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INTRODUCTION

The study of occurrence, fate and distribution of trace
metals in estuarine environments has deserved to receive

major attention, mainly because of their persistent toxic
effects, as well as their ability to be accumulated within
compartments of these environments (Salomons, 1995;
1996). Thus, knowledge of both the physical and physico-
chemical processes controlling the behavior of heavy
metals is a basic requirement for the understanding of
their potential toxicity in the environment.

Estuaries and coastal zones receive inputs of pollutants
from both point and non-point sources, especially con-
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ABSTRACT

Bahía Blanca is an estuarine environment with a very particular behavior, which includes a large tidal plain with
an area close to 1150 km2, a relatively small input of inland water, and with several marginal areas that seasonally
function as hypersaline. Mud is predominant in the sediments, where a significant population of the crab
Chasmagnathus granulata lives during the whole year. There are several cities along the estuary as well as
important harbors and a large industrial nucleus which discharge their effluents within this environment.
Cu and Zn concentrations were determined in samples of water (for both dissolved and suspended particulate
matter) and surface sediments (total and <63 _m fractions). Organic matter was analyzed in the sediments, while
temperature, salinity, pH and dissolved oxygen were measured in the estuarine water. 

The metal concentrations determined in this study were: 16.01 ± 1.85 �g Cu g–1 and 52.96 ± 5.67 �g Zn g–1

in surface sediments; 111.05 ± 42.78 �g Cu g–1 and 105.66 ± 19.16 �g Zn g–1 in the <63 �g surface sediment
fractions. While the concentrations in suspended particulate matter were 35.61 ± 9.77 �g Cu g–1 and 
205.03 ± 70.68 �g Zn g–1, and 4.65 ± 2.27 �g Cu L–1 and 15.82 ± 6.14 µg Zn L–1 in dissolved fraction. Furthermore,
dissolved Cu was similar than the quality criteria concentration, while Zn was lower than the norms for marine
and estuarine waters (4.8 �g L–1 for Cu and 90.0 �g L–1 for Zn, USEPA, 1999).

Simultaneously, the effects of Cu and Zn were studied on recently hatched larvae of C. granulata, through 
96 hours semi-static acute assays. Viability was the applied criterion within the assays. LC50-96h for Cu was
219.2 �g L–1 (188.9–248.9 �g L–1), whilst that for Zn was 172.1 �g L–1 (141.3–203.6 �g L–1), which demonstrates
that Zn is more toxic towards larvae. Finally, both LC50-96h values determined for Cu and Zn were higher than
the corresponding metal concentrations measured in the Bahía Blanca environment.
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cerning with such ecosystems as seaports, cities or
other industrialized coastal areas which receive chronic
inputs of these metals. Since many crustacean species
inhabit estuaries, numerous studies have aimed at
examining the bioaccumulation and effects of various
toxicants in these animals (i.e., Weis et al., 1992). In
this sense, the present work constitutes the first integral
study of copper and zinc distributions and their effects
in the Bahía Blanca Estuary.

The Bahía Blanca Estuary is located in the south-
eastern of Buenos Aires province, Argentine
(38º45′–39º40′ S and 61º45′–62º30′ W). It is an estu-
arine environment Having unusual aspects, which include
a large tidal plain with an area close to 1150 km2, a 
relatively small input of inland water, and with several
marginal areas that seasonally function as hypersaline
ones (Freije et al., 1981). The middle-littoral is charac-
terized by beaches with scarce slope and broad surface
and abundantly covered by halophyle vegetation or
“espartillar” (Spartina sp. and Salicornia sp.) and crab
caves or “cangrejales”, basically from populations of
the crab Chasmagnathus granulata.

The estuary is also characterized by the presence 
of various channels, fine sand and silt-clay sediments
and low depth. Tidal oscillations of 4 m and predomi-
nant northwesterly winds create strong tidal currents,
which facilitate water mixture, leading to a uniform
vertical distribution of the main oceanographic para-
meters (Piccolo and Perillo, 1990; Perillo and Piccolo,
1991). 

