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ABSTRACT

European Union regulations that establish the maximum cadmium (Cd) levels for crab take into account only concentrations

found in crab muscle (white meat), mainly from appendages; therefore, other organs and tissues (brown meat) are excluded. The

objective of the present study was to evaluate Cd levels in both white and brown crab meat, in order to achieve a more complete

assessment of health risk related to human consumption of warty crab. Microwave digestion and atomic absorption spectrometry

were used to determine Cd concentrations in warty crab (Eriphia verrucosa) samples collected from the southern Tyrrhenian Sea

in Italy. Cd concentrations in all samples of white crab meat were found to be very low (below the limit of quantification),

although brown crab meat showed significantly higher Cd concentrations (up to 5.629 mg/kg wet weight; mean value, 1.465 mg/

kg). Thus, the consumption of brown meat, common among certain populations of the Mediterranean region, where whole

crustaceans are traditionally eaten, substantially increased Cd intake, resulting in alarmingly high estimated weekly intake values.

Seafood products are important components of the

human diet and are a significant source of proteins,

polyunsaturated fatty acids, and micronutrients. However,

consumers could be exposed to various contaminants

through the consumption of fish, shellfish, and crustaceans

that have accumulated these contaminants while living in

polluted waters.

Environmental pollution with heavy metals is ubiquitous

and is owing both to the natural abundance of metals within

the earth’s crust and to human activities. Some of these metals

are of great toxicological concern and have a wide range of

toxic effects in both humans and animals (17, 19).
The presence of cadmium (Cd) in the environment

derives from sources both natural (volcanic activity and

weathering of rocks) and anthropogenic (mining, metal

production, combustion of fossil fuels, sewage sludge, and

waste incineration). Several scientific reports indicate that

freshwater and marine organisms (6, 23) and terrestrial

plants and animals, at all levels of the food chain, can

bioaccumulate high concentrations of Cd, depending on

their biological characteristics (1, 30), the metal concentra-

tion, and bioavailability in different environmental media,

such as sediments and soils (32). In seafoods, high Cd

concentrations can be found mainly in mollusks (e.g.,

bivalves and cephalopods) and crustaceans (e.g., oysters and

crabs) (10, 14).
Humans are exposed to Cd primarily through food,

accounting for approximately 90% of the total intake in the

nonsmoking general population (30). Cd is a nonessential

heavy metal; its role in promoting significant adverse health

effects in humans and animals has been widely studied,

especially in relation to high-level metal exposure (1, 10,
13). Interest in recent years has focused on the possible

implication of low-level, long-term Cd exposure in devel-

opmental diseases, highlighting the existence of vulnerable

groups in the general population (15). The adverse effects of

long-term Cd exposure mainly target the kidneys (14).
Cd toxicity was recently reassessed by the European

Food Safety Authority (EFSA), and the provisional tolerable

weekly intake established by the Joint FAO/WHO Expert

Committee on Food Additives was changed to a tolerable

weekly intake of 2.5 lg/kg of body weight (11). To regulate

human dietary exposure to Cd, the European Union (EU)

established maximum levels (MLs) for this metal in different

foods. For fish products, the EU set Cd MLs from 0.050 to

0.30 mg/kg, depending on the fish species. A Cd ML value

of 1.0 mg/kg was fixed for bivalve mollusks and

cephalopods and 0.50 mg/kg for crustaceans (7, 8).
For crustaceans and, in particular, for crabs, such MLs

refer only to the muscle meat of legs and claws (the

appendages, also known as ‘‘white crab meat’’), clearly

excluding the cephalothorax (also known as ‘‘brown crab

meat’’). But note that bioaccumulation of Cd in crabs differs

significantly in different organs and tissues. Several studies

revealed that the cephalothorax is the main tissue involved

in the metal bioaccumulation process (3, 4, 24, 29). The

cephalothorax, in fact, includes the digestive gland, well

known to be the largest site for Cd storage and detoxification

(5).
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Among some populations in the Mediterranean, includ-

ing Italy, the consumption of raw or cooked whole crabs,

including the cephalothorax, abdomen, and gonads, is not

infrequent, resulting in a public health concern. The concern

is greatest for high consumers of crab because, in addition to

the Cd exposure from crabs, the main food groups of this

region, such as other seafood, cereals, and cereal products,

are also major contributors to dietary Cd intake (11, 16, 18,
21, 26, 27, 31).

Eriphia verrucosa, sometimes called the warty crab, is a

species of crab found in the Mediterranean Sea, the Black

Sea, and the eastern Atlantic Ocean, from Brittany to

Mauritania and the Azores (12). It is highly fecund and is

reported to feed on bivalves, gastropods, and hermit crabs,

or on mollusks and polychaetes. It is known to be a very

popular food, especially in the traditional kitchen of certain

Mediterranean regions (25).
Therefore, the objectives of the present study were to

evaluate Cd levels in samples of the warty crab collected

from the southern Tyrrhenian Sea in Italy, to investigate the

metal distribution in the white meat (muscle of claws and

appendages) and brown meat (contents of the cephalotho-

rax), and to assess the health risk related to human

consumption of warty crab for the Mediterranean population

that eats whole warty crabs.

