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ABSTRACT  

Dredging activities are recurrent in coastal cities, however, they can cause the remobilization of contaminants, increasing 

the risk to the biota. Guanabara Bay is a complex eutrophic estuary that undergoes dredging in several areas during the 

year. The Meriti River estuary is silted up and highly contaminated by metals, such as Cr, Cu, and Zn, due to the discharge 

of untreated sewage. In this sense, the present study aims to evaluate the remobilization of metals in the sediment (Cr, 

Cu, Fe, Mn, Ni, Pb, and Zn) and bioavailability after resuspension. Twelve sampling points were collected along 4 

transects. The resuspension experiments were performed at two intervals: 1 h (T1) and 24 h (T2) and followed protocols 

from previous studies. In general, all metals are remobilized after resuspension. -  In addition, the bioavailability change 

(BC) index was applied., which showed 54% remobilization of Cr after T2. The transects closer to the river showed less 

remobilization after resuspension, which may be related to the saline gradient. Zn was the only metal that exceeded 

CONAMA Resolution 454/12 level 2 after resuspension, indicating a significant anthropogenic input to the area. 

Although organic matter (OM) is one of the main regulators of bioavailability in this study, the results suggest that there 

is an interference of bacterial activity in the dynamics of OM degradation, which directly impacts the bioavailability of 

metals after resuspension.   

Keywords: Dredging, estuary, bioavailability, Guanabara Bay, anthropogenic input 

 

Mobilidade metálica após ressuspensão de sedimentos contaminados de uma 

baía urbana tropical 
RESUMO 

As atividades de dragagem são recorrentes nas cidades litorâneas, porém podem causar a remobilização de contaminantes, 

aumentando o risco à biota. A Baía de Guanabara é um estuário eutrófico complexo que sofre dragagens em diversas 

áreas durante o ano. O estuário do Rio Meriti está assoreado e altamente contaminado por metais, como Cr, Cu e Zn, 

devido ao lançamento de esgoto não tratado. Nesse sentido, o presente estudo tem como objetivo avaliar a remobilização 

de metais no sedimento (Cr, Cu, Fe, Mn, Ni, Pb e Zn) e a biodisponibilidade após ressuspensão. Doze pontos amostrais 

foram coletados ao longo de 4 transectos. Os experimentos de ressuspensão foram realizados em dois intervalos: 1 h (T1) 

e 24 h (T2) e seguiram protocolos de estudos anteriores. Em geral, todos os metais são remobilizados após a ressuspensão. 

- Além disso, foi aplicado o índice de alteração de biodisponibilidade (BC), que mostrou 54% de remobilização de Cr 

após T2. Os transectos mais próximos ao rio apresentaram menor remobilização após ressuspensão, o que pode estar 

relacionado ao gradiente salino. O Zn foi o único metal que ultrapassou o nível 2 da Resolução CONAMA 454/12 após 

a ressuspensão, indicando um significativo aporte antrópico na área. Embora a matéria orgânica (MO) seja um dos 

principais reguladores da biodisponibilidade neste estudo, os resultados sugerem que há uma interferência da atividade 

bacteriana na dinâmica da degradação da MO, o que impacta diretamente na biodisponibilidade dos metais após a 

ressuspensão. 

Palavras-chave: Dragagem, estuário, biodisponibilidade, Baía de Guanabara, insumos antropogênicos 
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Introduction 

Coastal zone management has become one 

of the greatest challenges for environmental 

management in recent decades. Urban expansion 

and, consequently, the advancement of the 

industry, the growing demand for energy and raw 

materials directly impact the exploitation of natural 

resources, and consequently the greater discharge 

of contaminants into the coastal environment 

(Oliveira & Marins, 2011). Among the most 

worrying environmental impacts, trace metals are 

one of the greatest threats to the maintenance of 

ecosystems in the coastal zone, because they have 

the characteristic of being persistent pollutants in 

the environment (Cotta et al., 2006). 

Metals are found naturally in aquatic 

ecosystems. However, due to anthropogenic 

activities, such as mining and domestic and 

industrial effluent discharges, excessive amounts 

of metals can enter aquatic ecosystems, causing 

contamination of these environments (Verstijnen et 

al., 2024). 

Metals enter rivers through surface runoff, 

atmospheric deposition, and discharge from point 

and diffuse sources and are easily adsorbed to 

suspended particulate material, being deposited in 

the sediment by the action of gravity, which is 

carried to the coastal zone (Cui et al., 2021). 

The sediment is composed of mineral and 

organic materials, which over time are deposited at 

the bottom of aquatic ecosystems. These materials 

are known as sinks for metallic compounds, which 

physical and chemical properties play a relevant 

role in the spatial distribution of metals in the 

aquatic environment (Monte et al. 2021; Teixeira 

et al., 2022).  

Physicochemical processes retain in the 

sediment both the weakly bound metals 

("exchangeable phases") and those associated with 

various substrates, such as iron and manganese 

oxides and hydroxides, carbonates, sulfides, and 

organic matter (Pestana, 1989; Herms & Gurgel, 

2012). Thus, sediments are important in the 

dynamics of contaminants in the estuarine system, 

because they act as a sink for trace metals, but also, 

depending on the physicochemical conditions, they 

can be considered as a source of contamination to 

the water column, releasing the metals previously 

stored, through activities, such as resuspension 

(Morse et al., 1994; Lima et al., 2001; Oliveira & 

Marins., 2011; Monte et al., 2017). Resuspension 

of sediment-bound contaminants can occur 

naturally, by bioturbation,  induction by winds, 

storms tidal currents and waves (Lacerda et al., 

2007; Monte et al., 2019). As well as it can occur 

by anthropogenic induction, due to dredging 

events, ship passage, and bottom trawling (Monte 

et al., 2019). 

In the study of resuspension events, 

chemical and physical aspects of the sediments, 

such as grain size and organic matter content, as 

well as pH and salinity of the water and redox 

conditions, can be very important in explaining the 

behavior of sediment-bound pollutants. These 

aspects influence, the chemical forms of the 

contaminants, thus their bioavailability (Cotou et 

al., 2005; Zhang et al., 2014; Rodrigues et al., 2017; 

Monte et al., 2022b). The intensity of resuspension 

can change over time, which according to 

environmental changes and the amount of 

resuspended sediment influences the dynamics of 

suspended particles (Eggleton & Thomas, 2004; 

Monte et al., 2022).  

Resuspension of contaminated coastal 

sediments is capable of causing secondary 

contamination, increasing the risk to aquatic biota 

(Malferrari et al., 2009; Freitas et al., 2019). 

