nesses are to be promoted seeking to legalize the informal sector.
Industry 1is to be promoted. by creating an industrial development
pole in Guaxindiba. C : S

A water transportation terminal 1s to be constructed at Porto da
Madama._seeking to lmprove mass transportation which is currently
dependent. on buses using the already congested Rio-Niteroi bridge,
and the ferry service belween Rio and Niteroi. A technical study
for the boat service between Sao Goncalo (Porto da Madama) and Rio
- de Janelro was completed by. the Trahsportation Secretariat of the
State In 1991. Also, rallroads are to be reactivated to complement
the boat service between Rio and Porto da Madama, so as to spread
the benefits of improved mass tfransportation to residents of Sao
Goncalo living far from the coast, '

(4) Nova Jguacu

The Municipal Developmenti Master Plan was formulated in 1991 with
a 5-year planning horizon. The Master Plan is. to have jurisdiction
'Cver the Districts of Queimados and Belford Roxo, which are soon
to become independent Municipalities, until such a time as the
newly established Municipalities formulate their own Development
Master Plans. '

The Master Plan provides basic guidelines for public and private
agents on matters relating to land use, rationalization of public
investments, and environmental preservation and protection, with
the purpose of promoting the well-being of the people and the
econonmic growth.

On environmental matters, the Master Plan seeks recuperation of
degraded areas, adoption of alternative technology for the dispos-
al of solid wastes and sewage. Likewise, industries to be promoted
are those compatible with environmental protection. In the practi-
cal implementation of projects, coordination with other surround-
ing Municipalities is to be pursued, so as to achieve more effi-
cient and integrated solutions. '

Zoning includes Urban Areas, Rural Areas, and Areas of Restricted
Occupation. One of the Restricted Areas is the Special Environmen-
tal Interest Zone, which is defined as those areas showing charac-
teristics worthy of preservation or reéuperation_from the view-
points of fauna and flora, topography or scenery, protection of
water source or water guality, and cultural or historical values.




 Examples of Special Environmental Interest Zones are the Atlantic

Forest, the‘Madureira_Range. the Fazenda Sao Bernardino, and some
railroad stations such as Adrianopolis, Japeri, Tingua and Rio
d'Ouro. Tourism and leisure activities are to be promoted in some
of the said areas such as Fazenda Sao Bernardino, Rio d'Ouro and

~Tingua. An example of Permanent Preservation Areas 1s the Tingua-

Biological Reserve where no activity affecting the flora and fauna
is permitted.

Industrial activities, especially those of medium and large scale,
should be located in the Exclusively Industrial Use Zone (ZEI)
which is the Industrial District of Campo Alegre in Queimados.

- Small scale industries are to be permitted in Diversified Use

Zones, while minl to small industries are to be permitted also in
Residential Zones.

Environmental and sanitary conditions are to be improved, as
preconditions for better living standards of the people, by gradu-
ally expanding sewelr service coverage, by promoting community
participation in the solutlon of sanitation problems, and by
defining priority areas. Sanitation'improvement is to be pursued
through coordinated actions in the following areas: drainage,
sewer service, solid wastes disposal, water supply, and control of
disease vector.

() Nilopolis

The Municipal Development Master Plan, formulated in February 1992
with a 5-year planning horizon, has the objectives of improving
the quality of 1life, socioeconomic development coordinated with
the Baixada Fluminense-the Metropolitan Rio-the Rio de Janeiro
State, so as to increase employment and to improve income distri-
bution. Regional integration is to become especially relevant on
environmental matters concerning drainage, water supply, sewer
system and solid wastes disposal.

The objectives are to be pursued through a balanced land use,

-implementation of sectoral projects, and dynamization of economic

activities. For these purposes, the Municipal Development Master
Plan is to provide the basic framework and directives.



Land use iIs to be based on the following three macrozoning cate-
gories. :

1. Urban macro-zone
2. Restricted use macro-zone (non-buildiﬁg area)
3. Special macro-zone (Gericino military camp)

Banned from urban areas are polluting industiries and storage of
explosives, '

The infrastructure policy gives high priority to water supply,
sewer works and solid wastes disposal. The Mayor is authorized to
sign agreements with financial institutions, so as to implement
relevant sectoral projects

Macro—drainagefof Sarapui and Pavuna Rivers, although the respon-
sibility of the State govermment, is to be given support by the
Nilopolis Municipal government, in coordination with other munici-
palities of the Baixada Fluminense. :

{8) Sdo Jolo de Meriti

The Development Master Plan formulated in 1991 seeks a socially
Just and ecologically balanced land use 1in pursuance of people’s
welfare. The Master Plan is to regulate urban development and to
gulde actlions of public and private agents.

Since the Municipality is fully urbanized, intensity of land use
is to be balanced with avallable infrastructure and transporta-
tion, In addition to environmental considerations. New housing
developments are to be located near employment sites, or vicever-
sa. Mass transit 1s to be improved, and supply of basic sanitation-
is to be expanded with the purpose of improving standards of
iliving. ‘

{(7) Duque de Caxias

The Municlpality of Duque de Caxias has hired a consulting firm
for the preparation of the Municipal Development Master Plan. The
consulting firm submitted the first half of the job, "Basic Report
on the Characteristices of the Municipality”, in July 199Z2. This
report contains basic information and data on natural and socioec-
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onomic characteristics, land use, urban infrastructure, transpor-
tation systems, service infrastructure and financial resources of
the Municipality.

The second haif of the job, the Muniecipal Development Master Plan,
is expected to be completed soon.

{8) Ttaborai
As of October 1992, the Municipality of Ltaborai had a draft of a

MuniCipal I,aw to promulgate the Municipal Development Master Plan,
but without convincing preoof of actual passage of the law.

. The draft of the law seeks to improve quality of 1ife of the

people by gradually expanding basic service infrastructure, pres-
ervation of natural resources especially soil and water, and
reduction of pollution to acceptable levels.

(9) Magg

There is no Municipal Development Master Plan in Mage. However,
legal provisions on their development activities are presumed to
be up-to-date, since they were promulgated in 1991. These include
the Zoning Law, the Land Parcelling Law, and the Law on Municipal
Works.

The Zoning Law provides for Preservation and Protection Areas,
which are defined as forésts and natural vegetation --including
mangrove forests-- where land use is to strictly abide with the
Federal Forestry Law. '

The Land Parceling Law provides for protection of water courses.
Land parceling is to be conducted only with prior approval granted
by the Colonization and Agrarian Reform Institute (INCRA)}, by the
Brazilian Institute for the Environment and Renewable Natural
Resources (IBAMA) and by the State Forestry Institute (IEF).

.(10) Rio Bonito

fThe Municipality of Rio Bonito has not yet prepared the Develop-

ment Master Plan. Their development guidelines are contained.in
their Zoning Law and Land Parceling Law, both presumably promul-
gated 1in 1979. On their own recognition, these laws are grossly
ointtdated and inadequate for present conditions. For example,



housing developments are reportedly expanding at present into
areas originally classified as Areas of Permanent Preservatioh.
These were defined as forests and vegetation existing along water
courses or around water bodies, on mountain tdps and on'slopes
exceeding 45 degrees.

(i1) Cachoeiras de Macacu

This Municipality has neither a Municipal Development Plan nor
zoning and related laws serving as guldelines for their develop-
ment activities. However, they are actively negotiating with the
Inter-American Deévelopment Bank (BID) to expand their sewer serv-
ice coverage. In addition, they are in the final stages of éstab—
1ishing an Industrial District, in which elght industries were
conmitted to operate as of October 1992,

2.2.1.3 The Environment in the Development_Plans

The State and Municipal Development Master Plans, or =zoning and
related laws In the absense of such Plans, were reviewed above.
They all contain provisions on environmental protection, but
without sufficiently concrete details on development activities.
Therefore, these Development. Master Plans are not specific enough
to serve as baslis for estimating future socioeconomic conditions
in the Guanabara Bay basin. :

Tronically, Cachoeiras de Macacu, which is a Municipality without
a development plan and without zoning and related laws, has taken
the initiative to establish an Industrial District, and to direct-
1y negotiate with BID for financing the expansion of sewer serv-
ices. The sewer Infrastructure usually requires large investments,
whereby Municipalities usually rely on other government institu-
tions for the provision of these services.

Municipalities can be sald to have the basic legal provisidns-for
environmental protection. LikeWise.‘munlcipal governments purport
to protect the environment, and to pursue the type of economic
development which is compatible with the rational utilization of
natural resources, in order to avoid irreversible damages to the
environment. In this regard, even in the promotion of manufactur-
ing 1ndustries, the emphasis is on "environmentally friendly"” or
"non-polluting" industries.

The parts that need to be strengthened are the application or
enforcement of the existing laws, and the lack of specific details




on types, scales and time frames of industries and other activi-
ties to be promoted as basis for socioeconomic development. There-
fore, these two weaknesses need to be dealt with by the relevant
State and Federal Institutions.

Concerning the enforcement of environmental legislation, the hope
can be placed on the Rio de Janeiro State Development Plan, which
deals with the establishment of an "environmental crime prevention
force". The implementation of this idea, if coupled with necessary
financial, technical and instituticnal support, can turn out to bhe
a great contribution in instilling life into the numerous environ-
mental laws, which currently are not effectively enforced.

In reference to the promotion: of "non-polluting" industries, the
- role of FEEMA will be critical, as one of its functions is to
monitor and control industrial effluents according to established
water quality standards. If the monitoring and control are effec-
tively dimplemented, then manufTacturing industries will .indeed be
"non-polluting” and "environmentally friendly".

2.2.2 Existing Environmental Improvement Projects
2.2.2;l Rio-Reconstruction Project

The Rio-Reconstruction Project was formulated with the World Bank
financing to deal with the aftermath of the disastrous flood of
February 1988. The plurpose of the Project was prevention of such
destructive floods, and included environmental improvement meas-.
ures. The Project area includes Rio de Janeiro, Baixada Fluminense
(Nilopolis, Sao Joao de Meriti, Nova Iguacu, Dugue de Caxias) and
Petropolis, but the bulk of investments is concentrated in the
Baixada Fluminense, which is the area hardest hit by the floods.
The Project is administered by GEROE (Exectutive Group for Recuper-
ation and Emergency Works) to carry out construction works, acqui-
sition of equipments, provision of new services and preparation of
plans for the prevention of floods. The project components that
remain to be implemented are shown in Table 2.2-1.

The basls of the Project is environmental education and provision
of services for solid wastes disposal and sewer systems, as well
as Implementation of programs on reforestation and resettlement
of families. Drainage and dredging works target rivers and chan-
nels which flow into the Guanabara Bay, such as Sarapui, Pavuna,
Cunha, Iguacu, Saracuruna and Inhomirim,



The Project has béen cbntlnuoﬁsly adjusted,‘and_environmental
improvement components to be lmplemented between 1992 and 1894 are
summarized below.

Component Foreign Local Beneficiaries
Cost(l) Cost(l} (2)
Sewer System = 10.74 16.10 1,000,000
S0lid Wastes 2.38 4.38 2,000,000
Reforestation 3.98 - 4.38 1,200ha
Drainage 54.42  54.42 3,000,000

(1)Cost: Million U.S.$ _
{2)Beneficiaries: Persons, if not specified

2.2.2.2 Basic Sanitation Program

The detailed formulation of this husge environmental program was
expected to be finalized in November 1992. It is composed of more
than 20 projects on. sewer systems, solld wastes disposal, drink-.
ing water supply and human resettlements in Municipalities adja-~
cent to the Guanabara Bay. The foreign cost components of the
projects are to be financed jointly by the Inter-American Develop-
ment Bank (IDB) and the Overseas Economic Cooperation Fund (0ECF)
of Japan. For the administration of this Program, the Governor of
Rio de Janeiro established the Executive'Group for Pocllution
Control of the Guanabara Bay (GEDEG) through Decree No. 17136 of
December 12%", 1991. GEDEG has been recently changed to CODEG
(Coordinating -Commlission for the Execution of the Pollution Con~
trol Program of the Guanabara Bay)

The original projJects of the Program are-listéd below, and Table
2.2-2 presents the most recent version of the Program by component

groups,

1. Sewer System of the Alegria Basin and Improvement of Penha
Sewage Treatment Station

2, Sewer and Sewage Treatment System in the River Basins of
Pavuna/Acari/Saoc Joao de Meriti ' :

3. Sewer and Sewage Treatment System of Sarapui River Basin




10.

11.

12.
13,
14.
15.
16.
17.
18.

19.

20.

Sewer and Sewage Treatment System No. 2 of S3o Goncalo

Expansion of Icarai Sewage Treatment Station and Undersea
Marine Sewage Pipe

Sewer and Sewage Treatment System for North-Central Zone of
Niteroi

Water Supply System Sectorization for the Baixada Fluminense
Wéter Supply System Sectdrizatiop for Sao Gonecalo

Operation Improvement and Micré;metering

Macro—drainage and Resettlement in the Acarai River Basin

Macro—drainagé and Resettlement in the River Basins of Faria
and Timho ' '

Treatment of Hospital Wastes
Improvement of Gramacho Metropolitan Landfill

Improvement of Collection and Final Disposal of Solid Wastes
in Niteroi

Improvement of Solid Wastes Collection and Transfer
Stations of Nilopolis

Improvement of Solid Wastes Collection and Transfer
Stations of Sdc Jodo de Meriti

Improvement of Ceollection and Final Disposal of Solid Wastes
in Mage

Improvement of Collection and Final Disposal of Solid Wastes
in Duque de Caxias

Improvement of Collection and Final Disposal of Solid Wastes
in Sao Goncalo

Organizational and Institutional Support for Solid Wastes
Management in the Rio de Janeiro State



21. Complementaiy Environmental Projects

22. Digital Cadaster of the Municipalities 1In the Guanabara Bay
Basin _

23. Developmént of Cadastral Infofmation-Center bf IPLANRIO

The total cost of the Program was originally estimated at Us$ 867
Million , but it has been revised up to US$ 7T93. Million (US$ 350
Million financed by the IDB, US$ 294.2 Million by the OECF of
Japan and US$ 148.8 Million of local funds by CEDAE and the Rio de
Janeiro State).

