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6.1.3 Limiting Factor for Phytoplankton Production
and Trophlc Level

In ecosystems located in tropical regions where there 1is abundant
solar radiation and'high temperatures, as 1s the case with Guana-
bara Bay, nutrients will constitute a critical factor in the con-
trol of eutrophication. : :

The relationship between nutrient and algae in an aquatic system
from the viewpoint of physiological characteristics is very com-
plex with many different algae species and forms of nutrients
interfering in this relationshlp : :

However, a number'of recent studies have proved that“N and‘P are
scarce in the natural environment and these parameters ‘have been

introduced into aquatic system management and controls planning,'

associated with the biomass expressed by Chl -8.

To verify thils, an elaborate correlation between N andfP'ratio in -

water and .in algae biomass, in Guanabara Bay, was fcrmed;;

It was assumed in this correlation that the N and P ratio in
algae 1s the same as that of the seston because algae makes up
the greater part of suspended matter in water. Fig. 6.1-3 was
prepared, using all data for N, P and Chl-a collected from the
“water surface layer for 3 sampling surveys (2 samples collected in
‘each survey) at 18 stations. performed during. . 1982. The correla-
tion coeficient values computed in water and algae were, 0.77 and
0.89 respectively. ‘The N and P ratio in water varies considera—
bly, according to the nutrient concentrations while the same
phenomenon does not occur in. alage, 1ndicating that the chemical
composition of agquatic organisms is relatively stable even if
envirenmental conditions change.

Fig.6.1-3 shows N/P ratlos were obtained in the range of 6 to 15
in water and 6 to 7.5 in algae which suggests a. lack of P for
algae growth, particulary, in areas of the Bay with lower concen—
tration of nutrients, which corresponds te the mouth region of
the Bay. The sediments in this reglon are composed predominantly
of sand with a small portion of organic matter that can not con-
stitute significant source of nutrient, these facts coincide with
the nutrient balance observed in the Bay.

Based on the explanation presented, it is possible to conclude




that P 1s the most probable limiting factor for eutrophication in

Guanabara Bay.

The trophic léyel currently in all areas of the Bay, except the
mouth region, should be classified as a very high eutrophic eco-

system zone, based on 20 11g!1 of -chl-a, the maximum admissible

limit for trophlc level criteria usually adopted.

In such an environmeént, algae reproduction is rapld. Adopting a
value of 1 for maximum growth rate for predominant algae, esti-
mated through primary production obtained during surveys and 0.3
for half saturation constant, a specific growth rate can be
computed 0.25/d that means approximately 4 days for turnover time
of algae In the bay. '

Seston- Water,
N ©0.132+4.92xP 0.562 t4.42P
R o.'as: 0.77
" sagmple Nuymber 48 - 49.

{mg/f)

Q4 —

- 0.3

0.2

0.05 ~1{7.6}
,f’ { EN/P Totle

3 N

T 1 T i T
0.5 .0 18 2.0 25
! tmg/h .

Fig. 6.1- 3 N and P Ratio in Water and in Seston



6.2 Zooplankton Community
6.2.1 Species Variation

.Zooplankton sampling .was performed at 17 stations in June 1992
and at 12 stations in October 1992 using a water pump with 2
types of plankton net and a conical net equipped with a flowme-

ter. '

The classification and quantification of collected samples was
carried out'by the Department of Biology atl UFRJ.

The phase 1 survey showed very low zooplankton density.at all
sampling stations as compared to the data obtained from earlier
research due to insuffioient pump capacity. Even though, the
data indieated that the Copepoda group predominated numerically
and had a higher density . at the mouth of ‘the Bay. In the area
highly polluted adjacent to Ilha do Governad01 lower zooplankton
density was observed. '

'In"phase 2, 23 species of microyooplankton and 70 species of
macrozooplankton were identified. Classification results are
registered in the Supporting Report.

The_predominant species_identified were Acartia 1illjebdrji,

Paracalunus quasimodo, Paracalanus crassirostis, etc. all of
‘which belong to the Copepoda group and are typical of ocean coast-
al regions. P. quasimode is, for example, neritic, termofil and

epiplanktonic, being considered an opportunistic hervivorous,
consuming, principally, phytoplankton, protozoa,'etc. " In the
absence of plant food, they introduce detritus Copepoda _naupli
which is absolutely predominant in the microzocoplankton community
over the entlre area. '
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6.2.2 Distribution Pattern

Fig. 6.2.1 shows the distribution pattern of mlcrozooplankton it
shows highel values at the mouth reglon and lower values in the
central and the inner palt of the Bay, particularly in the area
adjacent to Ilha do Governador Macrozooplankton showed the same
distribution pattern and their distribution characteristics par-
ticularly stand out on the water surface. The population on the
western side of the Bay is extremely restricted but larger at the
entrance of the Bay. The central area of the Bay presents in-
termediate values. '

The density at the bottom layer commonly showed higher values
than_those at the surface, following however, the same regional
variation pattern observed in the surface layer.

This type of zooplankton distribution could be explained. par-
tially, by complex pollution effects_fepresénted;by'high ammonia
concentration, grease and oil_contamination. heavy wmetals, organ-
ic toxic substances and suilfide compounds etc., and partially by
meso and oligohalino conditions which occur in ‘the rainy season
in the west side and inner part of the Bay when a great amount of
river water inflows from the basin._'The influence of pollution
-effects, however, was more moderate in the central area of the
Bay. '

‘The mouth region of the Bay can be considered to be almost free
from the harmful effects of pollution and the euhalino condition
offers favorable conditiéns to the predominant group of zooplank-
ton orlginatlng from ‘the coastal area of the ocean. Population
density obtained by use of the surface plankton net resulted in
higher values than those in the pumped samples, showing, never-
theless, the same_tendencies in iooplankton composition and
distribution characriétics as observed in other samples.
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6.2.3 _200plankt6n-hensity

'Tabie B.2~1 glves an idea of the slze of the zooplankton biomass
in Guanabara Bay.

- Table 6.2-1 Ratlos of Algae and Zooplankton Biomass

. - - STATION
Blomass. [Tl e 1 a4 6167 181§ [0
Algae biomass | 0.8712.23}13,00(67618.3118.0118,1017,90]10,0917.07]3.20(4,92
Zoo biomass _ 10,053{0,022(0,02110,01110,010]0,040[0,004]0,001] 0,003 |0,006}0,005{0,026
WA/ Tralio G [ 4 [ T 107020105 005( = 0030210205

The biomass value of phytoplankton in this table was evaluated
based on- Chl-a and the biomass of zooplankton was determined in
the laboratory in the Départment of Zoology, at UFRJ. The per-
centage - of zooplankton bilomass in relation to phytoplankton
obtained by this evaluation 1s very low, except for stations 1
and 2 located at the mouth of the Bay, if compared to the biomass
ratio usually found in an eutrophic environment, where it varies
normally between 1 and 10 %,

This low density of zooplankton-in the bay seems to enable zoo-
plankton survive almost independently from phytoplankton prolifer-
ation that usually serve as food for them.

Fig. 6.2-2 indicates a negative correlation between the zoo and
phytoplankton population. Therefore, an . 1increase 1in zooplankton
density results in Chl-a decrease. Generally speaking, =zooplank-
ton populdtion must increase, with algae proliferation according
to the food web relation between them. This relationship, howev-
er, tends to be lower in cutrophic systems because of large amount
of bacteria and suSpended'Qrganic matter that offer zooplankton
~other food options, besides phytoplankton.

On the other hand, phytoplankton produced predominantly 1in eu-
trophicated ecosystems 1is mostly of the Clanophyceae group,
'usually. form large colonles that can not be eaten as food by
zooplankton. :

The zooplankton and Chl-a relation (Fig. 6.2-2) could be ex-
plained, satisfactory, by the behavior mentioned above, suggesting
that zooplankton production in Guanabara Bay develops almost

having nothing to do with phytoplankton proliferation.



The explanation presented leads to the éoncluéion'that Guanabara

Bay is not offering, presently, favorable conditions for zooplank-
ton production ' - : R : : _ o

On the other hand the lower_cofrelation suggests . that secondary
production, represented'by'zooplankton does not constitute an
important factor for the application of an eutrophication simula-
tion model.. : ' C
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6.3 Benthic Community

Data on benthos were collected at 16 stations in June 1992 and 13
stations in October 1992 using a Peterson dredge sampler.
Classification and quantlfication were carried in the FEEMA
laboratory.

The distribution results shown in Fig. 6.3-1 are divided into
three distinct dreas. At the inner part of the Bay, northern side
of Ilha do Governador and Ilha de Paqueta, very few or a total
absence of benthic erganisms was observed. Such a low population
occurred due largely to reduced oxygen concentrations in the
bottom layér and, at the same time, the sediment Lomposed of silt
with organic concentration maintained in anaerobic’ condition,
together with reduced sulfide compounds which have a toxic effect
on benthic animals.

