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Abstract The objectives of this study were to
determine the capacity of the freshwater calanoid
copepod Argyrodiaptomus falcifer (Daday, 1905) to
accumulate Cr from water, to know the bioconcentra-
tion factors in order to evaluate its potential as a
biomonitor, and to compare this with data previously
obtained with Daphnia magna Straus under identical
conditions. By static bioassays using triplicates and a
control, a pool of A. falcifer was exposed to three
concentrations of Cr (VI): 150 μg/L (T1), 280 μg/L
(T2), and 350 μg/L (T3) for 48 h to later determine by
Instrumental Neutron Activation Analysis the amount
of Cr accumulated. A. falcifer accumulated Cr in all
the three concentrations tested. The comparison of

T1, T2, and T3 and the control showed significant
differences (p<0.05) but not between the treatments
(p>0.05). On the other hand, A. falcifer accumulated
more Cr than D. magna, but these differences were
not significant (p>0.05). Almost no information is
available about metal toxicity in freshwater copepods
so the reported results are of high importance in order
to detect good biomonitors of freshwater Cr-polluted
environments.
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1 Introduction

Concentrations of chemicals in organisms are
regarded as being indicators of the bioavailable
fraction of those substances in the environment.
Delineating metal uptake in freshwater invertebrates
is important for understanding metal bioaccumulation
and toxicity and for setting appropriate water quality
criteria. Zooplanktonic organisms are suitable for this
purpose because of their short life span, their presence
in any season, and their great capacity to accumulate
several pollutants. Among zooplanktonic organisms,
most of previous work has been performed with
cladocerans, although accumulation capacity of some
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species or collectives of marine copepods have been
studied by different authors (Moraitou-Apostolopoulou
1982; Zauke et al. 1996; Wang and Fisher 1998, 1999;
Bielmyer et al. 2006). Laboratory or field surveys have
been performed with Cu, Zn, Cd, Co, Ni, and Pb
(Verriopoulos et al. 1982; Kahle and Zauke 2002a, b,
2003; Das and Das 2005). A few studies analyze the
effect of Cr (VI) on copepods (Hutchinson et al. 1994;
Miliou et al. 2000), but information on Cr accumula-
tion in freshwater copepods is very scarce in spite of
the importance of Cr as a pollutant derived of various
industrial processes.

Moreover, most toxicity bioassays with copepods
have been performed to evaluate the effects of contam-
inated sediments (Kovatch et al. 1999; Turesson et al.
2007; Eka et al. 2007), but the importance of the
dissolved phase in the toxicity to planktonic organisms
such as calanoid copepods is of high relevance. For
instance, the uptake of contaminants from water is
crucial for copepods, as was demonstrated by Wang
and Fisher (1999) who delineated the routes of various
metals (Ag, Cd, Co, Se, Zn) in marine invertebrates.
These authors concluded that, in suspension feeders
such as copepods, the uptake from the dissolved phase
and food ingestion can be equally important for metal
accumulation.

Because of the great concentration capacity of the
accumulator organisms, heavy metals may easily be
measured, even when they are so diluted in the water
that they cannot be analyzed by the commonly used
methods. Bioconcentration factors (BCFs) have fre-
quently been used to evaluate the potential of an
organism for bioaccumulation of waterborne or
particle-bound metals (Kahle and Zauke 2002b). In
general, there are two different ways to calculate
BCFs: (1) using the ratio of k1 and k2 from kinetic
data not assuming that an equilibrium has been
reached during the experiment or (2) using the ratio
of metal concentrations in the test organism CA and
the exposure concentration CW assuming that an
equilibrium has been reached (Kahle and Zauke
2002a).

The aim of this study was to assess the capacity of
the freshwater calanoid copepod Argyrodiaptomus
falcifer (Daday, 1905) to accumulate Cr from water,
to know the BCF in order to evaluate its potential as a
biomonitor, and to compare this with data previously
obtained with Daphnia magna Straus under identical
conditions (Regaldo et al., in press).

2 Materials and Methods

A. falcifer is a very common species widely distrib-
uted in the floodplains of South American rivers such
as Paraná, Paraguay, and Uruguay. The current
taxonomic status of A. falcifer was established by Paggi
(2006). This author states that Diaptomus falcifer
should be re-assigned to the genus Argyrodiaptomus
and that it is a senior synonym of Argirodiaptomus
argentinus (Wright, 1938).

