'11.2 Verification Test éf-ﬂydrodynamlc Model
11.2.1 Results

The t1da1 current simulation in Guanabara Bay was'carried out
uqing a. two-~ level model mentioned in the previous. chapte1 For
Ioprcsentdtive distributions of the currents in the bay, current
maps for the flood and ebb tides ‘in the upper and lower  layers
_are shown - in Fig. 11.2-1. A residual current map is also shown
in Fig. 11{2w2; On the these maps, ‘the thickness of the upper
layer.is'three (3) meters as mentioned before.

Though we did the calculation for the dry and -rainy seasons,
large differences in current pattern were not found.  Therefore,
we only showed current'maps for the annual meah'condition of
river discharge. ‘ ' '

11.2.2 Verification of Hydrodynamic Model

In order to evaluate the verification. of the:hydrodyhamic model.,
we compared ‘the observed velocity and the calculated ve]ocity at
each point with tidal current elllpses in Fig. 11 2-3.

It was found that the calculated velocities satisfactorily agreed

with the observed values, though there are some dlfferences,
particular]y in the upper layer at S5t. B and St. H.
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11.3 Verification Test of Diffusion Model
11.3.1  Results

The simulation for the distributlon of salinity in Guanabara Bay
was carried out using the Diffusion Model mentioned in the previ-
ous chapter. The main purpose of this model was to determine the
dispersion coefficient in the area concerned.

We did trial calculations using various dispersion coefficient
and finally set the coefficient at 10° cm*®/sec for most of the
bay area, Fig. 11.3-1 shows the calculated distribution of

salinity in the dry and rainy seasons. '

11.3.2 Verification of Diffusion Model

The comparison of calculated salinity and observed salinity 1is
shown in Fig. 11.3-2. The calculated concentrations are lower
than the observed values in the inner part of the bay, particu-
larly in the dry season. There was, however, a large variation
in the salinity values in different weather conditions. There-

" fore, it 1s concluded that the distribution pattern is rather

important for salinity.
However, it 1is concluded that the distribution pattern of the

calculated values sufficiently agree with that of observed
values, particularly in the rainy season.
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11.4 Verification Test of Eutrophication Model
11.4.1 Results

The simulation for the distribution of organic matter (COD and
BOD), nutrient_salts (0-P and PO4—P) and DC in Guanabara Bay was
carried out using the two-level Eutrophication Model mentioned in
the previous chapter. '

Results are Shown'in Fig. 11.4-1 and ¥Fig. 11.4-2 as the mean con-
centration of one tidal in the upper and lower layers for BOD,

Cob, POs-P, 0O-P, T-P and DO in both the dry and rainy seasons.

Here, T-P concentration is equal to the sum of the O-P and POL-P
concentrations.
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11.4.2 Verification of Eutrophication Model

In order to evaluate the verification of the Euﬁvophication
- Model, we compared the observed concentrations and the calculated
concentrations at each station for each index in both the dry and’
rainy seasons tdgether with the mean values  of bhoth seasons

(Flg.

(1)

(2)

(3)

11.4-3).
Organic Matter (COD and BOD)

There are-some'differencesVat_some points such as in the
uppér layer at St. 13 in the dry season and in thé lower
layer in the rainy season for COD, and the calculated.
values look lower as a whole for BOD. The calculated
reSultS, however, satisfactorily agree'With the observed
values, : ' ' :

Nutrient Salts (PO.-P, O-P and T-P)

Though the calculated values are larger than the.observed
ones in the upper layer in the dry season and in the lower
layer in both seasons. It can be concluded, however, the
calculation results satisfactorily agree with the observed
values. :

Dissolved Oxygen (DO)
The ca1cu1ated values at St. 7 to St. 9 aré-larger_than the

observed ones. It can be said, however, that the calculat-
ed results sufficiently agree with the observed values.
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11i.5 Mass Balance of Nutrient Salts and Organic Matter

The balance (or income/expenditure) of nutrient salts (0-P, PO4-P
and T-P), organic matter (COD and BOD) and dissolved oxygen (DO)
is summarized in Tabie-ll.sul for the dry season, rainy season
and the annual mean value for the present state.

From this table, we can get an outline of the amount of primary

production, decomposition, release etc., in other words, the
§§ sensitivity of the Eutrophication Model.

Table 11.5- 1 ‘Mass Balance at Present in the Bay

Pry Season _ _ )
0-P FO4-P T-P BOD con DO
Standing stock {t} 224.6 111.2 335.8 6091.1 4,327.2 11,605.4
Dispersion {t/day) -4.8 -3.7 -8.5 -100.6 -74.% 108.5
External load {t/day) 13.3 8.9 22.1 277.1 214.9 0.0
Growth {t/day) 36.4 -36.4 0.0 932.1 597.1 5,206.4
Decomposition (t/day} -25.3 25.3 0.0 -677.5 ~446.0 -4,064.8
Settling (t/day) -19.6 0.0 -19.8 -517.1 -345.9 0.0
e : Reiease (t/day} 0.0 6.0 6.0 85.9 54.8 -279.8
%é’ Exchange with alr (t/day) 0.0 0.0 0.0 0.0 0.0 -917.3
Ralny Season
: 0-P PO.-P T-P BOD coD no
Standlug stock ‘ {t) 196.1 58.8 254.9 6,245.3 4,532.5 10,894.2
Dispersion (t/day) -4.7 -1.3 -6.1 ~105.3 -80.6 117.2
External load (t/day) 9.8 . 6.4 18.0 387.1 314.1 0.0
Growth (t/day) 31.8 -31.8 0.0 814.0 521.5 4,546.9
Decomposition {t/day) -20.8 20.8 0.0 -666.2 -451.7 ~3,997.0
Settling {t/day) -15.9 0.0 -15.9 -515.5 ~358.0 0.0
Release (t/day) 0.0 6.0 6.0 85.9 54.8 -279.8
Exchange with atr (t/day} 0.0 0.0 0.0 0.0 0.0 -387.3
Annual Mean
0-P POL-P T-P BOD con Do
Standing stock (t) 210.3 78.0 ‘288.3 6,214.2 4,515.2 11,272.9
Dispersion: {t/day} -4.9 -2.1 -7.0 -105.2 -79.2 117.5
External load ({t/day} 11.4 7.6 19.0 a32.1 264.,5 0.0
Growth (t/day) 34.9 ~-34.9 0.0 892.9 572.0 4,987.8
Decomposition (t/day) -23.5 23.5 0.0 . -883.0 -456.0 -4,097.8
Settling (t/day)} -18.0 0.0 ~-18.0 - -522.7 -356.1 0.0
Release (t/day) 0.0 " 6.0 6.0 85.9 54.8 -279.8
0 0.0 0.0 4.0 0.0 ~T27.7T

Exchange with eir (t/day} 0.
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CHAPTER 12

FUTURE SOCIOECONOMIC FRAMEWORK
" OF THE GUANABARA BAY BASIN

In order te come up “ith a complehensive measure against
'future water pollution in the bay, we should first predict future
water quality of the bay. This task needs the future picture of
the factors which govern the water quality. To this end, we need
to prepare future development scenarlos which take into account
_economy.'population, basic urban services and regional development
" plans. ' _ . . _ ‘
With these in mind, we tried to come up with future develop-.
_ ment scenarios, taking into account the four factors above. Be-
'_cause of the uncertainties and. to make the scenarios more flexi—
ble, we prepared two scenarios, one is pessimistic and’ the other
'.opﬁimistic Both scenarios are for the year 2000 and 2010 which
correspond to the target year of the countermeasures.

i2.1 Regional Development Plans

State and municipal development master plans, or zoning and relat-
ed laws. in the absence of such plans, were reviewed to analyze
thelyr contents. It can be said that they all contain provislons on
environmental protection, but do not contain sufficient concrete
details on development activities and on the coverage of basic
services. Therefore, these development master plans are not
specific enough to serve as a basis for estimating future socioec-
onomic conditions in the Guanabara Bay basin.

Ironically, Cachoeiras de Macacu, which is a municipality without
a development plan and without zoning and related laws, has taken
the initiative in establishing an Industrial District, and to
directly negotiate . with BID for financing the expansion of sewer
services. Sewer'infrastructure works usually require large invest-
ments, whereby municipalities usuvally rely on other government
institutions for the provision of these services.
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Every municipelity can be said to have basic legal provisions for
environmental protectlon. Likewlse, eVery‘municipality - purports
to protect the environment and to pursue the type of economic
development which iS'compatiblexwith-the'fational utilization of
natural resources, in order to avoid: irreversible damage to the:
enviromment. In this regard, even in the promotion of manufactur—_
ing industries, the emphasis Is on "environmentally friendly" or
"nonépolluting“ industries.

