208±0.13 mg/kg), cadmium (0.161±0.24 mg/kg) 
and mercury (0.090±0.01 mg/kg) (Genç and Yilmaz, 2017). The 
presence of heavy metals in C. sapidus muscle tissue can be linked 
to several factors, such as the physicochemical conditions of the 

aquatic environment and the crab’s nutritional habits (Fakhri et al., 
2021). In particular, aquatic environments receive heavy metals 
from domestic, industrial, and agricultural sources, concentrating 
them mainly in sediments (Huang et al., 2020). Blue crabs, as 
shown in the study conducted by Ortega-Jiménez et al. (2024), can 
feed on sediments that can make up to 32.3 % of their diet. 
Furthermore, it has been shown how an increase in the ingestion of 
sediments by this species can occur in heavily contaminated areas 
where the high presence of contaminants can greatly reduce its 
predatory activity (Rosas et al., 1994; Belgrad and Griffen, 2016). 
Therefore, the relative differences in heavy metal concentrations 
measured in the study conducted by Fakhri et al. (2021) and Genç 
and Yilmaz (2017) could be related to specific pollution sources in 
the proximity of the sampling areas that caused sediment contam-
ination. In the first case, the authors highlight the significant use of 
agricultural fertilizers, pesticides, and herbicides near the sampling 
site, along with the presence of oil platforms and heavy ship traffic 
(Fakhri et al., 2021). In the second case, the authors report high 
anthropogenic activity due to tourism in the vicinity of the sample 
collection area (Genç and Yilmaz, 2017). In our study, however, it 
is not possible to establish a correlation between the sampled area 
and heavy metals measured in the blue crabs, as the exact location 
of specimen collection is unknown. Only the FAO fishing area is 
known, but it represents a broad region. 

Regarding antibiotics, 12 residues were identified in one sam-
ple from FAO fishing area 37.2.1, with the following order: chlo-
ramphenicol > sarafloxacin > trimethoprim > nalidixic acid > tetra-
cycline. While florfenicol, sulfabenzamide, sulfaquinoxaline, sul-
fadiazine, sulfadimethoxine, sulfadimidine, and sulfadoxine were 
found at concentrations below the limit of quantification of the 
method. The susceptibility of crabs to accumulating antibiotic 
residues in meat was also demonstrated by the study conducted by 
Fang et al., where in 92 samples of Eriocheir sinensis, different 
antibiotics were detected with the following decreasing concentra-
tions: enroflxacin > ciprofloxacin > sulfaquinoxaline > sulfameter 
> sulfadoxine > sulfamethoxazole. As in our study, the most repre-
sented class of antibiotics was sulfonamides, most likely due to 
their wide use in aquaculture (Fang et al., 2021). 

Currently, Commission Regulation (EU) No 37/2010 sets max-
imum residual limits (MRLs) for most of them in the muscle of 
food-producing species (European Commission, 2010). The regu-
latory framework of Commission Regulation (EU) No 37/2010 
addresses the safe use of antibiotics in animal animal-origin food 
supply chain by establishing species-specific, substance-specific, 
and tissue-specific (target tissue) MRLs. This legislation was also 
introduced to mitigate the antibiotic overuse, the consequent 
spread, and antimicrobial resistance. Specifically, for florfenicol, 
for antibiotics belonging to the sulfonamide class (sulfabenzamide, 
sulfaquinoxaline, sulfadiazine, sulfadimethoxine, sulfadimidine, 
and sulfadoxine), and for tetracycline, the MRL is 100 μg/kg, 
while, for trimethoprim, it is 50 μg/kg (European Commission, 
2010). None of the measured antibiotic concentrations exceeded 
the limit fixed by the Regulation. However, in the same sample, 
chloramphenicol was identified at the highest concentration (17 
μg/kg). This antibiotic is included in Table 2 of Regulation No 
(EU) 37/2010, which lists prohibited pharmacologically active 
substances (European Commission, 2010). Since an MRL is not set 
for this molecule, the European Commission has established the 
reference point for action (RPA) (European Commission, 2019). 
Food of animal origin, containing residues of a pharmacologically 
active substance in a concentration at or above the RPA, is to be 
considered not to comply with Union legislation, while food of 
animal origin containing concentrations below the reference points 
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Table 2. Mean concentration and range of heavy metals of samples from the Food and Agriculture Organization (FAO) areas 37.1.3 and 
37.1.2. 

