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PREFACE

In response to a request from the Government of the Federa-
tive Republic of Brazil, the Government of Japan decided to con-
duct a Master Planning Study on Recuperatiocn of the Guanabara Bay
Ecosystem and entrusted the study to the Japan International
Cooperation Agency (JICA).

JiCA sent to Brazil a study team headed by Dr. Akira Sugiya-
na, Kokusai Kogyo Co., Ltd., 8 times between March 1992 and Janu-
ary 1994.

The team held discussions with the officials concerned of the
Government of Brazil, and conducted field surveys at the study
area. After the team returned to Japan, further studies were made
and the present report was prepared. -

.I hope that this report will contribute to the promotion of
the project and to the enhancement of friendly relations between
our two countries,

I wish to express my sincere appreciation to the offiéials
concerned of the Government. of the Federative Republic of Brazil
for their close cooperation extended to the team.

March 1994

| K_o/mfm‘ié:— //Lé’ *‘? j‘\?’

Kensuke Yanagiya
President
Japan International Cooperation Agency
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_ March 1994
Mr. Kensuke Yanaglya

President, _
Japan International Cooperation Agency

LETTER OF TRANSMITTAL

Dear Sir,

We are pleased to submit to you the final report on "THE
5TUDY ON RECUPERATION OF THE GUANABARA BAY ECOSYSTEM IN THE FEDER-
ATIVE REPUBLIC QOF BRAZIL". This report has been prepared by the
Study Team 1in accordance with the contract signed on March 8 and
October 2, 1992 and March 12 and November 1, 1993 between the
Japan International Cooperation Agency and Kokusai Kogyo Co.,

Ltd..

The report contains the study results on the existing envi-
ronmental conditions of Guanabara Bay and its basin and the Master
Plan to improve the water quality and to restore the ecosystem of
the bay.

The existing environmental conditions were graphically ar-
ranged on the "Environmental Information Map of Guanabara Bay and
its Basin" attached to the report. The Master Plan presented in
this report consists of the target vear, the target water quality,
the target reduction loads, effectiveness and cost of the applica-
ble measures and the oplimum combinations of measures to attain
the target water quality by the target year.

We hdpe that the implementation of the proposed Master Plan
would greatly contribute  to environmental improvement which 1is
precious to the residents and the aquatic 1lives in the bay .-

All members of the Study Team wish to express grateful ac-
knowledgement to the personnel of your Agency, Advisory Committee,
Ministry of Foreign Affairs, Environmental Agency, Ministry of
Construction, Minlstry of Transport, Municipality of Kobe, Over-
seas Economic Cooperation Fund, Embassy of Japan in Brazil and
also to officials and individuals of Rio de Janeiro State and
Federal Government of Brazil for the assistance they have extended
to the Study Team. S

Very truly yours,

’I . ;
(Y #H
Akira Sugiyama
Team Leader,

The Study on Recuperation
of the Guanabara Bay Ecosystem
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CHAPTER 1

SCOPE OF THE STUDY

The objectlives and contents of the Study were summarized
together with members list of each committee, the study feam and
counterparts in this chapter.

The 1list of principal cooperators, who extended their coop-
eration to the study team during the Study was alsoc shown.

1.1 Objectives and Area of the Study
The objectives of the study are as follows:

{1) To formulate a master plan for the water pollution control
and the recuperation of Guanabara Bay's ecosystem.

{2) To transfer technology i{o Brazilian counterparts during the
study. '

The study focused on Guanabara Bay which covers an area of 395km*=,
inciuding 48km® of islands and islets; a catchment area of about
4,000 km® and also a part of the Atlantic Ocean, around the mouth
of the bay (see Fig. 1.1-1).

