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Abstract: The freshwater crab, Zilchiopsis collastinensis was exposed in vivo to determine Cr accumulation in visceral content.  After an

acclimation period we added Cr (K
2
Cr

2
O
7 
) at nominal concentrations of 2 mg l-1 Cr(VI) and 5 mg l-1 Cr(VI) and a control (T0) under the same

conditions, without Cr. At days 1, 7 and 14, Cr was measured in water, sediments and crabs and the bioconcentration factor (BCF) in relation

to water and to sediment were obtained. Considering all samples and all the study period, crabs registered 3 times more Cr than sediments

and 18 times more Cr than water. Cr levels in Z. collastinensis tissues were always lower in the control than in T1 and T2; no significant

differences among days 1, 7 and 14 were found in the control. In the treatments, no significant increase in Cr levels in tissues were found

between days 1 and 7, neither between days 7 and 14 in both concentrations tested. Significant differences were found between the control

and T1 and T2 (p<0.001), but not between T1 and T2. The highest BCF obtained for Z. collastinensis were 51.82 and 51.42 in T1 and T2

in water at 14 days of exposure. This study shows the efficiency of freshwater crabs to accumulate Cr from water.
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Introduction

Chromium (Cr) has a role in glucose, fat and protein
metabolism, participating in the insulin action (Anderson, 1981). It
links directly to macromolecules; fragments the ADN chains and acts
in the peroxidation of lipids, generating free radicals and modifying
the routes of cell signals. All these processes can contribute to the
toxicity and carcinogenicity of Cr compounds (Loyaux Lawniczak
et al., 2000; Sathwara et al., 2007; Kiran et al., 2008). Chromium
levels are elevated in soil, air, water, and biota in the vicinity of
electroplating and metal finishing industries, municipal treatment
plants, tanneries, oil drilling operations, and cooling towers (Eisler,
1986). Cr toxicity in aquatic systems depends on the chemical
species formed, determined, in turn, by variables such as pH,
salinity, organic matter content, among others. The most common
form of Cr in the environment is Cr (III), less toxic than Cr (VI).
However, interconversion of Cr (III) into Cr(VI) can occur in
particle suspensions, organisms, or surface sediments, mediated
by chemical or biological transformations (Neal et al., 2002; Ozdilek
et al., 2007). The information on the effects of low quantities of Cr
in decapods is insufficient. Only a few studies on Cr accumulation
have been carried out in mangrove crabs (Harris and Santos,
2000; Dias Correa et al., 2005) and marine crabs (Jewett and
Naidu, 2000; Miao et al., 2001; Al Mohanna and Subrahmanyam,
2001). However, freshwater ecosystems have received less
attention. Chromium bioaccumulation in freshwater crabs has only
been studied by Ip et al. (2005) and by the environmental protection
agency (EPA), that has monitored Cr concentration in the crab
Scylla serrata in the Maroochy river between 1994 and 1997
(Mortimer and Cox, 1999). Metal-rich sediments can potentially
increase the metal content in invertebrates and vertebrates
associated to sediments (Bryan and Langstom, 1992). Previous

studies at different scales have demonstrated the occurrence of
high Cr levels in sediments and in water of the lower Salado river
basin in Argentina and the loss of biodiversity due to high levels of
Cr and sulphide.

The freshwater crustacean Zilchiopsis collastinensis is
found in these environments  living in galleries excavated in gullies
and clayey sediments, with high concentrations of Cr and other
heavy metals (Gagneten et al., 2007). Traditionally, oligochaetes
or mollusks have been used as biomonitors of the contaminated
benthos (Wang and Guo, 2000; Saha et al., 2005; Wang et al.,
2005). However, Z. collastinensis could be used as biomonitor of
contamination due to its territorial behavior and its habits of cave
digging and burying into the sediment. On the other hand, since
crabs are species with a high residence time, Cr concentrations in
crab tissues could be more representative of the contamination of
the environment than those of species with a higher mobility, as
fish.