[y
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Table'z.z.l Remaining Components of Rio-Reconstruction Project (World Bank)

Project Start Yr.End Yr. Cost Capacity Number Executing
. (Million USS) or of Agency
Foreign  Local _ Size Beneficiary
Road Systen 1992 1993 19.484 6. 235 ERJ 8000 cars/d 50000/d  FUNDERJ
Drainage 1992 1994 54.42 54,42 CEF 125000 ha 3000000 SERLA
Sewer Works J198%° 1993 10.74 16.10 CEF10km collector 1000000 CEDAE
17000 connect.
Solid Wastes Disposal 1993 1994 2.36  4.38 ERJ 90% coverage 2000000 S0SP
Reforestation © 1992 1993 3.98 4.38 ERJ) 1200 ha FIEF
Urbanization 1992 1993 11.24 CEF 3400 plots 20000 CEHAB/
o . COFLUKAR
Pipeline Rehabilitation 1992 1993 3.88 CEF 5.5 km 250000 CEDAE/
: CAEMPE
Civil Defense 1992 1993 6.08 2% equipnents CIVIL
' ' DEFERSE
Technical Assistance 1992 1994 13.78 37 contracts GEROE/
’ Others
Land Protection : 1992 1998 36.04 CEF 84 works 100000 PMN/PMP
School Rehabilitation 1991 1992 - 0.68 CEF 15 schools 8000 PMN
TOTAL 110. 40 137.47




Table 2.2.2 Basic Sanitation Program (IDB)

Project Executing investment
: Agency  (Mill.US$)

Component [: Sanitation : : 535.22
‘Sectorization Baixada Flum. CEDAE.  38.20
Sectorization Sao Gonealo CEDAE 22. 60
Operation Improvement CEDAE b4. 80
Alegria System CEDAE 145,16
Pavuna System CEDAE 73. 56

- Sarapui System CEDAE 71.78
Sao Gonealo System 2 CEDAE 38. 117
South Niteroi-lcarai Systen CEDAE  18.08
I1ha do Governador Systenm CEDAE 13.0%
[1ha de Pagueta System CEDAE 2.90
Penha Sludge Systenm CEDAE 2.25
Sludge Disposal . CEDAE 11. 27
Favelas CEDAE 13.4¢

Component |1: Macro-drainage 12. 40
Acari River Basin ; ~ SERLA 12. 40

' =00mponent 111: Solid Wastes 18,30
Niteroi - | ©sosp 3.79
Nilopolis SOSP 1. 22
Sao Joao de Meriti SQSP 2.09
Mage _ SOSP 2. 91
Duque de Caxias S0sP 1. 18
Sao Goncalo 308P 5.286
Institutional Strengthening "~ SOSP 1. 65

Component 1V: Complementary

Environmental Projects 17. 8%
Pollution Control FEEMA §.11
Environmental Monitoring FEEMA- 2.03
Environmental Education FEEMA/IEF/ 4. 22
: SERLA :
Institutional Strengthening FEEMA/IEF/ 7. 49
SERLA/
SEMAM/
CODEG

Component V: Digital Mapping 12. 30

Mapping and cadaster CIDE 12. 30
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2.3 Futures Socioeconomic Framework of the Guanabara Bay Basin

2.3.1 Target Years of the Master Plan.

There 1s no scientific method to set the target year of a water
pollution control master plan. The method can only be subjective,
although the degree will vary from project to project. For setting
the target year, due consideration should be paid to ongoing plans
and projects. State and Municipal development master plans are
usuallily prepared with a 5-year planning horizon, which is too
short for a large scale water pollution contrel plan. Worse yet,
the reviewed State and Municipal development plans did not contain
quantified details nor sector-specific goals. On the other hand,
the World Bank filnanced Rlo-Reconstruction Project 1is nearing
completion. Consequently, the only relevant project to be taken
into account to set the target year for the Master Plan for the
Recuperation of the Guanabara Bay Ecosystem (hereinafter the
"Master Plan") is the already mentioned "Baslc Sanitation Program
of the Guanabara Bay Basin" (hereinafter the "Program").

According'to the loan request document submitted to BIP in Decem-
‘ber 1992, the Program has five major components: Sanitation (Water
Supply and Sewerage), Macro-drainage and Human Resettlement, Solid
Wastes, Complementary Environmental Programs, and Digital Mapping
and Tax Collection. The proposed implementation schedule ‘spans
from 1992 to 2005, originally estimated at a total cost of US$ 667
Million, later revised up to US$ 793 Million, to be jointly
financed by BID, OECF of Japan, and Brazil.

The extremely large scale of the Program, and the equally large
scale Iimprovements 1In water gquality which are expected from its
"implementation, make 1t necessary to set the target year for the
Master Plan beyond the implementation period of the Program.
Further, water quality improvement will not occur inStantaneously
after completing implementation of the Program in 2005. In addi-
tion, administrative measures, and the institutional reforms that
may be needed, are estimated to require a lot of time to be imple-
mented., '

Under the foregoing considerations,' the following target years
are proposed for the Master Plan.
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Short-

Target year 2000: Completion of sewefage works to be implemented
by the Program, that is, completion of Phase I

Mediummterm‘

Target year 2010: Full completion of the Program; although a
water quality improve -ment project requires a
longer time frame, the estimation of future
conditions becomes even more difficult and
unreliable

Long-term

The target year ig not expllcitly set. The goal is the recovery of
the Guanabara Bay water quality to the level that peralled during
the first half of the 1960s.

2.3.2 Future Socioeconomic Scenarios

Formulation of a peollution control master rlan implies the need to
envisage the socioceconomic situation that 1is likely to prevail
some time in the future (target year). This will be the result of
changes in population. presence or lack of a diversity of measures
that the government usually implements.'leading ultimately to a
particular way of 1life and living standards. - The future soci-
oeconomic situation defines changes in discharge of pollutants,
and influences the choice of pollution control measures to be
applied. The reverse is also true, that is, pollution control
measures have definite effects on the future socioeconomic condi-
tions, '

2.3.2.1 Bases for Future Scenarios

The present master plan has two target years: 2000 and 2010,
Socloeconomic scenarios for the two target years are to be deflined
in terms of (1) population, (2} coverage of basic services: water
supply, sewerage and solld wastes disposal, and (3) economic
activities, including changes that are bound to occur in the land
“area under cultivation, and the sector-specific growth rates.




(1) Population

Population projection usually?falls under the Jjurisdlction of
officiél institutions, because they have access to all the neces-
sary background data and information which are frequently unavail-
able to outsiders. However, the two relevant official Brazilian
institutions in charge of census and statistics, IBGE at the
national level and CIDE at the Rio de Janeiro State level, have no
population projections.

Under this situation, the alternatives are either to use the
population projection of the IDB financed Basic Sanitation Pro-
gram, or:use past population growth trends to subjectively esti-
mate Municipalityéspecific growth rates. Using the population
projection of the Basic Sanitation Program has the advantage of
providing consistency to the population data for plans relating to
the Guanabara Bay basin, but the drawbacks are the partial ccver-
age of the basin and the lack of breakdown by Municipality.

(2) Coverage of Basic Services.

Concerning the coverage of basic services (water supply, sewerage
and solid wastes disposal), the souree for future socloeconomic
scenarios should normally be the regional development plans.
However, the reviewed State and Municipal development plans
contain broad policy objectives without sector-specific quantita-
tive pgoals. In additioh, the planning horizon of these development
plans is usually five years, shorter than the target years for
the pollution control master plan.

Consequently, the IDB financed Basic Sanitation Program for the’
Guanabara Bay basin contains the only conecrete data that can be
taken into consideration in the estimation of future coverage of
so0lid wastes disposal services In some Municipalities.

(3) Economic Activities

" Estimation of types and scales of future economic activities is

the most difficult proposition.‘especially in view of the abnormal
situation of the Brazilian economy during the past decade. The
hope of relying on development plans, both at the State and Munic-
ipal levels, turned out to be impractical, because such plans
generally lack sector-specific quantitative goals. Encouraging ,
however, is the emphasis placed on premoting "environmentally



friendly" or "non-pollutling” industries. This opens the possibili-
ty for estimating future pollutant disCharge as reductions from
present levels, Instead of basing on types and scales of future
industrial activities. ' '

An alternative 1is to estimate future economic activities'on the
basis of'existing data, namely, various censuses (1960,f1970,-1980
and 1985) of agriculture, industry and services. The future is to
be estimated by economic sector, from base figures of selected
89ct0r—specific indicators and subjectively assumed rates of
growth. The growth rates of these selected indicators should keep
a balance between those showing the expanding "Brazilian miracle"
economy of the 1970s and those reflecting the foreign-debt ladden
sluggish economy of the 1980s.

Selected Indicators

Primary Sector : Area of land under cultivation by, Municipality
in 1985 '
Secondary Sector : Number of employees by 1hdustry type, in

Metropolltan Ric de Janeiro in 1985

Tertiary Sector: : Number of employees in the food and 1odging
services, by Municipality in 1985

Another conceptually possible procedure in'eStimating future
economic activities is to start from the population projections.
Then, the economically active population can be estimated and
proportionatelly distributed among economlec sectors.
2.3.2.2 'Assumptions for Future Scenarios
(1) Case 1 - Expected Scenario

Population growth: slowing and stabillzing

Basic Services : expanding as per IDB Program

Economy : "clean" industries and services




POPULATION GROWTH

Population growth is assumed to slow -down and stabilize  around the
yvear 2005. This is the theory of the World Bank, whereby the
Brazilian population growth rate will equal the replacement rate,
or zero population growth (ZPG), in the year 2005. As the overall
population growth rate in Brazil bhetween 1980 and 1991 was 1.87%
per vear, the natural population growth rate is assumed to be a
moderate 2%.

For purposes of population projection, the Municipalities of the
Guanabara Bay basin were divided into four groups on the basis of
past population growth trends., Then, future population growth
rates were subjectively estimated by Municipality and by time
span. The assumed population growth rates will be smaller the
farther into the future the relevant time span is. This refliects
incereasing difficulties to predict the more distant future, and
can be defended on grounds of the future expansion of opportuni-
ties for women's education, which is widely recognized as the
-most significant factor for an effective family planning.

The assumed growth rates by Municipality and by time span in the
four groups are shown in Table 3.2-1. The four groups are the
following..

"Grown" (Rio de Janeiro, Niteroi, Nilopolis, Sao Jodo de Meriti)

"Grown" Municipalities consist of those fully urbanized, with very
high population densities. Very low population growth rates were
obhserved in the recent past and are presumed to occur in the near
future in these Municipalities. Further, the very slow population
growth (0.5%-0.75%) 1s assumed up to 2005, when population is
assumed to stabilize.

The assumed population growth rates are as fTollows.
1992-2000: 0.5%~-0.75%

2001-2005: 0.5%
2006-2010: 0.0%
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"Growing"” (Sao Gonecalo, Itaboral, Rio Bonito)

"Growing"” Municipalities consist of those presently growing or are
likely to grow in the near future. This is based on the observa-
tion of on-going housing developments in Sao Goncalo and the
expansive economy of Itaborai. These effects are likely to spill
over onto Rio Bonito, which presently serves ‘as the commercial
center bridging Metropolitan Rio de Janeiro and the surrounding
ruridl areas. The growth expected in "growing" municipalities is
induced by the saturation of "grown” municipalities.

The assumed population growth rates are as follows.

1992-2000: 2.0%-4.0%
2001-2005: 2.5%
2006-2010: 0.5%-1.0%

"Nextfto—grow" (Mage, Cachoeiras de Macacu)

"Next-to-grow" Municipalities consist of those likely to grow
slightly later than the "growing" municipalities, even though
chances are that they will grow at about the same time. Mage is
slowly changing from an area of weekend houses and private recrea-
tion facilities to an area with houses where people normallyllive
and from which they commute to work. Cachoeiras de Macacu, al-
though too far for daily commuting to Metropolitan Rio de Janeiro,
is likely to have a population inflow induced by the establishment
of an industrial park with the cooperation of CODIN, plus the

efforts to begin installation of sewer works by the Municipal

government.
The assumed population growth rates are as follows.

1992-2000: 2.0%
2001-2005; 3.0%
2006-2010: 1.0%

"Possible Growth" {(Duque de Caxias, Nova Iguacu)

"Possible Growth"™ Municipalities consist of those relatively large
communities (over half a million), practically fully urbanized,
but with Insufficient service infrastructure. These Municipalities
are assumed to have a moderate natural growth rate.




Both the World Bank and the IDB have targeted this area to improve
living conditions'through provision of flood control infrastruc-
ture, and services of water suppy, sewer and solid wastes dispos-
al. Given the convenient location of these Municipalities within
the Metropolitan Rio de Janeiro, if living conditions improve as a
result of the World Bank and IDB projects, population inflow is
likely to occur from the saturated "grown" municipaiities into
these "possible growth" municipalities. However, this population
inflow is considered to be short lasting, quickly reaching the.
Zzero population growth stage.

The assumed population growth rates are as fTollows.

1992-2000: 2.0%
2001-2005: 2.5%
- 2006-2010: 0.0%

BASIC SERVICES

Service coverage rates of water supply, sewerage and sclid wastes
disposal are assumed by taking into consideration the IDB financed
Basic Sanitation Program. In general, the following coverage is to
be assumed.

# Municipalities with IDB Projects

2000: 90%-100%
2010: 100%

# Rio de Janeiro and Niteroi

2000: 100%
2010: 100%

* Other Municipalities

2000: 70%
2010: 90%

Detailed growth rates by Municipality and by time span are shown
in Tables 3.2-2, 3.2-3 and 3.2-4.



ECONOMY

An attempt was made to refléc_t the Regional Dev’elopment ‘Plans,
which appear to promote the -service sector. Accordingly, the
tertiary sector is to grow at the fastest rate. The growth of the
manufacturing sector is to be relatively slow, as incentives . are
mainly focused on those industries without adverse environmental
effects. Since manufacturing grows rather slowly, farming, in
addition to the service sector, is to grow at a faster rate.

Primary Sector

The future of the primary sector is to be estimated as a function
of the land area under cultivation by Municipality in 1985, which
is the year with the latest avallable census data.

Growth rates of land area under Tarming were subjectively estimat-
ed by Municipality for both periods encompassing 19886-2000 and
2001-2010, as shown in Table 3.2-5.

Secondary Sector

The future of the secondary sector is to be assumed as a function
of the number of employees by industry type in Metropolitan Rio de
Janeiro in 1985, which is the year with the latest available
census data. Because manufacturing activities are concentrated in
Metropolitan Rio de Janeiro, it was deemed appropriate to repre-
sent the Guanabara Bay basin with these data rather than the
Municipality-specific data. In addition, the selected industry
types accounted fTor more than 80% of employment in the secondary
sector in 1985.

Following a similar procedure as in the primary sector, growth
rates of the number of employees by Industry type were subjective-
ly estimated for Metropolitan Rico de Janeiro for both  periods
encompassing 1986-2000 and 2001-2010, as shown -in Table 3.2-6. -

Tertiary Sector

The future of the tertiary sector 1s to be assumed as a function
of the number of employees in the lodging and food service by
Municipality in 1985, which is the year with the latest available
census data. Following a similar procedure as in the primary and
secondary sectors, growth rates of the number of employvees in the




lodging and food service were subjectively estimated by Munici-
pality for the two periods encompassing 1986-2000 and 2001-2010,
as shown in Table 3.2-7T.