1.2 Organization Tor the Study
1.2.1 Implementation Planning Committee and Steering Committee

For the smooth and effective execution of the study, the Implemen-
tation Planning Committee and the Steering Committee were organ-
ized on the Brazilian side. Both committees were headed by Dr.
Manuel Sanches (Until April, 1993) and Dr. Roberto D'Avila (May to
August, 1993) and Mr. Geraldo Lessa (from September, 1993), and
they consist of administrative and technical leaders belonging to
several governmental institutions of the State of Rio de Janeiro,
as shown 1in Table 1.2-1 and Table 1.2-2.
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Table 1.2-1 List of the Implemmentation Planning
Committee Members

NAME

POST / INSTITUTION

Maﬁﬁel Sanches

(until Aptil, 1993)
Roberto D'Avila _

(May to August, 1993)
.Geraldo Lessa

{from September, 1993)
Rosangela Costa
;Dofa Negreiros
Amarilio P. de Souza
Carolina Dubex
Helder G. Pinho da Costa
Leila Heizer Santos
Katia Leite Mansur
‘Mareia Marques Gomes
Monica Cardosb Ferraz
Victor M. Barbosa Coelho
Mihai Constantin Cault
-Ronaldo F. de Oliveira

President of GEDEG (Chairman), (SEMAMPLE)

President of GEDEG (Chalrman), (SEMAMPE)
President of CODEG (Chairman), (SEMAMPE)

ﬁirector of Administration (IEF)
Special Assistant (FEEMA)
Sanitary Engineer (FEEMA)
Sociologist (SECPLAN)
Engineer (FEEMA) .
Engineer (FEEMA)
Geologist (DRM)

Biologist (UERJ}
Architect (SECPLAN)
Engineer (FEEMA)
Architect (SECPLAN)
Biologist (FEEMA)




Table 1.2-2 IList of the Steering Committee Members

- NAME

POST

(SEMAMPE/GEDEG/CODEG) )
Manuel Sanches =
(until April, 1993)-
"Roberto D'Avila
{May to August, 1993)
Geraldo Lessa
(from September, 1993)
‘Helder G. Pinho da Costa
Victor ‘M. Barbosa Coelho
Amarilic Pereira de Souza
(FEEMA) ‘
Adir Ben Kauss
Eduardo R. Ferreira Neto
Victoria Braile
(SERLA)
Carlos Carbonel -
(DEFESA CIVIL) -
dos Santos Filho

Paulo G,
(IETF) _
Axel Schimidt Grael
{CEDAE)
Mauricio Abramant Guerbatin
(GERSOL) _ '
Altamirando de Morais
{ COMLURB) ~
Serglo Augusto da C. Lobato
{ INPH)

Alberto Homsi
{DHN) :
Ana Claudia de Paula .
(CAPITANIA dos Portos)
Luiz Gonzaga da Silva

President of GEDEG (Chalrman)

President of GEDEG (Chairman)
President of CODEG (Chairman)
Advisor |
Engineer

Consulting Engineer .
President -

Director - .
President's Assistant

President

President's Assistant

President's Assistant




1.2.2 Supervising Committee

JICA organized‘a Supervising_cdmmittee headed by Dr. Senro Imai
to-supervise the study. The commitiee consists of six environmen-
tal experts belonging to national and local governmental agencies

L

L

in Japan, as shown in Table 1.2-3.

Table 1.2-3 List of the Superviéing Commitee Members

Name

Post / Institution

Senro Imai _
Kiyoshi Hasegawa

Toshio Okazumi

Yasushi Hosokawa

Michitaka Nakao

Tetsuo Hayvakawa
{until June,1893)
Susumu Ohta

{from July,1993)

‘Institute for International Cooperation, JICA

Public Works Research Institute

Ministry of Construction

Kanto Regional Bureau

Ministry of Construction

Port and Harbour Research Institute
Ministry .of Transportation

Environment. Bureau

Kobe Municipal Government :
Water Quality Bureau, Environment Agency

Water Quality Bureau, Environment Agency




1.2.3 JICA Study Team

The JICA. Study Team headed by ‘Dr. Akira Sugiyama_consists'of
twelve experts shown in Table 1;244;-ten are from Kokusal Kogyo
Co., Ltd. and two are Brazilian engineers. :

Table 1.2-4 List of the JICA Study Team Members

Name . . Charge

Akira Sugiyvama Team Leader

~Takeyasu Kikuta Water Quality Conservation Plan

Fumio Yanata Hydrology, Hidraulics and Meteorology
Akiko Mukade e"Water'and ‘Sediment Quality ‘Analysis (1)
Takehiko Nakane - Water: and Sediment Quality Analysis (2)
Eiichi Hayakawa _Land Use