The comparison between an aquatic organism and the
surrounding water is quantified as the rate between the contaminant
concentration in the organism[relative to the dry weight (d.wt.)] and
that of water. The value of this relationship is called concentration
factor (CF) or bioconcentration factor (BCF) for a certain contaminant
and a given species. The CF has been used for non-radioactive
contaminants, such as heavy metals and organic contaminants
(Ravera, 2001; Karthikeyan et al., 2007).

The objective of this study was to evaluate the destiny of the
chromium in the experimental system (persistence in the water-
precipitation in sediments-incorporation by crabs) and to determine
the capacity of Cr bioconcentration in crabs from water and sediments
after 1, 7 and 14 days of exposure.
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Materials and Methods

Triplicated experimental static system [150 liter PVC tanks]
were located oudoors in the Littoral National University (Santa Fe,
Argentina). On the bottom of the tanks we placed 5 cm of artificial
sediments, constituted by 76% sand, 22% kaolinite, 2% sphagnum
and 0.2% CaCO

3
 according to protocol from ASTM (1998) and

100 l dechlorinated and aerated tap water.

After setting up the closures, tanks were maintained in a
previous 10-day acclimation period, before the beginning of the
experiments that run for 14 days. We added Cr (K

2
Cr

2
O
7
) at nominal

concentrations of 2 mg l-1 Cr(VI) (treatment 1, T1) and 5 mg l-1

Cr(VI) (treatment 2, T2), and placed a control (T0) under the same
conditions, without Cr.

Organisms: 27 mostly females crabs, weight 63.3 g (±17.0) were
manually obtained from a non polluted freshwater ecosystem and
maintained in dechlorinated and aerated tap water during 7 days
previous to the experiment. The crabs were randomly and carefully
distributed in each tank before discharging the contaminant into
them.

Exposure assays and Cr determination in water and
sediment: A discharge of the contaminant previously dissolved in
distilled water was done in T1 (2 mg l-1 CrVI) and T2 (5 mg l-1 CrVI).
These concentrations were chosen according to preliminary tests
of 14 days exposure to the same experimental conditions. At days
1, 7 and 14 pH, temperature, conductivity and dissolved oxygen
(Horiba model multiparameter monitoring equipment) were
measured. Samples of water (1 l) and sediment (250 g) were taken
in each tank to determine the total Cr concentration at 1, 7 and 14
days. For the determination of total chromium in water, in sediment
and in tissue samples we followed USEPA (1991) according to the
method 200.2, 200.9 and 200.3 respectively. The samples were
analyzed by atomic absorption spectrometry (Perkin-ElmerAnalyst
800, with quantification limit of 3 µg l-1 and detection limit of 1 µg l-1).
All glasware and materials were cleaned for metal analysis. Certified
analytical grade reagents were used throughout the study. Blanks
were run through all experiments.

Cr determination in crab tissues -bioconcentration
factor (BCF): At days 1, 7 and 14 a specimen of each tank
was taken, organisms were crio-anaesthetized, and a pool of
their visceral content was obtained using plastic instruments
for the dissection. Tissue samples were digested according to
the USEPA method 200.3 (1991) and analyzed by atomic
absorption spectrometry The results were expressed as Cr
µg g-1 of tissue dry weight. As data were not normally distributed
we used the nonparametric Kruskal-Wallis test to check for
significant differences between treatments (p<0.05) (Zar, 1984).
BCF was calculated (Ravera, 2001; Yan and Pan, 2002;
Karthikeyan et al., 2007) as:

Bioconcentration factor (BCF) = C
1
/ C

0

where C
1
 = Cr concentration in the organism and C

0
 = Cr

concentration in the environment (water or sediments).

