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Table 14-3- 3 Current issues of the Software-Type Measures

Component of Measures

Details of Each Component

(1)

(2)

(2

(4)

(5}

(6)

7

Administrative System

Legislative System

Agreement & Approval System

Economic System

Financilal System

Resident Participation System

Education System

The state govenment's environmental pol-
cy.

SEMAMPE's leadership.

Efficlent use of FECAM's fund.
Activation of FEEMA, SERLA and 1EF by
financlal back-up.

Restudy of existing water area class-
fication and water gquality standards in
the Bay.

Putting the effluent standards and EIA
legislation inte practice.

Early signing of Annex 4 and 5 of MARPOL
~-73 by the Brazilian government.
Adeguate intervention of improper land
use by means of taxation system, land
expropriation system and so on.

Establishment of sufficient system for
effluent charge system.
Review for the introduction of an eco-
nomic incentive systems.

Preferential low interest loans for in-
stallation of anti-pollution equipment.

Systematic environmental education to
residents and enterprises.
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14.4 Agreement and Approval System

An agreement system means that anti-pollution countermeasures are
agreed upon by potential polluting firms and local governuents in
a wrltten agfeement and the firm does 1ts best to uphold the
agreement. This system needs a-streng support and/or pressure
from citizens for it to work effectively.

Moreover, a permiSsion or approval syStemICOﬁtrols industrial
aetivity by gilving administrative agencies the power to grant -
permission and authorlzatlon.

A bermiseion system for the operation of potential pollution
activities is done by CECA in Brazil

14.5 Economic Sysiem

Two kinds offSystcm are eonsidered here to preveht the dischefge
of pollutants. One is an -economic incentives system and the other
is a Pollutor Pays Principle (PPP) system.

The PPP System is thet'polluters should bear the responsibility
for the expense necessary for the protection of pollution and the
most fundamental and Important principle as an environmental
" pollutlon measure,

For example,the system operates by regulating the_concentretions
of pollutants dlscharged from pollution sources by charging the
polluter. However, this system does not locok going well because
of the lack of sufficient support for the charges. : :

Recently FEEMA decided to introduce a new effluent“chalge syétem
(called TCPHA). Each 1ndustry categ01y, as mentioned previously,‘
is to be charged by the amount of pollutants.

The economic incentive system e.g. subsidy system and tax reductio
system, is not well know in Brazil.
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14.6 Financial System

Though there are some-financiﬁg banks providing industrial compa-

nies with low interest loans such as BNDS (Banco Naclonal de

Desenvolvimento Soclal) and AFB (Agence Flanceiro de Bassin), It
is very difficult to get financial support for the installation of
anti-pollution equipment because of rigorous examinations by the
banks.

14.7 Resident Participation System

It is important to reccgnize thét consensus between residents and
public agencies should be reached through the participation of the
residents in the implementation stage_bf the policy.

Resident participation in Brazil is seen in various ways such as
participation in RIMA public hearings, declaration of opinion
and/or presentation'of written opinion in the planning phase of a
project and demand for information to the public.

Resident participation is mainiy done by resident associations,
environmental groups (NGOs) and men of learning and experience.

14.8 Education System

Environmental education plays an important role in the improvement
of the envlironment.

In the State of Rio de Janeiro two organizations, an environmental
education sectlon (Educacao Ambiental) of the State Secretariat of
Education and SEMAMPE, systematically carry out environmental
education.

Educacao Ambiental runs education programs in the state secondary
schools (stage 5 to stage 8).

SEMAMPE, including FEEMA, SERLA and IEF, looks after the education
of primary school students {stage 1 to stage 4) through municipal
environment department. These organizations establish the envi-
ronmental sections in municipalities and train primary school
teachers. They also prepare the necessary teachlng materials.
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Regarding ehvironmental education for the recuﬁe%ation of the
ecosystem of Guanabara Bay; FEEMA together with CODEG through the
IDB project, intends to educate the following people:

(1) Students from primary'and secondary schools

(2) Municipal officers _

{3) Resident associations 1ncluding NGOs

(4) Churches and clubs such as Rotary and Lions

(5) Owners of enterprilses _ s
(6) Workers T

As a methodology, FEEMA plans to use various kind of tools which
are most suitable to the area and/or people such as a town meeting
system and an audio-visual system. They also plan to put the
universitles, NGOs and other organizations like IBAM, RODA VIVA,
ISER and Rio Cine to practical use.
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CHAPTER 15

REVIEW AND EVALUATION OF
HARD-WARE TYPE MEASURES

Development and actual applieation of wastewater treatment
technologies (hardware—type measures) are indispensable for'the
improvement of water quaiity‘ This chapter reviewed, among estab-

lished technologies, the ones actually employed, and examined the
,applicability which were not yet applied but considered to be

“appropriate in view of plevailing natural and socioeconomib condi-
tions in Guanabara bay and its basin.

15.1 Characteristics of the Hardware-1ype Measures

We ‘call the techniques that remove pollutants from the water
discharged from pollution sources "hardware type measures"; they
are classified into the following four groups: (A) techniques
‘which reduce the generation and  discharge of pollutants from the
basin (B) techniques which remove pollutants in the rivers and
canals, (C) techniques which remove: pollutants deposited in the
closed water bodies, and (D)} technigques which carry the pollutants
out to the open sea.

0f the four groups, (A)'is the most severe and permanent measure.
‘When there are many pollution sources, however, it is not always
effective to apply this measure to each pollution source from a
cost-effectiveness point of view.

Consequently, the technique which treats the wastewater Trom a
district in mass was developed, When - this technique is applied,
the scale of the treatment arca i1s decided based on the distribu-
tion density of the pollution sources, the area necessafy for the
facilities and so on. Maintenance of these treatment facilities
is comparatively easy and the cost of maintenance is fixed and
- low, when the wastewater quality is adequate for the treatment, it
is desirable that domestic and industrial wastewater are treated
sepaiately, as it is more efficient because industrial wastewater
requires different treatment processes.
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Laying of the sewer pipes, purchasing the required land and the
construction of the plant, are necessary for thls kind of treat-
ment. A lot of time and a large investment are necessary when the
scale of the treatment area become larger.

Techniques which directly purify river ‘and sea water (C) are .
applied when the people want to improve the water quality in a
certain area as soon as possible. In this case, however. treat-
ment efficieney is generally low and enormous energy is required
because many kinds ‘of pollutants derived from various pollution
sources are mixed natu1a1 runoff and sediments are also included.
Consequently._the techniques which directly purify the rivei and
sea water should’ only be applied to 1imited areas, where urgent
improvement is needed. o

Techniques which calry the waste water out of ‘the bhasin without
treatment are also. well develeped .~ Though these techniques are
appealing in respect to the- fast improvement of: the environs, if a
disposal site can be secured and pollution prevention around 1t is
implemented. These techniques. ‘however, are flawed in that proper
environmental preservation awareness ‘is not conveyed to the pol-
luters.

For - the treatment of wastewater, it is 1mpoftant.to.ehoose the
correct techniques considering the sultability of each technique,
plus also the natural and soclal conditlons of the area.

The principles (1), advantages (2), deficlencles (3), examples and
things to pay attentlion to when the technique 1s applied (4),

applicabllity to the Guanabara Bay basin (5). are described in the
following sections.

15.2 Measures Applicable to the Basin

A-1 Reduction of Domestic Effluent Load

A-1-1 Septic tank (small size)

A septic tank is a treatment facility for domestic wastewater and
is applied to areas without dcceesibility to the public sewer

system. Small sized septic tanks for each house and 1arge commu-
nal sized ones are well developed.
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(1) A Highly efficient septic tank working by means of gravity

(2)

(3}

(4)

separation, biologlcal decomposition, oxidatlion, etc.,
functions as well as a general sewage treatment plant, the
quality of treated water is less than 20 mg/l of BOD. It

~has additional -advantages, too, in that it is’ flexible to
"fluctuations In the amount of Inflowing load and it is easy

to maintain.

Reduction in - effluent - load occurs immediately afTter
installation of the septic tank. It is manufactured in a
factory. Unlike the sewage treatment plant, a large site 1s
not required for its installation.

‘A Septic-tank with a high pollutant removal ratioc for five

people costs more than US$ 5,000 in. Japan, including its
constriuction cost. The'maintenance cost necessary for elec-
tricity and cleaning cannot be ignored. Consequently, it is
difficult to ponétruct a septic tank for low income people.

- As . the tank and discharged water are not clearly visible

periodic cleaning and Inspection are easily forgotten in
ordinary dwellings.

The examination of products based on distinct criteria,

installation maintenance and water quality examination should
be done by authorized engineers, because common people do not

have the technical know-how.

In the State of Rlo de Janeiro, domestic wastewater

.discha:ged in areas without a public sewer system 1s to be
treated by septic tanks.. This is specified by the Brazilian

industry standards No.7 229(1982). But the functions of the
septic tank are limited to settling and anaerobic treatment

. without aeration, therefore, the removal efficiency of pollu-

tants remains low if periodical cleaning of sludge deposited
in the tank is neglected. :

Consequently, the application of septic tanks to the Guana-
bara Bay basin for the reduction of the domestic effluent
load will fail without an improvement in its efficiency and
the establishment of maintenance routines. Further, the
popularizatioﬂ'of septic tanks is difficult without a public

rassistance scheme because of the high ecost of purchase,
‘installation and maintenance.
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A-1-2 Soil Treatment

(1)

(2)

(3}

(4)

(8)

' Soll treatment utilizes the self-purlfication ability of the
'soll, such as filtration, absorption, a certain extent of
‘base. substitution by soil grains, .decomposition and inges-
‘tion by soil'bacteria,'and absorption ‘of nitrogen and phos-

phorous by plants. The waste water infiltrates the soll
directly from the ground surface or through diffusion pipes
buried at. a:shallow depth after pretreatment; such as sedl-
mentation, screening, sand settling etc.. :

Facilities for soil treatment'are-simple and it do. not
require added energy. When the soil has high adsorption
capacity for phosphorous, this method has. also high reduc-
tion efficiency for nutrient salts. b

- Treatment efficlency. per unit area 1is low because‘the active
~metabolism of aerobic. bacteria is 1limited to near the sur-

face of the ground. Consequently a large lot is necessary
for treatment. Further, treatment generally takes time
because the treatment reaction in the soil is slow. As the
porosity of soll is low, jamming occurs easily and it makes

.the continuous use of the same soil difficult.  Other disad-

vantages of. soll treatment are its susceptibility outbreaks

.of pathogenic bacteria and offehsive odors.

The self purificatlon ability of soill depends on: so0l1l
type, particle size composition, porosity, content. of humus
and other factors. Consequently,'a'pléliminary study on the
scil properties at the site is. necessary to clarify its
gsuitability for waste water treatment. :

Most of the soll distributed iﬁ-the Guanabara Bay basin is
sandy and riech in quartz grains derived from Precambrian
rocks and granite. Therefore, 1its .adsorption  capacity for
pollutants may be low and thus not suitable for soil treat—
ment. C

A-1-3 Irrigation of Agricultural Land

(1)

Irrigation. of aglicultﬂral land is the teéhnique in which
the waste water irrigated fertilizes the crops and is puri—
fied by the self- pu11fication capacity of soll.
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(2)

(3)

(4}

(5)

This technique serves a triple purpose, that is waste water
treatment, effective use of water resources and increase in

-~ agricultural production. Another advantage 1is energy sav-

ings.

Application of this téChnique.is difficult without suffi-

cient space for farmland, crops much in demand or a soil
with high adsorption capacity for pollutants.

The éasy Qutbreak of pathogenié bacteria, offensive odor and
ground. water contamination is feared as is the case with
soil treatment. Further, the infiltration efficiency is low
when the groundwater surface ls shallow.

Because sugar cane is very much in demand in Brazil, as a
raw material for the productlon of alcohol, an irrigation
system for_wasteﬁater in a sugar cane Tield 1is applicable
from a practical view point. It is reported that 90 - 99 %
of BOD, 90 % of T-N and 80 - 99% of T-P could be removed from
the wastewater through this method.

Pretreatment 1is. necessary to femovefheavy metals and toxic .
substances because wastewater ls absorbed by crops.

This technique 3is applicable to the Guanabara Bay basin if
sufficlent farmland 1s available.

A—1?4 Stabilization Pond

(1)

(2)

(3)

A stabillzation pond is usually 2 to 3 meters deep and
treatment is through anaerobic and facultative processes,
sedimentation, - fermentation: in an aerobic pond, decomposi-
tion by.facultative bacteria and decomposition by adecrobic
bacteria activated by algae are the main treatment process-
es, 95 % of BOD and 50 - 60% of nutrient salts can be re-
moved through multiple type stabilization ponds with a
retention time of 30 days.

As special mechanics or energy 1is unnecessary, the Iinitial
cost 15 not expensive and maintenance of the facility is
easy.

An extensive lot is necessary.
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(4)

(5

In Brazil, stabilization ponds ate widely used: because ‘land

prices"hre not so high, meteorological conditions are 'suit-

able for this treatment and the construction and maintenance
costs are_cheap A large scale stabilization pond (92 ha)
was constructed in Joinville Municipality, Santa Catarina

flve ycars ago and it works without any problems

Aerobic ponds, however, are ihadequate for the treatment of
wastewater with high concentrations of pollutants because
increased breeding of algae makes the S8 - and BOD concentra~-
tions of the effluent water higher. .'But,'it is applicable as
a post-treatment facility for high concentration industrial
wastewater. :

A stabilization pond is- an effective measure for domestin
wastewater treatment: 1n areas where land costs are low in

' the Guanabara Bay basin

Some people proposed that the natural lagoons situated along
the coast facing to the Atlantic Ocean should be used as
stabilization ponds, however, mdny people opposed the idea
from - the view point of the protection of the natural envi-
ronment '

A-1-5 Contact Oxidation Ditch

(1)

(2)

(3)

Iin this system, waste water is Iintroduced into the - ellip-
tiec or ecircular ditch 1.5 to 2 m deep, and mixed with a
large quantity of activated sludge. Waste water 1s purified
while it eirculates with the activated sludge in the ditch.
Retention time is usually one or two days '

As this system works with low load and a long aeration time, -

it is strong against fluctuations of load. - Sludge production

is less and offensive odor ‘does not often occur. Sludge
generated from this system is easy to dry and dehydrate, and
the treated sludge can be channelled to farmland.  The struc-
ture of this system Is simple and daily maintenance is easy.

As it requires ‘an extensive site for the ditch, application
is difficult when not enough land is secured. o
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(4)

In Brazil, contact oxidation ditches have been applied to
small sized cities where the land is easily aquired, and 1t
gains-public favor bhecause construction. cost is low an its
operation is stable,

- Selection of the right type of aeration system is important.

(5)

The shape of the ditch is not set, but one without sharp
corners: is recomnmended to avoid sedimentation of the sludge.

