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Introducing the Project 

Present day administration of water resources in Brazilian coastal states is 

a fundamental step towards their sustainable utilization. The managing through 

watershed committees proved an efficient mechanism for this purpose. 

However, under the scope of these committees, environmental changes and 

impacts on the coastal zone originated far from the coast are still poorly 

understood and taken into consideration. This suggests that environmental 

zoning and management of coastal areas are still far from the desired level of 

integration. This frequently results in conflicts of water use and resources 

conservation, including the geological and biological products and services, 

including fisheries and aquaculture. Also the mismanagement of the coastal 

zone has been causing a continuous depletion of the natural capital of coastal 

ecosystems, mostly related to changes in the quality and quantity of continental 

fluxes of water, sediments and materials to the ocean through rivers. 

Within most biogeochemical cycles, rivers are the major links between 

continents and oceans. Their inputs may sustain coastal productivity with 

nutrients; regulate global climate changes through the absorption of CO2 from 

continental weathering and support the biodiversity of estuarine, coastal and to 

a certain extent, shelf ecosystems. But rivers can also derive contaminants from 

anthropogenic sources located along their watersheds to estuarine and coastal 

areas. Many environmental processes and socioeconomic activities taking 

place in the coastal zone are affected by uses and activities taking place along 

watersheds, even when located far from shore. Examples are river basins 

receiving effluents from urban and agricultural activities and/or which fluxes are 

artificially controlled. As a result the coastal zone forms a mosaic of complex 

environmental interactions resulting in integrated responses to the different 

occurring drivers and pressures and thus needing specific strategies in relation 

to its multiple uses and products, environmental management and conservation 

of natural resources.  

Along the transport through the continent-ocean continuum, different 

physical, chemical and biological processes, both of natural and anthropogenic 

origin, may alter the original geochemistry of the transported materials among 

the different compartments; the atmosphere, soils, waters and biota (Figure 1). 

Transformations of river basins due to anthropogenic activities presently reach 

a level where human drivers are stronger controllers of processes than natural 

climatic, geological and pedological forces inherent of a give basin (Figure 1). 

Therefore, the accumulation of organic matter, nutrients, and trace metals and 

the balance of greenhouse gases, and their respective biogeochemical cycles 

are strongly affected by land use, including agriculture, husbandry, urban and 

industrial uses, mining, energy generation, fisheries and aquaculture taking 

place in river basins.  
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Figure 1. The land–sea interface is a critical area for the remobilization of organic 

matter, nutrients and contaminants and changes in their biogeochemistry due to global 

climate changes and changes in land use. Figure 1 represents the conceptual 

formulation supporting the proposal. 

Less evident than the drivers acting on river basins, marine drivers have 

been seldom included in sustainable management plans for the coastal zone, 

although marine processes can modulate its environmental response. A major 

characteristic of coastal zones is their capacity to considerably change tides and 

tidal currents as compared to the deep ocean. Sea currents generated by winds 

are also affected by the interaction with the shallower bottom and the coastline, in 

extreme cases generating strong waves, upwelling and/or strong coastal 

currents. Therefore the knowledge of the physical processes regulating marine 

forces such as tidal field and thermohaline structure is fundamental to better 

evaluating coastal zone processes. Earlier studies under the scope of the 

Millennium Institute in the continental platform of northeastern coast rivers, 

strongly suggest the necessity of including marine forces to better understand the 

transfer of materials through the continent-sea interface. Therefore, a study of 

marine forces is of key step in understanding the response of the coastal zone to 

regional and global environmental changes.  

Notwithstanding the relatively obvious assertion of the necessity of 

interdisciplinary to assess the response of the coastal zone to different 

environmental driving forces from different origins in the scenario of the 
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Anthropocene, most studies do not take it into consideration, resulting in an 

incomplete and therefore insufficient analysis. This makes extremely difficult to 

relate the response of the coastal zone to changes occurring along river basins 

far from the coast and the influence of global climate changes. Therefore, 

notwithstanding the advances obtained through integrated research programs 

such as the Instituto do Milênio, SAmBas-LOICZ among others, it is still 

extremely difficult in Brazil to build consistent scenarios towards a proper 

management and utilization of the coastal resources, making difficult and even 

impossible the adoption of public policies and legislation concerning the 

sustainable development of the coastal zone.  

 

Our Mission 

To develop research to quantify the transport, transformations and fate of 

sediments, organic matter, nutrients and trace metals at the continent-ocean 

interface along the east-northeastern coast of Brazil and their interactions with 

economic chains and natural processes. To consolidate the results obtained 

under the scope of the Millennium Institute 

Estuaries (www.institutomilenioestuarios.com.br) in showing similarities and 

differences on contamination and eutrophication processes and carrying 

capacities of estuarine ecosystem and the sustainable management of their 

coastal zone goods and services in face of changes in land use and global 

climate. Contribute with minimizing regional dissimilarities by supporting a 

strong program in capacity building at all levels of education and training. Make 

accessible to the society all results obtained in the study in a way to make them 

understandable to all levels and therefore able to be used to drawn consistent 

policies of sustainable development of the coastal zone in the reality of the 

Anthropocene. 

