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ABSTRACT

Twenty-four sediment samples were collected seasonally during one year from the partially closed
Montevideo Bay and the adjacent coastal zone, in Uruguay, in order to determine the impact of chro-
mium and lead in the sediments. Analysis of related environmental variables included bottom water
temperature, salinity, pH, dissolved oxygen, and several sedimentological variables such as redox
potential and total organic matter. Concentrations and range of variation of these two metals were similar
to those found in urbanized and industrialized estuarine environments. Metal enrichment is higher in
the bay than in the adjacent coastal zone, however an important increase especially in Pb content was
detected in an area previously considered as a pristine one. Considering both metal content and benthic
environment characteristics, the study area can be clearly divided in at least two well-defined regions.
One is the inner region of the bay near the streams, and the outermost stations of the bay and the adjacent
coastal zone form the other. The first one can be considered highly polluted and the other moderately
polluted. The values of the metals studied indicated that adverse biological effects are probably
occurring, specially in the innermost region of Montevideo Bay.
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RESUMO

Distribuicdo espacial de cromo e chumbo no ambiente bentonico de
regides costeiras do estuario do Rio de la Plata (Montevidéu, Uruguai)

Com o intuito de determinar o impacto do cromo e do chumbo na Bahia de Montevidéu e na zona
costeira adjacente, foram coletadas sazonalmente, durante um ano, 24 amostras de sedimento de fundo.
Simultaneamente, foram analisadas amostras para temperatura, salinidade, pH e oxigénio dissolvido
da agua de fundo, além de diversas variaveis sedimentoldgicas, como potencial redox, matéria organica
total, entre outras. As concentragdes das duas espécies de metais estudadas foram similares as reportadas
na literatura para areas estuarinas industrializadas e urbanizadas. O enriquecimento metalico foi maior
na baia do que na area costeira adjacente (Punta Carretas e Punta Yeguas), embora um importante
enriquecimento, especialmente de chumbo, fosse observado na regido de Punta Yeguas, area previamente
considerada ndo impactada. Tendo por base o conteudo de metais e as caracteristicas do ambiente
bentdnico, a area de estudo pode claramente ser dividida em, ao menos, duas regides distintas. Uma
corresponde a regido mais interna da Bahia de Montevidéu, perto da desembocadura dos arroios, e
a outra, a regido mais externa da baia e a regido costeira adjacente. A primeira pode ser considerada
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altamente poluida e a segunda, moderadamente. As concentragdes dos metais estudados indicaram
que estes provavelmente causam efeito bioldgico adverso, especialmente sobre a macrofauna, sendo

mais acentuado na regido interna da baia.

Palavras-chave: ambiente bentonico, chumbo, cromo, Rio de la Plata, Uruguai.

INTRODUCTION

Throughout the twentieth century, shallow
estuarine and marine coastal ecosystems have been
suffering incremental impact due to their usage as
reservoirs for multiple types of wastes. Contaminants
enter estuarine waters via several key routes,
specially direct pipeline discharges from coastal
cities, riverine inputs, atmospheric deposition, and
nonpoint source runoff from land (Kennish, 1992).
Urban development and the industrialization of the
coastal zones have promoted a continuous increase
in heavy metal contamination in estuarine areas.
Bottom sediments in particular act as a sink or a
source of pollutants, depending on the prevalent
physical and chemical conditions and their
sedimentological characteristics.

Montevideo Bay and the surrounding coastal
area are located in the fluvial-marine system of the
Rio de la Plata. Hydrographic characteristics are
determined by dynamic interactions between fresh
and marine waters. Wind and river discharge control
the seasonal variability of the salinity and turbidity
fields in the upper layer, while diluted shelf waters
occupy the bottom layer (Guerrero ef al., 1997). The
study area is located within the salinity and turbidity
frontal zone of the Rio de la Plata (Nagy et al., 1987;
Lopez-Laborde & Nagy, 1999; Framifian & Brown,
1996; Framifan et al., 1999), characterized by an
estuarine turbidity maximum (ETM) related to
gravitational circulation and clay particle floculation
which develops in the transitional “null zone”
between the tidal river and the estuarine region (Nagy
et al., 1987; Lopez-Laborde & Nagy, 1999). The
ETM is usually associated with the salt intrusion
limit (0.5) and the suspended matter reaches 0.6-
0.8 g L' or more near the bottom (L6pez Laborde
& Nagy, 1999).