At the northern boundaries of estuary various ports,
towns (with a populations exceeding 350,000 inhabitants)
and industries are located and several streams discharge
within the area. Oil refineries and terminals, petro-
chemical industries, meat factories, leather plants, fish
factories, textile plants, wool washing plants, silos and
cereal mills discharge their effluents into the estuary
with or without treatment. Moreover, this area is exten-
sively used by fishing boats, oil tankers and cargo 
vessel and therefore requires regular dredging.

The crab Chasmagnathus granulata (Grapsidae) is
widely distributed on the Atlantic coast of South
America, from Rio de Janeiro (Brazil) to Patagonia
(Argentine) (Boschi, 1966). The abundant populations
of this species play an important linking role within the
corresponding trophic web, and all stages of the crab’s
life cycle become a relevant food component for many
fish and shellfish species.

The present study includes information on the dis-
tribution of oceanographic parameters and the occur-
rence and distribution of copper and zinc in surface 
sediments, the finest grain size fraction of sediments
(<63 �m), dissolved and suspended particulate matter,
as much as the acute toxic effects of Cu and Zn on crab
larvae.

MATERIALS AND METHODS

Environmental parameters, organic matter and
trace metals 
Both, the study area as well as the location of the 
sampling station at Puerto Cuatreros, Bahía Blanca
Estuary (Argentina) are shown in Figure 1. Samples
were taken monthly at a sampling station located at the
inner zone of the estuary between May 1999 and
September 2000. Temperature, salinity, pH and dissolved
oxygen were in situ measured using an Horiba U-10
multisensor device.

Surface water samples (0.5–1 m depth) were collected
using a Van Dorn oceanographic bottle on deck, from
a position in the bow which minimized contamination
from the ship. Obtained water samples were filtered
through Millipore HA filters (0.45 �m mesh) for the
determination of suspended and dissolved metals. Before
use, filters were soaked overnight in dilute HCl and
stored in redistilled water. The filtered samples were
acidified using 3 ml of HNO3 (analytical quality) in
order to be stored. All fractions were frozen (at –20ºC)
until corresponding analysis.

Surface sediments were obtained with a sledge and
stored in a freezer (at –20ºC) up to their analysis in the
laboratory. These samples were oven-dried (at 45 ± 5ºC)
up to constant weight; subsamples were carefully sifted,
and the < 63 �m fraction was removed.

The dissolved metals were simultaneously extracted
from filtered water samples by chelation with ammo-
nium pyrrolidine-dithiocarbamate (APDC) followed by
methyl isobutyl ketone (MIBK) extraction according to
the method described by Koirtyohann and Wen (1973).
All extracted water samples were combined to ensure
homogeneity as well as to provide an adequated 
volume of matrix for the preparation of blanks and 
standards. Several aliquots of this matrix were treated
along with the samples to obtain analytical blanks. The
standards were prepared by adding increasing amounts
of Cu and Zn to the matrix.
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Figure 1 Location of sampling station in the study area,
Bahía Blanca Estuary (Argentine).
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Sediment samples, sediment finest grain size frac-
tion and suspended particulate matter (SPM) were fully
digested in a concentrated acids mixture, according to
the method described by Dalziel and Baker (1983) and
modified by Marcovecchio et al. (1988). Subsamples
of 500 ± 50 mg were removed, and mineralized with a
1:3 perchloric-nitric acid mixture in a thermostatic bath
(at 90 ± 10ºC) up to minimum volume (< 1 ml).
Solutions were made up to 10 ml with 0.7% nitric acid,
and corresponding absorbances of each metal were
measured by atomic absorption spectrophotometry.

Concentrations Cu and Zn were determined with a
Perkin-Elmer AA-2380 atomic absorption spectro-
photometer with an air/acetylene flame and deuterium
background correction (D2BGC). Analytical grade
reagents were used to make up the relevant blanks and
calibration curves, and the analytical quality (AQ) was
tested against reference materials (Table 1) provided by
The National Institute for Environmental Studies (NIES),
from Tsukuba (Japan).

Organic matter contents within sediments were deter-
mined following the method modified by Strickland
and Parsons (1968). This involves the wet oxidation of
carbon by acidic dichromate, and adaptation to spectro-
photometry. A Beckman DU2, UV-visible spectro-
photometer at wavelength 440 nm was used to deter-
mine the organic matter concentrations.

