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PREFACE 
 

 

In response to a request from the Government of the Federative Republic of Brazil, 
the Government of Japan decided to conduct the Study on Management and 
Improvement of the Environmental Conditions of Guanabara Bay in Rio de Janeiro, the 
Federative Republic of Brazil and entrusted the study to the Japan International 
Cooperation Agency (JICA). 

 
JICA selected and dispatched a study team by a joint venture of Pacific 

Consultants International (PCI) and Nihon Suido Consultants (NSC), headed by Mr. 
Akira Takechi, to Brazil during May 2002 to August 2003.  In addition, JICA set up an 
Advisory Committee chaired by Mr. Yoji Okayasu, Water Quality Team, Water 
Environment Research Group, Public Works Research Institute, between March 2002 
and August 2003, which examined the study from specialist and technical point of view. 

 
The team held a series of discussions with the officials concerned of the 

Government of the Federative Republic of Brazil, and conducted field surveys in the 
study area.  Upon returning to Japan, the team conducted further studies and prepared 
this final report. 

 
I hope that this report will contribute to the promotion of this project and to the 

enhancement of friendly relationship between our two countries. 
 
Finally, I wish to express my sincere appreciation to the officials concerned of the 

Government of the Federative Republic of Brazil for their close cooperation extended to 
the Study. 
 
 
 

October, 2003 
 

Kazuhisa Matsuoka 

Vice-President 
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The report consists of the Summary, Main Report and Supporting Report.  The 
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conditions, reviews of existing master plans, the results of the feasibility study, and 
conclusions and recommendations.  The Supporting Report includes technical details 
of contents of the Main Report. 
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CHAPTER 1 INTRODUCTION 

1.1 GENERAL 

In response to the request of the Government of the Federative Republic of Brazil (GOB) in 
2000, the Government of Japan (GOJ) agreed to conduct the Study on Management and 
Improvement of the Environmental Conditions of Guanabara Bay in Rio de Janeiro, the 
Federative Republic of Brazil (Study).  Accordingly, the Japan International Cooperation 
Agency (JICA), the official agency responsible for the implementation of the technical 
cooperation programs of GOJ, was assigned to undertake the Study in close cooperation with 
the authorities of GOB. 

JICA dispatched a preparatory study team to the Federative Republic of Brazil for the 
preliminary survey as well as discussion of the Scope of Work for the Study.  The Scope of 
Work and the Minutes of Meeting were agreed upon between the State Secretariat of Sanitation 
and Water Resources, the State of Rio de Janeiro (SESRH) and JICA on November 7, 2001.  
JICA appointed a joint venture, Pacific Consultants International in association with Nihon 
Suido Consultants, to conduct the Study and formed the Study Team in March 2002. 

The Study Team presented the outlines of the program, methodology and time schedule of the 
Study as the Inception Report in May 2002.  Contents of the Inception Report were agreed 
upon between the Study Team and SESRH and the study work in Brazil commenced in May 
2002. 

1.2 BACKGROUND OF THE STUDY 

Guanabara Bay in Rio de Janeiro has highly regarded beautiful scenery and is at the base of a 
national symbol of Brazil (statue of Christ the Redeemer), which elevates the city’s value as an 
international tourist destination.  However, in the 1990’s, the untreated sewage discharge and 
illegal solid waste dumping was causing the degradation of water quality in Guanabara Bay. 

In order to improve the environment of Guanabara Bay, JICA undertook the “Study on 
Recuperation of the Guanabara Bay Ecosystem” and formulated the Master Plan (JICA Master 
Plan) in 1994 responding to the request of GOB.  This study recommended improving the 
water quality of Guanabara Bay with a comprehensive plan of sewerage development, industrial 
wastewater control, dredging and mangrove reforestation for the target year of 2010. 

In parallel with this study and also in 1994, the State Company of Water and Sewage (CEDAE) 
conducted the “Sewerage Master Plan in Rio de Janeiro Metropolitan Region” (CEDAE 
Sewerage Master Plan) to cover the 90% of the Rio de Janeiro Metropolitan Area with 32 
treatment districts and to treat the collected sewage to secondary level. CEDAE has 
implemented Guanabara Bay Pollution Abatement Program (PDBG) led by the Inter-American 
Development Bank (IDB) with co-financing of Japan Bank for International Cooperation (now 
JBIC, then OECF) at the planning stage of the Sewerage Master Plan.  PDBG includes not 
only the construction of sewerage facilities but also improvement of water supply, solid waste 
management, stormwater drainage system, strengthening organizational structures and 
environmental education. 