Hideo Kawai | Ecosystem

Masaru Obara ' | Regional Development and Socio- Economy
Constantino A. Pessoa Water Pollution and Source Analysis
~Masahiro Tajlma _ Pollution Runoff Mechanism

Kyojl Ishita : “Pollution Mechanibm in the Bay

Masaharu Kina Coordinator




1.2.4 Brazilian Coﬁntérpart Personncl
(Technical Sub-Committee)

The Brazillan counterpart personnel, the Technical Sub-Committee,

consists of - the twenty-three experts shown in Table 1.2-5. Most
of them are from FEEMA. '

Table 1.2-5 List of the Brazilian Coﬁnterparts

Name Charge
(FEEMA) | |
- Adir. Ben Kauss . Chairman of Technical Sub-Committee
Rene Justen ' ‘ Coordinator (until August, 1992)

Eduardo Rodrigues Ferleira Neto |Coordinator (from Sept., 1992)
Elizabeth Cristina da Rocha Lima |Water Quality Conservation Plan

Kikue Higashi Water and Sediment Quality Analysis
o Ecosystenm

Anselmo Frederico Neto Hydrology and Hydraulics

Ilma Conde Perez Pollution Source

Tania Muniz _ Land Use and Socio-Economy

Maria Regina Fonseca Pollution Mechanism

Marcio Hlenrique Krause de Almeida Pollution Runoff Mechanism

Walter Yoshihiko Aibe_ ' Hydrodynamic Model

Sergio Sahlit _ Pollution Source

Elza Aparecida Baezzo Moreira Laws and Regulations
(INPH) _ .

Berenice Mota Vargas Hydrodynamic Model

Theo Apostinho Masson ' Current Measurement

Paule Cesar Maiorano Current Measurement

Marcos Dourado Current Measurement

Luis Carlos Pucci Current Measurement
(COPPE/UFRJ) ' .

Renato Parkinson Martins lHydrodynamic Model

Isabel Marcia Gonsalves do N,

Gurguel :

Lucia Vercosa Carvalheira
{1EF) .

Axel Schmidt Grael Land Use
{SERLA} .

Weber Figueiredo da Silva River Survey




1.3 Cooperators

The study area extends widely over ldnd rivers ahd sea covering
various study items. Moreover, many samples were taken from the
sea and the rivers for water quality analysis. Theérefore, the
study was por101med with the cooperation of ia gzcat number of
people not only from the counterpart organl?ation FEFMA but also
from various organizations within the State of Rio de Janeiro,

FFederal Government and the UFRJ and UERJ unlvexsities ete. We
greatly dpprecidte the coopelation extended to us, dullng_the
data collection stage, by these organizations. ‘We also express

our gratitude to the following people who cooperated_with'us
mainly through field surveys, data colliection, sample analyses
and discussions. -

Table 1.3-1 List of Cooperators

Institution ' : Name

FEEMA (DILAB) Ailton Martins Noronha‘
L "|Antonio Miranda de Mendonca

Antonio Jose Bianchl Nunes
Aristides Pereira Gomes
Ariston Pereira de Jesus
Aurelio Simoes Pinto _ '
Celia Regina de Almeida Ramos Freitas
Celio Rozendo
Dorothy Lopes da Silva
David Goncalves Rua
Debora Nunes de Lima
Pilson Correa Lima
Edesio Antunes Cardoso
Edson Cardoso Alves
Elcio Cardoso
Elcio Claudio Diniz
Euclydes Severo Filho
Fernando Batalha Alvares
Gisela Lima
Gisela Alves Gomara

Glaucia Freitas Sampaio Pinto
|Helena Beatriz de Azevedo Maia
Hugo Fortini
Israel de Oliveira Pinto




(Continued)

Institution

Name

FEEMA (DTLAR)

FEEMA (DECON)

FEEMA (Assessoria _
de Computacao)

FEEMA (DILAB)

FEEMA(Trainee)

FEEMA (DIVEA-2)
FEEMA (DIAG)

Joao ‘Alberto:Machado

Jorge Losmino dos Santos
Jorge Ney Carvalho de Almeida
Jorge Rodrigueées Penna

Jorgina Celia Tiburcio dos Santos
Jose Florentino Fernandes
Jose Joao de Mendonca

