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Abstract The concentrations of metals in tissues of
Callinectes danae were evaluated, aiming to determine the
bioaccumulation process of this species. Gills presented the
highest mean concentrations for most metals, except for Hg
(<LOD) and Zn (13.293 pg g_l). According to results of
the principal component analysis, the type of tissue was
distinguished due to the concentrations of metals. An
evaluation of individuals from other sites of the Santos
Estuarine System (where the Sao Vicente Channel is
included) would be important to confirm if this pattern of
bioaccumulation can be extended to the population of
C. danae of this estuary.
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The blue crab Callinectes danae Smith, 1869 is found in
brackish water environments such as estuaries and also in
marine areas until 75 m depth. The species is distributed
throughout the Atlantic Ocean from Florida, USA, to the
Southern Coast of Brazil (Melo 1996), including the
metropolitan region of Baixada Santista, which is densely
urbanized.
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Although this region is well known because of its dis-
tinct economical significance, it also has noticeable envi-
ronmental importance since the mangroves of the Santos
Estuarine System, which surround the whole area, corre-
spond to 43% of total mangrove area of the Sao Paulo State
(Lamparelli et al. 2001).

Despite the implementation of control policies, anoma-
lously high levels of multiple contaminants have still been
recorded in the Santos Estuarine System (Luiz-Silva et al.
2008). This setting is historically, economically and envi-
ronmentally important at a regional scale. Human activities
in the estuary started in the beginning of the sixteenth
century, right after the arrival of the first Portuguese
explorers in Brazil. The most important industrial area of
Brazil (the Industrial Complex of Cubatido City) and the
largest commercial harbor of the South America (the
Harbor of Santos City) are also located inside this estuarine
system.

Due to these circumstances and since C. danae survival
depends on the environmental quality of this estuary, the
concentrations of metals in tissues of the blue crabs must
be periodically monitored, since C. danae is an important
resource explored by fishermen, mainly from local com-
munities (Severino-Rodrigues et al. 2001).

Virga et al. (2007) and Virga and Geraldo (2008) have
already investigated the concentrations of Pb, Cd, Cr, Zn
and Cu in individuals of genus Callinectes (including
C. danae) from Cubatdo River. Besides these studies, few
information was published about this species and its rela-
tionship with metals released in the Santos Estuarine Sys-
tem, although many studies recorded high concentrations
of metals in the local sediment (the species’ habitat)
(Bordon et al. 2011).

Thus, this study is a preliminary assessment of metals in
tissues of C. danae from the Sdo Vicente Channel, Brazil,
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aiming to determine the bioaccumulation process of this
species.

Materials and Methods

Ten individuals were collected in December/2010 near to
the Mariana River (23° 57.521'S, 46° 25.073'0), in the Sdo
Vicente Channel, Brazil (Fig. 1). Blue crabs were identi-
fied according to Melo (1996) and sex was identified
according to Willians (1974). The maturation stage due to
the shape and degree of adherence of the abdomen to
thoracic sternites, total weight, carapace length and width
were measured. Muscles, hepatopancreas and gills were
removed by dissection. Samples were carried to the labo-
ratory and stored on —20°C until metal analyses.
Digestion in high pressure microwaves system (CEM
Corporation, model MDS—2000) was carried out. Based
on method 3052 (USEPA 1996), the acid extraction solu-
tion consisted of a mixture containing 5 ml of HNOj; sub
boiling, 3 ml of H,O, and 2 ml of H,O (Milli-Q) with a
resistivity 18 MQ at 25°C. This mixture was added to
0.5-1.0 g of each tissue sample or the certified reference
material inside microwave HP-500 vessels (PFA Teflon,
fluorocarbon polymer), which were appropriately sealed
and heated in the microwave unit. The digestion conducted

Fig. 1 The Santos Estuarine System, Sao Paulo State, Brazil. The
sampling site (in the Sao Vicente Channel) is indicated in yellow
(Source: Google Earth). (Color figure online)
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according the following method: power: 600 W, time of
temperature ramp: 10 min; temperature: 145°C; hold time:
4.5 min.

