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ABSTRACT 

Studies around the management and disposal of radioactive waste have been conducted for decades. In Brazil, 
the National Nuclear Energy Commission (CNEN) is responsible for Intermediate Radioactive Waste deposits, 
located in Fundão Island, Rio de Janeiro (RJ). According to CNEN 8.01 norm, it is necessary to characterize 
and to study the location area around the deposit. Within this context, the objective of this study was to 
characterize the Canal Cunha Basin, the western of Guanabara Bay and study the Environmental Impact, with 
determination of heavy metals (Pb, Cu, Cd, Zn and Ni) in said river basin and bay. The work involves collecting 
water and sediment samples in five georeferenced points. The sediment samples was collected using the EPA 
Method 3051 and the reading of the concentrations of heavy metals in water and sediment was performed by 
ICP-OES. Maps were generated for characterization and spatial distribution of these metals on Canal Cunha 
Basin. The Canal Cunha's drainage composes a territory with 62.85 km2 (approximated area) and 37.01 km of 
perimeter The high occupancy rates in the urban area that decrease the rate of infiltration and changes in 
physiography caused by construction of embankments because a reverse behavior expected, which increases the 
runoff coefficient of 0.74. The results show that in periods of high river discharge, there is a drift of large 
amounts of Pb, Cu and Cd to the waters of the Canal Cunha and Guanabara Bay. Zn and Ni presented higher 
concentrations in the dry season. The Pb, Cu, Cd, Zn and Ni concentrations are smaller than the concentrations 
found in the sediment. This probably happens because Cunha Canal Basin and western of Guanabara Bay 
receive high organic load, and also because of the high percentage of fine sediment in this, thus promoting the 
adsorption of metals, not contaminating the water and thus not reaching the food chain. 

1. INTRODUCTION 

Several studies have been carried out since the 50s, regarding the issue of 
management of radioactive wastes and their disposal, in order to point out a method to keep 
them safely stored, whether tailings low, medium or high activity. 

The National Commission of Nuclear Energy (CNEN) has some deposits of 
radioactive waste: final disposal Abbey - Goiás and deposits intermediate IPEN (University 

mailto:rcborges@hotmail.com
mailto:fabio.ventura.santos@gmail.com
mailto:dcunha@ien.gov.br
mailto:paloma.c.vieira@gmail.com


of USP - São Paulo), the CDTN (University of UFMG - Belo Horizonte) and IEN (University 
UFRJ - Rio de Janeiro). 

Our study area is in an area adjacent to the IEN, where there was the installation of 
Intermediate deposit which is justified by being a facility similar to other deposits existing in 
a relatively remote communities and under permanent control and monitoring of the IEN, and 
supervision of regulatory agencies because it is National Security Area. 

The location adopted avoids transporting waste outside the bounds of the IEN, which 
facilitates control and makes operation safer for the surrounding communities and the 
environment. 

The site characterization of the deposit is intended to provide information to enable 
the assessment of scenarios imposed by external events, both of natural origin as human-
induced, whose consequences have an impact on people or the environment. 

For the preparation of an environmental scenario of the current area of the deposit, 
were initially defined the Hinterlands of physical, biological and socioeconomic. 

The area of influence of a deposit can be described as intermediate space (physical, 
biotic and socio-economic) subject to changes resulting from its implementation and 
operation. In the definition of the study areas were taken into account, among others, the 
following variables (Standard CNEN 8.01): 

• Geography, Topography and Demography; 
• Meteorology; 
• Geology, Seismology, and Geotechnical Engineering; 
• Hydrology and Oceonagrafia; 
• Environmental Monitoring Program. 
Thus, the area of influence indirectly corresponds to the input surface of the 

precipitation deposit. For this issue related to water resources, was also considered the 
portion relating to maritime Guanabara Bay. 