The study area comprises three different
portions of the Montevideo coastal zone. Montevideo
Bay is a semi-enclosed urban bay that receives large
amounts of domestic and industrial sewage through
the Pantanoso and Miguelete streams and also
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contains Montevideo Harbour, the UTE water steam
plant, and the ANCAP refinery. The Punta Carretas
region, situated eastward, is the site of Uruguay’s
largest submarine pipe in which the sewage from
the east portion of Montevideo city is concentrated.
Finally, Punta Yeguas, located westward and
considered a pristine zone, is currently viewed by
the Municipal Government as the ideal area in which
to construct a new submarine pipe with characte-
ristics similar to that of Punta Carretas. This pipe
will be concentrate the sewage from the west portion
of the city, including what is presently being
discharged directly into Montevideo Bay waters.

In order to assess the environmental quality
of the Montevideo coastal zone, we studied the
distribution of chromium and lead sediment contents
during one year in a segment of Montevideo Coastal
zone that a priori is experiencing the effects of
different impact intensities.

MATERIAL AND METHODS

Data collection and laboratory methods

In August 1998 (winter), September 1998
(spring), February 1999 (summer), and April 1999
(fall), following the same schedule, sediment and
water bottom samples were collected at 24 locations
in the Montevideo coastal zone (Fig. 1). Stations
A to J, located in Montevideo Bay, were sampled
using a small boat. Stations K to X, located in Punta
Carretas and Punta Yeguas, were sampled on board
the Uruguayan Army vessel “ROU 27 Banco Ortiz”.

At each station, 4 sediment samples were taken
with a manual acrylic corer having a 4.5 cm internal
diameter. Sediments taken with the first corer were
submitted to the standard dry-sieve and pipette
method (Suguio, 1973) and parameters described
by Folk & Ward (1957) were calculated for
sedimentological data. The redox potential of the
sediment, was determined following the methodology
described in Sommaruga (1987), using the standard
solution of Zobell (1946). Another corer sample was
used to obtain the total organic matter content of
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surface sediments, using the calcination technique
(Byers et al., 1978). Finally, the last corer sample
was divided into three horizons (0-6, 7-12, 13-18
cm depth) to determine the chromium and lead
content of surface, middle, and bottom sediments.
The sediments that passed through a PE-mesh of
63 um were dried at 85°C to constant weight, prior
to homogenization by an agate mortar and pestle.
In order to avoid interference of organic matter in
the results, and to convert the metals to their free
form, we applied method n. 3051 of the EPA (1990).
Duplicates of subsamples (0.5-1 g) were mixed with
10 ml concentrated nitric acid and digested by
microwave (CEM, MDS 2100) in a closed
fluorocarbon vessel. Quantification was done by ASS
(Shimadzu AA-680) with graphite furnace atomization
(Shimadzu GFA-4B). Quality control involved
procedural blanks, measurement by standards obtained
from the National Institute of Standards and
Technology, and spiked samples. Results presented
in ug g dry sediment (< 63 um) correspond to mean
values by duplicate analyses. Variation between
duplicates was always less than 5%.

Bottom water samples were obtained using
Hydro-Bios® bottles in order to measure temperature
and to determine dissolved oxygen content by the
Winkler titration method (Grasshoff, 1983). Salinity
and pH were ascertained using an YSI® multi-
parameter.