(2) Case 2 - Pessimistic Scenario

Population growth: increasing even after 2005

Services : lower coverage than the IDB
Program
Economy : "dirty" industries keep growing

POPULATION GROWTH

The World Bank assumption of zero population growth since the year
2005 is assumed to materialize_only in the Municipalities of
Nilopolis and Sao Joao de Meriti, which at present have the high-
est population densities. Population growth is assumed to continue
into the future, albeit at a slower rate. However, for the 1992-
2000 period, population growth rates are assumed to be the same as
in Case 1, as shown in Table 3.2-1 and summarized below.

"Grown" Municipalities
1992-2000: 0.5%-0.75%
2001-2005: 0.5%
2006-2010: 0.0%-0.5%

*"Growing” Municipalities

1992-2000: 2.0%-4.0%
2001-2005: 2.5%
2006-2010: 0.5%-1.0%

"Next-to-Grow" Municipalities

1992-2000: 2.0%
2001-2005: 3.0%
1.0%

2006-2010:



"Possible Growth"-Muﬁicipalities

1992-2000:

2.0%
2001-2005: 2.5%
2006-2010: 1.0%

BASTC SERVICES

Service coverage of water supply, sewerage and solid wastes dis-
posal 1is assumed to be lower than the target of the IDB financed
Basic Sanitation Program. The assumed coverage rates are shown in
Tables 3.2-2 to 3.2-4 and are summarized as follows.

* Municipalifies with IDB Projects

2000: T70% - 90%
2010: 80% - 100%

* Rio de Janeiro and Niteroil (same as Case 1)

2000: 100%
2010: 100%

# Other Municipalities

2000: 50% - T0%
2010: 70% -~ 90%

ECONOMY

The difference in assumptions from Case 1 concerning economic
activities refers mostly to the secondaryISector. Here, the manu-
facturing sector, Including "polluting”" industries, are assumed: to
keep growing at a faster rate than the primary and the tertiary
sectors. Accordingly, the growth rates are to be relatively slower
in farming and the service sectors. The assumed growth rates are
shown in Tables 3.2-5 to 3.2-7.




2.3.3 Sbcioeconomic Framework In the Target Years

The socioeconomic scenarios described in Section 3.2 served as
f_bases for estimating the socioeconomic framework for the Guanabara
Bay basin in the two target years 2000 and 2010. Details are shown
in Tables . 3.3-1 to 3.3-7, and summarized in Table 3.3-8.

2.3.3.1 Population

The 1991 population. census data for the Municipalities compriéing
the Guanabara Bay basin were projected to the target years with
the assumed growth rates, and resulted in the summary below.
Scenario 1 represents a slowing population growth, stabilizing
around the year 2005 according to the World Bank theory, while
Scenario 2 assumes that the population in most Municipalities
keeps growing after 2005.

1991 Census 9,471,951

Scenario 1 :
2000 10,629,648

2010 _ 11,376,950
Growth rates
1992-2000 1.29%/yr.
2001-2010 0.68%/yr.

Scenario 2 . | .
2000 10,629,649

2010 11,670,796

Growth rates :
1992-2000 1.29%/yr.
2001-2010 0.94%/yr.

2.3.3.2 Coverage of Basic Services

The coverage of basic services in the Guanabara Bay basin, at
present and the projections for the two scenarios, 1Is presented
below. The figure in parentheses refers to the percentage of the
serviced population relative to total population. Scenario 1
represents achievements of coverage goals consistent with the BID
Basic Sanitation Program, while Scenarioc 2 assumes lower coverage,



(1) Solid Wastes Risposal
Present ° '~ 7,115,316 (75.1%)

Scehario 1 .
2000 - _9,831,045-(92;5%)
2010 11,163,463 (98.1%) -

Scenario 2
2000 8,862,932 (84.3%)
2010 10,849,977 (891.3%)

(2) Water Supply
Present : 7,390,507 (78.0%)

Scenario 1 :
2000 10,176,766 (95.7%)
2010 11,336,825 (29.68%)

Séenario 2
2000 9,558,759 (89.9%)
2010 11,132,874 (95.4%)

(3) Sewerage
Present 5,272,870 {55.7%)
Scenario 1
2000 10,069,896 (94.7%)
2010 11,309,529 (99.4%)
Scenario 2

2000 8,531,207 (80.3%)
2010 : _ 10,874,346 (93.2%)

2.3.3.3 Economy

The economic framework in the Guanabara Bay basin is described in
reference to the sectoral growth rates. S8cenario 1 represents a
relatively slow growth rate in the manufacturing sector, due to



the emphasis in the service sector and "clean" industries. Conse-
quently, the relatively strong primary sector growth reflects
absorption of some labor displaced from the manufacturing sector.
Accordingly, there is an increase in the cultivated land area.

On the contrary, Scenario 2 represents a less than expected growth
rate in the service sector, which coupled with the continued
growth of "dirty" industry types, provide employment opportunities
in the secondary sector. Accordingly, the primary sector grows
relatively less and the cultivated land area is smaller.

(1) Primary Sector
Cultivated land area (ha)
Present (198%) 118,488
Scenario 1
2000 134,916
2010 140,811
Scenario 2
2000 122,117
2010 124,830
Primary sector growth rates (%/yr.)
Present

1980-1985 0.586

Scenario 1
1986-2000 0.87
2001-2010 0.43

Scenario 2
19886-2000 0.20
2001-20310 0.20



(2)

(3)

Secondary Sector
Employment in 12 selected industriés
Present {1985) 346,625

Scenario 1
2000 407,766
2010 463,193

Scenario 2 . .
2000 485,064
2010 _ 581,617

Secondary sector growth rates (%/yr.)

Present o
' 1980-1985 ~2,29

Scenario 1
1986-2000 - 1.09
2001-2010 1.28

Scenario 2
1986-2000 2.27
2001-2010 1.83

Tertiary Sector
Employment in lodging and food service

Present
1985 _ - 100,849

Scenario 1
2000 - 157,458
2010 208,776

Scenario 2
2000 : 136,624
2010 152,251




Tertiary sector growth rates (%/yr.)

Present _
1980-1985 2.03

Scenario 1

1986-2000 3.01
2001-2010 2.86
A | .
\% ‘ Scenario 2
1986-2000 2.04
2001-2010 1.09
2-55



Table 3.2~1 Population Growth Rate

Calculated . : ._ Estimated

Municipalities - | 1992 | sc.1. Sc.2
GO-70 7T0-80 80-91 2000 1-5 8-10 6-10
Grown
Nilopolis 3.02  1.70  0.37 0.5 0.5 0.0 0.0
Niteroi 2.92 1.84 0.43 0.75 0.5 0.0 0.5
Rio de Janeliro 2.682 1.66 0.43 0.75 0.5 0.0 0.5
Sao Joao de Meriti
4.73 2.79 0.58 .5 0.5 0.0 0.0
Growing
Sao Gonecalo 5.81 -3.63 1.79 3.0 2.5 0.5 0.5
TItaboral 4,78 5.682 3.18 4.0 2.5 1.0 1.0
Rio Bonito 2.32 1.27 1.09 2{0 2.5 1.0 1.0
Next-to-Grow
Magé 5 ' 6.83 3.93 1.27 2.0 3.0 1.0 1.0
Cachoeiras de Macacu. .
2.39 0.87 1.04 2.0 3.0 _ 1.0 1.0
Possible Grwoth
Duque de Caxlas 5.99  2.89  1.31 2.0 2.5 0.0 1.0
Nova Igucacu 7.38 4,17 1.48 2.0 2.5 0.0 1.0

Source: Calculated from Census data




Table 3.2-2 Coverage of Solid Waste Disposal Services

Unit: %
Scenario 1 Scenario 2
: Present ———=--mommmmmm s e e
Municipalities 2000 2010 2000 2010
Cachoeiras de Macacu - T0 90 . 50 70
Dugue de Caxias 56 90 100 80 80
Itaboral 21 T0 90 50 T0
Mage 28 100 100 50 TO
Nilopolis T1 a0 100 80 g0
Niteroil 80 100 100 100 100
Nova Iguacu 39 T0 90 50 T0
Rio Bonlto - T0 90 50 T0
Rio de Janeiro 95 100 100 100 . 100
Sao Gonealo 52 90 ' 100 T0 90
Sao Joao de Meriti 59. 90 100 T0 g0
Table 3.2-3 Coverage of Water Supply Services
Unit: %
Scenaric 1 Scenarlo 2
Municipalities Present TTTTTTTT O T T s e s s m m
p 2000 2010 2000 2010
Cachoeiras de Macacu - 70 90 50 70
Dugque de Caxias 59 90 100 80 90
Itaborai - 71 90 100 80 30
Magd 30 70 90 50 70
Nilopolis 36 100 100 100 100
Niterci 87 100 100 100 100
Nova Iguacu 52 90 100 70 290
Rio Bonito - 70 20 50 70
Rio de Janeiro 91 100 160 1060 100
Sao Goncalo 66 90 100 80 90
Sac Joao de Meriti T3 100 100 90 : 100




Table 3.2~4 Coverage of Sewerage Services

Unit: %
: : . Scenario 1 Scenario 2

nieipalities Present ~-oe--eosoomssmmsee e s -
Municlp ' _ : 2000 2010 2000 2010
Cachoelras de Macacu - 70 90 50 ‘ 70
Duque de Caxlias C - 90 100 70 80
Itaboral 10 70 a0 50 70
Magé . - 70 90 50 70
Nilopolis TO 90 100 80 90
Niterol 87 100 100 80 90
Nova Iguacu 33 _ 90 100 T0 90
Rio Bonito - T0 - 890 50 70
"Rio de Janeiro 82 100 100 - 90 100
Sao Goncalo 9 90 100 TO a0

Sao Joao de Meriti - 90 100 - 70 a0

Table 3.2-5 Growth Rates of Cultivated Land Area

Unit: %/yr
Scenario 1 Scenario 2
Munielpalltles ., o¢5 . 1986 - 2001 - 1986 - 2001 -
1985 2000 2010 2000 2010
Cachoeiras de Macacu-2.2 3.0 1.5 2.0 1.0
Duque de Caxlas 0.4 ~1.0 -2.5 -2.0 -2.5
Itahorail -3.7 -3.0 -2.0 -3.0 -2.5
Magé 10.56 2.0 -1.0 2.0 -1.0
Nilopolis - 0.0 0.0 0.0 0.0
Niterol -18.4 ~5.0 ~5.0 ~7.0 -5.0
Nova Iguacu 2.8 2.0 -2.5 -2.0 -2.5
Rio Bonlto 4.5 3.0 1.5 3.0 1.5
Rio de Janeiro . 10.8 -8.0 -5.0 -10.0 -8.0
Sao Goncalo ~13.1 -7.0 ~4.0 -8.0 -5.0
Sao Joao de Meriti - 0.0 0.0 0.0 0.0




Table 3.2-6 Growth Rates of Employment in Manufacturing
in Metropolitan R.J,

Unit: %/yr
Scenario 1 Scenario 2
Muntcipalities 500 1986 -~ 2001 - 1986 - 2001 -
1985 2000 2010 2000 2010
Metallurgical : -6.5 -3.0 ~-2.0 2.0 2.0
Mechanical -4.2 -2.0 -2.0 2.0 2.0
Electrical 0.4 4.0 5.0 3.0 3.0
Transportation -4.8 3.0 2.0 2.0 1.0
Furniture -3.9 - 3.0 2.0 2.0 1.0
Chemilcals 3.9 2.0 1.0 4.0 3.0
Pharmaceuticals - -1.9 2.0 ~2.0 2.0 2.0
Plastics ' -0.5 2.0 2.0 3.0 2.0
- Textiles -7.6 -3.0 -2.0 1.0 1.0
Clothing 1.2 3.0 2.0 1.0 1.0
" Foodstuff -3.86 -3.0 -2.0 2.0 1.0
Printing 0.1 2.0 1.0 3.0 2.0

Table 3.2-7 Growth Rates of Employment
in Lodging & Foocd Service

Unit: %/yr
Scenario 1 Scenario 2
Munieipalities o0, 1986 - 2001 - 1986 - 2001 -
1985 2000 2010 2000 2010
Cachoelras de Macacu - 5.0 4.0 3.0 2.0
Duque de Caxias - -0.7 3.0 1.0 2.0 1.0
itaborai 21.2 6.0 4,0 4.0 3.0
Magé : -3.8 5.0 4.0 3.0 2.0
Nilopolis 6.0 1.0 1.0 1.0 1.0
Niteroi 3.7 3.0 - 3.0 2.0 1.0
Nova Iguacu . -0.9 3.0 1.0 2.0 1.0
Rio Bonito _ - 5.0 4.0 3.0 2.0
Rio de Janeiro 1.9 3.0 3.0 2.0 1.0
- 8ao Goncalo 6.5 3.0 3.0 3.0 2.0
Sao Joao de Meriti 3.9 i.0- 1.0 1.0 1.0
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Table 3.3-1 Population : 1991 Census and Projections

Present Scenario 1 Scenario 2

li . T e e e s T e e em e e
Municipalities ., g04) 2000 2010 2000 2010

Cachoelras de Macacu -~ _ .
40,1956 48,037 - 58,529 48,037 58,529

Duque de Caxias 664,843 794,310 898,689 794,310 944,532
Itaborai 161,274 259,544 272,956 229,544 272,958
Magé 191,359 228,892 . 278,641 228,692 - 278,841
Nilopolis 157,819 165,065 169,233 165,065 169,233
Niterol 416,123 445,069 456,308 445,069 - 467,831
Nova Iguacu 1,286,337 1,537,292 1,739,305 1,537,292 1,828,027
Rio Bonito 45,093 53,891 64,084 53,891 - 64,084

Rio de Janeiro ' : o o .
' 5,336,179 5,707,368 5,851,487 5,707,368 5,999,245

Sao Goncalo 747,891 975,829 1,131,940 975,829 1,131,940
Sao Joao de

Meriti 425,038 444,552 455,778 444,552 455,778
Guanabara Bay

Basin 9,471,951 10,629,649 11,376,950 10,629,649 11,670,796

Table 3.3-2 Population Covered by Solid Wastes Disposal Services

Present Scenario 1 Scenario 2

Municipalities 2000 2010 2000 2010
Cachoeiras de Macacu - 33,6286 52,676 24,019 40,970
Duque de Caxias 372,200  714.879 898,689 635,448  850.079
Itaboral 33.868 180,681 245,660 114,772 191,069
Magé - 53,581  228.692 278,641 114,346 195,049
Nilopolis 112,081 148,559 169,233 132,052  152.310
Niteroi 332,898 - 445,069 456,308 445,089 . 467,831
Nova Iguacu 501.672 1,076,104 1,565.375 - 768.848 1,279 619
Rio Bonito Z 7' 37,724 57. 676 26 . 946 44,859
Rio de Janeiro 5,069,370 5,707.368 5,851.487 5,707.368 5,999 245
Sao Gonealo 388.903 878,246 1,131,940 683,080 1,018,746