In the central Bay area bounded by the southern side of Ilha do
Goverhador and Fundao, a large amount of Gastlopoda, Littoridina
australis was collected. In thils region a relatively high 1eve1
of pollution is. observed with onliy 1 to 2 mg/l of DO in the
bottom layer at the sampling station located near Galeao Bridge |
(St. 8). : ' '

The large difference in the. Biologlcal distribution found between

the two areas, mentloned above, could be attributed to the differ-

ence of the sediment characterisctics The predominant character-
istics of the sediments in the 1atte1 area are sand with silt

without HzS5 production. An environment in such a degradated
condition allows for the develoyment of only a few kinds of oppor-
tunistic organisms. . Of ‘the total. population of 83,000 org./m®

found 1in the phase 1 and of 44,000 org./m® in the phase 2 at St.
.8, only 2 species were found in the phase 1 and 4 species in the

phase 2, resulting consequently in a very low diversity 1index,
suggesting that the environment_is extremely selective.

'On the stretch which extends between the entrance and the Rio-

Niteroi Bridge, water quality 1s much better compared to the
areas already mentioned. and the sediments constitute fine sand
with very small proportion organic matter. In this condition, the
benthos community appeared more diversified, with the Polychaeta

‘errantia population predominating.
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6.4 Fonling Commnnity

In Guanabdra Bay, rocky coast suifable for the ptoduction of
foulling organisms cccuples a relatively small area found mainly_
near -the entrance of ihe Bay . and around Ilha de Paqueta.

The coast eonsists of stone and eoncrete evenﬁthough”its area is
more extensive than the rocky coast, anthrophic activity 1s
limited to the southern and centrel_parts of'the coastline.

Fouling fauna sampling was performed at ‘8 stations in the lst
phase and 5 stations in the: 2nd, Clessifioation and quantifica—
tion of these samples was carriled out by the Dept of Oceanogrephy
at UERJ with the cooperation of thional Museum at UFRJ.

The reSults of the twO surveys performed shoWed the plesenoe of 41
species of zoobenthos and 5 species of macroalgae._thus there is a
relatively rich population of organisms at most sampling stations.
Generally speaking, the middle littoral superior 7one had a higher
fauna population than the infra litt01a1 superior zone (See Sup-
porting Report) ' : -

Fig. 6.4-1 shows the surface distribution ratio of macrofaunas
estimated visually at all sampling stations "This figure presents
the predominance on rocky surfaces of macroalgae (Fnter -mopha - sp.
Ulva Fracizaria and Hypneéa sp.) that are relatively sensitive to
pollution and selinity changes at the stations at Ilha de Paqueta,
Santos Dummond Domestic alrport, Ponta de Gragoata and Enseada de
Botafogo., o '

Mussels Perna perna belonging to .the Citripedia group is of
commerclal importance and was abundantly observed at the entrance
of the Bay Approximately 95 of the piliars of the Rio Niterol
Bridge extending 8.5 km are Kknown as impOLtant production sources
for these mussels. However, very few mussels were: caught in the
two phases of the sampling survey because the frequent scrapping
of fishermen has caused a decrease in this fauna. Instead of
these mussel zoobenthos, Bugula nentina and Stylella plicata,
covering the surfaces of the bridge pillares situated at Niteroi
side were observed. '

The general distribution pattern of the main zoobenthos can be
_seen In Fig. 6.4-2. The Polychaeta group, found at 11 sampling
stations, constitutes organisms with the largest distribution
area among the fouling fauna. : - :
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'Balanaus'sp. from the Cirripedia group, in particular B. amphirite

and_amphirite, which are consldered blological pollution indica-
tors, were observed to be predominant in Rio de Janeiro Harbor,
where pollution levels are high.

The Nematoda and'Gustrbpoda‘groups as well as Perna perna, as

explained, were observed; each of them in the limited areas.

- Data presented -above indicated the proliferation tendencies of -

each fouling fauna group in a restricted area without any general
trends in .their distribution pattern. Those facts were confirmed
by the statistical analysis.

6.5 Fishes

Accqrding'fo.IBAMA statistical data at Maua -and Ramos fishermen

-colonies, and from inventory data obtained at the Niterol market

in this study,ﬂabout 8 tons/day of commercial fish production was
estimated as the maximum production within the Bay, in addition to
about 1 tbn per day of mussels Perna perna. About B0 % of the
catch is composed by Corvina, Bagre, Tainha, Sardinha de boca
torta, ‘Parati, Espada and Enchova. '

According ‘to Prof. Gustave W. A. Nenon of the Natlional Museum at

the Universidade Federal do Rio de. Janeiro, Guanabara Bay plays a
very important role as a fish. nursery ground. Some types of
fish, for instance, Talnha, Parati, Sardinha and some species of
Manjuba, that are most popular in this region, etc. enter the bay
to mature and then return to the ocean.

On the other hand, Enchova, some species of Linguado, Corvina and

Pescadinhas go into the Bay for reproduction. This fish's behav-
lor signifies the close relationship between the Bay and the ocean
in view of fish production, as can be seen in many other situa-
tions 1n:the estuary system. So, if such predatory fishing activ-
ities and water guality degradation continue, it would cause the
rupture of relationship in the near future, severely affecting
fish production not only in the Guanabara Bay, but also in the
adjacent ocean coastal areas.



6.6 MahathVG-Swamps and Salt Marsh
6.6.1 General Situtation of Mangroves in Guanabara Bay .

The profile of the main area of salt mafsh and maﬁgrove swamps and
the distribution of mangrove forests in the Guanabara Bay basin is
shown in Fig. €6.6-1. ' : : -

AlthOugh‘thé Guapimirim and Cacerebu'basins'are preserVed by'the
Federal Legister, significant interference due human activities,
principally on the south-east side of this area 1s_notiCeable.

The mangrove forests extending along the Rio Estrela and Rio
Iguacu are seriously damaged, mainly on ‘the right side of the Rio
Estrela and the left side of the Rio Iguacu. Furtheremore in: an
appreciable area located at the lower side of a garbage landfili,
Jardim Gramacho, a mangrove forest is almost non-existent. The
ground of this area has completely dried, water: only at approxi-
mately 30 cm below the ‘surface.

The general distribution of ~mangrove forests observed 'in the
study area shows Laguncuraria sp., normally near the river,
Avicennia sp. at the inner parts and, in some cases, Rhizophora
sp. near the river. The mangrove forest existing in the Guapimiv
rim basin is generally higher in elevation than ‘in other areas at

approximately 3 - 5: meters for Laguncuraria sp. and 10 - 12
meters for Avicennla sp.. It is dimportant to mentibn Spartina

sp., Hisbiscus sp., and Typha sp. cover an appreciable area of
the mangrove Torests. :

6.6.2 Sediment Quality

As for the characteristics of the sediments in the researched
basis that consist Tundamental substracts to suppoht.all the
biological and foeorestal evolution, as well as casual sewage
disposal. The ‘physico chemical analysis performed inathe 12
stations generally, showed light acid and: high concentrations of
organic matters (8 to 49 % of volatile matter lost) (See Support-
ing Report). The concentrations of N and P were also relatively
high compared to normal soil composition, ranging from 1.3 to 2.0
% and 0.71 to 0.26 %, respectively. This fertility could be
-derived, mainly, from the contribution of litter originating from
mangrove forests and pollutlon sources. On the other hand, the
sediments are black in color due to the reduction process and are
composed mostly of clay and silt (94 - 99 %), Indicating a very
low permeability. '




igé_ Salt Marshes and Mangrove _Swamp

Fig. 6.6~ 1 _ Distribution of Salt Marshes and Mangrove Swamp



1t was verified that the concentration of organic matter and phos-
phorous ‘in the Iguacu and Estrela basins, affected by pollution
flow, tended to be higher concentrations than the Guapimirim and
Cacerebu basins. In particular the station located at the
middle part of Estrela basin showed an extremely high organic
matier content (48 %) where high population of crabs is found.

As for heavy metals, all parameters analyzed showed lower values
than the maximum 1imlit established by the criteria for practical
agrlcultural use proposed by EPA/USA, however, higher Hg concen-
trations were. found. in‘ the fguacu and Estrela basins located near
a pollution source compared to the Gaupimirim basin.

6.6.3 _Creb COmmunity

Based on the investigation on the community of crabs performed in '

12 areas. ‘a predominance of the Uca group was: detected followed by
Ucides sp. and Chasmagnathus sp. The crab population ranges from
20 to 80 org./m?, and. the population in Estrela and Iguacu basins
was observed to be higher (See Supporting Report).