Data analysis

The index of geoaccumulation (Igm) introduced
by Muller (1981) was used as a measure of metal
pollution in the sediments: l.,= —log, Cn/(1.5 * Bn),
where Cn is the measured concentration of the metal
in unpolluted sediments and Bn is the concentration
of the metal in the sample analyzed. According to
this index, samples were divided into five groups:
unpolluted (7, < 1), very low polluted (1 <7 <
2), low polluted (2 </, < 3), moderate polluted
(3 <1, <4), highly polluted (4 </  <5), and very
highly polluted (/,, > 5). The index has been utilized
to assess metal enrichment of riverine (Herr & Gray,
1997) and estuarine sediments (Ruiz, 2001). As the
background level (Cn), we chose data generated in
previous studies, one performed by Moyano et al.,
(1993) in the Montevideo coastal zone and the other
by Thompson et al. (1987) for estuarine temperate
sediments.

A Spearman correlation analysis was
performed to determine the degree of relationship

between chromium and lead contents and the other
environmental variables studied at a seasonal scale,
considering 5% as p-level. Finally, an environmental
variable (included Cr and Pb content) per sampling
sites matrix was constructed to perform a princi-
pal components analysis (PCA), also at a seasonal
scale (four PCA), using the computer software
STATISTICA® (StatSoft, 1995).

RESULTS

Hydrological and surface sediment characteristics
Bottom water temperatures were almost
constant in each survey, however some stations of
the innermost region of the bay always showed
temperatures one or two degrees higher, probably
due to the activity of the UTE steam water plant
(Fig. 2). Salinity varied from 0.5 to more than 25,
clearly increasing towards the outermost sector of
Montevideo Bay and the adjacent coastal zone,
except in the fall, when salinity greatly decreases
at V, W, and X stations due to Montevideo Bay water
discharge. Only in the spring survey, was salinity
more constant in all sampling stations (Fig. 2).
Dissolved oxygen concentrations showed great
variation (1 to 8.45 mg L"), always with the lowest
values registered and several hypoxia events in the
inner region of the bay (Fig. 2). Bottom waters
presented acid pH values (5.97) in the inner
Montevideo Bay stations and basic pH (8.03)
towards the surrounding coastal area (Fig. 2).

In sediment samples, silt was the dominant
fraction with little variation between the surveys.
Generally, this fraction was around 50% to 90% (Fig.
3), but some exceptions were detected, usually in
stations C, E, F, and G, where sand contribution was
more important (Fig. 3). The most inner stations
of Montevideo Bay also presented more
heterogeneity in their sediment composition. On the
other hand, Punta Carretas and Punta Yeguas stations
always showed a very homogeneous sediment
composition with a very low contribution of sand
(2% to 8%, Fig. 3). In these stations, clay and sand
fractions presented similar contributions.

Total organic matter content in surface
sediments was high, reaching values of 12.8%
(station E, summer; Fig. 3). Once again, the adjacent
coastal zone of the bay showed more constant values
in each survey. There was not a clear seasonal trend;
only the inner region of Montevideo Bay seemed
to have higher values in summer (Fig. 3).
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Fig. 1 — Map of the study area showing the location of the twenty-four sampling stations (A to X black dots).
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Fig. 2 — Bottom water dissolved oxygen concentrations, pH, temperature, and salinity in the 24 sampling stations (A to X) for

summer, winter, spring, and fall surveys.
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Fig. 3 — Mean diameter, sand, silt, clay, total organic matter content, and redox potential in sediment samples of the 24 sta-

tions (A to X) for summer, winter, spring, and fall surveys.

In general, redox potential (Eh) was low,
indicating a tendency to anoxic conditions within
the first sediment centimeters; values were higher
in the Punta Carretas and Punta Yeguas regions than
in the inner region of the bay (Fig. 3). Values showed
anoxic conditions (= < 200 mV) in the majority of
the sampling stations, but were recorded more
frequently in the innermost stations of Montevideo
Bay, especially in stations B, C, and D. The Eh values
showed the same trend of dissolved oxygen bottom
values.

