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The brown crab Cancer pagurus is highly appreciated in Southern European countries 

and edible tissues are consumed separately or as mixtures. This species is mostly 

harvested along the Scottish Coast and English Channel and has different market prices 

depending on the catching area and sex. The aim of this study was to quantify and 

characterize the contents of S, As, Br, Sr, Cd, Hg and Pb in muscle, hepatopancreas, 

gonads and gills of female and male crabs from both catching areas. Additionally, the 

accumulation patterns were evaluated according to hazards for human consumption and 

from an ecological point of view. Crabs caught off the Scottish Coast had more S and As 

(gonads), while specimens from the English Channel showed more Cd (gonads) and Br 

(gonads and muscle). The elemental bioavailability and physiological needs likely explain 

these differences. Independently of catching area and sex, brown crabs’ muscle and 

gonads are safe food items as far as contaminants are concerned. Yet, Cd in 

hepatopancreas was always above the level set by international regulating organizations. 

Consequently, future risk assessment studies should evaluate Cd concentration in all 

edible tissues of crustaceans prior to the extensive use of processed tissues in food 

products. 
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Introduction 

It is globally accepted that seafood is important in a healthy and balanced diet (WHO, 2003). 

Seafood is an important source of valuable nutrients (e.g. long chain n-3 poly-unsaturated fatty 

acids, high quality proteins, vitamins and minerals) and is low in saturated fat (Kris-Etherton et al., 

2002; Nesheim and Yaktine, 2007). However, seafood can contribute to human exposure to 

chemical contaminants like As, Hg, Cd and Pb resulting from man-made processes or from natural 

deposits (Sioen et al., 2008). As a consequence, severe health impacts can arise from consuming 

contaminated aquatic organisms (Hashmi et al., 2002).  

In Southern European countries (e.g. France, Spain, Italy and Portugal) the brown crab Cancer 

pagurus is widely consumed, particularly the white meat (muscle), brown meat (hepatopancreas 

and gonads). This species is mostly captured in the English Channel, Welsh, Scottish and Irish 

coasts, representing worldwide 84 % of its total captures (total: 37,480 t; data from 2006; 

EUROSTAT, 2007). Brown crabs have different market prices depending on the capture origin and 

animal sex: crabs caught off the English Channel and bigger males are usually more expensive 

(Brown and Bennett, 1980). These differences are related to importers’ convictions that Scottish 

crabs are more susceptible to stress and, consequently, to higher mortalities, than crabs from the 

English Channel (Uglow et al., 1986). On the other hand, male crabs have bigger claws with more 

meat yield than females, which is a crucial issue for retailers and restaurant managers.  

Despite several published studies report the presence of contaminants in the tissues of 

crustaceans, only few evaluated their risks for human consumption (e.g. Turoczy et al., 2001; 

Sivaperumal et al., 2007), and none concerning the brown crab. Previous studies with marine 

crabs, like Pseudocarcinus gigas, reported that the accumulation of contaminants was strongly 

affected by the geographical location, sex and tissue (Turoczy et al., 2001). Therefore, the aim of 

the present work was to study the presence of the elements S, Br, Sr, total As, Cd, total Hg and Pb 

in the muscle, hepatopancreas, gonads and gills of C. pagurus captured in the English Channel 

and in the Scottish Coast. Data were examined according to sex, tissue and capture location. The 

accumulation pattern was discussed considering the risks for human consumption and from an 

environmental point of view. 

Material and methods  
Biological Material 

Twenty C. pagurus caught off the Scottish coast (SC; 10 females: 748 ± 25 g; 10 males: 751 ± 27 

g) and twenty specimens from the English Channel (EC; 10 females: 829 ± 155 g; 10 males: 977 ± 

104 g) were live purchased from a local importer and transported to the laboratory. Animals were 

kept under refrigerated conditions (~4 ºC) during one hour to decrease their metabolism before 

being euthanized. The muscle (from claws), hepatopancreas, gonads and gills from each animal 

were individually separated and weighted. Each tissue was subsequently homogenized with a 

grinder (Retasch Grindomix GM200; 5000 rpm; material: PP cup and stainless steel knifes) 

vacuum packed and stored at -20 ºC, whereas the remaining was frozen at -80 ºC and 
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subsequently freeze-dried for 48 h at -50 ºC and low pressure (approximately 10-1 atm). Samples 

were powdered and stored at -20 ºC under controlled moisture conditions (vacuum packed) until 

further analyses. Plastic tools were generally used to process the crabs in order to avoid any 

contamination from processing equipment with trace elements measured. 