Sao Joao de Meriti c
_ 250,773 400,097 = 455,778 311,186 . 410,200
Gunabara Bay Basin _ ' R
7,115,316 9,831,045 11,163,463 8,982,932 10,649,977
(% of servicé population) : .
(75.1%) (92.5%) {(98.1%) {84.3%) . {91.3%)




Table 3.3-3 Population Covered by Water Supply Services

Present Scenario 1 Scenario 2
Municipalities | 2000 2010 2000 2010
Cachoelras de Macacu - 33,626 52,8786 24,019 40,970
%2 Dugue de Caxias 382,139 714,879 898,689 635,448 850,079
" Itaborai 114,508 206,590 272,956 183,635 245,660
Magé 57,408 160,084 250,777 114, 346 185,049
Nilopolis 135,724 165,065 169,233 165,065 189,233
Niterol 362,027 445,069 456,308 445,069 467,831
Nova Iguacu 668,895 1,383,563 1,739,305 1,076,104 1,645,224
Rio Bonito S 37,724 57,676 26,945 44,859 .
Ric de Janeiro 4,855,923 5,707,368 5,851,487 §5,707,368 5,999,245
Sao Goncalo 493,608 - 878,246 1,131,940 780,663 1,018,746
Sao Joao de Meriti
310,278 444,552 455,778 400,097 455,778

Guanabara Bay Basin
7,390,507 10,178,766 11,338,825 9,568,759 11,132,674
(% of service population) .
(78.0%) {95.7%) (99.6%) {89.9%) {95.4%)

Téble 3.3-4 Population Covered by Sewerage SerVides

Scenario 1 Scenario 2
Municipalitles o o ont 2000 2010 2000 2010
Cachoeiras de Macacu -~ 33,626 52,8676 24,019 40,970
Duque de Caxias - 714,879 . 898,689 556,017 755,626
Itaborai 16,127 160,681 245,660 114,772 191,089
Magé . - 160,084 . 250,777 114,346 195,049
Nilopolis 110,473 148,559 169,233 132,052 152,310
Niteroi : 278,802 445,069 456, 308 356,055 421,048
Nova Iguacu 424,491 1,383,583 1,739,305 1,076,104 1,645,224
Rio Bonito . - . 37,724 57,676 26,945 44,859
Rio de Janeiro 4,375,667 5,707,368 5,851,487 5,136,631 5,999,245

.~ 5a0 Goncalo . 87,310 - 878,246 1,131,940 683,080 1,018,746

Sac Joao de Meriti - 400,097 455,778 311,186 410,200
Guanabara Bay Basin ' o :
. 5,272,870 10,069,886 11,309,529 8,531,207 10,874,348
(% of service population) - ' _

' {(55.7%) (94.7%) (99.4%) (80.3%) (93.2%)




‘Table 3.3-5 Cultivated Land Area

Unit:ha
. Scenario 1 Scenario 2
Manlcipalities . 1985 2000 2010 2000 2010
Cachoeiras de Macacu _ : o -

: o 34,128 53,187 61,702 45,928 50,734
Duque de’ Caxlas 5,706 4,907 3,809 4,214 3,271
Ttaboral 22,654 14,348 11,722 14,348 11,137
Magé _ 9,084 12,226 11, 057 12,226 11,057
Nilopolis 0 0 0 0 0
Niteroi. 187 87 52 _ 63 .38
Nova Iguacu 5,869 7,899 6,132 4,335 : 3,365
Rio Bonito | _ 23,947 37,309 43,299 37,309 43,299
Rio de Janelro 14,270 4,085 2,446 2,938 1,276
Sao Goncalo | 2,644 890 592 15T 453
Sao Joao de Meriti 1 0 0 0 0

Guanabara Bay Basin
118,488 134,918 140,811 122,117 124,830

Table 3.3-6 Employment 1n Manufacturing in Metroploitan R.J.

Scenario ‘1 Scenario 2

Municlpalities 1985 2000 2010 2000 2010
Metallurgical 32,159 20,865 16,640 43,282 52,761
Mechanical 36679 27.090 22,135  49.365  60.176
Electrical 24 975 44.979 73 266 38910 52292
Transportation 30442 47,428 57.814 40,971 45 257
Furniture 12 003 18.700° 22795 16.154 17.844
Chemiocals 36 519 49.150 54,292 65 . 769 88388
Pharmaceuticals  12.092 16.274 13,297 ©  18.274 19,838
Plastlics 14,001 18844 22 971, 21813 26 . 590
Textiles 19.517 12359 10,098 22659 25030
Clothing 52 088 81, 151 98 . 923 60473 86800
Foodstuff 43,588 27.603 22 554 58 665 64,803
Printing 32 561 43823 48 408 50 729 61,838

Metropolitan R.J. 346,625 407,766 463,193 485,064 581,817



Table' 3.3-7 Employment in the Loading and Food Service

Scenario’l Scenario 2

Municipalities 1985 2000 2010 2000 2010

r%% Cachoeiras de Macacu 300 624 924 467 569
2= Duque de Caxlas 3,230 5,032 5,558 4,347 4,802
Itaborai 1,149 2,754 4,077 2,089 2,781
Mage 587 1,179 1,745 883 1,076
Nilepolis 800 929 1,028 929 1,028
Niteroi 4,357 6,788 9,123 5,864 6,478
Nova lguacu 3,800 6,076 6,712 5,249 5,798

Rio Bonito 500 1,039 1,538 779 950

Rio de Janelro 80,141 124,857 167,797 107,859 119,143

Sao Gonecalo 3,332 5,191 6,976 5,191 6,328

Sao Joao de Meriti 2,573 2,987 3,300 2,987 3,300
Guanabara Bay Basinl00, 849 157,456 208,776 138,624 152,251




Future Socioeconomic Framework of the
Guansbara Bay Basin

Table 3.3-8

Scenario 2

- Scenario 1

Iiem Unit Present

Population

Growth Rates
1992-2001
2001-2010

Basic Services

Pop. w/solid
Wastes Disp.
Coverage

Pop. w/water
supply
Coverage

Pop.
¥/ Sewerage
Coverags

Econory

Sector Growth
Rates

Prigary
1986-2000
2001-2010

Secondary
1986-2001
2001-2010

Tert lary
1986-2001
2001-2010

Person

%/yr

Person
(%}

Person
(%)

Person

(%}

%/yr

9,471,951

7,115,316
(75.1)

7,390,509

{78.0)

5,212,870
{55.7)

10,629,649
1.29

9,831,045
(92.5)

10,176,766
(95.7)

10,069,896
{94.7)

0.87
1.09

3.0

11,376,950

11,163,463
{98.1)

£1,336,82%
{99.6)

11,309,529
© o (99.4)

0.43

1.28

10,629,649
L.2%

8,962,932
{84.3)

9,098,759 -
{89.9)

8,831,207
(80.3)

0.28

2

11,670,796

0.94

10,649,977
(91.3)

11,132,674
{95.4)

10,874,346
(93.2)

0.20
1.8

1.09




2.4 Benefits Trom Water Quality Improvement of the
- Gnanabara Bay

Evaluation of benefits from a purely envivonmetal Improvement
project poses serious difficulties in the practical application
of recently developed theoretical concepts. These difficulties
range from the lack of reliable and sufficiently long time-series
data, to the unproven methods of data collection  due to the
general lack of consciousness about environmental problems among
the people, who will ultimately determine the success of an envi-
ronmental improvement project.

2.4.}1 Assessment of Benefits

Iﬁ the assessment of benefits from water quality improvements,
attention should be paid to both the benefits accrued and the
costs avoided. This means that benefits should include those
effects easily recognized as straightforward benefits and those
effects that lead to cost avoidance. The assessment of these
broadly interpreted benefits entails critical problems due to the
uncertainty of information and the difficulties involved not only
in the identification of benefits but also in the quantification
of identified benefits. '

When a pollution abatement project i{s undertaken to reach desired
environmental guality targets, the gathering of relevant informa-
tion on the relationship between pollution and environmental
quality requires very careful research and technical analysis.
Even 1f benefits are identified as effects, for example, on ex-
panded recreation opportunities, or on health and productivity
Improvements, the ensuling quantification is still extremely diffi-
cult.

2.4.1.1 Criteria for Beneflt Assessment

Conceptually, the following coriteria can help as guides in the
identification and quantification of benefits.

{1) Compiement to another good
When water quality is improved, it might generate consumption of

other goods, such as the increased demand for beach areas for
swimming or fishing.

N
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(2) Infrastructure protection

Polluted waters may cause damage to industrial, transportation or
household infrastructure, which requires adoption of preventive
measures_(additional expenditures) to protéct against these ad-
verse effects of pollution. If these expenditures in the form of
increased frequency of painting, or corrosion protection, can be
reduced or eliminated altogether, then the difference in expendi-
tures can be gquantified as benefits.

{3) Production input

If the pollution_abatement project lowers production costs, bene-
fits accrue either to consumers as reduced output price or to
producers as increased profits.

{4) Land value appreclation

The improvement of environmental characteristics increases -the
value of the land as a result of intensification in agricultural, .
. commercial or resldential uses.

(5) Willingness to pay

Improvements in water quality may cause people to react positive-
ly, inducing them to show willingness to pay for the improved
environmental quality. However, 1t is difficult to make individu-
als conceptualize the expected improvements in water guality,
thereby leading to overestimation or underestimation of expected
personal benefits, which results in an inaccurate willingness to
pay.

2.4.1.2 Alternative Criteria

A broader classification of both the quantifiable and non-
gquantifiable categories of benefits can be as follows,

]
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(1) Current user henefits
a. Direct use (quantifiable)
1. In water
# Recreation

& Contact ;. swimming
?ég Non-contact: fishing, boating

# Commercial: navigation, fishing

2. Withdrawal: industrial/commercial cocoling

b. Indirect use (difficult to quantify)
1. Recreation: near water hiking, birdwatching .
2. Relaxation: pleasant scenery

3. Aesthetic : enhancement of nearby site amehities

(2) Intrinsic benefits (non-quantifiable)

a.'Potential use

Option value: amount that an individual may be wiliing to
pay for the right to use a water body (QVer
and above the expected user values) even
though such a right may never be exercised

b. No use.

Existence value: individual's Willingness to pay simply

for the knowledge that a resource
exists even if never used.

* Bequest: to present or future generation

# Vicarious consumption: enjoyment from the knowledge
that others are using the resource



9.4.1.3 Bases for Benefits In the Guanabara Bay Basin

A questionnaire survey was conducted on the énvironmental aware-
ness of the residents in the  Guanabara Bay basin. The survey
showed that 93.8% of respondents regarded the bay water as dirty
or very dirty, and its major causes were seen as domestic waste
water by 46.7%, factory waste water by 25.6%, garbage thrown into
tributary rivers or directly into the bay by 12.3%, and
garbage/oil from ships by 8.7%. The resident awareness on the
welght of waste water as a cause of pollution was indicated by
those respondents favoring control or rigorous control of domestic
waste water (92.8%) and of factory waste water (94.8%).

Facing the described situation, 89.6% of respondents thought that
the Guanabara Bay water should be cleaned soon or cleaned if
possible. The strong interest in improving the water quality
stemmed from the present use of the bay, Iin which 21.3% of re-
spondents claimed to be using the bay beaches for recreation,
21.2% using the ferry boat service, 168.9% enjoying regular strolls
along beaches, '16.8% fishing as full-time protfession in the bay,
9.6% fishing occasionally, and 7.38% enjoying the scenery.

The respondents planned utilization of the bay, if the bay water
were to be cleaned, contrasted sharply with the present use in the
weight given to fishing and recreation. In this regard, 31.3% of
respondents thought they would use the bay for fishing, 30.8% for
swimming and enjoying beaches, and 14.9% for practicing marine
sports. '

The questionnaire survey clarified the close relationship between
the Guanabara Bay and the basin residents, as well as their strong
interest in the improvement of the bay water quality. These pro-
vide the basic background for estimating the benefits from improV—
ing the Guanabara Bay ecosystem. From the criteria mentioned in
Sections 4.1.1 and 4.1.2, the benefits from the ilmproved Guanaba-
ra Bay ecosystem were chosen to be those that were already identi-
fied and quantified by FEEMA, as listed below.

(1) Recreation benefits: water contact
These benefits involve swimming and water sports, and depend on

the number of persons swimming or practicing water sports, which
in turn depend mostly on the available beach area. These benefits




are underscored by the numerous bay'beaches that are contaminated
and hence unsultable for recreation. Therefore, the nearby resl-
dents are forced to travel longer distances seecking cleaner beach-
es for recreation, which give rise to overcrowding of ocean beach-
es. The fact that 45.7% of respondents wanted the Guanabara Bay in
the future to he c¢lean enough for swimming/enjoying heaches and
for the practice of marine sports 1s a good indication on the
importance of these benefits. :

(2) Recreation benefits: boating and fishing

These bhenefits invelve boats of a specified tonnage class, and
consist of avoidable costs in the absence of pollution in the
Guanabara Bay. These avoidable costs refer to additional operation
and maintenance costs due to pollution and due to longer sailing
distance in search of cleaner water areas for recreation boating
and fishing. These benefits are likely to accrue to the 9.6% of
respondents'who at present fish occasionally, as well as to recre-
ation boaters.

(3) Commercial shipping benefits

These benefits involve avoidable dredging costs 1in the case of
large ocean going vessels requiring wharfage within the Guanabara
Bay, and avoidable operation and maintenance costs in the case of
small passenger boats operating within the bay. The 1likely benefi-
ciaries are the 21.2% of respondents who at présent use the boat
service and may enjoy lower fares which can be passed on by the
boat operators as a result of reduced operation and maintenance
costs.,

{4) Commercial fishing benefits

These benefits involve changes in fishery production, and refer to
declining shrimp catch in the Guanabara Bay in recent decades, due
presumably to worsening pollution level in the bay. Conversely, 1if
the quality of the bay water were to improve, shrimp catch would
again increase. These benefits are underscored by 45.1% of re-
spondents who thought the Guanabara Bay should be cleaned to the
level of assuring increasing production of fish, shrimp and shell-
fish, as well as by the 31.3% of respondents who wanted to use the
hay for fishing in the future:



{5) Land value appreciation

These beneflts involve the land located along the shoreline of the
Guanabara Bay, and refer to its value being inversely:corfelated
~with the pollution level of the bay water, that is, higher land
value with clean water and lower land value with polluted water.