Within this context, the aim of this study was to review the description of the Canal 
Watershed Cunha which flows near the depot IEN and make monitoring the concentration of 
heavy metals in this watershed compartments water and bottom sediment, compared to the 
limits set by CONAMA 

2. MATERIALS AND METHODS 

2.1. General Aspects of the Canal do Cunha Basin 

The Canal do Cunha basin is characterized by a gentle topography that consists of 
Holocene sediments linked to Guanabara graben with lithology composed of gneisses, 
granites and magma deformation, which was deformed during the Brasiliano cycle by 
orogenic efforts (RADAMBRASIL, 1983 cited in INEA, 2003). 

The study area is located in the municipality of Rio de Janeiro between the parallels 
22° 51' and 22° 55' south and the meridians 3o 15' and 43° 20' west with a total area of 
62.85 km , which corresponds to approximately 2% of the total continental area of 
Guanabara Bay. This area is characterized by a high rate of urbanization and a significant 
low-income population. Guanabara Bay is located between the parallels 22° 24' and 22° 
57' south and the meridians 42° 33' and 43° 19' west, with a surface area of 
approximately 4200 km . 
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The area surrounding Guanabara Bay, which covers 14 municipalities and exhibits 
intense urbanization, includes the municipalities of São Gonçalo, Itaboraí, Cachoeiras de 
Macacu, Guapimirim, Magé, Duque de Caxias, São João do Meriti, Nilópolis and 
Belford Roxo, as well as parts of the municipalities of Rio de Janeiro, Nova Iguaçu, 
Niterói and Petrópolis. Note that this study only encompasses the area associated with the 
Canal do Cunha basin, which is located in the northern area of the city of Rio de Janeiro. 

The Canal do Cunha basin is a third-order micro basin, which is located within the 
municipality of Rio de Janeiro and exhibits a rounded shape (Figure 1). To the north, it is 
bounded by the Serra da Misericórdia mountain range; to the south, it is bounded by the 
Tijuca Massif; to the east, it is bounded by the Canal do Mangue basin and to the west, it 
is bounded by the São João do Meriti and Irajá River basins. The Canal do Cunha basin is 
primarily formed by the Faria River, which extends 13 km from west to east. The river 
mouth is located southwest of Guanabara Bay in the Ilha do Fundão region. 

Rio Faria begins in the Serra dos Pretos Forros mountain range, which comprises one 
of the sectors of the Tijuca Massif, with maximum elevations of 400 m. These areas are 
protected by the Tijuca National Park, which contains secondary forests in good 
condition and a complex network of channels that exhibit strong structural control. This 
protection results in high drainage with a variable pattern that is classified between 
dendritic and trellis. However, the drainage network does not preserve any trace of 
natural conditions in the middle and lower courses because it subsequently runs in 
rectified channels that are completely urbanized (INEA, 2003). 
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Figure 1—Canal do Cunha Drainage Basin. 
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2.2. Hydrological Aspects of the Basin 

The drainage basin of Canal do Cunha comprises an area of approximately 62.85 km and 
a perimeter of approximately 37.01 km. 
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The shape index and compactness index (Christofoletti, 1980) calculated for the Canal do 
Cunha are 0.36 and 1.28, respectively, which comprises a circular area that is subject to flood 
peaks due to a smaller time of concentration (128.3 min) and the potential for heavy rain to 
cover the entire basin. 

Its drainage density is 0.54 km/km (Christofoletti, 1980). A comparison of this value 
with the results in table 1, which was developed by Christofoletti (1969 cited in Silva et al., 
2003), indicates that the Faria-Timbó River basin has a low drainage density. The high levels 
of urban occupation in the area, which reduces the rate of infiltration and physiographic 
changes caused by the construction of landfills, promotes an increased surface runoff 
coefficient of 0.74. 

According to the Kõppen classification, the study area is characterized as a hot and humid 
tropical climate, which is characterized by rainy summers from December to April and dry 
winters firom June to August. Thus, the discharge of firesh water to the bay varies from 33 
m /s in the dry season to 186 m /s in the rainy season (Kjerfve et al, 1997). This 
characteristic demonstrates the annual differentiation in saltwater dilution year. 