Toxicity bioassay
Ovigerous female specimens of Chasmagnathus granu-
lata were collected in the intertidal zone at Puerto
Cuatreros, Bahía Blanca Estuary, Argentina (Figure 1)
during the spring of 1999. Once in the laboratory,
ovigerous females of similar maturity and carapace
widths were selected. They were placed in glass con-
tainers, and acclimatized under environmentally con-
trolled conditions selected for the bioassays which
would be carried out later. 

Naturally aged estuarine water was used after being
passed through a 0.45 µm mesh filter as well as active
carbon in order to remove dissolved organic matter and
trace metals. Distilled water was then added to obtain
the water dilution used for both acclimatization and
assays, at the desired salinity of 35 ± 1 psu and 
pH 8 ± 0.4. A constant temperature (22 ± 1ºC) and con-
trolled photoperiod (12 L:12 D, fluorescent light) were
maintained during the experiments. 

All females were checked daily in order to detect
hatched eggs or loss of clutches; post-hatching and dead

females were removed. Immediately after hatching, the
first zoeae were exposed to Cu and Zn for 96 h, and the
acute semi-static toxicity test was carried out accord-
ing to the standard methodology for this kind of studies
– the FAO (Reish and Oshida, 1987) and the American
Public Health Association (APHA, 1992).

Recently hatched larvae were examined under a
stereomicroscope in order to select larvae with the
highest viability. Approximately four hundred larvae
were removed to carry out the toxicity tests. Semi-
static toxicological bioassays were carried out for 96 h;
all test solutions have been replaced every 24 h, in order
to calculate the acute lethal toxicity form different con-
centrations of Cu (CuCl2 . 2H2O) and Zn (ZnCl2). A
series of six concentrations 0 (control), 80, 160, 320,
640 and 1280 �g Cu2+ L–1, and six concentrations 0
(control), 100, 200, 400, 800 and 1600 �g Zn2+ L–1,
were assayed on the basis of previous preliminary
assays. Three replicates of at least twenty animals were
exposed to the above concentrations. The criterion for
death was the absence of movement after the animals
had been gently touched with a glass rod. Mortality was
recorded every 24 h, after which dead zoeae were
removed.

Probit analysis was used to estimate the concentration
and 95% confidence limits of copper and zinc that kills
50% of the exposed zoeae (LC50) (Finney, 1971).

RESULTS AND DISCUSSION

Environmental parameters
Temperature, salinity, dissolved oxygen and pH, were
measured monthly in situ at a sampling station in the
inner zone of the estuary during one and a half-year
(May 1999–September 2000). Corresponding distribu-
tion of these parameters are presented in Figure 2.

The recorded annual cycle of water temperature has
fluctuated between 4.9 and 22.9ºC, followed a distinct
unimodal pattern, irrespective of the semi-arid conditions.
Salinity has also seasonally varied, with a range of
14.50–40.34 psu, and its recorded decreases were
related to precipitation and freshwater run-off.

The annual average temperature and salinity were in
agreement with historical values previously reported
for this area (Piccolo and Perillo, 1990; Freije and
Asteasuain, 1997).

Dissolved oxygen showed a seasonal distribution
pattern, with the maximum in winter owing to low 
temperatures and production from the phytoplankton
bloom (Gayoso, 1998), and variations laying between
5.4 and 11.6 mg L–1. These results allow to support that
this environment does not shown oxygen deficiency,
because values of “severe hipoxia” (< 4 mg L–1) or
below “minimum acceptable level” (< 2 mg L–1) for
coastal and estuarine waters (Windsor, 1985; Rabalais
et al., 1991) have never been recorded. 
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Table 1 Percentages of recovery in the analysis of reference
materials to assess analytical quality (ranges)

Metal analyzed Estuarine water Pond sediment

Cu 91.1–95.3% 95.5–99.4%
Zn 92.9–96.5% 97.4–101.5%
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On the other hand, the pH values (average 8.06 ± 0.23)
presented a homogeneous pattern during the sampling
period. It is important emphasize that a narrow range
of pH variation, like as the recorded in this study, impli-
cate that metals desorption and solubilization processes
from particles do not take place (Bourg and Loch,
1995).

