
Temporal Evaluation of the Contaminated Plume Dispersion at Barra da Tijuca
Beach, Rio de Janeiro, Brazil

INTRODUCTION
Eighty percent of the Brazilian population is concentrated in

urban zones (IBGE, 2001). Approximately 137.69 million
people live in towns, that is, 81.2% of the total population of
169,544,443 inhabitants. The IBGE survey also revealed a
population shift toward the coastal regions, preferential target
of human occupation over the past twenty years. Today more
than 60% of the Brazilian population lives in the coastal zone
and urban centres.

Since the second half of the 20th century, the city of Rio de
Janeiro has spread toward the Jacarepaguá Basin. In the 1960s,
after opening up the Rio-Santos highway and the spread along
secondary roads from neighbourhoods such as Alto da Tijuca,
Campinho and Guaratiba ( , 1992), occupations
occurred on the coastal zone and inland in the Jacarepaguá
Basin.

The expansion of Jacarepaguá Basin was fast, particularly
during the 1970s and 1980s, when the population density
increased at the astonishing rate of almost 48% compared to ten
years earlier ( , 1990).

Nevertheless, the regional growth rate was visibly greater
than the urban infrastructure in terms of basic sanitation
facilities, water supply, transportation and access roads;
conditions necessary for sustainable urban development.

Consequently, the environmental degradation processes
have become increasingly evident since the 1990s ( ,
1992; , 1993).

In the case of Jacarepaguá Basin, the population growth in
recent years, plus the absence of suitable infrastructure, caused
environmental degradation of the region under study, among
others, due to the progressive loss of bathing conditions on its
beaches.

The Jacarepaguá Drainage Basin area permeates the regional
urban growth region, discharging its liquid effluents and some
solid waste into the rivers flowing into the lagoon complex of
the same name ( , 1992). The wastewater from the
lagoons, in turn, drains into the estuary of Joatinga Canal and on
toward the sea. According to (1993), discharge of
wastewater is among the main causes of coastal pollution near

urban areas.
The Joatinga Canal outflow is, therefore, considered to be the

sole source of domestic effluents discharged onto Barra da
Tijuca Beach. This discharge is of a cyclical nature due to the
constant encounter between the ocean (tide, waves) and
continental forces (river flow, estuary morphology).
Accordingly, in order to describe the progression of the
pollution plume contaminated by domestic effluents discharged
from Joatinga Canal, the colimetry rates for Barra da Tijuca
Beach were used to interpret the level of urban aggression
against the ecosystem to which it belongs.

1996 and 1999, the Rio de Janeiro City Coastal-
Urban Ecosystem Monitoring Program, carried out by the
Oceanography Department of the Rio de Janeiro State
University (UERJ) under contract with Rio de Janeiro City
Hall, monitored the quality of the water and bathing conditions
on local beaches. The data obtained from Barra da Tijuca Beach
was used as a basis for carrying out the work (UERJ, 1999a;
1999b).
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STUDY AREA

The area in question is demarcated on the North by two
mountain massifs, Pedra Branca in the Northwest, and Tijuca
massif to the Northeast. This mountain chain is in a semi-arch
shape demarcating the coastal plain to the North, and drains the
waters of the drainage basin area into the lagoon complex. The
water from the lagoon complex, in turn, flows toward the sea
through Joatinga Canal.

Jacarepaguá drainage basin area consists of Tijuca,
Camorim, Jacarepaguá, Marapendi and Lagoinha lagoons, with
the network of rivers rising from the slopes of Pedra Branca and
Tijuca massifs. Most of them flow into Tijuca and Camorim
lagoons.