Based on the data obtalned, it seems that the destruction and the
poliution level in the mangrove Torests, in the researched. areas,
has not ‘yet reached the level where it adversely affects the crab
population. On the contrary some crab groups such as Uca Sp.

have yield a higher population growth rate in the Estrela and
Iguacu basins where more intensive environmental changes can be
observed, than in the APA- Guapmirim :

Crabs seem to be the most important consumers of organic matter
in mangrove swamps, representing almost 75 % of all animal bio-
mass in thils environment. On the other hand, they essentially
contribute to the oxidation of organic matter and reduce compound
contents in sediments through the excavation of their burrows.

As for the benthos community the results'showed_a predominant
pregsence of the Polychaeta Errantia group at major sampling sta-
tions, The total population of organisms at each station ranged

from 22 to 4,653 org./m®, generally showing a high population at

stations situated near the sea-shore. The significant features
of benthic distribution in the basins were not observed.




In the case of Guanabara Bay, the biomass balance estimated
through the collected data indicated that the crab production rate
is slightly lower than the litter accumilation rate 1In the sedi—
ment in the mangrove swamps.

The mangrove swamp aﬂd estuary system is important from the view
point of water purification process of the Bay. Collected informa-

tion during the survey suggests that mangrove swamps and marshes
located, mainly, in the inner part of the Bay contribute in the

retention of substances acting as a natural filter and, therefore,

improving the water quality in the Bay.

An important aspect to be poihted out is that a mangrove forest
is a Very vulnerable ecosystem, where constant accumulation of
sediments occurs as well as the invasion of grasses that succeed
mangrove trees in time. So it is essentlial to adopt aggressive
measures for the'comprehensive and permanent preservation of
mangrove swamps and it 1s not sufficlent to leave them untouched.
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CHAPTER 7

HISTORICAL CHANGE IN THE ENVIRONMENT
AND CURRENT USE OF THE BAY

Kowledge on past environmental changes in Guanabara Bay and
1ts basin is important to understand the bay's original biofacies
and environmental assimilating capacity.

In this chapter, the environmental changes in Guanabara Bay
and its basin were deduced from. the statistical data showlng the
change in population and industry, old oceanographic chart, the
analytical resbnlts on core samples of bottom sediments, and other
evidences,

Further, the current use of the water area and the coast in
Guanbara Bay was also reviewed to calculate the potential benefits
that can be gained from the improvement of water quality.

7.1 Historical Change in'the Environment around the Bay
7.1.1 Changes in Land Use

Brazil was discovered in 1500 and Rio de Janeiro was built on the
coast of Guanabara Bay during the period 1557 to 1567. Through
the development of sugar cane plantations from the 16th Century to
the 18th Century and the development of coffee plantations carried
out in the early half of the 19th Century, the majority of the
primeval forests which once widely covered the coastal areas of

. Guanabara Bay disappeared.

The population of the City of Rio de Janeiro already exceeded a
million by early -in the 20th Century, before industrialization got
under way. In the 1950's, as a result of the active promotion of
industrialization by the federal government, industrial production
in Rio de Janeiro increased rapidly and its population jumped to
exceed 5 million by the 1860's.



Meanwhile,'the GNP of the nation of BraZil'kept incfeasing during'
the.periéd of 1956 to 1962 at an average annual rate of 7.8% and
. although there. was a pause after that, it exhibited remarkable
growth during the 18968 to 1973 period which was latez to be called
"the Brazilian Miracle" :

The natural environment of the coastal areas of Guanabara Bay
altered drastically due to development which has continued for
almost five centuries. - Amador (1992) assumed that 70 to 80% of
the forests, mangroves. marshlands, tidelands and gand dunes in
the coastal area of ‘Guanabara Bay dlsappedred durlng this period
due to development :

By comparing'the'areaS'of the land use categories shown on the
LANDSAT images of the Guanabara Bay basin, taken in 1984 and 1991,
we can see that the urban districts and grassland (1nc1uding farm-
land) expandcd their total area by about 240km while forests and
marshlands decredsed by about 220km* (refer to Chaptel 2. Al-
though the change of land use during the T years was only ahout 5%
of the overall area of the coastal afeas the decreasing trend of
the forests and marshlands still continues.

7.1.2 Changes in the Shoreline and Water Depth

Reclamation works have been carried out in many places along the
shoreline, accompanied by the discharge of soil and refuse from
developed districts in the coastal areas, the shoreline of Guana-
bara Bay .1Is slowly moving out and the depth of water: in the Bay is
getting shallowear.

DHN published marine charts of Guanabara Bay (scale 1/50,000) in
1962 and 1992. The marine chart published in 1962 was cdmposed
from survey results collected from 1922 to 1938, and the one
issued in 1992 was based on survey results obtained from 1961 to
1962, ' ' 1

Fig. 7.1-1 shows the comparison Hetween'theSe two marine charts
proving the occurrence of a substantial Change in the'shoréline
near the Fundao Channel. Also, the difference in. the depth of
-water In the inner part of the Bay,., from the two marine charts, is
1.5m to 2m showing that, during a period stdrtingjbetween 1922 and
1988 and ending in the 1960's, the depth of water became_shallowér
at the surprising rate of 2.6 - 4.9cm/year (Fig. T.1-2).
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Fig. 7.1- 1 Migration of the Shoreline of Guanabara Bay
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Godoy:J.M. et al (1991) calculated the sedimentation rate iIn the
Bay using the Pb**° test, According to the results for the water
area to the north of Ilha de Governador, the sedimentation rate
was 0.15.- 0.32cm/year, at, layers deeper than 20 - 50cm into the
seabed; however, the sedimentation rate at layers shallower than
20 - 50cm the rate was 1.3 - 2.2cm/year, almost 10 times faster

.Such an abnormally high sedimentation rate cannot be assumed to be
caused by natural sedimentation from the basin. Accumuiations of
refuse were found in many places in the urban dlstricts in. the
coastal areas, especially along the roads and rivers passing
through favelas.

According to COMLURB collection of daiiy gEr bage in the Tavelss
is at the highest 40 % of the total volume, so therefore the
uncolleeted garbage eventually flows into rivers.

Moreover, according to SERLA, the majority of material being
dredged from'deWnstream sections of the rivers flowing into the
Bay is this refuse. o

A lot of refuse can be seen floating in the Bay after rain and
columnar samples of sediments contained pieces of.garbage; Conse-
gquently, the abnormally high sedimentation rate inside the Bay is
largely due to the enormous volume of refuse coming from the urban
districts.

7.1.3 Changes in Sediment Quality

Along with the changes in the shoreline and water depth, water
quality and sediment quality Inside the Bay have rapidiy deterio-
rated. This 1s because the construction of wastewater treatment
and garbage treatment facilities have fallen behind the increase
-in population and the progress of production activities in the
cbastal_areas,”thus a lot of wastewater and garbage is discharging
into the Bay.

According to the analysis of columnar samples of sediment taken at
4 poiﬁts in the inner part of the Bay, concentrations of COD, KN
and TP sharply increase at depths 30 - 45cm below the scabed.
Chronological assessment of the columnar samples of sediment using
Pb22° concluded that this depth corresponds to the 1950's (see
Chapter 5). As mentioned this is the period when industrializa-
tion in Brazil began its progress.



7.1.4 Changes in the Biomass

Oliveira L.P.H. (1957) ebmpercd the results of biological_surveys
in Guanabara ‘Bay carried out during ‘perlods of 1920 30 and 1850
~ b5 and pointed out that sea 1life such as oysters seahorses;
_seaurchins, starfish and shrimps in non- polluted areas of the:
ocean had dlready staited to decrease in 1950 - 55.

It was 1968 when FFEMA first: performed water guality analysis, at
that lee ‘the BOD concentration was already 5 - 8mg/l in the'
western part and 3 - 4mg/1 in “the eastern part. Accoxdlng to . a
questionnaire conducted during the pressnt survey many inhdbitants
'replied that they used to swim fregquently in the Bay up until 35
years ago and they used to catch crabs and -shrimps up until 20
years ago (see Chapter 14)

From the lesults of - investigations, detefioration of water guality
in Guanabara ‘Bay started sometime in the early half of the 1950's
and got progressively worse in the 1960's. ~And according -to the
results of observations made during the last 15 ‘years, by FEEMA,
pollution became even worse during the 1980's and at present the
Bay is like ‘a huge oxidation pond.




7.2 Current Use of the Bay
T7.2.1 Use as a Fileld for Marine Transportation

Fig. 7.2-1 shows the current utilization of the surface and coast
of Guanabara Bay.

The central fairway extends from the mouth through to the center
of the Bay for about 10km (20 - 30m deep) with anchorages (1 - 10)
provided on both sides of the fairway.

An Average of 6 vessels enter or leave the Bay per day and 30 to
100 vessels, when congested, stay in the anchorages. Cruise con-
trol of these boats is carried out by the Naval Port Control
Bureau.