The annual averages of these parameters were in
agreement with historical values for this area, and their
distributions did not show any signs of abnormality.

Trace metals and organic matter
Table 2 presents the average concentrations of copper
and zinc in surface sediments (both, total and fine-grain
size fraction) and estuarine water (dissolved and 
particulate) of the inner zone of the Bahía Blanca Estuary.

Generally the concentrations of Cu and Zn in surface
sediments were lower than those measured for different
coastal areas, which were previously characterized as
strongly contaminated by significant point sources of
these two metals (i.e., Dassenakis et al., 1996; Lacerda
et al., 1998; Hayes et al., 1998). In addition, these Cu
and Zn values were similar than those previously
reported by Marcovecchio et al.(1986) and Pucci
(1988) for surface sediments from the same area.

Metal contents in the fine fraction (< 63 �m) of 
sediments were highest than total sediment fraction (at
least in one order of magnitude). This was fully in

agreement with previous studies, on account of the high
content of metals in the finest fraction of sediments,
which are due to biggest surface area and more places
of union (Förstner and Wittmann, 1983; Salomons and
Förstner, 1984). On the other hand, the average value
of Cu and Zn in the fine-grain size fraction (<63 �m)
and SPM as reported here were slightly greater than
those reported as the natural background for other
coastal and estuarine regions, while were similar to
those reported from industrialized areas (González,
1991; González and Ramírez, 1995).

Furthermore, dissolved Cu was similar than the 
quality criteria concentration, while Zn was lower than
the norms for marine and estuarine waters (4.8 �g L–1

for Cu and 90.0 �g L–1 for Zn, USEPA, 1999). This
point is very important in the case of copper, where the
concentration of dissolved fraction (the best bioavail-
able fraction) is near the limit of acceptable concentration
for marine and estuarine waters.

Organic matter contents in surface sediments varied
between 3.15 and 5.77 mg C g–1, dry wt. Organic mat-
ter in estuarine sediments has been widely recognized
as a significant trapper of pollutants, including trace
metals (Coquery and Welbourn, 1995). Furthermore,
the determined values of Cu and Zn showed a strong,
highly significant correlation with the OM concen-
trations, which indicated the affinity of these elements
for the organic fraction of the sediments: Cu r = 0.7598,
P<0.01, and Zn r = 0.7529, P<0.01. These results 
were in agreement with previous studies, on account of
these metals form strong complexes with humic sub-
stances in natural waters (Mantoura et al., 1978;
Nriagu, 1979).

The same relationship was found for chromium (Cr:
r = 0.7278, P<0.01 ; Ferrer et al., 1999), while Cd and
Pb showed non-significant correlation at the 99% con-
fidence level, so both metals are less likely to form 
stable organic complexes (the stability constants for Cd
or Pb – humic complexes are lower than those for other
metals) (Koblitz et al., 1997; Ferrer et al., 2000). 

The relationship between OM and Cu and Zn con-
tents in the sediments indicates a smallest proportion
of labile forms of these metals (Campbell et al., 1988).
This could participate in govern of their bioavailability
within the system.
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Figure 2 Distribution of oceanographic parameters:
temperature and salinity (a), dissolved oxygen and pH (b).

Table 2 Copper and zinc concentrations (average ± standard
deviation) in samples from the Bahía Blanca Estuary (n = 16).

Sample type Units Cu Zn

Sediments
Total fraction �g g–1 dry wt 16.01 ± 1.85 52.96 ± 5.67
< 63 �m fraction �g g–1 dry wt 111.05 ± 42.78 105.66 ± 19.16
Water
Dissolved �g L–1 4.65 ± 2.27 15.82 ± 6.14
SPM �g g–1 dry wt 35.61 ± 9.77 205.03 ± 70.68
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Toxicity bioassay
The experimental conditions (temperature, salinity and
pH) of the toxicity test were similar to those found in the
environment during the period when zoeae I was abun-
dant (spring and summer). In order to be a good fit of
environmental conditions, an average of these parame-
ters was used. This is on account of changes in environ-
mental variable conditioning metal speciation, affecting
their availability and toxicity (Adema et al., 1980;
Luoma, 1983; Förstner, 1993; Bourg & Loch, 1995).