                                                Samples fished in FAO area 37.1.3                             Samples fished in FAO area 37.1.2 
Heavy metals            Mean concentration ± SD                          Range                 Mean concentration ± SD                   Range  
                                                   (mg/kg)                                         (mg/kg)                               (mg/kg)                                 (mg/kg) 

Be                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Al                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
V                                                     0.09±0.078                                             ND-0.14                                  0.11±0.082                                    0.04-0.20 
Cr                                                    0.39±0.144                                            0.23-0.51                                 0.21±0.087                                    0.15-0.31 
Fe                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Mn                                                  1.92±0.601                                            1.33-2.53                                   8.4±2.82                                     6.37-11.62 
Co                                                   0.08±0.044                                            0.05-0.13                                  0.1±0.035                                     0.08-0.14 
Ni                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Cu                                                  14.45±2.174                                         12.57-16.83                                9.6±1.089                                    8.57-10.74 
Zn                                                  15.23±1.461                                         14.10-16.88                              11.38±2.113                                  9.49-13.66 
As                                                   2.21±0.790                                            1.41-2.99                                 1.77±0.230                                    1.55-2.01 
Se                                                    0.05±0.078                                             ND-0.14                                  0.08±0.051                                    0.04-0.14 
Mo                                                  0.06±0.072                                             ND-0.14                                  0.04±0.047                                    ND-0.09 
Cd                                                   0.31±0.111                                            0.21-0.43                                 0.03±0.026                                    ND-0.05 
Sn                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Ba                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Hg                                                    0.1±0.078                                             0.01-0.15                                 0.09±0.102                                    0.02-0.21 
Tl                                                           ND                                                    ND-ND                                        ND                                           ND-ND 
Pb                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
Bi                                                          ND                                                    ND-ND                                        ND                                           ND-ND 
FAO, Food and Agriculture Organization; ND, not detected; SD, standard deviation; Be, beryllium; Al, aluminum; V, vanadium; Cr, chromium; Fe, iron; Mn, manganese; Co, cobalt; Ni, 
nickel; Cu, copper; Zn, zinc; As, arsenic; Se, selenium; Mo, molybdenum; Cd, cadmium; Sn, tin; Ba, barium; Hg, mercury; Tl, thallium; Pb, lead; Bi, bismuth.          

Table 1. Mean concentration and range of heavy metals of samples from the Food and Agriculture Organization (FAO) areas 37.2.1 and 
37.3.1. 

                                               Samples fished in FAO area 37.2.1                              Samples fished in FAO area 37.3.1 
Heavy metals           Mean concentration ± SD                           Range                 Mean concentration ± SD                   Range  
                                                 (mg/kg)                                           (mg/kg)                               (mg/kg)                                 (mg/kg) 