However, dredging activities are mainly 

recommended to decrease siltation and ensure 

navigability (Wasserman et al., 2016). The rapid 

siltation process in lakes, rivers, and estuaries is the 

consequence of deforestation of the banks and uses 

of the drainage basins. In port areas, dredging is an 

activity that is present mainly to maintain ship 

traffic (Guo et al., 2015; Bejarano-Ramirez et al., 

2017; Monte et al., 2022b). 

Assessing the total concentration of metals 

did not determine bioavailability and/or toxicity in 

the sediment. Therefore, evaluating different 

fractions, such as the bioavailable fraction, is a 

more reliable criterion for assessing metal toxicity, 

biogeochemical transformation, and final fate 

(Ashayeri et al., 2023). 

The bioavailability of metals in sediments 

is controlled by some geochemical processes, such 

as changes in the chemical element charges, the 

formation of chemical and complexing substances, 

adsorption to solid particles, and associations with 

sulfides, organic matter, and/or Fe and Mn oxides 

and hydroxides (Caetano et al., 2003; Maddock et 

al., 2007; Guo et al., 2015; Rodrigues et al., 2017; 

Freitas et al., 2019). However, dredging can cause 

a physicochemical imbalance between the water 

column and the sediment, causing the release of 

trace metals from the sediment into the water 

column, and increasing the potential bioavailability 

of the contaminants (Eggleton et al., 2004; 

Montero et al., 2013; Freitas et al., 2019; Monte et 

al., 2022). 

Guanabara Bay has 381 km2 and a drainage 

basin of 4,081 km2 (Montero et al., 2013; Monte et 
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al., 2022). The northwestern portion of the Bay's 

watershed receives the effluents from most of the 

industries of the industrial complex of the 

metropolitan area of Rio de Janeiro State, and the 

Meriti, Iguaçu, and Estrela rivers are the main 

receptors (Maddock et al., 2007; Machado et al., 

2011; Monte et al., 2021). In this region, dredging 

is recurrent to reduce siltation and avoid urban 

flooding (Monte et al., 2022b). 

The bay is an ecosystem considered 

eutrophic to hypereutrophic due to its high organic 

load. The northwestern region of the bay is most 

affected by metal contamination, such as Cd, Cr, 

Cu, Hg, Ni, Pb, and Zn, due to the large industrial 

complex in the surrounding municipalities, where 

there is no sewage treatment (Monte et al., 2023; 

Rodrigues et al., 2023). 

In this sense, the present study aims to 

evaluate possible variations in metal 

concentrations in the bioavailable fraction before 

and after resuspension events of surface sediments 

of the Meriti River, located in the northwestern 

portion of the Guanabara Bay, as well as the 

application of the ecological index change of 

bioavailability (BC) after resuspension, as 

suggested by Rodrigues et al. (2017). 

Thus, the hypotheses of this study are as 

follows: (I) the influence of the salinity gradient on 

the bioavailability of metals; (II) metals are less 

bioavailable in estuaries with a higher 

concentration of organic matter; and (III) 

resuspension increases the bioavailability of 

metals. 

 

 Materials and methods 

 

Study area and sampling procedures  

 Guanabara Bay is the second-largest 

Brazilian bay and one of the most urbanized in the 

world, with about 11 million inhabitants around it 

(IBGE, 2010; Fistarol et al., 2015). However, due 

to the industrial park, located around the bay's 

watershed, the discharge of untreated industrial 

sewage is continuous. Thus, metal contamination 

of the bay has been going on for years, being 

reported in several previous studies (Rebello et al., 

1986; Barrocas & Wasserman, 1993; Machado et 

al., 2002; Maddock et al., 2007; Machado et al., 

2011; Baptista et al., 2013; Monte et al., 2019; 

Monte et al., 2022). 

 However, studies on the effect of dredging 

activities on the bay are few. Most industries are 

concentrated in Meriti and Iguaçu rivers basins, 

which flow into the northwestern part of the bay 

(Monte et al., 2021) (Figure 1). This zone also has 

poor water circulation (Barrocas & Wasserman, 

1993; Monte et al., 2021), being the estuarine zone 

silted. The Meriti River receives industrial 

effluents from the Acari River, which receives 

effluents from a chloralkali plant, besides the 

pollutants of other industries and from urbanized 

municipalities (Barrocas & Wasserman, 1993; 

Monte et al., 2021; Monte et al., 2022b). 

 

 

 

Figure 01- Study Area 



Revista Brasileira de Geografia Física v.17, n.2 (2024) 994-1014. 

997 

Rodrigues, A. P. C., Monte, C. N., Filgueira, G. Freitas, A. R., Santelli, R. E., Braz, B. Machado, W. 

The Meriti River is 20.79 km long and its 

drainage basin is about 650 km2 in area, 

contributing 12.3% of the annual freshwater 

discharge into Guanabara Bay (Coelho, 2007). For 

the present study, sampling was conducted in July 

2012 at 12 sampling points in the Meriti River 

estuary. The surface sediment samples were 

collected per study site using a van Veen grab and 

stored, under refrigeration until arriving at the 

laboratory,while the water was collected 6 liters in 

the central channel of Guanabara Bay and 

conditioned in previously decontaminated âmbar 

bottles. . The physical-chemical parameters (pH, 

electrical conductivity, temperature, dissolved 

oxygen-OD and salinity) were measured on 

site.The presented results are averages and 

standard deviations derived from separate analyses 

of subsamples (duplicates).  

 Resuspension Experiments 

Resuspension experiments were carried 

out at room temperature (25oC). The experiments 

compared short and long time periods of 

resuspension (1h vs. 24h). The intervals choice was 

based on previous studies, which demonstrated that 

in the first hour (t1) the most part of changes on 

bioavailibility occurs (Machado et al., 2011; Monte 

et al., 2005). The second interval (t2= 24h) has 

been also previously adopted (Morse, 1994), and 

was used to evaluate the stability of the 

contaminant response, simulating longer 

resuspension events, since dregding resuspension 

of sediments may occur during many hours, 

including daily variations (Monte et al., 2022). 

For each sampling time along the 

resuspension experiments, each one of these 

sediment subsamples was agitated in the sampled 

water and analyzed in duplicate, per sampling site. 

The sediment:water proportion used in the 

experiments was based on previous works 

(Machado et al., 2011; Monte et al., 2005; Monte 

et al., 2022b). Approximately 7.0 g of wet 

sediments were agitated in 125 mL Erlenmeyer 

flasks containing 100 mL of unfiltered water from 

the main channel of Guanabara Bay, under 

oxidizing condition. 

