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Total Mercury distribution in soils of Atlantic Rainforest fragments in Rio
de Janeiro State, Brazil

Quecksilberverteilung in Böden von Fragmenten des Atlantischern Regenwaldes
in Bundesland Rio de Janeiro, Brasilien
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Abstract

The total mercury (Hg) content in soils along the North of Rio de Janeiro State was determined to evaluate the atmospheric
Hg-dispersion. Samples were collected in five Atlantic rain forest fragments of different size; in the interior as well as at the edge of
each fragment. The average Hg-concentration in the soils was 126.5 ± 37.0 µg kg–1 – more than twice the average obtained from
other soil types of the region, and the global soil average (~ 50 µg kg–1). Similar values had already been observed in previous
studies in other Atlantic rain forest areas of the region. This result highlights the importance and the complexity of atmospheric
transport in the Hg-distribution along the North of Rio de Janeiro State and reinforces the hypothesis that organo-Hg compounds,
used in the past as fungicides by the sugar cane agro-industry, are still been transported to adjacent ecosystems, and are deposited
and accumulated preferentially in the Atlantic rain forest remnants due to their higher organic matter content. No difference was
found between the Hg-content in soil samples from either edge and interior positions nor between fragment size, suggesting that
the Hg-distribution in these soils seems not be a function of fragment size or edge effects.

Zusammenfassung

Das Hauptaugenmerk dieser Studie lag auf der Bestimmung der Quecksilber (Hg) Gesamtgehalte in Böden des Atlantischen Regen-
waldes. Dabei sollte die atmosphärische Dispersion entlang des Nordens vom Bundesland Rio de Janeiro ermittelt werden. Proben
wurden in fünf Waldfragmenten unterschiedlicher Größe gesammelt und zwar sowohl im Inneren als auch am Rande der Waldstük-
ke. Die durchschnittliche Hg-Konzentration in den Böden der Gebiete betrug 126,5 ± 37,0 µg kg–1 – mehr als doppelt so hoch wie
in anderen Böden der Region und der globale Durchschnitt (~ 50 µg kg–1). Ähnliche Werte wurden bereits von anderen Studien
vom Atlantischen Regenwald dokumentiert. Das Ergebnis unterstreicht die Bedeutung und die Komplexität des atmosphärischen
Transports bei der Hg-Verteilung im Norden des Bundeslandes Rio de Janeiro. Die Hypothese, dass organische Hg-Komponenten,
die früher als Fungizide in der Zuckerrohr-Produktion eingesetzt wurden, noch immer im System zirkulieren und wegen der höhe-
ren Anteile organischer Substanz bevorzugt im Atlantischen Regenwald deponiert werden, konnte bestätigt werden. Es wurde kein
Unterschied zwischen Randbereichen des Waldes und seinem Inneren gefunden. Demnach ist die Hg-Verteilung keine Funktion
von Waldgebietsgröße oder von Randeffekten.

Resumo

O presente estudo determinou o conteúdo de mercúrio total (Hg) em solos ao longo do norte do Estado do Rio de Janeiro visando
avaliar a dispersão atmosférica do Hg na região. Amostras foram coletadas em cinco fragmentos florestais de Mata Atlântica
de diferentes tamanhos, tanto no interior como na borda de cada fragmento. A concentração média de Hg em solos destes
fragmentos foi 126.5 ± 37.0 µg kg–1, mais que o dobro da média obtida para outros tipos de solos da região assim como a média
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global para solos (~ 50 µg kg–1). Porém, valores similares já foram anteriormente descritos para solos de outras áreas de Mata
Atlântica preservadas da região de estudo. Estes resultados reforçam a importância e a complexidade do transporte atmosférico na
distribuição do Hg na região Norte do Estado do Rio de Janeiro, assim como corroboram a hipótese de que compostos organo-
mercuriais usados no passado como fungicidas na agroindústria sucro-alcooleira, ainda estão sendo transportados para ecossistemas
adjacentes, ficando retidos em preferencialmente em solos de áreas de Mata Atlântica com elevados teores de matéria orgânica.
Nenhuma diferença estatística foi observada entre o conteúdo de mercúrio nos solos coletados no interior e na borda dos fragmentos
estudados, assim como entre os fragmentos de diferentes tamanhos, sugerindo que a distribuição de mercúrio nestes solos não está
relacionada com o tamanho do fragmento e que não existe um efeito de borda para a distribuição de Hg.