A. falcifer was collected from temporary ponds of
the Paraná river floodplain, Santa Fe, Argentina,
(31°37′ S; 60°41′ W), using a 45 μm zooplankton
net. These being hypereutrophic temporary ponds,
collected copepods were placed into Petri dishes in
order to separate the specimens from the particulate
organic matter. Adult males and gravid females were
sorted under an Olympus Z TX-E dissection stereo-
microscope using a plastic micropipette. Adults were
randomly separated to provide 12 sets of specimens,
150 per chamber. Sorted specimens were acclimatized
to synthetic water (2 g NaHCO3; 2.24 g CaCl2; 0.26 g
K2SO4 in 10 l distilled water); conductivity, 0.05 mS
cm−1; dissolved oxygen, 7.8 mg l−1; pH 7.6, in an
incubator for 24 h, at test conditions of 20±1°C,
12:12 h (L/D), fed ad libitum with Chlorella sp., and
used the following day.

Static bioassays were conducted in order to test the
Cr accumulation of A. falcifer. Cr was added as
chromium dichromate (Cr77K2). The pools of cope-
pods were exposed to three concentrations of Cr (VI):
150 μg/L (T1), 280 μg/L (T2), and 350 μg/L (T3) for
a period of 48 h. The toxicant was added to a freshly
prepared and aired solution of synthetic water. No
food was given to the test organisms during the
experiment.

Bioassays were carried out in 250 ml glass beakers,
each with 200 ml of synthetic aired water. Bioassays
were conducted by triplicate per treatment and a
control (without Cr) at identical conditions than
acclimation phase. After 48 h, specimens were sieved
and carefully washed twice with distilled water, dried
at 60°C till constant weight to later determine the
amount of accumulated Cr by Instrumental Neutron
Activation Analysis (INAA).

Samples of approximately 1 mg were analyzed by
INAA, together with certified reference material
IAEA V-10. Four-hour irradiations were carried out
at RA-3 reactor (thermal flux 6.1013cm−2 s−1, 10 MW
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nominal power), at the Ezeiza Atomic Center of the
Argentine National Atomic Energy Commission.
Measurements of 51Cr (half-time 27.72 days, γ
energy peak 320 keV) were done after 30 days of
decay, using a 30% efficiency Ortec GeHP detector,
coupled to a multichannel Ortec 919 E module.
Gamma Vision software was used for spectra acqui-
sition, and the concentrations were calculated using a
software developed at the laboratory. The uncertainty
informed is the combined uncertainty (k=1) calculat-
ed considering the measurement uncertainty and the
uncertainty of the calibration standard (IAEA V-10
Hay powder) as in its certificate (IAEA 2000).

Quality assurance of analytical results was evalu-
ated by analyzing the certified reference material
MRCChEN-002, clam (Venus antiqua), provided by
the Chilean Atomic Energy Commission. This refer-
ence material was analyzed by applying the same
experimental conditions used in copepod samples
analysis.

Observed BCF was calculated at the end of a
24-h exposure according to the following expression
(Ravera 2001; Kahle and Zauke 2002a): BCF=concen-
tration in the animal (CA)/concentration in water (CW).

Normality of log-transformed data was checked
using the Kolmogorov–Smirnov goodness-of-fit test.
Analysis of variance followed by the Tukey test was
used to compare mean values (α<0.05) to check for
significant differences between control and treatment
groups. Standard deviation (s.d.) and variation coef-
ficient (v.c.) were obtained from BCF data.

3 Results

Chromium results obtained for certified reference
material MRCChEN-002 showed a good agreement
with the certified value. Relative error was 6.8%,
indicating the accuracy of the obtained results.
Standardized difference or z-score value (Bode
1996), obtained for Cr was 0.53 ( z <1), indicating
that the result is satisfactory and in agreement with
the certified value.

A. falcifer accumulated Cr in all the three tested
concentrations (Fig. 1). Comparison of T1, T2, and T3
and the control showed significant differences (p<0.05)
but not between the treatments (p>0.05). On the other
hand, A. falcifer accumulated more Cr than D. magna,
but differences were not significant (p>0.05).

An inverse relationship was observed between the
Bioconcentration Factor (BCF, ratio tissues/water) and
chromium concentration exposure level in A. falcifer.
The highest BCF obtained was 231.07 (s.d.=71.74,
v.c.=1.62) in T1, while the intermediate and the higher
concentrations were very similar: 127.73 (s.d.=30.24,
v.c.=1.66) in T2 and 137.40 (s.d.=18.82, v.c.=1.5) in
T3. All these values were very similar to those
recorded with D. magna: 281.67 (s.d.=86.64, v.c.=
0.29) in T1, 144 (s.d.=40.51, v.c.=0.11) in T2 and
234.67 (s.d.=54.81, v.c.=1.50) in T3.