The Rio de Janeiro Port (P) 1is the third largest port in Brazil
handling 2.5 million tons of cargo per year. Downtown Rio faces
the port and railways and trunk roads originate from here. Howev-
er, harbor facilities have become rundown and their functions have
been deteriorating.

Although it is necessary to dredge the port frequently since it is
being buried by so0il and refuse, there has not been any dredging
dene for four years when an area to 40m from the wharf line was
dredged to a depth of 5 - 8m, The works were restricted owing to
a shortage of funds. The port and the wharf are under the control
of the Rio Dock Company {(CDRJ) which Is employed by the federal
government. Dredged earth and sand are dumped into the area (S)
at a depth of about 30m.

Key transportation facilitles presently existing Iinside the Bay
incliude the Rio de Janeiro -~ Niteroi Bridge (H), the ferry routes,
the International airport (on Ilha do Governador) and the domestic
airport.
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7.2.2 Use as an Energy Station

There are two Qil refinefies and more than ten oil storage facili-
ties some of which are connected by submarine pipelines (B).
Also, the Bay is dotted with exclusive tanker pilers.

From these oil refineries, warm wastewater containing a substan-
tial volume of oll and refractory organic substances is constantly
discharged into the Bay in large quantities. 1In addition,; there
is always. the possibility of accidents involving tankers causing
oil spills. In fact, in 1975, an Iraqi flag tanker had a serlous
accident spilling some 6,000 tons of crude oil into the Bay, and
many accidents occur on coastal roads involving tank lorries where
oill spills out over the ground.

T7.2.3 Use as a Fishing Field

Guanahara Bay was once a rich fishing field with shrimps and sar-
dines and a ‘Place where many fishermen made living. However, over
fishing.and water- pollution caused sharply reduced fishery produc-
tion in -the Bay from the later half of 1960's, The current haul
1s estimated to be 6 tons/day at the most and the fishing ropula-
tion to be about five thousand.

There still exists many fishing fences in the Bay 1in the Inner
part where the water is shallower than i0m but many of them are
not being used. Fig. 7.3-1 shows 15 fishing harbors but some of
them are not in use now. :

7.2.4 Use as a Area for Coastal Resorts

There are maﬁy sight-seeing and recreational spots around the
coast of Guanabara Bay. In particular, areas closer to the mouth
of the Bay are scattered with smaller Inlets with white-sand
beaches coupled with sheer cliffs behind them they offer spectacu-
lar sights

Many bathing'beaches and yacht harbors taking advantage of  these
inlets are scattered from Botafogo Bay to Gloria Bay on the west
side, Jurujuba Bay area on the east coast and on the shores of
Ilha do Governador and Ilha de Paqueta in the central part of the
Bay. Co : . _



‘Also, the heaches of Copacabana Ipanema and Lebron are world
famous. - However, regretfully, the majority of these bathing

beaéhes prohibit actual bathing due to hygienle reasons. The

green brown water surface mars the beauty of these beaches.

7.2.5 Use as a Place of Living

Alongithe-eastern and Western=sidé-near'the mouth of the Bay, the

urban areas of Rio de Janelro and of Niterol 1ie with many office
buildings and residential apartment buildings. The shore of the
Bay is thus.an important place for 1iving and working but there
are many residents who complain-of the offensive odbrs generated

by sludge accumulating at the mouth of the rivers and at the: out-.

lets of water channels, and from malodors coming from the factOF
ries and the sclid waste treatment plants.

7.2;6 ¥ a Field fbr-the Préservation of the-Ecosystemi'

Vast: mangrove forests and marshlands with thick growths of aquatic
plants lie around the mouth of the Guapimirim River at the north-
eastern’ end of the Bay. Mangrove forests are 1mportant grounds
for the breeding of shrimps and young fish and marshlands are
important for the purification of the water and as habltats for
water birds. :

Althdugh'this district has been designated as a permanently pro-
tected area, it is gradually being destroyed due to development,
discarded refuse, lumbering, etc.

7.2.7 Use as a Disposal Site for Garbage

The CGramacho Landfill where 5,500tons/day of daily refuse frbm.the
City of Rio de Janeiro is dumped, 1s located between the mouth of

the Iguacu River and the mouth of the Sarapul River at: the north-
western end of the Bay. However. owing to the lack of. water
nroofing, leachate seeps directly into the Bay and during storms,
garbage is carried out intc the Bay. : :

As mentioned previously, at present, the surface -and the coastal

areas of Guanabara Bay are belng utilized for many different pur-
poses and their values as environmental resources are being great-
ly hindered.
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7.3 Public Demand and Governﬁéntal Plan for the Recuperation
of the Bay and its Surroundings -

7.3.1 Resident Awareness

_Improvement of the environment as a public assets is usual]y car-

ried out wilth public undertaking by the federal government or
local. governments. However, in order that the obJectlves in such
regard may only be achieved when residents of the subject area
eagerly want envilonmental 1mp10vement and- the project planning by

'the authorities is backed up by the residents.

According to-the responses of a questionnaire by residents (rate
of recovery: 53%) condicted on .1,700 ordinary residents, fisher-
men, .members of environmental organizations and yacht clubs,
regarding;the future prospects of Guanabara Bay.‘about 45% of the

.respondehts hoped for the revival of the marine sporting ground or

recreational ground, and about 30% of them were anxious for reviv-
ing the fishery grounds for crabs and shrimps.

‘As for the mangrové forests, about 80% of the respondents realize

its imp0rtance as the ground for fostering fry crabs and shrimps
or as a fleld to protect birds. They, therefore, would like the
discharge of wastewater from plants and the discarding of garbage
to be strictly restricted by competent laws. (Refer to Chapter 14)

The "Baia Viva", a non-governmental environmental organization
established in:the 1970's for the purpose of preservating the man-
grove'foreSts in the coastal areas of Guanabara Bay presently has
a . membership of about 100,000 people including 6,000 Tishermen
actively helpihg to preserve the environment of Guanabara Bay and
its adjacent areas. '

7.3.2 Federal and'State Government Programs

The 1990" s Is at long last seeling the full implementatlon of many
Federal and State environmental improvement projects for Guanabara
Bay.:

The Federal Government of Brazil, being concerned about deteriora-
tion. of the urban environment of the elty of Rio de Javeiro, an-
nounced "Projeto Ambiente Rio"” in January 1991. In order to
realize the concept the Rio de Janeiro state government enacted



"Programa de Saneamento Baslico da Bacia da Baia de Guanabara" in
November 1982, and established GEDEG under the direct jurisdiction
of the state governor as the working organization of the program
in December of the same year {Decree No. 17138). The project is
to be financed by IDB and OECF and a loan agreement was exchanged
in 1993,

This project consists of construction and improvement plans for
sewer systems, solid waste disposal facilities, drinking water
supply, human resettlements, etc. to be implemented by local
self-governing bodies in the coastal areas of CGuanabara Bay. In
regard to the sewer system, IDB is expected to finance the con-
struction of 4 sewape treatment plants and to lay sewer pipe in
area on the eastern coast of Guanabara Bay and OECF is to provide
a loan to build 3 sewage treatment plants and to lay sewer pipe in
arcas on the western coast of the Bay(Table T7.3-1, Fig. 7.3-1).
The first phase 1s scheduled to begin in 1994, and the year 2000
is the completion date.

While, the State of Rioc de Janeiro designated the Bay as a perma-
nently protected area (State Constitution Article 265 & 266) in
1889 because pollution of the coastal areas in the municipal
districts of Rio de Janeiro was causing serious damage to the
ecosystem and state economy, and the state establlished specific
measures for the preservation of the areas in 1980 (Law No.
1,700).

Subsequently, in July 1991, the State of Rio de Janelro requested
technical assistance to establish a master plan alming at ecologi-
cal recovery In Guanabara Bay from the Government of Japan through
the mediation of the Federal Government of Brazil.

"The Study on Recuperation of the Guanabara Bay Ecosystem" 1is
thence based on said request.