After the resuspension test, the physical–

chemical parameters of the water were measured 

(temperature, salinity, dissolved oxygen-OD and 

pH). An aliquot of the water (about 50 mL) was 

vacuum filtered using a decontaminated glass kit 

and a calcined glass fiber filter with a porosity of 

0.22 μm. These filtered water samples were 

destined to total carbon and nitrogen analyzes, 

being stored in amber glass bottles of 50 mL, 

acidified with boric acid and kept under 

refrigeration. For sediment separation, the 

remaining aliquot (mix of sediment and 50 mL of 

water) was transferred to a 50-ml Falcon tube and 

centrifuged at 3000 rpm for 5 min. The supernatant 

was discarded, and the sediment was dried under. 

Metals determinations 

The reactive phase (i.e., adsorbed and/or 

associated to carbonates, monosulfides and Fe and 

Mn oxides) was extracted by 16h agitation in 1 

mol.L-1 HCl solution, sediment samples. It is an 

usual approach for metal bioavailability evaluation 

(Morse, 1994; Machado et al., 2011; Birch & 

Hogg, 2011; Peña- ICart et al., 2014; Monte et al., 

2005; Rodrigues et al., 2017; Monte et al., 2019). 

Peña-Icart and co-workers (2014) compared four 

weak extractions (acetic acid 0.11vv, acetic acid 

25% and 1 mol.L-1 HCl with and without trypsin 

and pepsin) to evaluate metals bioavailability and 

as conclusion they indicated 1 mol.L-1 HCl as the 

most efficient extraction to simulate the digestive 

system of marine organisms. 

The potentially-bioavailable fraction was 

obtained using a 1 mol.L-1 HCl solution, where 40 

mL of this solution was added to a polypropylene 

tube containing 1.0 g of dried sediment. The tubes 

were stirred during 16h. After this period the 

samples were centrifuged (3,000 RPM, for 5 

minutes), the supernatant was separated for metals 

determination and the sediment was washed three 

times with distilled water to remove the acid 

solution. This extraction was chosen based on 

(Morse, 1994; Machado et al., 2011; Monte et al., 

2005; Monte et al., 2022b; Monte et al., 2021). 

Metals concentrations (Cd, Cr, Cu, Fe, Mn, 

Ni, Pb and Zn) were determined by inductively 

coupled plasma mass spectrometry (ICP-OES). In 

order to verify the accuracy of the methods, 

certified material was also analyzed (CRM NIST 

2782). The detection limits were: Cd: 0.01 mg Kg-

1; Cr: 0.01 mg Kg-1; Cu: 0.01 mg Kg-1, Fe: 3.00 mg 

Kg-1; Mn: 0.02 mg Kg-1; Ni: 0.01 mg Kg-1; Pb: 0.01 

mg Kg-1; and Zn: 0.01 mg Kg-1. respectively, and 

the recovery ranged from 95.49 to 107.4%. 

Sediment characterization 

The sediment grain size was characterized 

using a particle size analyzer CILAS 1064 and 

calculated using the software GRADSTAT 1.0. 

Total organic carbon (TOC) contents in sediments 

(after carbonate removal by acidification) was 

determined using a Shimadzu TOC analyzer TOC-

V with SSM-5000A module Shimadzu), using 

20mg of decarbonated sediment, obtained after 

HCl 1 mol L-1 extraction. Certified material 

(Potassium Hydrogen phthalate) was used with 

recovery of 103.4%. The organic matter (OM)  in 
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sediments was determined with heating (450°C) by 

four hours and half. 

 Nutrients 

 Nutrients in water, total carbon (TC) and 

total nitrogen (TN) were obtained by catalytic 

oxidation under high temperature by a Shimadzu 

TOC Vcph. For the analysis of total organic carbon 

in sediments, the carbonate content was removed 

by acidification (shaken in 1 mol L-1 HCl for 16 h). 

The determination was performed on the Shimadzu 

TOC-V analyzer using the SSM-5000A module for 

solids analysis. Potassium hydrogen phthalate 

certified material (certified concentration 47.1%) 

was used, obtaining an average concentration of 

51.17 ± 0.02%. 

 Total phosphorus was determined 

in 0.5 g of dried sediment after being subjected to 

calcination (450 °C/ 4 hours). The calcined samples 

were transferred to Falcon tubes and 10 mL of 1 

mol L-1 HCl was added, then stirred for 16 h. After 

stirring, the samples were centrifuged for 20 min at 

2,500 rpm. After this step, the colorimetric method 

for the determination of dissolved orthophosphate 

was used Grasshoff et al. (1983), with absorbance 

measurment in a spectrophotometer (Thermo 

Scientific, model Genesys 10S). For method 

certification, certified material for total phosphorus 

(PACS-3; 937 μg g-1) was used). The concentration 

found was 1,099.6±17.3 µg/g (117.3 % recovery). 

 Bioavailability Changes (BC) 

The Bioavailability Change Index (BCI) 

developed by Monte et al. (2015) was adapted in 

Rodrigues et al. (2017), and include only the 

concentrations of metals in reactive phase (BC). 

Then a simple calculation of reactive trace metals 

losses and gains as the percentage related to t0 (in 

natura samples, before resuspension) was done, as 

explained in the following equation: (([MeAR] – 

[MeBR])/[MeBR])*100, where [MeAR] is the metal 

concentration on reactive phase after resuspension 

and [MeBR] is the metal concentration on reactive 

phase before resuspension (Monte et al., 2022). 

Data analysis 

Statistical analysis was performed using  

SPSS 22.0 software. The Shapiro–Wilk test was 

applied to verify the normality of the samples, after 

which it was found that the samples had a non-

parametric distribution. Therefore, the Spearman 

correlations were tested to verify possible 

relationships between toxic metals with physical 

and chemical characteristics of the experiment's 

sediment and water. 

 

Results 

Geochemical and sedimentary characterization 

The grain size of the sediments is 

composed of a fine fraction (silt + clay) above 90% 

(Table 1). In all transects the organic matter (OM) 

was above 16%, indicating a high organic load. 

Regarding the physical-chemical parameters, 

dissolved oxygen (DO), pH, and salinity increased 

in the transects towards the bay, while temperature 

showed the opposite behavior (Table 1).  Total 

dissolved solids (TDS) were higher in the first 

transect. 