Jose Roberto Souza Araujo
Josue de Mattos

Julio Coelho de Almeida
Leolpoldo Dias da Cruz

Luiz Carlos Sant'anna Queiroz

Neise Ribeiro Vieira Carvalho

Carlito Veira
Joao Branco

Luiz Carlos

Marcia de Souza Drolshagen
Maria Celia Lima

Maria da Gloria Lima Cabral
Maria Dalva de Souza Oliveira
Maria Helena Santos de Souza Leao
Marilza Farias Maia

Marly de Oliveira

Milton Muniz Santos

Nancy Gageiro

Orlando do Nascimento

Pedro Chianello

Ricardo Celsoc Alves da Silva
Rosalvo Moraes de Oliveira
Ruben Tavares Bastos
Sebastiana Bezerra Figueiredo
Sergio Maghelli

Solemar Terra Quintanilha
Thea Maria Martins

Urbano Francisco Dutra Filho
Valmir Verissimo da Silva
Vera Lucia da Silva Cardoso
Zeneide Batista

Ana Paula Botelho
Cristiana Guedes de Abreu
Daniele Boun de Farias
Gisele Soares Chagas
Ingrid Lourenco Lima
Neuza Maria Paula Muniz

j0dimar Artur Rodrigues Britto
[Norma Crud Maciel




Continued)

Instjtution_ Name
FEEMA (Botafogo) Joao Ferreira de Sousa
: INelson Mayerie Villela
DHN Alvarenga .
Carlos M. P. Hansen-
INPH Antonlo Paulo dos Santos Pinto

FEEMA (Nucleo de

‘Residuos)

DEFESA CIVIL

CAPITANIA DOS
PORTOS

UFRJ

UERJ

UspP

IEF

METEOROLOGIA E
CLIMATOLOGIA

PETROBRAS

CONSULTANT

CEDAE (Estacao

Penha)

CEDAE

STE

COMLURB

National Museum

Luiz Antonio Braga Martins

|Luiz Ceraldo Dias Ferreira Junior
~ |Wagner Santos Scisinio Dias

Jdrgg_Luiz'Vasconcelos Pinto

:“Niltpn de Barros Junior

Gileno Macedo Franca

|Elmo da silva Amador

Leticia

-{Paulo Cesar Rosman
-{Segio Bonecker

David Man Wal Zee

Isabel Marcia Gonsales do N. Gurguel

Lucia Veioosa Carvalheira
Yara Schaefel Navelli

|Tomonaga Iwai

Luiz Carlos Servullo de Aquino
Armando de Sa Tavares

JLuiz Carlos Austin

Adelia Tapiassu
Elzio Luz Leal
Ronaldo Torres

Waldemar Londres Vergara Filho

Luiz Carlos Esteves
Carlos Henrique
Nilo Shinzato:

Eduardo Pachelo Jordao
Luiz Edmundo Cascad Silus

|Samuel Fuks

Joao Eduardo Osorio R.

Pedro Piulo _
Ernani de Souza Costa

lJose Henrigue Penido

Iva Nilce da Silva Brum

r—10




1.4 Study Schedule

The study is divided broadly into three phases. Phase 1, started
in March 1992 and was completed in September 1992. Phase 2, went
from October 1992 until February 1993 and Phase 3 went from March
1993 until January 1994. |

During the study period the Inéeption Report, the Progress Report

(1), the Progress Report (2), the Interim Report (1), the
Progress Report (3), the Interim Report (2) and the Draft Final
Report were prepared_andjdiscussions were heid on the plans and
results of each report, between the study team and the Brazilian
counterparts, In the middle_of_March, at the beginning of Octo-
ber, at the end of December 1992; in the middle of March, in the
middle of September 1993; and in the middle of January 1994
respectively.

Through the study, technical transfer to Brazilian counterparts
on data acquisition and analyses in various fields related to
water conservation was accomplished.