Chromium concentrations

The range of Cr variation in the sediment
column was higher in Montevideo Bay than in the
regions of Punta Carretas and Punta Yeguas. Some
inner stations of Montevideo Bay (A, B, C, and D)

presented lower values in the first 6 cm of the sediment
column than in the deeper ones. However, the majority
of the data showed no clear pattern and we decided
to work with mean values per sampling station.
Stations C, D, and E always showed higher values
and higher variation in the sediment column and
among the four surveys (Fig. 4). The minimum value
recorded was 29.5 mg kg' (station S, winter), and
the maximum 1032.03 mg kg™' (station D, spring).
Little variation among the surveys in Punta Carre-
tas and Punta Yeguas regions was observed (Fig. 4).
Chromium content was positively correlated (Table
1) with lead and with the total organic matter content
(spring and summer surveys). Negative correlations
were found with the Eh (spring and summer surveys),
with the pH (summer and winter surveys), and salinity
(only in winter survey).
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The I, values showed that the Punta Carretas
and Punta Yeguas areas (stations K to X) can be
classified as highly polluted (mean annual values
between 4 and 5, Fig. 5). Temporally, valuesaround
3.50f I, indicating a moderate pollution state
(Table 2), were recorded only in fall.

Lead concentrations

Like chromium, lead variation within the
sediment column was high in the inner stations of
Montevideo Bay but without any clear pattern of
variation and, again, some inner stations of Montevideo
Bay (e.g., stations B, C, and D) showed elevated values
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towards the bottom of the sediment column. The
minimum value recorded was 5.61 mg kg™ (station
G, winter) and the maximum was 642.58 mg kg
(station C, spring) (Fig. 4). Both spatially and temporally
the smallest variations were recorded in the Punta
Carretas and Punta Yeguas regions (Fig. 4). Significant
positive correlations were obtained with Cr content
(excepted in the spring survey), total organic matter,
clay content, and bottom water temperature (only in
summer, Table 1). On the other hand, negative correla-
tions were obtained with the bottom water dissolved
oxygen content, Eh, pH (in winter and summer), and
salinity (in spring and summer, Table 1).
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Fig. 4 — Mean values and two standard deviations (+) of chromium and lead concentrations in the sediments of the 24 sam-
pling stations (A to X) for fall, winter, spring, and summer surveys.
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Annual mean values of L., (Fig. 5) ranged from
2.5 (low polluted) to 6.6 (very highly polluted), and
values of around 4 were recorded at stations K to
X (moderate to highly polluted). Temporally, the
stations of Montevideo Bay showed the lowest values
of I, in the winter survey (Table 2), with values
of 1 at stations F, G, and I, indicating unpolluted
sediments. In Punta Carretas and Punta Yeguas
stations, the lower values were recorded in the fall
(Table 2), indicating moderate pollution. The inner
bay stations A, B, C, and D always presented the
highest values and so can be considered very highly
polluted.

Multivariate analysis

The four PCAs performed confirmed the
trends showed by the data. They always revealed
at least two well-defined groups of stations (Fig.
6), clearly separating the inner stations of
Montevideo Bay from the remainder. The first and
second components together explained 73.1% of
the variance in summer, 73.7% in spring, 70% in
the fall, and 68.2% in winter. Table 3 shows the
loading of the different variables for each PCA
performed and the percentage of explanation of
the first two components.

DISCUSSION

One of the main features of the Rio de la Plata
is a marked estuarine front (ETF) located close to the
5 m isobath (“Barra del Indio”) and associated with
low salinities (Framifian & Brown, 1996; Nagy et al.,
1997). Retention processes appear to be favoured in
partially mixed estuaries like the Rio de la Plata, which
develop turbidity maximum zones (Nagy ef al., 1997).

Retention processes are complex and are also
promoted by flocculation of fine particles crossing
the freshwater-seawater interface (Duck & Wewetzer,
2001). Silty fractions dominate the outermost stations
of Montevideo Bay, as well as the bottom surface
sediments of Montevideo Harbour (Danulat ef al.,
2002). This is in accordance with the general
sedimentary pattern determined for the Rio de la
Plata estuary (Lopez-Laborde, 1997).