Elemental analyses 

Two techniques were used: (a) energy dispersive X-ray fluorescence (EDXRF), to quantify S, total 

As, Br and Sr; and (b) flame atomic-absorption spectrometry (FAAS), to quantify Cd, total Hg and 

Pb. The EDXRF technique consists of an X-ray tube equipped with a molybdenum secondary 

exciter (EXTRA II A, Atomika Instruments, Temple). The characteristic radiations emitted by the 

elements in the sample were detected by a Lithium drifted Silicon [Si (Li)] detector, with 30 mm2 

active area and 8 m beryllium window. The energy resolution was 135 eV at 5.9 keV and the 

acquisition system was a Nucleus PCA card. Quantitative calculations were made by the 

fundamental parameters method (Custódio et al., 2003). The X-ray generator was operated at 50 

kV, 20 mA and acquisition time of 1000 s. Each sample powder (~1 g) was pressed into pellets of 2 

cm diameter without any chemical treatment. A minimum of three pellets (replicates) per sample 

were glued onto Mylar films, on sample holders, and placed directly in the X-ray beam. The 

spectrometer Varian Spectr AA 20 was used to quantify the contaminants Cd and Pb with the 

FAAS technique, according to the official analytical methods (AOAC, 2005). The procedure is 

based on sample incineration (10 g) and dissolution of tissues in HNO3. A minimum of three 

replicate analyses was performed per sample. Concentrations were calculated from linear 

calibration plots obtained by measurement of standard solutions absorbance: Cd(NO3)2 and 

Pb(NO3)2 (Merck; 1 g L-1 dissolved in 0.5 M HNO3). Total Hg was measured in triplicate with an 

AMA 254 Mercury Analyser spectrometer that uses the mercury vapour generation technique. The 

procedure is based on dry sample decomposition (hepatopancreas, 3 mg; muscle, 6 mg; and 

gonads, 10 mg), by combustion, preconcentration of mercury by amalgamation with gold and 

atomic absorption spectrometry. Concentrations were calculated from linear calibration plots 

obtained by measurement of the absorbance of an Hg standard solution (Merck; 1 g -1 dissolved in 

0.5 M HNO3).  

Accuracy tests 

Accuracy was checked through analysis of certified biological material: oyster tissues (SRM 1566; 

United States National Bureau of Standards; EDXRF); freeze dried animal blood (IAEA-A-13, 

International Atomic Energy Agency; EDXRF); and non defatted lobster hepatopancreas (TORT-2; 

National Research Council of Canada; FAAS). The detection limits (DL) of each element (Table 

4.5.1) were determined by two means: (a) EDXRF, with the signal-to-noise approach, where the 

equipment compares the signal of each element with blank samples and established the minimum 

concentration at which the element is reliably detected; (b) FAAS, with the residual standard 

deviation (RSD) of the response and the slope (S) of the calibration curve of each standard solution 
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used (DL=3.3RSD/S). The FAAS technique requires large amount of sample, which was not 

possible in gonads and roe, therefore data of Cd, Hg and Pb are not shown for these tissues. 

Table 4.5.1 Elemental concentration (g g-1 DW; n=4) and detection limits of certified reference material (± sd) 
analyzed by FAAS and EDXRF. 

Element Technique Certified Biological 
material 

Present 
work 

Certified 
value Detection limit 

S(c) EDXRF oyster tissues               
(SRM 1566) 
 

8200±500 7600(d) 100 
As(c) EDXRF 13±1 13±2 1 

Br(e) EDXRF Freeze-dried animal 
blood (IAEA-A-13) 22±2 22±3 0.8 

Sr(c) EDXRF oyster tissues                     
(SRM 1566) 9.9±0.8 10±1 0.8 

Cd(f) FAAS 
lobster hepatopancreas 
(TORT-2) 

27±0 26.7±0.6 0.01 
Hg(f) FAAS 0.28±0.00 0.27±0.06 0.02 
Pb(f) FAAS 0.35±0.06 0.35±0.13 0.02 

(c) oyster tissues (SRM 1566; EDXRF); (d) non-certified values provided by United States National Bureau of Standards; (e) 
freeze–dried animal blood (IAEA-A-13; EDXRF); (f) lobster hepatopancreas (TORT-2; FAAS). 