This tréatment‘method was applied to the plant in Ilha do
Governador (ETAR-TECA). The contact oxidation ditch method
should be applied'more often since it has many strong
points, as mentioned above, in spite of the little worse

. water quality after treatment compared to the activated

sludge method.

A-1-6 Activated Sludge Treatment

(1)

(2)

(3)

(4)

In-this system, organic substances in the wastewater decom-:

pose by activated.éludge in the aeration tank without filter
medla. Activated sludge is returned to the aeration tank
after being separated from the treated water in the settling
tank. : :

This system is able to treat large volumes of waste water at
high speeds because a'large amount of activated sludge is
mixed with the wasteéewater. In this system, the sludge
deposited in the final settling tank 1is returned to the
aeration tank. Then, the removal ratio can be kept constant
when the concentration of waste water has changes.

The system's removal ratio of nutrient salts 1s low. 1t is

difficult to concentrate and dehydrate excess sludge con-

* tinuously generated from this system, and its disposal is a

very 'serious problem. The lot required for this system 1s

‘more extensive and the construction cost is more expensive

than physico-chemical treatment systems. Some  speclalists
are required to calculate the amount of the return sludge and
to deal with the bulking.

This: system had been applied to many cities in the world as
a highly efficient treatment method for domestic waste

- water. Inflow of waste water cdntaining toxic substances
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(5)

or wastewatér with high acid or alkalihe content, in this
system, reduces the purification ability of the activated
sludge. Consequently, it is lmportant to prevent the inflow
of such waste water, malnly those of industrial origin.

Four'(4) of the eight (8) sewage treatment'p1ants-1n the
Guanabara Bay basin use this method, and their removal ratio

exceeds 90 % in-BOD. Though these plants are maintained in
a good state, bulking and sludge disposal are serious prob-
lems. '-Further; the improvement of the removal ratio of

" nutrlent salts is an urgent problem to ‘solve, to stop the

eutrophication ‘of Guanabara Bay

A-1-7 Trickling Filter Method

(1)

(2)

(3)

(4)

(5)

In this system, wastewater is sprinkled on the floor covered .
by a fllter media, and dissolved organic substances decom-.
pose by bacteria forming on the surface of the filter media.

Development of plastic filter media has made it possible to
construct : multi -layered - filter floors, and have made. great

progress in the guantity treated and treatment rate,

Control of sludge 1is unnecesséry because bacteria_clings to
the surface of the filter media. Multi-layered filter
floors can save the lot. :

As the amount of bacteria cannot be controlled factitiously,
it is difflcult to adjust this system to' fluctuations in
concentrations .of inflow sewage. The Iinside of the trick-
ling filter is apt to develop an anaerobic condition due to
reduced natural ventilation, thus tesulting in the clogging
of the fillter and the occurrence of offensive odors.

Recently, the trickling filter method has been glven a
second look in Europe since ventilation and clogging. of the
filter floor have improved by the multi-layered type of
filter floor.

The Penha treatment plant, supervised by CEDAE, uses the
trickling fillter method in addition to activated sludge
treatment, But pooling occurs since macadams are :used as a

~filter media, and the treatment speed is low because of one

layer filter floor. Treatment efficiency will be: improved

‘when the multi-layered filter floor covered by a plastic

filter media is introduced.

15-8




A-1-8 ‘Advanced Treatmeht (Tertiary Treatment)

(1)

(3)

In this system, nutrient salts, organic substances, pathogen-
ic bacteria and other pollutants remaining after the second-
ary treatment are removed.

Phdsphorous is removed by the coagulatlon settling method;
organic substances, suspended solid, bacteria and virus are

-removed by the aétiVe—caern.absorption process, ozonization

process or.coagulation setting method; and 1lnorganic salts
are removed by the 1ion-exchange method and reverse osmosis
process,

In addition to such physicochemical methods, biological
treatment 1s also applicable. 7 % of nitrogen and phospho-
rous can be removed by the standald activated sludge method
assisted by biological treatment.

‘hrough the application of advanced txeatment the preven-
tion of eutrophication in the water body, recycling the
treated sewage and circulation use of industrial wastewater
becomes possible.

The construction and maintenance éost of tertiary treatment
is higher than that of secondary treatment. Further, spe-
cial engineers to maintain its Tacility, are necessary .

A-2 Reduction of Industrial Effiuvent Load

A-2-1

(1)

Wastewater Treatment for the Focd Industry

Wastewater being drained from food processing plants (in-
cluding beverage bottling plants) carries high concentra—
tions of BOD, COD, organic nitrogen (protein), animal and
vegetable oil (normal-hexane extracts), suspended solids,
ete, and 1s belng treated malnly by bilological treatment
such as ‘the activated sludge method.

‘When the oil content is extraordinarily high, preliminary

treatment becomes necessary . where the oil contents are sepa-
rated by the floatation method with the addition of a coagu-
lant or centrifuging while heating the wastewater.
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(2)

(3)

(5)

If the drainage is In smaller quantities and when fthe organ-
ic content only is high; anaerobic treatment in 2.5m to 3.0m
deep ponds 1is workable. Since this method does not require
special equipment and facilities or additional energy and as
maintenance and supervision. are quite simple, 1t 1s applica-
ble to smaller scale plants.

Generally speaking, since wastewater being dralned from food
processing plants does not contain toxic substances, eXcess
sludge which remains after the biological treatment can be
used as a fertilizer if dewatered and dried.

The anaercohic treatment, however, requires a longer deten-
tion time and It also generates offensive odors.

Many marine product processing plants and meat processing
plants are operating within the Guanabara Bay basin but none
of them are executing adequate o0il separation from the
wastewater thus making subsequent biological wastewater
treatments ineffective.

A~2-2 Wastewater Treatment for the Paper aud Pulp Industry

(1)

(5)

Wastewater being discharged from the paper and pulp plants
is characteristic by 1its high concentration of BOP, COD and
S8, Wastewater from pulp plants, in particular, exhibits a
higher COD content due to its high lignin content and is
colored black.

Although its BOD content can be removed by the activated
sludge method, the COD content cannot be removed unless a
coagulation process 1Is used in combination. As fTor the

treatment of the COD content, it is more economical to

collect and incinerate the treated effluent after a steam
reduction process, The reduced material holds the major
part of the COD content,

Although the number of paper and pulp plants in the Guanabara
Bay basin is small, the total drainage load is very high
which substantially influences the water quality of particu-
lar rivers.
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A-2-3 Wastewater Treatment Tor the Organic Chemical Industry

(1) Since there 1s a great diversity of products being handled by
the organic chemical industry, wastewater treatment methods
must fit the requirements of individual plants. Also, even
within a single plant, the nature of wastewater significantly
differs depending on each process.

For example, in a petroleum refinery, wastewater from the
g@ ' desalting.unit exhibits high_levels of salt and oil while
' ‘'wastewater being discharged from the contact decomposition
unit has high levels of ammonia and sulfur compounds. And
cooling water does not contain oil at all. Consequently, it
is essential to have separate wastewater treatments for each
process. . | - - o '

Wastewater being discharged from petrochemical plants where
naphtha and natural gas are used as raw materials contains
higher BOD and COD concentrations as well as some SS, heavy
metal, acid and alkaline contents. For removal of the
floating oil conteﬁt_and suspended solids, gravity separa-
tion equipment and pressure flotation equipment are widely
employed in the industry. Also, if the oil contents are in
an emulsion form, chemical treatments such as coagtilation
settling are effective for the removal of oil.

(5) Many petroleum-related chemical plants are located in cer-
' tain areas around the Guanabara Bay basin, discharging
wastewater containing refractory organic substances mixed
with oil. At REDUC, the largest plant of its kind in the
area, is employing an oxidation pond equipped with an aera-
tion facility and an oil separation system for the removal
of the 1load but their effects are yet to be proved. More-
ovér, many gas-stations located along the main roads in
these areas are also discharging substantial quantities of
this type of wastewater. ' '

A-2-4 - Wastewater Treatment fTor the Inorganic Chemical Industry
EF (1) Wastewater from inorganic chemical plants where products are
usually processed by means of the reaction controls using

inorganic acids and alkalis, etc. mainly contain such pollu-
tants as acids, alkaline substances and suspended solids and
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frequently, heavy metai'salts.. Thefefore,_ittis more popn»
lar to treat wastewater by adjusting the pH level by neu-

_tralization treatment before solld-liquid separation using

hydrochloric acid and ammonia..

-2~5' Wastewater Treatment for the Fiber Dyeing Industry

(1)

Wastewater from the fiber dyeing plants 1lg said to be the
most difficult industrial wastewater to treat due to sharp
fluctuations in the .quantity and quality of this wastewater
and furthermore, to malodors and coloring charactoristics of
the wastewater_from these plants. Since. none of the

~single-processing methods has proved successful,. mahy plants

in the industry are combining oxldation treatment using
ozone, chlorine and light, charcoal adsorption treatment,
biological treatment and coagulation treatment to improve
the results. '

A-3 fReductidn of Effluent Load from Non-Point Sources .

A-3-1 Prevention of Soil Erosion

(1)

Countermeasures to prevent the washing out of soil and at-
tached pollutants are: the avoidance of a large scale
clear fellling in the forests, prohibition of housing devel-
opment, the mining of clay or gravel on steep slopes suscep-
tible to hazardous erosion, and the introduction of contour
farming on undulating land.

A-3-2 Improvemeni of Garbage Collection Rate

(1)

The amount of residual garbage is generally large in the
urban areas. Slums are particularly influential sources for
increased runoff loads in a freshet time, because of the low
garbage collectlon rate. If residual garbage in the basin
were reduced, through the improvement of the garbage collec-
tion rate: runoff load into rivers, in a freshet time, would
be reduced.
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15.3 Measures Applicable to the Rivers and Channels

B8-1

(1)

(3)

Improvenent of Channels

A measure'to improve the water quality in urban channels by

- constructing sedimentationureservoirs to settle granular

pollutants and. by filling up contact filtration filters for

- the biological decomposition of pollutants.

Substantial expense is necessary for the cleaning and the
inspection of the facility and for the removal of sediments.
Also, stﬁnding water in these constructed facilities may
breed mosquitoes.

B-2 Direct Purification of River Water

B-2-1 Contact Oxidation Tank with Cobblies

(1)

{2)

(3)

This method uses a tank filled with filter media
(natural cobbles were used at first, but plastic filter

media have often been used recently). ' River water passes
through'this.tank after it 1s given the required oxygen in
an aeration tank. This method is a biofilm processe since

‘organic pollutants are decomposed by bacteria on the surface

of the filter media.

Cobbles found in rivers can be used as filter media. Sec-
ondary pollution 1s unlikely to occur because the purifica-
tion method_of'this system 1s similar to the self-purifica-
tion function of rivers. Removal of sludge is necessary at
intervals of once in five years on average except when the
SS concentration of the river water 1is high, The mainte-
nance cost is comparatively low.

This method.is'inadequate'for rivers with large flows and

high SS. concentration because sludge accumulates fast in

the tank.  Activity of bacteria decreases when the water
quality exceeds 80 mg/l of BOD or the water temperature is
lower than 15°C, resulting in a decrease in the treatment
capacity of this systemn. The removal effect of nutrient
salts is generally very low.
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(4)

(5)

This system has been installed 1in the Nogawa River (Japan)
and 1.0 m®/sec of the river's mean dry season flow (1.15
m®/sec) is taken into the facility. The removal ratio of
this system is 73.6 % of BOD and 87.8 % of SS.

The water quality improvement ‘effect. 1s different by river
depending on the flow regime and the characteristics of
water quality. Consequently, a trial test: is necessary
prior to the implementation.

- Though several small scale ufbén'rivers'suitable“for.this

system are found In Rlo de Janeiro City, effective treatment
cannot be expected because the flow of these rivers in-
creases suddenly and includes a large amount of garbage in
freshet times, To acquire land for Lhis system is aiso
difficult in the urban area.

B-2-2 Living Fllter

(1)

(2)

(3)

(4)

(5)

The living filter method utilfzes the - ability to absorb

"nutrients and the natural: filtering effect of aguatic plants
~ such'as water hyacinth, ditch reed and ‘others. Periodically

overgrowth due to nutrient salts must be weeded out from the

“‘aquatic area.

No segonddry po]lution is ]ikely in this system

The reaction rate 1s slow in this system and the settling
time is longer. Further, aquatic plants grow too thick and

- niosquitoes easily generate,

"A removal and disposal me thod Qf aquatic plants-should be

examined prior to the implementatibn of this system.

Since natural marshlands covered by thick.aquatic:piants are

'still surviving along the coast of Guanabara Bay, to use it
‘to improve the water quality in the rivers 1s a more practi-

cal idea(B-2-3).
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(1}

(2)

(3)

(4)

(5)

B-2-3 Induction into Marshland

In this method, river water is partially inducted into
marshlands, where aquatic plants. grow luxuriantly, and flows
back into the river from the marshiand downstream.  The
removal_principle of pollutants is the same as that of the

1living filter.

The marshland will keep lts purification ability for a long

~time if 1t does not receive excess load. Further, it does

not require labor, energy or high costs to maintain. Though
intake, separation and drainage facilities are necessary to
satlisfactorily use the purification ability of the marsh-

- land, their construction'cost is low in comparisdn with that
‘of the waste water collection system of sewage work.

Offensive odors_ére easily generated near the intake due to
the stagnation of water and deposition of solid waste.

Treated water from a sewage treatment plant was induced to
dltech reed fields near Lake Baraton, Hungary; . Inflowing
water into the ditch reed fields contains 45 mg/l of T-N and
$.2 mg/l of T-P, while outflow water contains 1.9 mg/1l of
T-N and 0.25 mg/l of T-P. : '

The feasibility of this system 1s limited by the
vegetation, meteorology, topography and other natural condi-
tions of the objective area. It 1s, therefore, important
to study the suitabllity of the district and to confirm the

" safety of the area from floods.

Marshland with luxuriant aquatic plants subsists widely
around Guanabara Bay. 1t may be possible to prevent eutrop-
hication of the Bay 1f the waste water 1is induced into this
marshland, a natural tertiary treatment system:

B-2-4 Induction of Dilution Water -

(1)

Improving the water quality in channels and conduits by
dilution using water diverted from other rivers with better
water quality. ' :
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(2)

(3)

(5)

By the addition of Water rich in diss'oleed 'oxyg'en, the .
decomposition of organic substances is accelerated 1n addi-

‘ fion to ‘the effect of dilution.

Since.the induction of-Water-for dilution egual to the
overall flow volume of the river to be treated is necessary
when reducing the pollutant concentration by one half, this
method 1s difficult to apply to rivers with a large flows.
Although - the pollutaﬁt concentration may decrease by dilu-
tion, the load itselfl does not decrease contrary to expecta-
tions. Moreover, the flow of the river from which the water
for dilution is'being induced naturally decreases.

