
Particulate Heavy Metal Dynamics in a Tropical Estuary Under Distinct
River Discharge and Tidal Regimes, Southeastern, Brazil.

INTRODUCTION

STUDY AREA

Suspended particulate matter is represented by a wide
combination of inorganic material (i.e. clay minerals; Fe and
Mn oxi-hydroxides) and organic matter (detritic or alive). These
particles, due to their high surface area and also for the carrier
nature of oxides, are the main heavy metals carriers in aquatic
systems ( , 1968; and , 1993),
playing an important role of in the metal transport form the
continents to coastal areas ( and , 1984).

In estuaries metal concentration in suspended particulate
matter is generally orders of magnitude higher than in the
dissolved form ( , 1989, , ., 1995) and so the
fate of these elements are very close related to the SPM internal
cycle. The composition and variability of the SPM in estuaries
are affected by many complex geochemical processes (e.g.
precipitation and flocculation, desorption-adsorption) and by
physical processes (e.g. river flow, tidal energy, currents)
( , ., 1997; and , 1997).

Estuaries are a transition zone between continental derived
materials can act as a “geochemical reactor” changing the
chemical forms ( , ., 1994) of continental
derived trace metals. The role of an estuarine system in the
transformation and exportation of metals to coastal areas will
depend upon several intrinsic characteristics of each estuary.

The Paraíba do Sul River (PSR) is a medium-sized river with
1,145 km long and a drainage basin of 55,400 km . It crosses
three of the most important and developed states of Brazil
(Minas Gerais; São Paulo and Rio de Janeiro). It is the main
water supply for more than 11 million people only at Rio de
Janeiro City, but it is also used as waste disposal for a very large
number of industries along its course (Figure 1).

The Paraíba do Sul estuary is located at a coastal plain formed
by the Paraíba do Sul River Delta in the north of the Rio de
Janeiro State, near the City of São João da Barra (21° 36' S and
41° 05'W). The hydrological regime is relatively regular,
following the standard tropical pluviometric distribution, with

higher discharges during summer (November to January) and
lower discharges during winter (June to August). The average
discharges during the rainy season range from 700 to 1,300 m .s

and during the dry period from 400 to 500 m .s . The tidal
regime is semi-diurnal with micro tides ( , 1998).
Previous work performed at the middle reaches of the PSR, as
well as in some of its tributaries (Paraibuna, Pomba Muriaé and
Rivers, Figure. 1), indicated that those rivers are contaminated
by heavy metals. The main sources of these pollutants are the
industrial activity, urban wastes particularly as major sources of
Zn, Pb, Cu, Cr, ( 1992; 1986 and , 1987)
and gold mining activities, a significant source of Hg to the PSR
lower basin, up to the late 1980's , 1993 and

, 1994).
Altought several studies dealt with heavy metal distribution,
behaviour and fate in the Paraíba do Sul River ( , 1986;
T , 1992; , 1999, , ., 1999;

, ., 2001; , ., 2002) no studies
evaluate the role of the PSR estuary in the transformation and
transport of these pollutants to the coastal environments. The
objective of the present study is to understand the particulate
heavy metal behavior in distinct tidal regimes (neap and spring
tides) and river discharges (dry and rainy season).

ctivity, temperature, dissolved oxigen) every hour.
Current velocity and direction with an acoustic doppler current
profiler was also recorded, as well as water level and vertical
profiles of salinity and temperature.

Water samples were collected by a “Van Dorn” sampler and
stored in polyethylene flasks, which were kept in ice during the
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METHODS

Four tidal cycles, one during neap tide and another during
spring tide at October 19 and 25, 2000 (dry season) and
February 17 and 24, 2001 (rainy season) were analysed. In each
survey water samples were taken (surface and bottom),
physico-chemical parameters were measured (pH,
condu