1. Introduction

Soils present particular integrative characteristics due to
their low chemical transport capacity and mobility
(LACERDA and SALOMONS 1991). The high Hg-retention
capacity in soils seems to be related to parameters such as
pH, organic matter content, and grain size distribution.
Mercury in soils seems to be capable to form complexes
of relatively low solubility with humic acids. Therefore,
their mobility through deeper soil layers is limited, and
depends on other, stronger processes such as lixiviation
and erosion, to transport Hg to the dissolved phase and
to sediments.

Soils are good atmospheric deposition indicators, ser-
ving as the final or temporary deposition site for some
elements, including Hg (WASSERMAN et al. 2003). There-
fore, the study of Hg-content in soils is very important to
evaluate the atmospheric dispersion of this element
(BASTOS 1997), its potential environmental impact, caused
by anthropogenic atmospheric emissions to human and
environmental health. Once deposited, local hydrogeo-
chemical conditions will control the Hg-dynamics in these
environments. In soils, the estimated Hg-residence time
is hundred years (QUEIROZ 1995), with the element
generally being adsorbed to silt and organic matter (SEMU
& SINGH 1987). In analogy to other trace metals, the Hg-
absorption by higher plants is reduced, except for specific
hyper-accumulator species (BRIDWELL 1979).

Mercury is resistant to natural degradation processes,
therefore remaining many years without loosing its
toxicity, and increasing the contamination risk for human
populations (NRIAGU 1988). Two characteristics made this
element suitable as a contaminating agent:
a) its high volatility. The high vapor pressure allows its

re-emission to the atmosphere. This input is partially
responsible for elevated background levels in the bio-
sphere;

b) the capacity of  Hg to undergo biological transfor-
mation (NRIAGU 1994).

The Brazilian Atlantic Coastal Rainforest is one of the
most endangered ecosystems of the Earth, and identified
as one of the five most important biodiversity hot spots
(MAYER et al. 2000). Its fragmentation already achieved a
very high stage, and the preservation of the remaining
areas was characterized as one of Brazil’s major conser-

vation problems (CÂMARA 1990). The Atlantic Coastal
Rainforest from Rio de Janeiro State is reduced to less
than 20% of its original coverage today; its largest frag-
ments being in mountain areas. At present, the remains
of this vegetation cover is diverted in distinct fragments,
and very few of them are located in lowlands, river mar-
gins and coastal ecosystems (ROCHA et al. 2003).

The objective of this study was to determine the Hg-
distribution in soils of Atlantic Rainforest fragments from
the North of Rio de Janeiro State to establish conta-
mination levels, and to estimate the atmospheric Hg-
dispersion in the region.

2. Material and Methods, study area

The study area is situated in the São João River Basin
Environmental Protection Area. This river basin yields
several forest fragments of Lowland Atlantic Rain-
forest, five of which were selected for this study. Four
fragments are located in the Imbaú region, Silva Jardim
municipality (Table 1): “Afetiva Jorge” (19 ha); “Estreito”
(21 ha); “Vendaval” (26 ha); “Imbaú” (130 ha). Another
fragment, “União” (800 ha) is situated in the Rio das
Ostras municipality, about 30 km from the “Imbaú”
region (Fig. 1). The studied fragments present distinct
characteristics in respect to size, shape, degradation
degree and succession stage. The smaller fragments lie
within private properties. All are disturbed and classified
as secondary forests. The largest one (União) is located
in the União Biological Reserve, a mature forest, pro-
tected by law from human interference since 1998,
and administered by IBAMA (Brazilian Environmental
State Agency).

According to local inhabitants, the fragments from the
Imbaú region were part of a large forest in the past. The
fragmentation process started at the beginning of the
1950s with the rectification of small rivers and the con-
struction of drainage channels by the Brazilian Govern-
ment. Today, the forest remnants lie in close vicinity and
are surrounded by an anthropogenic matrix, mainly com-
posed by cattle farming. It is important to highlight that
the recent anthropogenic impacts are restricted to small-
scale selective wood extraction, with no record of forest
fires (CARVALHO et al. 2006). For further details on the