Redox potential (Eh) evidenced lack of oxygen
in surface sediments at most stations. Strongly reduced
conditions were detected at sampling stations A, B,
C, D, and E, where redox potential at 1 cm depth
reached values of around 0 mV (Fig. 3). The Eh is
a good indicator of the presence of oxygen and organic
matter in the sediment (Pezeshki & Delaune, 1993)
and consequently it serves as a guide to its biological
conditions (Pearson & Stanley, 1979).

TABLE 1

Results of the correlation analysis between Cr, Pb, and the environmental variables analyzed, for each survey in the
24 sampling stations in Montevideo coastal zone. Only significant correlations at p < 0.05 are showed.

Summer Winter Spring Fall
Cr Pb Cr Pb Cr Pb Cr Pb
Pb + Cr + Pb + Cr +| TOM |+| % Clay |[+| Pb |+ Cr
TOM + | Temp % Clay % Clay | - | Oxyg |+| DM TOM
- pH + | % Clay | — pH TOM |-| Eh TOM —| Oxyg
- | %Sit [+ | TOM |- | Salin |- PH — | Depth - Eh
- Eh — | Depth | —| %Silt | —| % Silt —| Salin
- Eh — | Oxyg —| Oxyg
— | Salin - Eh
— pH
- Eh
- | % Silt

TOM = Total organic matter; % Silt = percentage of silt; Eh = redox potential; Temp = temperature; Salin = salinity;

DM = mean diameter; Oxyg = oxygen concentration.
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Fig. 5 — Annual mean values of the index of geoaccumulation (/) for chromium and lead in the sediment samples of the 24

stations (A to X).

Generally, Eh tends to be lower in finer
sediments (Gray, 1981). The high oxygen demand
induced by the decomposition of large amounts of
organic matter in the innermost stations of the bay,
can explain the small redox potential values found.
These shallower stations receive inland inputs of
organic material through the Pantanoso and Miguelete
streams.

The organic matter content of the sediments can
be considered high when compared to nearby regions
(Ieno & Bastida, 1998; Muniz & Venturini, 2001;
Danulat et al., 2002), higher values are registered in
the inner region of the bay than at the remaining stations.
Smaller sediment fractions (silt and clay) generally
correlate with the organic matter content.

Organic particles are adsorbed onto clay
fractions, which are negatively charged and have a
relatively large surface area, forming sedimentation
complexes (Sharp, 1973). The deposition of these
complexes commonly occurs in areas of small
hydrodynamic energy, producing the organic
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enrichment of the sediments and, consequently,
depletion in oxygen concentration.

The spatial gradient recorded for the organic
matter is, without any doubt, a consequence of the
high organic load that the innermost part of the bay
receives due to anthropogenic activities. The ma-
jor population and industrial centers in Uruguay are
concentrated in the Montevideo coastal zone. The
relatively high trace metal enrichment in this area
is, therefore, likely to originate in past and present
inputs. Relations between enhanced trace metal
concentrations and cities have been observed in other
studies carried out in the Rio de la Plata (Masello
et al., 1996) and South Atlantic estuaries (Lacerda
et al., 1988; Baisch ef al., 1988). Only in the inner
stations of Montevideo Bay were temporal differences
in Cr and Pb concentrations observed, perhaps because
of the greater heterogeneity in the sedimentary
environment, especially at stations C and E, located
at the mouth of the Miguelete and Pantanoso Streams
(Fig. 3, 4, and Table 2).
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TABLE 2

Geoaccumulation Index (I, ) values for Cr and Pb levels calculated for each survey in the 24

sampling stations in Montevideo coastal zone.