Be                                                        ND                                                     ND-ND                                        ND                                           ND-ND 
Al                                                         ND                                                     ND-ND                                        ND                                           ND-ND 
V                                                   0.07±0.017                                              0.06-0.09                                  0.09±0.04                                     0.05-0.13 
Cr                                                  0.16±0.098                                              0.08-0.27                                 0.14±0.025                                    0.12-0.17 
Fe                                                         ND                                                     ND-ND                                        ND                                           ND-ND 
Mn                                                 0.55±0.958                                              ND-1.66                                  2.57±0.121                                    2.44-2.68 
Co                                                 0.023±0.032                                             ND-0.06                                  0.06±0.078                                    ND-0.15 
Ni                                                         ND                                                     ND-ND                                        ND                                           ND-ND 
Cu                                                   6.82±2.64                                               4.82-9.82                                  9.3±3.318                                     6.2-12.80 
Zn                                                 15.15±3.310                                           12.57-18.88                              10.18±3.604                                   7.8-14.33 
As                                                  1.65±0.222                                              1.40-1.83                                 2.08±0.315                                    1.77-2.40 
Se                                                  0.04±0.032                                              ND-0.06                                  0.08±0.139                                    ND-0.24 
Mo                                                 0.01±0.017                                              ND-0.03                                  0.05±0.035                                    0.02-0.09 
Cd                                                 0.077±0.107                                             ND-0.20                                   0.41±0.06                                     0.35-0.47 
Sn                                                        ND                                                     ND-ND                                        ND                                           ND-ND 
Ba                                                        ND                                                     ND-ND                                        ND                                           ND-ND 
Hg                                                 0.11±0.056                                              0.06-0.17                                 0.01±0.017                                    ND-0.03 
Tl                                                         ND                                                     ND-ND                                        ND                                           ND-ND 
Pb                                                        ND                                                     ND-ND                                        ND                                           ND-ND 
Bi                                                         ND                                                     ND-ND                                        ND                                           ND-ND 
FAO, Food and Agriculture Organization; ND, not detected; SD, standard deviation; Be, beryllium; Al, aluminum; V, vanadium; Cr, chromium; Fe, iron; Mn, manganese; Co, cobalt; Ni, 
nickel; Cu, copper; Zn, zinc; As, arsenic; Se, selenium; Mo, molybdenum; Cd, cadmium; Sn, tin; Ba, barium; Hg, mercury; Tl, thallium; Pb, lead; Bi, bismuth.          



for action is not to be prohibited from entering the food chain 
(European Commission, 2019). Therefore, this product could not 
have been placed on the market due to its RPA being set at 0.15 
μg/kg. Anyway, the presence of a high concentration of antibiotic 
residues in a single specimen is generally linked to a nearby source 
of pollution at the sampling site. The primary sources of antibiotic 
contamination in marine environments include hospital effluents, 
which often merge with municipal wastewater and reach the sea 
via sewage treatment plants, and agricultural fertilizers, derived 

from contaminated manure, which release antibiotics into soil and 
water systems. Additionally, aquaculture, through the direct appli-
cation of antibiotics and industrial antibiotic production, with 
heavily contaminated discharges, plays a significant role in intro-
ducing antibiotics into marine environments (Kraemer et al., 
2019). However, in this study, similar to heavy metals, a definitive 
explanation of a possible source of pollution is challenging to pro-
vide, as the only available provenance data for the samples is lim-
ited to the FAO fishing area. 
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Table 3. Mean concentration and range of heavy metals of samples from the Food and Agriculture Organization areas 37.1.1 and 37.2.2. 

                                                 Samples fished in FAO area 37.1.1                             Samples fished in FAO area 37.2.2 
Heavy metals             Mean concentration ± SD                         Range                 Mean concentration ± SD                   Range  
                                                   (mg/kg)                                         (mg/kg)                               (mg/kg)                                 (mg/kg) 

Be                                                          ND                                                   ND-ND                                        ND                                           ND-ND 
Al                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
V                                                      0.08±0.065                                            0.02-0.15                                  0.09±0.06                                     0.03-0.15 
Cr                                                     0.37±0.081                                            0.31-0.46                                 0.17±0.072                                    0.11-0.25 
Fe                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Mn                                                   0.80±0.364                                            0.41-1.13                                       ND                                           ND-ND 
Co                                                    0.02±0.026                                            ND-0.05                                  0.03±0.015                                    0.02-0.05 
Ni                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Cu                                                   15.18±0.507                                        14.78-15.75                              10.70±2.111                                  8.33-12.37 
Zn                                                    18.07±0.56                                         17.67-18.71                               14.89±1.37                                  13.51-16.25 
As                                                    1.17±0.255                                            0.92-1.43                                 1.71±0.163                                    1.57-1.89 
Se                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Mo                                                   0.01±0.012                                            ND-0.02                                        ND                                           ND-ND 
Cd                                                    0.01±0.006                                            0.01-0.02                                 0.14±0.066                                    0.08-0.21 
Sn                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Ba                                                          ND                                                   ND-ND                                        ND                                           ND-ND 
Hg                                                    0.02±0.015                                            0.01-0.04                                  0.02±0.02                                     ND-0.04 
Tl                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Pb                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
Bi                                                           ND                                                   ND-ND                                        ND                                           ND-ND 
FAO, Food and Agriculture Organization; ND, not detected; SD, standard deviation; Be, beryllium; Al, aluminum; V, vanadium; Cr, chromium; Fe, iron; Mn, manganese; Co, cobalt; Ni, 
nickel; Cu, copper; Zn, zinc; As, arsenic; Se, selenium; Mo, molybdenum; Cd, cadmium; Sn, tin; Ba, barium; Hg, mercury; Tl, thallium; Pb, lead; Bi, bismuth.  
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Table 4. Concentration of antibiotic residues of one sample from the Food and Agriculture Organization (FAO) area 37.2.1. 