The'parts that”need to be strengthened consist of ' ‘the applica-
tion or enforcement of the existing laws, and the lack of specif-
ic detalls on types, ‘scales and time frames of inﬁuStries and
other activities to be promoted as basls for sociveconomic dével-
‘opment, Therefore, these two weaknesses need to be dealt with by
the relevant state and federal institutions :

Concerning the enforcement of environmental legislation, enCOur—
agement can be gained from the Rio de Janeiro State Development
Plan, which deals with the establishment of - an_ environmental
crime prevention force The implementation of this idea & i
coupled with necessary financial technical and institutional
support, could turn out to be a major contributing factor towards
instilling life into the numerous environmental laws, which cur-
rently are not effectively enforced.

In reference to the promotion of "non- polluting industries. the
role of EFEMA is critical, as one of its functions is to monitor.
and contfol industrial effluents according to established water
quality standards. If the monitoring and control are effectively
implemented, then manufacturing industries could indeed. be "non-
polluting” and "environmentally friendly”

12.2 Future Socioeconomic Scenarios

Formulation of a pollution control master plan implies:the need
to envisage the socioeconomic situation that is likely to prevail
some time 1in the future. This will be the result of changes in
‘population, presence or lack of a diversity of measures that the
government usually implements, leading ultimately to a particular
way of 1life and living standards. The future socioeconomic
situation defines changes in discharge of pollutants, and influ-
ences the cholice of pollution control measures to be applied. The
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reverse 1is also true, that 1is, pollution control measures have
definite effects on the future socloeconomlic conditions.

12.2.1 Bases for Future Scenarios

The present master plan has two target years: 2000 and 2010.
Sociceconomic scenarios for the two target years are .to be de--
fined in terms of (1) population, (2) coverage of basic services:
water supply., sewerage and solid wastes disposal, and (3) econom-
ic activities, ineluding changes that are bound to occur in the
land area under cultivation, and the sector-specific growth
rates. -

(1} Population -

Population projéction usually falls under the Jjurisdiction of
official institutions, because they have access to all the neces-
sary background data and information which is frequently unavail-
able tg - outsiders. However, the two relevant official Brazilian
institutions in charge of census and statlistics, IBGE at the
national level and CIDE at the Rio de Janeiro State level, have
no population projections. ' '

Under this situation, the alternatives are either to use the
population projection of the IDB financed Basic Sanitation Pro-
gram, or uSe past population growth trends to estimate munici-
pality-specific growth rates. Using the population projection of
the Basic Sanitation Program has the advantage of providing .
consistency to the population data for plans relating to the
Guanabara Bay basin, but the drawbacks are the partial coverage
“of the Dbasin and the lack of breakdown by municipality.

(2) Coverage of Basic Services

Concerning the coverage of baslc¢ services (water supply, sewerage
and - solld wastes disposal), the source for future socioeconomic
scenarios should normally be the regional development plans.
‘However, the reviewed state and municipal development plans
contain broad policy objectives without sector-specific quantita-
tive gcals. In addition, the planning horizon of these develop-
ment plans is usually . five years, shorter than the target years
for the pbllution control master plan. : ' :
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Consequently, the IDB - financed Basic Sanitation Pfogrﬂm for the
‘Guanabara Bay basin contains the only concerete data that can be
taken Into conslderation in the estimation of future coverage of
solid wastes disposal services in some municipalities.

(3) Economic Actlvity

Estimation of types and the soale of future economic activity is
the most difficult proposition, especially .in view of the abnor—
mal Brazilian economy during the past decade. The hope of relying
on development plans, both at the state and municipal levels,
turned out to be impractical, because such plans genefally lack
sector- speoiflc gquantitative goals. Encouraging , however, 1is the.
emphasis placed on promoting “environmentally friendly" or "non-
polluting industries. This opens the ‘possibility for estimating:
future poeollutant discharge at lower than present levels, instead
of basing on the types and scales of -future industrial activi-
ties. ' : '

An alternative 1s to estimate future economic activity on the
basis of existing data, namely, various censuses. (1960, 1970;_
1980 and 1985) for-agrioulture; industry and services._The future
is to be estimated by economic sector, from base  figures of
selected sector-specific indicators and assumed rates of growth
The growth vrates of these selected indicators should Kkeep a
balance -between. the expanding "Brazilian miracle" economy of the
1970s and the foreign-debt ladden sluggish economy of the 1880s.

Selected Indicators

Primary Sector: Area of land under cultivation, by
- Municipality in 1985

Secondary Sector: .Number of employees by industry type, in
: metropolitan Rio de Janeiro 1n 1985

Tertiary Sector: Number of employees in the food and

lodging services, by municipality .in
1985 '

Another conceptually possible procedure 1in estimating future
economic activity is to start from the population projectlons.
Then, the economically'active-poﬁulation can be estimated and
proportionately distributed among economic sectors. '
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12.2.2 Assumptions Tor Future Scenarios

(1} Case 1 - Expected Scenario

Population growth - : slowing and stabilizing
Basic Services : expanding as per IDB Program'

Economy o © ¢ "glean" industries and services
a) Population Growth

Populatipn growth is assumed to slow down and stabilize around the
year 2005. This 1s the theory of the World Bank, whereby the
Brazilian population growth rate will equal the replacement rate,
or zero population growth (ZPG), in the year 2005. As the overall
population growth rate in Brazil between 1980 and 1991 was 1.89%
per year,. the natural population growth rate is assumed to be a
moderate 2%. '

-For purposes of population projection, the municipalities of fthe

Guanabara Bay basin were divided Into four groups on the basis of
past population_gfowth trends. Then, future population growth
rates were estimatéd by municipality and by time span. The as-
sumed population growth rates will get smaller the farther into
the future. This reflects increasing difficulties in predicting
the distant future, and can be defended on grounds of the future
expansion of_opﬁbrtunities for women’'s education, which is widely
recognized as the most significant factor for effective family
planning. : '

The assumed growth rates by municipality and by time span in the
four groups are shown in Table 12.2-1. The four groups are the
following.

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

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

The'assumed population growth rates are as follows:
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1992-2000: 0.5%-0.75%
2001-2005: 0.5%
2006-2010: 0.0%

"Growing" (Sao Goncalo, Itaborai, Rio Bonlito)

" "Growing" municipalities consist of those presently growing or
are likely to grow in the near future. This 1s based on the
observation of on-going housing developments in Sao Goncalo and
the expanslve economy of "Itaborai. These effects are likely to
spill over onto Rio Bonito, which presently serves as the commer-
“c¢ial center bridging metropolitan Rio de Janeiro and the sur-
rounding rural areas. The growth expected in "growing" municipai-
ities is induced by the saturation of "grown" municipalities.

The-assumed_populatioﬁ growth rates are as follows:

11992-2000: 2.0%-4.0% .
2001-2005: 2.5%
2006-2010: 0.5%-1.0%

"Next—to—gréw" (Mage, Cachoeiras de Macacu) . .

"Next-to~grow" municipalities consist of those 1ik91y'to grow:
slightly later than the "growing" municipalities,.éven'thdugh
chances are that they will'grow.at about the same. time. Mage is
slowly changing from an area of weekend houses and_briVate recre-
ation faclilities to an area wlith houses where people normally
live and from which they commute to work. Cachoeiras de Macacu,
although too far for daily commuting to metropolitan Rio. . de
Janeiro, the establishment of an industrial park with the cooper-
ation of CODIN, plus efforts to begin installation of sewer works
by the municipal government, are likely to induce population
Iinflows.