" The most heavily polluted rivers in. the. Guanabara Bay basin

run through metropolitan Rio de Janeiro. There are no other
rivers clean enough and large enough to supply the water
necessary for dilution to the polluted rivers, in the vicin-
ity. Consequently, it Is difficult to apply this measure to
the basin of Guanabara Bay. ' '

B-3 Prevention of River Load Flowing into the Bay

B-3-1  Diversion of Rivers

(1)

(2}

(3)

(5)

In,this method, inflow load to the Bay 1Is reduced by chang-
ing the course of the rivers.

Since this method 1s effective in achieving a total reduc-
tion in the load of a river, it is highly effective for
water quality improvement. The measure 1is also effective in
preventing floods, '

The watér quatity in. the area of watef into which flows the
water of the river beling treated deteriorates.

'It is difficult to emplov this'measure to rivers running

through urban districts due mainly to the diffjculty of
securing the necessary land.

There are no rivers 1n the Guanabara Bay'baSin which may be

able to improve the water quality of the Bay and with which
channel diversion work is possible.

16—-16




B-3-2 Retardation Pond

(1)
- river water at freshet time. Large amounts of particular
_pollutants in the river water at freshet time which are

(2).

(3)

(4)

(5}

A retardation‘pond:is_made to store a part orv all of the

deposited into this pond are later removed. This method 1is

effective for the reduction of phosphorous and COD because

pellutants from roads and off land are discharged during the
first flush.

A yétardationloond is effective in removing P and COD whose

ratio, in particular, is high In river water.

As an extensive lot is necessary, retardation ponds are
difficult to construct in urban areas. In Tokyco and Osaka,
however, large scale of retardation ponds have been con-
structed underground to- prevent floods by middle and small
scale rivers with large runoff ratios, and the top of the
pond is used as a park or a residential area.

The site and the scale of a retardation pond should be
decided on the basis of river discharge at freshet time.
run-off features, topography in the basin and $0 on.

Inundation often occurs along the rivers in Rio de Janeiro
City after the heavy;rain in summer. Therefore, flood con-
trol 1s an important subject for the Rio de Janeiro Munici-
pality and the State Government.

Although ‘SELRA is 1mplementing measures to discharge river
water into the Bay as soon as possible by excavating river
channels, ponstructing concrete_embankmcnts_and straighten-

'ing the courses of the rivers in order to lessen the possi-

bility-of'flood damage, they have not been very successful-
up to now because of increasing outflows due to urbanization
in ‘the surrounding areas, filling of rivers with solid waste
and to. the fact that the ma}ority of them happen to be tidal

._rivers : It is therefore necessary to study*za method

whereby flood waters are temporarily retained using water
retention ponds to let pollutants settle before discharging
during the ebb-tide.
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B-3-3 B8Swirl Sceparation Tank

(1)

(2)

(3}

(4)

(5) -

This is a cylindrical water tank designed to separate pollu-
tants contained in river water by swirling the water. River
water is led into the water tank through an intake conduit
along the wall and swirls around inside the tank. The heavi-
er pollutants are drawn towards the center and the 1lighter
pollutants up to the surface. Pollutants gathered 1n the
center are taken out together with a portion of the river
water through a take-out duct in the bottom of the cylindri-
cal tank and that floating on the surface is caught and taken
away by a scum ring. River water freed from pollutants is
then returned to the river through a conduit in the upper
part of the tank.

1t consumes llttle energy. It also has lower construction
expenses and easy maintenance and supervision while its
effect in removing pollutants is comparatively high. More-
over, it does not require a large site, unlike water reten-
tion ponds. The tank may be used as a water retention pond
or as a countermeasure against first flush(?) for rivers
with a small flow. '

As there 1s a limit in the size of the water tank, this
method is not applicable to rivers with larger flows.-

The City of Matsuyama {(.Japan) employed a swirl separation
tank with a dlameter of 29.8m and a depth of 7.4m at a
sewage treatment plant as & measure to cope with eXcess
sewage., It worked successfully to reduce the number of davs
when untreated sewage was discharged by one half and the
volume of untreated discharge to one third and to reduce the
overall annual drainage load of BOD hy about 10 %.

This method is expected to become an effective measure for
reducting the loads of medium to smaller rivers in metropoli-
tan Ric de Janelro in rainy weather in locations it is diffi-
cult to secure the necessary load for the construction water
retention ponds.
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B-3-4. Removal of Sludge Deposited in the River

(1)

(2)

(3)

(4)

(5)

Removal of sludge deposited into the rivers contributes to a
reduction of inflow load into the Bay and the clusion load
from bottom sediments. It is especlally important to remove
the sludge in the tidal zone of the river because deposition
of floating materials and decompcsition of organie substances
easily occurs in this zone where fresh water and sea water
mix.

This measure also helps to prevent inundation.

There are many cases where a treatment or disposal site for
sludge is difficult to secure.

The effect of this measure is only temporary except if the
flow of pollutants into the rivers is prevented.

It 1s necessary to survey the distribution area, the thick-
ness and the mechanical properties of the sludge as well as
the dredging method and the disposal site prior to the
implementation.

In City of Rio de Janeiro, removal of siudge 1is not carried
out to improve water quality in the rivers but to prevent
inundation.

Improving the garbage collection rate of solid waste is
necessary to prevent inundation as well as improving the
water gquality because the dredged material is mainly com-
posed of golid waste.

Measures Applicable to the Bay

Improvement of Flow Reglime within the Bay

C-1-1 Widening of the Bay Mouth

(1)

(2}

Enlarging the cross section at the mouth of the Bay facili-
tates the smoother inflow and outflow of sea water, thereby
improving the water quality within the Bay.

Once the bay mouth ls widened, no partlcular Tacillty or
maintenance personnel is needed afterwards.
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(3)

(4)

(5)

It, however, may exert sighificant influences on:aqu&tic
organisms owing to the resultant changes to the 1nner bhay
environment :

_An environmental assegsment study ‘is necessary because of

the large impact on the ecosystem in the Bay.

The bay mouth-widening work is.expected‘to be a troublesome
due to the hard rock-beds exposed above the surface at the
mouth of Guanabara Bay and also because of the frequent
crulse vessels. It also changes the spectacle. :

C-1-2 EXCavation or Widening the Chanmel

(1)

(2}

(3}

(5}

" The GXCAVation'of'a'waterway accelerates the flow rate and

prevents deposition of fine gained bottom sediments whieh
easily absorb pollutants. :

It is possible to ‘move the 'sludge deposited on the sea bed
without constructing facilities. :

M@nitoring and repeated dredging are necessary to maintain
the channel because it will Ti11 up due to waves and the
current.

In Guanabara Bay, dredging has been carried out sometime in
the central fairway and frequently in the harbor to maintain
the water depth. However, it has not been carried out to
improve the water quallty in the Bay.

Exéavating a channel is not difficult in the innér part of
the Bay since it 1s shallow. It is expected. that the

resulting accelerated flow will carry out polluted mud which

is distributed widely in the inner part of the Bay.

C-1-3 Removal of Obstacles (reéfs. sunken vessels and others)

(1)

This is a measure to remove shore reefs and sunken ships
impeding the Iin-bay currents thus improving the current flow
to faclliitate discharge of pollutants into the open sea.
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(5)

C-2

Although there are many. sunken ships in Guanabara Bay, there
are only two large ones and they are not impeding the cur-
rent flow to a large extent.

Preservation and Improvement of Self—Purification.Ability

C-2-1 Restoration of Sand Beaches

(1)

(2)

(4)

(5)

A large volume of sea water iIinfiltrates into and seeps out
of sand beaches, as the tidal level fluctuates, due to the
high permeability of the sand layer. Aeroblc bacteria grow
on the surface of sand grains, receiving enough oxygen, and
decomposes organic substances existing in the sea water.
Restoration of .sand beaches having such self-purification

. abilities contributes to water quallty improvement.

- No special facility i1s necessary to cdnstruct.

The following facts on the self-purification ability of sand
beaches were made clear by a study in Japan. The removal

"~ ability becomes  higher as temperature increases, and lower

with an increased COD concentration in sea water. The
removal ratio of COD in summer reaches 70 % to B0 %. Its
ability to decompose organic nitrogen is especially high as
it evident from the rapld change of NHs. to NOa.

There are‘many'pocket beaches in Guanabara Bay, and they are
contaminated with oll near the harbor and industrial zones
and with decomposed organic substances near the mouth of
rivers and storm water drains. Therefore, it is thought
that the sgelf-purification ability of sand beaches has
decreased remarkably. Though 1t is difficult to quantify
the self-purification ability of these sand beaches, thelr

restoration is beneficial for water quality improvement in
the Bay.

C-2-2 Restoration of Salt Marshes

(1)

Reed_sténds develop and a large number of benthos, including
Helice sp., live in the salt marshes. Bottom sediments in
salt marshes are abundant in oxygen and have high osmosis
because they are always disturbed by the benthos. Roots of
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(4)

(5)

c-3

reeds absorb nutrient salts in the sea water, and bacteria on
reed stalks Ingests and decomposes organlc substances.
Restoration of salt marshes having such self-purification
abilities contributes to water gquality improvement.

Nitrogen and phosphorous in reeds are at their maximum in
sumner {(July) and the amount reached 24 g/m® of T-N and 2.4
g/m?® of T-P in a salt marsh in Japan.

It is necessary to cultivate reeds for the removal of nutri-
ent salts by using their biological characteristics. Conse-
quently, labor and the treatment method of cultivated reeds
should be prepared.

Salt marshes also exist widely around Guanabara Bay and the
characteristic ecosystem consisted of halophytic vegetation
subsists (mangroves, benthos, fish and birds), Consequent-
ly, the restoration of salt marshes 1is desired to preserve
the ecosystem as well as to purify water in the Bay.

Direct Purification of Sea Water

C-3-1 Artificial Lagoon

(1)

(4)

{5}

An artificial lagoon is made by the construction of perme-
able banks made of concrete blocks or rabble. The quality
of the water enclosed in this lagoon 1s improved by the
aeration effect of waves breaking, absorption of nutrient
salts by attached weeds, the filtration effect and the bio
logical decomposition of organic substances.

An artificial lagoon was constructed in Osaka Bay to purify

the leachate from a solid waste disposal site. The lagoon
has an area of 20,000 m® and holds about 106,000 m® of
water. Five aerators are also Installed. Though the water

quality of the inflow contains 150-400 mg/l of BOD, 150-300
mg/l of COD and 180-170 mg/l of T-N, the treated water
contains 20-40 mg/l of BOD throughout the year.

Aesthetically this system is not suited to the natural
scenery of Guanabara Bay.
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C-3-2 Air Lifting Pump (Aerator)

(1)

(2)
(3)

(4}

An alr lifﬁing pump causing forced water circulation by

sending alr to the deep layer and pumping up this water. At

high temperatures, stratification of water increases and the
bottom layers become anaerobic. The air 1lifting pump breaks
the stratification and supplies oxygen to the bottom layers,
thus eliminating the anaerobic condition. Eutrophication 1s

“also prevented because phytoplanktons are forced into the.
. deeper layers and their proliferation is prevented because

of the weak photosynthesis.

This technique 1is effective in .improving the water and bed
sediment;Quality{ and 1n preventing eutrophicaliton, in

sufficiently deep semi-closed water bodies.

The efficiency Qf forced circulation is low when the water
body is shallow because stratification of the water mass is
easily broken by wind and the aphotic layer is thin.

In Japan, air 1ifting pumps have been adopted in several
reServoirs in which water quality has deteriorated due to
eutrophication, and their efficiency has been demonstrated.

On the other hand, vertical water'circulation was not im-
proved in Toyoura Bay (Japan) although an aerator was
installed. Possible reasons are the weak closed water body,

‘horizontal . dispersion of l1lifted water and the influence of
. tides, Consequently, application of an air lifting pump is

not always successful,

C-4 Improvement of Sea Bottom Sediments

C-4-1 Removal of Slﬁdge

(1)

(2}

Sea bottom sludge endangers aguatic 1ife and deteriorates
the living environment of benthos. The 1living environment
of the sea is also affected by the offensive odor of the
sludge. - Removal of the sludge by dredging can improve the
aquatic environment.

Rembvalsof“siddge igs effective in maintaining the function

of harbor and Talrway because the water depth iIs Increased.
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(3) A method of skimming the surface sludge has not yet been
devised,

(4) It is necessary to survey the site'for dangerous and: buried
objects and to adopt the dledging method suitable for the
soil condition.

(5) The arrival: of ships'into the Port of to Rio de Janeiro -is
- hampered by the sedimentation of soil and solid waste inflow-
ing from the Mangue Canal. As_dredging of sludge 1in the port 4§§
has not been done for the past four years, the depth near =
the wharfs has become shallow. Consequently, ships arriving
in port are limited — to less than 50,000 tons in displace-
ment, so the loading and unlcoading of bigger ships 1is done
outside of the port. Consequently, dreading in the port
brings rehablilitation of the port's function as well as the
removal. of pollutants.

C-4-2 Sand Covering

(1) Sand covering prevents the release of pollutants: from the
sea bottom. : -

(8) Sands for covering are often difficult to obtain.

(4) Sand covering was carried out in Mikawa Bay (Japan), the
covering was. 50 cm thick over an area of 100 m x 150 m.
According to a study, the aerdbic,condition was maintained
and species of benthos increased ten (10) months after the
sand covering. This technique, however, is still in its
experimental stage and its durability is unknown .

i5.5 Measures Applicable to the Open Sea

A. Outfall system for Wastewater

(1) Dbomestic waétewater is transportéd.by pipelines or:submérgéd
tunnels and discharged directly into the open sea. - @g

(2) As domestic wastewater Is riech In nutrient salts. this method

is particularly effective. for the improvement of the water
guality of semi-closed water areas where internal production
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load plays an important role'in the deterioration of water
quality. Outfall of domestic wastewater increases the fish
catch in the open sea where 1t is generally oligotrophic.
‘Maintenance is easy and the maintenance cost 1is lower than
that of sewage treatment plants with secondary treatment.

(3) The initial cost is large. This technique is very effective
in the removal of wastewater from an area, however if no often
measures are taken sanitary conditions at the local level may
not improve.

(4) Outfall of domestic wastewater lis used In many cities in the
world. In Sydney (Australia), three drainage tunnels to 3 km
offshore with a depth of 60 to 80 m discharge the domestic
wastewater of five (5) million people. The wastewater is
discharged from diffusion pipes (inside diameter: 3.5m) .con-
nected to drainage tunnel at 20 to 25 m intervals. In addi-
tion,. this technique is used in San Francisco (USA), Santa
Cruz (USA), Archacon (France), Mohammed (Morrocc) and other
cities. :

'Removal of heavy metals and polymeric compounds are necessary
before discharge. It is also necessary to clarify the fiow
regime of the 1littoral sea and to be certain - that the dis-
charged wastewater will not pollute the coast,

(5) A portion of the domestic wastewater generated in Rio de
Janeliro city is discharged from a drainpipe of 2.4 m in
diameter outflowing 4.3 km off the Ipanema coast, Discharge
volume is about 6.2 m?/sec. Discharged wastewater, however,
pollutes the coast because the wastewater leaks from the
Joints of the drainpipe. In Brazil, this technique has been
applied to six cities apart from Rio de Janeiro.