Antibiotic residues               Concentration (μg/kg)                               LOQ (μg/kg)                                                  LOD (μg/kg) 

Nalidixic acid                                                  12                                                                  10                                                                               5 
Chloramphenicol                                             17                                                                  10                                                                               5 
Florfenicol                                                    <LOQ                                                              10                                                                               5 
Sarafloxacin                                                   13.5                                                                10                                                                               5 
Sulfabenzamide                                           <LOQ                                                              10                                                                               5 
Sulfaquinoxaline                                          <LOQ                                                              10                                                                               5 
Sulfadiazine                                                 <LOQ                                                              10                                                                               5 
Sulfadimethoxine                                         <LOQ                                                              10                                                                               5 
Sulfadimidine                                               <LOQ                                                              10                                                                               5 
Sulfadoxine                                                  <LOQ                                                              10                                                                               5 
Tetracycline                                                     11                                                                  10                                                                               5 
Trimethoprim                                                 12.6                                                                10                                                                               5 
LOQ, limit of quantification; LOD, limit of detection. 



Conclusions 
This study provides useful, even if preliminary, data on the 

presence of antibiotic residues and heavy metals in blue crabs 
fished in the Mediterranean Sea. The proper characterization of 
chemical risk, indeed, requires extensive and systematic sampling 
including different fishing areas, high sample numbers, and com-
parative assessment of sampled specimen size/age and bioaccumu-
lation. An important limitation of this study is that it focused solely 
on the muscles of the crab’s appendages, in alignment with 
Commission Regulation (EU) 2023/915. This regulation specifies 
maximum levels of heavy metals only within the meat from these 
parts of crabs and crab-like crustaceans (Brachyura and Anomura) 
(European Commission, 2023). However, several studies have 
highlighted that dark crab meat, including digestive organs such as 
the hepatopancreas, tends to accumulate significant concentrations 
of heavy metals (Reichmuth et al., 2010; Çoğun et al., 2017). As a 
result, this study may underestimate the real risk associated with 
the consumption of blue crabs, especially since other parts are fre-
quently used in home recipes. Therefore, further research is needed 
to quantify heavy metal levels in crab parts not covered by this 
study. Finally, to reduce the socioeconomic impact of C. sapidus, 
especially on fishermen who are the most affected group, public 
initiatives would be necessary to raise awareness about the nega-
tive effects of the blue crab on fishing communities and local 
economies. By providing clear and valuable information, these 
efforts could guide the development of marine resource manage-
ment policies aimed at mitigating these impacts. From a business 
standpoint, it is essential to equip fishers with tools to tackle the 
economic challenges posed by the blue crab’s presence. This could 
involve developing alternative and more efficient fishing tech-
niques, as well as identifying new revenue opportunities. Fishers 
could enhance their profitability through various marketing strate-
gies such as direct sales to consumers, selling wholesale to restau-
rants and retailers, utilizing e-commerce platforms, and promoting 
innovative blue crab recipes. Moreover, adopting sustainable fish-
ing practices and participating in promotional events could attract 
environmentally conscious consumers, driving demand for blue 
crab products. Together, these approaches could contribute to the 
sustainable management of the issue, alleviating socioeconomic 
pressures on communities and supporting the well-being of the 
marine ecosystem (Nardelli et al., 2024). 
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