The assumed population growth rates are as follows:
1992-2000: 2.0%
2001-2005: 3.0%
2006-2010: 1.0%
"Possible Growth™ (Duque de Caxias, Nova Iguacu).
"Possible Growth" municipalities consist of those relatively
large communitles (over half a million),.practically.fﬂlly urban- -

ized, but with insufficient service infrastructure. These munic-
ipalities are assumed to have a moderate natural growth rate,
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Table 12.2-1 'Population Growth Rate

- Calcﬁlated o Estimated

“ Municipalities : 99- . sc.1 5e.2
%; B 60-TO T6-80 80-91 2000 1-5 6-10. 6-10
Grown
Nilépolis 3.02 1.70 0.37 0.5 0.5 0.0 0.0
Niteroi 2.92 1.84 0.43 0.75 0.5 0.0 0.5
Rio de Janeiro 2.62 1.66 0.43 0.75 0.5 0.0 0.5
S..J.de Meriti 4.73 L 2.79 0.58 0.5 0.5 6.0 0.0
Growing - .
Sao Gonealo 5.81 3.63 1.79 3.0 2.5 0.5 0.5
Itaborai' . 4.78 5.862 "3.16 4.0 - 2.5 1.0 1.0
Rio Bonito 2.32 1.27 ‘1.09 2.0 2.5 1.0 1.0
Next-to-Grow
Magé 8.83  3.93  1.27 2.0 3.0 1.0 1.0
%‘ Cacho. de Macacu 2,39 0.87 1.04 2.0 3.0 1.0 1.0
Passible eroth
Duque de Caxias' 5.98 2.89 1.31 2.0 2.5 0.0 1.0
Nova Igucacu T.38 4,17 1.48 2.0 2.5 0.0 1.0

Source: Calculated from Census data
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Both the World Bank and the IDB have targeted thls area to impfdve
living conditions through provision of flood control infrastruc-
ture, water supply, sewer and solld wastes disposal services
Given the convenient location of these municipalities to metropol«
itan Rio de Janelro, if 1living conditions improve as a result of
the World Bank and IDB projects, population inflow 1s 1ikely to
occur from the saturated "grown" municipalities into these "possin'
ble growth" 'municipalities However, this popu]ation inflow is
considered to be short lasting, quickly reaching the zero popula-
tion growth stage. '

The assumed population growth rates are as follows:
11992-2000: 2.0%
1 2001-2005: 2.5%
2006—2010:'0.0%
b) Basic Services
Service coverage.of'water supply, sewerage and solid wasteé'dis—'
posal is assumed in reference to the IDB financed Basic Sanitation
Program. In general, the following coverage is assumed. :

s+ Municipalities with IDB Projects

2000: 90%-100%
2010: 100%

+ Rlo de Janeiro and Niteroi

2000: 100%
2010: 100%

# Other Municipalities
2000: 70%

2010: 90%

PDetalled growth rates by municipality and by time spanh are
shown 1n Table 3.2-2, 3.2-3 and 3.2~4 of Supportling Report I.
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c) FEconomy

An attempt was made to reflect the regional development
plans,which appear to promote the service sector. Accordingly, the
tertiary sector is to grow - at the fastest rate. The manufacturing
sector is to grow relatively slowly, as incentives are mainly
focused on those industries without adverse environmental effects.
Since manufacturing grows relatively slowly, farming, in addition
to the service sector, is to grow at a faster rate.

Primary~Sector

The future of the primary sector is to be estimated as a functio-
nof  the land area under cultivation by municipality in 1985, which
is the year with the latest available census data. '

Growth rates of land area under farming were estimated by munici-.
pality for the periods 1986-2000 and 2001-2010, as shown in
Table 3.2-5 of Supporting Report T.

Secondary Sector

The future of the secondary sector is to be assumed as a functio-
nof the number of employees by industry type in metropolitan Rio
de Janeiro in 1985, which is the year with the latest available
census data. Because manufacturing activitles are concentrated in
metropolitan Ric de Janeiro, 1t was deemed appropriate to use this

‘data for the Guanabara Bay basin rather than the mnunicipality-
‘specific data. In addition, the Selected industry types accounted
" for more than 80% of employment in the secondary sector in 1985.

" Following a similar procedﬁre as in the primary sector, growth-

rates of the number of employees by industry typewere estimated
for metropolitan Rio de Janeiro for theperiods 1986-2000 and

2001-2010, as shown in Table 3.2-8 of. Supporting Report I.

Tertiary Sector

The future of fthe tertiary sector is to be assumed as a function
of the number of employees in the lodging and food services indus-
try by municipality in 1985, which 1is the year with the latest
available census data. Following a similar procedure as in the
primary and secondary sectors, growth rates of the number of
employees in the lodging and food services Industry were estimated
by municipality for the two periods 19886-2000 and 2001-2010, as

- shown in Table 3.2-7 of Supporting Report I.
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(2) Case 2 - Pessimistic Scenario
Pqpulation growfh:-increasing even after 2005
_ServiceSﬁ_lower“coverage thaﬁ the IDBlProgram
‘Econém&; "dirt&"ninﬂustries kéep-gréﬁing

a) Popuiation Gréﬁth

The World Bank assumption of zero population growth from the year=
2005 is assumed to matertialize only in the municipalities of
Nilopolis‘and'Sao Joao ‘de Meriti, which at present have the high-
est population densities. Population growth is assumed to continue
into the future, albeit at a slower rate. However, for the 1992~
2000 period, population growth rates are assumed to be the same as
in Case 1, as” ShOWn in Table 12.2-1 and summarized below

"Grown" MUnicipalities
1992~2600: 0.5%-0.75%
2001-~2005: 0.5%
2006-2010: 0.0%-0.5% -

“vGrowlng" Municipalities
11992-2000: 2.0%-4.0%
2001-2005: 2.5% _
2006-2010: 0.5%-1.0%

 "Next-to-Grow" Municipalities
1992~2000: 2.0%
2001-2005: 3.0%
2006-2010: 1.0%

"Possible Growth" Municipalities
1992-2000: 2.0%

2001-2005: 2.5%
2006-2010: 1.0%
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b) Basic Services

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

# Municlpalities with IDB Projects

2000: 70% - ~90%
2010: 80% - 100%

# Rio de Janeiro and Niteroi (same as Case 1)

2000: 100%
2010: 100%

#* ther Munibipalities

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

c) Economy

The difference in assumptions from Case 1 concerning economic -
dctivities refers mostly to the*seéondary se¢tor, Here, the manu-
faéturing sector, including "polluting" industries, are assumed to
keep growing.at a faster rate than the primary and the tertiary
sectors. Accordingly, the growth rates are to be relatlively slower
in farming and the service sectors. The assumed growth rates are
shown in Table 13.2-5 to 3.2-7 of Supporting Report 1.
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12.3 Sociocconomic Framewofk in the Target Years

The socioeconomic scenarios desceribed in Séction 12.2 served as a.
basis for estimating the socioeconomic framework for the Guanabara

Bay basin in the two target years 2000 and 2010, The Population is
shown in Table 12. 3-1, and the other items are summarized in Table

12.3-2.

Table 12.3-1 Population : 1991 Census and Projections

: Present Scenarioc 1 . Scenario 2

Municipalities (1991) 2000 2010 2000 2010
Cacho de Macacu 40,195 48,037 58,529 . 48,037 58,529
Duque de Caxlas 664,643 794,310 898,889 794,310 944,532
Itaboral 161,274 259,544 272,956 229,544 272,958
Magé 191,359 228,692 278,641 228,692 278,641
Nilopolls 157,819 165,065 169,233 165,085 169,233
Nlterol 416,123 445, 089 456,308 445,089 487,831
Nova Iguacu 1,286,337 1,537,292 1,739,305 1,537,292 1,828,027
Rio Bonlto 45,093 53,891 64,084 53,831 84, 084
Rio de Janelro 5,336,179 5,707,368 5,851,487 - 5,707,368 5,989,245
Sao Goncalo . 747,891 975,829 1,131,940 ‘975,829 1,131,840

S. J. de Meriti 425,038 444,552 455,778 444,552 455,778

-G.:B. Basin 9,471,951 10,629,649 11,376,950 10,629,649 11,670,786
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' 12.3.1° Population

The 1991 population census data for the municipalities in the
Guanabara Bay basin were projected to the target_years with the
assumed growth rates, as shown in the summary below. Scenario 1
represents a slowing population - grdwth,_ stabilizing around the
year 2005 according to the World Bank, while Scenario 2 assumes
that the population 1in most muhicipalities-keeps growing after
2005. '

1991 Census 9,471,951

Scenarioc 1 | :
2000 10,629,649
2010 11,376,950

Growth'rateSQ SR
1992~2000 1.29%/yr.
2001-2010 0.68%/yr.

Scenario 2 :
2000 ' ' 11,629,649
2010 11,670,796

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

12.3.2 Coverage of Basic'Services

The coverage of basic services in the Guanabara Bay basin, at
present and the projections for the two scenarios, 1is presented
below. The flgure in parentheses refers to the percentage of the
serviced population relative to total population. Scenario 1-
represents achlevements of coverage goals consistent with the BID
Basic Sanitation Program, while Scenario 2 assumes'lowér coverage.