15.6 Evaiuation:éf Hardware—-type Measures

As mentioned in clauses 15.2 through 15.5, various hardware-type
measures are available for water pollution controls. Among them,
the measures that are fundamentally and permanently effective are
the ones {A-1 through A-3) applicable to the source of the pollu-
‘tion. Those measures which aim at direct purification of water in
the Bay and the rivers, and at excavation of bottom sedliments
should be applied to 1limited areas where emergency measures
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are necessary, from the viewpolnts of the desired results and
energy requirements, as referred to in Clause 15.1. A water
pollution control project should always take the aforementioned
points into consideration.

On the other hand, even identical measures may have substantially
different effects depending on the natural and soclioecononic
conditions of the districts where the measures are being imple-
mented. Therefore, It 1is important to judge 1f a particular
measure fits the natural and socioeconomic condliticns and the
technlcal capability available in the district, appreciating the
advantages and shortcomings of each measure.

Table 15.6-1 shows relative evaluatlions of the characteristics of
individual wmeasures with subsequent comprehensive judgments of
thelr applicablility to the Guanabara Bay basin.

Paragraph (a) evaluates the construction, maintenance and super-
vision expenses of the bhasic facilities required for the imple-

mentation of individual measures. Needless to say that measures
requiring less expenses are more desirable for countrles and
municipalities with low flnancial resources. However, the ini-

tial investments may be covered by loans from overseas or inter-
national banking organizations, while the maintenance and super-
vislon expenses are usually born by the nation or the muniecipali-
ty itself for & long period of time. Therefore, those measures
which require a high initial investment and low maintenance and
supervisory expenses are more sultable,.

Paragraph (b} evaluates the area requirements of the sites for
construction of the necessary faclilitiles. In the Guanabara Bay
basin, the land prices in urban districts are high and only a
little land Is still undeveloped, but there is still a lot of
undeveloped land at lower prlices in the suburban areas. In these
areas, those measures that require long detention times and
larger areas can be applled.

Paragraph (c) evaluates the case of malintenance and supervision
of individual measures. In areas, where labor costs are low,
those measures which do not regquire highly sophisticated skills
and techniques are more suitable even if more people are needed
for maintenance and supervisory work.
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Paragraph (d) evaluates the time required from planning a measure
and making the ‘necegsary surveys until implementation. Needless
to say the shorter the better, and the quicker the appearance of
effect the better the measure.

Paragraph (e) indicates the major pollutants removed by the meas-
ure. JIt: is necessary that the pollutants to be removed are the
main cause of the water pollution in the area concerned.

Paragraph (f) evaluates the degree of bad influences on the
neighborhood environments anticipated to be caused by each meas-
ure. Since some of water quality improvement measures tend to

jcause secondary polliution e. g. the contamination of soil and

underground water, breeding of noxious Iinsects, pathogenic bacte-
ria and offensive odors, 1t is important to have previous knowl—
edge of the anticipated influences of each measure.

Paragraph (g) shows  the types of relevant development projects.
It a measure'Suits the‘existing land utilization plan, river im-

_provement plan, sewage treatment plan or water area utilization

plan, the administrative organization and residents should imme-
diately accept the measure. However, when a measure requires
some changes and modifications to these plans, implementation of
the measure will not be easy. ' ' '

Paragraph (h) indicates the success in. Brazil or In the Guanabara
Bay basin of, each measure. Selection of a measure which was al-
ready ‘been successful in districts with 51m11ar natural and soci-
oeconomlic conditions should be extremely advantageous since the
effects of the measure can be accurately anticipated.

Paragraph (1) makes comprehensive evaluations of the applicabili-
ty to the Guanabara Bay basin of each measure based on the re-
sults of evaluations of 1ltems (a) through (h). The evaluations,
however, areé subject to change if the socioeconomic conditions in
the Guanabara Bay basin areas change.
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Table 15.6- 1., Evaluation of Hardware-Type Mecasures

Evaluation Items
Classification of Measures | & b ¢ d e £ g h i

A. Measures appiicable to thé basin _
A-1 Reduction of domestic effluent load.

® B0

A-1-1 Sépt_ic' tank (small size) ! ® @ O : O ST @ &
A-1-2 Soil treatment O O O ©®BUNS O ST O &
A-1-3 Irrigation to agricultural land O ® O @ BO+iS @ LU O O
A-1-4 Stabilization pond © @ O OBONS @ ST ©@ ©
A-1-5 Contact oxidation ditch OO O ® B0 O ST ® ®
A-1-8 Activated sludge (standard) ® O ® ® B0 O ST ® O
A-1-T Trickling filter O 0 O @ B0 O st ® O
" A-1-8 Tertiary treatment system. & O & @ nus O ST x &
A-2 Reduction of industrial effluent load _
Waste water treatment for o _ ,_: '
A-2-1 Pood industry ® © O B . O LU @ O
A-2-2 Paper and pulp iﬁdustry ® © ® O BMSSO LU O O
A-2-3 Organic chemical industby ® © @ O RUKOLO LI ® O
A-2-4 Inorganic chemical ind_ﬁst'ry‘ ® © ® O 0 w o o0
A-2-5 Fiber dyeing industry ® O @ O O W o O
A-3 Reduction of eff. load frdm noa-point sources :
A-3-1 Prevention work for @ ® ©® ®5BOHS O LI ® O
_ ~ soil erosion | IR
A-3-2 Improvement of garbage collect| @ @ O 0 ® @ Ll @ © ’
ion and dispopsal systems |

B. Measures applicable to the rivers and .cannals
B-1 Improvement of cannals ® © O O BO O FC x A

B-2 Direct purification of river water

'B-2-1 Contact oxidation tank with ® € O O BO O FC x A
cobbles _ .
B-2-2 Living filter ® O OBOES O FC O A
B-2-3 Induction into marshland © @ O O BMES O PC x O
B-2-4 Induction of dilution water ® O O & - & FC x A
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Evaluation Items

Classificatioh of Heasures a b ¢ d e £f g h i
B-3 Prevéntion of river load flowing into the bay
B-3-1 Diversion of river channel & @ O & ®© ® rFc O A
B-3-2 Retardation pond O ® O & © & 't x O
§§' B-3-3 Swirl separation tank O O O 0O ®© O 8T x O
' B-3-4 Removal of sludge deposited in| O @& -- QO BOiNS ® FC ©® ©
the river '
C. Messures applicable to the bay
C-1 Improvement of flow regime within the bay
C-1-1 Widening of the bay mouth @ @ —- ® - @ W x A
¢-1-2 Excavation or widening a ® & - ® - 0O W x @
channel _
C-1-3 Removal of obstacles O ® -0 - O W e O
¢-2 Preservation or impbovement of self-purification ability
C-2-1 Restoration of sand beaches O @ O @& 1o O - x O
g C-2-2 Restoration of salt marshes - | O @& O @ Bo+dis O - x O
C-3 Direct purification of sea water
C-3-1 Artificial lagoon & & O @ 1o O W x A
C-3-2 Air lifting pump (Aerator) ® © @ O Bo O W x A
€-4 Improvement of sea botton sediment
C-4-1 Removal of sludge ® @ - OBHis ® —- ® @
C-4-2 Sand covering e & - O -- O - x A&
D. Measures applicable to the open sea. .
D-1 Ocean outfall of sewage . ® @ & @ © @ HW © ©
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Legend for Table 16.6~1

: Treatment cost including construction cost for essential facilities
and running cost
& High QO Intermediate © Low

: Dimensions of site for treatment

© Limited QO Intermediate @ [Ixtensive

: Operation and Maintenance of Facility
© Free (O Basy but indispensable @ Specialists are necessary

: Term necessary for planning and construction of basiec facilities

@ Long (more than three years) O Hedium (one to three years)
©® Short (less than a year)

: Pollutants mainly removed or decomposed without 8§

© Many kinds BO : Biologically decomposed organic substances
RO : Refractory organic substances N3 : HNutrient salt OL : 0il
HH : Heavy metal

: Harnful impact on the adjacent areas
O Little in many cases ® Large sccording to circumstances

: Relational development plan
LY : Land use plan FC : Flood control plan
ST : Sewage treatment plan W0 : Water area utilization plan

: Experiences in Brazil (especilly in the study area)
©® Sufficient O a little x Nothing

: Applicability to the study area
Optimum O Applicable A Inadequate
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CHAPTER 16

MASTER PLAN FOR TIIE RECUPERATION
OF THE GUANABARA BAY ECOSYSTEM

In this chapter, a Master Plan for the Recuperation of the
Guanabara Bay Ecosystem is presented. A final outcome of the
Master Plan is an "Optimum Combination of the Measures for the
Recuperation of Guanabara Bay" after examining several alterna-
tives in a strategic manner (see 16.9 and 16.10).

With the diversified natural, social and economic conditions
in the basin in mind, and based on the in-depth analyses on the
conditions, we classified the sub-basins into three categories,
namely "Influential Sub-Basins", "Potentially Critical Sub-Basins™
and "Other Sub-Basins" so. that we could duly place the priority
for actions. The Influential Sub-Basins are the area with signif-

icant impacts on water quality in the Bay and therefore need

urgent and intensive countermeasures. The Potentially Critlcal
Sub-Basins are those with comparatively low impacts at present but
will have critical lmpacts In near future because of anticlpated
future development and therefore call for measures focusing land-
use planning and so forth.

.. Water areas are not homogeneous but rather diversified.
Reflecting the pressure from the basins behind, water quallty
differs from area to.area, and the use of the water areas shows
also diversification ranging from water bathing to fishery or the
use for dumping of garbage. In some areas, people can enjoy
benefits derived from clean water whereas in other many areas
people suffer from water pollution thereby being prohibited from
utilizing water areas. This situation made us to classify the
water areas based on the present water quality and potential use
value. : _

We set up a target water quality for each classified water
area mentloned above particularly taking Into account the poten-
tial use value which might be realized through fhe comprehensive
measures presented in the Master Plan.

The numerical simulation models established in this study
played a very important role in examining the effect of measures.
With these models, we identified the load of pollutants which were
needed to meet the target water quality set In each classified
water area. Considering the great influence of eutrophication on
water quality in the Bay, we tried, on top of BOD, to determine
the necessary reduction load of nutrient salts, namely Phosphorus.
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Optimum combinatien of measures were examined after in-
detail examination of feasibility of each measures listed in
Chapter 15 considering costs for construction and maintenance and
go forth. In addition to hardware-type measures, indispensable
software-type measures for the basins in thelr characteristics
were examiped.

16.1 Soclioeconomic Background of Environmental Change in and
around Guanabhara Bay

Development in the Guanabara Bay basin has caused various socioec-
onomic losses such as flooding and slope failure, the degradation
of the reslidential environment, the polliution of coastal recrea-
tion zones and the decrease 1In the commercial value of aquatic
1life. These socloeconomic losses have resulted In a decrease in
revenuie and an increase in countermeasure costs for the state
government and municipalities, causing a vicious circle resuliting
in financial hardship. The causal relatlionshlp between environ-
mental deterioration and socioceconomic losses 1s shown in Fig.
16.1-1. The following things are specifically mentioned.

As we have seen in Chapter 7, the urban area has expanded and
massive forests have become extlnet with the continued development
in the Guanabara Bay basin. Consequently, decreased river flows
on fine days have resulted In deterioration of the water guality,
while on ralny days the deterioration of water quality was brought
about by the flush of wastewater and garbage. Whereas, an in-
crease in peak river flows during freshet periods causes inunda-
tion.

A typlical disaster resulting from inundation and slope failure
due to heavy raln occurred on February 28, 1988, causling 281
deaths in Rio de Janelro and Petropolis.

The sanitary services of the municipalities in the basin are
insufficient as described in Chapter 3. Therefore, most sewage
and solid waste flow Into the rivers and the Bay without treat-
ment,
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Furthermore, development of the coastal areas has accelerated the
deterioration of water and sediment quality because it has in-
creased direct inflow into the Bay, destroying the sand beaches

and swamps which have natural purification capabilities. The

degradation of the current water circulation by reclamation of
coastal areas, especially in the channel areas, has badly influ-

‘enced water quality in the inner part of the bay.

Environment problems In the Guanabara Bay basin cammot be dis-
cussed without talking about "favelas", or slums, which are lower
cilass housing areas illegally developed on occupied lands, 1.05.
million or about 80 % of the total favela population in the Guana-
bara Bay basin live in the City of Rio de Janeiro. The actual
number is estimated to be more than twice of this'(Chapter 3}).

There are no sewage systems in the favelas, and the collection of

solld waste is inadequate due to the narrow roads. Besides, the

residents of favelas deforest the area to gather firewocod. There-
fore, massive amounts of waste water and solid waste are emitted
during freshet periods and there is a high possibility of inunda-
tion and slope failure in downstream areas.

Recehtly, inundation aécompanied by slope failure occurred around

' the Tijuca Forest in March 1993. COMLURB is said to have removed
18,000 ton of debris and solid waste. The Rio de Janeiro munici-

pal environment department and IEF concluded that this disaster
was caused by deforestation by the residents of the favelas, the

‘population of which amounts to 100,000 in 37 favelas 1in the

Tijuca Forest alone. The environment department reported that the
felled area of the Tijuca Forest accelerated gradually from 9,625
hectares in 1972, to 10,624 hectares in 1978, and to 19,874 hec-
tares in 1984, and that this felled area is not eligible for
compensation from the forest development programs sponsored by the
World Bank.
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16.2 Benefits from the Recuperation of the Guanabara Bay
Ecosysten

16.2.1 Classification of Benefits

The value of water areas lies mainly in their use as a resource
like the supply of tap and agricultural water and for fishing.
Recently, high value has been placed on the water environment e.g.
the function of coastal recreational fields and the purification
and dilution of polluted water. :

The value of a water resource is measured from economic stand-
points and its function in the environment is gauged by the satis-
faction it gives to people. A strong interest does not seem. to
have arisen regarding the purification and dilution of polluted
water.

Apart from the question of whether the various values of the water
areas can be discussed using the same economic values, the soci-
ceconomic benefits of Guanabara Bay are summarized in Table 16.2-
1. Although the socioceconomic benefits extend to the entire
basin, this table shows only the benefits in the Bay.

SOcioeconémic losses can be socioeconomic benefits to put them the

‘other way around. Therefore, we see the damages that are present-

ly evident in the Bay.

Based‘on the stafe of present uses of the water areas in Guanabara
Bay, the following damages have occurred in the Bay due to the

deterjoration of the water.