2.3. Methodology 

The following discussion of the behaviors of heavy metals in the water and sediment 
of Canal do Cunha and Guanabara Bay is based on available data from the website of the 
State Environmental Institute (Instituto Estadual do Ambiente, FNEA). Since 1970, FNEA has 
monitored the major water bodies of the state of Rio de Janeiro. Their data provide a 
historical analysis of the evolution of environmental conditions of the river ecosystem for this 
study. Among the available information are data for certain heavy metals in water and 
sediment, such as Pb, Cu, Cd, Na and Ni. 

Water was collected in the surface layer of the water with a Van Dorn bottle and was 
subsequently stored in 500 mL polyethylene bottles, refrigerated at 4°C and protected from 
light for subsequent filtration (FNEA, 2003). Five points were analyzed: the FEEMA CN100 
station is located next to the confluence of the Canal do Cunha and the Faria-Timbó Canal 
and near Avenida Brasil, which is approximately 1.6 km firom the mouth of Canal do Cunha; 
the FEEMA FR142 station located in the Faria River; the FEEMA station GN22, which is 
located at the tip of Bom Jesus Church at Ilha do Fundão; the FEEMA GN48 station, which is 
located between Raimundo Island and the buoy at Laje do Sancho; and the FEEMA GN50 
station, which is located near the egress of the Canal do Cunha as shown in Figure 2. 
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Figure 2—Location of sampling points in the Canal do Cunha and Guanabara Bay. 

2.3.1. Chemical Analysis 

The collection of sediments was performed using a Van Veen grab, sanitized flasks 
were used to package the samples and a Styrofoam cooler with ice was used to store and 
transport the samples. The samples were sent to TASQA-Serviços Analíticos, Ltda. in 
Campinas, São Paulo. 

The sediment samples were opened using the EPA 3051 method, and the analysis was 
performed using inductively coupled plasma-optical emission spectrometry (ICP-OES). 

After the removal of organic matter using H2O2, particle size analysis of the sediments 
was conducted using the pipetting and sieving method. 

2.3.2. Spatial Analysis 

Based on the methodology proposed by previous studies, such as studies by Mayr (1998) 
and Barros (2002), the averages of the surface water data—which are tabulated in a 
spreadsheet (Microsoft Excel)—were calculated according to seasonality (rainy or dry 
season) between 2000 and 2011. 

After the data were geo-referenced according to the coordinates of the INEA sampling 
stations, they were converted to a point vector format and interpolated with inverse distance 
weighting (IDW), which is handled by the software ArcGIS 10. This technique of 
interpolation assumes that the influence of the variable being mapped is reduced according to 
the distance between the sampling sites (ESRI, 2011). The mathematical method used by the 
IDW interpolator is shown in equation 1, where z is the interpolated value, n is the number of 
individuals observed, z; are the values assigned to observed individuals and d; is the distance 
between the observed individuals and the interpolated individuals (Varella & Junior, 2008). 

INAC 2013, Recife, PE, Brazil. 



X — 

This method was adopted because it does not estimate values that are higher or lower 
than the maxima and minima registered at the sampling points, which does not occur in 
methods such as the kernel method. 

The cartographic base was provided by the Cartography Laboratory of the Department of 
Geosciences at the Federal University of Rio de Janeiro (UFRJ, Geocart). The project 
resulted in "implementation of an information network for environmental management of 
Guanabara Bay based on GIS", which was developed by Brazilian Institute of Municipal 
Administration (IBAM) and Brazilian Institute of Environment and Renewable Resources 
(IBAMA) in 2002. It consisted of a mosaic of pages 1:50,000 of the Brazilian Institute of 
Geography and Statistics (IBGE) and the Board of Geographic Service (DSG). Only the data 
relating to hydrography and the coast lines from the information plans developed by this 
project wereused. 