(1) Solid Wastes Disposal
Present 7,115,316 (75.1%)
Scenario 1

2000 9,831,045 (92.5%)
2010 11,163,463 (98.1%)
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Scenario 2
2000 8,062,932 (84.3%)
2010 10,649,977 (91.3%)

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

Scenario 1
2000 10,176,766 (95.7%)
2010 11,336,825 {99.6%)

Scenario 2
2000 9,558,759 (89.9%)
2010 11,132,674 (95.4%)

{3) Sewerage
Present 5,272,870 (55.7%)

Scenario 1
2000 10,069,898 (94.7%)
2010 11,309,529 (99.4%)

Scenario 2
2000 8,531,207 (80.3%)
2010 10,874,346 (93.2%)

12.3.3 Eeocnomy

The economic framework in the Guanabara Bay basin is described in
reference to the sectional growth rates. Scenario 1 represents a
relatively'élOw growth rate in the manufacturing sector, due to
the emphasis in the service sector and "clean" industries. Conse-
quently, the relatively strong. primary sector growth reflects
absorption of some labor displaced from the manufacturing sector.
Accordingly, there is an increase in the cultivated land area.

On the contrary, Scenario 2 represents a less than'expected growth
rate in the service sector, which coupled with the continued
growth of "dirty" industries,.provides employmént opportunities in
the secondary sector. Accordingly. the primary sector grows
relatively less and the cultivated land area is smaller.
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{1} Primary Séctor
Cultivated land area (ha)
Present (1885) 118,488 .
Scehario i
2000 © 134,918
2010 140,811
Scenarip 2
2000 122,117
2010 124,830

Primary sector growth rates (%/yr.)

Present
1980-1985 0.56

‘Scenario 1 _
19886-2000 0.87
2001-2010 - 0.43
Scenario 2
1986-2000 0.20
2001-2010 1 0.20
(2) Secondary Sector
Employment in 12 selected 1ndustries
Present (1985) 346,825
Scenario 1
2000 407,766
2010 463,193
Scenario 2

2000 485,064
2010 ' 581,617
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Secondary sector growth rates (%/yr.)

Present
1980-1985 -2.29

Scenario 1 _
1986-2000 1.09
2001-2010 ' 1.28

Scenario 2
1986-2000 2.27T
2001-2010 1.83

{3) Tertiary Sector
Employment in 1odging and food Service

Present
1985 100,849

Scenario 1
2000 157,456
2010 208,776

Scenario 2 :
2000 136,624
2010 152,251

Tertiary sector growth rates (%/yr.)

Present
1980-1985 2.03

Scenario 1
1986-2000 3.01
2001-2010 2.86

Scenario 2

1986-2000 2.04
2001-2010 1.09
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CHAPTER 13

ESTIMATE OF FUTURE WATER QUALITY
IN THE BAY WITHOUT MEASURE

Based on the future scenario formulated in Chapter 12, we
estimated futurc water guality {without measure} in the Bay using
numerical simnltation model estabilished in this study {see Chap-
ter 10). Before running the model, we calculated future runoff
load in terms of BOD and Total Phosphorous using the estimation
method developed in this study (see Chapter 9}, for the year 2000
and 2010, respectively.

13.1 Future Runoff Load from the Basin

The expected scenarios of social conditions in the basins in
future were stated in Chapter 12. Here, the runoff loads from all
basins that correspond to the scenarios is caliculated.

Firstly, the future population per scenario was calculated for
each basin based on the population per administrative unit capita
by using the weighed mean method. Calculated populations and
population densities are shown in Table 13.1-1.

Future runoff loads from the basins were obtained by entering the
population density into the potential model of poilutant runoff
load proposed in Chapter 9.3, on the assumption that the current
relation between pollutant load per unit activity of source and
the estimate model of precipitation/discharge will not changed in
the future.

The results of future runoff loads for 1991, 2000 and 2010 are

shown in Table 13.1-1 and Fig.13.1-1 for BOD and T-P in each
basin.
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13.2 Future Water Quality in  the Bay Estimated by
Numerical Simulation ' ' :

13.2.1 Calculation Case
~The future runoff loads entering 1nto the bay will certainly

increase with the increase in population. development of produc—
tion activities etc. We estimated the future water quality in the

bay, for the case when measures for the improvement of water .

quality are left as they are,

We carried out the calculation by a numerical simulation for the
following cases; R . ,

(1) Pfesent_Case f  1991
(2)° Future Case : '2000 '
(3) Future Case : 2010 (Scenario 2)

As a trial calculation, we used annual_mean values for each year
shown Iin Table 13.2-1 as runoff loads from rivers, and used
present loads as direct loads into the bay and also the release
loads from sediment. '

_As'stated in Chapter 10 and 11, we considered PO.-P and 0-P as
nutrient salts in the numerical simulation model for the estima-
tion of water quality in the bay.

Therefore, we estimated P0.-P and O-P loads from the fesults of
T-P shown in Table 13.2-1. TFor the estimation of PO.-P load, we
assumed the relation of P0.-P/T-P = 0,40 which was obtained empir-
ically. The O-P load was calculated as the difference between T-P
and PO4-P. The results for each year are shown in Table 13.2-2
and 13.2-3. ‘ '

The effluent loads from each basin'are'summarized in Table 13.2-4.

It is estimated that the total load of all basins will increase by
12.6 % by 2000 and 23.9 % by 2010 “compared to the present (1991).

For each basin, the increase 1is high for the" Northeastern Basin,
Eastern Basin and. Northwestern Basin

We also used the same coefficients for'future-cases es,were used
i1n the present case (Table 11.1-3) for the Eutrcphication Model.
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Table 13.2-1 External Load at Present (Annual Mean)