Considering the study of bathing conditions as an indicator
of the negative impact of urban growth with no proper
infrastructure, the area of direct influence is defined as the
offshore stretch next to Barra da Tijuca Beach from Quebra-
Mar as far as Ayrton Senna Avenue, a stretch of approximately
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The urban development of Jacarepaguá Basin without appropriate urban infrastructure has in the last 30 years caused
a number of environmental impacts. One of these impacts is the gradual loss of bathing conditions on Barra da Tijuca
Beach due to the landborne water discharge contaminated with wastewater and urban debris. Spatial and temporal
analysis of the plume along the beach made it possible to evaluate the urban influence on the environment. The data
was collected from 1996 until 1999. Salinity, water temperature, turbidity, total coliforms and are
the analysed parameters at four points along 7,200 meters of Barra da Tijuca Beach. The worst 40% of the coliform
data was selected from all data obtained in order to characterize the beach bathing conditions, in accordance with
CONAMA. The influence of the rainfall was considered by omitting the samples on days when extreme values of
temperature, salinity and turbidity occurred, and when more than 5mm of accumulated rain was observed in a 48-
hour period before sampling. The data analysis indicated the loss of bathing conditions from Quebra-Mar to Km 1.6
(Pepê), and the following stretch to Km 3.6 was in a critical condition. Rainy years indicated the increase of plume
dispersion to almost 1.5 km. Analysis of the natural (meteorological and oceanographic) and anthropic (population,
land use, urban infrastructure) parameters plus the plume dispersion profile allowed suggestions for actions on urban
management. The submarine outfall and wastewater treatment station are important proposed actions to restore the
original condition.
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7,200m. The 1,000m wide offshore stretch is presumed to be
the geographic area of action of the pollution plume discharged
by Joatinga Canal (Figure 1). Demarcation of this area of
influence is also based on years of direct observation of the
beach, numerous overhead control flights, and aerial
photographs.

The first sampling station, B/QM, was placed 100m East of
the Joatinga Canal estuary, through which the contaminated
water and water accumulated in the lagoon complex of
Jacarepaguá Basin flow (see Figure 1).

The second station, B/PP, was located at Km 1.55 on Barra da
Tijuca Beach, where a large number of bathers gather,

principally at weekends (see Figure 1).
The third station, B/ALV, was placed at the other end of the

area of influence, near Ayrton Senna Avenue. This station is at
Km 7.20, and there is a heavy concentration of bathers where
theAyrton SennaAvenue joins SernambetibaAvenue.

In the first year of sampling (1996), only the aforementioned
stations were monitored. In 1997, station B/CB was added,
located at Km 3.6 (see Figure 1), starting at Joatinga Canal. It
was included because of the crowds of bathers and possible
presence of polluted water during the summer, and in order to
shorten the distance between stations B/PPand B/ALV.

The parameters used in this analysis were as follows: total
coliforms, turbidity, salinity and water
temperature. The seawater samples were collected in closed

METHODOLOGY
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Parameters Sampled and Sampling Frequency
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Figure 1. Study area and sampling stations location.

Figure 2. Colimetry trend curves without rainfall influence to 1996 and 1997. Trend curves equations: ecoli96=1928,589*exp (-3,31e-
4*x)+eps; ctotal96=11510,75*exp(-2,18e-4*x)+eps; ecoli97=1085,472*exp(-3,552e-4*x)+eps; ctotal97=9287,021*exp (-2,798e-
4*x)+eps.
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sampling bottles dipped at a depth of 0.5 meter after the zone,
when they were opened and filled with seawater.

Normally three bottles were used for collection, one duly
sterilized for colimetry and, after collection, packed in ice. The
other two bottles were used onsite to measure the water
temperature and salinity by means of a YSI 30 field gauge. The
other bottle was used to transport the sample to a laboratory for
turbidity analysis.

The colimetry analysis was performed in the laboratory of
Rio de Janeiro State University (UERJ) by the multiple-tube
fluorogenic method using LMX Broth (Merck Laboratory) as a
culture medium. Turbidity was analyzed by adopting the
nephelometric method using a Hach turbidometer model 2100P.
All methods used for sampling analysis were based on standard
methods described inAPHA/AWWA/APCF (1995).

Collections were made three times a week (Tuesday,
Thursday and Friday) throughout the sampling period,
normally after 6am, beginning with station B/ALV, going on to
B/CB, B/PPand finally B/QM.

The criterion of was adopted as a minimum
condition for bathing conditions in order to analyze available
data for Barra da Tijuca Beach between 1996 and 1999.
According to CONAMA Resolution no. 274, the
rating states that at least 80% of a group of samples obtained in
each of the five previous weeks must have values below 800

per 100 millilitres. In the case of total
coliforms, values must be lower than 5,000 total coliforms per
100ml, according to CONAMAResolution no. 20.

The first stage in handling the data was to select 40% of the
worst colimetry results (total and faecal), considering the
guideline of the aforementioned CONAMAResolution.

Once the colimetry rates were selected, the water
contamination distribution trend curves were analyzed along
the collection stations for each year studied. In this condition it
was possible to note the stretches in permanent condition of

salubrity and insalubrity, plus the transition stretch between
both situations.