 

Objectives and Goals 

On the consolidation of the results obtained under the scope of the 

Millennium Institute program: The results obtained on the alterations of the 

morphology of coastal basins, erosion, sedimentation, trophic state and the 

dimension of the continental fluxes to the coastal zone, suggest strong temporal 

variability. This variability has been assessed on the seasonal scale, but is 

necessary to upscale to cover variations of climatic teleconnections (ICTZ, 

ENSO) and how these relates to the changes verified in environmental proxies 

at the coastal zone. This will be achieved by the application of sophisticated 

environmental techniques. Dating with 210Pb, the use of tangential ultra-filtration, 

and microanalysis and dispersive X-ray electron (SEM/EDS) and transmission 

(TEM) as well as chemical speciation and organic and inorganic traces and the 

use of natural radionuclides along materials transport through the land-sea 

interface will be the chosen techniques to generate the necessary results. 

http://www.institutomilenioestuarios.com.br/
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Therefore it is necessary to synthesize the existing data, making it more easily 

available to specialists involved with the different aspect of the coastal zone 

management. Also increase the human capacity building promoted by that 

program.  Therefore, although largely increased in scope and participation, the 

present proposal is a natural continuation of the goals established by the 

Millennium Institute (www.institutomilenioestuarios.com.br). The studies will 

be concentrated in the area already under the scope of the Millennium research 

program, adding however, two new areas for specific studies at the Parnaíba 

basin, PI, including the Delta which is practically unknown to science and the 

Mundaú-Manguaba lagoon system and the Cananéia region, where the 

abundance of previous studies will make possible the calibration of advanced 

methodologies and comparisons with the processes already described for the 

other regions. 

On the human dimensions: The project aims to evaluate the social-economic 

impacts of the productive chains of artisan fisheries, aquaculture, irrigated 

agriculture and husbandry in the Municipalities of the lower Basins, in particular 

in terms of water use conflicts, erosion and fertility loss of soils and 

sedimentation of artificial reservoirs, in particular the conflicts among water use, 

soil erosion and sedimentation, and river damming. Participation of 

stakeholders will be sought by the organization of workshops to transfer the 

generated knowledge and how they can be applied in policy making and 

sustainable devotement of the coastal zone. The project will also evaluate the 

generation and dependence of income and jobs by the local population on the 

environmental conditions based on a joint evaluation of environmental and 

socioeconomic indicators. This dimension will be complemented by a significant 

effort in building human capacity in all levels of education and training.  

 

 

 

 

 

 

 

 

 

 

Figure 2. Intensive shrimp farming in NE Brazil a key economic driver to local 

land use changes. 

http://www.institutomilenioestuarios.com.br/
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On the environmental geochemistry framework: The project will quantify 

similarities and dissimilarities of contamination, eutrophication and carrying 

capacities of the different studied estuaries, integration and modeling them in 

order to construct appropriate scenarios for their sustainable utilization. This will 

include the geological, biological and chemical frameworks as well As the 

anthropogenic emissions of trace metals, nutrients and organic matter. 

Measurements to control and minimize emissions will be made based on these 

scenarios. Special attention will be given to the changes in sediment, nutrients, 

organic matter and pollutants fluxes from the continent downriver to the 

estuarine area, where most water-dependent activities are taking place, 

including the contributions from river damming, irrigated agriculture, 

urbanization and aquaculture. Particular attention will be given to changes in 

basin morphology, erosion and sedimentation of the estuary. A hierarchical 

typology of such drivers should be achieved in order to balance future planning 

actions for this watershed. A detailed description of the major biogeochemical 

processes will be performed in a comparative way taking into consideration the 

different geochemical backgrounds of the five regions, in particular the behavior 

of sediment, nutrients, organic matter and pollutants in the geochemical 

gradient from humid climate (Southeast) to environments under semi-arid 

climate (Northeast). The biogeochemical studies will incorporate sophisticated 

techniques of tangential ultra-filtration, and microanalysis and dispersive X-ray 

electron (SEM/EDS) and transmission (TEM) as well as chemical speciation 

and organic and inorganic traces and the use of natural radionuclides following 

the materials transport through the land-sea interface. Finally the consolidated 

seagoing logistics will allow the extending of studies to the continental shelf. 

 

 

 

 

 

 

 

 

 

Figure 3. Sampling sediment cores to study geochemical processes controlling 

trace metal behavior in Sepetiba Bay, SE Brazil. 
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On the global and regional climate change scenarios: Environmental 

impacts will be evaluated by changes in biodiversity proxies of global and land 

use changes, including changing cover of natural key ecosystems, changing 

biodiversity including the spectrum of fisheries populations and key monitoring 

species already identified for the basin. This information shall be analyzed 

together with alteration in biogeochemical proxies and together with the other 

major lines of research will be used to drawn consistent scenarios of 

sustainable utilization of coastal zone goods and services in the reality of the 

Anthropocene.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The mouth of the Paraíba do Sul River in Southeast Brazil an area strongly 

affected by regional land use alterations and global climate changes. 