RIVER THFLOW L Annbal Mean. value in 1991 .
. : - | Discharge BOD cop PO4-P 0-p
No | - . 1 131 (m3/s) (t/day} |~ (t/day) | {t/day} | {t/day)
River load . o ' ‘
11 B -CIARITAS - |48 38 1.17 2,35 1.89] - 0.060 0. 090
2 | CANAL CANTO DO RY0 431 39 0.92 1. 84 1. 49 0.048 0.072
3 | B. ~CATEDRAR 40| 431 0. 88 1. 65 1,33 0. 044 0. 066
4 | B.~KORTE CENTRO 40 .47 (.96 1,92 1. 55 0. 048 0,072
3 | RIG. BOMBA 45| 52 _ 315 8, 00 5. 33 0. 204 0. 306
5| RIO !MBOASSU i 52 [ 63 3. 14 6. 02 4.811 . 0,152 0.228
Bastern Sub Tota) s 10.80 .. ~-21.78 17, 40 . 556 . 0.834
. : T | B.~ITAOCA ] 521 10 0. L4 i.14 0.038 8,054
gg; - 8 | RIO ALCANTARA : | 891 76 11,481 . 20.07 18.01 4 = 0.480 - 0. T20
91 B10 CACEREBU 60| 81 21,81 14,80 17. 28 0.320 4. . 0.480
10 { RID GUAPIMIRIM 5¢ 1 87 32,36 4,67 12.97 0. 104 0.15%
11 | CANAL DE MAGE 5711 881 0,87 0.38 0. 44 0. 008 0.012
12 | R10 RONCADOR 56 |. 88 ‘3. 65 1. 6§ 211 0,036 [ 0. 054
13 | RIO iRIRl 49| 90 0097 0. 49 0. 5% 0,012 0.018
14 | RIG_SURL} B 447871 2.09 0,63 1. 02 0.016 0.024
Northeastern Sub Total : 79.62 4.1 51, 56 1.042 1.518
15 [ B.-MAUA - 341 84| - 0.9 0,40 0.53 -.0.008 0.012
15 | RID BSTRELA° | ] 23] 80 - 14100 - 12,92 12. 09 0..288 0.432
171 | RIO IGUACY 17 161 27.01 31.97 21.58 1 . 0.1720 1. 080§
172 | RIO SARAPUT - 1?7 16 20. 61 43,40 “33.72 0 1084 1. 59%
18 { B. —CABO DO BRITO 121 11 . 2.8% 5.7% . 4,58 0. 144 . 0. 216
Northwestarn Sub Total . : : 65, 61 84, 44 78, 50 2.224 3.336
‘19 |-RI0 S.J.DE MERITI 3] 63 28,27 64.33 49. 68 1, 604 2,406
20 ) RIG IRAJA 11 62 9,25 22.04. 17. 30 0. 516 {0, 864
21 | CANAL DO CUNHA ] 19 4% 156,04 35. 66 21.80 [ - 0.920 ~1.380
22 [ B.~S. CRISTOYAD 231 48 i.21 - 267 2. 14 0.072 0. 108
23 [ CANAL DO MANGUE 23] 43 9. 40 21, 96 i1 20 0. 568 ~0.852
24 | B. ~-BOTAFGGO . 321 35 6. 68 15. 84 12, 48 0416 0,624
¥estern Sub Total . - s 59. 85 162. 50 126. 60 4. 156 6.234
25 | 1. DO GAVANADOR 23] 68 3.59 6.66 5,38 0, 164 0. 248
26 | 1. DG FUNDAD : i ! 52 0.2% 0.23 0. 22 0.004 0. 006
27 | 1.DE PAQUETA 431 121 - 0.11 0,14 - 0.13 0.004 0. 006
28 1. DO ENGENHO 43 ] 356 0. 23 0. 50 0.41 : 0,012 0.018
29 | 1..DB §. CRUZ 411 51 0.1% 0.22' ] 0,18 0. 004 0. 006
islands -Sub Total ' 4,31 1.75 6. 27 0.188 0. 282
River load ‘Total 230.19 330. 53 280, 33 8. 136 12,204
Direct Load : .
047 431 36 - 2,13 - - ~
Dol 461 55 - 6. 10 - - -
004 } . 1 464 5B - - 2.40 - -~ ~
Q08 41 9N - 2.10 - - -
009 ) 40 47 - 1.94 - - -
027 ) 45| 52 - 0. 80 - - -
034 | : _4b] 57 - 0. 6% = - -
044 ' C 48 |0 BT - . 51 ~ - -
041 45 | 57 - 0.48 - - -
062 | 48] 59 - 0. 38 - - -
113 ' 511 62 - 0.22 - - =
Eastern Sub Total L - 18.32 - - -
015 7] 16 - L. 32 - - -
§ 018 ' 17 16 - L. 20 - - -
075 ' : 171 16 - 0,33 - - -
029 111 16 - 0.79 - - -
086 | . - B YA = .31 - - -
137 : . .10 &8 - 0.15 - - -
Northwastern Sub Total B . - 4.1 - ~ -
030 ' 11]. 62 - Q.72 - - -
042 - ) 1] 620 - 0.52 - - -
051 : : 321 36 - 0,45 - - -
Western Sub Total - 1. 54 - -~ -
Direct load .Sub Total - ' .= 24, 1 - - -
Total . ’ ' 230, 1% 354.69 [ 280,33 8. 136 12, 204
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Table 13.2-2 . External Load in 2000

Dischargo] BOD | POA-P 0-p

NO __ NaMg A O {t/day) | (tAday) | (t/day)
River load ‘ ; . L ' o
1 | B. -CHARITAS - 46 1 38 1231 2.5 Q. 064 0006} -
2| CANAL CAHTO DO RIO 431 3 0.971 - 4,811 0,052 - 0.078
3 [ B.~CATEDRAR - 40| 43 0. 90 1.717 ] 0.044° -0.066] :
4 | B. -NORTE CENTRO (401 41 Lo 2. 08 0.052 0.078 1 -
5 [ RI0O BOMBA . 5] 52 4,48 9.964 - 0,256 0. 384

& | RI0 IMBOASSU - 521 63 3.821 1,85 0.200 ] - - 0.300

Bastern Sub Total . . G 1241 26. 12 0.668 | - 1,002
71 8. ~1TAOCA L 521 10 089 1.84 . 048 “0.072 s
8 | RI0 ALCANTARA' . 1581 16 . 1341 25.33 S 06121 - 0.9181 %:
-$ ['RI0 CACBREBU 66.] 81 29, 54 19. 46 0. 420 0. 530 b =

19 | RIO GUAPIMIRIM 541 817 32.76 ] © 5.221© - 0.116 0.174

11 | CANAL DE MAGE - - 1-57.1 .88 0,70 }: 6. 45. 0.012 0,018
©12 | Ri0 BOKCADOR 1 56| 88 3.78 1961 . 0.044 1. 0, 068

13 | RI0 iRIRI 497 90 .00 . - 0,58 0.0127 0,018

‘14 | R10 SURUL 41 81 2.15 .74 0,016 9. 02
Hortheastern Sub Total - 84.23 55, 58 1. 280 N2
15 [ B.-MAUA - - - BT .98  0.47 §.012°0 . 0.018¢1

i5 | RIQ ‘BSTRELA 23] 80 - 15.05]  .i5. 44 0. 348 0. 522
171 | R10 1GUACU 111 15 29.351 ‘38.30 0,868 1,302
'172 | RIO SARARUT. .. Joarg 18 - 22,81 49. 56 1.220.0 - '1:830
18 | B.~CABG DO BRITO - 12 33710 691 0.178 0: 264
Horthwestern Sub Total L - TL.B3 [ 110,68 2,624 3,936

19 | RIO S. J.DE MERITI 81831 30.19 £9. 56 1. 740 2. 610
20 | RIO IRAJA : ‘111 82 9.83 ] . 23.61 0.620] © -0.930
21 | CABAL DO CUNHA 18t 491 15.98 1 '38.20 0. 938 C 1. 482

22 | B. -S. CRISTOYAO .23 45 1.28 1 - . 2.86 0.076 | 0114

23 | CANAL DO MANGUE : 23] .43 2.99 23.52 0. 812 0.918

241 B. -BOTAFOGD 32 33 1.1¢ -16. 97 0.448] - 0,672
Western Sub Total ) 14. 38 174.72 4.484 |0 . 6.726
“25 1.1. D) GAYANADOR 231 B 3.76 1.13 0.176 _0.264
i 26 ) 1.0 FUNDAO : 18§ 52 0.26 - 0,28 0.008 ] - 0.012

271 [.DE PAGUETA - s3] 712 811 0.15 0.004 4. 006
28 1'1. DG ENGENHO 43| 56 ~0.25 0.53 ]  .0.0i% . 0.024

29| I.DE S. CRUZ ] 4] 51 0.13 - 0,23 o 0.008¢ . 0.012
islands Sub Tolal ' 4,51 . B8.2% 0,212 1  -0.318
River load Total 247. 16 375,39 9, 268 13. 3683
Direct Load L . - : : '

607 43} 36 = 2.13 - -
001 . EUIERIEN = -~ §.10 ' - -

004 ‘ 46 |. 56 .= . 2.40 - R
008 |- . 44| 51 - 2.10 - -

408 S 40 ] 41 - 1.3 - -

021 451 52 - 0. 8¢ - - -

034 ' 46| 81 - g.66¢ = - -

044 46 { 57 - 0.51 - -

047 461 87 - - 048 - -

062 48 1 89 - 0. 38 - -

113 ] . 511 62 - .22 - -
Bastern Sub Tolal : - . 18.32 - -

015 171 T8 - 1.32 - -
0i8 : 171 76 1. - - 1.20 - R
075 . iT] .76 - . B33 - -

029 : 171 .18 - 0. 79 - -

086 171 16 - 0. 31 - -

1317 10| 68 - 0. 16 - -
Northwestern Sub Total an - 4. 11 - -

030: . 111 62 = 0. 72 .- -

042 R 11 62 - 0. 52 - -

051 _ 321 3 - 0,45, S - -
Western Sub Total ' ' - 1.99 - -
Direet Load Sub Total : - 24,11 i ~
Total - 241,18 338, 50 §. 268 :13. 902



Table 13.2-3 FExternal Load in 2010 (Scenario-2)