Al, Cd, Cr, Co, Ni and Pb concentrations were deter-
mined by HR-ICP-MS Finnigan MAT, model Element. Cu,
Fe and Zn concentrations were measured using flame mode
of a Fast- Sequential Atomic Absorption Spectroscope
Varian, model Spectr-AAS-220-FS. Particularly, Hg con-
centration was measured by cold vapor generation. Method
validation was performed by analyzing certified reference
materials Oyster Tissue and Lobster Hepatopancreas
(TORT-2). The limit of detection (LOD) for each metal
was calculated due the equation:

LOD =mean +7(n—1;1 —a) x SD

Mean, mean of concentrations measured in 7 sample
blanks; # #-Student value according to the degrees of
freedom (n — 1) and « = 0.05; SD, Standard deviation of
concentrations measured in 7 sample blanks.

The principal component analysis (PCA) was used to
detect interrelationships among the type of tissue and the
concentrations of the target metals.

Results and Discussion

The analyzed individuals were females (Table 1). Only the
individual 5 was identified as immature (triangular abdo-
men sealed to the thoracic sternites). Most of the blue crabs
was considered mature (flexible oval abdomen). The

Table 1 Sex, maturation stage (M.S.), total weight (T.W.), carapace
length (C.L.) and width (C.W.) of blue crabs Callinectes danae

N° Sex® M.S.C T.W.(g) C.L.(mm) C.W.(mm)
1 F M 29.998 38.8 64.1
2 F M 21.125 34.1 56.6
3 F M 25.848 31.2 61.0
4 F M 26.969 35.6 61.0
5 F I 11.725 28.3 50.0
6 F M 47.469 42.1 71.1
7 F M 31.624 429 63.8
8 F M 34.764 38.8 64.3
9 F M 33.867 38.6 65.0
10 F (0] 89.623 49.4 85.2
Mean - - 35.301 38.0 64.2
S.E.? - 6.715 1.9 2.9
Min. - - 11.725 28.3 50.0
Max. - - 89.623 49.4 85.2

& SE Standard error
b F female, M male

¢ Maturation stages M.S., M mature, I immature, O ovigerous



Bull Environ Contam Toxicol (2012) 88:577-581

579

Table 2 Mean concentration (ug g~ "), standard error (SE), certified concentration (ug g~ ') and recovery percentage of each metal measured in

TORT-2 and Oyster Tissue

Metal Al Cd Co Cu Cr Fe Hg Ni Pb Zn
Lobster hepatopancreas (TORT-2)
Mean (ug g~ ") X 18.875 0.453 86.675 0.339 77.329 0.27 2.342 0.238 168.041
SE? X 0.388 0.009 3.114 0.023 1.023 0.004 0.162 0.011 2.900
Certified conc. (ug g~") X 26.7 0.51 106 0.77 105 0.27 2.5 0.35 180
Recovery (%) X 71 89 82 44 74 100 94 68 93
Oyster tissue
Mean (pg gfl) 160.125 4.142 0.351 58.053 0.435 426.956 <LOD 2.046 0.299 765.662
SE? 89.431 0.042 0.011 2.684 0.032 14.834 <LOD 0.163 0.029 14.840
Certified conc. (ug g~") 202.5 4.15 0.57 66.3 1.43 539 0.064 225 0.371 830
Recovery (%) 79 100 62 88 30 79 - 91 81 92
* SE Standard error
x There is no certified concentration for this metal
Table 3 Limits of detection v LoD G e 1n(?1v1dual 19 was the'only matur§ f'emale classified as
(LOD) for each target metal ovigerous (i.e., carrying eggs inside the abdomen)
Al 0.009 (Table 1).
cd 0.0001 The total weight ranged from 11.725 to 89.623 g, with
Co 0.0001 an average of 35.301 £ 6.715 g. Carapace length
Cu 0.062 and width ranged, respectively, from 28.3 to 49.4 mm and
Cr 0.0002 from 50.0 to 85.2 mm, with averages of 38.0 = 1.9 and
Fe 0.038 64.2 £ 2.9 mm.
He 0.001 The certified standard materials were analyzed in three
Ni 0.001 replicates. The recovery of most of the metals was above
Pb 0.0001 70% (Table 2). With respect to Hg, the obtained concen-
70 0.043 trations of the Oyster Tissue replicates were below LOD

and validation for this element was conducted according to

Table 4 Concentrations of metals in muscles, gills and hepatopancreas of blue crabs Callinectes danae

Metal Al Cd Co Cu Cr Ni Pb Hg Fe Zn
Muscle

Mean (ug g™ ") 40.600 <LOD 0.023 <LOD 0.012 0.043 0.161 0.087 8.856 34.706
S.E? 6.921 <LOD 0.003 <LOD 0.006 0.014 0.036 0.007 1.092 2212
Min. (ug g~ ") 9.015 <LOD 0.012 <LOD <LOD <LOD 0.078 <LOD 5.503 19.920
Max. (ug g ") 87.935 <LOD 0.037 <LOD 0.050 0.160 0.479 0.142 17.109 45.512
Gill