 

Project Development 

Integrating activities within INCT-TMCOcean participants 

Oceanographic cruises and field campaigns 

 

A successful mechanism of collaboration and integration of the INCT-

TMCOcean participants occurred through the joint organization and participation 

in oceanographic cruises and filed work. This mechanism was used in four 

occasions in 2009. During these opportunities it was possible to compare 

methodologies, inter- calibrate procedures and discuss results and scientific 

developments, as well as train students and technicians. Crises occurred during 

two 8-day periods along the continental shelf of northeast Brazil, involving up to 

28 personnel, including students, researchers and technicians from the UFC, 
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USP, PUC-RJ and IRD. The major objectives were the characterization of 

oceanic processes on the continental shelf and slope, hydrology and 

hydrochemistry, sediment geochemistry and flow measurements. The cruises 

include simultaneous sampling and measurements in the plume region and 

estuary of the Jaguaribe River as well as in the river itself. Another two cruises 

occurred to assess continental fluxes to the Cananéia-Iguape coastal region, 

involving research and students from UFC, USP and IPEN. Off the Paraíba do 

Sul and Contas Rivers estuaries to the continental shelf two other cruises were 

carried on to estimate continental contribution, bottom sediment geochemistry, 

isotope studies and pollutant distribution on the shelf area. These cruises 

included personnel from UENF, UESC, IRD, PUC and INT (Figures 5 and 6). 

Intensive and collaborative field work in all areas of the project was also 

developed in 2009. 

Due to the success of such activities, cruises of the western part of the NE 

coast and off the Parnaiba delta (PI), as well as repeating cruises in the Contas 

and Paraíba do Sul Rivers are planned for 2010. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Location and aim of cruises and integrated field campaigns occurred in 

different sectors of the Brazilian coast in 2009 

 

Preferentially, these activities involved at least two participant institutions 

and were also used, apart from original data collection, to inter-calibrate 

methodologies and procedures. In particular, inter-calibrations aimed at ICP-MS, 

CHN and nutrients determinations and in situ measurements, mostly 

hydrochemistry parameters and ADCP utilization. 
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Figure 6. From left to right: 1. ADCP taking real time measurements of oceanic currents 

off NE Brazil. 2. Water samples from the NE Brazilian shelf. 3. Deploying a bottom fixed 

ADCT off NE Brazil. 4. Researchers in the Jaguaribe River estuary navigating to 

sampling stations. 5. ADCP transect at the Jaguaribe River, NE Brazil. 6. Jaguaribe 

River plume in NE Brazil. 

 

 

Training and capacity building  

 

Integrating activities also included teaching training courses together on 

graduate and undergraduate levels.  Four training courses occurred in 2009: 

 

Electron microscopy and x-ray spectroscopy applications: A Joint graduate 

course (4 credits) took place from 04-15 May in EMBRAPA, CE. Professors, 

graduate students and researches from EMBRAPA, UFC, UENF and UFPI 

participate in this activity. The major objectives were training the use of MEV-

TEM technology, applications in environmental samples and application in the 

context of the land-ocean interface. The course was attended by 45 graduate 

students. 

 

Hydrological Modeling: A joint initiative of UFC, USP, UFPI and the Hydraulics 

Institute of Portugal (IPH) at the graduate level, involved 4 professors from UFC 

and IPH. The major objective was to trains students and researchers on 

modeling software of hydrodynamics, with emphasis on estuarine and coast shelf 

areas. The course involved 20 graduate students from 4 graduate programs in 

marine sciences. 

 
Remote Sensing Cartography and Geomatics: This under-graduate course 
intended to introduce advancements in cartographic techniques using remote 
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applications, including mapping, charting and application at the continent-ocean 
interface. The course involved 20 undergraduate students from 4 programs in 
marine and environmental sciences from UFC and UFPI. 

 

Undergraduate Course on Hydrochemistry: The course was aimed to basic 

training on hydrochemistry for students of the UFPI making available the 

equipment and logistic used within the INCT-TMCOcean research activities. The 

theoretical and field work classes were attend by over 120 students from different 

disciplines. The major aim was to contribute to human capability and reduce 

regional differences within institutions participating in the project. Also it served to 

create awareness among the staff of UFPI of the opportunities provided by the 

INCT-TMCocean project. After the completion of activities three other research 

groups from UFPI demonstrated interest in participating in the project. Meetings 

with them are planned for early 2010. 

 

 

Improving research facilities 

 

 Another important aspect of the activities during 2009 was the optimization 

and improvement of advanced research facilities in the INCT-TMCOcean 

participating institutions. Apart from a general improvement of general equipment 

and logistic (vehicles and boats) facilities, at least 3 major goals were achieved 

(Figure 7): i) the recuperation of the Scanning Electron Microscopy and X-Ray 

Microanalysis, at EMBRAPA Agroindustria Tropical, Ceará, with collaboration of 

UENF and UFC; ii) the completion and optimization of the ICP-MS laboratory, 

including a Class-100 clean facility of the LBC-UFC, also in Ceará; and iii) the 

improvement of the carbon isotope laboratory in IRD-CNEN in Rio de Janeiro. 