 

Table 1 Physico-chemical parameters and concentrations of metals and nutrients in sediment and 

water 

 Transect 1 Transect 2 Transect 3 Transect 4 

Sediment 

Clay (%) 7.3 ± 0.6 

(6.7-7.9) 

7.2 ± 1.0 

(6.2-8.1) 

6.7 ± 1.4 

(5.10-7.70) 

6.4 ± 0.9 

(5.9-7.4) 

silt (%) 86.6 ± 3.5 

(82.6-89.3) 

79.9 ± 7.8 

(71.0-85.5) 

74.4 ± 16.8 

(55.1-85.6) 

76.0 ± 3.6 

(73.0-79.9) 

Sand (%) 6.1 ± 3.4 

(4.0-10.1) 

12.9 ± 8.8 

(6.3-22.8) 

19.0 ± 18.2 

(6.7-39.9) 

17.7 ± 4.4 

(12.8-21.2) 

Organic Matter (%) 24.2 ± 0.4 20.4 ± 5.3 16.1 ± 4.2 19.7 ± 4.9 
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(23.8-24.5) (15.8-26.1) (11.2-18.9) (16.6-25.4) 

Eh (mV) -308.3 ± 16.1 

(-320.0 - -290.0) 

-305.0 ± 6.0 

(-311.0 - -

299.0) 

-323.3 ± 1.5 

(-325.0 - -

322.0) 

-311.0 ± 21.9 

(-330.0 - -

287.0) 

pH 7.4 ± 0.2 

(7.2-7.6) 

7.4 ± 0.1 

(7.3-7.4) 

7.1 ± 0.0 

(7.1-7.1) 

7.2 ± 0.1 

(7.1-7.3) 

Total Phosphorus (µg g-

1) 

1,137.7 ± 69.6 

(1,095.1-1,218.0) 

1,051.1 ± 162.6 

(870.8-1,186.5) 

1,117.7 ± 

322.0 

(882.4-

1,484.7) 

1,098.0 ± 139.7 

(948.6-1,225.3) 

Cd (mg kg -1) 0.8 ± 0.1 

(0.8-0.9) 

0.7 ± 0.1 

(0.7-0.8) 

0.6 ± 0.2 

(0.4-0.9) 

0.7 ± 0.2 

(0.5-0.8) 

Cr (mg kg -1) 30.7 ± 2.9 

(27.3-32.9) 

37.9 ± 14.7 

(27.6-54.7) 

24.5 ± 8.1 

(15.2-29.7) 

24.2 ± 6.8 

(17.2-30.8) 

Cu (mg kg -1) 48.1 ± 4.3 

(43.1-50.9) 

43.8 ± 7.3 

(35.4-48.8) 

35.4 ± 10.0 

(24.8-44.6) 

40.3 ± 11.4 

(30.0-52.6) 

Fe (mg kg -1) 11,932.0 ± 454.4 

(11,439.7-

12,335.3) 

7,294.3 ± 

3,948.9 

(4,231.2-

11,751.0) 

6,443.2 ± 

2,131.0 

(4,724.3-

8,827.5) 

9,087.6 ± 

2,287.4 

(6,755.3-

11,327.3) 

Mn (mg kg -1) 58.9 ± 5.6 

(55.4-65.4) 

38.9 ± 17.6 

(26.9-59.1) 

34.5 ± 14.2 

(21.4-49.6) 

37.4 ± 9.8 

(31.4-48.7) 

Ni (mg kg -1) 33.7 ± 6.3 

(28.3-40.6) 

31.3 ± 11.1 

(21.9-43.6) 

21.3 ± 4.9 

(16.0-25.6) 

24.8 ± 9.5 

(16.9-35.4) 

Pb (mg kg -1) 53.1 ± 2.9 

(50.3-56.1) 

70.3 ± 26.9 

(50.5-101.0) 

49.0 ± 17.2 

(29.9-63.2) 

51.1 ± 5.5 

(44.8-55.3) 

Zn (mg kg -1) 1,155.2 ± 112.2 

(1,036.7-1,259.9) 

871.9 ± 364.3 

(455.4-1,131.4) 

754.8 ± 197.2 

(528.2-887.5) 

855.3 ± 287.4 

(623.0-1,176.7) 

water 
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pH 7.3 ± 0.1 

(7.2-7.4) 

7.8 ± 0.4 

(7.5-8.3) 

8.5 ± 0.1 

(8.5-8.6) 

8.6 ± 0.2 

(8.4-8.8) 

Dissolved oxygen (mg 

L-1) 

0.0 ± 0.0 

(0.0-0.0) 

1.9 ± 1.7 

(0.4-3.8) 

4.4 ± 0.6 

(3.8-5.0) 

5.1 ± 1.3 

(3.6-6.0) 

Dissolved oxygen (%) 0.0 ± 0.0 

(0.0-0.0) 

0.3 ± 0.3 

(0.1-0.6) 

0.7 ± 0.1 

(0.6-0.7) 

0.7 ± 0.2 

(0.5-0.9) 

Conductivity (mS cm) 16.0 ± 11.4 

(8.1-29.1) 

29.6 ± 10.8 

(23.0-42.1) 

45.3 ± 1.3 

(44.0-46.5) 

45.7 ± 0.2 

(45.4-45.8) 

Temperature (0C) 30.0 ± 1.1 

(28.8-30.8) 

30.9 ± 2.2 

(28.7-33.1) 

27.8 ± 0.4 

(27.6-28.2) 

27.5 ± 0.2 

(27.2-27.7) 

Salinity (ppt) 8.1 ± 6.9 

(4.0-16.1) 

16.7 ± 7.2 

(11.9-24.9) 

27.6 ± 1.0 

(26.5-28.5) 

28.0 ± 0.3 

(27.7-28.3) 

Total carbon (mg L-1) 34.2 ± 6.1 

(29.9-38.5) 

27.4 ± 6.6 

(19.8-31.8) 

19.9 ± 1.9 

(17.8-21.4) 

17.5 ± 2.0 

(15.8-19.8) 

Total nitrogen (mg L-1) 16.4 ± 2.9 

(13.2-18.9) 

10.2 ± 5.1 

(4.3-13.2) 

3.0 ± 0.6 

(2.5-3.7) 

2.7 ± 0.1 

(2.6-2.8) 

 

Total nitrogen in water (TN) showed 

differences among transects, while transects 1 

and 2 (more inland) obtained concentrations 

above 10 mg L-1, transects 3 and 4 (closer to 

the bay) showed maximum concentrations of 

3.0 mg L-1 (Table 1). Total carbon in water 

(TC) showed the same trend as nitrogen, the 

inner transects had higher concentrations in 

relation to the one closer to the bay. Total 

phosphorus in sediment (TP) showed 

concentrations above 1,000 mg kg-1 in all 

transects (Table 1), indicating that this 

environment is eutrophic. 