Results and Discussion

No significant differences in the physico-chemical parameters
among the control and T1 and T2 were registered during the
experiment (Table 1). Fig. 1 shows Cr levels in T0 (a), T1 (b) and
T2 (c). In T0, Cr values in water were very low (0.2 ± 0), but
increased in sediments (2.4±1.2) and in crabs (4.7±1.3). In T1, Cr
levels in crabs increased along the experiment (64.5±21, 118 ± 90
and 171± 55 µg g-1 at days 1, 7 and 14, respectively. They also
increased in sediments (6.7±1.5, 32±7.2 and 44.3±13.2 µg g-1),
while in water decreased along the experiment (7.7±3.5, 4.9±2.6
and 3.3±2.4 mg l-1 at days 1, 7 and 14 respectively, Fig. 1b). In T2,
the pattern was very similar to T1 (Fig.1c).

Cr levels in water and sediments in T1 versus T2 did´t
show significant differences. Considering all samples and all the
study period, crabs registered 3 times more Cr than sediments and
18 times more Cr than water. Cr levels in crabs, water and sediments
of T1 and T2 showed significant differences with the control.

Cr levels in Z. collastinensis tissues were always lower in
the control than in T1 and T2; no significant differences among days
1, 7 and 14 were found in the control (Fig. 2). Among treatments, no
significant increase in Cr levels in tissues were found between days
1 and 7, neither between days 7 and 14 in both concentrations
tested. Significant differences were found between the control and
T1 and T2 (p<0.001), but not between T1 and T2.

The BCF was higher with respect to water than to sediment
throughout the study period and was higher at days 14 than at days
7 in both concentrations tested (Table 2). These results show that Z.
collastinensis accumulated Cr mainly from water and that probably
the equilibrium was not reached at day 14 in both experiments.

Lagadic and Caquet (1998) summarized the advantages
and disadvantages of using invertebrates in ecotoxicology. Among
the advantages, they stress the facility of manipulation and
maintenance, the ecological specificity, the wide distribution of their
populations, the variety of ways of exploiting the resources, their
key positions in the trophic webs and features of life history, easy to
verify in experimental situations in relation to the control. Morover
biomonitors can indicate the presence of contaminants even when
they are not detectable in the environment (Rosenberg and Resh,
1993). In this context, Z. collastinensis can be considered an
excellent biomonitor because accumulated Cr at upper levels than
those of water and sediments in which they live, showing to be
especially useful to determine contamination in freshwater
environments.

The incorporation of heavy metals occurs from water, food,
or sediments. When analyzing the BCF in relation to water and
sediments we found that Z. collastinensis concentrated 14.8 times
more Cr in relation to water than to sediments, demonstrating that it
is an active Cr accumulator, mainly from the water. Kungolos and
Aoyama (1993) determined that water is more important than food
as a vector for cobalt contamination of Daphnia. Yu and Wang
(2004) demonstrated that phosphorous enrichment influences Cd
uptake by algae, but not the transference to Daphnia. In general, in
filtering organisms it seems that metal uptake comes from water.
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Freshwater crab as good biomonitor of Cr pollution
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Fig. 1: Cr concentration in water (µg l-1), sediments (µg g-1) and crabs (µg g-1) in

T0 (a), T1 (b) and T2 (c) at days 1, 7 and 14. Cr levels in crabs, water and

sediments in T1 and T2 showed significant differences (p<0.05) with the control
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Fig. 2: Mean and standard deviation of the mean of Cr concentration in Z.

collastinensis (µg g-1), in T0, T1 and T2 at days 1, 7 and 14. Significant

differences were found between the control and T1 and T2 (p<0.001), but

not between T1 and T2

There are many factors that participate in bioconcentration
of a certain toxic, such as the concentration of the contaminant in
water, the chemical species of the contaminant, the permeability of
the membrane, the type and quantity of food and its degree of
contamination, the physiological state of the organism and the
physicochemical characteristics of the environment, that influence

Table - 1: Physico-chemical parameters in the control T0(0 mg l-1 Cr VI),

T1 (2 mg l-1 Cr VI) and T2 (5 mg l-1 Cr VI). The mean and standard deviation

of the mean are indicated

Parameters Days
Cr (VI)