The three initiatives makes possible top of the line research and human capacity 

activities with the scientific aims of the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. 1. 14C line at IRD-CNEN; 2. ICPMS at LBC-UFC; 3. Photos from EMBRAPA. 
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Scientific meetings at the national and international levels 

 

In 2009 the INCT-TMCOcean organized the International Symposium on 

Applications of Natural Isotopes in Environmental Sciences. The symposium was 

held within the INAC2009 (International Nuclear Atlantic Conference), in Rio de 

Janeiro from September 27th to October 2nd (Figure 8). Conferences were held by 

J.M.  Godoy (PUC-RJ/IRD), L.D. Lacerda (UFC), T. Bjornstad (U. Oslo), P.E. 

Artaxo (USP) e F. Bréchignac (Institut de Radioprotection et Securite Nucleaire, 

France). Themes of conferences were the application of natural radioisotopes in 

complex coastal environments, particularly on multiple source-element cycling in 

estuaries and the continental shelf; mixing properties of river plumes and 

dispersal through on shelf and slope environments; changes in organic matter 

chemistry through time and space along the continent-ocean gradient; and the 

biogeodynamics of natural and man-made radionuclides at the continent-ocean 

interface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 87. Debate at the International Symposium on Applications of Natural 

Isotopes in Environmental Sciences at the INAC2009. 

 

Although not participating in the organization, the INCT-TMCOcean was 

also present in important scientific events at the regional and national levels, 

such as the X Latin American Congress on Marine Science (COLACMAR), La 

Habana Cuba; the XIII Brazilian Geochemistry Congress(CSBGq), Ouro Preto 

(MG) and the II Brazilian Congress on Marine Biology (CBBM), Armação dos 

Buzios (RJ). 

 During 2009, the INCT-TMCOcean participated in the organization of two 

important national and international meetings; the 62o Annual Meeting of the 

Brazilian Society for the Advancement of Sciences (SBPC) and the American 

Geophysical Union Meeting for the Americas (AGU). For the SBPC the INCT-

TMCOcean is in charge of organizing two symposia, on “Materials Transfer at the 

Continnet-Ocean Interface under Semiarid Climate”; and the other on “The 
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Environmental Dynamics of Human-Altered Bay Environments”, together with 

sponsoring one international conference on “Landslides and Tsunami Formation”.   

 At the AGU meeting the INCT-TMCOcean is organizing an international 

session of “Mixing Processes at the Continent-Sea Interface” and another on 

Climate Change Proxies in Semiarid Coastlines”, this latter together with the 

Argentinean Institute of Oceanography, under a cooperation agreement signed in 

November 2009. 

 

 

International Cooperation 

 Apart from the organization of international meetings, the INCT-

TMCOcean developed a series of cooperation activities of importance for the 

future development of the project’s goals (Figure 9). In March, it became an 

affiliated project within the IGBP-LOICZ framework; in May, in participated within 

the scope of the Brazilian Academy of Sciences in the Inter-Academy Panel on 

Ocean Acidification; in November a cooperation agreement was signed with the 

Argentinean Institute of Oceanography and in November it started participation in 

the director Committee of the Brazilian Panel on Climate Change. This 

cooperation will be the bases of diverse research and human capacity activity in 

the near future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Examples of cooperation efforts developed during 2009. 

 

 

Human capacity building 

 

 Most institutions involved in the project are responsible for important 

graduate program in marine sciences, chemistry and earth sciences. Therefore a 

strong aspect of the project was the large scale involvement of graduate students 

at all levels Table 1). There is a strong preoccupation with promoting exchange 

among students and this is not only by the research and teaching activities of the 

project proper but also on exchanging teachers and students within the graduate 

program involved. Also many theses and dissertations were oriented by two 
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professors from different institutions. As a result, in 2009 over 110 students of all 

levels were involved in the project (see Table 1 for a summary). Among these, 30 

finish their PhD, MSc or Monograph in 2009. 

 

Table 1. Summary of scientific, educational and human capacity building outputs. 

 

Scientific Quantity 

Papers published in periodicals 46 

Books 02 

Book chapters 07 

Videos 01 

Presentations 41 

Conferences 08 

Educational  

Graduate courses 03 

Undergraduate courses 01 

Technical training courses 01 

Human Capacity Building  

Post-Doc 03 

Graduate students involved (MSc & PhD) 47 

Undergraduate students involved (IC) 28 

College students training 03 

PhD Thesis (finished in 2009) 03 

MSc Dissertations (finished in 2009) 12 

Undergraduate monographs (finished in 2009) 15 

Instrumental Capacity Building  

Consolidating advanced methodologies 04 

Advanced techniques training 02 

Basin Management Committees 02 

Science & Technology Policy Committees 06 

Establishing advanced laboratories 03 

Assisting  Public Authorities 03 

Public Awareness and Science Divulgation  

Open activities for the general public 03 

Workshops with professional sectors 08 

New in the general media 16 

Paper on science divulgation magazines 03 

Video 01 

Chapters in undergraduate text books 02 

Maintenance of internet sites 03 
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Scientific productivity 

 

In 2009, the project output include 35 articles published in indexed 

periodicals, 07 book chapters, 01 book, 01 educational video, 8 conferences and 

41 presentations and extended abstracts in national and international 

conferences (Table 1).  