Separate from the sald two projects, the State of Rio de Janeiro
implemented the "Rio-Reconstruction Project" (World Bank financed)
with prevention of flood damage as its maln objective after the
devastating flood of February 28, 1988. The working organization
of this project, GEROE, carried out dredging, reforestation and
the construction of solid-waste disposal facilitles and sewer
systems, mainly in the Baixa da Fluminense district where damage
from the flood was serious. The target year of this project is
1994,
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As aforementioned, thfee‘major projects related to the environmen-
tal improvement of Guanabara Bay and its coastal areas are cur-
rently being carried out but the contents of these projects have
not yet been adjusted appropriately. Also, due to the econonic
recession in Brazil, it is feared that the State of Rio de Janeciro
may be unable to continue sharing the local portion of these
projects.,
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Table 7.3~1 Outline of Sewage Treatment Plants planned by
the IDB/OECF Program

PROGRAMA CEDAE - 1" ETAPA - 1008

Sistema Contribuigdo Vazio Vazlo Vazlo tralada (m°/s)
per capila total tealpda ETE Programada
ifhabrdla {(m3/s) (m31s)

ETE
axistente
Lado Oeste
Alegria 240 48 0 4,0 Alegria
Penha 240 1.7 1,6 - -
Pavuna/Meriti/Acan 200 33 0,3 1.0 Pavuna
Sarapul 200 21 0,2 1.0 Sarapul
Bangu 200 0,8 - - -
Botallguagu 200 23 - - -
liha do Gov., 240 0,57 0,25 - -
Lado Norte
Estrala 200 0,5 - - -
Magé 200 0,17 - - -
Guapi/Macacu 200 0,7 - - -
Lado Leste
Sio Gongalo 200 1,75 - 062 Sl
Miterél Centro/Norte 240 0,48 - 0,5 Toque-
Toque
Niterdi Sul 300 0,85 086 0,22 tcaral
TOTAL - 19,82 2,05 7,34 -

PROGRAMA CEDAE - 2* ETAPA - 2005

Sistema Gontribuico Vazao Vazio Vazdo tratada (m/s)
per capita {otal tralada ETE Programada
ihabldla {m3/s)
(m3rs) ETE
existenle
Lado Cesle
Alegria 240 4.9 4,0 1.0  Alegria
Penha 240 1.1 {a} 1.6 - -
Pavuna/Meriti/Acari 200 4.4 (a) 1.3 27
Sarapul 200 24 1,2 1,25 (o)
Bangu 200 09 - - .
BotaZiguagu 200 2.6 - 2,0 Bota
\lha do Gov. 240 06 0,25 0,4 ETIG
L.ado Norte
Estrela 200 0,54 - - -
Magsé 200 0,18 “ 0,2 Magé
GuapifMacacu 200 0,76 - - -
L.ado Leste
S0 Gongalo ) 200 20 0,82 078 (d)
Niterdi Centro/Nore 2490 0,51 0.5 - -
Niterd! Sui 300 09 c,82 -~ -
TOTAL - 21,8 10,29 833 -

Notas: (@) Contribuigfo da sub-bacia de Iraja (0,76 ln3ls) desviada da ETE Penha para ETE Vigérlo
Geral, do Sistema Pavuna/Meriti/Acari.
(b} ETE's previslas: Pavuna (ampliaglo}, Acari, Vigério Geral
(c) ETE's previstas: Sarapul {amgpliagfin), Edson Passos, Santo Anténio
(d) ETE's previstas: 51, S, SIVe SV,

Source : Program de Saneamento Basico da Bacia de Bala de Guanabara
{Rio, Dezenbro de 1992)
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Source : Program de Saneamento Basico:
da Bacia de Baia de Guanabara
(Rio, Dezenbro de 1992)
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CHAPTER 8

POLLUTION SOQURCES AND EFFLUENT LOAD

The analysis of river and bay pollution mechanisms requires
data on the type and volume of ‘pollutants discharged from the
basin. : Pollution -sources Are_divided'into_point sources and non-
point sources, and this chaptér_classifies the former into domes-
‘tic, industrial, commercial and public sources. This chapter also
clarifies the distribution of these pollution sources and estimate
the effluent or generation load in each category.

The kind and velume of pollutants from non-point sources are
primarily determined by the current land use conditions in the
basin and reflected in the river runoff load described in Chapter
9.

8.1 Categorization of Pollution Sources

Generation source is divided into point poliution sources of which

" the discharge point is easily defined and nonpoint pollution
..sources of which the discharge point is difficult to define.

'AS‘fOF the study area, point pollution sources are subdivided into

domestic pollution sources (houses), industrial pollution sources
(factories), commercial pollution sources (stores and offices) and

‘public pollution sources (sewage treatment plants, solid waste

disposal sites etc.) considering the completion degree of existing
statistical data. '

Non-point pollution sources are generally divided into‘ forest,

. farmliand, urban area ete. according to the land use category,
_however,—subdiviqions were not covered by this study because of

the lack of data on the pollution load generated by this land
category and neither was a survey on subdivisions carried out in
this study.



8.2 Domestié Pollution Sources and their EffiuentlLoads
8.2.1 Water Supply Tor Domestic Use =

'AccOrdlhg'to CEDAE (Table 8.2-1), the total volume of water used
in the Guanabara Bay Basin, for November 1992, was 5.2 x 107
3/month(m 1.53 x 10° a/day) about 80% of this was for domestic
use. ‘ B g : :

CEDAE estimates the per capita volume of water consumption for
domestic use is 250 1/day for middle class: c¢itizens and 100 - 150

1/day for lower class citizens on average although hard data is
lacking. ' :

Table 8.2-1 Water Consumption in the Guanabara Bay Basin

unit: m®/month

District Domestic Commercial Industrial Public’ - Total
Rio de Janelro 33,484,916 4,760,972 2,093,940 2, 228, 666 - 42,666,603
Nova Iguacu 2,296,505 250,663 70,263 40,644 2,658,076
D. de Caxias 1,901,233 206,022 24,523 43,244 2,175,023
Nilopolis" ' 808,968 56,858 2,146 30,039 898,013
- Sdo Goncalo 3,070,183 247,685 - 102,107 41,107 3,461,078
Niterol --- - - BT -
Mage’ : e ——— - i Sl
Ttaboral | - R Sem ---
C. de Macacu - 43,195 2,800 : 21 3,300 49,318
Rio Bonito - - e - --- -
Total 41,605,000 5,525,000 2,293,000 2,487,000 51,908,131
(%) - (80.1) (10.6) (4.4) (4.8 ~ {100)

' Source: CEDAE (1992)
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8.2.2 Estimation of Generation lLoad from Domestic Sources

The generated 1oad of domestic oxigin is usually estimated by
population and pollutant load factor. CEDAE uses
54 grams of BOD/day/head presented by . Imhoff (1956) as the pollu-
tant load factor for domestic wastewater because it had been
proved adequate by the 1ES, predecessor of FEEMA.

As the total population in the Guanabara Bay Basin is about 7.6
million, the total generated load of domestic origin amounts to 38
tons/day of BOD. -

The per capita po11utant load féétor was assumed at 54 grams of
BOD/day for middle class citizens and 27 grams of BOD/day for

lower class citizens (1n the Favelas and rural areas).

The value for each sﬁh?basin is shown in Tﬁble 8.2-2.



Table'8.2n2 ' DOmestic'Generatidn Load by Suanasih.in BOD‘:

Basin | population o Generated Load of BOD (ton/day)

No. - Urban Favela Rural Total Urban Favela Rural Total (%)
1 45,335 7,875 0 53,310 2.45 . 0.22 0.00  2.67

2 35,485 6,260 0 41,745 1.92  0.17 0,00 & 2.09

3 31,843 5,615 0 37,458 1.72  0.15 0.00 1.87

4 43,607 0 0 43,607 2.3 0.00 0.00 -~ 2.35

5 178,108 4,993 0 - 183,099 9.62° (.13 0,00 ~9.75.

8 138,636 0 0 138,636 T.49 0.00 0_.'00 7.49 ..
Eastern basin 497,855 26.22 6.9
7 31,925 0 0 31,925 1,72 0.00° 0.00 1,72

8 470,420 0. . -0 470,420 25.40 - 0.00  .0.00. 25.40. 6.6
9 -323,386 0 12,807 336,193  17.46.  0.00 - 0.35  17.81. 4.7
9-1 - 73,265 0 1,198 74,463 3.96 0.00 0.03 3.99 . ‘
9-2 148,819 0 2,537 151,356 8.04 (.00 0.07 8.11

9-3 101,302 0 9,072 110,374 5.47 .00 6.24- -5.71

10 53,839 0 16,014 69,853 2.91 0.00 ° 0.43 3.34

10-1 -0 0 1,595 1,595 - 0.00 0.00¢ 0.04  0.04
10-2 - 10,115 0 2,360 12,475 0.55 0.00 0.06 0.61
10-3 16,864 0 1,713 18,577 0.21 0.00 0.0b 0.96

- 10-4 6,018 0 4,294 10,312 0.32  0.00 0.12 0.44

10-5 6,061 -0 2,922 8,983 ¢.33 0.00 0.08 0.41
10-6 14,781 0 3,130 1,911 0._80 0.00 6.08 .0.88