Visible Damage

(1) Direct Use : Destruction of eéosystem
Decrease in fish/shellfish hauls
'(Decrease in fishermen's income )
Damage to mangroves
Deterioration of Industrial water
Deterioration of scaside resorts
Damage to marine sports facilities

(2) Indirect Use : Loss of aesthetic value
Deterioration of residential environment
Moving of residential housing
(Decrease in real estate value)
Decrease in number of tourists
(Decrease in tourist income)

{3) Others : Increase In countermeasure ¢osts
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Invisible Damage

(1) Potential Use: No possibillity of long-term plan
(2) Non-Use . Depletion of natural environment as.
' a herltage for future genérations
Loss of fields for studying nature

The damage caused by the direct and indirect effects of water
pollution in Guanabara Bay, as described above, can still be
repaired so that the resldents can enjoy a great deal of sociceco-
nomic benefits from the water resources and the water environment.

Although ohly the socioceconomic benefits to the Bay are -discussed
here, 1t goes without saying that many more benefits will be
gained through the restoration of the water quality in the rivers
extending over the entire basin. '

Table 16.2- 1 Socloeconomic Benefits of Guanabara Bay
water Use | Industrial Waters, Fishery,
Navigation
Direct Usa - : : T )
Recreation | Sea Bathing, Fishing, Yachting,
visible leeoo Sightseeing Cruises
~Benefit | Recreation | Picnic, Walking, Bird-Watching,
hegthetics | Sightseeing, '
Indirect Use Relaxation | Residential Environment
Others Natural Purification Capacity
Potential Use | Opticnal Possibility for Lonngerm‘Use
Invigible . YValue _
Benefit | - : : ' T ‘ 7
Non-Use Existing Heritage (Natural Preservation},
. : Value - Study Field
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16.2.2 Kvaluation Method of the Benefits

Evaluation of a purely environmental imprOVemént project poses
serious difficulties in the practical application of recently
developed theoretical concepts. These difficulties range fronm 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 environmental improve-
ment project. '

In the case of Guanabara Bay, potential benefits to be derived
from improving its water quality have been studied for nearly 20
vears by Mr. Victor Coelho of FEEMA who incorporated the basic
concepts of recent theoretical evaluation methods into practical
calculation procedures which are easily understood,

of the many benefits estimated by FEEMA, the following benefits
were only estimated quantitatively; '

(1) Water contact recreation benefits
(2) Land value appreciation '
{3) Fish production increase

16.2.3 Water Contaci Recrecation Bepefit

These benefits refer to the value of recreation in the Guanabara
Bay beaches. Benefit estimation 1s baSed on the saturation popu-
lation of beaches, the hourly value of recreation, and the cost of
transportation.

(1) Saturation population:

The saturation population ié a function of the beach area. Table
16.2-2 lists the beaches in Guanabara Bay, along with the estimat-

'ed_width and length. Then the total beach area in Guanabara Bay
‘'was estimated at 1,111,500 m*.

The beach area pef person was worked.6ut at 5m® for Flamengo,
Botafogo, Icarai and San Francisco, and 10m® per person at the
other beaches. The total saturation population of the Guanabara

' Bay beaches was estimated at 152,950 (Table 16.2-2).

(2) Number of.potential'beachrusers ﬁer year

The numbef'df‘potential beabh users was estimated using'the fol-
lowing assumptions.
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Hot months {(November to April)
Sunday: 100% of the saturation population ( 26 days)
Saturday: 70% of the saturation population ( 26 days)
Weekdays: :
Summer vacation (3 months): 30% of sat. pop.( 65 days)
Other months (3 months): 15% of sat. pop.{ 65 days)

Cool months (May to October)

sunday: T70% of the saturation population { 26 days)
Saturday: 50% of the saturation population { 26 days)
Weekdays:
Winter vacation (2 weeks): 20% of sat. pop. ( 10 days)
Other months: 10% of sat. pop. (120 days)

The right end column in Table 16.2-2 shows that the number of
potential beach users in Guanabara Bay is 18,147,518,

(3} Value of recreation

The value of recreation is estimated by assuming the following.

- Salary : US%100 per month

- Monthly working hours : 176

- Hourly wage : US$0.57/hr.

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

- Family size : B of which 2 are wage earners

- Transportation cost : US$2.00 per person per round trip

- Time spent at the beach: 2 hours

Then, the value of recreation is the following.

2 hours X 2 persons X US$0.85 = USS 3.40
2 hours X U8$2.00 (transp.) = U5%$10.00
Total 5 persons US5$13.40

The value per person per visit would be U$$13.40 divided by
5, that 1s, US$2.68. This value is then multiplied hy the
number of potential beach users per year.

US$ 2.68 X 18,147,518 persons = US$ 48,635,348/year
If it is arbitrarily assumed that one fourth of potential beach
users will be induced to practise water contact recreation by the

cleancr water in Cuanabara Bay, then the henefits from the Project
would amount to US$ 12,158,837 per year. '
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Table 16.2- ‘saturation Population of Beaches and Potential Beach
users
Beach Width Length ‘Area Saturation | Potential Beach
{m) (m) (m?) Population User per Year
Flamengo 100 1450 145000 29000 3440850
Botafogo 140 600 84000 16800 1993320
Ramos 50 600 30000 3000 355950
Vermelha: 10 200 2000 200 23730
Barreto 50 400 20000 2000 237300
Adac e Eva 50 100 5000 500 59325
Urca’ 40 100 4000 400 47460
Flexas 100 1000 100000 10000 1186500
Icarai 140 11200 168000 33600 3986640
&.Francisco 30 700 . 21000 4200 498330
Charitas 30 700 21000 2100 249165
Jurujuba 40 350 14000 1400 166110
Pedrinhas - 50 760 37500 3750 444938
Anil 10 1000 10000 1000 118650
Maua 20 2000 40000 4000 474600
Sub Total 11150 701500 111950 111950
I. Governador .
Tubiacanga 20 1200 24000 2400 284760
Gaegos 30 1500 45000 4500 533925
Dende 50 1300 65000 6500 771225 -
Rosa 20 1100 22000 2200 261030
Pelonias 50 600 30000 3000 355950
Grande 10 800 8000 800 184920
Saco da Rosa 50 600 30000 3000 355950
Bananal 5 700 3500 350 41528
Guanabara 20 1500 30000 3000 355950
Cocota. 10 800 . 8000 800 94920
Bandeiro 20 500 10000 1000 118650
Pitangueiras 10 700 7000 700 83055
Zumbi = . : .5 400 2000 200 23730
Engenhoca 10 700 7000 700 83055
{ Ribeira 10 600 6000 600 71190
Jequia 20 1200 24000 2400 284760
Brava 10 500 5000 500 59325
Bica 30 1900 57000 - 5700 676305
Eng. Velho 5 700 3500 350 41528
S. Bento 5 800 4000 400 47460
Galeao 5 1300 6500 650 77123
Sub Total 19400 .397500 39750 4716338
I. Pagueta i -
J. Boticario 5 1300 6500 650 77123
Moreninha 5 500 2500 250 29663
Gaivotas 5 350 1750 175 20764
Lameiras : 5 350 1750 175 20764
Sub Total 2500 12500 1250 148313
TOTAL 33050 1111500 152950 18147518
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16.2.4 Land Value Appreciatibn '

The appreciation of the value of the land surrounding a water body
is a summation of all the beneficial effects of the water quality
improvement..The land value appreciation depends on the unit value
of land and the distance from the shore. The benefit estimatlon is
based on the following. ' '

(1) Unit value of land (US$/m®) .
Values provided by realtors S
' Flamengo R Us$1,260/m™

Botafogo US$1,160/m=
Rames Uss: 725/m?
Urca . . US$1,525/m>
I. do Governador US$ = 485/m*

Maua . Uss - 5/m=

_ Assumed Vd1ueS . T
Icaral : Us$ 500/m*

San Francisco - US$ 500/m*
Remaining beaches . US$  50/m®

Non-beach ' Us$ 1/m*
(2) Distance from the beach

A study by the Environmental Protection Agency In the United
States found that an improvement in water quality affected the
value of the lahd=surrounding the water body. The appreciation of:
the land ranges:from 8% to 24%, and the value appreciation disap-
pears beyond 4,000 ft. from the shore. ' S

The estimation of value appleciation ts based on the following
assumptions. ' :

Distance ffom the beach Value appreciation
Up to 100 m ' 24%
100m - 500 m 15%
500m - 1060 m _ 8%

{3) Total value

Table 16.2-3 shows that the total value of land appreclation
amounts to US$ 1,733,858,000. ' '
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Table 16.2- 3

Total Value of Land Appreciation Amounts

Land Area up to ! ke from the Shore ] Land Yalue Appreciantion .
Beach Length To T00  Te 500 "To 1000 JTotal = [Tq [0 To 500 " To [U00 . JTotal
Ca) (n2} (e2) (u2) JCI000m2)|  (use) (Us$) {ussy. CI1000USS)
Flamengo 1450 145000 580008 725000 1450 43848000 109620000 73080000 | 226548
otsfogo 600 60000 240000 300000 800{ L6704000 41760000 27840000 | 86304
@08 §00 60000 - 240000 - 300000 500] 10440000 26100000 17400000, 53440
ernelha 200 20000 80006 - 100000 200] 240000 - 660000 400000 1240
drreto 400 40000 160000 200000 400 430000 1200000 800000 2480
dao ¢ Eva 100 10000 40000 50000 100] 120000 300000 200000 520
Yirea 100 10000 - 40000 - 50000 1000 3660000 91508007 6100000 | . 18910
Plexas (000 100000 400000 500000 1000 1200000 3000000 2000000 200
icarai 1200 120000 4280000~ $00000 1200 14400000 35000000 24000000 14400
. Francisco 700 70000 280000 350000 T00| 8400000 21000000 14040000 43400
haritas 700 70000 280000 350000 T00| 840000 2100090 1400000 4340
urujuba 350 35000 (40000 175000 350 420000 1050000 700000 2170
edrinhas 750 75000 300000  375004) 750] 200000 2250000 1500000 4650
nit 1000 100000 400000 506000 1000 1200000 3000000 2000000 6200
ava 2000 200000 800000 1000000 2000 240000 . 60C000 400000 1240
Subtotal 11150 1115000 4460000 5575000]  11150)103.092.000 267,730,000 171,820,000 | 632,640
I. Governador )
Tublacanga 1200 120000 480000 - 600000 1200| 13958000 34920008 23280000 72168
aegos 1500 150000, = 600000 750000 1500| 17460000 43650000 29104000 90210
rende 1300 130000 520000 650000 1300] 15132000 37830000 25220000 78182
Rosa 1100 110000 440000 550000 1100} 12804000 32010000 21344000 66154
Petonias §00 60000 240000 300000 600 6984000 17460000 11540000 36084
G rande 800 30000 320000 - 400009 800{ 9312000 23280000 15520000 48112
Kaco da Rosd 600 60000 240000 300000 §00| 6984000 17460000 11640000 35084
ananal 7900 70000 280000 350000 700{ 8148000 20370000 13580000 42098
wanabara 1500 150000 600000 750000 1504{ 17460000 43650000 22109000 90210
ocota §00 80000 320000 400090 306 9312000 23280000 15520000 48112
andeiro 500 50000 200000 250000 500 5820000 14550000 9700000 30070
ftangueira 700 70000 280000  3500Q) 7000 2148000 20370000 13580000 12098
uabi 400 40000 160000 200000 400] 4556000 ° 11640000 7760000 24056
ngenhoca 700 70000 280000 350000 700 8148000 20370000 13580000 12098
ibeira 800 50000 240000 300009 600j 6984000 ‘17460000 11640000 36084
equia 1200 120000, 480000 600000 1200] 13958000 34920000 23230000 72168
Brava 500 50000 200000 250000 500] - 5820000 14550000 9700060 30070
pica 1900 190000 - 760000 950000 -  1300] 22116000 55290000 36860000 | 114266
Eog. Yelho 700 70000 280000 350000 700 8148000 20370000 13580000 { -42098
B. Bento 800 80000 320000 400000 800[ 9312000 23280000 15520000 | - 48112
faleao 1300 130000 520000 650000 1360} 15132000 37830000 25220000 73182
Subtotal ‘19400 1940000 7760000 9700000  19400] 225816000 564540000 376360000 | 1166716
i. Paqueta
. Botlcario 1300 130000 520000 . §50000 1200 1560000 . 5700000 2600000 9860
Horeninha 500 50000 200000 250009 -500]  600GOD 2100000 1000000 3700
aivotas 350 35000 140000 175000 50| 420000 2400000 700000 3520
.ageiras 350 35000  [40000 175000 350 420000 3500000 700000 5020
Subtotal 2500 250000 1000000 1250000 2500 3000000 - 14100000 5000000 22100
- lrotal Beach| 33050 3305000 13220000 18525000]  33050|331,000,000 835,370,000 553, 80,000 1,721.468
Non-beach 100000 10000000 40600000 50000000] - 100000 2400000  §000000 4000000 12400
"HOTAL 133050 13305000 53220000 §6525000( 133050]334.308,000 842,370,000,667,180.000 | 1,733,458
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16.2.5 Fish Production Increase

(1) Present state of the fishing industry

(3)

(4)

Total No. of Fishermen working _ : _
in the Bay =~ : 5,000 persons
Number of Colonies - - . 1.4 colonies @
Maxlmum Commercial Fish Production in the Bay

6 tons/day
Mussel Production 1 ton/day

Income

‘Set Net_énd'Bamboo'Scfeen : US$3;000;/year:

_ - | | (US$200. to 400./month)
Mesh Net (Shrimp). R US$7;SOO,/year,'3 ton/year
S . (US$25. /operation, 10 kg/operation)

Mussel Meat : US$250,000. /year

Total . : US$260,500./year

Beneficial effects from water duality improvément
On the completion of the First Stage of the Project
- _ 20 % increase in catch
By the year of 2010 . : 100 % increase in catch
Total beneficial value.
If' we'&ésume_the unit price of fish prodUCtionf as 1.5

times of the present price, the total beneficlal value
is estimated to be US$ US$390,750. per year. '
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16.3 Selection of Priority Areas

18.3.1 Basic Policy for the Selection of Priority Arcas

In order to restore the ecosystem in Guanabara Bay and enbance the
benefits examined in-previous section, a long-term plan consisting’
of both hardware-type and software-type measures is necessary
along with sufficient funds to realize it. Since there is a limit
to the amount of funds which can be_raiséd in a given period,
" investment should focus the influential sub-basins which contrib-
ute to .the improvement of water quality in the entire Bay.

On the other hand, early improvement of the beaches and water
areas, which are in great demand from utilization and sanitation
standpoints, will ©bring large socioeconomic benefits. Moreover,
if we ‘put off improving the précious mangrove and other water
areas, it .will:be, from ccological point of view, difficult to
restore the eécosystem there. Therefore, it is necessary to give
high priority to these important beaches and water areas.

The above-mentioned sub-basins and water areas are important from
the viewpoint of improving the present state of water .quality 1In
‘the Bay. In additlon, there are some other areas expected to be
designated as important areas in the near future, from the view-
point .of water quallty in the bay, although they do not vet
preéent'a-serious threat to the qﬁality of water in the Bay. Such
areas are designated as potentially critical sub-basins.

