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Abstract

This work applied the radiotracer technique to evaluate the
chromium (Cr) sorption by sediments of a mangrove
degraded area under reforestation phase. The radiotracer
S1Cr(I1I) was used to assess the removal kinetics of this metal
from tidal water by underlying sediments in two different
environments from the mangrove area of the reserve Parque
Natural Municipal Bardo de Maua (Rio de Janeiro, SE
Brazil). The results indicated a faster Cr(Ill) removal by
sediments from the area with initial mangrove reforestation
(ti2 = 12.1 = 0.1 h) than estimated for the area with older
mangrove reforestation (ti2 = 18.0 = 0.2 h). However, this

1. Introduction

Mangrove ecosystems play important roles in tropical
coastal areas, since they affect water quality by retaining and
stabilizing the sediments and by removing and storing metal
contaminants (Lacerda, 2002; Machado et al., 2002).
Although this role as biogeochemical barriers for trace
metals is recognized in the literature, natural processes and
anthropogenic influences (e.g., due to spatial and temporal
changes in redox conditions in the sediments) can induce
changes in the efficient retention of these elements (Clark et

difference was explained by a stronger sediment bioturbation
in the area that presented faster Cr removal (the initial
mangrove reforestation zone). These results evidence the
importance of the influence of biological activity in the
capacity of the mangrove sediment to remove Cr(III) from
tidal waters.

Keywords: Radiotracer. Microcosms.
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Mangtrove.

al., 1998; Marchand et al., 2012), often resulting in metal
remobilization (Harbison, 1986; Machado et al., 2008).

The comprehension on trace metal behaviour in different
sedimentary ~ environments is important for the
implementation of measures to prevent deleterious effects of
these potentially toxic elements, improving the management
of contaminated areas. This study aims to evaluate the
sorption of Cr(IIl) from tidal water by underlying mangrove
sediments employing a radiotracer technique, in order to
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contribute to the knowledge of the Cr behaviour in complex
mangrove environments. The use of this technique in
microcosm experiments have allowed the assessment of
mechanisms, kinetics and/or possible reversibility of trace
metal transfer across the water-sediment interface of a large
vatiety of aquatic systems. For instance, these studies have
included radiotracer experiments on estuarine sediments

2. Material and methods

The study sites are located in the northwestern margin of
Guanabara Bay (Fig. 1), within a red mangrove (Rhigophora
mangle L.) reforestation area in “Parque Natural Municipal
Bardo de Maua” (Magé City, Rio de Janeiro State). Sampling
stations were established in an initial reforestation (station A;
22°43'14.6"S, 43°11'35.2"W) area and in an older mangrove
reforestation (station B; 22°43’16.8” S, 43°11°24.8” W) area.
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Fig. 1. Sample location area at Guanabara Bay/R].
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(Petersen et al., 1998; Barros et al., 2004), unvegetated tidal
flats (Cournane et al., 2010) and mangrove wetlands (Suzuki
et. al, 2015). However, previous studies did not investigate
radiotracers removal from tidal waters by sediments of
mangrove degraded areas under recuperation activities.
Therefore, this work studied an area of mangrove
reforestation in Guanabara Bay, Brazil.

Tidal water was sampled from a channel constructed for
irrigating the mangrove cultivation area, using a 5-liter plastic
container, during the flooding period. Eight short sediment
cores (with nearly 6 cm length) were collected using Plexiglas
tubes (4.4 cm diameter, 25 cm length). In Fig. 2 a schematic
view of the experimental apparatus is shown.

The samples were immediately transported to the
laboratory, maintaining a tidal water column of ~5 cm
overlying the cores. In the Laboratory of Nuclear Chemistry
and Radiochemistry (Universidade Federal Fluminense), the
water columns that overlaid the sediments during transport
were substituted by a 10-cm tidal water
(corresponding to 150 mlL) spiked with the radiotracer
SICr(I1L) supplied by “Instituto de Pesquisas Energéticas e
Nucleares” (IPEN-CNEN/SP; Institute of Energy and
Nuclear Research), with an initial activity of 250 Bq/mL.
Since water that floods the sampled mangrove system is
oxygenated (Ovalle et al., 1990), oxygenation of the water
columns was maintained during the experiments by moist air
pumping (Petersen et al, 1998), simulating 6-hours of
flooding period.