3. RESULTS AND DISCUSSIONS 

The rivers of the Canal do Cunha basin are categorized as class 3 (CONAMA, 2005), 
and the surface of the water is polluted by oil and garbage. The tidal movements in this area 
demonstrate minimal influence due to the intense sedimentation that reduced the width and 
depth of the channels. Guanabara Bay is classified as saline water class 3 (COMANA, 2005), 
which is intended solely for navigation. 

The collection points CN100 and GN50 contained the highest concentrations of Pb 
and Zn, respectively, in the water. The concentrations of other metals are lower than the 
concentrations of Zn and Pb. Figure 3 displays the concentration of Pb in the water and 
sediment. 
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Figure 3. Distribution of Pb concentration in the Canal do Cunha and the western side of 
Guanabara Bay during the rainy and dry seasons. 

The points located in the Canal do Cunha basin reveal higher concentrations of Pb in 
water compared with points located along Guanabara Bay. These results are attributed to two 
mechanisms: salinity and physical dynamics (mixing), which tend to generate a gradient in 
concentrations with decreasing values toward the ocean (Sinex & Helz, 1981). 

The concentrations of Pb in water are significantly lower than the concentrations of 
Pb in sediment; this result is most likely due to the substantial load of organic materials 
received by the Canal do Cunha basin and Guanabara Bay and the high percentage of fine 
aggregates found in the sediment, which promotes metal adsorption and does not contaminate 
the water or reach the food chain. 

Figure 4 shows the concentration of Cu in the water and sediment. Considering the 
spatial variation of Cu, the concentrations were higher at points located along the Canal do 
Cunha basin than at points located on the western side of Guanabara Bay. These results are 
similar to the results for Pb; the difference is one order of magnitude. 
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Figure 4. Distribution of Cu concentrations in the Canal do Cunha basin and on the western 
side of Guanabara Bay during the rainy and dry seasons. 

Similar to Pb, the concentrations of Cu were lower than the concentrations of Cu in 
sediments; therefore, the previous explanation can also be applied to these situations. 
Regarding Pb, the spatial variation in Cd concentration showed higher concentrations in 
sediment than water (Figure 5). 
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Figure 5. Distribution of Cd concentration in the Canal do Cunha and the western side of 
Guanabara Bay during the rainy and dry seasons. 

The spatial variation of the concentration of Cd in water was higher at the collection 
points along the Canal do Cunha basin, whereas the points along Guanabara Bay showed low 
concentrations of Cd. 

The concentration of Cd in sediment was significantly higher than the concentration 
of Cd in water because heavy metals must interact with fine sediments in suspension when 
released into the aquatic environment and are subsequently removed from the water column. 
This removal is only temporary; the sediment is subjected to reworking by chemical, physical 
and biological processes. This reworking is natural (erosion, diagenesis or bioturbation) 
and/or anthropogenic (dredging). 
The distribution of Zn as shown in Figure 6. 
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Figure 6. Distribution of Zn in the Canal do Cunha and the western side of Guanabara Bay 
during the rainy and dry seasons. 

A higher concentration of Zn is detected in water at collection points GN48, GN50 
and CN100. Only GN22 showed a higher concentration during the rainy season. A study of 
Guanabara Bay by Fonseca (2204) showed similar results for Zn. 

Studies by the Financial Evaluation of Ecosystem Management Activities (FEEMA, 
1991) and the Japan International Cooperation Agency (JICA, 1994) confirmed that industrial 
waste was a frequent cause of the contamination. Other contributions of Zn were produced by 
atmospheric deposition and corrosion from ship hulls. 