'Whenxselecting priority areas, priority 1is given to Influential
Sub-Basins - which have a large effect on the water quality in
Guanabara Bay from the standpoint of the estimated runoff. loads
for each sub-basin (Chapter 9) as well as from the estimated

effluent loads from pollution sources {Chapter 8). Secondly
Import&nt.Beaches and Water Areas were phosen taking utilization,
sanltation and the ecosystem in the Bay into account. Lastly,

Potentjally Critical Sub-Basins were investigated based on recent
changes in the distribution of population and land use.

16-13



16.3.2 InTluential Sub-Baslins

As was shown previously (Chapter 8), the rivers 1In the Western
Basin supply 49 % of the inflow load in terms of BOD into Guanaba-
ra Bay. The Meriti (Sub-Basin No. 19), Cunha (No. 21), Iraja (No.
20) and Mangue (No. 23) are the major rivers, ranking 1st, 3rd,
bth and 6th, respectively, 1in terms of daily mean effluent load
out of all the rivers flowing into the Bay.

The BOD value of the Meritl River was around 25 mg/l on average
and over 40 mg/l during the worst conditions, and that of the
Cunha, Irajsa and Mangue rivers is extremely bad around 40 mg/l to
50 mg/l in terms of BOD desplte their small basin areas.

The basins for the Cunha, Iraja and Mangue rivers have a common
characteristic In that many favelas are located in them. There-
fore, 1t is thought that inadequate garbage collection and sewage
treatment are highly probable causes of the high effluent loads in
the rivers.

As for the Northwestern Basin, the Sarapul (No. 17-8), Iguacu {No.
17-1.5) and Estrela (No. 16) are the major rivers, ranking 2nd,
4th and 10th, respectively and they supply 29 % of the inflow load
into the bay.

The BOD wvalue of the Sarapui was around 25 mg/l on average and
over 40 mg/l during the worst conditions. The water quality of
the Iguacu river was comparatively good recording less than 10
mg/l (mean)}. However, there are many chemical plants in the basin
and 1t is estimated that Industrial effluent loads exceed domestic
effluent loads In terms of COD. PETROBRAS's refinery (REDUC) at
the mouth of the Iguacu river always discharges a great deal of
warm water heavy In o0il into the river.

On the other hand, the rivers in the Northeastern Basin account
for only 13 % of the effluent loads compared with their 35 % of
total discharge. The Alcantra River (No. 8) has exceptionally bad
water quality, ranking 7th in terms of effluent load. This 1is
caused hy three plants situated near the observation point which
. discharge large effluent loads.

The Guapimirim River {(No. 10) enters the Bay through a vast man-

grove forest. While having the largest discharge in the Guanabara
Bay basin the Guapimirim has a low mean value of BOD; less than 3
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mg/1. Even though the water quality in the Cacerebu river (No.
9), which ranks 3rd in terms of discharge, is still low at less
than 10 mg/l in terms of BOD, it is feared that the load will
increase in the future due to the recent increase in population
along with changes 1in land use in the basin.

The rivers in the Eastern Basin and Islands account for only 7 %
and 2 % ‘in terms of total effluent load, respectively. The Bomba
river {No. 5) has the largest effluent load of the rivers in the
Eastern Basin (ranked 11th), and it should be noted that industri-
al loads greatly exceed domestic loads in this river.

Consequently, the sub-basins shown in Table 16.3-1 were selected

~as influential sub-basins  from the viewpoint of effluent loads in

terms of BOD discharged into Guanabara Bay and these sub-basins
are listed according to the order of the load in BOD (for the
location of the sub-basins, refer to Fig. 16.3-1). This table
summarizes the natural and socioeconomic features for each sub-
basin as well as the generation and effluent characteristics of
poellution loads.
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Table 16.3- 1

Natural and Socioeconomic Feat

Sub-Baéins_

ures of the Influential

.Municipélity__

No. - Sub-basin, Efflueﬁt_@oad' Rivef: - _ _
(1) River Name (1) BOD(t/d){%) -~ (1) veared Mx Discharge
(2) Area (km?) (2) TN {t/d)(%)' (Area) (Popu) . (2) Mn Witer Qulity(RD)
(3) Pop.(x10%) (3) TP (t/d){%) (%) . (%) (3) Innundation
19 (1) Meriti (1) 64.33(19.5) RI(B2.7)(82.0) . (1) 56.07 w'/s (Qct.1992)
(2) 164.5 (2) 20.59(17.7) 83 6.1)( 8.4)  (2) 24.9 mg/1
(3) 1492 (3) 4.01(19.7) DC{ 5.8)( 6.2) (3) I {Middle)
. . NP{ 5.3)( 3.4) 1Y (Upper, Lower)
17 (1) sarapui (1) 43.40(13.1) NI(42.0)(24.9) (1) 43.83 n/s (Mox.1952)
(2) 165.5 (2) 13.94(12.0 RJI(19.5)(74.5) (2) 25.9 mg/l '
6 (3) 1012 (3) 2.66(1.31) DC{17.0)(14.7) (3} I (Middle)
. : ©8J{15.3)¢11.9) II (Upper, Lover)
NP( 6.3)( 4.8)
21 - (1) Cunha - (1) 35.66(10.8) . RI (1) 17,69 /s (Mo 1992)
{2) 63.6° (2) 11.62(10.0) (2) §0.% mg/l
(3) 815 (3) 2.30(11.3) (3) I (Middle)
17 (1) Iguacu (1) 31.94( 9.7) NI(57.0)(94.0) (1) 75.75 /s (Nov.1992)
© {2) 562.8. (2) 11.26( 9.7) DC(43.0)(16.0) {2) 9.2 mg/1
1-5 (3) 758 (3) 1.80( 8.8) {3) 1-II (Middle)
I1I (Lower)
20 (1) Iraja (1) 22.04( 6.7) RJ {1) 537 s (Jue.1992)
(2) 35.7 (2) 7.26( 6.2) (2) 50.0 mg/1
(3) 500 {3) 1.44( 7.1} (3)
23 (1) Mangue (1) 21.96( 6.6) RJ (1) B.69 /s (Nov.1992)
(2) 42.8 (2) 7.20{ 6.2) (2) 44.4 mg/1
(3) 501 (3) 1.42( 7.0) (3)
8 (1) Alcantara (1) 20.07( 6.1) SG(76.3)(67.6) (1) O m/s (Mr.198)
(2) 144.6 (2) 6.60( 5.7) NR(21.0){31.8) (2) 287.1 mg/1
(3) 470 (3) 1.20( 5.9) IB( 2.6)( 0.6) (3) .
4-6 (1) Imboassu (1) 15.94( 4.8) SG(76.9)(79.0) (1) 6.49 /s (Mar.1993)
(2} 64.6 (2) 5.24( 4.5) NR(23.1)(21.0) (2) 8.8 mg/l
(3) 359 {3) 1.01( 5.0) (3}
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Table 16.3-1 {Cont.)

Sanltary Condition ) ) - Ind: Pollution Sources Land use -
{1) Existing Treatment Plant {1) Effluent Load (BOD) (1) Urhan Area (%)
(2) Favela Population (%) (2) Major Industry (2) Forest (%)
{3) Collect. R.of Solid Waste (3) Ind./Dom. (Bod, COD) (3) MrgroweiBeap($)
(1) Acari, Realengo. - (1) 5.50 ton/day (1) 68.5
{2) 10.9 (2) Food, Chemicals (2} 3.1
{3) City:90%, Favela:40% (3) 0.07, 0.24 {3) 1.8
(1) Nil (1) 4.10 ton/day (1) 55.6
(2) 7.4 : (2) Food, Textile {2) 16.0
{3) 27% (Nova Iguacu) (3) 0.08, 0.14 (3) 5.7
(1) Nil (1) 14.03 ton/day (1) 75.2
(2) 25.3 {2) Food, Baverage {2) 0.8
(3) City:90%, Favela:40% {3) 0.37, 1,44 (3) 2.0
(1) Ni1l (1) 8.45 ton/day (1) 29.6
(2) 5.5 {2) Chemical, Food (2) 32.0
(3) 27% (Nova Iguacu)} (3) 0.21, 1.77 (3) 3.1
(1) Penha (1) 2.28 ton/day (1) 52.1
(2) 32.8 {2) Pharmaceutical (2) 24.5
(3) Clty:90%, Favela:40% (3 0.10, 0.20 (3) 1.4
(1) Nil . (1) 2.28 ton/day (1) 52,1
(2) 22.6 . {2) Pharmaceutical (2) 24.5
(3) City:90%, Favela:40% (3) 0.10, 0G.20 {3) 4.2
(1) Nil (1) 1.02 ton/day (1) 45.7
{2) 0.0 o {2) Food, Textile {(2) 10.2
(3) 21%(San Goncalo) {3) 0.04, 0.16 (3) 14.0
(1) Nil (1) 16.64 ton/day (1) 61.2
(2) 1.4% {2) Food (2) 3.4
" {3) 21%(San Goncalo) (3) 0.85, 1.06 . (3) 9.9
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Table 16.3-1 (Cont.)

Trend of'beveiopment

Benefit Use of Water Area

Pregérvation Area

(1) Population Increase (1) River {1) Basin No.
(2) Urban Area Increase (2) Beach and Bay (2) Area Name
{3} Foraest Decrease (3) Demand (3) Managing Agency
(1}.0.66%(1) resthetic (1} Aesthetic (1) 19-2

(Rio de Janeiro) : _
(2) + 4.2 km? (2) (2) Fadra Braxs State Fark
{3) + 0.9 km® {3) 1EF
{1) 1.53% (Nova Iguacu} (1) Resthetic
{2) + 5.3 kn’ Preservation of Nature
(3) - 1.7 km? (2)
(1) 0D.66% (1) Aesthetic _
(2} - 0.1 km? (2) Navigation channel
(3) + 0.2 km?
(1) 1.53% (Nova Iguacu) (1) Aesthetic (1) 17-3, 4
(2). + 16,4 kn? Preservation of nature (2) Tijuca National Park
(3) - 15.6 kwn? Industrial water supply (3) IBAMA '
(1) 0.66% (1) Aesthetic
(2) + 1.8 wn? (2) Navigation channel
(3) -~ 0.2 km? '
(1) 0.66% (1) Aesthetic (1) 23 o
{2) - 0.1 kot (2) Port {2) Tijuca National Park
(3) + 1.9 km? (3) IBAMA :
(1) 2.16% (1) Aesthetic (1) 8 : '
(2) +11.1 km? _ Preservation of nature (2) Qepimicim Bw.Prot.Aea
(3) ~ 5.2 km? {2) Environment Protection
(1} 2.16% (1) Aesthetic
(2} + 6.2 km? {2) Fishery Port
{3) - 2.7 km?
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“Table 16.3-1 (Cont.)

Characteristics in Generation and Effluent of Polluants

The proportian of urban area is large, forest & swampy araas are small by contrast.

Mean water guality is not as bad as Cunha & Iraja, but changeable because of tidal rivers and
sometimes attains 40 mg/1.

Though deomestic loads are predominant, there are many food & chemical factories along the Rio

Acari. .
Floodprone areas are those along the Rio Meriti, Acari & Pedras,

Three guarters of the population lives in Rio ‘de Janeiro & one quarter in Nova Iguacu. As the
rate of population increase in Nova Iguacu is high, urbanization is expected to increase in Nova
Iguacu where the. Sanitation'serVLceS are still bad. WMean water quality is not as bad as Cunha
& Iraja, but changeable because of tidal rivers, and sometimes attains 40 mg/l.

Domestic loads are predomlnant._ Floodprone areas are in the middle reaches.,

A wide swampy area called Flumxnanse Low-Land is on the left side 6f the lower reaches.

The'plohoftioh of urban area ié large ahd population is at saturation levels, in particular the

population rate: of the favelas is high.
Though the river discharge is not large, water quality is very bad from the upper reachas.
There are many food. & chemical factories in the basin and industrial loads are hlgher than

domestic loads for COD.

Though.the proportion'of urban area ‘is still small, the increase in population'and changes in

‘landuse are substantial in Nova Iguacu where sanitation services are still bad. The uppar area
is designated as a biological protection area and a vast forest is preserved. In the lower

reaches, industrlal loads are designated domestic loads for COD, because of the petro-chemical

factories.
REDUC at the river- mouth continually dischargLs a-great deal of warm water rich in oil into the

Iguacu River,

The proportion’ of urban area is almost 90% and population is in saturation in particular

population rate of the favelas is high.
Though the river discharge is small water quallty is bad because of the retention effect of the

tidal river. : : ) )
The Penha sewage_treatment plant; services a population 750,000, is operated in this sub-basin.

Therefore,_the-treatmeht_rate_of.domestic loads is the highest in the Guanabara Bay basin.
Industrial wastewater is discharged directly into the river.

The proportion of forest area is large because of the Tijuca National Park and the population rate
of the favelas is high. The river discharge is small; while water quality is bad. wMain effluent
loads are domestic leoads plus some medical factories and most of them are treated at the Penha

sewerage SYSs tem.

Tﬁough the portion ¢f urban area is till less than 50%, recent increases in population and changes
in landuse have been large in San Goncala where the sanitation services are presently bad. Bad
water gquality in the upper reaches is caused by factories with large effluent loads situated near

the observation point. A large mangrove forest is located near the river-mouth.

Urbanization has already progressed -increases in population and changes in landuse are expected
to continue from now on in San:Goncalo, where the sanitation services are presently bad. Food
factories, mainly  processing marine - products, discharge wastewaters rich in organic matter.

Therefore, the industrial 1oads,1s:very high.
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16.3.3 Importanl Beaches and Water Areas

When selecting priority areas in Guanabara Bay, the present state
of the water quality and use, the beneficial use and demand for
future utilization should all be considered as well as from an
ecological point of ‘view.

The present heneficial uses and corresponding water areas in the
Guanabara Bay are as follows;

(1) Areas for Ecological Conservation

Mangroves : Guapimirim and Jequia
Aquatic Life : Particularly in the inner part
- of the Bay

(2) Areas for Recreational Resorts

Rio de Janeiro Area : Botafogo, Flamengo and Gloria
Niteroi Area - : Icarai and Jurujuba. .