: ‘ T Discharge |  BOD PO4-P 0-P
i) L NAMB 1L J ] (ma/sy | {tAday) | (t/day) | (t/day)
River load : ‘ L
1 ] B. ~CHARITAS - 46 |38 1,27 2. 63 0. 068 0. 102
2 1 CANAL CANTO DO RlC - 431 19 1, 00 2.01 0, 056 0.084 |
31D -CATEDRAR. 40| - 43 0.93 1.85 0.048 |. 0,072
4 1B -NORTE CENTRQ 40 47 1. 05 2. 16 0,066 - 0.084
S IRIO'BOMBA . 45 |5 52 5.00 11.34 0. 296 0. 444
5 | RID IMBOASSU 521 63 4. 30 9.13 0.232 0. 343
Eagtern Sub Total o 13. 5% 28. 18 0. 7156 1. 134
71 B.-1TAOCA 52110 1.00 2.14 0. 056 0,084
§ | RI0 ALCANTARA 591 186 14.75 28. 99 0.704 1. 056
9 | R10 CACERERBU - 60.{ 81 30. 89 22. 80 0. 500 0. 751
10'{ RI0 GUAPIMIRIM 591 87 33. 25 5. 91 0.132 ©0.198
11 .| CANAL DE MAGE 57 1.88 0.73 0. 85 0.0§2 1 . 0.018
12| RI0:RONCADOR 56 | 88 3.04 2.35 0.0%2 0.078
i3 | BIO IRIRI : 491 %0 1.05 0. 69 0. 016 .0.024
14 | R10 SURUI A4 81 2.2 0. 88 0,020 0. 031
Rortheastern Sub otal B 81. 82 64. 41 1.493 2.239
15 B."—M_AUA . 34 84 143 0,56 0.012 - 0.018
_16:| RIO BSTRELA . 23 80 16:18 18. 41 0. 420 0.631
171 | RI10 IGUACY 17118 31.93 45,29 1. 032 1. 548
172 | R10 SARAPUI . 17176 25,30 56,17 1.392 1 . 2.088
18| B. -CABO DO BRITO 121 11 3.85 3. 20 0. 208 0. 312
Northwestern Sub Total 78. 30 128. 5% 3. D64 4. 597
19 1 RIO. 5. J.DE MERITI 91 83 31.88 14. 14 i.860 2.791
20 1 RIO IRAJA - a 11| 62 16. 25 24,13 0. 652 0.978
21 | CANAL DO CUNRA - 19 |: 4% 16. 66 40.02 1.036 1. 554
" .22 1 B.-S. CRISTOYAOQ 23] 45 1. 33 2.99 0. 080 0.120
23 | CANAL DO MAKGUE 23| 43 10. 40 24, 64 0. 6480 0. 960
~ 24 { B. -BOTAFOGO 32! 35 7. 40 17.78 0. 472 0. 708
¥estern Sub Total ' 11,92 184, 30 4. 740 1. 111
251 1. DO GAVANADOR 23| 66 3.89 7. 41 0.188 0. 282
26 1 1. DO FUNDAD 18| 52 0. 26 0, 26 0. 008 0.012
27 1 1. DE PAQUETA 431 12 .01 0. 16 0. 004 0. 006
28 1 1. DO ENGENEO 43| 58 0.25 0. 56 0.016 0.024
29 ) 1.DE S.CRUZ 411 51 0. 14 0.24 0. 008 0. 012
Islands Sub Total 4. 6% 8.69 0.224 0. 336
River load Total 262. 24 415.33 10. 218 15. 416
Direct Load
067 43| 36 - 2.13 - ~
001 46 | 55 - 6. 10 - -
004 46 ] 35 - 2. 40 - -
008 41 51 - 2.10 - -
009 401 47 - 1.84 - -
027 451 82 - 0. 80 - -
034 46t 81 - 0.68 - -
044 46 | 517 - 0,51 ~ -
047 46 ] 51 - 0.48 - -
062 48 ) 58 - 0. 38 - -
113 511 62 - - 0.22 - -
Eastern Sub Total = 18. 32 - =
0% 171 178 - 1.32 - =
018 111 16 - - 120 - =
075" 1711 16 - 0. 33 - -
029. 171 78 - 0.17% - =
086 1T 76 - - 0.3 - -
131 ' - 10 | 68 - 0. 1% - -
Northyestern Sub Tolal : - 4.11 - -
030 : : 11| 62 - 0.72 - -
042 . 1| 62 - 0. 62 - -
051 U 321 36 4 - 0. 45 - -
Western Sub Total . - 1. 69 - -
Direct Load Sub Total - .11 - - -
Total 262, 24 439. 44 10, 278 15. 416
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Table 13.2-4" Future_RunofffLoad'fdr'BOD without Measures

Basin - 1991 2000 - 2010
Eastern Basin 40.1 ton/day |.44.4 ton/day '47,5lt6n/déy
- y : (+10.8%) | (+18.5%)"
Northeastern 44.1 ton/day | 55.6 ton/day 64.5 téh/déyf
Basin : ' (+26.0%) (+46.2%)
Northwestern 94.6 ton/day '114.8 ton/day 132.8'toﬁ}éayz
Basin S © (+16.5%) . {+34.8%)
Western Baéin_ 164.2 ton/day | 176.4 toﬁ/day 186.0 ton/day .
| B Re | (+ 7.4%) (+13.3%)
Islands 7.8 ton/day 8.3 ton/day 8.7 ‘ton/day
B : _ {+ 7.0%) C{+1201%)
Total 354.7 ton/day | 399.5 ton/day | 439.5 ton/day .
: {+12.6%) (+23.9%)

13.2.2 Results

The results are .shown in Fig.13.2-1 for 2000 and in Fig.13.2-2
for 2010, for when no measures are taken, for the upper and.léwer
layvers for the distribution of BOD,"TuP and DO concentrations
with the annual mean value. ' - :

It is obvious that areas with high concentrations of brganic
matter and nutrient salts expand with the increase of effluent
loads.
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©13.2.3 Evaluation of the Calculation Result

Fig.13.2-3 and Fig. 13.2-4 show the differences of the BOD and T-P
concentrations at each lattice point between the year 2000 and
1991, and 2010 and'1991.

We calculated the average BOD and T-P concentrations in each block
and the increase of BOD and T-P concentrations compared to the
present concentration in each block. The results are shown in
Fig.13.2-5and Fig.13.2-6.

These figures show that BOD concentrations increase 6.2% (0.25
mg/1) by 2000, on average for all the bay. By regional groups,
high increases are seen in the northeastern'area of the bay at
0.80 mg/l in Block F by 2010, with the highest increase being 19.7
%. :

Regarding T-P, high increases of values occur in the whole bay

area, 39 % lncrease from 0.18 mg/1 (1991) to 0.25 mg/l (2010) for
the average concentration in the bay.
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CHAPTER 14

EXISTING FACTORS AND ISSUES
OF SOFTWARE-TYPE MEASURES

Administrative systems.'legislatlve systems, financial

~ systems and education systems {we call these systems "software-

type_meashre") are of great Importance to solve water pollution.

‘Wastewater treatment technologies which are called “hardware-type
measures” in this study are of another importance.

Question is a coordination between the two, Without firm
backing of software-type measures, hardware-type measures could
not meét'the objective in an effective manner. In this chapter,
several software-type .measures in the State of Rioc de Janeiro were
reviewed and current Issues were analyzed.

14.1 Cdﬁponehts of the Software-tiype Measures

It ‘is necessary to keep a balance between economic activities, the
préservation of nature and the living conditions of residents to
'maintain the environment in an asslmilative capacity. This is the
reason why administrative intervention is necessary to preserve
the environment, including the water quality

Thé principal components of the social system for the water quali-
ty improvement are summarized In Table 14.1i-1.

These éomponents are mofe impdrtant'thah the techniques for the
improvement pf the river and/or sea water.

14.2 Administrative System

'14.2.1 Administrative Organizations

It should_be emphasized that the water quality improvement project

is linked to many administrative organizatipns. whose cooperation
is indispensable in attaining the objectives of the project.,

14-1



Table 14,1~ 1 Compc}né_nts of' the Soft_ware-.'fybe .Measures

Component of Measures Details of Each Component

(1) Administrative System. ) Administrative organization to carry out
' ' " environmental policy.’

Role of a research institute attached

to the administrative agency.

{2) Legislative System - . ‘Regulation- of water gquality standards.
. ‘Regulation of eifluents from individual
pollution sources.
- Regulation of land uses.
_Envircnment impact assessment system.

(3) Agreement & Approval System " Agreement system between the local go-
. vernment and the. owners of firms.

Permission and approval system for the

authorities concerned. '

{4) Economic System . bemand controlling water charge system.
: © Effluent charge system.

Product charge system.

Marketable certificate of right to po~

1lute.

Subsidy system. :

Treasury investment and loan system.

Tax reduction system. ’

(5) Financial System ) Financing from taxes..

Financing from income° of governmcnt
works.

- Fund raising system through fining
polluters,

Fund raising . system. through peneficia-
ries. ]

Credit financing system.

(6) Resident Participation System Participation system on _explanation
meetings or public hearings atc.
Public movement through envxronmental
groups.