Potential hazards to consumers 

To evaluate the potential hazards of brown crab consumption, the concentration of contaminants 

(As, Cd, Hg and Pb) in each tissue and in whole crab were compared to the action level (AL; set for 

crustaceans by the United States Food and Drug Administration, USFDA) and to the maximum 

level (ML; set for crustaceans’ muscle by the European Commission, EC). The action level 

represents the value at which the USFDA take legal action to remove contaminated products from 

the market. The results are presented as percentage using the following equations:  

a) ratio of a contaminant in a particular tissue  
(%) = (contaminant concentration in the tissue/ML or AL) 100;  

b) ratio of a contaminant in whole crab  
(%) = [(muscle yield  contaminant concentration in muscle) + (hepatopancreas yield  
contaminant concentration in hepatopancreas) + (gonads yield  contaminant concentration in 
gonads) / (ML or AI)] 100.  

c) tissue yield = (tissue wet weight)/(body wet weight) 

Statistical analysis 

All analyses were carried out in duplicate. Results were expressed as mean values  standard 

deviation (sd). Differences in elements’ concentration between sex, capture origin and tissues were 

tested with analysis of variance (ANOVA) followed by multiple comparisons test (Tukey HSD). 

Whenever necessary, data were transformed to satisfy normal distribution and homoscedasticity 

requirements. If transformed data could not meet these assumptions, differences were analysed 

with non-parametric analysis of variance (Kruskall-Wallis) followed by non-parametric multiple 

comparisons test (Mann-Whitney). Principal component analysis (PCA) was also employed to 

reduce the multidimensional data sets of the several elements to lower dimensions, thus simplifying 
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the presentation and interpretation of data. All statistical analyses were tested at 0.05 level of 

probability with the software STATISTICATM 6.1. (Statsoft, Inc., Tulsa, OK 74104, USA). 

Results 

Elements in female and male crabs from both locations 

Brown crabs from both locations had different meat yields according to tissue and sex. Male crabs’ 

muscle yield (50.7 % in SC, 52.5 % in EC) was greater than females (38.3 % in SC, 42.4 % in EC). 

On the other hand, male crabs had less gonads’ yield (6.0 % in SC, 4.6 % in EC) than females 

(15.4 % in SC, 14.2 % in EC), and hepatopancreas’ yield was similar in males (43.3 % in SC, 42.9 

% in EC) and females (46.3 % SC, 43.3 % in EC).  

Among the seven elements studied, S was the most abundant element on a wet weight basis in all 

crabs’ tissues ranging between 1073 and 3061 g g-1 (Figure 4.5.1), whereas Pb was the lowest 

element (bellow the detection limit, except in gills; results not shown in Figure 4.5.1). Male crabs of 

both populations had more Pb in gills than females (0.21 ± 0.02 g g-1 in SC males and 0.34 ± 0.03 

g g-1 in EC males; 0.14 ± 0.01 g g-1 in SC females and 0.11 ± 0.01 g g-1 in EC females).  

Statistical differences in crabs’ elemental concentrations were found between tissues, capture 

origins and sex. In general, C. pagurus had more Br and Pb in gills (p<0.05); higher Sr and Cd 

contents in hepatopancreas (p<0.05); and more Hg in hepatopancreas and muscle (p<0.05) 

(Figure 4.5.1).  

Within tissues, a PCA analysis was applied to differentiate capture origins and sex (Figure 4.5.2). 

Clear cluster separation is evidenced in gonads (Figure 4.5.2A) and gills (Figure 4.5.2B), where 

factors one and two yielded a total of 89 and 77 % of explainable results, respectively. Gonads 

PCA shows four distinct clusters with all elements loading heavily in factor one, except Sr. These 

results are corroborated by the significant differences (p<0.05) in elements’ concentration found in 

gonads, as crabs caught off the SC had more S and As but less Cd than crabs caught off the EC 

(Figure 4.5.1). Also, in gonads, male crabs from EC had low As and Hg, while female crabs from 

SC had high Br and Sr.  

Gills PCA shows four distinct clusters corresponding to females and males of both populations 

(Figure 4.5.2B) with all elements loading heavily on factor one, except As and Hg. Significant 

differences (p<0.05) found in gills elemental concentrations confirm this pattern (Figure 4.5.1), as 

females from both locations had more Cd but less Br and Pb than males. Additionally, in gills, EC 

females had more Hg, but less Pb and As than SC females, whereas EC males had more Pb and 

less Hg than SC males.  