Paqueta Island : West coast of the island
Governador Island : South coast of the island
Mage Area : Anil

(3) Areas for Water Circulation : _
Channel between the mainland and CGovernador Island
“Channel between the mainland and Fundao Island

{4) Fishing Areas
Water areas along the central falrway

The inner part of the Bay

(5) Port and Harbor Areas

Port : Rio de Janeiro Port
Fishing Ports : Caju, Ramos, Jurujuba etc.
Ferry Ports 1 Praca Quinze, Niterol and Paqueta

Port Facility Area : Barreto (Niteroi)

{6) Energy Generation Areas
Central part of the Bay (D'agua Island)

(7) Fairway and Anchorage Areas
Central part of the Bay
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The following areas are important from health standpolnts;

(8) Important Areas for Health Reasons-

0i1 Pollution Area. . - : River-mouth of Iguacu
‘Heavy Metal Pollution Areas: - - = . _
Cr Pollution : River-mouth of Iguacu and Sarapui
Cu Pollution : River-mouth of Estrela
Hg Pollution . :  River~mouth of Acari and Meriti

Meanwhile, the following three desires fqr the restoration of the
Guanabara Bay area are very strong according to the results of a
questionnaire carried out during the course of this study:

1) To restore the water area as a fishing ground

2) To restore the water area fOf sea bathing

3) To restore the water area for marine sports

Here, we divided the water area of the'Bayiinto-nine (9) groups (A
to I) as shown in Fig. 16.3-2.  For each water area, we evaluated
its importance in terms of economic and social henefits as well as
from an ecological peoint of view as shown in Table 16.3-2.

As a result of the evaluation, flve (5) water areas, Groups A, C,

D, F and H, were selected as important beaches and water areas 1n
Guanabara Bay.
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Current Use of Coast and Water Arven of ihe Guanabara Bﬁy
Uso Atual da Costeira e da Espeltho da Agua da Baia de Guanabara

(legends)  (Legenda)

Airpes] Area

Fuea ga Aeroporio

Port Facililies Arez

Asea do Porlo Maritbimo
Anchorage Arez

Area de Ancoragem
Central Fzirway

Ganal Central

Ferryboat Route

Rola o= Ferryboal

Fishing Port

Porto da Pesca

Yachl Harbor

Porto de lale

Sea Halhing Beach
Prals de Banko

Marine Resorl Area

Hzea de Lazer Maritima
Distrivution Area of Fshmg Fence
Ffirea de Distribucdo de Pesca com Armadital
O Facillies Azea
Instalagdio 2 Relinzria e Depbsito &2 Pelrofes
Gas Pipa Line

Gasodute

Sevrage Pipe Lre

Rede Coketora g Esgola
Shidge Disposed Sie

Penle de dispasicao
Mangrove Foresl

Floresia de Mangrezal
Area Reclaimed sice 1962
Feea Atervada desds 1962

1

Fig. 16.3- 2 Water Area Division in Guanabara Bay
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Table 16.3- 2

Criteria for Selection of Important Beaches and

Water Area
Wa- ‘Eco- ! Bio- {bDegree|
tor Utilization nomic Bxpected Soecial Conservative logical] of
Area Bffect]| Sanitation/Improvement jEffect Ecosystem Effect {Impor-
: : ’ tance
A Recreational e Sanitation for Sea ] 5] ®
Resort Bathing
Botafogo Mitigation of Offensive
Flamengo Odors
Gloria improvement of
: Aasthetics
B (Port.Fairway a pMitigation of Offensive 0 0 0
jAnchorage Area | : - Odors
. Improvement of
. " "Aesthetics
C [Fairvay{SmallBoat)’ O Mitigation of Offensive & [Big Influence [} ®
Fishing Port ‘ - Qdors{including Effact to '
(Caju, Ramos) Sadinent) Ecosystem all
Water Cilrculation Improvement of over the Bay
i Aagthetics )
Increase of Circulation
D fRecreaticnal =) lsanitation for Sea 0 Mangrove in Juguia @ )
© } Resort Governador " Bathing Nekton & Benthos
iAnchorage Area |Improvement of Sediment Improvement of
Fishing Field ‘Anoxic Waters &
B .  Sediment .
E [Fishing Field 0 [sanitation for Sea 0 [Nekton & Benthos @ 0
ishing Port Bathing and Fishermen Improvement of
acreational Anoxic Waters &
Resort Sediment
A nil Prevention of
Heavy Metal &
0il Pollution
F [Fishing Field & [Sanitation for Sea 0 Mangrove in & @
[Recreational Sathing Guapimirim .
Rasort Nekton & Benthos
Pagqueta Improvement of
} Anoxic Waters &
Seiment
G [Fishing Port 0 Hitigation of Offensive 0 0 0
Port Facility . Odors(including
. Sediment)
H {Recreational -] Ganitation for Sea 1 0 @
Resort: Bathing
Icarai Mitigation of Offensive
Jurujuba Cdors
Improvement of
Aesthetics
I |Fairway Q 0 [Nekton & Benthos 0 -0

anchorage  Area
Fishing Fleld
Energy Facility
D'agua

Improvement of
Polluted Waters
Prevention: of

il Pollution

[Note] ]

Lo

: great significant/interest/efficient
: significant/interest/efficient
: not-aignificant/interest/afficient
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16.3.4 Potentially Critical Sub-Basins

Influential sub-basins and important beaches and water areas as
seen. in the foregolng, have been selected as areas which are
mainly influential and important from the standpoint of present
effluent loads and beneficial uses of water areas. In addition to
‘thcse ‘sub- basins and water areas, there are some areas which are a
cause for concern with respect to future effluent loads. Conse-
quently, these sub- basins ‘have been named Potentially Critical
Sub-~Basins. '

When selecting potentially critical areas .in the .Guanabara Bay
basin, attention was paid to recent trends in development such as
popuiation. incrcaqes,_ increased urbanization ‘and deforestation.
Table 16.3-3 shows data for all the sub- basins except the influen~
tial sub-basins’ qelected in the foregoing section.

Consequently, Sub-Basins No. 9-3 in Itaborai and Rio Bonito, Sub-
Basin No. 9-2 in Itaborai and San Goncalo, Sub-Basin No. 16-3 in
" Dugue de Caxias, Mage and Petropolis, Sub-Basin No. 16- 2 in Mage
and Petropolls and Sub-Basin No. 10-5 in Cachoeiras de Macacu,
were selected as Potentially Critlical Sub- Basins because of the
rather significant changes in urban and forest areas observed so
far. : '

Moreover, Sub-Basin No. 10-2 in Cachoeiras de Macacu and Itaborai
was selected bechuse of " the industrial park planned there, Sub-
Basins Nos. 1, 2 and 3 in Niterol were chosen because of the
_recreatlional resort at Icaral and Jurujuba, while Sub-Basin No. 24
in Rio de Janeiro was also selected because of the recreational
resorts at Botafogo and Flamengo. The specific features in these
Potentially Critical Sub-Basins are summarized in Table 16.3-4
(For the location of these sub-basins, refer to Fig. 16.3H1).

These potentially ecritical sub- basins are broadly divided into
four (4) groups.. Group I consisting of Sub-Basins Nos. 1, 2 and 3
threatens the recreational resorts of Iecarai and Jurujuba, Group
II of Sub-Basins Nos. 9-2, 9-3, 10-2 and 10-5 threatens the man-
grove area at the mouth of the Guaplimirim APP Group III of" Suh—
Basins Nos. 16-2 and 16-3 threatens the inner part. of the_Bay,
and Group IV of Sub-Basin No. 24 threatens the recreational re-
sorts. at Botafogo and Flamengo.
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Table 16.3~ 3

Trends in the Development of Sub-Basins

{for Selection of Potentially Critical Sub-Basins)

Basin | Area Population |Increasing Rate!Y!]Urban Area'¥ |Forest Area'? [Impor-!¥
No. (Km?) (person) |of Population (%){Increase(km?)|Decrease(km?)| tance
1 9.4 53,310 [0.B4(NR) +0.2 +0.1 ¢

_ 2 7.4 41,745 10.84(NR) +0.3 ~0.6 ]
%% 3 7.8 37,458 [0.84(NR) 4+0.4 -0.4 @
7 | 6.4 31,925 [2.16(SG) +0.5 ~0.3
9-1 110.9 74,463  [1.26(MG)-3.17(1B) +2.3 +0.7

9-2 191.4 151,356 [2.16(8G)-3.17(1IB) +4.6 -9.0 0
9-3 5444 110,374  [1.26(MG)-6.27 (RB) +6.4 -43.8 @

10-2 246.7 12,475 [1.04(CM)-3.17({18) +0.4 -0.9 8

10-3 256.0 18,577 [1.04(CM) _ +0.8 -0.7

10-4 215.4 10,312 [1.04(CM)-1.26(MG) +1.3 +2.2

10-5 349.5 © 8,983 - [1.04(CM) +0.7 -10.4 0

10-6 132.4 17,911 [1.26(MG) +0.1 +2.,4

11 18.3 8,458  [1.26(MQ) +0.5 -1.3

12 11,4 36,370 [L.26(MG) +0.8 -0.3

13 27.8 10,684  [1.26(MG) +0.2 -1.4

14 68,8 12,910 [1.26{MG) +0.7 -1.7

15 . 28.9 8,541 [1.26(MG) +1.8 -1.2°

16-1 17.5 24,216  |1.26(MG) ) +0.6 -0.4

16-2 | 139.0 84,106 [0.97(PP)-1.26(MG) +2.7 -3.4 0

16-3 186.0 194,173 [0.97(PP)-1,26(MG) +5.B -5.0 0

§§ 17-2 104.4 19,388 {1.32(DC) +0.5 -4.3

17-3 115.7 12,243 }1.32{DC)-1.53(NI) +0.4 -2.8

17-4 103.1 94,852 [1.53(NI) +2.4 -1.1

18 27.0 132,091  [L.32(DC) +2.5 0.0

22 6.6 60,011 [0.66(RJ) +0.,7 0.0

24 26.0 358,622 [0.66(RJ) +1.0 +0.4 &

25 38.2 153,903 [0.66(RJ) +3.4 +0.1

26 5.4 5,277 . 0.66(RI} +0.4 0.0

27 1.7 3,254  0.66(RJ) +0.4 -0.1

[Note]l (1) : Increasing rate between 19B0 and 1991
{(2),(3): Increasing area between 1984 and 1991
{4) : ® ¢ great significant
0 : significant
® : significant from the standpoint of recreational

v

resorts in front of the basins and future land-
use plan of the basin,
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Natural ‘and Socioeconomic Features of'Potentlally
Critical Sub-Basins

Table 16.3- 4

'Dcmestic

Sub-Basin Trand of Development Benaficial Use of 'Group
No. 1 River Nama 1 Population Increase Downstream Area Generation Load| . of
2 Area 2 Urban Area Increase and/ox ’ Industrial Cri~
3 Population 13 Forest Decrease Davelopnent Plan Effluent Load tical -
: : {ROD) Sub-
Rasing
1 1 B.Charltas 1 0.84% Racreational Resort { 2.67 ton/day
2 9.4 km? 2 +0.2 km? Jurujuba 2.13 ton/day
3 53,310, 3 +0.1 km’ :
2 1 Canto do Rio 1 0.84% Recreational Resort | 2.09 ton/day
2 7.4 kn? 2 +0.3 km? Icaral & g - 1
3 41,745, 3 0.6 km? Jurujuba
3 1 B.Catedrsr 1 0.84% Recraational Resort 1.87 ton/day
Z2 7.8 km? 2 +0.4 km! Icaral - :
.3 37,458. 3 -0,6 km*
9~2 1 Aldeia 1 0.84% - 3.17% Mangrove Area 8.11 ton/day
2 191.4 kn? 2 +4.6 km? ‘ Guapimirim APP
3 - 151,356, 3 -9.0 km? e
9-3 1 Cacerebu 1 3.17 - 6.27% Mangrove Area 5.71 ton/day
2 544.4 km? 2 +4.6 km? Guapimirim APP 0.48 ton/day
3 110,374, 3 -43.8 km’
10-2 1 Macacu - 11,04 - 3.17%  Mangrove Area | 0.61 ton/day I1
2 246.7 km? 2 +0.4 ko’ Guapinirim APP -
3 12,475, 3 -0.9 km? Industrial Park Plan
10-5 1 Guapi. Acu ©1 1,04% Mangrove Area 0.41 ton/day
2 349.5 km? 2 +0.7 km? Guapimirim APP -
3 8,983, 3 -10.4 km? .
16-2 1 Inhomirim 1 0.97 - 1.26% Fishing Fleld 4.28 ton/day
2 139.0 km? 2 +2.7 km? 0.92 ton/day
3 ‘84,106, 3 -3.4 ke’ .
i " . Ix
16-3 1 Saracuruna 1 0.97 - 1,32% Fishing Field 2,17 ton/day .
2 1856.0 “m? © 2 +5.8 km? 6.09 ton/day.
3 194,173, 3 -5.0 km? :
24 1 B.Botafogo 1 0.66% Recreational Resort (18.62 ton/day .
2 26.0 kmd 2 +1.0 kn? Hotofogo & 5,15 ton/day 1v
3. 358,622, 3 +0.4 km? Flamango
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16;4 'Target Year

In order to set a target_yéar for the water pollution control
rlan, due consideration should be paid to on-going plans/projects
and the degree of deterioration in present water quality.

With respect to "The basic sanitation program of the Guanabara Bay
basin", conducted by the State Govermment of Rio de Janeiro with
the help of a loan from the Inter-American Development  Bank and
the Overseas. Economic CooperationA Fund (IDB/OECF Program). the
first stage of the ‘program extends from 1993 to 2000 and. the
second stage to 2007, and involves the implementation of five
major projects including a sewerage ilmprovement project.

1t should be-noted,'however. that since the ecosystem surrounding
Guanabara Bay :is delicately balariced, it will be extremely diffi-
cult to restore it once it has collapsed. As we have seen in the
foregoing chapters, environmental problems in the Guanabara Bay
basin. have, unfortunately, come to the fore in various aspects,
making it hard to deny that much time will be needed to recuperate
the ecosystem.

With the above time factor, 1t is proposed that the folloWing
three target years for the short-term, mid-term and long-term
plans of this Master Plan are set:

Target Year for Short-Term Plan + 2000
Target Year for Mid-Term Plan : 2010

Targef Year for Long-Term Plan : not-specified

The target yeaf for the short-term plan coincides with that of the

first stage of the IDB/OECF Program and attaches deep significance

to urgent measures. The mid-term plan is aimed at restoring a
desirable level for sea bathing and aguatic 1lives by the target
year.

The long-term plan alms at achieving the most desirable water
quallity in order to restore the ecosystem in Guanabara Bay and,
the final target of this Master Plan; that is to improve the water
quality in Guanabara Bay as 1t was in the first half of 1960's.
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18.5 Target Water Quality
16.5.1 Significance of Target Water Quality

In order to draw . up a water quality. improvement plan, it 1s first
necessary to establish a water quality target based on the degree
by which the water quality needs. to be purified, in the Bay. by
the target year already_mentiOHed; ‘Stringency -of regulations and
the amount of investment needed will differ conSiderably depending
on the level- of the water quality target set. Generally, the
higher the target quality, the more 1nvestment and time required.

Since there are so many variables for evaluating water . quality,
suitable ones need to be selected for evaluating the water quality
in each ‘area. We discussed and propoqed indices for evaluatiang
water quality from the standpoint of health, living environment,
aguatic 11fe, entrophication and so forth. :

Since the bay water quality and use of coastal areas vary by
locality, the beneflicial. uses and target water quality vary as
well. Therefore, the target water quality for each water area was
set for the'master plan after the areas were classified.