1.5 Study Contents

The p'rocedures of the Master Plan for the Recuperation of the

Guanabara Bay Ecosystem and the studies performed are summarized

as shown in Fig. 1.5-1 and Table 1.5-1 to Table 1.5-3, and are
composed of three major parts:

A. Understanding of Pollution Mechanism
(1) Generation and discharge mechanisms in the bhasin
(2) Runoff mechanism of the rivers and the sewerage network
{3) Circulation and sedimentation mechanism in the bay

B. Understanding of Sociloeconomic Conditions Related

to Pollution '

(1) Socioeconomic indicators for pollution source evalua-
tion

(2) Development plan

{3) Legal system and administrative organization

(4) Resident awareness and education

(5) Socioeconomic indicators for environmental resource
evaluation

C. 'Examination of Water Quality ImprOVemeﬁt Measures

1—-11
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Table 1.5-1-

Study Contents {(Phase I)

Item / Content

Content / Amount

._Socioecohomic Conditfons_
. Basin Division and Land use

. Estimation of Genelation

and Effluent Load

. Runoff Mechanism and Runoff|
~'Load in Rivers and Sewerage

(River Survey)

. Load Circulation and

Sedimentation Mechanisms

in the Bay .

(Sedimentation)
{(Water Quality)

{Aquatic Ecosystem)

(Tidal Current observation)

. Pollution Simulation of

the Ray

. Present System/Standard

for Water Quality
Conservation

Data collection and analysis fOPISOCiOGCO“
nomic conditions.

Data collection, field reconnaisance and
data analysis using LANDSAT images.

‘Data collection and analysis for

~pollution sources, sewer system and sewage

treatment plnnt.

Data collectlon and analysis for
river system, discharge, watel quality and
runoff load.

Field survey for cross leveling, discharge
and water gquality of 25 rivers.. -

Data collection and analysis for

topography, tides, tidal currents, sea-
bottom matellals, water quality and aquatic
ecosystem.

Field survey for

. boltom materials : 15 points
. .core sampling : 02 points
. preliminary survey . : 47 points
. simtltaneous survey. : 18 points
. ‘plankton : 18 points
. salt marsh/mangrove : 10 points
. -fouling lives : 08 points
. benthos . : 17 points
. 25 hours observation : 05 points

Data Collection, analysis and preliminary
modeling

bata collection and analysis
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Table 1.5-2

“Study Contents (Phase II1)

Item / Content

_thtént / Amount

4 ]

. Socioeconomic Conditions

. Basin Division and Land use

of the Basin.

. Estimation of Generation

and Effluent Load

. Runoff Mechanism and Runoff|

Load in Rivers and Sewerage

(River Survey)

. Load Circulation and

Sedimentation Mechanism
in the day

(Sedimentation)
{Water Quality)
(Aquatic Ecosystem)

{(Tide Observation)
(Tide Current Observation)

. Pollution Simulation of

the Bay

. Present System/Standard

for Water Quality
Conservation

. Water Quality Improvement

Mleasures

Data collection and analysis for socioeco-
-nomic conditions.

Data coltection and analysis for basin
lelslon, and land use analyuis

Data collectlon and analybls for

'-pollution sources, raw sanitary sewage,

solid waste and sewer/sewage treatment

3'plant system,

Data collection ‘and analysis for
river system, discharge, water quality and
runoff load,

Fleld survey for :

. ‘discharge ‘and water quality on normal
day. . .-

. hourly change of- discharge and water
quallty

. discharge and water quality change
along river course.

. discharge and water quality on freshet
time. .

. water quality of rainfall.

Datﬂ Collection and analysis for
topography. tides, tidal currents, sea-
bottom materials, water quality and
aquatic ecosystem.
Field survey for ' '

. core sampling : 04 points
. elution oxygen consumption test

: 03 samples

. preliminary survey i 34 points
. simultaneous survey : 19 points
. primary productivity : 06 points
. phytoplankton : 18 points
. zooplankton : 12 points
. salt malqh/mangrove : 12 points
. fouling lives 1 05 points
. ‘benthos : 17 points
. ‘Paqueta island ' : 01 month

points
points

. 15 nights and days : 03
. 25 hours observation : 06

Technical transfer to counterparts for
simulation model.

Modelling of hydrodynamic and diffusion
model .