Since PDBG is entering to its final phase, CEDAE is now planning to implement the extension 
of the sewerage systems as PDBG Phase II and GOB has requested GOJ to conduct the 
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Feasibility Study for PDBG Phase II projects.  After discussion between JICA and 
SESRH/CEDAE, it was agreed that the study would review JICA Master Plan and CEDAE 
Sewerage Master Plan to appraise effects of the past and current projects to the bay environment 
improvement, and to conduct the feasibility study for the projects, of which priority is identified 
as a result of the review. 

1.3 OBJECTIVES OF THE STUDY 

The objectives of the Study are: 

- To review the Master Plan that was formulated through the “Study on Recuperation of the 
Guanabara Bay Ecosystem” 

- To review the portion related to Guanabara Bay Basin of the “Sewerage Master Plan in Rio 
de Janeiro Metropolitan Region” 

- To conduct a feasibility study (F/S) on priority project(s) selected in the study on sewerage 
system in Guanabara Bay Basin  

- To pursue technology transfer to the counterpart personnel in the course of the Study. 

1.4 STUDY AREA 

The Study area covers the Guanabara Bay basin which is shown in Figure 1.1.  The whole 
basin is located within the Rio de Janeiro State boundary and covers 16 municipalities. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1 Study Area 
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1.5 STUDY SCHEDULE 

The Study was carried out as shown in Figure 1.2.  The Study is to be completed within 18.5 
months between the middle of March 2002 and the end of September 2003, in five work stages.  
The Study consists of two phases from a viewpoint of outcomes of the study: Phase I: Review 
on Master Plans and Phase II: Feasibility Study. 

Figure 1.2 Time Schedule of the Study 

1.6 STUDY ORGANIZATION 

The Study was conducted under the following organizational scheme in Figure 1.3. 

 

 

 

 

 

 

 

Figure 1.3 Study Organization  
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JICA organized the Study Team and the Advisory Committee.  Their members are shown in 
Table 1.1. 

Table 1.1 JICA Study Team and the Advisory Committee Member 

JICA STUDY TEAM 
 

Assignments Name 

Team Leader/Water quality restoration Akira TAKECHI 

Pollution analysis A Erik Kock Rasmussen 

Pollution analysis B Thomas Uhrenholdt 

Pollution analysis C Sivapragasam Kugaprasatham  

Hydrological analysis Sabbir Hassan 

Wastewater Planning Shohei SATA 

Sub-Team Leader/Wastewater treatment design Masakazu NAKAO 

Sewer design Seiichi HANAFUSA 

Organization and Institution Jose Henrique Penido Monteiro 

Database Ryo MATSUMARU 

Economic and financial analysis Yoji SAKAKIBARA 

Environment Impact Tetsuji KAWAMURA 

Social consideration Ione Marisa KOSEKI CORNEJO 

Interpreter A Keiko FUJISAWA 

Interpreter B Cesar MATONO 

Social consideration B/Study Coordination Chiho OCHIAI 

JICA ADVISORY COMMITTEE 
 

Assignments Name 

Chairman of the committee  Yuji OKAYASU  

Committee member Masami MIZUGUCHI  

 

SEMADUR acted as an implementing agency and CEDAE as a main counterpart agency.  
SEMADUR set up a counterpart team at the beginning of the Study and actual study works 
were carried out by Counterpart Team and Study Team members working together. 

Note: At the beginning of the Study, the implementing agency was State Secretariat of Sanitation and Water 
Resources, the State of Rio de Janeiro (SESRH) and SESRH was reorganized to State Secretariat of 
Environment and Urban Development (SEMADUR) at the time of a change of the state government 
administration in January 2003. 

Counterpart members consist of personnel from CEDAE, State Foundation for Environmental 
Engineering (FEEMA: Fundação Estadual para Engenharia do Meio Ambiente), State Authority 
for Rivers and Lagoons (SELAR: Superintendência Estadual de Rios e Lagoas) and Secretariat 
of Planning, Economical Development and Tourism (SEPDET: Secretaria de Estado de 
Planejamento, Desenvolvimento Econômico e Turismo).  Counterpart members were 
reshuffled at the time of the state governmental change.  Members of both old and new 
Counterpart Team are shown in Table 1.2. 
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Table 1.2  Members of Counterpart Team 
 From January 2003 

Assignment Name Organization 

Chief Counterpart Rafael Carvalho Oliveira Santos PDBG, CEDAE 

Water Quality Restoration Fátima de Freitas Lopes Soares DEP (Water Quality Division), 
FEEMA 

Pollutant Analysis Elisabeth Lima DEP (Water Quality Division), 
FEEMA 

Hydrology André Pinhel SERLA  

Wastewater Planning Marcos Antonio Coimbra do 
Nascimento  

DRO (West Regional Directory), 
CEDAE 

Wastewater Design Sérgio Pinheiro de Almeida PDBG, CEDAE 

Sewer Design Marcos Vinícios M. Fagundes DRO (East Regional Directory), 
CEDAE 

Database Vera Lucia de Souza Pinheiro PDBG, CEDAE 

Environmental Impact Isabel Hirsch de Alcântara DECON (Non Industrial 
Activities Division), FEEMA 