{so~called NGO)

{7) Education System - Education system by the state. :
' Education system by municipalities.
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In regard to the recuperation of the ecosystem In Guanabara Bay,
the‘following.administrative organizations have important roles;

[ Federal Level ]
" SEMA “Environment Secretariat

CONAMA : National Council of Environment

[ State Level J

' CODEG - : Coordinate Commission for Program of

b ' “Depollution in the Guanabara Bay

SEMAMPE : State Secretariat of the Environment and

Special Projects
CECA . '+ State Commission for Environment Control
FECAM - : Special Fund for Environment Control
FEEMA : State Foundation for Environmental
- Englneering -

SERLA : State Institute for Rivers and Lagoons
IEF : State Institute for Forest Preservation
SO5P : Secretariat of Public Works

CEDAE : State Company of Water and Sewage

[ Municipality Level ]
- 'COMLURB Municipal Company of Urban Cleaning

Within the organizations described above, those in the State of
Rio de Janeiro, such and CODEG, SEMAMPE, CECA, and three organiza-
tions: of FEEMA, SERLA and 1EF which are under SEMAMPE have rela-
tively important roles 1n the improvement and control of the water
quality in- the Bay :

14.2.2 Role of Administrative Organizations
The role and activities of the main organizations are as follows:

CODEG :  To coordinate and follow special projects related
to the improvement of the 1nhabitants quality of
l1ife and environmental conditions of the Guanabara
Bay basin.

To assist the Rio de Janeiro State and the Rio de
Janeiro Municipality together with financing
agencies during the Impiementation phase of
projects.
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SEMAMPE:

CECA

To promote, supervise, coordinate and execute

Programs, projects'and_official activities related
to environment. '

" To exert the power of environmental legisiation

through 1licensing and control of potential pollut-

ing activities, as well as through the application.

of penalties when the legislation is not fTollowed.

-To estab]ish environmental norms and standards tor.'
-the State of Rio de Janeiro

To cooperate with the federal and municipal author-

ities as well as with authorities from other states
in order to execute measures related to pollution
control and natural resource preservation.

To implant and administer. the organs of natufe

- conservation instituted by the State.

To execute drainage works in order to recuperate
the fluvial and lake basins in relation to flood
control, erosion and to regulate the fluvial re-
gime. :

To manage  the state's resources.
To approve and propose. to SEMAMPE the necessary
measures Tfor pollution control and environmental

protection recommended by FEEMA.

To exert police power related to pollution control
and environmental protection

" To glve permission for the operation of potentlal-

pollution activities.

To research and to control thé envirohment. and to
establish norms and standards, to train and serve
personnel for the rational utilization of the envi

ronment.

To give technlcal support to CECA..

14—-4




SERLA

IEF

To suggest the'necessary measures for pollution
control and environment protection to CECA.

. To‘deal with the fiscal issues concernfng environw
'mental protection standards in the State of Rio de

Janeliro in the name of CECA, including also the
federal standavds.

To maintain river basins and lakes controlling the
effects of floods and erosion, and to regulate the
fluvial regime in rivers, channels and estuaries.

To -execute macrodralnage, microdrainage and under-
ground drainage works for the recuperation of dense
urban areas,

To inspect the follbwing things related to marginal

areas of water bodies under state jurisdiction:

Protection of 1agoons and natural water bodies
agaipst the Interference of rural and urban
processes,

Control of erosion and solid transportation
in rivers, lagoons, estuaries and coastal
areas.

Conservations of rivers, channels, lakes,
lagoons and their estuaries.

To attend.the necessity of flora and fauna conser-

vation.

To promote reforestation.

To execute the forest policy, promoting the compat-
ibility of the socloeconomic development with the

environmental conservation in the State of Rio de
Janeiro.
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14.2.3 Current Tssues of the‘Adminlstrétive System'

At present the ‘most Important thing to do for the recuperation of
the ecosystem '‘in Gunabara Bay is to activate the above mentioned
adninistrative organizations of the State of Ric de Janelro relat-
ed ‘to water ‘quality improvement under the strong leadership of
SEMAMPE cooperating with CODEG.

SEMAMPE should rendér competent administrative’ and economic¢ as-

gsistance to FEEMA, SERLA and IEF. These organizations have many

able engineers of which effective activation seems not to be too
difficult.

Recently, FEEMA - qtopped monitoring the water quality in the Bay,
which had been carried out for more than two decades. The moni-
toring for effluents from industry also looks like being restrict-
ed. Financial problems are the reason why FEEMA can not continue
the monitoring: as it did. This example suggests that the state
government is not so 1nterested 1n environmental policies.

From an environmental protection’ point of view, CECA which is the
commission for environmental. control under SEMAMPE has a 1ot of
power and a responsibility for the preservation and control of
water quality in the Bay. Therefore, it 1is desired that this
commission acts more energetically and exerts 1its powér over
pollution control and environmental protection issues.

The money from fines collected from pollution and environmental
protection offenders is put inte a fund by FECAM and it is used

for poliution control and environmental protection projects

through FEEMA, SERLA and IEF. This system looks to work well and
should be continued.

As a result, existing administrative groups in the State of Rio de’
Janeiro relating to the preservation and control of water quality
look sufficiently organized in themselves. However, it might be

sald that the government of the State of Rlo de Janeiro carry
forward the environmental policies more strongly backed by fi-
nances,
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14.3 Legislative Systém
14.3.1 Water Quality Standards

In Guanabara Bay, the water area s classified into thirty six
{36) segmenits based on a mathematical_model produced by TFEEMA in
1977, and the most beneficial use of each segment 1is decided by
CONAMA. The water gquality standards for each segment with regard
to its use are also established by CONAMA. '

The  same procedure was also applied to the major rivers flowing
into the Bay. '

The water quality standards established by CONAMA-are'shdwn in
Table 14.3-1 for fresh water, salt water and brackish water. The
standards for salt water are applied to Guanabara Bay.

The water area classification in the Guanabara Bay basin is shown
in Fig. 14.3-1 for the rivers and in Fig. 14.3-2 for the Bay, re-
spectively. In the rilvers, Class 2 is applied to the water areas
of rivers flowing into the inner part of the Bay, and Class 4 to
the water area of rivers situated near the entrance of the Bay.
In the Bay, Class 5 1s applied to all the Bay area excluding the
five (5) segments No. 21, 22, 23, 27, 30, to which.Class 6 Is
applied. ' : '

14.3.2 Effluent Standards

The establishment of regulations on effluent pollutants Is the
most direct measure to conserve the environment, and its effect is
"immediate if its enforcement is strong. This system is imposed on
effluent dischargiﬁg actions directly causing water pollution.

In the State ‘of Rio de Janeiro, effluent standards by CONAMA in
terms of many parameters as a concentration of pollutants shown in
Table 14.3-2 keep the direct and indirect effluent discharge
condition into the water resources in a minimum.

‘Thereafter, a new deliberation "Guideline for Organic Amount
Control in Industrial Liquid Effluents" was established by FEEMA
'as_effluent'standards“for each type of industries, which is more
strict than the existing effluent standards.

Recently, FEEMA proposed the new guidelines "Taxation for the
Control of Water and Air Pollution (TCPHA)" to the commission.for
the preservation of the environment. This proposal aims to intro-
duce the total pollutant load system. - '
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Table 14.3- 1

Water

Fresh ¥ater

Water Quality Standard for Each Class of
Area (CONANA No. 20)