 

 

 

 

 

 

 

 

Regarding metals, Cu, Ni, Pb, and Zn 

exceeded level 1 of the Brazilian legislation 

about dredging (CONAMA, 2012) (Table 1), 

which adopts the Effect Range Low (ERL) 

classification for level 1 and Effect Range 

Medium (ERM) for level 2 proposed by Long 

et al. (Long et al., 1995). Zn was the only metal 

that exceeded the ERM, indicating that the area 

has high risk to biota for metals. The statistics 

showed some significant correlations between 

the parameters studied (Table 2) (Spearman p< 

0.05 n = 12). 
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Table 2: Correlation matrix between the parameters before resuspension (T0) . Spearman p< 0.05 n=12 

*NS = not significant 

 

 

 

 Clay Silt Sand OM (%) DO (mg/L) pH Cr 

(mg/kg) 

Cu 

(mg/kg) 

Fe 

(mg/kg) 

Mn 

(mg/kg) 

Ni 

(mg/kg) 

Pb 

(mg/kg) 

Zn 

(mg/kg) 

pH NS NS NS NS NS 1.00 -0.60 NS -0.58 -0.65 -0.67 NS -0.63 

  Cd 

(mg/kg) 

NS 0.67 NS NS -0.62 NS 0.73 0.74 NS NS 0.58 NS -0.66 

Cr 

(mg/kg) 

0.78 0.79 -0.83 NS -0.62 -0.60 1.00 NS NS 0.66 0.94 0.72 NS 

Cu 

(mg/kg) 

NS NS NS 0.86 -0.64 NS NS 1.00 0.66 0.66 NS NS 0.94 

Fe 

(mg/kg) 

NS NS NS 0.75 -0.58 -0.58 0.66 NS 1.00 0.92 0.73 0.82 0.81 

Mn 

(mg/kg) 

NS NS NS 0.78 -0.68 -0.65 0.66 NS 0.92 1.00 0.76 NS 0.79 

Ni 

(mg/kg) 

NS NS NS 0.94 -0.72 -0.67 0.94 NS 0.73 0.76 1.00 NS 0.93 

Pb (mg/L) NS NS NS NS NS NS 0.72 NS 0.82 NS NS 1.00 NS 

Zn (mg/L) NS NS NS 0.90 -0.68 -0.63 0.99 NS 0.81 NS 0.93 NS 1.00 

TN 

(mg/L) 

NS NS NS NS NS NS  1.00 NS NS 0.68 NS NS NS 
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Resupension experiment  

The percentage of organic matter in the 

sediment was higher at T0 in transects 1, 2, and 4 

(Figure 2). Transects 1 and 2 showed a reduction in 

the percentage of organic matter after 

resuspension, while transect 3 showed a tendency 

to increase the percentage of OM at T1 and T2. 

 

 

Figure 2:Percentage of organic matter before and after resuspension in the four transects (%)  

 TC in water showed the highest 

concentrations at T0 in all transects (Figure 3), 

suggesting possible remobilization to sediment. 

TN presented higher concentrations after 

resuspension in transects 1, 3, and 4 (Figure 3), 

indicating that there is remobilization of 

nitrogenous forms into the water column after 

resuspension. Regarding TP in the sediment 

(Figure 4), only transect 1 showed higher 

concentrations after resuspension, while the other 

transects showed lower concentrations after 

resuspension compared to T0, suggesting that there 

is a possible remobilization into the water column 

after resuspension. 

 

 
Figure 3: Concentration of total carbon (TC) and total nitrogen (TN) in water before and after 

resuspension in the four transects  (mg/L) 
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Figure 4: Concentration of total phosphorus (TP) in sediment before and after resuspension in the 

four transects (µg/g) 

Regarding metals, (Figure 5). Mn, Ni, and 

Pb, in transect 1, were remobilized at T1, but at T2 

the concentrations were lower than T0. The results 

suggest that resuspension increases the risk to local 

biota. The statistics showed some significant 

correlations after resuspension (Tables 3 and 4). 

The statistics suggested that the main correlations 

were between Fe and Mn and the other metals and 

OM and the metals mainly after T1, suggesting that 

Fe and Mn oxides and hydroxides as well as OM 

are the main regulators of bioavailability after 

resuspension. 

 

*The grey line is the concentrations above the ERL and the black line is above the ERM 

Figure 5- Metal concentrations in the sediment before and after resuspension (mg/kg) 
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Table 3: Correlation matrix between the parameters after resuspension (T1) . Spearman p< 0.05 

n=12 

*NS= Not Significant 

 

Table 4: Correlation matrix between the parameters after resuspension (T2) . Spearman p< 0.05 

n=12. 

 

 

 

 

 Clay Silt Sand OM 

(%) 

DO 

(mg/

L) 

TC 

(mg/

L) 

TP 

(µg/g

) 

Cd 

(mg/

g) 

Cr 

(mg/

kg) 

Cu 

(mg/

kg) 

Fe 

(mg/

kg) 

Mn 

(mg/

kg) 

Ni 

(mg/

kg) 

Pb 

 

(mg/

kg) 

Zn 

(mg/

kg) 

Clay 1.00 0.72 -0.74 NS NS NS NS NS NS NS NS NS NS NS NS 

Silt 0.72 1.00 -0.99 NS 0.59 NS NS NS NS NS NS NS NS NS NS 

Sand 

 

-0.74 -0.99 1.00 NS NS NS NS NS NS NS NS NS NS NS NS 

Cu 

(mg/kg) 

NS NS NS NS NS NS NS 0.68 NS 1.00 0.78 0.75 0.78 NS 0.85 

Fe 

(mg/kg) 

NS NS NS NS NS NS 0.66 NS NS 0.78 1.00 0.81 0.58 NS 0.78 

Mn 

(mg/kg) 

NS NS NS NS NS NS NS NS NS 0.75 0.81 1.00 0.76 NS 0.87 

Ni 

(mg/kg) 

NS NS NS NS NS NS NS NS NS 0.78 0.58 0.76 1.00 NS 0.92 

Pb (mg/L) NS NS NS NS NS NS NS NS 0.91 NS NS NS NS 1.00 0.82 

Zn (mg/L) NS NS NS NS NS NS 0.64 NS NS 0.85 0.78 0.87 0.92 0.82 1.00 

TN 

(mg/L) 

