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ABSTRACT 

 
Evaluation of the chemical behavior of zinc and cadmium as well as the influence of biological activity in the 

sorption kinetics under microcosm experiments by mangrove sediments collected in Sepetiba Bay - Rio de 

Janeiro was carried out. The mentioned area was well contaminated due to the leaching from the tailing pile by 

the abandoned zinc processing company Ingá Mercantil. Radiotracer 65Zn and 109Cd were used to follow their 

exchange across water–sediment interfaces up to 48 hours experiments in six mangrove sediment cores. To 

determine the benthic activity index (BAI) the cores were treated with formaldehyde (biocide) and it was found 

that the presence of the radiotracers in the deeper layers of sediment without formaldehyde treatment showed 

clearly the influence of benthic activity retention (benthic faunal and microbial effects), since the same pattern 

was not found in the treated sediment. The activity values obtained for 65Zn and 109Cd in the untreated sediment 

with formaldehyde on the first centimeter were 53.79±0.28 % and 67.34±0.16 % respectively, whereas for the 

treated ones, were 98.72 ± 0.29 % and 98.31 ± 0.24 % respectively. Thus, it was demonstrated that the use of 

formaldehyde, as biological activity inhibitor, ceases the bioturbation process and allowed the accumulation 

along the sediment.  

 

 

1. INTRODUCTION 

 

 

The Sepetiba Bay is located on the west coastal region of Rio de Janeiro between the bay of 

Angra dos Reis and the so called Baixada de Jacarepagua, covering the plain region between 

the coast and the mountains, with a total area of 447 km². In this area are located several 

industrial poles such as Santa Cruz and Campo Grande, NUCLEP factory for heavy 

equipment and components and the Harbor of Itaguai, among others. Also, there was the 

mailto:joanna_barros2@hotmail.com


INAC 2015, São Paulo, SP, Brazil. 

 

already closed Ingá Mercantil Industry that for more than 30 years released toxic residues, 

mainly zinc and cadmium, due to zinc processing activity [1,2]. 

 

In recent studies in the Saco do Engenho, located in the mentioned region, Ferreira [3] has 

shown that in 70% of the analyzed samples the zinc concentration exceeded the permissible 

limits, according to the Brazilian environmental legislation. Since this region is already 

heavily impacted, it seems to be an interesting area for collecting and studying potential 

resistant organisms to Cd and Zn, aiming to use them in research on bioremediation. 

 

Both zinc and cadmium, shows high mobility in the air, soil, water (surface and 

groundwater), sediments and biota (plants and animals). As a rule, their migration is 

controlled by advection and diffusive transport (physical) and by their reactivity (chemical 

reactions, biological absorption and adsorption and desorption of surfaces). In coastal 

environments, the sediment is the main environmental compartment that reveals the 

contamination of impacted areas, due to its high capacity of retention for trace metal ions 

from the aquatic system [4]. Nevertheless, by the following processes: re-suspension, 

dredging or bioturbation it may also be considered as a potential source of contamination 

because the sediments can release them back, in its free form, into the water column [5]. 

 

The application of radiotracer technique in environmental application has become a very 

import tool in many studies, elucidating the role of many elements in biogeochemical 

processes in sediments of coastal and marine environments. This technique allows direct 

quantification of complex mechanism such as biological activity effects: bioturbation, 

microorganisms (bacterial colonization & biofilm production) interaction with organic 

matter, transport and accumulation of trace elements [6-8]. 

 

The goal of this work is to provide basic data by using radiotracers to support future 

applications on remediation actions to the contamination of zinc and cadmium in the Sepetiba 

Bay, taking into consideration physical, chemical and microbiological effects. In this paper, 

the influence of biological activity on retention of these metals in the sediment along depth is 

reported.  

 

 

2. EXPERIMENTAL 

 

 

The sorption study using 65Zn e 109Cd under oxic conditions was carried out with six 

sediment cores taken from the Saco do Engenho mangrove (22°55’ 11.0’’ S, 43°49’ 05.98’’ 

W), see Fig. 1. Plexiglass tubes (4.4 cm diameter and 30 cm length) adapted by Petersen´s 

methodology [9]. The sediment cores collected were immediately plugged with rubber 

stoppers and transported to the laboratory, keeping them with a water column of five 

centimeters for 24 hours to check for possible leaks. 
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Figure 1 : Sepetiba Bay – Rio de Janeiro/RJ map. The star represents the local sampling 

location, in the area known as Saco do Engenho. 