(6} Health improvement

This potentially large benefit will not-be.taken-into_considera*
tion in this project, because the technique of measuring changes
in human productivity poses major ethical preblems. Human life or
the psycholbgical'costs of-illness and death should not be subject
to monétary valuation, -even if technically possible, except under
the following restricted conditions.

The 10ssvof—earnings approach can be applied to value environmen-
tal effects when (a) a direct cause-and-effect relationship can
be established and the etiology of the disease 1s clearly identl-
fiable; (b) the precise economic value of earnings and medical
care is known; and (c¢) the illness is relatively short, not life-
threaténing and without long-term effects. This means that chronic
and long lasting illness, which is likely to be the health effects
of environmental pollution, are hard. to handle. The basic problem
refers to the lack of a clear definition in the exact cut-off
point between short-lasting and long-lasting illnesses.

The above three conditlons do not prevalil In the case of the
Guanabara Bay basin. The large number of pollution sources in the
basin make the relationship between cause and effect difficult to
establish. Moreover, the etlology  is not well established, that
is, the effects of the polluted bay water cannot be translated
into health consequences. These effects are likely to be debili-
tating but not completely disabling. For instance, in the case of
parasitic Infections, the valuation problem 1s'complicated because
the victim appears to be healthy but functions at less than full
~potential. '

2.4.2 Benefit Types in the Guanabara Bay Basin
in the case of Guanabara Bay, potential benefits from mproving its
water quality have been studied for nearly 20 years by Mr. Viector

Coelho of FEEMA, even before establishment of FEEMA, while he was
still with the Instlitute for Sanitary Engineering of the Science
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and Technology Secretariat. Mr. Coelho incorporated the basic
concepts of recent theoretical evaluation methods into practical
calculation procedures which are easily understood. Therefore, it
was agreed to update relevant aspects of Mr. Coelho's work to make
it applicable to the present situation of the Guanabara Bay basin.
Accordingly, it is appropriate to describe Mr. Coelho's original
work, which is the following.

Mr . Coelho estimated potential benefits stemming from the possible
water utilization types, which were classified as follows:

(1) Recreation: water contact

(2) Recreation:; boating and fishing
(3) Commercial shipping

{(4) Commercial fishing

(5) Land value appreciation

Mr. Coelho's calculations based on 1974 data for the above water
utilization types yielded the following cstimated benefits.

(1) Recreation benefits: water contact

These bhenefits involved swimming and water sports, and were as-
sumed to depend on the number of persons swimming or practicing
water sports. The number of swimmers was calculated on the basis
of the saturation population of the beaches of the Guanabara Bay
as a function of the area of these beaches. The saturation popula-
tion was calculated assuming 2 sq.m. of beach per swimmer 1in
crowded beaches, and 10 sq.m. of beach per swimmer in uncrowded
beaches. Then, the saturation population of the Guanabara Bay
beaches was estimated at 197,340 persons.

Next, the utiliZation_rate-of beaches was estimated as a function
of ¢limate or season, day of the week, and school vacation time.
The assumed beach utilization rate was expressed as percentage of
the saturation population, as Indicated below. '

* Hot months (November to April)
Sunday: 100%
Saturday: - T0%
Work days: school vacation months 30%
other months 15%



# Cold months (May to October)

Sunday: o - T0%

Saturday: : o 50%
Work days: school vacation months 20%
other months : 10%

The resulting number of the saturation population of swimmers in
the Guanabara Bay beaches was estimated at 11,922,600 persons per
year. '

To give monetary value to benefits from recreation swimmers, an
extreme scenarioc was assumed whereby the Guanabara Bay bedches
wou1d=be so polluted as to preclude any swimming activity. Then,
the residents who wished to gd swimming would have to go to ocean
beaches outside the Guanabara Bay. In this case, the time spent to
go to more distant beaches, and the added transportation costs
could be quantified. The following was assumed.

Hourly wage (Cr$): 4.00
Hourly recreation value (Cr$) _ 6.00
" Travel time (hours): 2.00

Transportation cost {(Cr$) 2.00

For a famlly of 5 in which two were wage earners, the following
quantification could be made. ' '

Two hours of recreation for 2 persons (Cr$) 24.00

Transportation costs for 5 persons (Cr$) 10.00
Total for 5 persons (Cr$) 34.00
Benefit per person (Cr$) 6.80

Thus, total benefits, or avoidable costs if the Guanahara Bay
beaches were safe to swim for nearly 12 million swimmers per year,
would amount to Cr$81,600,000 per year.

(2) Recreation benefits: boating and fishing
To quantify this recreation bhenefit, the number of hoats in the

Guanabara Bay was classified by tonnage, with the followlng re-
sults.




o)
LY
s

Less than 10 ton 7,270 boats
From-10 to 20 ton : 300 boats
More than 20 ton 830 boats

Boats of less than 10 ton were assumed to be sultable for recrea-~
tion fishing and boating. Then, based on a questionnaire survey,
the additional operatidn and maintenance costs due to pollution
were estimated to be Cr$ 200 per boat per year.

Also assumed was that, due to increased pollution, some of these
recreation boaters would prefer to go outside the Guanabara Bay.
They were assumed to consist of 2,000 motor boats and 1,000 saill
boats, Incurring additional costs of Cr$ 50 and Cr$ 10, respec-
tively, per boat per trip. These boaters going out of the Guanaba-
ra Bay were assumed to do so on alternate weeks, that is, 26 times
a year. Then, the potential benefits, or avoidable costs if
pollution was prevented, would be as follows,

b

0&M. Costs of all boats: 7,270 x Cr3200
0&M Costs of motor boats: 2,000 x 26 x Cr$ 50
0&M Costs of sail boats: 1,000 x 26 x Cr$ 10

Cr$1,454,000
Cr$2,600,000
Cr3 260,000

Cr$4,314,000

(3) Commercial shipping benefits

The benefits, or avoidable costs, from commercial shipping were
considered under the two categories of ocean going vessels and
those restricting transportation services to inside the Guanabara
Bay. For ocean going vessels that needed wharfage in ports within
the Guanabara Bay. the benefits would consist of avoidable dredg-
ing costs. These were estimated on the basis of 10 cu.m/sec. of
sewage Iinflow containing 4 mi/} of settling solids, resulting in
1,281,440 ¢u.m. per year of settled silt and mud. Dredging at the
assumed unit price of Cr$ 7.00/cu.m., would cost an estimated Cr§
8,830,000 per year.

Dredging costs would have been a lot higher if proper account was
taken of ‘the siltation resulting from the infiow of river dis-
charge. '

Benefits from passenger transportation in the Guanabara Bay was
estimated under the assumptions of transportation by large ferry



boats and by small high speed boats. Largé ferry boats were as-
sumed to be free of pollution damages. On the other hand, small
passenger boats were assumed to require additional costs due to
frequent damages to the propeller caused by floating debris. These
additional“costs:were-aséumed to be 20 propeller changes per boat
per Yyear, and the need for a monthly hull painting to prevent
excessive corrosion. These additional operation and maintenance
costs were estimated at Crg 73,000 per month, amounting to Cr$
876,000 per year for the fleet.

{4) Commercidl fishing benefits

Shrimp catch in the Guanabara Bay in 1955 was 330 ton, but went
down to 24 ton in 1972. The reduced shrimp catch, presumably due
to increased pollution (siltation, landfill, oil spill), at the
assumed unit price of Cr$% 13.00/kg amounted to Cr$ 3,978,000 per
year.

‘The benefits from commercial fishing would have. been miich lafger
it other fish species were included.

{(5) Land Value Appreciation

The value of land is undoubtedliy higher if located on water bodies
with clean water rather than with polluted water. Therefore, when
a polluted water body 1is cleaned up, the value of land along its
shorelline is expected to increase. '

To gquantify the above beneflts,'the Guanabara Bay was assumed to
have a 130km perimeter or shoreline, which together with the
estimated 70km coastline of the jislands within the bay, would
result in a 200km total shoreline. Of these, 120km of shoreline
were assumed to be sultable for urbanization. Further assuming as
urbanization land a 100m tract from the shoreline, the urbaniza-
tion area would be 12 million sq.m., which at the average unit
price of Cr$ 50/sq.m., gave a total wvalue of Cr$ 600,000,000. A
percentage of this value would accrue as benefits from improving
the water quality or the ecosystem of the Guanabara Bay.
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2.4.3 Valuation of the Selected Benefits

Section 4.1 presented a genéral classification of the possible
benefits that may be expected from the improvement of the water
quality of the Guanabara Bay. Benefit estimation is to be based on
the procedure used by FEEMA, by updating the relevant information
and expressing the value in terms of the American dollar. Of the
many types of benefits estimated by FEEMA, the following update
refers to the benefits from water contaci recreation. Also esti-
mated was one ftype of benefit that the FEEMA estimation did not
quantify thoroughly, and this concerns the appreciation of the
value of the land surrounding the water body.

(1) Water contact recreation benefits

These benefits refer to the value of recreation in the Guanabara
Bay beaches, Benefit estimation is based on the saturation popula-
tion of beaches, the hourly value of recreation, and the value of
transportation.

a. Saturation population

'The saturation population is a function of the beach area. Table
4.3-1 lists the beaches in the Guanabara Bay, along with the
estimated width and length. Consequently, the total beach area in
the Guanabara Bay is estimated at 1,111,500 sq.m.

The beach area per person was estimated at 5 sq.m. for Flamengo,
Botafogo, Icarai and San Francisco, while 10 sq.m. per person was
estimated for the remaining beaches. The resulting saturation
population of the Guanabara Bay beaches was estimated at 152,950
(Table 4.3-1).

b. Number 6f_potential beach users per year

The number of potential beach users was estimated using the
following assumptions.



Hot months (November to April)

- Sunday: -100% of the saturation population
(26 days)
Saturday:70% of the saturation population
_ (28 days)
Weekdays: o
Summer vacation (3 months): 30% of sat. pop.
(85 days)
Other months {3months): 15% of sat. pop.
(656 days)

Cecol months (May to October)

Sunday: 70% of the saturation population
(26 days)'
Saturday:50% of the saturation pcpulation
{26 days)
Weekdays: : .
Winter vacation (2 weeks): 20% of sat. pop.
' (10 days)
Other months: 10% of sat. pop. '
(120 days)

Table 4.3~2 shows that the number of'potential heach users in the
Guanabara Bay is 18,147, 518 pErsons.

c. Value of recréation
The value of recreation is estimated by assuming the following.

- Salary: US$100 (minimum wage)

~ Monthly working hours: 176

- Hourly wage: US830.57/hr.

- Value of recreation: 1.5 hourly wage = US$0.85

~ Family size: 5, of which 2 are wage earmners

- Transportation cost: US$2.00 per person round trip
-~ Time spent on the beach: 2 hours
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Then, the value of recreation is the following.

2 hours x 2 persons x US$0.8%

= US$ 3.40
5 persons x US$2.00 {(transp.) = US$ 10.00

Total 5 persons US$ 13.40

The value per person pef visit would be US$13.40 divided by 5,
that is, Us$2.68. This wvalue should be multiplied by the number
of potential beach users per year.

Us$2.68 x 18,147,518 persons = US$48,635,348/year

iIf it is arbitrarily assumed that one/fourth of potential beach
users are induced to.practice water contact recreation by the
cleaner water of the Guanabara Bay, then the benefits from this
specific recreation type would amount to US$ 12,158,837 per year.
This is obviously an underestimation, since the basis for calcula-
tion is the minimum wage.

This is a flow of benefits to accrue over a future time period,
presumed to be 30 years, during which the improvement in the
Guanabara Bay water quality and the public perception of it are
assumed to remain- unchanged. If it 1is further assumed that this
flow of benefits accrues between the 11" year and the 30*" year,
then the present value of contact recreation henefits discounted
at 10% amounts to US$% 39,810,045,

_(2) Land value appreciation

The appreciation of the value of the land surrounding a water body
is understood to be a summary measure, which Includes all the
beneficial effects from the water quality improvement. The land
value appreciation depends on the unit value of land and the
distance from the shore. The benefit estimation 1s based on the
following.



a. Unit value of land (US$/sqg.m.)
Values provided by realtors

Flamengo - US$1.260/sq.

m.
Botafogo US$1,160/sq.m.
Ramos US$  725/sq.m.
Urca - _ US$1,525/s5q.m.
I. do Governador - US% 485/sq.m.
Maua Us$ S/sq.m.

Assumed values

Icaral . Uss SOO/sq.

m.
San Francisco Us$ 500/sq.m.
Remaining beaches Uuss 50/sq.m.
Non-beach Us$ 1/sq.m.

bh. Distance from the beach

A study by the Environmental Protection Agency in the United
States found that the improvement in water quality affected the
value of the land surrounding the water body. The appreciation of
the land ranged from 8% to 24%, and the value appreciation disap-
peared beyond 4,000 ft. from the shore.

Accordingly, the estimation of value appreciation is based on the
- following assummptions,

Distance from the beach % Value appreciation -
Up to 100m 24%
100m - 500m 16%
500m -~ 1000m 8%

¢, Total value

Table 4.3-3 shows that the total value of land appreciation
amounts to US$ 1,733,858,000, This is a one-time accrual of stock
benefits, which are assumed to encompass all the benefits that can
be derived from the improvement Iin the water quality of the Guana-
bara Bay. : : '

If it is further assumed that the land value appreciation occurs
in the 15th year, then the present value of these benefits dis-
counted at 10% amounts te US$415,071,820.