Most of the publications dealt with biogeochemical processes occurring at 

the continent-ocean interface. We have investigated the geochemical behavior of 

metal pollutants, the occurrence of persistent organic pollutants and the 

dynamics of water and sediments during the transport from land to sea. Some 

publications dealt with climate change proxies, in particularly in the semiarid 

coast of Brazil, were the response of hydrological parameters in local rivers, the 

extension of mangrove forests and the displacement of dunes seems to reflect 

global climate change. Some of these results were the theme form conferences 

proffered in many meetings, especial courses and congresses.   

Scientific divulgation through publications was also an important goal of 

the research developed during the year. Book chapters were produced for 

undergraduate text books; papers in science magazines and a scientific video on 

major environmental aspects of the continent-ocean interface were important 

products of the INCT-TMCOcean.  

Divulgation of the results, apart from scientific meetings proper, was also 

used to enhance public awareness to the problems dealt with by the INCT-

TMCOcean. 

Below, we choose 10 examples of the most typical scientific products 

produced in 2009. A complete list of scientific production is provided in the 

annexes, as well as the principal investigators involved in the project. Detailed 

information on all aspects of the project development downloads of published 

material, program for 2010 activities and other type of information can be 

assessed at the project’s web site www.inct-tmcocean.com.br. 

 

http://www.inct-tmcocean.com.br/
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1 - Regional geochemical baselines for sedimentary 
metals of the tropical São Francisco estuary, NE-Brazil. 

 

Sabadini-Santos, E.; Knoppers, B.A.; Oliveira, E.P.; Leipe, T. & Santelli, R.E.  

 

Marine Pollution Bulletin, 58: 601- 606 (2009). 

 

 

This study establishes a regional geochemical baseline for the metals Fe, 

Mn, Cr, Cu, Ni, Pb and Zn from surface samples and cores taken in several 

sedimentary environments of the São Francisco river estuary, NE-Brazil. Metal 

concentrations between the pre- and post-dam periods were maintained within 

similar and even pristine levels.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study area and sample location at the São Francisco River Estuary 

 

The top sandy layers down to 0–12 cm depths of the cores reflect the 

period affected by dams which reduced water flow and the load of suspended 

matter to the estuary and enhanced sediment shoaling and the bottom of the cores 

the pre-dam conditions, coinciding with the lowest metal concentrations. Concern 

is on the increase due to the expansion of shrimp farming and the introduction of 

some trace metals, mainly Cu, from aquafeeds within the creeks bordered by 

mangroves. This has already affected other mangrove estuaries along the NE-

Brazilian coastline and other regions of the world. 

Furthermore, sugar-cane monoculture is now being implemented within the 

middle-lower SF basin, suggesting that metal emissions from land erosion could 

gradually affect the estuary.  

 

 

 



 16 

2 - Heavy metals in sediment profiles from Sepetiba and Ribeira 
Bays: A comparative study 

 
Carvalho Gomes, F., Godoy, J.M., Godoy, M.L.D.P., Carvalho, Z.L. R.T., Lopes, J.-A. 

Sanchez-Cabeza, Lacerda, L.D. & J.C. Wasserman 

 

Radioprotection, 44: 243 - 250 (2009) 

 

 

 
 

Herein, it is compared the changes in the overall metal profiles over the past 

century examining elemental concentrations in the bottom sediments of Ribeira and 

Sepetiba Bay, to verify whether Ribeira Bay could constitute a reference database for 

metal concentrations in the neighboring Sepetiba Bay. It also aims to verify if the 

changes in the concentration of elements such as Al, Fe and rare-earth reflect man-

made interventions in Sepetiba Bay drainage.  

Sedimentation rates were determined applying 210Pb dating and varied from 0.15-0.34 

cm y−1 in Ribeira Bay and from 0.3-0.75 cm y−1 in Sepetiba Bay, the higher rates 

measured for the period before the 60’s. These findings agree with the construction of 

the Santa Cecília impoundment (1955) that brings water from the Paraíba do Sul Basin 

into the Guandu River, increasing its flow from the original 20m3 s−1 to 160m3 s−1. 

Elemental concentrations in sediments were analyzed by ICP-MS and showed that 

Ribeira Bay could constitute a reference database for several elements as K, Ti, Mn, 

Zn, Ga, Rb, Sr among others, but it isn’t for other elements as V, Cr and Cd. 

Applying to the mean elemental concentration, of the upper contaminated 45 cm 

sediment layer, and to the elemental concentration of the deepest analyzed sediment 

layer a normalization to Fe, a double ratio was calculated suggesting that Sepetiba 

Bay sediments are contaminated with Cr, from a local leather tanning and Cd and Zn 

from the former Ingá Metais. 

The data indicate that although both systems are connected to some extent, 

very little transfer of contamination between the two is recorded over the past 100 

years. The 210Pb-dating tool proved its efficacy in determining a very precise temporal 

record of sediment contamination, allowing for the direct identification of the impact of 

historical events. 
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3 - Metal concentrations, fluxes, inventories and 
chronologies in sediments from Sepetiba and Ribeira Bays: A 

comparative study 
 

Gomes, F.C.; Godoy, J.M.; Godoy, M.L.D.P.; Carvalho, Z.L.; Lopes, R.T.; Sanchez-

Cabeza, J.A; Lacerda, L.D. & Wasserman, J.C. 