Water sampling was carried out periodically along 44
hours. Gamma-ray spectrometry with a high-purity Ge
detector (ORTEC-HPGe) was used for determining 5'Cr in
these water samples.

column

3 Results and Discussions

The temporal variability of Cr(I1I) activities from the two
study areas are compared in Fig. 3. Faster initial removal
rates, followed by slower sorption kinetics, are typically
observed in previous studies on radiotracer exchanges across
the water-sediment interface (e.g., Petersen et al,, 1998;
Barros et al., 2004; Suzuki et al., 2012), as it was found in all
performed experiments.

However, clear differences were observed among the
removal kinetics of Cr(IIl) by sediments from the analyzed
sites in this work. In station B, Cr(IIl) was removed
approximately two times faster than in station A at the first
hour of experiments. On the other hand, station A presented
a faster radiochromium removal from water during the
following initial hours of experiments.
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These results were a consequence of the shift in the
removal kinetics observed at the second hour, only in station
B. After this shift, all the relative values of removal were
higher in station B than those determined in station A. More
than 50% of the initial activities of Cr(IIl) in water were
removed within 24 hours, but station B displayed a higher
removal capacity than station A (~60% vs. 90% removals).
The Cr(I1I) sorption by sediments of station A was stabilized
at 24 hours, whereas this stabilization was not found in
sediments of station B, which maintained a slow removal
trend until 44 hours.
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Fig. 2. Experimental apparatus employed (adapted from Petersen
et al., 1998).

The general shapes of the sorption curves followed a first
order removal trend (Fig. 3). Therefore, first-order constants
of the removal velocity (k) and half-removal times (T'1/2)
were estimated for these experiments (Table 1). The most
efficient sorption of the sediments of station A is indicated
by higher k value and smaller T2 value.

The importance of mangrove vegetation contribution to
the establishment of favourable conditions for the retention
of metals by sediments is well characterized in the literature
and this capacity is due to physical stabilization, organic
matter accumulation and development of physical and
chemical conditions that constitute a biogeochemical barrier
for these elements (Lacerda, 2002; Suzuki et al., 2015).

The variability in these factors between stations may
contribute to explain the contrasts observed in the studied
stations. An intense development of polychaete burrows was
observed in the upper layers of sediment cores from station
A (Fig. 4), but this biological disturbance was not found in
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sediments from station B. The burrowing activity of benthic
fauna is well recognized as an important factor that improves
the ability of sediments to remove radiotracers from the
overlying water (Santschi et al., 1984; Osaki et al., 1997,
Suzuki et al., 2012). This factor was the most probable
explanation for the differences in Cr(III) sorption kinetics
between stations A and B in the study area.
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Fig. 3. Percent remaining activities of >!Cr in relation to initial
activities in the cores of mangrove reforestation (weighted average,
n=4).

Fig. 4. Sediment core sampled from station A, with well-
developed bioturbation zones (butrows are indicated by arrows).
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Tab. 1: Values resulting from sorption kinetics of areas A and B

Kinetics 44hs k Error R? SD T1/2 (hs) Error
Area A 0.0575 0.0004 0.8886 20.9532 12.1 0.1
Area B 0.0385 0.0004 0.9472 9.5460 18.0 0.2

4. Conclusion

The use of the radiotracer 3! Ct(111) allowed the evaluation
of removal constants and the respective half-removal times
of Cr(Ill) from the tidal water underlying the mangrove
sediments.

A faster radiotracer sorption by sediments was observed
for the area with initial mangrove reforestation in
comparison with an older mangrove reforestation zone (ti/2
=121 £ 0.1 h vs. 18.0 £ 0.2 h). The differences between
sites were probably due to stronger sediment bioturbation
observed in the area with mangrove plant cover that
presented faster Cr removal. These results evidenced and
confirmed previous studies on the large importance of
bioturbation influence in the capacity of mangrove
sediments to remove Cr(I11) from tidal waters.
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