11 8,247 0 211 8,458 0.46 0.00 0.01 0.46

12 35,128 0 1,242 36,370 1.90 0.00 0.03- 1.93

13 9,843 0 . 841 10,684 0.53 0.00 0.02 :0.55°

14 . 8,968 { 3,942 12,910 0.48 0.00 0.11 0.59 :
North-eastern bhasin 976,813 51.8 13.56
15 8,321 0 220 8,541 0.45 0.60 0.01 0.46

i6 244,160 27,853 30,482 302,495 13.18° 0.75 0.82 14.75 3.9
16-1 24,146 O - B2 24,216 1.30 0.00 .00 1.30

16-2 74,610 8,968 528 84,106 4.03 .24 0.01 4,28

16-3 145,386 18,885 29,902 194,173 7.85 0.51 0.81 9,17

17 1,645,577 117,633 7,075 1,770,285 -B8.86  3.18 0.19 92,23 24.1
17-1 190,968 12,897 406 204,261  10.31 0.35 .01 10.867

17-2 18,472 0 916 19,388 0.99 0.00 0.02 1.01

17-3 10,421 ] 1,822 12,243 0.56 .00 0.05 0.61

17-4 94,504 0 348 94,852 5.10 0.00 0.01 5.11

17-5 394,155 29,528 3,583 427,266 21.28 0.80 0.10 22.18

17-6 . 937,067 75,208 0 1,102,275 50.60 2.03 0.00 52.63
North-western basin 2,213,412 114.57 29.9

18 132,001 ] 0 132,091 T.13 .60 0.00 7.13

19 1,303,013 189,445 0 1,492,458 T0.36 5.12  0.00 75.48 19.7 . g‘
19-1 892,408 161,976 0 1,064,382 48.19 4.37 0.00 .52.56 - e
19-2 410,607 27,469 0 438,076, 22.17 0.74 0.00 22.91

20 336,160 . 164,116 0 500,276 18.15  4.43 0.00 22,58 5.9
21 609,525 205,864 0 815,389 32.91 5.56 0.00 38.26 10.0




Population : " Generated Load of BOD (ton/day)

Basin .

No. Urban = ‘Favela Rural - Total = Urban  Favela  Rural Total (%)
22 - 40,444 19,5867 i 60,011 2.18 0.53 0.00 2.71

23 " 387,783 113,093 0 500,876 20.94 .3.05 .00 23.99 6.3
24 "~ 331,030 27,592 0 368,622 17.88 0.74 0.00 18.62 4.9
Western basin . 3,727,682 , . 181.64 47.5
25 102,599 51,304 0 153,903 _5.54 1.39 0.00 6.93

26 5,277 0 (] 5,277 0.28 (.00 0.00 0.28

27 3,254 0 0 3,254 0.18  0.00 ¢.00 0.18

28 11,034 0 1] 11,084 0.60 0.00 ~0.00 0.60

29 . 4,851 0 -0 4,851 0.26 0.00 .0.00 0.26
Islands ' 173,319 8.25 2.2

6,579,887 - 941,310 72 834 7,594,031 355.31 25.42 1.87 382;70 100.00
: SR : COD(MH) 142.12 10.17 Q.08 153.08

1)
2)

3)

4)

8.

“Urban population is the population in an urban area without the Favelas.

Favela population was determined for each .sub- basin based on Table 3.2-4

'and 3.2-5.

Per .capita factor of domestic alley generated load is 54 g/day for urban people
and 27 g/day for favela people.

Measured BOD/COD{Mn) ratio for domestic waste water was 2.5 at Penha

- WWTP.

2.3 Estimation of Effluent Load of Domestic Origin

For -all urban areas without sewage works, the installation of
septic'tanks with an approved removal ratio has been required
since 1967. But, the actual popularization rate of septic tanks 1s
unknown.. Further, the septic tank cannot maintain its primary
efficiency without periodic sludge removal and general mainte-
nance. Consequently, the effluent load of domestic origin 1Is
considered almost equal to the generation load.



8.3 Public Pollution Sources and their Effluent Loads
8.3.1 Efflueni Load from Sewage Treatment Plants

A sewage treatment plant Is an important facility for water
quality improvement, and at the same time, 1t is also an influ-
ential pollution source for the receiving body of the treated
wastlewater.

Table 8.3-1 shows the existing sewage treatment plants 1n the
Guanabara Bay Basin, four(4) of which are located in Ilha do
Governador and two(2) of which are controlled by INFRAERG instead
of CEDAE. Details of these exlsting sewage treatment plants are
shown in Filg. 8.3-1.

Sewage treatment plants controlled by CEDAE receive not only
domestic wastewater but also industrial and commercial waste-
water. Consequently, the population served by each plant cannot be
estimated exactly. The served population shown 1in Table 8.3-1
was estimated from the inflow volume on the assumption that all
the inflow to the plant was of domestic origin.

Total flow treated in CEDAE's sewage treatment plants'amounts to
224,398 ton/day that is 13 % of the total water supply of the
Guanabara Bay Basin.

8.3.2 . Effivent Load from Solid Waste Disposal Sites

Solid waste disposal sites carrying out no preventive measures
for leachate are also influential public pollution sources. Table
8.3-2 details the disposal sites distributed in the Guanabara Bay
Basin.

FEEMA estimated that leachate from the Gramacho landfill amounted
to 800 m®/day and calculated the effluent load based on the con-
centrations of pollutants in the leachate 1s determined in the
FEEMA laboratory. The results are shown in Table 8.3-3.

8.3.3 Effluent Load from other Public Facilitles
Hospitals, stations, parks, schools and other facilitles are also

included as public pellution sources, but not enough information
is avallable to estimate the effluent load.



Ta3tyd BUTTHALIL :
Yol7q UOTIBPIX) - @O

JL

POyl 23pNTS PRIRATIOY - KSV

pPoylay 1USmIRAIY

"JOd UT paqIIfsdP 24° DPROT JUSNTJJO DUR O71RI TRAOWRI “L17Tendk Jolua

130N 93584

TRTIISRPUT
auiyloy é 2 duyyjey Jutysoy FuryioN 3utyzoy Butyaey JO AQTIUT
oYORWR IS juamEiBel] S8pnTs
awnToA S3pNIs
1IB0Y Y Tavoy ¥ ‘g BIBQRUBNG g RIRQRURID ‘g eleqEusng ‘g elequueng ‘g BIRgRURNG ‘g eIRqEURN. Apof BUiA}a0ay
pELee SFL'E 0Z5*42e L'y PYEPT 688 '52 81P 0T QLS 'Et6¥ ~dod 1eioTisusg
o8 LT £89°1T 0 202 S0¢ 669 Yey'e {£ep/3y) peoT *TFid
a6 ez} 16 LL LL LL 68 e (%) oTivy¥ T(eaowy
L 6 s 08 ¥8 8L 9z 0z (1/3w) peasall
191 BLT 162 §12 Foe She ere FATA (1/3a} pasoTjul
(QoE}AITTRND I51%4
ove ‘1T 2962 80F ‘09 200°T 10¥7°2 686°¢C L0822 SPLZZT (Aep/uol) MO *AY
KsY a6 sy aoc Wsv JL WSV JL+NSY POy jusmyesl]
TVaED avgan qyaan QEIVUINT OAAVUANT avaean IVAID avaas 20uapuaIUTIFdNg
Z-67 Z-6T £'z 82 14 14 T 02 0§ UISwE-qng
TV 0ONATVAY IVIVI1 VOqL-¥v1ld LAIV-¥VLd prakt RACH YHRSd suey
8-dl15 L-di8 9-415 £-dls y-diLs £-dis ¢-dlLs T-d18 ToN
urseqg Arg wIBQBUENY 3y} UT S3UBTJ 1USmMIBIL] 9deasg AUTISIXY T-8°8 2198l

S



T : §811§ 7esodsT( 23sey pirog pue mpcmﬁ pc.wsammu.w a3emay m:wumwxm I -¢°g "813

o515 [0F0dR1] isOM PlIog

v
|

unld juowtas) efiomes

poay pror edid James [T}




SOTIS 1RS0dS{{] 915Uy PIOY puUE SUBT] ) uswyuRd [ 0RuMBY AU SIXY ] -pty tHI

T

\ . + -

¢ . L : i ,\\...l..\ SIS Ipeodtlg Ssom 2105 o
v ’ \ ..\f\lf.f _\. lw MO IWHUID ) aDDmag ™
5 . 1 T A

/i(.\ \ ﬁ.\L. oeiw Py edig Jemeg (7]