In muscle and hepatopancreas the only evident cluster corresponds to males from the EC (Figure 

4.5.2C and D), where factors one and two yielded a total of 69 % and 65 % of explainable results, 

respectively. In both tissues all elements loaded on factor one, except S and Sr (muscle) and S and 

Cd (hepatopancreas). ANOVA results confirm PCA analyses in both tissues. In fact, in muscle, EC 

male crabs had less As and Hg, but more S and less Cd than females; EC crabs had also more Br 
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than SC specimens (p<0.05; Figure 4.5.1). As to hepatopancreas, EC male crabs had low As and 

Hg, and male crabs had more Sr than female specimens (both populations; Figure 4.5.1). 

 

Figure 4.5.1 Mean elemental composition (g g-1) in the edible tissues of female (F, blank bars) and male (M, 
striped bars) C. pagurus from the Scottish Coast (SC) and English Channel (EC). (A) sulphur; (B) arsenic; (C) 
bromine; (D) strontium; (E) cadmium; (F) mercury. Different letters correspond to statistical differences 
(p<0.05) for each tissue. 
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Figure 4.5.2 Result of PCA analyses using the concentrations of all elements. (A) gonads; (B) gills; (C) 
muscle; and, (D) hepatopancreas. Abbreviations: (FS) female crabs from the Scottish Coast; (MS) male crabs 
from the Scottish Coast; (FE) female crabs from the English Channel; (ME) male crabs from the English 
Channel. Solid lines indicate clusters of crabs from the English Channel, while dot lines indicate clusters of 
crabs from the Scottish Coast. Cadmium and Pb were not considered in gonads PCA analysis since both 
elements were not determined in testis due to insufficient amount of sample. Lead was not considered in 
muscle and hepatopancreas PCA analyses since values were below the detection limit. 

Potential hazards to consumers  

The concentrations of contaminants in each edible tissue and in whole crab were compared to the 

maximum level (ML) and action level (AL) and the results are presented in table 4.5.2. Cadmium 

concentration in hepatopancreas of male and female crabs of both capture origins was the only 

contaminant above the level set by both regulating organizations (EC and USFDA). Even Cd 

content in a mixed portion (total edible tissues) was well above the ML and AL, despite Cd values 

in gonads and muscle were relatively low compared to the limits imposed by these regulating 

agencies. 
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Table 4.5.2 Ratio between the content of As, Cd and Hg in the edible tissues (muscle, hepatopancreas, gonads and whole crab) of C. pagurus and the maximum level (ML) set 
by the European Commission for crustaceans’ muscle, or the action level (AL) set by the USFDA for the food commodity Crustacea, data labelled with*.  

Values are expressed as percentage. Abbreviations: (SF) female crabs from the Scottish coast; (SM) male crabs from the Scottish coast; (EF) female crabs from the English Channel; (EM) male 
crabs from the English Channel.

  
Elements 

  
ML/AL 

Muscle (%) Hepatopancreas (%) Gonads (%) Total edible tissues (%) 

SF SM EF EM SF SM EF EM SF SM EF EM SF SM EF EM 

Arsenium (As) 76 ppm* 57 53 46 21 64 38 46 18 57 50 43 11 60 46 46 19 

Cadmium (Cd) 0.5 ppm 4.0 2.0 4.0 2.0 4120 6004 2400 3400 36 - 60 - 1915 2601 1049 1460 

Cadmium (Cd) 3 ppm* 0.67 0.33 0.67 0.33 687 1001 400 567 6.0 - 10 - 319 433 175 243 

Mercury (Hg) 0.5 ppm 32 32 33 11 46 36 39 19 14 12 10 3.0 36 33 32 14 

Mercury (Hg) 1 ppm* 16 16 16 5.3 23 18 20 10 6.8 6.0 5.0 1.5 18 16 16 6.9 
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Discussion 

Element composition in crabs from the English Channel and Scottish Coast 

The elemental accumulation in aquatic animals depends on the intake route, which can be: (1) 

food, via hepatopancreas in crustaceans; or (2) seawater, over the permeable part of the 

exoskeleton, namely the gills in crustaceans (Rainbow, 2002; Silvestre et al., 2004). The proportion 

of each intake route is related to the crabs’ physiological needs/endogenous factors (e.g. sex, age, 

condition and tissue) and to the elements bioavailability in seawater and diet, which is influenced 

by external environmental factors (e.g. season, location, substrate, depth, salinity, temperature and 

anthropogenic pressure; Rainbow, 2002). In the present study, two endogenous factors (tissue and 

sex) and one external factor (geographical location) were analysed.  

