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Introduction

The use of natural radionuclides from the U and Th decay series in environmental studies has
been increased since the middle of the 20" century. Natural decay series studies have
contributed to the development of a quantitative understanding of the rates from physical,
geochemical and biological processes in the environment, such as determination of
sedimentation rates in lacustrine and marine environments. Over the past four decades there
has been an increase in the research based on the use of these natural radionuclides in the
environment, mainly the study of recent sediments. The study of recent sediments is
important for tracing man’s activities in the environment; wich has been mostly impacted over
the last 150 years.

Lake and estuarine sediments provide a basis for reconstructing many aspects of this impact
estimating rates of change (Othman et al., 2000; Roulet et al., 2000). The knowledge of the
rate at which sediments have been accumulating over the past several hundreds of years is of
fundamental importance in understanding aquatic and sedimentary geochemical processes
(Robbins &Edgington, 1975).

2%y, s a naturally occurring radioactive element, from the 2**U radioactive decay series, can
be used in these studies to determine the accumulation rate of recent sediments in lakes,
estuaries and oceans. The methodology used is based on the fact that the °Pb precipitated
from the atmosphere accumulates in the surface of soils, glaciers, lakes and marine sediments.
When where succeeding layers of material are buried by later deposits, such as glaciers, lake
and marine sediments, the fallout “°Pb incorporated in a given layer reduces exponentially
with time in accordance with the radioactive decay law. Calculating the initial **°Pb activity
of a layer, this value can be used to determine the age of the surface deposit (Goldberg, 1963).

The most important radioactive isotopes of lead that occur as members of the uranium and
thorium decay series are: “**Pb and *!°Pb from the U decay series, **'Pb from the **°U
decay series and *?Pb from the ***Th decay series, but only the isotopes **°Pb, #**Pb and ?*Pb
are important in terms of geochemical and geophysical applications because they are
transferred from the earth’s crust to the atmosphere. “°Pb, daughter of the chemically inert
radioactive gas radon, is formed when its parent, diffuse out of the crust and is transported by
turbulence and advection through the atmosphere. Because of its comparatively long half-life
(3.8 days), it can reach the upper troposphere and the stratosphere before decaying (Robbins,
1978). The ?*’Rn decay products are all heavy metal atoms and they rapidly become attached
to natural aerosols and return to earth through atmospheric scavenging processes.

The lead in the atmosphere becomes attached to aerosols and has a mean atmospheric
residence time of the order of 5-10 days (Krishnaswami & Lal, 1978). The aerosol ?°Pb that
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settles into lake or marine waters is adsorbed by suspended sediment and subsequently
incorporated in the sediments. 2°Pb is rapidly removed from the dissolved state to the lake
sediments and the concentration of dissolved “°Pb in lake and estuarine waters is virtually
zero (Benninger et al, 1975). The 2°Pb, which is incorporated into the sediments as a result of
atmospheric fallout, is called unsupported or excess *°Pb and it is not in equilibrium with its
parent **Ra.

Other source of the ?°Pb in sediments is from the decay of *Ra and its daughter *°Rn that is
trapped in the sediment. The presence of uranium and its daughters in the sediments will
result in a continuous supply of ?°Pb. Then this ?°Pb that come from of its parent *Ra is
supposed to be in equilibrium and it is called supported “°Pb. Therefore the activity of
supported 2°Pb can be determined by measuring **°Ra, while the unsupported activity may be
calculated by subtracting the *!°Pb activity from the total ?°Pb activity.

The #°Pb dating method was applied to determine sedimentation rates in pristine and
impacted environments in Brazil. The pristine environments studied, five lakes, were located
in: Amazonia, Fernando de Noronha, Pantanal and Sdo Paulo. The impacted environments,
four reservoirs and two estuaries, were located in Pernambuco and Bahia.