 

Marine Pollution Bulletin, 59: 123–133 (2009) 

 

Three sediment cores were sampled at Sepetiba Bay and four cores at Ribeira 

Bay, Rio de Janeiro State, Brazil. Sediment accumulation rates and chronologies were 

obtained from 210Pb activity-depth profiles. Sediment accumulation rates in Ribera 

Bay ranged from 1.2 mm y-1 in the inner bay to 2.6 mm y-1 close to its entrance. In 

Sepetiba Bay two sediment accumulation rates were observed: a lower rate of 0.35 cm 

y-1 before the 1960s and 0.76 cm y-1 since then. This is due to the construction of the 

Santa Cecília impoundment (1955) that brings water from the adjacent Paraíba do Sul 

Basin into the Guandu River, which increased its flow from the original 20 m3 s-1 to 160 

m3 s-1.  

Concentration of 44 elements was obtained by ICP-MS after total dissolution of 

samples from two selected cores. The relative differences between the concentrations 

of crustal elements, such as Al, Fe and Ti are only about 20% (p < 0.05). Cd and Zn 

are 15 and four times larger in Sepetiba than in Ribeira Bay, respectively. Other major 

and minor elements show lower statistically significant differences. The enrichment 

factors and metal inventories show that Sepetiba Bay can be considered polluted with 

Bi, Cd, Cr, Cu, Sb and Zn. Particularly, Cd and Zn present concentrations three and 

four times higher than the Brazilian existing limits. 

 
Right: Sepetiba Bay. Up:  Fe/Al concentration ratio depth profile in sediment core 1 
from Ribeira and Sepetiba Bays. Down: Ti/Fe concentration ratio depth profile in 
sediment core 1 from Ribeira and Sepetiba Bays. Ribeira Bay. Both: Values in the first 
15 cm are enhanced. 
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4 - Heavy metal inputs evolution to an urban hypertrophic coastal 
lagoon, Rodrigo de Freitas Lagoon, Rio De Janeiro, Brazil 

 

Loureiro, D.D.; Fernandez, M.A.; Herms, F.W.; Lacerda, L.D. 

 

Environmental Monitoring & Assessment, 159: 577- 588 (2009) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Rodrigo de Freitas Lagoon, in Rio de Janeiro Metropolitan area and sampling 

stations

 

This work discusses the temporal variation of metal concentrations in a 

hypertrophic coastal lagoon in the metropolitan area of Rio de Janeiro (Brazil). The 

lagoon watershed includes one of the mostly densely urbanized areas of the city but 

without industrial activities.  

Six sediment cores were collected in the lagoon between May and July 2003 

and analyzed for the concentration of metals (Fe, Al, Mn, Zn, Pb, Cu, Cr, and Ni). 

Sedimentation rate was calculated as being 0.75 cm year−1 and was uniform for at 

least the past 70 years. The alterations in the dynamics of the lagoon caused by 

changes in its watershed were clearly indicated in sediment cores. The construction of 

an artificial canal to the sea and the increasing urbanization and soil use changes were 

the major factors affecting metal accumulation in the lagoon sediments. 

The results presented here show the influence of soil use change on the metal 

loads to Rodrigo de Freitas Lagoon. Building of an artificial canal and further 

urbanization of the watershed resulted in decreasing inputs of metals from natural 

sources (Fe and Al). On the other hand, urban runoff increased the inputs of Pb, Zn, 

and Cu and, to a certain extent, of Mn, Cr, and Ni, to concentrations similar to areas 

receiving these metals from known anthropogenic point sources, showing very high 

enrichment factors and an increase in the proportion of weakly bound metals in 

sediments. This fraction is potentially mobilized to the water column. The relative 

shallowness typical of coastal lagoons and the high accumulation capacity of fine 

grained sediments may maximize the bioavailability of deposited metals present in 

sediments under weakly bound forms. 
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5 - Modeling the formation of residual dune ridges behind barchan 
dunes in North-east Brazil 

 

Levin, N., Tsoar, H., Herrmann, H.J., Maia, L.P. & Claudino-Sales, V. 

 

Sedimentology, 56: 1623–1641(2009)

 

Residual dune ridges are often formed by vegetation growing along a line some 

distance upwind of the lower stoss slope of migrating dunes. This process is common 

in areas where vegetation germinates along the edge of the water during the rainy 

period when the water level is higher and interdune areas are flooded. It occurs on a 

large scale in North-east Brazil, because of the rise and fall in groundwater level at the 

end of the rainy season. Each residual dune ridge corresponds to the position of the 

dune during the wet period in each year. Therefore, variations in the distance between 

the ridges could be used potentially to monitor climatic fluctuations in rainfall and wind. 

 

 

 

 

 

 

 

 

 

 

 

 

Aerial photograph showing partly flooded RDRs between two dunes in a dune 

field. 