Sulphur had the highest concentration in crabs of both origins compared to the other elements 

(Figure 4.5.1). Sulfur is a major component commonly found in seawater (~28 mM), and an 

essential macroelement present in the body of animal tissues (in levels of mg g-1 dry weight) as a 

constituent of amino acids (e.g. methionine, cysteine and taurine), proteins, enzymes, vitamins and 

other biomolecules (Komarnisky et al., 2003; Hannelore et al., 2008). The S concentrations in the 

edible tissues of brown crab is in the same magnitude of those found in clawed lobsters, Homarus 

gammarus and H. americanus (1695-1716 ppm in muscle, 1955-2029 ppm in hepatopancreas and 

1320-1696 ppm in gonads; Sub-chapter 4.1), thus indicating that this element is ubiquitous in the 

crustaceans tissues. In addition, S might also be implicated in the sequestering of toxic elements, 

like Cd, by S-donating groups on ligands located in hepatopancreas (Lyon et al., 1984).  

Apart from S, all remaining elements analysed are not considered to be essential to brown crabs 

and most probably do not have any physiological role. The accumulation pattern of Br, Sr, Cd, Hg 

and Pb in brown crab from both locations seemed to be mostly influenced by the type of tissue and 

sex, whereas the accumulation of S and As was mainly influenced by the geographical location and 

sex. Most aquatic animals absorb elements via gills and intestines, which are transferred to blood 

and other parts of the body (Wu and Chen, 2005). Gills are the major entry site of elements in 

crustaceans and act as transient store for few (Soegianto et al., 1999). In the present study, Br and 

Pb were more concentrated in gills and not heavily accumulated in the remaining tissues (Figure 

4.5.1). To our knowledge, so far only one study analysed Br in the muscle of crabs, Scylla serrata 

and S. tranquebarica (Mohapatra et al., 2007), and detected higher values (152–295 ppm) than 

those found in C. pagurus (21-25 ppm).  

Lead is a contaminant and non essential element, usually detected at low concentrations in 

crustaceans (Sivaperumal et al., 2007). The low Pb level in crustaceans’ tissues is likely due to its 

accumulation in the crabs’ exoskeleton via the same processes as Ca (Barwick and Maher, 2003). 

Mercury was found preferentially in hepatopancreas and muscle of C. pagurus. The only study 

performed so far evaluating Hg among crab tissues reported higher Hg content in the muscle of 

Pseudocarcinus gigas than in hepatopancreas (Turoczy et al., 2001). On the other hand, Sr and Cd 

were mostly accumulated in the brown crab hepatopancreas, an organ that regulates cations and 

heavy metals by sequestering these elements and thereby reducing their load in haemolymph and 
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other tissues (Chavez-Crooker et al., 2003). To our knowledge, there are no studies reporting Sr 

concentration in crabs’ hepatopancreas. Studies performed with muscle of S. serrata and S. 

tranquebarica (Mohapatra et al., 2007) revealed Sr values in the same range of concentrations 

obtained for C. pagurus in the present study (7-10 ppm). As to Cd concentration, several studies 

identified an accumulation pattern in crabs’ hepatopancreas, like Carcinus maenas and C. pagurus, 

(Davies et al., 1981; Legras et al., 2000; Bjerregaard et al., 2005; Karouna-Renier et al., 2007).  

Considering each crab tissue, striking differences were observed between sexes. Females had 

higher concentrations of As (hepatopancreas) and Cd (muscle and gills), but lower levels of S 

(muscle), Sr (hepatopancreas), Br and Pb (gills). So far, few studies have considered differences in 

the elemental composition of crabs according to sex: e.g. no major differences were found in Cd, 

Hg and Pb for Callinectes spp. and Tachypleus tridentatus (Kannan et al., 1995; Sastre et al., 

1999); in S. serrata and S. tranquebarica females had higher Pb content than males, while no 

major differences were detected in Br and Sr (Mohapatra et al., 2007). Differences in the elemental 

concentration between male and female crabs can be due to several factors, such as growth rates, 

as the growth rate of adult male crabs is lower than adult females (Davies et al., 1981), metabolism 

and feeding habits (Woll et al., 2006; Mohapatra et al., 2007).  