CHROMIUM LEAD

Stations | Summer | Winter | Spring Fall Summer Winter | Spring Fall
A 6.3 6.3 4.9 6.9 6.2 5.2 5.0 5.4
B 5.6 59 6.7 7.5 6.3 5.2 6.1 6.4
C 5.7 na 53 5.0 7.0 na 7.7 4.5
D 8.6 9.1 9.3 8.7 6.9 6.3 6.8 6.3
E 7.7 8.1 7.9 52 4.4 5.7 44 24
F 4.7 33 5.0 53 3.9 0.9 3.5 4.0
G 4.2 4.1 3.6 na 3.7 0.9 3.0 na
H 5.6 55 4.7 6.0 4.4 2.2 3.7 4.5
I 4.7 43 3.9 5.6 3.7 1.0 2.9 34
J 5.1 4.6 4.2 8.0 3.8 2.2 33 43
K 4.5 44 4.6 4.6 4.2 4.2 4.2 3.6
L 4.7 4.5 4.7 4.6 43 4.2 43 3.7
M 4.6 44 4.5 4.5 4.3 4.2 43 3.6
N 4.6 4.7 4.4 4.5 4.3 4.2 4.2 3.7
O 4.6 4.5 4.5 4.5 4.3 4.2 4.2 3.6
P 4.6 4.5 4.6 44 4.2 4.2 4.1 3.6
Q 4.5 4.5 4.5 4.5 4.2 4.2 4.2 3.7
R 4.5 4.6 4.4 4.6 4.2 4.3 4.2 3.7
S 4.4 4.1 4.4 4.6 4.2 4.2 4.2 3.7
T 4.5 43 4.4 4.5 4.2 4.1 4.2 3.8
U 4.5 4.5 4.7 4.6 4.2 4.2 43 3.6
v 4.5 4.6 4.5 4.5 4.2 3.9 4.2 3.7
W 4.7 4.5 na 4.5 4.2 4.3 na 3.7
X 4.5 43 4.5 4.5 4.2 4.1 4.2 3.7

111

na — No data available.

The Cr and Pb contents positively correlated
in three of the four surveys, showing that elevated
concentrations occurred together, especially in the
innermost region of the bay. This could indicate that
the main entrance of these metals is through the
streams.

Since the prevalent circulation in the bay is
clock-wise (Plata et al., 1992), the material coming
from the Pantanoso and Miguelete streams and from
the ANCAP refinery is finally deposited in the most
inner region of the bay and in the harbour (Danulat
et al., 2002; Muniz et al., 2002), the region presenting

the lowest hydrodynamic condition. The main Cr
entrance in the Montevideo coastal zone is through
the Pantanoso Stream, into which sewage from
tanneries was being discharged without any treatment
until some years ago (660 t yr!, Lacerda et al., 1998).
Chromium is a metal with low biogeochemical
mobility, which reduces its potential toxicity (Kennish,
1992). Perhaps the decrease toward the surface
sediment observed in some inner stations is due to
the closing of some tanneries. Lead has no known
biological function, so its effects on biotic communities
are very harmful (Kennish, 1992).
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Fig. 6 — Ordination results of the principal component analysis (PCA) based on environmental data, and chromium and lead
contents of the 24 sampling stations (A to X) for each survey. For explanation variables and loadings, see Table 3.

According to Moresco & Dol (1996), the Pb
in Montevideo Bay is mainly distributed among
carbonate and oxides fractions. This implies that
a great percentage of this metal can be removed from
sediments by a decline in pH (carbonate fraction)
or by a decrease of redox potential (oxide fractions),
due to the input of organic matter or the depletion
of dissolved oxygen content. Data available (Moyano
et al., 1993; Moresco & Dol, 1996) indicate that
there has been a considerable increase in Pb
concentrations in sediments as compared to levels
previously recorded. These authors reported Pb
concentrations ranging between 0.7 and 146.5 mg
kg™, corresponding the minimum value to the Punta
Yeguas zone (considered unpolluted) and the
maximum to the mouth of the Miguelete Stream
(station C of this study). In contrast, the minimum
and the maximum Pb concentrations recorded in
the present study for the same area were around 40
and 300 mg kg, respectively. The increasing
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urbanization of this region could be responsible for
the introduction of great amounts of Pb coming from
urban sewage, city runoff, marine traffic, and the
ANCAP petroleum refinery (0.36 t yr~', Moyano
etal., 1993).