 

 

Five liters of seawater were collected in plastic gallon in the Bay of Sepetiba (S 22º 55’ 

42,9’’, W 43º48’41,9’’). In situ, physicochemical parameters were measured with the aid of 

multi probe - Parametric Hanna HI9828 and with a GPS (Garmin) for data of the geographic 

location. The following physical-chemical parameters were measured: pH (8.23), temperature 

(27.76 °C), salinity (31.45), dissolved oxygen (88.7%), total suspended solids (24.14 ppt) and 

conductivity (48.32 mS /cm). 

 

The radiotracers used were supplied by Perkin Elmer Inc., and spiked 3.17 x 105 Bq of 65Zn 

and 4.76 x 105 Bq of 109Cd into a 0.9 L seawater solution. After homogenization, 150 ml of 

this solution was transferred to each sediment core. To estimate the benthic activity index a 

biocide treatment were performed in three sediment cores with 16 mL of 4% formaldehyde 

(Alphatec, P.A. grade) solution [10]. 

 

To maintain an oxic condition (O2 saturation) during the experiment all the time was pumped 

air into the sediment cores. At the beginning of the experiment, 10 mL aliquot was taken and 

placed in a PVC pot for counting by means of a Canberra’s gamma-ray spectrometry system 

with a germanium high purity detector (HPGe) to measure the initial activities. At the end of 

the experiment (48 hours), the water column was removed and the sediment cores sliced in 

one (1) cm thick. Afterward, each sliced piece was measured on the HPGe detector. For the 

inventory estimation it was determine the density so before weighing the samples were dried 

at 50 °C for 72h. After measuring the activities of the samples, correction for physical decay 

were made for 65Zn, (T1/2=244.01 d; gamma-ray energy of 1115.5 keV) and 109Cd (T1/2=461.4 

d; gamma-ray energy of 88.0 keV). Overall, the counting uncertainties were always below 

5%. 
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2.1. Results and Discussion  

 

 

In this work it was found high removal of 65Zn and 109Cd from the water column by the 

sediment cores, with no difference at all between the radiotracers. For the treated sediment 

cores with the biocide, the percentages of removal were much lower for 65Zn (see table 1), 

indicating a biological selective preference for zinc, as it was expected, being this an essential 

element.    

 

 

Table 1- Comparison of the removal of the radiotracers of zinc and cadmium by the 

sediment cores when treated with 4% formaldehyde for 48 hours 

 

Radiotracer Treated Untreated 
65Zn 87.2 ± 2.2% 98.2 ± 2.9% 

109Cd 94.2 ± 2.3% 98.7 ± 3.2% 

 

In Fig. 2 are shown the results for the sliced pieces of the sediment cores. It can be seen that  

cores treated with biocide practically all the activity was concentrated at the top of the 

sediment cores, for both tracers. While, for those ones with biological participation (untreated 

cores), it was (67.34±0.16)% for 109Cd  and (53.79±0.28)% for 65Zn. These results are in 

agreement with other studies, since generally over 50% are accumulated in the first 

centimeter [10-12].  

 

In Figure 3 the profiles of the benthic activity accumulation (BAIc) as well as the inventory 

(BAIINV) of 65Zn and 109Cd in the mangrove sediment cores are shown. In the uppermost 

layer (first sliced sediment) significant difference between the tracers was found, since 

benthic activity percentage for zinc was very weak (BAIc 3.6%), and moderate for cadmium 

(38.5%). The BAIINV values were 18.6% and 45.4%, respectively. For the other layers (2-6 

cm depth), the percentage index for Zn and Cd was quite high (96-100%), showing greater 

influence of the benthic activity on the migration of these metal ions towards lower depths. 

 

 

 

3. CONCLUSIONS  

 

 

By using radiotracers, the results showed that the uptake of zinc and cadmium from the water 

column by natural mangrove sediment was almost 100%, being concentrated in the upper 

layer of the core, and for those cores treated with biocide, i.e., without biological activity, it 

was on average around 90% for both elements. The calculated BAIINV index were  nearly the 

same for 109Cd and 65Zn (96-100) %, but only for deep layers (2-6) cm  of the sediment cores.  
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Figure 2: Percentages of variation of 65Zn and 109Cd activities against depth in 

mangrove sediment cores at the end of 48 hours experiment; the blue one 

represents cores treated with biocide and the red one without treatment. 

(weighted average ± combined uncertainties; n=3) 
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Figure 3: Estimated benthic indices contents (BAIc) and inventories (BAIinv) for 65Zn 

(triangle) and 109Cd (square) as a function of depth. 
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