Data collection and analysis for regulation;
water quality standards, administrative
organization and resident awareness

Review of water quality'improvement
measures
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"Table 1.5-3 Study Contents {Phasc 11I)

“Item / Content Content / Amount
1. quioecbnomic Conditions Data collection and analysis for socioeco-
: - nomic conditions.
2. Estimation of Generation Data collection and analysis for point

and Effluent Load pellution sources, including monitering of
. industrial waste water.

3. Runoff Mechanism and Runoff Field survey for discharge and water

" Load in Rivers quality of periodical survey, hourly change
survey for 24 hours and detail survey in
principal rivers (along river course).

4. Load Circulation and Field Survey for water quality at 08
Sedimentation Mechanism points, release test, settling test and
in the day primary productivity test on site, and

tidal current observation at 2 points (3
days and nights).

5. Pollution Mechanisms in ‘Technical transfer of hydrodynamic model and
the Bay (Numerical diffusion model. :
simulation) _

6. Social System for Water Hearing present situations and issues of
Quality Conservation social systems for water guality

conservation.

7. Counter-measures for Hearing effective counter-measures
Water Quality Improvement applicable to recuperation of the Guanabara

: : bay ecosystem. .
B. Master Plan for Water An overall study for the master plan on

Quality Improvement recuperation of the Guanabara bay ecosystem.
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CHAPTER 2

NATURAI, CONDITIONS

Pollutants flows out from their sources to rivers accompany-
 Ing with rain water and artificial sewage. Then after a certain
- time, they reach the bay.

The runoff ratio and runof’f speed'of the pollutants are
controlled by the basin  topography, rainfall pattern, geology,
etc., and the volume and quality of pollutants from non-point
sources are controlled by vegetation and land use conditions. ,

The natural conditions in the basin should also be taken
into consideration upon the selection and design of the water
quality improvement facilities.

. From this viewpoint, the natural conditions in the basin
deeply related to pollution mechanism and pollution prevention
measures are compiled in this chapter.

2.1 Topdgraphy and Drainage System

The topographical features and the drainage system of' the QGuanaba-
ra Bay Basin are set out. on topographical maps at a scale of
1:50,000. Fig. 2.1-1 is a reference for these maps.

Fig. 2.1-2 shows the geomorphologic classification of the Basin.

A high mountain range rising to a height of 1,000 to 2,000 m marks
the northern limit of the study area and is called Serra do Mar.
Along the southern boundary there is a low mountain range rising
to a height of 500 to 1,000 m, running parallel to the coast. The
rocky mountains that constrict the mouth of Guanabara Bay are a
‘part of this low mountain range.

The major .part of the Guanabara Bay Basin bounded by the above
mentioned mountain ranges is covered with hills and plains.
Consequently, the eastern and western edge of the Basin are not
always obvious, :

MajJor plains cover the areas adjacent to the northeast and north-



west corhers of Guanabara Bay. A large part'of the estuary delta
is covered by swamp. The swamp near the river mouth of the Rio
Guapimirim is widely covered with a mangrove forest.

- About forty-five (45) rivers flow into Guanabara Bay from the
catchment area. The Rio Guapimirinm, the Rio Cacerebu and the Rio
Iguacu have relatively large catchment areas. The former two flow
into the Bay from the east forming a complex mesh-like route as
they meander toward the swampy area where it disperses its abun-
dant flow into’ several river mouths, Where the Rio Iguacu flows
In from the ‘west, “The rivers .that: pass through the mun101pality
of Rio de Janeiro and the adjacent area have steep grades and
often cause lnundation because the urban area that occupiles a
ldxge part of their catehment area increasos the runoff ratio of
rainfall_(see Fig. 2.1-3). - ‘

The Guanabara Bay- Basin was divided into’ twenty- four (24)' sub-
basins according to the observation network for river dischatge
and water quality prepared in this study (see Chapter 9}. Fig.
2.1-4 shows these sub-basins. ' - '