Mean (ug g ") 1050.981 0.003 0.127 <LOD 0.392 0.206 0.540 <LOD 312.341 13.293
SE? 259.605 0.001 0.021 <LOD 0.072 0.031 0.125 <LOD 108.615 1.021
Min. (ug g " 163.601 <LOD 0.066 <LOD 0.086 0.073 0.199 <LOD 25.475 9.383
Max. (ug g ") 2652.614 0.010 0.268 <LOD 0.838 0.370 1.463 <LOD 1056.877 20.135
Hepatopancreas

Mean (ug g ") 9.638 0.001 0.057 <LOD 0.056 0.079 0.157 <LOD 21.873 74.664
SE? 4.994 0.0005 0.003 <LOD 0.012 0.013 0.017 <LOD 5.514 8.300
Min. (ug g7 " <LOD <LOD 0.041 <LOD <LOD 0.015 0.091 <LOD 11.465 30.877
Max. (g g ") 38.254 0.005 0.068 <LOD 0.115 0.132 0.284 <LOD 67.389 115.630

4 SE Standard error
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TORT-2 results. Cr presented the lowest recoveries of this
study. Due to method 3052, this metal is strongly con-
nected to some refractory compounds that may sequester
target elements, explaining these results. The limits of
detection for each metal are presented in Table 3.

The concentrations of metals in muscles, gills and
hepatopancreas are resumed in Table 4. Gills presented the
highest mean concentrations for most metals, except for Hg
and Zn (which were found in higher concentrations in
muscles and hepatopancreas, respectively).

Based on these results, PCA was applied. In this study,
PCA indicated that 10 variables and 30 tissue samples of
the blue crabs can be resumed by two significant PC
(Principal Components) which presented variance above or
close to 10% or eigenvalues above or close to 1. These PC
explained together 80% of the total variance in the original
data set.

The PC1 summarized information about all metals
except Hg and Zn (which are explained by PC2). Corre-
lations of PC1 with each metal are presented, as following:
Al (0.947), Cd (0.802), Cr (0.963), Cu (0.648), Co (0.950),
Fe (0.943), Ni (0.936), Pb (0.925). Correlations of PC2
with Hg and Zn are presented, as following: Hg (0.916), Zn
(—0.471). Figures 2a, b refers to the plots of the scores of
PC1 versus PC2.

A group consisting of Al, Fe, Cd, Co, Cr, Cu, Ni and Pb
was explained by PC1 (Fig. 2a), indicating metals with
high concentrations in gills. Another group consisting of
Hg and one last group consisting of Zn (metals with high
concentrations in muscles and hepatopancreas, respec-
tively) were explained by PC2. The type of tissue was
distinguished due to the concentrations of metals (Fig. 2b).

Few information is available about concentrations of
metal in tissues of C. danae and it seems that this is the first
record of Al and Co concentrations in tissues of this spe-
cies. Harris and Santos (2000) also found high concentra-
tion of Zn in the hepatopancreas of C. danae, however, Cu,
Cd and Fe concentrations were higher in this tissue than in
others. Cd, Cr, Cu, Pb and Zn concentrations obtained in
this study were similar to those found by Virga et al. (2007)
and Virga and Geraldo (2008) in muscles of C. danae
collected in the Cubatio River, Brazil. Reichmuth et al.
(2010) also found high concentrations of Hg in muscles
and high concentrations of Zn in hepatopancreas of
Callinectes sapidus. However, Jop et al. (1997) did not found
the same pattern assessing metals in Callinectes sapidus
tissues. Due to Sastre et al. (1999), the bioaccumulation of
metals in crabs of the genus Callinectes is highly variable
between sexes, tissues, sites and species. Since this is a
preliminary assessment, further efforts must be done in
order to provide more information about the bioaccumu-
lation process of C. danae. Also, an evaluation of indi-
viduals from other sites of the Santos Estuarine System
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Fig. 2 Scatter space plot of the Principal Components (a = PC1 x
PC2 of metal variables, b = PC1 x PC2 of analyzed tissues of blue
crabs). (Color figure online)

(where the Sao Vicente Channel is included) would be
important to confirm if this pattern of bioaccumulation can
be extended to the population of C. danae of this estuary.
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