The second stage in data handling was to omit the data that
could be influenced by rainfall in its last result. This influence
was identified by the extreme values of salinity, temperature
and turbidity, indicating the presence of a larger volume of
water flowing from the lagoons. The purpose of this procedure
is to study the progression of the pollution plume on the
beaches, considering only urban spread and water consumption
due to population growth. At this stage, the distribution profile
of the salinity, temperature and turbidity parameters was
assessed in relation to the years of the samples. This analysis
was to distinguish the influence of the rainfall on the dispersion
and assimilation profile of the pollution plume offshore.

After both these conditions were configured (with and
without the influence of rainfall), it was possible to analyze the
progression of the impact on bathing conditions of the beaches
as a result of urban growth. The third stage, then, analyzed the
colimetry trend curves, considering not only the 40% worst
results but also omitting values relating to the dates when
observing extreme values of the water quality parameters
and/or over 5mm of rainfall. A data sample was, therefore,
obtained without fluctuations resulting from rainfall, and only
with the influence of the progression of the plume on bathing
conditions along the beach.

Lastly, the trend curves of the set of data of both the 40%
worst colimetry results and from omitting the added extreme
values, with the dates of accumulated rainfall of more than
5mm, were compared to each other.

A combined analysis was made for the years under study to
accompany the chronological sequence to discover the
influence of urban development on bathing conditions. The
1996/97, 1997/98 and 1998/99 combinations were then
analyzed. As a complement, the rainy (1996/1998) and dry
years (1997/1999) were compared to each other. This form of
presenting results was adopted in the three stages of data
analysis.

DataAnalysis Strategy
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Figure 3. Colimetry trend curves without rainfall influence to 1997 and 1998. Trend curves equations: ecoli97=1085,472*exp(3,552e-
4*x)+eps; ctotal97=9287,021*exp(-2,798e-4*x)+eps; ecoli98=1492,875*exp(-2,872e-4*x)+eps; ctotal98=14186,754*exp (-2,69e-
4*x)+eps.
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Trend Curves RESULTS

CONCLUSIONS

The trend curves plotted to analyze the progression of the
pollution plume flowing out through the Joatinga Canal estuary
were obtained by an exponential regression analysis. The
exponential function was adopted to give a clearer description
of the dispersion and non-linear decline of the colimetry in an
aggressive environment.
a)Taking into account the exponential decline along the

shoreline

a) In the four-year period under study, it was found that there
was an ongoing deterioration of bathing conditions on Barra da

( , 1979) a single logarithmic graph
was adopted, the abscissa being on a linear and the
ordinate on a logarithmic scale.

FISCHER et al.

b) The ordinate in the logarithmic scale represents the Most
Probable Number (MPN) of micro-organisms counted in
100ml, while the abscissa shows the collection stations
according to their distance from Joatinga Canal.
c)Based on the restrictions established by CONAMA

Resolutions n 20 and 274, the boundary lines of
and total coliforms were plotted in order to compare and

determine the suitable, transition and unsuitable stretches.
d) Crossing the boundary lines with the trend curves of
colimetry indicates the suitable, unsuitable and transition
stretches of beach for the sampling period.
The criteria used to define the unsuitable, transition and suitable
stretches were as follows:
i) unsuitable: represents the stretch where both the total
coliform and values, defined by the trend curves, were

above the limit values stated by CONAMA Resolutions n 20
and 274; ii) transition: represents the stretch where only one of
the colimetry parameters, total coliforms, or , defined by
the trend curves, had values above the limits stated by the
aforementioned CONAMA Resolutions; iii) suitable:
represents the stretch where the values of total coliforms and

, defined by the trend curves, were below the limit values

stated by CONAMAResolutions n 20 and 274.
It is, therefore, possible to use the plotted trend curve to

determine the distance of contamination of the pollution plume,
based on the tolerance limits stated by CONAMA Resolutions

n 20 and 274.

The results for each data handling stage mentioned earlier
were analysed. The principal results worth mentioning are those
where it was handling the data without the influence of rainfall.
It was, therefore, evident that the sole influence was the volume
of water contaminated by the urban/population growth. When
analysing the chronological sequence, it was possible to
perceive that a rainy year (1998) coming after a dry year (1997)
(Figure 2) caused a loss of approximately 1,500m of beach
suitable for bathing. Similarly, a dry year (1997) after a rainy
year (1996) (Figure 3) can cause a recovery of more than
1,500m of beach suitable for bathing. Nevertheless, the 1998-
1999 two-year period, a dry year after a rainy year, showed a
reduction of approximately 600m (Figure 4), which
demonstrates that the recovery or loss of bathing conditions
fluctuates, depending on each year's peculiar climate
conditions.