Table 8.3-2 Existing Solid Waste Disposal Sites
in the Guanabara Bay Basin

Area Disposal Réceiving

Chromium

Municipality Site Name Basin
‘ No. (km=) (ton/day) Body of Leachate
Rio de Janeiro Gramacho 18 112.0 5000 Guanabara B,
- Gerieino 19-1 0.01 ai4 R. Meriti
‘ Caju 22 30.0 — Guanabara B.
Nova Iguacu Tingua 17-4 4.0 56 R. Iguacu
‘8ao Goncalo Itaoca 7 8.0 285 Guanabara B.
Niterol Morro do Ceu . 8 6.0 71 " Guanabara B.
Mage _Surui/Maua 12 1.0 39 . R. Roncador
Itaborai Ferman 9-2 3.0 20 R. Cacerebu
C. de Macacu Japuiba 10-3 0.5 6 R. Macacu
after FEEMA {1992)
Table 8.3-3 Leachate from Gramacho Landfill
Item ‘Av. Concentration Load
{mg/1) (kg/day)
pH 8.2
BOD 580 4,000
coDn(Cr) 7,000 5,600
-T-N 1,990 1,592
TOC 1,290 1,032
Nickel 0.74 592 _
Cadmium 0.09 0.072
Copper 0.25 0.200
Manganese 0.25 6.200
Zinc 0.50 0.400
1.60 1.280

" after COMLURB (1992)

Discharge of leachate Is estimated at 1,234n*/day by COPPE (1992)



8.4 Industrial Pollution Sources and their Effiuent Loads
8.4.1 Major Industries and their Distribution

The total number of factories 1in the eleven(1ll) municipalities
within the Guanabara Bay Basin is 12,492,. according to 1985
Census filgures. Further, in the state of Rio de Janeiro 60 % of
factorieq employ ten (10) or less employees. The number and gross
production of these factories is shown in Chapter 3 by industrial
category. . : ' 3 '

FEEMA recent]v listed 455 factories which contributed about 90 %
of all organic. substances discharged into Guanabara Bay Table
8.4-1 shows the name,; -location and estimated pollution loads of
the 117" heaviest contributors of poilution loads into the Guanaba~
ra Bay Basin selected from the FEEMA/DCON 1ist arranged in 1993.

Unfortunately, the COD and oil in the effluent load had not heen
calculated.. =

Table 8.4-2 shows the contribution ratio of BOD load of each
industrial category._ Food ‘and chemical industries occupy 45 %
and 22 % respectively of the total effluent load of industrial
origin in terms of BOD. '

Fig. 8.4-1 shows the distribution of these industries. As 1t can
be seen, most of the industries are located in the western and
north~-western sub-basins. It should be noted that the chemlcal
factories are centered in sub-basin 17-1 and the feood factories
are centered in sub-basin 5, while many'different kinds of facto-
ries are located in sub-basin 21.

é@
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Tahle:8;4~1 Major Industrial Pollution Sources

Factory . Industry Eff1. Loéd.(kg/day)

Sub-

Basin No. Category  BOD oD OIL Receiving Body
1 007 1 2131 3493 32 Guanabara B.
5 001 1 6700 10287 42 Guanabara B.

004 1 2400 3050 58 "
008 1 2095 6000 1687 "
009 1 1940 "
027 1 800 1967 14 "
034 1 660 3000 90 "
044 1 510 1350 468 "
047 1 480 "
062 1 380 "
113 T 220 "
050 2 450 "
8 057 1 405 1090 Alcantara R.
066 8 376 "
107 4 240 "

9-3 049 1 480 Cacerebu R.
10-6 005 3 2304 3292 Soberbo R.
12 071 8 348 Roncador R.
16-2 021 B8 921 3168 Piabeta R.
16-3 002 .4 4400 Saracuruna R.

13¢ .4 170 "
078 4 320 "
0117 8 1200 Estrela R.
17-1 ©15 4 1320 3247 398 Iguacu R.
026 1 - B20 "
031 1 720 "
081 4 380 "
065 1 378 "
072 1 340 "
074 4 330 3247 396 "
082 7 316 "
087 4 300 "
088 4 300 "
080 4 300 "
098 4 270 "
102 -4 260 "
114 4 220 "
122 4 190 "
138 4 160 o
018 4 1200 Tomada C.
075 4 330 "
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(continued)

Sﬁbu Factory Industry Effl. Load (kg/day)

Basin No. - Category BOD - COD OIL ~ Recelving Body
17-5 076 1 322 1000 140 Iguacu R.
17-6 013 8 1500 ‘ Tinas R.
016 1 1290 ' ' ' Sarapui R.
083 1 312 " .
121 4 195 " - : €§§
036 1 600 Caboclo R. '
119 1 200 Queimado R. -
18 029 4 792 Tomada C.
086 4 308 . "
137 14 160 Guanabara B.
19-1 010 - 1 1800 S Meriti R.
115 4 210 " .
067 14 375 "
120 7 195 " :
020 1 1120 R Acari R.
045 1 500 " .
081 -8 318 : : - o
089 4 300 : "
099 -4 269 1277 ' "
100 8 260 "
i9-2 144 4 145 ' : Acari R.
20 030 1 T20 ' Guanabara B.
042 8 520
035 1 - 643 K Jraja R.
038 . C 14 530 . "
040 1 530 ' "
056 3 420 "
085 8 810 . | " .
043 B 515 o ' Penha C.
092 8 290 : "
143 4 145 "
104 4 250 : "
111 4 230 !
21 0086 2 2300 Timbo R.
019 3 1122 _ "
033 4 688 "
041 1 520 "
048 1 480 "
058 a 382 oo _
073 330 Timbo R.
123 7 190 o
124 -1 190 ' "
125 8 180 "
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(contlnued)

Sub-  Factory Industry Effl. Load (ke/day)

Basin Ko, Category BOD con 011.  Reeceiving Body
011 i 1760 ' Jacare R.
059 4 380 "
080 - 4 320 "
105 4 240 "
132 14 170 ' "
037 1 '589 Cunha C.
080 4 380 .o
068 14 360 "
093 4 288 "
052 3 - 430 Faria R,
053 2 T 420 "
108 4 240 "
012 1 1700 RSS-05(7?)
21 126 4 180 "
101 4 260 : RSS-05
103 4 260 "
22 064 14 380 - RSS-05
069 4 360 oo
077 1 320 : "
079 14 320 "
23 046 T 500 Maracana R.
% 054 8 420 "
4 116 . 14 210 "
133 14 - 170 "
134 i 160 "
- 136 14 160 "
096 14 280 R55-03
097 14 270 "
117 7T 216 "
24 003 2 . 4000 4800 25 RSS-01
032 1 700 R58-02
051 14 448 Guanabara B.
25 094 8 284 STP-3 (ETEG)

Ind. No. : Industry No. registered in FEEMA/DECON Inventory
Category : Industrial Category

: 1 : Food 2 : Beverage 3 : Paper
g? 4 : Chemicals 7 : Pharmaceutical
: 8 : Textile 14 : Others (Plastics, Mechanicals, Landry,

: . Printing etc.)
The columns of COD and 011 will be filled up by FEEMA/DCON

813
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8.4.2 Measurement of Effluent and Trom Sevefal Factories
(1) Selection of Factories

The effluent load of elght (8) factories selected from:the'four
(4) princip&l_c&tegbries was measured in this study with the
cooperation of FEEMA[DECOM. : : '

in terms of organic substances, the food industry is the greatest
contributor to pollutant loads. Three factories among the eight
chosen was because of this reason.. On the‘dther'hand, although
REDUC and BAYER .have theilr own treatment facilities, they were
‘selected considering their petrochemical and chemical processes,

Besides the factories mentioned above, one factory from the metal-
lurgy, textile and paper industry were picked as they also repre-
sent 1mportant position 1n terms of pollution contribution into
the Guanabara Bay Basin. :

(2) Collection of Samples

At all factorles, sampiing were performed over two days. The
collection time was programmed according to the worklng regime of
each industry.

The flow of. effluent was measured every thirty minutes. and a
sample for water quality analysis was taken at the same time.

(3) Survey Results

The mean concentrations and loads of all parameters analyzed from
the 8 factories are summarized in Table 8.4-3 and Table B.4-4.

QUAKER PRODUTOS ALIMENTICIOS S/A 1is considered the heaviest
organlc matter contributor in the .Guanabara Bay Basin. Pressure
flotation 1s the only  treatment 1n operation presently in this
factory, which, however. obtains a very low treatment rate. It
was recommend to introduce pH controls and the addition of a
chemical coagulant to improve its operation.
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Table 8.4-4

Toxic Substances Discharged by Several Factories -
: : BAYER DO GUILMERME .
Name REDUC BRAZIL TELL ELETROMAR
Faclory No. 015 - —— ———
Basin No. 171 17-6 ? ?
Ind. Category 4 4 -8 u 11
Treatment Facillty - = furnishing furnishing nothing furnishing
Discharge(m®/day) 547,128 140.2 2,539.3 140.0
Effluent Load (kg/day)
: N -- - 0.23 0.05
Phenol 384 nil. nil. -
Ni nii. 0.14 — 0.11
Cu nil. 0.56 0.69 0.04
cr nil. 0.35 0.48 0.02
Hg ~ nil. - . --
In 67 0.14 - 0.01
cd -~ nil. -- nil.
Pb - 0.28 -- nil.
Sulfide - - -




The treatment facility at SADIA CONCORDIA S/A conslsts of a
pressure-flotation, an oxidation ditch and a sludge dry bed.,- A
filter press was .purchased recently to replace the dry bed which
breeds a lot of flles. As is the case with QUAKER PRODUTOS ALI-
MENTICIOS S/A pressure flotation is not giving satisfactory re-

'sults. The Oxidation ditch, also, has low efficlency because the
"system was constructed almost ten years. ago and 1is now not big

enough to ‘treat all wastewater genelated by the factory. it is

"plannied: to construct a new oxidation ditch to supplement this

deficiency

At SPAN (Leite Mimo) the sewage 1s being treated in an aeration
lagoon with a high efficlency. The final effluent is excellent
with very low concentrations of BOD, COD and SS. All parameters
analyzed had removal_rates in range 92 to 97 % except TN which was
72.%. The contribution loads into the river is extremely low
because of the excellent . treatment.