NS 0.59 NS 0.66 NS 0.90 0.62 NS NS NS NS NS NS NS NS 

TP (µg/g) NS NS NS 0.78 NS 0.66 1.00 NS NS NS 0.66 NS NS NS NS 

TC 

(mg/L) 

NS NS NS NS NS 1.00 0.66 NS NS NS NS NS NS NS NS 

 Clay Silt Sand OM 

(%) 

DO 

(mg/

L) 

pH TP 

(µg/g

) 

Cr 

(mg/

kg) 

Cu 

(mg/

kg) 

Fe 

(mg/

kg) 

Mn 

(mg/

kg) 

Ni 

(mg/

kg) 

Pb 

 

(mg/

kg) 

Zn 

(mg/

kg) 

pH NS NS NS NS NS 1.00 NS NS NS 0.66 NS NS NS NS 

Clay 1.00 0.72 -0.74 NS NS NS NS 0.59 NS NS NS NS NS NS 

Silt 0.72 1.00 -0.99 NS NS NS NS 0.62 NS NS NS NS NS NS 

Sand 

 

-0.74 -0.99 1.00 NS NS NS NS -0.66 NS NS NS NS NS NS 

Cr 

(mg/kg) 

0.59 0.62 -0.66 NS NS NS NS 1.00 NS NS NS NS 0.69 0.99 

Cu 

(mg/kg) 

NS NS NS 0.94 NS NS 0.92 NS 1.00 0.70 0.66 0.93 NS 0.97 

Fe 

(mg/kg) 

NS NS NS 0.74 -0.78 0.66 0.83 NS 0.70 1.00 0.66 0.74 NS 0.97 

Mn 

(mg/kg) 

NS NS NS 0.75 -0.65 NS 0.80 NS 0.66 0.66 1.00 0.73 NS 0.75 

Ni 

(mg/kg) 

NS NS NS 0.97 -0.65 NS 0.93 NS 0.93 0.74 0.73 1.00 NS 0.92 

Pb (mg/L) NS NS NS NS 0.70 NS NS 0.69 NS NS NS NS 1.00 NS 

Zn (mg/L) NS NS NS 0.93 NS NS 0.94 0.99 0.97 0.97 0.75 0.92 NS 1.00 

TN 

(mg/L) 

NS 0.59 NS 0.67 -0.59 NS 0.75  1.00 0.62 0.68 0.70 0.61 NS 0.68 

TP (µg/g) NS NS NS 0.96 NS NS 1.00 NS 0.92 0.83 0.80 0.93 NS 0.94 

TC 

(mg/L) 

NS NS NS NS NS -0.54 NS NS NS NS NS NS NS NS 
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Bioavailability Change 

The BC showed significant results for Cd, 

Cr, Cu, Ni, and Zn at T1 (Table 5). In T2, the 

results are significant  for all metals only in 

Transect 3. While in Transect 2 the results 

were significant for Cr, Fe, and Mn and in 

Transect 4 the results were significant for all 

metals except Fe and Mn. The results 

suggest that after resuspension there is 

remobilization of metals, especially in the 

transects closest to the bay. 

 

Table 05: Biovailability Change (BC) After T1(1h)  and T2 (24h)  for surface sediments of 

Meriti river 

*The bold values correspond to results at least 15% different from metal concentrations in surface 

sediments before resuspension. This criterion was established in Monte et al. (2015). 

 

Discussion 

Concerning the bioavailable fraction, the 

area has a high risk for biota, especially near the 

estuary (Monte et al., 2021). The northwestern 

region of Guanabara Bay is characterized by high 

levels of contamination by metals (Rego et al., 

1993; Machado et al., 2011; Cordeiro et al., 2015; 

Monte et al., 2019; Monte et al., 2021). However, 

some factors may regulate bioavailability before 

and after resuspension even in ecosystems with 

high concentrations of metals in the sediment, 

such as the Meriti River. 

The grain size composed of fines (clay 

+silt) can regulate bioavailability. The size of the 

sediment determines the diffusion and deposition 

of particles in the environment, and is linked to the 

processes of adsorption and desorption of 

contaminants (Delgado et al., 2023).The fine 

fraction and grain surface area may contribute to 

trace metal adsorption (Zhang et al., 2014; Gibson 

et al., 2015; Monte et al., 2022). Grain size can be 

a complexant of metals, as can the distribution of 

organic matter (Gibson et al., 2015).  

The northwestern region of the bay is 

characterized by a low-energy environment with 

less wave influence, resulting in an area with a 

predominance of fines (Monte et al., 2023).Metals 

in aquatic ecosystems are influenced by grain size 

distribution, which directly impacts the solubility 

and bioavailability of metals in the sediment 

(Singh et al., 2005; Zhang et al., 2016; Jafarabadi 

et al., 2018). 

 The highest concentrations of TN and TC 

were in transect 1, in the innermost part. Similar 

behavior was found by several authors, Rodrigues 

et al. (2009) and Freitas et al. (2019) conducted 

studies in Sepetiba Bay, while Brandini et al. 

(2016) studied water and sediment from the 

Iguaçu River estuary, Guanabara Bay. These 

authors attributed the decrease in TN relative to 

the saline gradient to primary productivity, that 

part of the TN is assimilated by the biota (Freitas 

et al., 2019). 

Regarding resuspension, TC was higher 

before resuspension in all transects, in contrast to 

TN, which in transects 1, 3, and 4 showed higher 

concentrations after resuspension. The results 

suggest that the lower TC concentrations after 

resuspension may be related to carbonate 

formation, and in the case of the higher TN 

Interval 
 

Cd Cr Cu Fe Mn Ni Pb Zn 

 

 

 

T1 

(1h) 

Transect 

1 

3.0 12.7 11.7 5.5 7.4 14.9 1.8 11.1 

Transect 

2 

0.2 8.3 2.8 -2.6 -0.3 0.9 0.9 2.4 

Transect 

3 

21.8 23.7 24.2 13.7 12.3 9.2 9.9 19.8 

Transect 

4 

19.1 25.3 16.5 9.4 9.6 16.9 11.0 21.3 

 

 

 

T2 

(24h) 

Transect 

1 

4.5 6.3 4.0 7.2 -6.2 -7.1 -0.9 6.8 

Transect 

2 

5.3 21.0 6.7 28.0 16.7 5.6 13.2 14.0 

Transect 

3 

52.3 54.8 33.5 45.5 42.7 19.3 48.0 44.8 

Transect 

4 

35.9 35.9 26.2 26.8 14.3 8.4 30.0 25.0 
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concentrations after resuspension may be related 

to increased primary productivity (Freitas et al., 

2019). TN concentrations in bay and brackish 

water areas are associated with large quantities of 

industrial and urban sources that generate 

excessive terrestrial organic materials (Kwon et 

al., 2022). 