T0 (mg l-1) T1 (mg l-1) T2 (mg l-1)

Temperature 1 19.7 (3.1) 22.0 (0.0) 17.3 (0.6)

(oC) 7 21.3 (2.5) 22.7 (0.6) 19.7 (1.2)

14 17.7  (0.6) 17.7 (0.6) 17.0 (0.0)

pH 1 6.2 (0.4) 6.4 (0.1) 6.1 (0.2)

7 7.0 (0.6) 7.1 (0.8) 6.8 (0.5)

14 6.5 (0.3) 6.0 (0.2) 6.1 (0.1)

Conductivity 1 186.7 (10.0) 190.0 (0.0) 186.7 (5.8)

(µS cm-1) 7 196.7 (20.8) 196.7 (5.8) 190.0 (10.0)

14 193.3 (5.8) 190.0 (0.0) 190.0 (10.0)

Turbidity 1 21.0 (2.0) 27.3 (3.2) 18.3 (5.8)

(NTU) 7 5.0 (3.5) 4.0 (3.6) 4.3 (2.3)

14 10.0 (4.6) 7.7 (7.4) 11.0 (5.3)

Disolved oxygen 1 5.7 (0.4) 5.7 (0.3) 5.6 (0.4)

(mg l-1) 7 6.6 (0.7) 6.4 (1.1) 7.2 (1.3)

14 6.1 (0.7) 3.7 (0.2) 5.8 (0.3)

Table - 2: Bioconcentration factor in T1 (2 mg l-1  Cr VI) and T2 (5 mg l-1 Cr

VI) in relation to water and sediment at days 1, 7 and 14

Concentrations
Bioconcentration factor

Day 1 Day 7 Day 14

T1 (2 mg l-1 Cr VI) Water 8.35 17.31 51.82

Sediment 9.68 2.68 3.85

T2 (5 mg l-1 Cr VI) Water 6.46 9.04 51.42

Sediment 5.25 1.85 3.46

T0 T1 T2

the organism and the contaminant. It is also linked to very diverse
detoxification strategies, such as the decrease in the incorporation
of the toxic, increase in excretion, capacity to sequest metals in
granules to decrease their toxic effects, formation of ligands with
metallothioneins, etc. ( Phillips, 1994). On the other hand, there is
evidence of the differential capacity of Cr accumulation in different
organs, and consensus in that the metabolically more active organs
are more sensitive. Thus, Dias Correa et al. (2005), Ip et al. (2005), Al-
Mohanna and Subramanyam (2001) found in experimental and
field studies, that marine crabs accumulated more Cr in gills and
hepatopancreas than in other organs. Gagneten et al. (2008)
registred that Z. collastinensis accumulated significatly more Cr in
gills than in eggs and found no significatly differences in Cr
bioaccumulation between males and females.

On the other hand, depuration of accumulated Cr in marine
organisms differs markedly among the different taxa and the process
generally has a complex pattern of elimination, showing large
differences among metals and invertebrate groups (Rainbow, 2007),
these patterns have only been approached very superficially in
freshwater organisms.In aquatic systems contaminated with Cr,
freshwater crabs are good biological models to identify potential
negative effects, since it is possible that this species plays a role in
the trophic transference of Cr in contaminated aquatic environments.

(a)

(b)

(c)
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From the present study we can conclude that the destiny of
the chromium in the experimental system was mainly the
incorporation by crabs, part precipitated into sediments and a very
low fraction persisted in water. The results of the present study
show the efficiency to accumulate Cr from water in freshwater crabs.
This study has application in the management of freshwater impacted
ecosystems, since monitoring with accumulator organisms has many
advantages: the pollutant in the organism is quantified, the various
organs and tissues are analysed and consequently the “critical
organs and tissues” may be identified. Morover, if the accumulator
species are used as food, knowledge of their contamination level
may be very useful for the human diet.
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