4 Discussion

Our study suggests a net accumulation strategy for Cr
in A. falcifer. Due to their central role in the food
chain and the worldwide distribution of copepods,
they are interesting candidates for bioaccumulation
studies.

When considering the use of biomonitors to
evaluate environmental quality, the sensitivity of
prospective biomonitors to detect environmental
changes is crucial. Short life span organisms may be
used as accumulators specially for detecting short-
term pollution. In this survey, 24 h exposure was
shown to be enough to detect Cr accumulating
capacity by A. falcifer.

Marchese et al. (2008) measurements of metal
concentrations in the tissues of freshwater biomoni-
tors reflected the bioavailability of metal in the
environment. In a multispecies semistatic test, these
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Fig. 1 Cr concentrations recorded in A. falcifer and D. magna
tissues after exposure to the control (without Cr) and the three
Cr (VI) concentrations tested: 150 (T1), 280 (T2), and 350μg/l (T3).
Measurements performed by Instrumental Neutron Activation
Analysis. Bars indicate 1 Standard Deviation (S.D.)
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authors registered an inverse relationship between the
bioconcentration factor (ratio tissues/water) and the
exposure concentrations in all species. Although all
the studied species studied could be proposed as
biomonitors, Ceratophyllum demersum, Limnodrilus
udekemianus, and Zilchiopsis collastinensis were the
best biomonitors because of their higher capacity to
accumulate Cr.

INAAwas shown to be an appropriate technique to
determine Cr in copepods as no sample preparation
previous to the analysis is needed, and it has high
accuracy and precision and low detection limits.
Added to its characteristics, the methodological
advantage of the INAA is permitting the quantifica-
tion of chromium in a small amount of sample. The
number of copepods collected under the experimental
conditions (150 per replica) could seem low if
compared with what is possible to capture in marine
environments where zooplankton samples are
obtained from the sieving of huge volumes of the
water (impossible to get from our small water body)
taken with vertically towed plankton nets with a mesh
size of 500–700 μm and 1 m diameter. In these
conditions, the number of animals is about 1,300 in
each of the exposure treatments. On the other hand,
the biomass required to perform more traditional
bioaccumulation analysis, like graphite furnace atomic
absorption spectrophotometry, is higher (of about
10 mg dried copepods, in terms of Zauke and
Schmlenbach 2006) than that obtained in this study.
In contrast, INAA is a fast and reliable procedure to
routinely measure the abundances of up to about 35
elements even in small (<1 mg) samples (Koeberl
1993). Many species that may be considered good
indicators of water quality are very small and some-
times scarce. The minimum biomass required for
having a reliable result with this method is compatible
with those concentrations usually found in eutrophic
and polluted freshwater environments that are often
lower than those obtained from marine environments.

INAA has been used for multiple applications: e.g.,
for the determination of Cr and Co in human serum
(Versieck et al. 1978) to investigate the absorption of
Hg in algal biomass (Mosulishvili et al. 2004), multi-
elements in earthworms (Zheng et al. 1997), the
distribution patterns of rare earth elements and their
binding species with proteins in humans (Chen et al.
2001), heavy metals in different organs of fishes
living in polluted environments (Wood et al. 1990;

Veado et al. 2007), the impact of heavy metals from
environmental tobacco smoke (Landsberger and Wu
1995), to characterize several biological reference
materials and selected food items (Rao et al. 1995),
for air pollution research (Chung et al. 1997; Jasan
et al. 2004; Wannaz et al. 2008), and in the geological
sciences, INAA is still considered the method of
choice for multi-element studies requiring precision
and accuracy (Koeberl 1993).

5 Conclusions

Our results show that the calanoid copepod A. falcifer
can be used in biomonitoring studies to assess the
quality of freshwater environments. This view is
confirmed by a net Cr accumulation strategy recorded
in comparison to the control. These findings agree
with a net accumulation strategy. A. falcifer accumu-
lates Cr and could therefore be proposed as biomo-
nitor of contamination of freshwater environments.
However, both A. falcifer and D. magna can be
regarded as suitable biomonitors for the element
under consideration. Finally, we can conclude that
neither Cr accumulation nor BCF were different for
A. falcifer and D. magna, so that a priori, we can
assess that copepods would not be better biomonitors
than cladocerans.

Almost no information is available about metal
toxicity in freshwater copepods so the reported results
are of high importance to detect good biomonitors of
freshwater Cr polluted environments.
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