The comparative analysis of the rainy years 1996 and 1998
(Figure 5) revealed that they continue to present the worst
bathing conditions in comparison to the dry years 1997 and
1999 (Figure 6). Considering the dry years, a progression of
pollution along the beach is clearly visible, not due to rainfall
but to local urban growth. Results also indicated that around
800m of beach for bathing in a two year period are lost due to the
expansion of the pollution plume flowing from Joatinga Canal.

And, since the data handling did not consider the variability
relating to the meteorological conditions, the result can be
assumed to be related solely to the fast urban/population growth
in the region.

The analysis of the increase in the pollution plume flowing
into the sea from Joatinga Canal showed that:

Tijuca Beach, since the plume is increasingly encroaching.
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Figure 4. Colimetry trend curves without rainfall influence to 1998 and 1999. Trend curves equations:
ecoli98=1492,875*exp(-2,872e-4*x)+eps; ctotal98=14186,754*exp(-2,69e-4*x)+eps; ecoli99=1652,354*exp(-4,512e-4*x)+eps;
ctotal99=11232,945*exp (-2,826e-4*x)+eps.
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Islan......

Bathing Condition Monitoring

Figure 5. Colimetry trend curves without rainfall influence to the rainy years 1996 and 1998. Trend curves equations:
ecoli96=1928,589*exp(-3,31e-4*x)+eps; ctotal96=11510,75*exp(-2,18e-4*x)+eps;ecoli98=1492,875*exp (-2,872e-4*x)+eps;
ctotal98=14186,754*exp(-2,69e-4*x)+eps.

Figure 6. Colimetry trend curves without rainfall influence to the dry years 1997 and 1999. Trend curves equations:
ecoli97=1085,472*exp (-3,552e-4*x)+eps; ctotal97=9287,021*exp(-2,798e-4*x)+eps; ecoli99=1652,354*exp(-4,512e-4*x)+eps;
ctotal99=11232,945*exp (-2,826e-4*x)+eps.
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b) The capacity of the 1,500m stretch between stations B/QM
and B/PPas receptor is already considerably endangered.
c)The stretch with the highest frequency of no proper bathing
conditions is not restricted to the area between the Joatinga
Canal estuary (B/QM) and station B/PP. The subsequent stretch,
between B/PP and B/CB, is also in a critical situation, since a
large number of the studies found a high frequency of unsuitable
and transition conditions there.
d) A gradual progression of the plume towards station B/ALV is
noted. This fact was confirmed by the analysis of the years 1997
and 1999, said to be dry, where the fluctuations due to the rainy
years could not interfere in the analysis. The loss of a stretch of
beach with bathing conditions in that period was around 1,000m
every two years.
e) In rainy years, the stretches of beach unsuitable for bathing
tend to increase by more than 1,500m toward station B/ALV.
The influence of rainfall, therefore, is a determining factor in
the increased stretch of beach endangered by the plume of
contaminated water.
f) It is estimated that, should the current situation continue
without intervention by the relevant authorities, the pollution
plume flowing from Joatinga Canal (B/QM) will reach station
B/ALV by 2008.
g) It may be said that, in conservative terms, on average there is
a loss of almost 700m of beach with bathing conditions every
year, due to the advance of the pollution plume.

From the overall assessment, the main natural and anthropic
causes that may interfere in the progression of the pollution
plume on Barra da Tijuca Beach during the study period some
basic actions are suggested to recover the environmental quality
of the region: i) building and operating the basic sanitation
system in the Jacarepaguá Basin region; ii) adopting dredging
programs for the rivers and lagoons to remove the organic silt;
and iii) recovery of the vegetation on the slopes devastated by
burnings and human settlement.

We would like to thank to the whole staff of professionals
that worked with us in the Rio de Janeiro Beach Monitoring
Program through the years of 1996 to 1999. Their collaboration
were of great importance to the present work. We should also
mention the Rio de Janeiro City Hall through its Environmental
Secretary for the contract with Dept. of Oceanography of Rio de
Janeiro State University that made possible this research.
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