TP concentrations were similar to those 

found by Borges et al. (Borges et al., 2009) in the 

sediment layer attributed to recent in the 

northwestern part of the bay. The higher TP 

concentrations in the innermost transects (1 and 2) 

may be associated with the saline gradient in the 

GB. Brandini et al. (2016), suggested that 

phosphorus may undergo remineralization by 

bacterial community activity along the saline 

gradient. In this study, TP concentrations in 

sediment before and after resuspension were 

higher than those found by other studies in 

Guanabara bay (Borges et al., 2009; Aguiar et al., 

2021).  

The main sources of TP in aquatic 

ecosystems are related to increased urbanization 

and industrialization, and consequently the lack of 

sewage treatment (Coelho et al., 2004; Dan et al., 

2020). In addition to the contribution of 

anthropogenic P to the aquatic environment, 

coastal sediments can be considered P sinks due to 

the burial of OM, adsorption of Fe hydroxides, and 

authigenic precipitation of carbonated fluorapatite 

(Freitas et al., 2021). 

 The study on TP enrichment can provide 

the ecological state of the aquatic ecosystem and 

can be a good tool to study the impact of 

eutrophication (Dan et al., 2020). 

 The negative correlation between metals, 

except Pb, and pH (Table 3) before resuspension 

indicates that pH before resuspension can regulate 

bioavailability. According to Salomons & 

Förstner (Salomons & Förstner, 1984). According 

to Layglon et al. (2022), the oxidation of acid 

volatile sulfides (AVS) during resuspension could 

induce an increase in dissolved acidic substances, 

and consequently, a decrease in pH, directly 

affecting the bioavailability of metals. A reduction 

in pH may cause an increase in bioavailability, 

however, in this study this type of correlation was 

not observed after resuspension. 

In this study, Cr showed a significant 

positive correlation with the fine fraction and a 

significant negative correlation with sand at T0 

and T1. Some studies conducted sequentially in 

coastal sediments showed that Cr is mainly bound 

to the residual fraction (Chen et al., 2019; Ferrans 

et al., 2021), Cr is one of the most abundant metals 

in the earth's crust, which may explain these 

results (Baraud et al., 2017; Ferrans et al., 2021; 

Monte et al., 2022). 

However, the Cr found in the present 

study comes from anthropogenic activity in the 

GB watershed, such as industries (Godoy et al., 

2012; Monte et al., 2022). Chen et al. (Chen et al., 

2019) conducted a study of dredged sediments in 

a port area in China, and according to the results 

found by the authors, it was concluded that Cr was 

mainly bound to Fe/Mn oxyhydroxides, opposite 

to some studies, which report that Cr is mainly 

bound to the residual fraction, showing low 

remobilization to other more bioavailable 

fractions (Neyestani et al., 2016; Schintu et al., 

2016; Ferrans et al., 2021).  

However, in dredged sediments, the 

behavior of Cr is different, due to the strong 

interference of anthropogenic activity, which 

results in higher percentages bound to Fe/Mn 

oxyhydroxides (Monte et al., 2022). Typical 

behavior of surface sediments influenced by 

anthropogenic activities (Radomirović et al., 

2021). 

 The northwestern region of the bay is 

characterized by high concentrations of organic 

matter, demonstrating a eutrophic environment 

(Kjerfve et al., 1997; Machado et al., 2002; Monte 

et al., 2021). OM in the sediment is influenced not 

only by anthropogenic sources (domestic sewage 

and agricultural waste) as well as by the grain size 

of the sediment (Tang et al., 2023). 

Some authors indicated the importance of 

OM in the complexation of metals in Guanabara 

Bay (Kehrig et al., 2003; Covelli et al., 2012) and 

how it would influence the remobilization of trace 

metals (Carvalho et al., 1991). Regarding the 

potential bioavailability of metals, Carvalho et al. 

(Carvalho et al., 1991) suggested that OM content 

could cause the low bioavailability observed in 

Guanabara Bay (Monte et al., 2022). 

In this study, OM content showed a 

positive correlation with Cu, Fe, Mn, Ni, and Zn 

before and after resuspension, only T1, while T2 

showed no significant correlation with any metal. 

The non-correlation between metals and OM after 

24 h may be related to the fact of decomposition 

and mineralization of OM after long intervals of 

resuspension.  

Disposal of dredged sediments in 

oxidizing water may cause metals to remobilize 

into the water column and increase their 

bioavailability (Machado et al., 2011). In addition, 

the disposal of dredged sediments in an 

oligotrophic environment may influence the 
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decomposition and mineralization of organic 

matter in this environment (Prygiel et al., 2015; 

Monte et al., 2022).  

In eutrophic contaminated environments, 

such as the GB, there is the formation of sulfides, 

which in theory regulate bioavailability. In 

environments with bioavailable metals, some 

metals (Cd and Pb) can penetrate into tissues as 

essential elements (Ca, Na, and Mg) due to the 

exchange capacity between ions, or as in the case 

of Cu that can be adsorbed from water as hydrated 

ions (Moiseenko, 2019). 

The high concentrations of Cu in MR, 

some above the ERL, were reported by Cordeiro 

et al. (Cordeiro et al., 2015), attributed to the large 

input of domestic and industrial sewage in this 

estuary, however, the Cu.  

However, the copper found in the study by 

these authors had the highest percentage in 

unavailable fractions in this study. In 

environments with a high concentration of organic 

matter, Cu2+ may have lower mobility, due to the 

high affinity between the ion and organic matter 

(Reimann & De Caritat, 1998; Ribeiro et al., 

2013). Moreover, the bioavailability of the metal 

can be controlled in an environment rich in 

organic matter, due to the development of 

microorganisms, which can influence the 

speciation of the metal (Ribeiro et al., 2013). 

Nagajaran et al. (2023) explained that Fe 

and Mn oxides have a direct impact on Cu 

mobility and are also metal complexing agents due 

to the strong relationship between surface area and 

volume. 

Ni showed a positive correlation with OM 

at T0 and T1. Ni has an affinity for OM, which 

explains the correlation before resuspension. 