Materials and methods

Sites

The sites studied are located in Brazil, Figure 1, a country of temperate tropical climate and
situated in the Southern Hemisphere. The pounds are: Viracdo Pound, in Fernando de
Noronha archipelago, Pernabuco, Inferndo and Frutal pounds in Sdo Paulo, Meio Pound in
Pantanal, Mato Grosso do Sul and Puruzinho Pound in Amazonioa, Ronddnia. The estuaries
are Aratu Estuary in Bahia and Botafogo River Estuary, Pernambuco. The reservoirs are
Guarapiranga Reservoir and Rio Grande Reservoir, both located in S&o Paulo.
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Figurel.- Brazil map with the studied sites.
Sampling
Two cores from Aratu estuary, one core from Guarapiranga reservoir and four cores from Rio
Grande reservoirs were collected using a Piston Corer sediment sampler. In the other sites the
cores were hand-collected using a PVC tube. All cores were sliced every 2 cm, the samples
were dried at 60°C in a ventilated oven and then they were sifted in 0.063 mm sieves (230
mesh) with Milli-Q water and dried, and finally homogenized in a glass mortar.



Radiochemical determination

The measurement of the radionuclides °Ra and “*°Pb were used to determine the dates and
sedimentation rate. These radionuclides were determined in each slice of the core. For the
radionuclides determination, 1.00 g of the samples, in duplicate, were dissolved in mineral
acids, HNOsconc. and HF 40%, and H,0, 30%, in a microwave digestor and submitted to the
radiochemical procedure, where Ra and Pb are precipitated as Ba(***Ra)SO, and **°PbCrO,
respectively. The concentrations were determined by gross alpha counting for ?°Ra and for
2%y through its decay product, *°Bi, by measuring the gross beta activity. The chemical
yields were determined by gravimetric analysis. Both radionuclides were determined in a low
background gas flow proportional detector (Moreira, et al. 2003). The dates were calculated
by the Constant Rate of Supply (CRS) model (Ivanovich and Harmon, 1992, Noller, 2000)

Results and Discussion

Botafogo River estuary

The Botafogo River cuts through Recife’s Metropolitan region, in Pernambuco. This region is
the most important supplier of sea food for the local population. A sediment core was
collected on November 2004, near the mouth of the Botafogo River, in its estuarine area to
determine sedimentation rates to assess the evolution of environmental impacts in the region
(Figure 2a). The age of sedimentary colum was about 150 years and the sedimentation rate
was estimated in 0.3 cm y™ (Favaro et al, 2007).

Aratu Estuary

Aratu estuary is a small system that is connected to Baia de Todos os Santos. Several
industries and port facilities are located in this channel and Aratu estuary. Polluted riverine
discharge and direct release of toxic residuals by harbor operations makes the area one of the
most polluted areas within Baia de Todos os Santos. Two sedimet cores were collected in
1999 to identify and characterise areas of silt deposition that can cause navigation problems.
Figures 2b and 3b show the sedimentation rates obtained for two differents points in Aratu
estuary. The age of sedimentary colum for point BA 01 was about 80 years and for point BA
06 was 10 years. The sedimentation rates were estimated in 0.9 cm y™ for point BA 01 and
7.0 cm y* for point BA 06 (Moreira et al, 2000).
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Figure 2- Age-depth relationship for: a)Botafogo Estuary - Pernambuco, b) BA 01 Aratu Estuary -
Bahia, c) BA 06 Aratu Estuary - Bahia



Viracdo Pound

Viracdo Pound, a small lake located at the Fernando de Noronha archipelago, South
Equatorial Atlantic, Recife, Pernanbuco. It is a pristine small lake located in the main island
of the archipelago and is situated at 20 meters above the sea level. This archipelago is a
protected and isolated habitat with restricts access. The age of sedimentary colum, for the
sediment core collected in 2002, was about 150 years and the sedimentation rate was
estimated in 0.4 cm y™* (Figure 3a) (Damatto et al, 2003 a).