Table 4.3.1 Area and Saturation Population of Guanabara Bay Beaches

Beach Width  Length Area  Saturation Population
{m) {m) {m2) {1/5n2) (1/10m2) Total

Flamengo 100 1450 145000 29000 29000
Botafogo 140 . 800 84000 16800 16800
Ramos 50 600 30000 3000 3000
Vermelha 10 200 2000 200 200
Barreto 50 400 20000 2000 2000
Adao e Eva 50 100 5000 500 500
Urea 40 - 100 4000 400 400
Flexas 100 1000 100000 : 10000 16000
fearai - 140 1200 168000 33600 33600
S.Francisco 30 700 21000 4200 4200
Charitas 30 700 21000 2100 2100
Jurujuba 40 350 14000 1400 1400
Pedrinhas . $0 150 37500 C 3150 3750
Anil 10 1000 10000 1000 1000
Maua- 20 2000 40000 4000 4000
Subtotal 11150 701500 83600 28350 111650

[. Governador
Tubiacanga 20 1200 24000 2400 2400
Gaegos 30 1500 45000 - 4500 4500
Dende §0 1300 65000 6500 6500
Rosa 20 1100 22000 2200 2200
Pelonias 50 §00 30000 3000 3000
Grande 10 800 8000 800 800
Saco da Rosa 50 500 20000 3000 3000
Bananal 3 100 3500 350 350
Guanabara 20 1500 30000 3000 3000
Cocota 10 800 8000 800 800
Bandeiro -0 500 10000 1000 1000
Pitangueiras 10 100 7000 700 100
Zumbi 5 400 2000 200 200
Engenhoca 10 700 7000 700 700
Ribeira 10 . 600 6000 600 600
Jequia 20 1200 24000 2400 2400
Brava 19 500 5000 500 500
Bica 30 1800 57000 5700 5700
Eng. Velho 5 00 3500 350 350
S. Bento : 5 800 4000 400 400
Galeao 5 1300 6500 . 650 650
Subtotal 19400 397500 39750 39750

l.Paqueta

s J.Boticario ] 1300 §508 650 650
§ Moreninha 5 500 2500 250 250
Gaivotas | 5 350 1750 175 175
Lameiras - 5 - 350 1759 175 175
Subtotal © 2500 12500 1250 1250
TOTAL 33050 1111500 83600 69350 152950



Table 4.3.2  Ares of Guanybara Bay Beaches and Number of Petential Beach Users per Year

Beach ¥idth Lengih Area  Nusber of Potentiz) Beach Users per Year : :
{n) {n} (a2)  Hot Wonths: Kovesber Lo April Cool Montbs: May io Cclober
Sunday  Saturday Vac. ¥b° Other ¥D Sublotat Sunday  Salurday Yac. ¥D Other KD Subtotal Total
Flarergo 100 1430 145000 134008  SiTd00 365500 23750 2130050 521800 31000 800D 348000 1310300 3L408%0
Borzfogo 1o €00 34000 {36BDG 305760 321600 163500 1233960 305760 288400 3360C 201600 735350 1953326
Rimos- §0 £00 10000 Ta00¢ SL400 Sp300 19250 220150 SLERD %000 £000 356000 135800 355950
Veraelha 1] 1o 000 §208 LI] e 19%0 14630 3640 2500 e o0 p220] 23130
Barreto 50 {00 0000 53000 16400 18060 T 18500 146900 38400 26000 1800’ OO 90406 231300
Adao & Eva 50 100 spoo 1300% 9160 §750 1413 16728 §100 Bl 1000 6000 12600 §3128
Grea 40 100 4000 LU I 4 1] 1860 - 3300 3380 1740 3100 500 1211 13080 41460
Fieras 109 1200 100000  2¢0000  §R2000 155060 91590 74500 152000 - 130990 20000 320000 452900 1185300
learai 10 1200 168000 © BT3B0O¢  E11%20 655200 327600 2467920 L1320 L3B3LD 67200 {03200 1518720 3536640
S.Francisto 30 109 1000 j05300 16440 41500 L0950 108490 16480 54800 3400 50400 §RONIO {83330
Charbizs 30 100 zeee 4498 0 40450 0418 154248 5220 27302 {200 25200 54920 248168
Juruiuba 40 350 14000 36400 FATL N 27300 11650 10310 25480 18208 2800 16300 63280  I1GE11D
Fedrinhas 50 150 31400 973490 E3250 13123 36553 FRETEL 43280 13150 1506 45000  18%300 . {44935
Antl 11d 14900 10040 26000 18200 55300 $150 134%¢ 14200 1260% 000 12040 560 114650
Mava HY 600 10060 Joioeo T2800 18000 19000 251300 Taa00 32000 1000 {8000 150800 4T4600
Sudbtetal 1H15¢ 701300 ZRIQTODL 2031490 2133025 1090513 8722723 2031490 14MR3C 273900 1343400 5060140 13282358
|. Governader : : .
Tubiacanga 4] 1200 24000 £2100 13580 16500 232400 176280 13838 E) il 1860 20800 108480 784760
Gaegos 0 1590 15000 - 1171000 31300 L1159 L187% 239428 33 $4500 4060 54000 103400 - 53392%
Dende 50 1102 85000  16%000 118300 128786 - 83373 430425 118300 84500 13000 18000 293800 - 171225
Rosa 0 1160 23000 31200 10040 {1100 21850 16154¢ 19040 28809 {00 26400 3940 261030
Pelenias 0 609 3040 1400 jqt00 §3:00 75230 720350 54600 15400 k000 36G00 138500 353950
Grande . it &40 8000 20800 10560 15500 1580 S8T4G 14560 10409 1600 4500 16160 94940
3aco da Kosa 50 £00 10000 18080 RIS THD] S350 29250 120350 34600 35000 5300 36600  LINE00  333SMC
Bananal H 00 KR F100 310 6823 ELEE] 25708 £370 4580 160 {00 15330 1528
Guanzbara 0 1300 30000 TE000 $1600 58500 25250 20330 4800 35000 00t 16000 135500 15590
{ocola 10 00 10 2090 1£580 158400 110 150 14560 10400 1409 $500 16150 94920
Bapdeiro i R lE 0008 FLLA ] Je200 19300 §1%¢ 13450 18300 11000 2000 12908 15200 JpBése
Pitangueiras 19 100 1400 18200 1 13850 23 SHLES 12140 B 1460 5400 31640 33055
Iuabi $ i0o 000 3200 840 300 1550 14559 3560 IE00 100 2400 Jole 237136
Engenkota 10 100 600 5200 F27d0 13830 £82% S1t4s 12740 3100 1400 2400 51640 $305%
Ribeirz HH §00 000 13600 10526 111066 5850 14070 10820 1800 1100 7200 EX R4 11130
Jequia 0 1290 24000 §2400 12644 18500 THO0 126280 {3630 300 4300 3300  LOBERD IS0
Brava i0 500 5008 i3000 8106 140 ib1s 38123 5140 5500 teod E000 12400 $932%
Bica 30 1500 37006 148208 103160 11188 38575 LEBeES: 103740 74100 11400 EE4D0 231640 ETR3OY
Eng. Yelho H 160 150¢ 100 §310 643 un 25708 §370 1530 0 1160 13820 {528
S. Bento § &0 {1000 oden 1250 T 1900 15380 1280 s100 00 {800 E808D {1460
Galeao ] 1140 E500 16900 11439 121678 6333 LEALE] 11830 LIHY 130% 13880 18540 s
Subtoial 18400 393500 1033800 1234%0 1781238 JBTSE3 2815638 123430 518150 19500 {71000 1786700 4716338
1.Paquela . .
}.Boticaric 4 130 §300 18900 1184 12675 §338 14 11830 Base 1300 1808 19150 m2n
Horeninha H 500 2360 E500 1380 4518 2438 18363 4550 3260 500 000 11300 29643
Gaivotlas § 150 1750 15%¢ 8% Hun 1198 12454 3185 7175 3506 2100 1510 20764
Lireiras - 150 175¢ 1550 1154 3411 1708 12854 1188 s 150 2100 1910 20064
Subtotak 2500 t2409 12500 16150 FR M) 12188 iM% tise 161%¢ 2500 53009 6300 143313
T0¥AL 33050 1111500 I3TET00 273650 2382923 RASI2EY  LIPICITE rTEIES 1533350 305900 1335400 43130 18MLTSIS




Tabic 4.3.3

Land Area up to 1 km from the Shore

Beach

Flarengo
Botafogo
Ramos
Yermelha
Barreto
Adao e Eva
lirca
Flexas
learai
S.Francisco
Charitas -
Jurujuba
Pedrinhas
Anil

Mava

Subtotal

. Governador
Tubiacanga
Gaegpos
Dende

Rosa
Pelonias
Grande

Saco da Rosa
Bananal
Guanabara
Cocota
Bandeiro
Pitangueiras
Zumbi
Engenhoca
Ribeira
tequia

Brava

Bica

Eang. Yelho
3. Bento
Galeao

Subtotal
i.Paqueta
J. Boticario
Moreninha
Gaivotas
Lameiras
. Subtotal
Totzl Beach
Nqn~beach

TOTAL

{m}

1450
600
600

200

400
100
100
1000
1240
160
100
350
150

1000

2000

11150

1200
1500
1300
1100
500
800
600
100
1500
800
500
100
400
100
600
1200
500
1960
180
800
1300

19400
1300
500
350
350
2500

33050

100000 10000000 40000000 50000000

133050 13305000 53220000 66525000

Length To 100

{m2)

145000
50000
60000

- 20000
40000
10000
10000

100000

126000
70000
76000
315000
15000

100000

200000

111500¢

120000
150000
130000
110009
60009
80000
60000
10000
150000
80000
50000
70000
40000
10000
50000
120000
50000
190000
70000
50000
130000

1340000
13000¢
50000
35000
35000

250000

To 500

{2}

380000
240000
240000

50000
1600400

40000

400400
400060
486000
284000
280000
140000
306000
400060

500000

4460000

580000
520000
520000
£40000
240000
320000
240000
280000
F0D000
320000
200000
280000
160000
280000
240000
480000
200000
760000
280000
320000
520000

1760000
520000
200600
140000
140000

1000000

To 1000 Total

(m2)  (1000m2}

3305000 13220000 16525000

125000 1450
300000 660
300000 600
100000 200
200000 400
50000 100
50000 100
500060 1000
$00000 1200
350000 100
350000 100
175000 350
175000 750
500000 1004
10000060 200¢
5575000 11150
500000 1200
750000 1500
650000 1300
550000 1100
300000 500
400000 300
300000 600
350000 700
750000 1500
400000 300
250600 500
350000 700
200000 400
350000 760
300000 660
500000 1200
250000 500
950000 1800
350000 100
400000 300
650000 1300
9700000 19400
650000 1100
250000 500
175000 350
175000 350
1250000 2500
33050

100400

Estimated Valuc Appreciation of the Land surrounding the Guanabara Bay

Land Yzlue Appreciation

To 100

(uss)

43848000
16704000
10440000
240000
480000
120000
3660000
1200000
14400000
8400000
840000
420000
300000
1200000
240000

103092000

13968000
17460000
15132000
12804000
§934000
9312000
£984000
8143000
17460900
9312000
$820000
8148000
4656000
8148050
6984000
13963000
5820000
22116000
8148000
© 9312000
15132000

225816000
1560000
600009
420000
420000
3000000
331908000

2400000

To 500
(Uss)

109620000
41760000
26100000

600000
1200000
300000
9150040
§008600
36004000
21004000
2100000
1650000
2250000
3000000
600000

257730000

34920000
§3650000
37830000
32010000
17460000
23280000
17460000
203700400
43650000
23280000
14550000
20370000
11640000
20370000
17460000
34920000
14550000
55280000
20376000
23284000
37830000

564540000
5700000
- 2100000
2400000
1900000
14100000
836370000

6000000

To 1000
(us3)

73080000
27840000
17400000
400900
800000
200000
61000600
2000000
24000000
14000000
1406000
700000
1504000
2000000
404000

171820000

23280000
29100000
25220000
21340000
11540000
15520000
11640000
13580000
29100000
15520000

$700000
13580000

1760000
13580000
11640000
23280000

9700000
36866000
13580000
15520000
25220600

376360000
2600000
1000000
100000
100000
5000000

553180000

4000000

133050 334308000 842370000 557180000

Totat

(1000USS)

226548
86304
53340

1240
2480
620
18310
6200
14400
43400
1340
2170
4650
6200
1240

532642

72168
90210
78182
66154
36084
48112
36084
42098
39210
C 48112
30070
42098
24056
42098
36084
12168
30070
114266
42098
43112
18182

1166716
9860
3700
3320
5620

22100

1721458

12460

1733858
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CHAPTER 3

POLLUTION SOURCES

3.1 INDUSTRIAL POLLUTION SOURCES
3.1.1 Point Pollution Sources

The point pollution sources in the Guanabara Bay Rasin consist
of domestic sanitary sewage, industrial waste and urban solid
waste. These pollution sources are managed by the following
different governmental institutions:
(1) Sanitary sewage {(domestic wastewater):
" Companhia Estadual de Aguas e Esgoto -~ CEDAE

(2) Industrial waste:

Fundacao Estadual de Engenharia do Meio Ambiente - FEEMA
(3)' Urban solid waste:

Companhia de Limpeza Urbana - COMLURB.

Rio de Janeiro State Government Municipalities.

3.1.1.1 Sanitary Sewage (Domestic Wastewater)

The sanitary sewage point pollution sources are divided into raw
sanitary sewage point pollution sources and treated sanltary
sewage polnt pollution sources.

{1) Raw Sanitary Sewage

Most of the sanitary sewerage basins located in the Greater Rio
de Janeiro area are not covered by complete sanitary sewage
systems, including wastewater collection and treatment.

In the central and north area of Rio de Janeiro City the sani-
tary sewage system was built over a hundred years ago. The
treatment plants have stopped working, but the wastewater col-
lection system 1s still working‘ and discharging raw sanitary
sewage directly into Guanabara Bay. Further, the existing urban
drainage system. small channels and rivers, also contribute to
Guanabara Bay, raw sanitary sewage ls discharged from many

points such as hospitals; sporting c¢lubs, industry and commerce,

the port, the airport and bus stations.

These discharge points are called: raw sanitary sewage point
pellution sources. The sanitary sewage basins of Arsenal, Cals



di Porto, Mangue, Sao Cristovao, "Alegria are under’ - CEDAE's
responsibility and will be part of the future Alegria Wastewater
Treatment Plant. The Paqueta Sewerage Basin, a small island
located in Guanabara Bay and the North Niteroi Sewerage'Basin
contaln wastewater collection systems and are also consldered as
point pollution sources,

Table 3.1-1 shows the discharge points of raw sanitary sewage,
and corresponding sanitary sewerage basins.

(2} Treated Sanitary Sewage

As was mentioned before, few sanitary sewerage basins are cov-
-ered by complete'sanitary sewerage treatment systems. They
represent a small percentage of the total sanitary sewage pra-
duction that contributes to Guanabara Bay.

Table 3.1-2 shows the point pollution sources treated sanitary
sewage, referring to each wastewater treatment plant. INFRAERO's
Wastewater Treatment Plant, one of these points, is responsible
" for. the sanitary sewage from the Rio de Janeiro Internatlional
Alrport, located on Ilha do Governador. o

All the others are CEDAE's responsibility.
As a result, this table shows the remaining pollution load after
treatment.

3.1.1.2 Industrial Wastewater

The 1ndustries located around Guanabara Bay are also considered
point pollution sources.