However, after resuspension the oxidation of 

sulfides may have contributed to the high Ni 

concentrations in the sediment in the present 

study, as well as the oxidation of organic matter in 

the sediment, which contributes to the higher 

metal concentrations after resuspension (Prygiel et 

al., 2015; Monte et al., 2019).  

According to Baptista-Neto et al. (2013), 

the sources of Ni in GB are related to the discharge 

of untreated industrial sewage and urban 

activities. Furthermore, Ni can be related to fossil 

fuel burning and mining (Jafarabadi et al., 2018), 

in the surroundings of the study area there are 

several highways, which can contribute to the 

contribution of the metal. According to 

Chaharlang et al. (2021), the burning of oil and its 

derivatives forms large clouds in humid areas, 

causing Ni contamination in these regions. 

In marine sediments, Ni is mainly bound 

to Fe and Mn oxides and hydroxides, which 

regulate bioavailability (Chakraborty et al., 2019) 

and are produced after the oxidation of sulfides in 

resuspension processes (Morse, 1994; Machado et 

al., 2011; Monte et al., 2015), which may explain 

the positive correlations with Fe and Mn before 

and after resuspension. 

The positive correlations of Pb with Cr 

before and after resuspension suggest that both 

metals have similar sources in the study area. The 

high Pb concentrations in the GB can be explained 

by the influence of the erosion process, rapid 

industrialization, domestic and industrial sewage, 

and fossil fuel burning (Baptista et al., 2013; 

Monte et al., 2021).  

The main sources of Pb in the aquatic 

environment, apart from burning gasoline, are 

pesticides, electronic waste, pipelines, ore 

processing, ceramic dyes and glazes, and 

recycling of Pb-acid batteries (Yu et al., 2021). 

The northwestern region of the Bay receives large 

quantities of waste, which flows down the Iguaçu, 

Estrela, and Meriti rivers and drains the main 

industrial center in the state of Rio de Janeiro 

(Monte et al., 2023). The higher Pb concentrations 

after resuspension in all transects except Transect 

1 may be related to the oxidation of organic 

matter, which Pb has a high affinity for (Dang et 

al., 2020). 

Zinc was the only metal to show 

concentrations above the ERM in this study. The 

metal showed positive correlations with OM at T0 

and T1 and with Fe and Mn at T0, T1, and T2. Zn 

is associated with domestic and industrial sewage 

(Silveira et al., 2011; Monte et al., 2021). 

Moreover, Zn may be related to atmospheric 

deposition in industrial areas, especially, those 

with metallurgical plants (Ghosh et al., 2019). In 

the aquatic environment, Zn occurs mainly in the 

form of Zn +2, the ion shows affinity with organic 

matter Fe and Mn oxides and hydroxides, and the 

fine fraction (Fonseca et al., 2013; Vidal-Durà et 

al., 2018). However, the oxidation of organic 

matter and sulfides can increase the bioavailability 

of Zn after resuspension (Caetano et al., 2003; 

Monte et al., 2005; Freitas et al., 2019) which may 

explain the remobilization after resuspension. 

The BC showed great remobilization in 

some transects after resuspension, this 

remobilization may indicate the adsorption of 

metals that were in the water column or possible 

phase change, i.e., metals that were in less 

bioavailable phases after resuspension became 

bioavailable. The results in this study were 
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different from those found by Monte et al. (Monte 

et al., 2019) in a study carried out in the Iguaçu 

River estuary, located in Guanabara Bay. After 

resuspension in two intervals (1 hour and 24 

hours), the authors found negative values of BCI, 

which they attributed to the oxidation of 

contaminants adsorbed to the sediment, and 

consequently mobilization to the water column.  

Another study by Monte et al. in a 

mesotrophic estuary from Brazil, and the values of 

BCI were positives for majority samples, however 

with low remobilization after resuspension. In this 

estuary, the percentage of total carbon organic 

(TOC) was low for majority samples due to be a 

mesotrophic estuary, different of Guanabara Bay, 

which is eutrophic estuary. Furthermore, after 

resuspension, the percentage of trace metals in 

strong bound was lower compared to before 

resuspension, showing change of geochemical 

phase. Although low percentage, these results 

showing the importance of OM for bioavailability 

of trace metals in sediments in mesotrophic 

estuary (Monte et al., 2022).  

The possible difference in the 

remobilization of metals in the sediment between 

the Meriti River estuary and the Iguaçu estuary 

may be related to the organic matter content, 

although both are considered eutrophic 

environments, the Meriti River has a much higher 

percentage of OM. After resuspension, some 

transects in this study showed higher percentages 

of organic matter, which may be related to the 

bacterial community of the area and all the 

kinetics of production and degradation of OM 

(Monte et al., 2022b). 

Dredging activities in eutrophic 

environments must be managed, the use of 

bioavailable extractions along with sediment 

quality indices after resuspension may be a 

cheaper and more efficient tool in managing and 

predicting the behavior of contaminants before 

and after resuspension. In addition, further study 

of the bacterial community in the sediment before 

and after resuspension may expand the knowledge 

about the dynamics of the remobilization of 

contaminants after dredging. 

 

Conclusion 

The resuspension of sediments in 

eutrophic environments with high metal 

contamination, such as Guanabara Bay, can cause 

the remobilization of contaminants, which 

increases the bioavailability of metals, and 

consequently the risk to biota. There was in the 

remobilization between the transects, transects 

closer to the bay showed higher remobilization, 

suggesting that there is a strong influence of the 

saline gradient on the dynamics of contaminants 

after resuspension. 

Unlike other studies in the area, BC 

showed positive results, reinforcing that 

resuspension causes an increase in the 

bioavailability of metals in the sediment, which 

can be a major risk for the biota, especially benthic 

biota. 

 Organic matter is one of the main 

complexing agents in this type of environment, 

regulating bioavailability. The dynamics of 

organic matter mineralization should be further 

investigated, together with the type of bacterial 

community in the sediment, which may be the key 

to understanding the remobilization dynamics in 

this type of environment, which should be 

investigated in future studies. 

The contamination in Guanabara Bay is an 

old and complex problem, dredging activities are 

recurrent, however, need more understanding of 

the dynamics of the contamination. The northwest 

region is the area with the highest contamination 

by metals, such as Cr, Cu, Ni, Pb, and Zn, due to 

the discharge of domestic and industrial sewage. 

In this sense, the investment in basic sanitation 

programs and the increase of sewage treatment 

plants around the Bay is necessary. Moreover, the 

insertion of chemical analysis after resuspension 

in the norms that regulate the dredging activity 

will make the activity safer for the aquatic 

ecosystem.  
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