The concentration of Zn in the sediment was significantly higher than the 
concentration of Zn in water as previously explained; all metals that were evaluated exhibited 
similar behavior. 
Ni was also evaluated in this study. The spatial variation was detected at certain collection 
points, as shown in Figure 7. 
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Figure 7. Distribution of Ni concentration in the Canal do Cunha and the western side of 
Guanabara Bay during the rainy and dry seasons. 
As explained previously, the concentration of Ni in the sediment was also higher than the 
concentration of the Ni in the water. 
Regarding spatial variation, Ni showed higher concentrations for the collection points in 
Guanabara Bay, which indicates that the largest source of metal at this point may not be 
urban and may derive firom the Canal do Cunha. 
Based on the data analysis, the study area can be divided into two areas with different 
pollution levels: the area composed of the rivers, which contributes to Guanabara Bay located 
in the Canal do Cunha basin with elevated levels of pollution in the water and sediment, and 
the western region of Guanabara Bay, which showed lower concentrations of Pb, Cd, Zn and 
Cu in the water compared with concentrations obtained for the Canal do Cunha basin. 
A comparison of the concentrations of Pb, Cu, Cd, Zn and Ni in the sediments in this study 
with the concentrations in sediments of other estuaries throughout the world reveals a range 
in variation (Table 1). 
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Table 1 Concentrations of Pb, Cu, Cd, Zn and Ni in sediments of estuaries throughout 
the world (mg Kg"1). 

Estuary 
Guanabara 

Bay (Brazil) 
Port Jackson 
(Australia) 
Frase River 

Estuary 
(Canada) 

Changjiang 
Estuary 
(China) 

Dalioahe 
Estuary 
(China) 
Scheldt 
Estuary 
(France, 

Germany, 
Holland) 

Pb 
10-70 

110-240 

5-85 

20-30 

144 

185 

Cu 
20-200 

25-130 

25-200 

10-50 

50.7 

140 

Cd 
1-6.9 

12.5 

Zn 
38-

2011 
400-
800 

50-700 

60-140 

177 

Ni 
5-48 

5-10 

20-50 

171 

50 

Reference 
This study 

Hatje et al. 
(2001) 

Stecko et al. 
(2000) 

Zhang 
(1999) 

Zhang et al. 
(1994) 

Regnier and 
Wallast 
(1993) 

These results validate the data in this study and indicate that heavy metals have a 
significant impact on the western side of Guanabara Bay and the Canal do Cunha. 

Considering the concentrations of the heavy metals that were evaluated, the cluster 
analysis based on the points sampled indicates a formation of two groups as shown in Figure 

Tree Diagrsm for 5 Cases 
Ward's method 

Eudidean distances 

10 

8 

e 

4 

2 

n 
GNED 3 \ - S Gf-,22 FR142 :NIOC 

igure 8. Dendrogram of points evaluated along the Canal do Cunha and the western side of 
Guanabara Bay. 
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The first group is exclusively composed of samples from the Farias River and the 
Canal do Cunha; the second group is composed of the remaining samples, which are 
associated with the area west of Guanabara Bay. 

The separation obtained firom the two relatively homogenous groups indicates that 
these distinct features can be explained by geochemical processes or anthropogenic 
influences (Carrasco et al., 2003). 

Among the evaluated groups, group 1 is highlighted because the analyzed points are 
closer to industrial effluents and are also located in areas of domestic effluents. In group 2, 
the similarity between collection points GN48 and GN50 reflects the proximity of these 
points to discharges firom contributing rivers in the Canal do Cunha and a lesser influence 
from marine currents; therefore, more environmental degradation exists in these areas of 
Guanabara Bay. 

4. CONCLUSIONS 

The continual use of coastal areas for anthropic activities has promoted increased 
deposition of heavy metals in sediments in coastal and estuarine regions. 

The concentrations of Pb, Cu, Cd, Zn and Ni in water are substantially lower than the 
concentrations of Pb, Cu, Cd, Zn and Ni in sediment, which is most likely due to the large 
organic loads received by the Canal do Cunha basin and the western side of Guanabara Bay 
and the elevated percentage of fine aggregates contained in the sediment, which promote 
metal adsorption without contaminating the waters or reaching the food chain. 

The sampling points in the Canal do Cunha basin show higher concentrations of Pb, 
Cu, Cd and Zn in water compared with the sampling points in Guanabara Bay. 
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