FEEMA recently listed 455 factories which contributed about 920%
of all organic substances discharged into Guanabara Bay. Table
3.1-3 shows the name, locatlion and estimated pollution loads of
the 117 heaviest contributors of bollution loads into the Guana-
bara Bay Basin sclected from the FEEMA/DECOM 1list arranged in
1993. Unfortunately, the COD and oil in the effluent load has
not been calculated.

The example of a Questionnalre filled out by all factories is
shown in Table 3.1-4,

%?I
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Table 3.1 - 2 Point Pollution sources - Treated Sanitary
Sewage (TSS)

POINT | WASTEWATER RECEIVING ROD | FLOW |POLLUTION
| TREATMENT | EFFLUENT LOAD
_SOURCE PLANT BODY (mg/1) (m?/day) | (kg BOD/day)
TSS-01 | ETE-Penha | Guamabara Bay| 20 | 122.746 | 2.493,5
TS5-02 ETIG Guanabara Bay | 26 22.977 698,5
T55-03 ETEG Guanabara Bay | 78 3.959 305,4
TSS-04 ETAR-AIR] | Guanabara Bay 84 I 2.401 201,7
TSS-05 ETAR-TECA | Guanabara Bay | 50 1.002 50,1
TSS-06 ETE-Icarai | Guanabara Bay 27 60.480 1.633,0
T$5-07 ETE-Realengo| Acaci River 9 2.968 27,1
T55-08 ETE-Acari | Acari River 7] o 80,1
TOTAL : 227.873 |  5.4894

Reference:.

1 - TSS-01, TSS-02, TSS5-03, TSS-06, TSS-07 and TSS-08 flow
and pollution load average values, based on Annual
Report, 192%1.

Operation and Treatment Division.
Wastewater Superintendence.
Operation and Maintenance Directory ~ CEDAE

2 - TSS~-04 and TSS-05 flow and BOD effluent are average
values based on Monthly Reports.
Faulhaber Operation and Maintenance Engineering S/A.

INFRAERO.




Reference:
1-Points RS8-01, RS§-02, RSS-03, RSS-04, RSES~05

1.1-Domestic sewage per capita flow = 256 l/hab.d and
average BOD = 240 mg/1l:
Alegria Wastewater Treatment Plant Design.
Report No.4. Calculation and Description Memorial
Maltiservice Consultant Engineering'S/A
1991.

Pumping station - flow, sewerage basin area, sewer
system length and population.

North Area of Rio de Janeiro Sewerage System Final
‘Report, 1991,

Wastewater Supérintendence.

Operation and Maintenance Directory - CEDAE

ot
[y¥]
§

2~Point RSS-06

2.1-Domestic sewage per capita flow = 240 l/hab.d,
sewerage basin area and population:
Niteroi Centro Norte Sewage Final Disposal Design.
STE Consultant Engineering S/A. | '
August, 1988,

2.2-~Average BOD = 200 mg/l:
Ponta de Areia Wastewater Treatment Plant Design.

STE Consultant Engineering S/A.
January, 1991.



3~Point RES-07

3.1-Population: _
National Demographic Research, 1991
Brazilian Institute of Geographic and Statistics =
IBGE.

3.2-Domestic Sewage per capita flow equals to 200
1/hab.d: | | |
Technical Normalization NB-41 (Septic Tank).
Brazilian Association of Technical Normalization -
ABNT

3.3-Pollution 1load per capita eguals to 54g. BOD/bhab.d
based on CEDAE's usual application for wastewater
characterization.
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Table 3, 1-4

Questionaire Table. for

factories

~

s Bt e ncrn s
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SISTEMA DE LICENCIAMENTO DE ATIVIDADES POLUIDORAS -SLAP
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CADASTRO DE INDUSTRIAS DE TRANSFORMAGAO
{ MODELO SIMPLIFICADO )

PARA USO EXCLUSIVO DA FEEMA

RUBRICA Ft.

ot | cdpigo EMPRESA

o3 [8&'&“ )

A MES ANO {03
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N

1-1

I 1 I

| T

_9_1] NORTE

]"_‘It ES'I.'E
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[ T T |
TR S T T O I |
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43 wibaoe
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- LOCALIDADE
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47 con
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TOTAL
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3.1.2 Production of Raw Sanitary Sewage and Urban Solid
Waste

3.1.2.1 Production of Raw Sanitary Sewage

Table 3.1-5 shows the total production of raw sanitary sewage
for each sewerage basin of Guanabara Bay, considering the total
flow and the pollution load. The calculation was made applying
the domestic sewage per capita flow and the average BOD of each
sewerage basin, according to the reference listed previously.

Table 3.1-5 Total Production of Raw sanitary Sewage
in Guanabara Bay Sewerage basins

SEWERAGE BASIN POPULATION TOTAL FLOW | POLLUTION LOAD
' (inhabitants) {m?*/d) (kg BOD/d)
Alegria ' 1:521.183 389.422 93.461
Penha 750.000 | 122746 . 26.635
ltha do Governador 197.005 70.724 17.186
Pavuna,Meriti,Acar{ 1.611.378 338.389 75.799
Sarapuf 958.644 i153.791 25.83¢
lguacy-Botas , N.1 NI NI
Campos Eliscos N.1 N.I NI
Surui _ N.1 N.I N.I
Cachoeiras Macacu N.] N.I N.I
530 Gongalo | 846.833 169.366 45.729
Niteroi Cento Norte 193.037 i 46,328 9.265
Niterdi Sul 285.000 49.000 £3.230
Paqueta 3.254 : 651 176




3.1.2.2 Production of Urban Solid Waste

Table 3.1-6 shows the urban solid waste production for each city
in the Great or Ric de Janeiro area. ' :

The population is based on the National  Demographic Research,
1991. _ :

Brazilian Institute for Geographic and Statistics - IBGE.

The per capita production is based on Guanabara Bay Ecosystem
Recuperation.

Table 3.1-6 Urban Solid Waste Production

POPULATION | PER CAPITA URBAN SOLID
CITY | PRODUCTION WASTE PRODUCTION

(Inhabitants) (kg/hab.d) (kg/d)
D. de Caxias 635.338 0,646 410.428
Itaboral 161.398 0,670 108.136
Magé 191.249 . 0,689 131.770
Nilépolis 157.936 0,656 103.606
Niterot 435,658 0,823 358,566
Nova Iguagu 1.293.611 0,689 891.198
Rio de Janeiro | 5.473.343 0,890 4.871.275
5.J. Meriti 424,689 0,670 284,54 |
Sdo Gongalo 778.820 0,574 B47.043
TOTAL 9.552.042 X~ 7.660.643

ThelUrban Seolid Waste Production is not the influence values for the

‘Guanabara Bay (landfill} as it show in table 1.3.1,



3.2 SEWER SYSTEMS AND SEWAGE TREATMENT PLANT
3.2.1 Sewér Systems

CEDAE is responsible for the implementation,'control and opera-
tion of the Greater Rio de Janeiro Sewer Systems. ' _

The existing'sewér systems of the Greater Rio de Janeiro area
(wastewater collection systems) are shown in Table 3.1-2 as
point pollution sources.

In Greater Rio de Janeiro, - the central and northefn areas of
Rio de Janeiro City, Pagqueta Island, Centro Norte and Icaral
areas of Niterol City are covered by sewer systems.

The Central and northern areas of Rio de Janeiro City contain
several sewerage basins by system, according to Table 3.2-1.

Paqueta Island has 11km of sewer pipelines, the final.disposal
point of the sewage is Guanabara Bay.

Niteroi Central Norte located in Niterol City has km of sewer
pipeline. ' :

Icaral also located in Niteroi City has km of sewer pipeline
and the final disposal of the sewage is Guanabara Bay

Table 3.2-1 Sewerage Sub-basins Sewer System Characteriétics

SEWERAGE TOTAL  SEWER SEWER SERVED SEWERAGE
SUBBASIN  AREA SYSTEM SYSTEM POPULATION FINAL

(ha) AREA LENGTH ~ {Inhabitants) DISPOSAL

(ha) (km) |

[raja ' 1.450 1.355 165 200.000 Penha S5.T.P
Penha 1.987 1.876 223 750.000 Penha S.T.P
Timbd Faria 1.739 1.285 144 300.000 Penha S.T.P -
Alegria 3.980 2.858 300 800.000 Guanabara Bay
5. Cristovdo 4,010 1.904 220 1.000.0G0 Guanabara Bay
Catumbi 519 516 55 N Guanabara Bay
Mangue - 62 62 10 30.000 Guanabara Bay
Centro 36 346 68 50.000  Guanabara Bay
Funddo 446 160 .22 .1 Penha S.7T.P
I Covernador N.1 N.q 178 250.000 I.Governador STP




3.2.2 Sewage Treatment Plants
(1) Details of Existing Sewage Treatment Plants(Fig. 3.2-1)

The existing sewage treatment plants were characterized as
treated point pollution sources in this chapter. The character-
{stles and details of each treatment plant are shown in the

following figures.

{2} Operatioh and Maintenance Cost of Sewage Treatment
Plants

As samples the operation and maintenance costs of Pepha and Ilha
do Governador Sewage Treatment Plants are shown in Table 3.2-2

for the year of 1991,

Table 3.2-2 Operatlon and Maintenance Cost of Penha and
Tlha do Governador Sewage Treatment Plants.

ST P - PENHA STP - ILHA DO GOVERNADOR

1991 FLOW TOTAL COST COST/FLOW FLOW TOTAL COST | COST/FLOW

m’/més US/més U/’ m?*fmés US/més US/fm?
JAN 3.749.760 62.591,08 0,02 707.574 19.718,16 0,03
FEB 3,757,795 43.705,79 0,01 710,145 23.067,91 0,03
MAR 3.376:339 44.194,99 0,01 651.228 25.344,46 0,04
APR 3.760.473 &L32%57. 0,01 72&32@ 23.533,31 0,03
MAY 3.618.950 42.8764,65 0,01 700.468 22.3au,3-9 0,03
JUN 3.760.473 47.355,77 0,01 716,671 26.709,33 0,04
JuL 3.636.576 £3.203,68 0,0 683.516 26.959,91 G;D#
AUG 3.735.201 41.526,70 0,01 626.880 26.9és,so 0,04
SEP 1.760.473 38.258,80 5,01 591.457 24.012,87 0,04
oCcT 3.639.168 28.868,10 0,61 686.038 20.730,67 0,03
NOV 3.760.473 23.435,28 0,01 763,478 19.451,32 6,03
DEC 3f633.93u 27.301,65 0,01 724.649 21,438,55 0,03

3
REMARKS: From September to November ‘the dollar rose  enough to cause a lower cost for

the plants |
See FINANCIAL MARKET in the next page.
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Fig.3.2-1(1) Details of Sewage Treatment Plants ( PENHA )

FACILITY: PENHA Swage Treatment Plant
RESPONSIBLE PLANT: CEDAE

PCRULA TIOM: 750.000 _
PER CAPITA FLOW: 23C i/hnabfdav
AVERAGE FLOW: 1.LO0 /s

BOD (IMELUSNT) :190
BOD (EFELUENT) : 17 g/l

ADDRESS: Rig de Janekro - Av. Brastl - Penha

MAX FLOW:  1ecec I/

TREATMENT TYPE: Biological

EFFICIENT: 91%

I - Raw Sewage Pump Station
Z - Grit Chamber
3 - Primary Sedimentétion 7ank
& - Tricling Filter
5 - Secundary Sedimentaticn Tank
& - Aecrztion Tanic
7 - Secundary Sedimeniation Tanlk
& - Recirculation Purmp Statioen
¢ - Thicknrer
16 - Primary Digester Tank
11 - Sludee Pumn Staticn
12 - Secundary Digester Tani:
12 - Pressure Futer
It - Receiving Bodyr Bala de Tuanahara
Moter Treatment tvper Tinleicel

Tricklings . Filter 27,89 fmflizent Howl

Activated sludee 77,5 75 leiiivent flow)
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Fig.3.2-1(2) Details of Sewage Treatment Plants .( ETIG )

FACILITY: ETIG Sewage Treatment Plant
RESPONSIBLE PLANTY: CEDAE

ADDRESS: Rio de Janeiro - Estrada do Galedo - {lha do Governador
POPULATION: 64.000

PER CAPITA FLOW: (1)
" AVERAGE FLOW: 200 /s

MAX FLOW: 260 I/s
TREATMENT TYPE: Activated Sludge

BOD (INFLUENT): 200 mg/!

BOD (EFFLUENT): 10 mg/l FFFICIENT: 95%

| - Raw Sewage Pump Station - Recirculation Pump Station

7
& - Sludge Pump Staticn
9

2 - Grit Chamber
3 - Flowmeter - Primary Digéster
4 - Primary Sedimentation Tank % - Secundary Digester
5 - Aeration Tank i1 - Drying Beds
' 6. - Secundary Sedimentation Tank 12 - Receving Body: Bara cde Guanabara

Note: Covers only #0% of the population in the civil area (i)




Fig.3.2-1u3) Details of Sewage 'I'reatment Plants ( ETEG )

FACILITY: ETEG Sewage Treatment Plant
RESPONSIBLE PLANT: Air Ministry

ADDRESS:Rno de Janeiro, Praia Sio Bento - ltha do Governador
POPULATION: (1)
PER CAPTA FLOW: (1)
AVERAGE FLOW: 40 /s MAX FLOW: 70 1/s

TREATMENT TYPE: Trickiing Filter
BOD: (INFLUENT): 290 mg/I
BOD: (EFFLUENT): 29 mg/l EFFICIENT: 90 %

Secundary Sedimentation Tank

i

I - Raw Sewage Pump Station
2 - Grit Chamber

Primary Sedimentation Tank

Primary Digester Tank

1

Drvng Beds

oo B S R
1

Receiving Body: Baia de Guanabara

b

i

[

Triciing Filier

Note:
(1) Temporary ocupation {air force base)

{1} It'ts operated by CEDAE




Fig.3.2-14)Details of Sewage Treatment Plants ( ETAR )

FACILITY: ETAR sewage Treatment Plant
RESPONSIBLE PLANT: Air Ministey

ADDRESS: Rio de Janeiro - Estrada dos Maracajas S/N. - ttha do Governador
POPALATION: (1)

. PER CAPITA FLOW : (1)

AVERAGE FLOW: 28 /s - MAX FLOW: 55 /s
' TREATMENT TYPE: Activated Sludge

BOD (INFLUENT) : 300 mg/l _
BOD (EFFLUENT): 30 mg/l EFFICIENT: 90%

/an

| - Bars Screen 7 - Recrrculation Pump Station

2 - Raw Sewage Pump Station & - Sludge Pump Station

3 - Crit Chamber 9 - Primary Dagester

4 - Primary Sedimentation Tank 0 - Secundary Digester

5 - Aeation Tanks 11 - Digester Pump Station

6 - Secundary Sedimentation Tank 12 - Drving Beds

I3 - Receiving Dody: Baia de Guanahara

Smase

Note:

(1) Temporary Ocupation {(air port)




Fig.3.2~1(5)Détai-Is of Sewagé Treatment Plants ( ETAR-TECA )

FACILITY: ETAR-TECA Sewage Treatment Plant.