MATERIALS AND METHODS

Biological material. Samples (40) of warty crab (Eriphia
verrucosa) were caught from various locations along the northern

coast of the Campania region in Italy. All samples were collected

between May and July 2014. To minimize biological variation of

metal concentration associated with gender, only males were taken

in our sampling.

After capture, the crabs were weighed and the lengths and

widths of their carapaces were measured (Absolute Digimatic

caliper, Mitutoyo, Japan). Then they were immediately sealed in

polyethylene bags, frozen at �208C, and kept at the same

temperature until delivery to the laboratory. The mean weights

and carapace lengths and widths were 93.8 6 27.6 g, 4.61 6 0.81

cm, and 6.03 6 0.80 cm, respectively.

In each sample, the muscle from claws and appendages (white

meat) and the content of the cephalothorax (brown meat) were

individually separated and weighed, and the relative percentages of

white and brown meat were calculated (62% 6 12% and 38% 6

12%, respectively). Each tissue was subsequently homogenized by

means of a laboratory mixer and was stored at�208C until further

analysis.

Chemical and instrumental analysis. Glassware and

laboratory equipment were decontaminated before use with

diluted ultrapure 65% HNO3 (Romil UpA, Cambridge, UK) and

were rinsed with Milli-Q water (Millipore Corp., Bedford, MA).

Aliquots of each sample (0.50 6 0.02 g) were digested in 5 ml of

ultrapure 65% HNO3 and 2 ml of 30% H2O2 (Romil UpA) in a

microwave digestion system (Milestone, Bergamo, Italy). The

final volume was obtained by adding Milli-Q water.

Cd concentrations in the digested samples were determined

with an atomic absorption spectrometer (Aanalyst 600, Perkin-

Elmer, Bonenseewerk, Germany) equipped with a graphite furnace

and a L’vov platform and were expressed as milligrams per

kilogram of wet weight.

The equipment was calibrated using standard solutions of Cd

(prepared from certified stock solutions) and matrix modifier

solutions of palladium and Mg (NO3)2 (atomic spectroscopy

standard, Perkin-Elmer); each calibration curve consisted of four

concentration levels for Cd. Concentrations for each sample were

determined in the medium range of the calibration curve.

Recovery of the metal was determined by adding known

amounts of Cd to metal-free samples, which were then subjected to

the same digestion procedure. The resulting solutions were

analyzed for metal concentrations. Recovery of Cd from spiked

samples ranged from 85 to 120%.

The limit of detection and the limit of quantification (LOQ)

were calculated by determining the standard deviation of 10

independent blanks and the slope in a calibration curve in the range

1, 2, 4, and 8 mg/kg for Cd. The limit of detection was 0.165 lg/kg

wet weight (wet wt), and the LOQ was 0.550 lg/kg wet wt.

The performance of the method was assessed through

participation in interlaboratory studies organized by the Food

Analysis Performance Assessment Scheme (Sand Hutton, UK); the

studies were conducted with fish tissue.

Statistical analysis. All data are expressed as mean and

standard deviation of at least three measurements. The Statgraphic

Centurion XV statistical package, version 15 (StatPoint Technol-

ogies, Inc., Warrenton, VA) was used to determine significant

differences among means. The comparison was done with multiple

range tests.

RESULTS AND DISCUSSION

Cd concentration in crab. Cd concentrations in white

and brown crab meat samples are summarized in Table 1.

Data are expressed as the mean concentration of Cd with

associated standard deviations and minimum and maximum

values for all analyzed samples.

Cd concentrations in white meat were below the LOQ

in all tested samples and were largely below the maximum

concentration level. Therefore, the consumption of muscle

of appendages of such crab species does not constitute a

health hazard associated with Cd content (2, 9).
Cd in brown meat was quantified in all samples; 47.5%

exceeded 0.50 mg/kg, above the EU ML for muscle meat,

which confirms the data reported by the EU Commission

TABLE 1. Concentrations of cadmium in warty crab samplesa

Concn of cadmium (mg/kg)

Tissue Mean SD Median Minimum Maximum

White meat ,LOQ ,LOQ ,LOQ ,LOQ ,LOQ

Brown meat 1.465 1.790 560.35 0.015 5.629

a n ¼ 40 samples. LOQ, limit of quantification (0.550 lg/kg).
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note of 2011. As confirmation of this, the EU Commission,

in the 2011 information note, reported that a EU monitoring

exercise in 2009 and 2010 found a mean value of 8 mg/kg

Cd (well above the ML) in brown crab meat and a mean

value of 0.08 mg/kg Cd in white crab meat (well below the

ML). In the same note, the EU Commission pointed out that,

although only white crab meat is generally consumed, in

some countries brown crab meat is also eaten by some

consumers, who are then exposed to unusually high,

unacceptable levels of Cd intake (9).
The content of Cd in brown meat was related to some

physical parameters of the samples. No significant

differences (P . 0.05) in Cd concentrations were found

between samples of different weight (Table 2). Significant

differences (P , 0.05) in Cd concentrations in brown crab

meat were found between samples of different carapace

width; this is explained by the fact that the size of a crab, as

opposed to its weight, is strictly related to the age of the

crab and, thus, to metal bioaccumulation (28). Based on

this, the data found for Cd content in brown crab meat was

split into two groups by carapace width (cw): group A (cw

� 6.0 cm) and group B (cw . 6.0 cm) (Table 3).