Regarding locations, brown crabs caught off the EC had higher Cd (gonads) and Br (muscle), while 

crabs from the SC had higher S and As in gonads. Particularly, male crabs from the SC had more 

As and Hg than male crabs from the EC. Such differences likely reflect distinct availability of 

contaminants in both locations. Changes of As and Hg levels in crustaceans according to capture 

origin have been reported elsewhere as a consequence of anthropogenic input of these 

contaminants (Fabris et al., 2006; Karouna-Renier et al., 2007). However, high As levels in crabs 

from uncontaminated areas have also been reported (Barwick and Maher, 2003), particularly those 

exhibiting benthic feeding behaviour, like C. pagurus, while pelagic crab species usually have lower 

As content (Rattanachongkiat et al., 2004). The reason for such pattern is still unknown.   

Potential hazards to consumers 

The concentration of As (16-49 g g-1), Cd (10-20 g g-1), Hg (0.6-0.16 g g-1) and Pb (<0.1 g g-1) 

obtained in the muscle was in the range of the typical concentrations found in crustaceans 

(Francesconi, 2007). Despite crabs’ hepatopancreas and gonads are widely consumed all over the 

world, the European Commission has only set ML for crustaceans’ muscle. This study indicates 

that Cd concentration in the hepatopancreas of C. pagurus was much above the ML and AL, which 

can represent a concern for heavy consumers. Cadmium exerts a variety of toxic effects, including 

nephrotoxicity, osteoporosis, neurotoxicity, carcinogenicity, genotoxicity, teratogenicity, endocrine 

disruptions and reproductive effects (EFSA, 2004). The high hepatopancreas yield and its high Cd 

content certainly advocate that future studies concerning health risks to heavy consumers should 

analyse Cd in all edible tissues of brown crab. In addition, risk assessment analyses should be 

performed prior to the extensive use of processed crustaceans’ hepatopancreas in food products. 

Generally, total As and Hg concentrations were higher in all tissues of female crabs compared to 
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males, though always below the ML and AL. Arsenic from seafood is mainly available in the 

organic form as the non-toxic arsenobetaine (97-99 %), while As in the inorganic form (the most 

toxic) can damage DNA and cause cancer (EFSA, 2004). On the other hand, mercury in seafood is 

usually accessible in the organic form as methylmercury (above 90 %) which is the most toxic form, 

and can affect the brain and nervous system (WHO, 2000; Francesconi, 2007).  

Few studies have focused on concentrations of S, Br and Sr in seafood. However, the scientific 

interest in these elements is growing. All living specimens need S as this element is essential to 

amino acids, proteins and enzymes (Walker et al., 2001). However, high intake of S compounds 

can represent a potential risk to human health, causing bronchitis, bronchoconstriction, and 

increased pulmonary resistance (Komarnisky et al., 2003; Calace et al., 2005). Bromine exists 

exclusively as Br salts that are accumulated in sea water (85 ppm) due to leaching from rocks and 

has been found in lipids of marine organisms (Tinsley and Lowry, 1980), however its essentiality or 

toxicity has not yet been tested. Strontium has an important role in bone cells and bone metabolism 

(Delannoy et al., 2002). Considering that there is still a lack of information regarding the essentiality 

and toxicity of S, Br and Sr, and considering that these elements are commonly found in marine 

organisms, there is an urgent need to characterize these elements in seafood and to evaluate their 

impact to human consumption. 

Conclusions 

The present study highlights differences in the elemental composition of crabs according to capture 

origin, sex and tissue. Such differences are likely related with the elemental bioavailability and 

crabs’ physiological needs. C. pagurus muscle and gonads were considered to be safe food items. 

Yet, Cd content in hepatopancreas was above the ML and AL, which can be a concern for heavy 

consumers. Therefore, future health risk assessment studies for heavy consumers of crustaceans 

should consider all edible tissues and the extensive use of processed crustaceans’ 

hepatopancreas in food products. Additionally, there is an urgent need to evaluate essentiality and 

toxicity of S, Br and Sr in aquatic organisms due to the lack of information. 



172 
 

 