RESPONSIBLE PLANT: A Ministry

.‘\DDRESS:Rio de Janeiro, Gale3o - llha do Governador
FOPULATION: (1}
PER CAPTA FLOW {1) _
AVERAGE FLOW: 6,6 ifs MAX FLOW: 12 /s
TREATMENT TYPE: Oxidation Ditch
BOD (I_NFLUENT): 270 mgl!
BOD (EFFLUENT): 27 mg/l EFICIENT; 90%

- -
)

-

e e D - —

o

Bars Screen

- Raw Sewage Pump Station
- Grit Chamber
Oxidation Ditch

- Recirculation Pump Station

[ A NV N T %]
1

- Recerving Body: Baia de Guanabara

Note: Temporary Acupation (arr port) (1)
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Fig.3.2-1(8) Details of Sewage Treatment Plants ( ICARAI )

FACILITY: ICARA[ Sewage Treatment Plant
RESPONSIBLE PLANT: CEDAE

ADDRESS: Rio de Janewo - Niterol
POPULATION: 251.000
CPER CAPTA FLOW: 225 i/hab. day
AVERAGE FLOW: 654 /s MAX FLOW: 980 /s |
' TREATMENT TYPE: Activated Sludge
BOD (INFLUENT): 240 mg/l
BOD (EFFLUENT): 12 mg/l EFICIENT: 95%

| -~ Raw Sewage Pump Station 5 - Recirculation Pump Station
2 - Micro 5creen 6 - Thickner
3 - Aeration Tanks 7 - Sludge Pump Station
4 - Secundary Sedimentation Tank 8 - Pressure Filter
9 . Receiving Body: Baia de Guanabara




Fig 5.2-1(7Details of Sewage Treatment Plants ( ACART )

FACILITY: ACARI Sewage Treatment Plunt
RESPONSIBLE PLANT: CEDAE

ADDRES: Rio de Janeire - Deodoro - Vila Militar
POPULATION: 69.120
PER CAPTA FLOW: 225 I/hab. day | |
“AVERAGE FLOW: 180 Ifs . MAX FLOW: 325 s
' Treatment type: Activated sludge

BOD (INFLUENT): 240 mg/l
BOD (EFFLUENT): 12 mg/| EFICIENT: 97%

]

I - Bars screen _ 5 - Rearation tank

2 - Raw sewage pump station 6 - Aerobic Degester

3 - Aeration tank 7 - Drying beds

4 - Sedimentation tank 8 - Receiving Body: Rio Acart
Note:

Rio Acari is Guanabara bay mnfluent.




Fig-3-2~1'(851)etails of Sewage Treatment Plants ( REALENGO )

-

FACILITY: REALENGO Sewage Treatment Plant.
RESPONSIBLE PANT: CEDAE

ADDRESS: Rio de Janeiro - Estrada da Agua Branca - Realengo
POPULATION: 18.500
PER CAPTA FLOW: 224 I/hab. day
'AVERAGE FLOW: 48 I/s MAX FLOW: 80 I/s

B TREATMENT TYPE: Trickling Filter
BOD (INFLUENT): 240 mg/] _
BOD (EFFLUENT): 24 mg/l EFICIENT: 90%

o

1 - Bars screen 6 - Secundary sedimentation tank
2 - Raw sewage pump station 7 - Aerobic digester tank |
3 - Grit chamber & - Aerobic digester tank

4 - Primary sedimeantation tank 9 - Dryiﬁg beds

2 - Trikcling filter 10 - Receiving body: Rio Acari
Note:

Ric Acari is Guanabara bay influent.
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3.2.3 Water Quality of Seﬁage Discharge

Table 3.2-3 shows the average wastewater characteristics of
Penha, Ilha do Governador and Acarl Sewage Treatment Plants.

Table 3.2-3 Characteristics of Effluent Sewage

LABORATORY STP STP STP
ANALYSIS . PENHA LGOVERNADOR ACARI
pH 6,5 6,3 6,7
Settleable Solids (mg/l) 3,0 5,3 5,
Total solids {(mg/1) ’ 485,0 572,0 535,0
Fixed total solids (mg/1) 175,0 263,0 158,0
Suspended solids (mg/!) 146,0 184,0 278,0
Fixed suspended solids (mg/1) | 39,0 36;0 45,0
BOD (mg/l) _ 114,0 150,0° 1235,0
Grease (mg/i) ' - : 12,0 ' -
Fecal coliform' (NMP/100 ml)~ .50 x 10° 30 x 10° 30 x 10°

Reference: Niterdi Centro Norte Sewerage System Conception Study.
STE Consultants Engineering S/A. '
July, 1988.




3.2.4 Water Use volume
The total water. consumption in November 1992, according to each

CEDAE's_Water Pistrict, located atl Guanabara Bay Basin, is given
in Table 3.2-4.

Table 3.2-4 Water Consumption

CEDAE's WATER | RESIDENTIAL | COMMERCIAL | INDUSTRIAL | PUBLIC | TOTAL
DISTRICT {mi*/dMonth) {m?/Month) {m?*/Month) | {m’/Month}| (m’/Month)
Niterdi 2.515.460 341.623 87.787 177.714 | 3.122.586
SFo Gongalo. 3.070.183 247.685 102.107 §1.107 | 3.461.078
‘Cach.Macacd 43.195 " 2.300 21 3.300 49.318
Paqueta ' 4,381 LS - 4.639 50.772
Piabeta 192.700 12.082 : 65 1.900 206.747
Alcantara 847.961 102,408 35.322 5871 - | 990.563
Cascadura 4.402.498 446.815 152,654 122.016 | 5.123.984
Deodoro 4.112.399 195,189 106.605 228.641 | 4.642.834
Centro 4.122.021 . 1.674.271 285.243 8466.228 | 6.927.764
Tijuca 3.348.490 449.288 416,166 271.310 | 4.485.256
Meier 3.752.567 367.423 254114 143121 | 8.517.226
Ramos 3.275.491 52.279 399279 230375 | 4.430.015
l.Gerrnador 1.073.181 195.607 29.5138 113.901 . 1.411.608
D.Caxias 1.901.233 206.022 ‘ 26.523 | 43a2e4 | 2.175.023
J.Primavera 750,953 26.474 43.200 |  87.278 907,907
Queirnados 568.738 29.084 19.748 25.143 642.715
Nova lguac 2.296.505 250.663 70.263 40644 | 2.658.076
Belford Roxo 2.300.814 153,746 i 267,584 11.526 | 2.713.67)
S.J.Meriti 2.178.558 L 242,494 ; 15.997 55925 | 2.492.975
Nildpolis - 208.968 56.858 | 2146 | 30,039 $98.013
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. CHAPTER 4

INDUSTRIAL WASTEWATER CONTROL AND ITS CHARACTERIZATION
- Monitoring Results of Industrial Wastewater

4.1 Current Situation 6f Industrial Wastewater

The Guanabara Bay basin constitutes one of the most
important industrial parks in the country it accounts for,
approximately, 6,000 potentially polluting factories
involved in various activities, 1Including chemical,
petrochemical, food, textile, beverage, metal finishing,
ete.

The o0il refinery at Duque de Caxias, part of the PETROBRAS
petrochemical complex, contributes greatly in terms of
industrial pollution. Its ligquid effluents contain,
significant amounts of o0il and other organic matter, heavy
metals, phenols and toxic organlec substances that are
possibly carcinogenic or mutagenic.

Many seafood producing factorles located 1n the
municipalities of Niteroi and Sao Goncalo generate large
volumes of effluents with high concentrations of oil and
organic matter, releasing also, unpleasant smells which
incommodes the inhabitants of the region. Almost all
factories in this industry do not have treatment facilities.

“In the metal finishing sector, the total pollution

discharged from the many small scale factories contributes
significantly.

ITn 1888, it was ‘estimated that about 9.5 t/d of o0il was
discharged into the bay, 3.5 t/d from the Duque de Caxias
refinery, 1.0 t/d from the marine terminal, 2.8 t/d from
other industries and 2.2 t/d from the 40 shipyards and 2,000
gasoline stands.

An o0il control plan started in 1988 to reduce by,
approximately 50% to o0il discharged into Guanabara Bay. It
was planned to install small scale oil separators in ‘each
gasoline stand to control of discharge of oil but this plan
was unsuccessful doe to the economic recession

"Currently 23 plants have disposal treatment facilitles in

operation and 13 others are in the process of constructing.
The names of these plants are listed in Table 4.1-1 and
Table 4.1-2.



Table 4.1-1 Industries with Treatmént Facilities

Table

¥ - "
No. | . Name of Industry

Lo : .

|
01 | Sidney Ross (Sanofi Winthop Farmaceutica)
02 | Ciba Grelgy
03 | Refrigerante Niterol S/A -
04 | Rio de Janelro Refrescos S/A. (Bangu)
05 | Pan-Americana S/A Industria Quimica
06 | Bayer do Brasil '
07 | Petroflex/Nitriflex Industria e Comercio. S/A
08 | Industria de Conservas Santa Iria
09 | Fabrica Unidas Tecidos, Rendas e Bordados
10 | Shell Brasil S.A.
11 |. SPAM
12 | Cia. Fluminense de Tecidos S/A
13 | Fabrimar
14 | IAB
151 8/A Marvin
16 | Industria Alimenticia Beira Alta
17 | Cibran - Cia. Brasilelra de Antibioticos
18 | Sadia Concordia S/A Industrias e Comercios
19 | Vulcan Material Plastico
20 | Solutec :
21 | Cooperative Central de Produtores de Leite

] Sao Goncalo
22 | Denar Quimica S/A
23 | Texaco do Brasll 5/A Produtos de Petroleo
4.1-2 Industries with Treatment Facilities
{(in course of constsruction)

T .
No. | - Name of Industry

]
01 1 Cibraple S/A
02 | Kibon Industrias Allmenticias S/A
03 | Reduc - Petroleo Brasileiro S/A
04 | Quaker Alimentos e Conservas Conqueiros S/A
05 t Refinaria de Petroleo Manguinhos
08 | IFF - Essencias e Fraganclas
07 | Conservas Ribeiro S/A
08 | Rio de Janelro Refrescos S/A (Bonsucesso)
09 | Getec - Guanabara Quimica Industrial S/A
10 | Refinaria Piedade S/A
11 | Rioquimica S/A
12 | Tasa Lubrificantes Ltda.
13 | Bloch Editores 5/A

4-2




4.2 FEEMA Monitoring Program

FEEMA selected recently 455 factories which contribute 90%
of all organic matter discharged into Guanabara Bay.

Total BOD, heavy metals and oil loads generated by all
factories are estimated at 120 t/d 0.55 t/d and 4.8 t/d,
respectively.-

To effectively control these pollution sources, FEEMA
recently drew up an industrial waste control program for the
Guanabara Bay basin following a request from the I.D.B.

According to this program, FEEMA will obligate 455 factories
to treat their wastewater during the 4 years of the program.
These factories_are listed in Table 4.2-1.

The expected feductibn-of-BOD, heavy metals and oil loads
for each year is shown in Table 4.2-2

Table 4.2~-3.-shows the names and location and estimated
pollution loads of the 150 heaviest contributors of pollu-
tion loads 1In the Guanabara Bay basin selected by FEEMA,
- taking into consideration theilr activities.

Fig. 4.2-1 shows the general geographical distribution in
the Guanabara basin of these factories. As it can be seen,
most of the factories are located on the west and north west
sides of the Guanabara basin, especially, in the Rioc Timbo-
Faria tributary basin. Further, food and chemical indus-
tries predominate, in terms of number as well as BOD loads,
corresponding, to 55 to 59% of the total pollution loads
from all factories. Table 4.2-4 ranks the industries in
terms of contribution of BOD.

Fig. 4.2-2 presents, schematically, the discharge of indus-
trial BOD loads into the tributary basins. The Niteroi and
Sao Goncalo regions, where there is a conglomeration of
seafood producers, constitute the greatest BOD load conftrib-
utors in the Guanabara basin, followed by the Rio Timbo-
Faria and Rio Iguacu tributaries.

Fig. 4.2-3 compares industry and domestic BOD loads flowing
into each tributary basin to demonstrate the point source
pollution distribution. Domestic loads were estimated,
based on the population of each tributary basin (1991),
multipiied by 50g BOD/cap./day.

The Sao Joao de Meriti and Sarapuil basins generate
relatively large BOD loads composed, only 10 and 5% of
industrial source. This situation 1s totally different to

~the Niteroi and Sao Goncalo tributaries, where 1industrial
sources are almost 1.8 times greater,

In the Ric Timbo~Faria basin, also, Industrial BOD is
discharged in appreciable amounts.

The explanation mentioned above concerns only organic loads.
According to FEEMA data, approximately 75 factories 1n the
metal. finishing are mainly responsible for 3682 kg of heavy
metals

Finally, FEEMA plans to improve oil control efficiency,
including, almost 2000 gasoline stands that constitute one
of the most important pollution sources.



Table.4.2~1 Chronogfam of the Industrial Control

Number of Industries

Year i i Accumulated
: | with Control | Number
! { ;
01 | 50 | 50
02 | 100 I 150
03 | 150 i 300
04 | 155 !' 455

" Table 4.2-2 Reduction of Pollutatant Loads
' expected or Each Year (kg/d)

BOD

1 I -
Year ; | Heavy Metal | Qils
f— i t
01 | 62,998 | 72 | 950
0z | 26,812 | 89 ! 552
03 | 4,513 | 150 | 185
04 i 3,009 ! bl | 428
i e i : i .
“fotal | 97,332 | 362 | 2,185
] - 1 1

Table 4.2-4 Rank of the industries in term of .
conribution of BOD Loads

TYPE OF | NUMBER OF ! BOD LOADS
INDUSTRY : INDUSTRY | i (ton/day)
FOOD | 38 : 41.5
CHEMICAL : 44 | 16.4.
TEXTILE ‘ 20 ': 8.4
BEVERAGE -: 3 | 7.1
PAPER I 3 . 4.4
PHARMACY : 8 : 3.2
LAUNDRY i 4 ! 2.8
GRAPHIC i 4 : 0.9
OTHERS I 26 : 5

' : L

Total [ 150 ! 89.8
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