To examine the potential use of these residual dune ridges for the 

reconstruction of past climatic fluctuations, a model that simulates them under varying 

conditions of wind, rainfall and evaporation rates was formulated. The model was 

tested for sensitivity to climatic variability in North-east Brazil and validated against 

residual dune ridge displacements as measured in the field and from high spatial 

resolution satellite images. Based on the results, it is concluded that residual dune 

ridges may not form in North-east Brazil in years which are exceptionally dry, as may 

happen during El Niño events. When this type of event happens, the distance between 

adjacent residual dune ridges corresponds to more than one year and, therefore, the 

correlation between dune displacements and wind power becomes weak or even 

disappears. Additionally, because of biotic, aeolian and hydrological processes, these 

arcuate residual dune ridges may not preserve their initial shape for long periods. The 

presence of residual dune ridges testifies to the temporary flooding which may or may 

not be seasonal. However, the potential for using residual dune ridges to reconstruct 

the palaeo-climate of wind regime on a yearly basis or to identify past El Niño events 

seems to be limited. 
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 6 - Fate of copper in intensive shrimp farms: bioaccumulation and 
deposition in pond sediments 

Lacerda, L.D., Santos, J.A. & Lopes, D.V. 

 

Brazilian Journal of Biology, 69: 851-858 (2009)

 

Distribution of Cu in water, sediments and biomass from intensive shrimp 

farming in northeastern Brazil shows no difference in dissolved Cu between waters 

entering and leaving the ponds. There was a large export of particulate Cu to adjacent 

environments, showed by high particulate (112 μg.L–1) Cu in draining waters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Copper in the bottom sediments of the pond varied with depth from 10 to 20 

μg.g–1, being 5 to 7 times higher than the local background. Pond management 

procedures result in a peculiar vertical distribution of Cu with peak values occurring at 

sub-surface depths in pond bottom sediments. Bioavailable Cu reaches about 20% of 

the total Cu content in sediments. Notwithstanding the relatively high Cu bioavailability, 

concentrations in shrimp muscle (23.2 to 63.4 μg.g–1 d.w.) were similar to reported 

values for reared and natural L. vannamei populations, and much lower than 

acceptable maximum limits for human consumption. Concentrations in the exoskeleton 

were always higher than in muscle. Increasing Cu mass, and to a lesser extent Cu 

concentrations in muscle tissues, occurred simultaneously to a decrease in Cu mass 

and concentrations in the exoskeleton and vice versa, suggesting a dynamical 

exchange of Cu between the two compartments. Cu fate in intensive shrimp culture 

does not result in increasing Cu exposure to consumers, but it is an important source 

of Cu to adjacent ecosystems, in particular in the pristine environments where most 

aquaculture activities in NE Brazil take place. 
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7 - Assessment of natural radium isotopes and 222Rn in water 
samples from Cananéia-Iguape estuarine complex, SP 

 

Oliveira, J., Braga, E.S., Jesus, S.C., Abrahão, F.F., Santos, G.F. & Chiozzini, V. 

 

2009 International Nuclear Atlantic Conference - INAC 2009, Rio de Janeiro, 

ABEN, ISBN: 978-85-99141-03-8, p: 1-10

 

Radium isotopes and radon are among the most important natural 

radionuclides in the environment from both radioprotection and geo-hydrological 

points of view. These radionuclides are a powerful tool for studying coastal 

processes and have been used intensively as tracers of groundwater sources 

that discharge into the ocean. In this paper, naturally occurring radium isotopes 

and 222Rn were determined to trace water exchange and SGD in Cananéia-

Iguape estuarine complex, a shallow coastal plain estuary in southern São Paulo 

area. The research work was carried out during the 1st semester of 2009 and 

covered stations located both in Cananéia and Iguape outlets, as well as 

samples collected in Ribeira of Iguape River and groundwater.  

 
Location of sampling stations in Cananéia and Iguape outlets, February 

2009. 

Activity concentrations of 226Ra in estuarine waters from Cananéia outlet 

varied from 2.9 mBq L-1 to 4.7 mBq L-1, while 228Ra concentrations ranged from 

22 mBq L-1 to 45 mBq L-1. In Iguape outlet, activities of 226Ra ranged from 1.6 

mBq L-1 to 6.6 mBq L-1; 228Ra varied from 13 mBq L-1 to 20 mBq L-1. Activities of 

Ra were slightly higher in samples collected at 5 m depth than at the surface 

water level. Groundwater activity concentrations of 226Ra ranged from 0.63 mBq 

L-1 to 12 mBq L-1 and for 228Ra from 18 mBq L-1 to 39 mBq L-1. In groundwater, 

the 228Ra/226Ra activity ratios varied from 3.3 to 31.7 mBq L-1. 222Rn activities in 

groundwater up to 747 Bq L-1 were observed. Increased nitrate contents were 

observed in groundwater samples collected in Cananéia and Comprida Island. 

The sources of nitrate observed in the stations are both due to transport of 

pollutants by local currents and do to possible contributions of SGD. Increased 

nitrate levels in wells sampled in Cananéia and Comprida Island indicates that 

nitrogen is fed by coastal contaminated groundwater and re-circulated estuarine 

water (with different proportions of groundwater in the mixture), which gives rise 

to potential environmental concern with implications for management of 

freshwater resources in the region. 
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8 - Oscilações do nível de água e a co-oscilações da maré 
astronômica no baixo estuário do Rio Paraíba do Sul, RJ 

 

Nicolite, M., Truccolo, E.C., Schettini, C.F. & Carvalho, C.E.V. 