MI-2715/3 | MI-2715/4 | WI-2716/3 | MI-2716/4
- MIGUEL ITAIPAVA TERESOPOLIS] = NOVA
PEREIRA | _  FRIBURGO - -
| - (1966) (1966) (1968)
NMI-2744/2 | MI-2745/1 | MI-2745/2 | MI-2746/1 | MI-2746/2,
PARACAMBI |  CAVA PETROPOLIS | ITABORAI RIO
R : . BONITO
(1963} - (1963) ' (1966) (1989) (1964/66)
MI-2744/4 | MI-2745/3 | MI-2745/4 | MI-2746/3 MI-2746/4
WI-2743/2 | MI-2774/1 | MI-2774/2 | MI-2774/A-1
~ SANTA VILLA BAIA DE MARICA SAQUAREMA
CRUZ MILITAR | GUANABARA | o E
(1982) _(1982) {1982) (1962) (1966) -

Fig. 2.1-1 Topographical Maps Covering the Study Area
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2.2 Geology and Soil
Fig. 2.2-1 is a geological map of the Guanabara Bay Basin.
The lower Precambrian basement rocks consisting of various

gneiSses are widely distributed in the Guanabara Bay Basin and
form the mountains and hills. : '

surui Granite, a late Precambrian granite, intrudes into early

Precambrian gneisses 'in the northern area adjacent to Guanabara
Bay and forms hills with the height of 200 to 300 m. Tertiary
alkali rocks also intrude into the Precambrian gneisses around
the eastern and:westerh edgés:of the Basin.

Pleistocene sediments. callédA'Macacu Formation are found around
the eastern and southern margin of the Guapimirim plain. This
formation mainly consists ﬁf weak consolidated medium to coarse
sand with lenses and thin layers of fine sand.

2.3 _Climate

Fig. 2.3-1 shows the monthly average temperature and precipitation

in Rio de Janeiro. Theoretically speaking; for sub-tropical

areas, the dry and wet seasons are differentliated using a graph
where on the'vertipal axis 30°C (temperature) corresponds with
60mm. (precipitation). The period when the temperature curve is
above the precipitation curve is regarded as the dry season be-
cause evaporation exceeds precipitation.

In case of Rio de Janeifo._only August is in a typical dry sea-
son, but precipitation is relatively 1little from the second half
of June until the first half of September.

Fig. 2.3-2 shows thé_preéipitation and temperature distribution in
the Guanabara Bay basin. Precipitation In the highiands is about
twice as much as that in the lowlands. '



Holotene Sediments

Pleistocene Sedimenls

Surui Granite

Precombrian Rorks

Geology of the Guanabara Bay Basin

Fig. 2.2- 1
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2.4 Vegetation

Fig. 2.4-1 shows the forest area and the environmental protection
area around. Guanabara Bay. The largest protected area is in the
Serra do Orgaos and also takes in part of the Serra do Mar on the
northern edge of the basin. Another attractive forest is Tijuca,
which is Isolated in the megalopolis. These mountain forests are
included in the tropiéal atlantic morphocliimatic zone and are
targely designated as an'énvironmental protection area.’ Thongh
at first glance these look like the primary forests, in fact,

- they are secondary forests with developed vegetal succession.

Since the forest of Serra do Mar has an annual'precipitation of
2,200 mm and a relative humidity of 80 to 90 % constantly through-
out'the yvear, the vegetation of the forest is extraordinarily
tlush and rich in species.

Tijuca's primary forest was'destroyed=by:the‘cu1tivation of sugar
cane and coffee from the 17th century. Until in 1961 ecological
reforestation started, with the resultant natural regeneration of
the fTorest. '

Another environmental protection area is. around the MOuth of Rio
Guapimirim where a mangrove forest is found. In recent years,
however, the mangrove forest has reduced due to deforestation and
land development in the adjacent areas. Though besides the above
mentioned forests, very little other forests area is designated as
an environmental protection area, generally speaking, the area of
forests is rapidly diminishing.

2=-10
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2.5 Land Use

The present (Nov. 1891, Fig. 2.5-1) and past (May 1984) land use
conditions were:analyzed from a "LANDSAT thematic image acquired
from the Instituto Nacional de Pesquisas {INRE) .