Social Consideration/ 
Environmental Education 

Dionê Maria Saldanha Marinho PAC SSA-PA/SEMADUR 

Solid Waste José Maria de Mesquita Jr. SSA-PA/SEMADUR 

Representative  
of SEMADUR  

Alexandre Augusto Furlanetto Under Secretary of Environment 
Assistant, SEMADUR 

SEMADUR Alberto José Mendes Gomes Under Secretary of Environment 
SEMADUR 

Representative of CEDAE Breno Marinho Junqueira PDGBG, CEDAE 

Former Counterpart Team 
 Until December 2002 

Assignment Name Organization 

Chief Counterpart Luis Edmundo Cascão Silva PDBG, CEDAE 

Water Quality Restoration Celso Bredariol DEP (Water Quality Division), 
FEEMA 

Pollutant Analysis Elisabeth Lima DEP (Water Quality Division), 
FEEMA 

Hydrology Mônica Miranda Falcão SERLA  

Wastewater Planning Ciro Lacerda Correia Fillho  DRO (West Regional Directory), 
CEDAE 

Wastewater Design Rafael Santos PDBG, CEDAE 

Sewer Design Marcos Vinícios M. Fagundes DRO (East Regional Directory), 
CEDAE 

Database Vera Pinheiro PDBG, CEDAE 

Environmental Impact José M. Mesquita Jr. DECON (Non Industrial 
Activities Division), FEEMA 

Economic/Financial Analysis and 
Social Consideration 

José Stelberto Porto Soares SEPDET  

Study Administration Gladstone de Castro SESRH 
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1.7 CONTENTS OF THE REPORT 

This report was prepared as a draft final report, presenting whole results of the Study.  Draft 
Final Report consists of the following reports: 

‐ Summary 
‐ Main Report 
‐ Supporting Report 

All reports are prepared in English except Summary.  Summary has Portuguese and Japanese 
versions, as well as English version. 
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CHAPTER 2 EXISTING CONDITIONS 

2.1 NATURAL CONDITIONS 

2.1.1 TOPOGRAPHY AND GEOLOGY 

Topographic map of the Guanabara Bay basin is shown in Figure 2.1.  Based on GIS database 
prepared using 1/50,000 scale map, the total catchment area of the rivers contributing to the 
flow into Guanabara bay is estimated to be about 4,025 km2 excluding the islands which have a 
total area of about 46 km2.   

Geological map of the Guanabara Bay basin is shown in Figure 2.2.  The Precambrian 
basement rock, forming the mountains and hills, covers a large area of the Guanabara Bay basin 
and consists of zonal gneisses and granitic gneisses, which contain subsidiary intercalated 
quartzites and marbles. 

2.1.2 RIVER AND BAY SYSTEM 

(1) River System 

About 45 rivers flow into Guanabara Bay from each of their catchment areas.  All the rivers 
have their origins at mountain peaks within the catchment boundary.  A simplified river system 
is shown in Figure 2.1.  Among the rivers, Rio Guapimirim (flowing from north-east to 
south-west) has the largest catchment area of about 1,262 km2 comprising about 31% area of all 
the river basins (excluding islands).  The following two rivers which have large catchment 
areas are: Rio Caceribu (flowing from west to east) and Rio Iguaçu (flowing from south-west to 
north-east) which have catchment areas of about 811 km2 and 349 km2 comprising about 20% 
and 18% of total river basin area, respectively. 

(2) Bay System 

Guanabara Bay is a large coastal bay with a total area of about 390 km2 of which approximately 
50 km2 are occupied by islands.  The bay measures 28 km from west to east and 30 km from 
south to north.  Towards the west, north and east the bay is bordered by the Guanabara Bay 
Basin and towards the south the bay is connected to the Atlantic Ocean.  The entrance of the 
bay is only 1.6 km wide.  About half of the bay area is very shallow with depths below 5 m.  
The deeper part extends about 20 km in the north-south direction from the bay entrance to the 
area between the largest island (Ilha do Governador) and Ilha Paquetá, and constitutes a huge 
channel with average width of 2.5 km and average depth of about 15 m.  This channel controls 
the water exchange between the bay and the ocean. 

Guanabara Bay is characterized by high salinities and temperatures.  Yearly mean values are 
approximately 30 ‰ and 25 °C respectively.  The freshwater inflow to the bay is mainly 
focused in the north-eastern and north-western parts of the bay, where the largest rivers of the 
basin discharge.  This inflow, mixed by the bay circulation, gives rise to a salinity distribution 
in the bay varying from around 34-35 ‰ at the entrance to around 20-25 ‰ at the inner reaches 
of the bay.   