Inferndo and Frutal Pounds

Two sediment cores were collected in Inferndo and Frutal pounds, located in Jatai Ecological
Station in S&o Paulo in 1996, with the objective of verify if the sediments layers have
preserved a historical record of Moji-Guacu River whose waters overflow yearly these pounds
(Figure 3b and 3c). The age of sedimentary colum for Inferndo pound was about 180 years
and for Frutal pound was 170 years. The sedimentation rates were estimated in 0.18 cm y™* for
Inferndo pound and 0.25 cm y™* for Frutal pound (Gatti et al, 1997).
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Figure 3- Age-depth relationship for: a)Viragdo Pound, Fernando de Noronha archipelago -
Pernambuco, b) Inferndo Pound - So Paulo, ¢) Frutal Pound — S&o Paulo

Guarapiranga Reservoir

The Guarapiranga Reservoir is a reservoir located in the southern area of Sdo Paulo city. It
was constructed in 1906 originally to attend the necessities of the production of electrical
energy. The reservoir is supplied by the River Guarapiranga and other smaller rivers and
brooks, traversing areas of the cities of S&o Paulo.In 1928, Guarapiranga started to be used as
a reservoir for potable water distribution and it is currently utilized as water supply of the
Greater Sdo Paulo. Between the 1980s and the 1990s the absence of clear political laws
determining use and occupation of the area contributed to the creation of clandestine and
irregular neighborhoods around the reservoir. One sediment core was collected in 1998 with
the objective of determine sedimentation rates and to verify whether the sediments contain an
historical registration of antropic activit. The results obtained were not reliable due to the
urban occupation, with irregular use of the land, that causes siltation problems (Figure 4a)
(Moreira et al, 1999).

Rio Grande Reservoir
The Rio Grande reservoir is responsible for the water supply of four cities (Sdo Bernardo do
Campo, Sao Caetano do Sul, Santo André and Diadema) and has been seriously affected by



the urban expansion of the metropolitan area of S&o Paulo, due to the chaotic urban
occupation, with irregular use of the land. Four sediment cores were collected in 1998 with
the objective of determine sedimentation rates in different parts of the reservoir and also to
verify whether the sediments contain an historical registration of antropic activity. The
sedimentation rates varied for each point colleted (Figure 4b). The highest value found was
1.3cmy™, year 1932, and the lowest was 0.6cmy™, year 1910. Lower rates were related to the
period prior to the water dam, when the loading of the sediments was kept constant. The
larger rates are related with the damming of the waters in 1935, with the urban expansion and
consequent high erosion in the basin (Moreira et al, 2003).
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Figure 4- Age-depth relationship for: a)Guarapiranga reservoir - Sdo Paulo, b) Rio Grande reservoir
— S&o Paulo

Meio Pound

Pantanal, located in the central region of South America, is recognized as one of the world’s
largest freshwater wetlands. In order to verify possible changes in this environment, a study
was undertaken in Nhecolandia Pantanal, Mato Grosso do Sul State, Brazil. One sediment
core was collecte in 2001 in Meio Pound (Figure 5a). The age of sedimentary colum was
about 81 years and the sedimentation rate was estimated in 0.6 cm y™ (Damatto et al, 2003 b).

Puruzinho Pound

A sediment core was collected at Puruzinho Pound, Amazonia Ocidental - Brazil where a Hg
contamination was found. This lake is located at the left margin of Madeira river, 20 km far
from Humaité city, Amazonas state (Figure 5b). The age of sedimentary colum was about 90
years and the sedimentation rate was estimated in 0.5 cm y™* (Damatto et al, 2007).

Conclusions

The results obtained in the pristine environments for sedimentation rates and age of the
sediments were in agreement with the local history showing that for these cases the *°Pb
method can be used as a tool to understand aquatic and sedimentary geochemical processes.
For the impacted environments only in one reservoir (Sdo Paulo city) and in the estuaries
(Pernambuco and Bahia) the results obtained were in agreement with the local history. Only
for the Guarapiranga reservoir was impossible to estimate the sedimentation rates due to the
places are heavily polluted and to silting problems, that can cause sediment mixing or
bioturbation. The *°Pb method is of maximum utility in unmixed, quiet-water deposits of



continuous sedimentation factors that are not found in impacted environments (Noeller,
2000).
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Figure 5- Age-depth relationship for: a) Meio Pound — Pantanal, Mato Grosso do Sul, b) Puruzinho
Pound — Amazdnia, Rond6nia
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