AT'REDUC (Refiharia'de Caxias), there are two main effluents: one
comes Tfrom an open cooling tower system that intakes, approxi-
mately, 6 m®/s of water from Guanabara Bay and discharges into
the Rio Iguacu through a cooling lagoon. The other is the efflu-
ent originated from a closed cooling tower system and the runoff
water from all industrial processes areas.  This sewage goes into
a treatment facility consisting of an oil sepalafor ‘an equaliza-
tion tank and two aeration lagoons :

According to the results, the final effluent from the biological
treatment system has a low BOD concentration but is high in COD
(COD(Mn) /BOD ratio = 186), indicating the presence of a substantial
amount of refractory organic matter, some of which could belong to
a toxic substance that causes a mutagenic reaction.

'The effluent from the open cooling tower contains a large concen-

tration of oil (586 mg/l). 28.5 ton/day of this effluent flows
into the Iguacu River, representing a significant amount. A
further. more detailed, investigation on this subject is required
to final out its full effects

BAYER DO BRASII, has a liquid waste treatment system neutraliza-
tion tank, an activated sludge process and an incinerator with a
capaclity of 300 ton/day and a land fill basin sealed with poly-
ethylene film for solid waste disposal.
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Results of analyqes shows low efficienty of the biological pIOC*
ess. The high COD(Mn)/BOD ratio observed in the final effluent
(6/1) indicates the presence of: refrdctory subqtances ag in the
case of the REDUC Lefinery : :

ClA. PRODUTOS INDUSTRIAIS DO'BRASIL has no :treatment fability.
The effluent has a high pH and COD due to dye substances.

Industrial sewage from CIBRAPFL flows initially inte a. settling

tank to remove fiber before discharging into the receiving body.

The BOD was reduced by only 16 % in this tank, contributing a
substantial amount of organic matter 1nto the river (1,100
kg/day) ' : ' :

The treatment facility of ELETROMAR (WETINGHOUSE), consisting of
pH adjustment tanks: and 4 coagulation and sedimentation tanks,
has been well designed and is belng maintalned in a very good
operating condition. .Sewage‘With high concentrations of several
heavy metals and/or toxic matters, such as CN, €d, Cr, Ni and . Zn
suffer drastic reductions in  thls treatment system, only very low
cohcentrations were found In the final effluent. :

8.4.3 Estimation of Industrial Origin Effluent Load

Fig. 8.4-2 is the cumulative curve for Bob loéds'discharged-ffom
the major factories listed in Table 8.4-1. It seems that the
total industrial load discharged into the Guanabara Bay Basin

does not exceed 90 tons/day of BOD.

The. cumulativé curves of BOD load for the food and chemical
industries are also shown in Fig. 8.4-2.
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8.5 Comrercial Pollution Soﬁrces anﬂ_thelr Efflucnt Loads

The amount of water conqumed for commerclal use is about 10% .of
the Lotal water supply . (see Table 8.2-1). CEDAE estimates that
the dverage concentration of the commercial wastewater is 240 mg/l
(BOD) and discharge is about 80% of water. consumed. According to
this estimation, the effluent load from commercial sources is
calculated at 3.54 tons/day

8.6 _Cont:ibution Ratio of Effluent Load'by District

Table 8. 6'1 shows the contribution ratlo of effluent load by basin
when the - Guanbara Bay Basin is divided into four basins, that is
thL_Eastern {No.1 - No. 6) 'North-Eastern {(No.7 - No. 14), North-
Western (No.15 - No.18) and Western basin (No.18 - No.24).

The'total3domestié generated load of BOD was estimated at 383
ton/day of which 48 % comes from the Western basin, 30 % from the
North-Western basin, 14 % from the North-Eastern basin up, 7% from
the Eastern bain and 2% from the Islands. The domestically gener-
ated load changes to effluent load from the sewage treatment plant
in areas where sewer and sewage treatment plants have been com-
pleted. However, the degree of decreased load through this con-
verSion‘is unknown because it is difficult to know the served
population 1n each sub-basin. ‘

Industrial effluent load discharged_from fhe factoriés monitored
by FEEMA totalled about 78 ton/day of BOD. 43 % of it comes from
by the Western basin, 27 % from the North-Western basin and 24 %
is from the Eastern basin. The total industrial effluent load
discharged into the Guanabara Bay Basin, however, is assumed to be
about 90 ton/day. '

As already mentioned the ‘distribution. of ‘industrial pollution
sources 1s different by distriect.  Most factories 1in the Eastern
basin bclong to the food industry (mainly fish processing), while
most factories'in the North-Western basin helong to the chemical
industry (mainly petro-chemical). Further, there are many kinds
of factories in the Western basin. '




L

When COD(Mn) or COD(Cr) in the'effluent load is calculated, the
contribution ratio by pollutlon sources is different from -the
conclusion mentioned above because COD(Mn)/BOD is 0.4 - 0.5 in
domestic wastewater, while It is 0.5 in food industry and 5 - 10
in petrofchemical industry. Consequently, the proportioh of
industrial effluent load increases and exceeds the domestic

effluent load in some sub-basins when COD{(Mn) is used as an
index.

Table 8.6-2 shows the contribution ratios of the effluent load in
CcOD(Mn) assuming that the ratios of COD(Mn)/BOD for each industri-
al category are those values shown in the below the table. Indus-
trial origin effluent load occupies more than 40 % of the total
effluent load if COD(Mn) is used as a parameter though it was only
16 % for BOD. '

Figs. 8.6-1 and 8.6-2 show the domestic and Industrial loads in
BOD and COD(Mn) respectively in each sub-basin., The industrial
effluent load in COD(Mn) exceeds domestic load in sub-baslns 5,
i6.3, 17-1, 18, 21 and 22.

Table 8.6-1 Contribution Ratio of Effluent Load by Basin in BOD

Domestic Industrial Commertial Total

.ton/day  ton/day: ton/day ton/day

(%) (%) (%) (%)
E Basin 26.22 188 4.7 49.7
{1-8) - { 6.3) { 3.8) { 1.0} {(10.1)
NE Pasin 51.8 4.2 - 58.0
(7-14) (10.5) ( 0.9) (11.3)
NW Basin 114.6 20.8 4.1 139.5
(15-18} {23.2) ( 4.2) ( 0.8) (28.3)
W Basin 181.6 - 33.5 24.1 239.2
(19-24) (36.8) ( 6.8) (14.9) (48.5)
Isiands 8.3 0.3 — 8.6
(25-29) (1.7 ( 0.0) (1.7
To;al : 382.7 77.9 32.9 '493.5

(77.5) (15.8) (6.7) (100.0)

8-23



Table 8.6-2

Contribution Ratio of Effluent Load

by Basin in COD(Mn)

Domestic Industrial Commertial Total
ton/day ton/day ton/day ton/day
(%) (%) (%) (%)
I Baslin 10.5 10.4 1.9 22.8
(1-8) ({ 3.7} { 3.8) ( 0.7) ( 8.0)
NE Basin 20.7 2.2 - 22.9
(7-14) ( 7.2) { 0.8) { 8.0)
NW Basin 45.8 63.4 1.6 110.8
(15-18) (16.0) (22.2) ( 0.86) (38.8)
W Basin T2.7 43.5 8.6 125.8
{19-24} {25.4) {15.2} (3.4} {44.0)
Islands 3.3 0.1 -- 3.4
(25-29) ( 1.2} ( 6.0) ( 1.2}
Total 153.0 119.5 13.1 285.7T
{53.8) {41.8) (4.6) {100.,0)
Assumed : COD{Mn)/BGD
Domastic 0.4
Industrial

Food C.5

Beverage 0.8

Paper 1.0

Chemicals 5.0

Pharmaceutical 0.6

Textile 1.0

Others 1.0

&
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