Occurrence of Cd has been widely explored in crab

species; however, few studies have dealt with Cd contam-

ination in crab species in Italy and, to our knowledge, none

have examined Cd contamination in warty crab. A study by

Angeletti et al. (2) of Cd concentration in Mediterranean

spider crab (Maya squinado) in the Adriatic Sea found a

very low concentration of Cd in muscle from appendages,

confirming our data; however, they observed a lower Cd

concentration in the cephalothorax of Mediterranean spider

crab. Negligible concentrations of Cd were found in muscle

from spider crab appendages (Maya brachydactyla) in the

Atlantic Ocean, whereas the Cd concentration in the

hepatopancreas was 2 mg/kg. These results were approxi-

mately comparable to our data (20). In 2011, Mutlu et al.

(22) detected Cd from 0.03 to 0.08 mg/g wet wt and from

0.04 to 0.1 mg/g wet wt, respectively, for muscle tissue and

gill of blue crab (Callinectes sapidus) from Mediterranean

lagoons.

The Cd concentrations in white and brown warty crab

meat reported in the present article were comparable with

those previously reported by other authors for other species

of crab; that is, a higher level of Cd was found in brown

meat than in white meat, confirming the primary role of the

hepatopancreas in the bioaccumulation and detoxification

processes of Cd in specific organisms such as crustaceans

(3–5, 24, 29).

Estimate of Cd intake. An exposure assessment was

carried out. Estimated weekly intake (EWI) values were

calculated for consumption of white meat alone and for

consumption of whole crab (both white and brown meat) so

as to take into consideration the food habits of specific

population groups. The EWI values for whole crab were

determined taking into account the consumption of whole

crab, the consumption of only group A whole crab (cw �
6.0 cm), and the consumption of group B whole crab (cw .

6.0 cm).

To establish possible human health implications related

to consumption of both white and brown meat of warty crab,

the Cd EWIs were subsequently compared with the tolerable

weekly intake of 2.5 lg/kg of body weight recently fixed by

EFSA (10, 11).
For weekly consumption of 100 g of warty crab meat

(62% white meat and 38% brown meat), EWI values were

found to be 55.78 lg/week for the consumption of whole

crab, 6.99 lg/week for group A whole crab, and 103.70 lg/

week for the consumption of group B whole crab. These

values accounted, respectively, for 32, 7, and 55% of the

tolerable weekly intake set by EFSA.

Considering the negligible level of Cd in white meat, its

contribution to the metal exposure did not increase the

EWIs. In contrast, the consumption of whole crab (both

white and brown meat) substantially increased Cd intake,

reaching high EWI values that almost reached the limit set

by EFSA (2.5 lg/kg) when the other main contributors to

dietary Cd intake, i.e., fish and seafood products, cereals and

cereal products, tubercles, and vegetables, were included in

the exposure assessment (11, 16, 18, 21, 26, 27, 31).
In conclusion, the observed results confirm the EU

Commission note of 2011 (9) and highlight that the

consumption of brown crab meat (abdomen, gonads, and,

in particular, digestive gland) could substantially increase

Cd intake to high EWI values. This is useful information

mainly for heavy consumers of whole crabs because they

could be exposed to high levels of Cd, considering the

contributions of other foods to dietary Cd intake.

Future health risk assessment studies for heavy

consumers of whole warty crab should consider all edible

parts, with the aim of suggesting that targeted consumers

limit their consumption of brown crab meat, especially from

larger crabs, taking into account realistic background levels

of Cd in this species.
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TABLE 2. Concentrations of cadmium in brown meat of warty
crab samples by weight groups

Concn of cadmium (mg/kg)

Wt groups n Mean SD Median

Wt � 75 g 9 1.431 2.360 385.97

75 , wt � 90 g 12 0.640 1.178 115.03

90 , wt � 105 g 9 1.409 1.460 750.95

Wt . 105 g 10 2.536 1.781 2,566.63

TABLE 3. Concentrations of cadmium in brown meat of warty
crab samples by carapace width groupsa

Concn of cadmium (mg/kg)

Cw groups n Mean SD Median

A (cw � 6.0 cm) 21 0.322 0.412 161.49

B (cw . 6.0 cm) 19 2.729 1.884 2,677.47

a Cw, carapace width.
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