Iten Standard Values
Ko. of .
Purpose of Coliform Tirbi-
Class Water Use pH BOD (DS > Groups dity
L . .
Special ~Public water supply - - - - Zere for Total . -
without previous or Coliforams
with sipple desinfec-
tion '
-Natural balance pro-
tection of aquatic
“life .
Class 1 - Public water supply 6.0 3 mg/li 500 | 6 weg/l | (Recreation) 40 NTU
after simplified i or mg/l or not good when
- treatment: 9.0 less or more | 80 % of samples
~Aquatic 1ife protection i less 1000 MPN/100 ml
-Primary contact or less F.C. -
recreation : L S
-Irrigation of green 5000 MPHR/100 ml
vegetables ecaten in or less T.C.
raw fora and frults
consumed with peel (Irrigation}
~-Katural or/and - zerc coliforz
Antensive growing of : B
specles for human {Other Uses)
feeding : 80% of samples .
i 200 MPH/100 w1 g
.or less F.C.
or
: 1000 MPN/100 ml
: or less T.C.
________ -4 —-—--—-.—-.-—————---p-—--(-.-....p..;-..._..-.-d'----—--.--_--.-.-u........._-.__1 v —— —— o a i . - —— -]
Ciass 2 -Public water supply 6.0 ' 5 mg/1 50O 5 mg/l | {Recreation) 100 NTU
after conventivnal I or ng/l or equal to Class 1
treatzent ! or )
~Aquatic 1ife protection 9.0 1less ' less more : ’
" -Primary contact : {Other Uses)
recreatlon | B0 % of samples
~{rrigation of green i 1000 MPR/160 a1
vegetables and frult ' i or less F.C.
trees 5000 MPR/100 =1
© -~Natural or/and or less T.(C.
intenslve growing of
" species for human
feeding
-------- ettt Bl e e R ity Tl
Class 3 -Public water supply 6.0 [10mg/1 | 500 4 mg/} | B0 % of samples: (100 HTY
after conventlional | or . mg/l or 4000 MPN/1C0 =1
treatment 9.0 |less |or more or less F.C.
~-Irrigation of several o iless or :
culture : 20000 MPN/100 ml
-Animpal growing or less T.C.
Class 4 | -Navigation 6.0 - - 2 mg/l - -
: ~-Aesthetic | or
-Other uses 9.0 Bore

{Note) F.C. : Fecal Coliforms

T.¢. : Total Coliforms
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Salt Water

Item Standard Values
Purpose of No. of Coliform
Class Water Use pH BOD o Groups
Class b -Primary contact 6.5 5 mg/l |6 me/l {Recreation)
recreation. i or or equal to Class 1
-Aquatic 1ife protection 8.5 ‘less more
-Natural or/and pHz 2 {Growing of Specles
intensive growing of for Human Feedlng)
species for human dean < 14 MPN/100 ml
feeding F.C. and
10 % of samples ¢
43 MPN/100 ml F.C.
{Other Uses)
80% of samples :
1000 HMPN/100 ml or
less F.C.

Class 6 -Cosmercial navigation 6.5 10mg/1 id mg/l 80 % of samples
-Aesthetic } or or 4000 MPN/100 ul or
-Secondary contact 8.5 less [more less F.C.

recreation pHs 2 _ or
2000 MPN/100 ml or
less T.C.
Brackish Water
\\\\“\\\iff? Standard Values
] Purpose of No. of Coliform

Class fater Use pH BOD o Groups

Class T | -Primary contact 6.5 5 mg/1 |5 g/l | (Recreatlion)
recreailon | or or equal to Class 1
-Aguatle life 8.5 less |[more
-Natural or/and ) {Growing of Specles
intensive growing of for Human Feedlng)
species for human mean £ i4 MPN/100 ml
feeding F.C. and

10 % of samples <

43 MPN/100 ml F.C.
(Other Uses)
80 % of samples :
1000 MPN/100 nl
or less F.C.

or

5000 MPN/100 ml or
less T.C.

Class 8 ~Commercial navigation 5.0 - 3 wg/1 |20 % of samples :

: -Aesthetic i or 4000 MPN/100 ml or
-Secondary contact 4.0 more less F.C.
recreation : or
: 20000 MPN/100 ml or
less T.C.
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14—-11



Table 14.3- 2

Effluent Standards (CONAMA No. 20)

Parameter Standard Values Parameter Standard Values
pH 5~ 9 Florides(F) . 10 mg/l
Temperature . 40°C . 4 Soluble Manganese(dMn) 1.0 mg/l1
Settleable 3Jolids | 1 ml/1l {1 hour in || Mercury(Hg) 0.01 mg/}
L in ‘Inholl Cone) ’ :
Mineral Olls 20 mg/l Nickel(Ni} - 2,0 mg/}
Vegetable olls or 50 mg/l Silver(Ag) 0.1 mg/l
Animal Fats : . _ Selenium(Se) 0.05 mg/)
Ammonia(N) 5.0 mg/l Sulfides(s) ‘1.0 mg/l
Total Arsenic(As) 0.5 mg/1 " Sulfites(S0,) 1.0 mg/1
Barium(Ba) 5.0 mg/} Zinc{Zn) S 5.0 mg/l
Boron{B) 5.0 mg/1 Organophosphate 1.0-mg/1
Cadmium{Cda) 0.2 mg/l Compounds - and in termns of
Cyanides(CN) . 0.2 mg/1 Total Carbanates paration
Lead(Pb) .5 mg/1 Carbon Sulfide 1.0 mg/1
Copper{Cu) 1.0 mg/l Frichlorcethylene 1.0 mg/1
Hexavalent: : : Carbon Tetrachloride 1.0 mg/1
Chromium{Cr*®) 0.5 mg/l Dichloroethylene 1.0 mg/l
Privalent Other Organophosphate : :
Chromium(Cr*?) 2.0 mg/t Compounds L ~0.05 mg/l
Tin(Sn) 4.0 mg/l {Pesticides, Sclvents}
FPhenols(CCHOH ) 0.5 mg/l
Soluble Iron{Fe} 15 mg/1l

[Note]

Standard Values are less than

or lower than the above-mentioned values
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14.3.3 Land Use

Environmental problems are closely related to land use. There-
fore, adequate administrative Intervention 1is necessary to re-
strict the use of the land when it badly affects the surrounding
environment

In Brazil, planning in the urban-area 1s controlled by municipali-
ties and in the agricultural area it is controlled by the federal
government. The state government, through FEEMA in the case of
the State of Rioc de Janeiro, however, can intervene in projects in
urban'areas through the EIA (Environment Impact Assessment), when
a project 1s likely to damage the surrounding environment.

Permanently protected areas or APP (Area de Protecao Permanente)
afe-ﬂesignated by the respective munlecipality, the state or the
federal government for areas. to have a high value as an environ-
mental area. If circumstances require, the owner of an area
deslegnated as APP can be exempted from paying taxes or in some
cases the area maybe expropriated.

The . APP does not have to be a clearly defined area. Areas can be
designated in general terms, ¢.g. mangrove area. The area around
the mouth of the Rio Guapimirim is designated as an APP.

CODIN '{Cqmpanhia Distritoe Industriais) is an organlization that
relocates factories situated in the center of the city to the
suburbs for environmental protection.

Moreover, FEEMA carries out a scheme for the management of the
coastal areas of the State Rio de Janeiro together with the munic-
ipalities. This scheme is a macrc-zoning of the coastal area .
which is divided into four areas: the south-west part, the east
part, the north part of the state and the Guanabara Bay basin. In
these areas, the gonlng of the east part have already been com-
pleted and the =zoning of the Guanabara Bay basin will start -in
1993. The main land use categories of this macro-zoning are as
follows; '

{1) - Environmental Protection Zone
(2) Floral Zone

{3} Federal Protection Zone

(4) - Urban. Zone : :

(8) Development Zone on Urban Planning
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(6) Recreation Zone
(7} Industrial Zone

- (8) Agricultural Zone
(9) Port and Harbor Zone

14.3.4 Environment Impact Assessmént System

The environment impact assessment (EIA) system was conceived to
implemeént appropriate countermeasures prior to the implementation
of large scale developments which might influence the peripheral
sulrounding environment.

FEEMA 1s- the reSponsible authority for the evaluation of the
resolutions stipulated in the EIA report, or as it is called in
Brazil the RIMA (Relatorio de Impacts Ambiental). = For the final
stage of the RIMA a public hearing must be held and this should be
preceded by advertisements in the three main newspapers.

14.3.5 Current Issues of Legislaiive System

As the beneficial uses of the area have changed, reflecting the
present water quallity in the Bay and simulation techniques used to
predict the future water quality have advanced, 1t may be better
that the existing water ‘area classification and water'quality
standards 1n Guanabara Bay are restudied in detail taking into
account of the results of this study.

The legistation concerning Effluent standards to pellutant dis-
charging actions and the EIA system has no serious problens.
However, it should be sald that there are some problems in putting
the legislations ‘In :practice.

MARPOL-73 1s an international agreement relating to the prevention
of marine pollution: The Brazilian government has not signed
Annex 4 ; Treatment of sewage discharged from vessels, and Annex §
:'DiSposal of garhdge from vessels., Early signing of Annex 4 and
Annex 5 by the Barzilian government is highly desired.

As for land use, the adequate intervention by the state government
- together with municipalities is desired to prevent undesirable use
of land by means of a taxation system, a land expropriation system
and so on with the aim at preserVing' the environment under an
overall management plan for the Guanabara Bay basin.
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