The land use was classified into the seven (7) categories as fol-
lows:

Urban area : densely built-up area, industrial area, resi-
' dential area, new town with surrounding open
space, roads, railways,- airports, harbor
: facilities, artificial land
Grassland - I
and farmland: grassland, pasture land, farmland, orchard,
farmhouses, cattle sheds :

Forest ¢ tree crowns covering more than 80 % of the
area : ' :

Mangrove

- forest : mangrove forest area

Bareland : rocky surface areca, sand beach

Water body ¢ rilvers, ponds, sea

' Swamp

Fig. 2.5-2 shows the land use ratio for each sub-basin in 1991
and Fig. 2.5-3 shows the change in urban and forest areas between
1984 and 1991. :

Conspicuous changes did not occur in this period because most of
the major changes in the Bay area were completed In the 1980's.
But same minor changes are found such as a small decrease in man-
grove forests and the widespread housing developments around
Duque de Caxias, San Goncalo and Itaborai.

Vast farmlands were located In the eastern district of the Basin
according the 1960 topographical map, however, the 1991 mop shows
the distribution to be more sporadic. Cultivation of farmlands
and fruit gardens around Itaborai and Rio Boito in 1984, for the
most part, had been abandoned or the areas were changed to pas-
ture.

Marshland around the rivers had already decreased in the 1980's
due to river improvement works. .The shore line still changes

‘marginally due to reclamation and other causes.

2—12
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Area Ratic by Land Use Category in Each Sub-basin in 1991

Fig. 2.5- 2
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2.6 Soil Erosion

The field surveys and the interpretation of the LANDSAT image made
it ¢1ear that no large scale erosion or outflow of so0i} occurred

in recent years. ‘At the ridge of mountains, however, outcrops of

hard rock were observed. On the other hand at the foot of moun-
téins_ahd in hilly districts, clayey zones resulting from violent
weathering were observed in many places. Therefore, small guily
erosions are occurring'on the cutting slope of roadways, soll pits
for c¢ivil engineering and clay mines for pottery in the hilly

districts. Also small outflow of earth and sand was observed.
Gully erosion on a small scale occurred on some lower mountain
slopes and on hillsides. Some outflow of earth and sand was

observed on river cliffs conslsting of unconsolidated sand and mud
with a height of 2 to 3 m.

On account of the absence of data, the outflow volume of the
earth and sand at the time of disasters such as landslides and
floods -is unknown. However, judging from the state of the natural

‘environmental, it 1s not thought that a large volume of earth has

continuously flowed out. For example, mangrove forests around the
Rio Guapimirim show that the natural land condition has remained
unchanged for a long time. Because, mangrove forests demand the

following three conditions: an extremely flat landform with a
large river, a shoaling beach where a large volume of mud sedi-
ments have deposited over a long time, and an area sheltered from
wind and waves.

2-18
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CHAPTER 3

SOCIOECONGMIC CONDITIONS

The basic causes of water pollution are daily human activi-
ties, and industrial production. The lmprovement of water quali-
ty, therefore, would either call for controlling daily activities
and Iindustrial production or the formulation of methods that would
minimize the discharge of pollutants.

In this chapter, population distribution and statistics, and
the type and scale of the main industries in the bhasin regulating
industrial production and daily human activities will be arranged
by Municipality based on the resuits of the national census.

Further, surveys on present works for the improvement of
sanitary infrastructures and budget apportionment for environment
related works were carried out to estimate the desire of the state
and municipality to invest on envirommental improvement projects.

‘3.1 Administrative Unit

In the Federative Republic of Brazil, the basic administrative
unit within each state is the municipality.

The Guanabara bay Basin is located within the State of Rio de
Janeiro, and straddles wholly or partly 12 municipalities of the
State. As compared to the 43,305 km® of the state of Rio de Janei-
ro, these 12 municipalities add up to a total of 6,632 km®, of
which around 4,000 km® are incliuded in the Guanabara Bay basin.

The municipalities entirely included in the Basin are Nilopolis,
San Joan de Meriti, Duque de Caxias, Mage, Itaborail, San Goncalo
and Cachoeiras de Macacu, while those partially iIncluded are
Niteroi, Nova Iguacu, Rio Bonito, Petropolis and Rio de Janeiro.

As for Petropolis, only the southern tip of it is included in the
Guanabara Bay basin, but no population center exists in the area,
thereby jJjustifying its exclusion from the basin for all practical
purposes.

Fig. 3.1-1 shows the_administrative units included in the Guanaba-

ra Bay basin.
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