It should be noted and stressed that the target water quality pro—
posed herein is not in accordance with the administrative standard
at the federal level, CONAMA No. 20, but:was set specif1cally for
Guanabara Bay providing certain goals to ‘be met by the measures
proposed in the master plan. :

5.2 Water Quality Indices'

1t is very difficult to say conclusively and quantatively whether
or not the water quality in some areas meets the beneficial uses
set. - Therefore, representative- indices obtained from past expe- -
rience are used as a gulde for evaluating the water quality.
Once a new pollutant is found and scientifically established to
have harmful effects on the situation, the index should be. added
and/or the standard he amended. :

in Brazil, water quality standards for each beneficial use have
been established for fresh water, salt water and brackish water in
1986 as per CONAMA No. 20. The indices used to set these stand-
ards are: pH, BOD, TPS, DO, Number of Coliform Groups and Turbidi-
ty on living environment (TDS and Turbldity are for fresh water
only), while effluent standards are made up of 34 health items.
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While with these indices, the following points still need to be
discussed. That 1s, (1} BOD 1is the only index used for organic
matter, (2) an index for eutrophicatlon is not established, and
(3) an index for oil is not included.

Organic Matter

In Europe, the U.S5.A. and Japan, the amount of oxygen consumed
through oxidation of organic matter such as BOD and/or COD is used.
as the index for organic pollution instead of the organic matter
themselves, However, several analytical methods are used to
determine BOD and COD factors, each having merits and demerits.
Furthermore, there 1s a big difference in the values obtained by
each method, because the amount ‘of oxidation and reaction to
chlorine ions in salt water differs.

Therefore, it has recently been proposed that organic matter
itself will be measured instead of BOD and COD. In response to
this a TOC (Total Organic Carbon) index is advisable which can
quiekly and easily be measured using an ‘automatic analyzer. TOC,
however, 1s not widely used because the analyzer is expensive and
problems occur when the samples contain suspended substanoeq

Iﬁ'view of this. BOD and COD must Stlll be used ‘as tentatlve
Indices of organic pollution, though introduction of TOL is recom-
mended in the future. In. Brazil, BOD Is widely.used as an index
for the water quality management of sewage treatment systems and
for the monitoring of industrial wastewater. Therefore, BOD still
needs to be used as a tentative index for organic matter until TOC
is 1ntroduced

Eutrophication

In:sem14010sed coastal areas, the progress of organic pollution by
eutrophication should be taken into consideration. In particular,
Guanabara Bay has a shallow water depth (5.7 m on average), a
narrow. hay-mouth (1.8 km) and 1s situated in the subtropical zone
having a mean temperature of 26.5 'C in the summer. On top of
this, a large quality of wastewater rich in nutrient salts flows
constantly into the Bay. Under these c¢ircumstances, the decreased
organic load does not contribute directly to the Iimprovement of
organic pollution in the Bay because of the internal production of
organic pollutants due to plankton growth. Therefore, we propose
adding T-N (Total ‘Nitrogen) and T-P (Total Phosphorus) nutrient
salts as water quality indices in order to monitor the. degree of
eutrophication.
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011

011 refineries and facilities are located in coastal areas and on
islands in the Bay, resulting in.a lot of tanker and other vessel
traffic. There are also many pollution solurces liké petro-chemi-
cal and food processing plants which discharge oil into the basin.
0il pollution in the water areas Iis devastating to aquatic 1life
damaging the beaches and affecting sea bathing as well as the
aesthetic beauty of the place. Therefore, we propose to add n-
Hexan Extracts as a water quality 1ndex for the purpose of moni—”
toring oil pollution

Although the chemical indices mentioned above are superior in
terms of quantitative evaluation, complicated instruments and
experts are necessary for analyzing the water quality and the
valiues obtained are only representative of the water quality at
sampling time. 'Ideally. we should use I1ndices that anyone can
measure easily, wlthout using complicated instruments.

‘From this standpoint ‘we propose adding transparency, which has a
good correlation with turbidity and chlorophyll-a and biotic
community These indlices have the advantage of showing accumulat-
ed water qualities over a 1elative1y long span of time. For the -
biotic community index, we need to determine suitable biotic_
indices that are sensitive to water quality later on. It 1s also
desirable to add oil film, floatage and water color as supplemen—
tary indices.

with all sbove, we propose the indices as shown in Table 16.5-1
for monitoring the water quality in the Guanabara Bay basin.
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_Tabie 16.5- 1 Proposed Mon11011ng Indices for Water Quality in
the Guanabara Bay Basin

Item

Monitoring
Indices

Environmental Water
Quality Index

(Principal Index)

pH, BOD(TOC)', DO

T-N, T-P _

No., of Coliform Group (Fecal)
8S, n-Hexane Extracts

Environmental Control
& Management Index

(Supplementary Index)

Transparency
Biotic Community
0il-film, Floatage
Water Color

*2

[Note]

BOD(TOC)}™

Biotic Community “?

L1

BOD is a tentative index for
organic matters wuntil TOC is
introduced. ‘

We need to'determine suitable
biotic indices sensitive to
water guality later on,
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18.5.3 Water Area Classification

The present water quality standard (CONAMA No. 20)for salt water
in Brazil divides the Guanabara Bay into two (2) classes.‘Class 5
for ‘most of the Bay and Class 6 for the 1imited pelluted area (see
Fig. 14.3-2).

Judging by the present state of water quality and beneficial use
of water resourcés in Bay, 1t appears reasonable to divide the:
‘water resources in’ the Guanabara Bay into four (4) classes as
shown in Table 16.5-2 including the saproblc waters, which exist
1n the western pért of the'Bay' :Amdng these classes, D Class is
1ndispensable due to the present bad water quality in some areas.

Desirable water use is 1nterdicted until effective measures are
taken in the near future. D Class area should, therefore, be re-
designated as - Class C as early as possible,

In this”tablé, we used different denominatiohs with -the existing
. standard, CONAMA No. 20, because of the different beneficial uses
of the water areas. - '

In classifying the water areh based on the beneficial use of water
resources in Guanabara Bay, the present state of the water quality
and the needs of the residents should be taken into consideration
.as well as future utilization plans by the administration'and the
future water quality estimated using a hydrodynamic model, to be
attained by measures.

Desirable uses of Guanabara Bay are: (1) a fishing area rich in
diverse specles of marine life, (2) a safe recreation area for
residents and tourists, (3) a falrway and anchorage for shipping.
In particular, many people desire that sanitation in the Bay area
is improved for recreational purposes like swimming.

When classifying the water area in Guanabara Bay, two types of
classification were considered corresponding to the short-term and
mid te long-term target years, taking the gradual I1mprovement of
the water quality'in the Bay 1nto account.

Fig. 16.5-1 depilects the water area classlification for the short-

term plan for Guanabara Bay, whereas Fig. 16.5-2 shows the water
area classification for the mid to long-term plan.
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In making the classificatlion, a special consideration has been
given to the following four bathing areas because of their value
as recreational areas of primary contact with high priority;
namely Flamengo, Botafogo, Icarai and Paqueta.

" Table 16.5- 2

Proposed Classification and Beneficial Use of
Water Resources in Guanabara Bay

Class

“Purpose of Wafer Use

Fishery (Class 1) _
Recreation (Primary Cohtact)
Uses listed in Class 5 -6

Flshery (Class 2)

Recreation (Secondary Contact)
Consgervation of Natural Env1ronment
Uses listed in Class 6

Commercial Navigation
Industrial Water
Congservation of bnvironment

Waste Diiution and Circulation

[Note] 1.

Fighery
Class 1 : Diverse aquatic lives including
_ benthic shellfishes
Class 2 : Specific mesotrophic aquatic lives
Conservation of natural Environment
: Conservation of aesthetic points and
other natural resources
Conservation of Natural Environment
: No unpleasantness is caused to the
c people in their daily lives
Class D : Desirable water uses are interdicted,

until mesures are taken in the near
future.
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16.5.4 Target Water Quallty

A lot of studies are required before the target water quality for
each beneficial use is scjentifical1y established. TFor example,
the pelmisstble concentration of - pollutants in -water areas for
recreational use requires epidemiological studies to determine the
relationship between pollutants and health, while biological
studies for fishing purposes are required to determine the rela—
tionship between pollutants and aquatic organisms

Regarding the principal 1nd1ces of water quality, the following
information of water levels corlesponding to water uses is avail-
able at present, :

(l) Biological Oxygen Demand (BOD)
2.5 mg/l or less . Oligotrophic water area
2.5 mg/1l ~ 5.0 mg/l: hutrophic water area
5.0 mg/1l - 10 mg/l: Po1yeutrophic water area
10 mg/l or more o Saprobic water area.

(2) Dissolved Oxygen (DQ)
4.3 mg/l or more : Most deslrable environment for
' ' aquatic lives including benthic,
fishes and shellfishes.
4.3 mg/)l - 3.6 mg/l: Environment which shellfishes §§
' can live, :
3.6 mg/l - 2.1 mg/l: Environment which benthic
_ _ fishes can live,
2.1 mg/1l - 1.4 mg/l: Environment which Pclychaeta
etc. can live,

{3) Total Nitrdgen (T~N§.'Tota1 Phosphorus (T-P)
0.2 mg/l or. less (T-N), 0.02 mg/l or less (T-P)
: Desirable level for the preservation of natural
environment.
0.3 mg/l or less (T-N}, 0.03 mg/l or less (T—P)
: Desirable level for sea bathing.
Most desirable enviromment for aquatic life in
cluding benthic fish and shellfish.
0.3 mg/l - 0.8 mg/l (TfN), 0.03 mg/l - 0.05 mg/1 (T-P)
¢ Undesirable environment for some benthic fish and
shellfish.
0.6 mg/1l - 1.0 mg/l (T N), O. 05 mg/l - 0.09 mg/l (T-P)
: Undesirable environment for most benthic fish and
‘shellfish. . _
1.0 mg/1 or more (T-N), 0.09 mg/l or more (T-P)
: Undesirable environment for aquatic life,
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(4) Suspended Solids {(8S)
25 mg/l or less : No detrimental ianfluence to
fishery.

(5) Transparency
6 m or more : Desirable level for sea bathing.

With the scilentifically established data and the state of water
quality, we propose the target water quality in Guanabara Bay as
shown in Table 16.5-3. As can be seen, the target water quality
consists of the principal indices and the supplementary indlces.

It should be noted that in this master plan, the target water
quality shall be considered as the values at the surface for all
indices except Dissolved Oxygen (DO), because the surface 1is
generally worse than the bottom layer for all indices. But with
respect to Dissolved Oxygen (DO}, it shall be considered on the
bottom, because the DO value in the bottom layer strongly affects
benthic fish and shellfish.

Regarding the fregquency of observations It is desirable to monitor
more than once a month in order to attain the reliable data
throughout a year. When 75 % of observed values at a monitoring
point meet the target water quality, it will be considered that
this point meets the target water quallty.

It shall be stressed once again that the water quality proposed
here is not a water quality standard for Brazil, but the target
water quality for Guanabara Bay as part of the Master Plan for
restoring the ecosystem in the Bay.

In the event that the target water quality is not attained by the

target year, we recommend extending the target year rather than
changing the target water quallty,
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Table 16.5- 3 Target Water Quality ft_)r Guanaba_ra Bay

Principal Index
_|Biologicaly bissolved | Total Tofal Number of |Suspendid . N-Hexane
Class { pH Oxnygen Oxygen Nitrogen|Phospho-| Coliform Solids Extracts
Demand (DO} {T-N) rus Groups .- {S858)
({BOD) P . ({E-P) { Fecal ) ' :
A 7.8 3 mg/l 7.0 mg/1 (0.3 mgs1| 0.03 | 1,000 MPR| 10 mg/1 Not -
| or less (4.5 mg/l}| or less mg/1l /100mi or less {Retactable
8.3] . Or more ) or less.| or less :
B (7.0 5mg/1 | 6.0 mg/l {0.6 mgs/1] 0.05. 1,000 MPN| 25 mg/1 Not
| or less [(3.5 mg/l)| or less mg/l /100ml - | or less [detectable}.
B.5): . or more : or. leas or.less .
c 6.5 8 mg/l 4.0 mg/l 1.0 mg/t 0.09 4,000 MPN | 50 mg/1 .
| or leass (2.5 mg/l) | or less g/l F100ml or less S
8.5 or nore . : or less or less )
6.5 10 mg/lt 2.0mg/) §1.5 mg/l 0.13. : 50 mg/1
D ] or less (1.5 mg/l)} or less wgfl - or less -
8.5 1 or more or loss . )
{Note] 1. Valuas given in parentheses for DO arxe targat water qualities
in.the bottom layers.
2. With regard to the number of coliform groups for recreation
" (primary contact), fecal coliforms shall be less than 250 MPN/
. 100 ml.
3. With regard to the number of coliform groups for recreation
{secondary contact), fecal coliferms shall be less than
500 MPN/IOQ ml, .
Supplementary Index
Claga |Trangparency| 0il Film | Floatage | Water Colour Bic_itic'
) Comunity
A 5m Not: " Not Graenish Diverse
or more Obsarved | Observed |{Not Brownish) Species
B 3m . Not " Not Greenigh Existence
or more Obsarved Observed }{(Not Brownish) of
Ordinarily|Ordinarily : Benthonic
; lives
c 1.5 m
: or mora - - - -
D Im
or more ~ .- - -
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16.8 Target Reduction Load
16.6.1 Significance of Target Reduction Load

In order to provide a basis for effective measures to meet the
target water quality, an evaluation of effects of the reduction of
effluent loads on the Bay water quallity was carriled out using a
numerical simulation method.

Fig. 16.6-1 shows the estimated future water quallity for BOL in
the Bay. The shaded areas represent areas where the target water
quallty for mid to long-term plan set Iin the prevlous section (see
Fig. 16.5-2 and fable 16.5-3) is not attained.

In the year 2010 {case: without measure, Filg. 16.6-1 (a)), the
channel area on the western side of the Bay and near the mouth of
the Rio Iguacu, belonging to Class C, show more than 8 mg/l1 of BOD
and thus do not meet the target water quality.

For Class B, the wide areas near the mouth of the Rio Estrela and
in the northeastern part show more than 5 mg/l and so do not
attain the target water guality. Some parts of Jurujuba inlet and
near the mouth of the Rioc Imbuacu also do not meet the target
water quality.

The central part of the Bay, which was set as Class A, 1is worse
than the target water quality (3 mg/l).

Even if the IDB/OECF program l1s lmplemented with secondary ftreat-
ment system, vast areas still do not meet the target water quality
(Fig. 16.6-1(b}).

Though water quality in the western and eastern parts except the
mouth area of Rio S.J. de Meriti will improve under the IDB/OFCF
program, the northwestern, northeastern and central parts of the
Bay will sti1ll show comparatively high values of BOD,

This means that more effective measures are necessary in order to

meet the target water guality and to restore the ecosystem in
Guanabara Bay.
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