Table 3 summarizes the LC50 values as obtained for
both metals at different times of exposure. In the con-
trols, zoeae I mortality at 96 h was 8.8 % for copper,
and 7.5 % for zinc.

Copper assay showed most emphasized slopes, which
has indicated a rapid absorption of this metal and an
immediate turn up of toxic effect respect to zinc.
Although, at the end of exposure (96 h) zinc was found
to have been significantly (P<0.05) more toxic (1.3
times) than copper towards zoeae I. It is notable to point
out that the same toxic trend (zinc > copper, 2.6 times)
was registered for young crabs of Chasmagnathus
granulata (Ferrer, 2001). Unlike this, Amín (1995) has
established for zoeae I of king crab Lithodes santolla,
at the end of exposure (96 h) that copper was found to
be more toxic than zinc.

Comparisons of LC50 values in relation to exposure
time have shown significant differences between 24
and 48 h, 48 and 72 h and between 72 and 96 h in 
copper assay, even though there was an evident asymp-
totic trend. In the case of the zinc assay, the same com-
parison has shown no significant differences between
24 and 48 h, while significant differences between 48
and 72 h, 72 and 96 h have been observed, again with
an evident asymptotic trend (Figure 3). Significant 
differences between the values of LC50 at 72 and 96 h
have made impossible to determine the lethal incipient
threshold for these metals.

The LC50-96 h value for copper reported in this study
is significantly higher (P<0.05) than those previously
reported for Chasmagnathus granulata zoeae I at 30 psu
(110.62 �g L–1 ; range: 78.13–153.66 �g L–1) (López
Greco et al., 2001). 

The LC50-96 h values determined for Cu and Zn
were higher then the corresponding metal concen-
trations as determined within the Bahía Blanca environ-
ment; thus, it can be stated that larvae/zoeae I of the
crab Chasmagnathus granulata were far to be under
hazard due to Cu or Zn acute toxicity.

CONCLUSIONS

The annual average of oceanographic parameters 
has well agreed with historical values for the area, and
has not presented any evidence of abnormality in its
distribution. This could support the concept that 
no gross changes in the chemical species of trace 
metals have occurred during the time of the measure-
ments.

Copper and zinc concentrations in surface sediments
were similar than those previously reported from the
same environment (twenty years ago), and were simi-
lar to those reported as natural background for similar
regions. On the other hand, the average of copper and
zinc in both fine fraction of sediments (< 63 �) and
SPM reported in this study, were similar than those
reported from other industrialized areas. Analysis of the
relationship between OM and Cu or Zn has appeared
to suggest a smallest proportion of labile forms of these
metals. This presumably could govern their bioavail-
ability within the system.

Dissolved Cu was similar than the quality criteria
concentration, and this was important considering that
the dissolved fraction is the main input to aquatic
ecosystems, while Zn was lower than the norms for
marine and estuarine waters.

Zinc displayed a significantly higher acute toxicity
than Copper (1.3 times) towards Chasmagnathus gran-
ulata zoeae I at the end of exposure (96 h). 

Finally, it should be noted that both LC50 values
determined for Cu and Zn were higher than the corre-
sponding metal concentrations measured in the Bahía
Blanca environment. Nevertheless, the assessment of
acute lethal toxicity is the first step to determine the
chronic effects on estuarine organisms, which will be
carefully evaluated in the future.
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Table 3 LC50 values, 95% confidence limits and probit line parameters for the first zoeae of the crab Chasmagnathus granulata. 

Metal Exposure (h) LC50 95% confidence limits Slope Correlation coefficient

Cu (µg L–1) 24 666.0 597.1–742.6 7.48 0.93
48 371.3 325.1– 422.8 5.23 0.61
72 303.4 270.0–340.0 4.37 0.78
96 219.2 188.9– 248.9 7.42 0.99

Zn (µg L–1) 24 848.6 699.7– 1069.9 2.56 0.62
48 671.8 552.2– 827.3 2.64 0.72
72 250.4 208.6– 295.5 3.48 0.92
96 172.1 141.3– 203.6 3.64 0.96
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