The currents of Guanabara Bay are dominated by ebb and flood currents generated by the tide 
and shaped by the bay bathymetry.  The range of the astronomic tide varies from 0.3 m during 
neap tide to 1.1 m during spring tide and presents diurnal variations of up to 30% of the tidal 
range. 
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2.1.3 CLIMATE 

General meteorological conditions of the Study Area are shown in Figure 2.3.  After compiling 
monthly rainfall data at sixty eight stations collected from SERLA, four stations from INMET 
and one station from GEO-RIO with data ranging from 1928 to 2002 and utilizing GIS database, 
historical annual as well as monthly rainfall variation for the total Study Area has been 
generated.  It can be seen that annual total rainfall for the Study Area varies from as low as 891 
mm in 1970 to 2,209 mm in 1988.  A linear trend line implies an increasing tendency in annual 
total rainfall.  Average monthly total rainfall for the total Study Area varies from 55 mm in 
July to 228 mm in December.  The average annual total rainfall for the Study Area is 1,583 
mm. 

General meteorological conditions at Rio de Janeiro station are also shown in Figure 2.3.  The 
monthly rainfall pattern at Rio de Janeiro station is not the same as that of the total Study Area.  
Average annual total rainfall and evaporation (by Piche method) at Rio de Janeiro station are  
1,173 and 1,199 mm respectively.  It can be seen that average monthly total evaporation at Rio 
de Janeiro station varies from 84 mm in June to 112 mm in January, indicating a low variation 
which is from low variation in average monthly temperature and relative humidity.  Monthly 
average temperature at Rio de Janeiro station varies from 21.3 °C in July to 26.5 °C in February 
with average annual temperature of 23.7 °C.  Monthly average relative humidity at Rio de 
Janeiro station varies from 77% in July to 80% in February with average annual relative 
humidity of 79%. 

2.1.4 WATER QUALITY OF RIVER 

(1) Monitoring System 

Figure 2.4 shows water quality monitoring locations by FEEMA.  Presently there are 27 
monitoring stations. One station’s grab sample is taken every two months for analysis for each 
river.  FEEMA also has another nine stations shown in Figure 2.4 for sediment quality 
monitoring where heavy metal pollution is suspected. 

(2) Water Quality of Rivers 

Figure 2.5 shows the annual average BOD5 concentration for the year 2000 showing the order 
of organic pollution level.  As expected, pollution level remains very high for the rivers and 
canals in the densely populated areas of eastern part of the basin around Niteroi up to 
Guaxindiba (GX720) and western part of basin from Canal do Mangue (MN000) to Rio Iguaçú 
(IA261) due to untreated wastewater discharge.  Rivers in the northern part of the basin are of 
good quality except for Rio Magé and Rio Soberbo. 

2.1.5 WATER QUALITY OF BAY 

(1) Monitoring System 

Bay water quality monitoring system of FEEMA consists of nine monitoring stations shown in 
Figure 2.6.  Monitoring frequency is monthly for four stations (GN-020, GN-022, GN-040 & 
GN-043), bimonthly for another four stations (GN-000, GN-026, GN-042 & GN-064) and 
quarterly for GN-093 which is outside the bay.  Monitoring has been fairly regular. 

(2) Water Quality 

Figure 2.6 shows the depth averaged BOD5 levels (75% of annual data) for the years 1991, 
2000 and 2001 arranged according to the pollution level in year 2001, representing overview of 
two-dimensional distribution and chronological comparison of organic pollution. 
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The north western part of the bay is mostly polluted in terms of organic pollution, which 
corresponds to the pollution level of the rivers.  Stations GN-064 and GN-026 showed lower 
BOD5  concentration in spite of high pollutants discharge, probably because tidal exchange is 
dominant in these areas and thus sea waters there remain less polluted.  At all the stations, 
water qualities exceed the water quality standards in terms of BOD5 except at GN-026 were 
BOD5 is just below 5 mg/L for Class 6 water body. 
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Source : Rainfall of Total Basin :  Monthly data from 68 rainfall stations of SERLA ranging from 1928 - 2000;
Monthly data from 4 rainfall Stations of INMET ranging from 1975 - 2000;
Monthly data from 1 rainfall station of GEO-RIO ranging from 1997 - 2002.

Rio de Janeiro Station : Monthly data from CIDE ranging from 1973 to 1990.

Figure 2.3   General Meteorological Condition
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Figure 2.4 River Water Quality Monitoring Locations, River Gauging Stations and 
River Sediment Quality Monitoring Locations 
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Figure 2.5 Average BOD5 Concentration of Rivers, Year 2000 
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Figure 2.6 Locations of Bay Water Quality Monitoring and  
Variation of Water Quality of Bay 
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