 

Revista Brasileira de Geofísica, 27: 225-239 (2009) 
 

The water level in the lower Paraíba do Sul river estuary was assessed in 

order to evaluate the effects of the astronomical tide co-oscillation, river 

discharge and meteorological events. Water level data was recorded hourly from 

October 2000 until February 2003 at a gauge station nearby the estuarine inlet. 

The water level is controlled mainly by the astronomical tide co-oscillation during 

periods of low river discharge, and eventually by meteorological tides. Even 

during periods of higher river discharge the water level is controlled by 

astronomical co-oscillation, although during low tide phase the river discharge 

effects are observable. During periods of extreme high discharge the low 

frequency water level is mainly driven by the river inflow. The tidal wave was 

mostly symmetrical during the low river discharge periods, and asymmetries were 

observed during meteorological events, with shorter flood and longer ebbs. 

Although, such effects were not corroborated by astronomical tidal constituents 

M2 and M4 relationship, which suggests ebb dominance.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temporal series of water level (solid line) and discharge (dotted line)of 

the selected periods used to characterize the low discharge conditions 

of the Paraiba do Sul River. A: BD1; B: BD2; C: BD3. Bold, Black line 

represents water level at sub-tidal frequency. 

 

Stronger distortions were observed during high discharge periods, with 

tide attenuation either at neap as in spring tide periods. During these periods the 

asymmetries were corroborated by M2 and M4 relationship.  
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9 - Natural and anthropogenic emission o nutrients and metals 
to the Contas  River lower basin, Bahia 

 

Paula, F.C.F., Lacerda, L.D., Marins, R.V., Aguiar, J.E., Ovalle, A.R.C. & Falcão 

Filho, C.A.T. 

 

Química Nova, 33: 70-75 (2010) 

 

Emission factors of anthropogenic activities and natural processes were 

used to estimate nutrients and metals loads to the Contas River lower basin, 

Southern Bahia, Brazil. Among natural sources, emission from soil leaching is 

larger for N, Cu and Pb. Atmospheric deposition is the major natural source of P, 

Zn, Cd and Hg. Among anthropogenic sources, agriculture is the major source of 

N, Cu and P. Urban sources are the major contributors to the other elements. 

Present anthropogenic land uses are already responsible for 78 and 99% of total 

N and P loads and about 50% of total Cu and Hg. 

 

 

 

 

 

 

 

 

 

 

 

 

Loads and emission factors estimated for nutrients (N & P) and metals to 

the lower Contas River basin, BA. 
 

Estimated emissions for most metals are much lower than those typical of 

industrialized areas in SE Brazil. However, emissions from agriculture and 

husbandry for Zn and Cu are already comparable to natural emissions, whereas 

Hg from urban sources are already comparable to the total natural load of this 

metal. 

On the other hand, nutrient loads (N and P) to the lower basin of the 

Contas River, similarly to other areas in the Brazilian Northeast, are already 

much higher than natural emissions. Agriculture and waste waters are the major 

N source, whereas agriculture and husbandry are the major P source. These 

inputs are probably already generating eutrophication evidence in the lower 

basin. Finally, the Gongogi River sub-basin due to its drainage area and the land 

uses present, is the major responsible for the estimated inputs, and thus being a 

key management area for implementing public policies to reduce anthropogenic 

inputs of the both nutrients and metals.  
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10 - Hydrology of a well-mixed estuary at the semi-arid 
Northeastern Brazilian coast 

 

Dias, F.J.S.; Marins, R.V. & Maia, L.P. 

  

Acta Limnologica Brasiliensia, 21: 377-385 (2009) 

 

This study focuses on the ebb and flood water inputs for dry and rainy 

seasons to the Jaguaribe River estuary (Brazil). The Jaguaribe Basin covers 

72,043 km2, representing almost half of the Ceará State’s territory in NE Brazil. It 

extends along 633 km contributing to the Western Equatorial Atlantic Ocean.  

 
The Jaguaribe River estuary, CE, Brazil 

The system of currents in Jaguaribe River shows a very complex pattern 

during the tidal cycle, with variability outside the river main channel. This 

differentiation of the system of currents influences the transport of materials to 

the sea. The observed tidal regime is of the meso-tidal semi-diurnal type. In 

2004, the average velocities of flood and ebb tides were calculated using a 

spherical buoy, a limnimetric ruler and a deterministic model. In 2005, a 

comparative study between the measures performed with the buoy and an 

Acoustic Doppler Current Profiler (ADCP) was also carried on. 

Average flood and ebb velocities using the spherical buoy, the limnimetric 

ruler and the deterministic model, varied from 0.11 to 0.24 m.s–1 (flood) and from 

0.11 to 0.28 m.s-1 (ebb). In 2005, buoy and ADCP measures were 50 and 80% 

different. However, in 2005, the water fluxes calculated from average velocities 

(101.1 m3.s-1) using the spherical buoy and the limnimetric ruler; and 115.3 m3.s-1 

(using the ADCP) showed a smaller error. The comparability of the two 

techniques to calculating average 12 hours water fluxes pointed the similarity 

between these data. During the evaluated periods tidal prism presents seasonal 

variation between 12.6 and –73.1 m3.s-1 being smaller during the dry season 

increasing in the rainy period. The Jaguaribe estuary is an importer system of 

marine waters explaining the dominance of marine biogeochemical processes in 

the estuary. 
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