transport for the laboratory. In the laboratory the samples were
filtered in duplicate (Millipore cellulose acetate 0.45 µm of pore
diameter), and oven-dried (80°C/48h).
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The aim of the present study is to understand the particulate heavy metal behavior in distinct tidal regimes (neap and
spring tides) and river discharges (dry and rainy season). The average heavy metal concentration observed in the
present study are in accordance with previous works developed in the lower Paraíba do Sul Basin, as well as with the
world average. The only exception was Zn that presented higher values in the present study. Aluminum and iron
presented higher average concentrations during the high riverine discharge periods; the other studied metals (Mn
and Zn) presented an opposite trend with higher concentrations during the low discharge period. The Al and Fe
behavior is related to the increase in the surface runoff during the rainy season, due to the soils of the drainage basin
being enriched in these elements. The behavior of the other studied metals are probably related to a different source
(industrial and urban wastes) and the dilution effect caused by the raise of the river discharge and the input of a
suspended particulate matter (from the lower drainage basin) impoverished in these elements. During the low
discharge period the average metal concentrations were generally higher during the neap tide sampling, when
compared with the spring tide sampling. In the high discharge period no statistical difference could be observed
between the distinct tidal regimes, this trend is probably related to the stronger riverine influence inside the PSR
Estuary during the higher discharge period.
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The filters digestion methodology followed a modified
version of the procedure used by and (1994). The
filters were placed in Teflon bombs, with concentrated acids
(HNO + HF) in oven (100°C / 12h), after the digestion of the
sample, the acid was evaporated to almost dryness, and
redissolved with HNO 0,5N (20 ml). The extracts were then
analyzed by atomic emission spectrophotometry with induced
coupled plasma (ICP/AES, Varian, Liberty II).

Surface samples presented higher average heavy metal
concentrations when compared with bottom samples for all the
studied metals (Fe; Al; Mn and Zn), the only exception was the
third sampling when an opposite trend was observed.
Aluminum was the most abundant element followed by Fe, Mn
and Zn (Table1).

Aluminum and iron presented its higher average
concentrations in the February sampling (rainy season) when
the river presented higher river discharge, an opposite trend was
observed for manganese that presented higher concentrations in
the October sampling (dry season) when the river discharge was
lower. This behavior had already been described by

. (1999) for the lower Paraíba do Sul River drainage basin.
According to the above mention author the higher Al and Fe

concentrations observed during the high discharge periods are
probably due to the strong association of these metals with
surface runoff, their origin are the regional soils rich in iron
oxides. The opposite trend observed for Mn and Zn is probably
reflecting the importance of the industrial and urban effluents as
a secondary source of this element. Its behavior is probably
associated with the dilution effect caused by the input of a
suspended matter from surface runoff poor in this element
during the rainy season.
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RESULTS AND DISCUSSION
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Figure 1.Sampling site location

Figure 2. Aluminum, iron (mg.g ) concentrations in suspended
particulate matter and electric conductivity (µS/cm) distribution
along time in bottom samples from February 24 .
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An inverse relation was observed between electric
conductivity and heavy metal concentration for both sampling
depths in all sampling periods (Figure 2). The only exception
was the February 17 sampling (neap tide during rainy season)
where no temporal variation in conductivity was observed,
suggesting the predomination of riverine derived waters. This
trend was already expected and are mainly due to: 1) dilution of
the heavy metal enriched riverine waters by depleted coastal
waters; 2) riverine particulate matter deposition due to the lost
of the river transport capacity and 3) desorption and adsorption
processes due to changes in physicochemical parameters
( and , 1984).

The average heavy metal concentration observed in the
present study are in accordance with previous works developed
in the lower Paraíba do Sul Drainage Basin ( .,
1999; , 1999), as well as with the world average
( and , 1979) (Table 2).
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Seasonal differences on heavy metal concentrations in
suspended particulate matter were observed, with the same
trend previously observed for the lower Paraíba do Sul River
Basin. Differences on the average metal concentration between
dry and rainy season for neap tides for all the studied metals
were observed. There were also differences on the average
metal concentration between neap and spring tides for all the
studied metals only at the dry season. The only exception was
the February 17 sampling (neap tide during rainy season)
where no temporal variation in conductivity and heavy metal
distribution was observed, suggesting the predominance of
riverine derived waters.
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Table 1. Average heavy metal concentration in suspended

particulate matter (mg.g ).
-1

Date Depth Al Fe Mn Zn

19/10/00 Surface 103.4 53.6 2.33 0.25

Bottom 81.3 49.3 1.56 0.01

25/10/00 Surface 82.1 42.6 1.26 0.63

Bottom 60.8 42.2 0.94 0.25

17/02/01 Surface 115.7 78.9 1.02 n.d.

Bottom 168.9 111.7 1.34 n.d.

24/02/01 Surface 174.0 100.1 0.85 n.d.
Bottom 152.8 94.5 0.70 n.d.

(a) (1999); (b) (1999); (c) present study; (d)
and (1979).
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Table 2. Average heavy metal concentration in the present study

compared with other studies (µg.g ).
-1

Al Fe Mn Zn

PSR River (a) - 75,451 2,473 249
PSR River (b) 74,000 47,000 1,120 135
PSR Estuary (c) 117,189 71,615 1,250 143

Global average (d) 48,000 1,050 35091,000
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