Unfortunately, background levels for sediments
of the Montevideo region do not exist, so comparing
results was difficult. In spite of this situation, we
compared our results with the sediment quality
guidelines proposed for several metals by different
North American agencies and authors (Table 4).
Taking into account the results of the analyses, the
inner region of Montevideo Bay was observed to
be highly polluted, whereas, Punta Carretas, Punta
Yeguas, and the outermost stations of the bay can
be considered as moderated polluted. The only
exception is for Cr content, which according to Long
et al. (1995) makes this external region considered
as not polluted (Table 4). The /  values calculated
for the data also confirmed the above trend.
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Generalizations involving metal concentrations
at a regional level are difficult, since different authors
do not always use the same analytical procedures
and, also, small differences in geological and
environmental characteristics can result in great metal
concentration disparities (Lacerda ef al., 1988).

Nevertheless, the comparison of contaminant
concentrations observed during this study with those
reported for similar environments in European, and
North and South Atlantic estuaries (Table 5) indicates
that levels and ranges of variation in our data are
similar to those reported in sites with high
anthropogenic impact. Indeed, Cr and Pb
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concentrations in the inner Montevideo Bay stations
are the highest reported for coastal sediments in this
part of the South Atlantic Ocean.

Taking into account both our results and those
in the literature, we can affirm that the whole area
of Montevideo Coastal Zone is affected by the heavy
metals here studied. It is important to emphasize
that a noticeable enrichment of Pb was detected,
especially in the Punta Yeguas region, which a priori
was considered a pristine area. The fact that the Punta
Carretas and Punta Yeguas zones have shown si-
milar values for heavy metals could indicate that
their input is not only caused by city effluents.

TABLE 3

Results of the PCA analysis performed for the four data sets analyzed on the Montevideo coastal zone. % Variation,
percentage of explanation of each axis, and loadings of the principal variables analyzed. See Table 1 for the
explanation of variable abreviation.

Summer Winter Spring Fall

Axis I Axis 11 Axis I Axis 1T Axis 1 Axis IT Axis I Axis 11
% Variation 57.7 15.4 425 25.7 55.0 18.7 47.5 22.6
Depth 120 —-.100 334 112 180 180 113 .060
Temperature -.298 297 —-.011 .260 .056 —-.039 .085 =315
Salinity 321 —-.240 269 150 303 250 170 —-.200
pH 110 —-.090 279 .048 170 180 201 -.183
Oxygen .398 .025 —-.050 —.472 457 -.011 251 234
% Clay —.148 —.386 —-.005 204 -.383 122 .003 -.250
% TOM =377 -.157 —-.110 483 -.370 . 248 —-.105 —.464
Eh 420 .100 -.227 —.467 .300 —-.150 409 .051
Cr —-.429 -.201 —.448 258 —-.200 .008 -.350 -.365
Pb -512 —-.100 —-.534 273 -.529 124 =519 —-.280

TABLE 4

Different sediment quality guidelines for chromium and lead proposed by different authors (adapted from DellValls
& Chapman, 1998) and mean annual value in inner Montevideo Bay (IMB) and outermost Montevideo Bay and
adjacent coastal zone (MCZ). Mean value is generated between all the observations made in this study.

Pollutant NP MP HP IMB MCZ
A <25 25-75 >175 315.6 46.36

Cr B <22 22-111 >111

C <80 80-145 > 145
A <40 40-60 > 60 211.5 46.37

Pb B <23 31 >250

C <35 35-110 >110

A =EPA-USA (US Army Corps Of Engineers, 1977); B = Persaud et al., 1989; C = Long et al., 1995;
NP = not polluted; MP = moderate polluted; HP = highly polluted. All values are in mg kg of dry sediment.
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TABLE 5

Range of variation of Cr and Pb of surface sediments in different environments, especially in South America.

Location cr Pb Reference Status
(mg/kg) | (mg/kg)

South Californian Coast 2.5 4.5 Thompson et al., 1987 unpolluted
Rhine River, Germany 47 30 Novotny, 1995 n.d.
Richards Bay Harbour 10-295 n.a. Vermeulen & Wepener, 1999 | Unpoll—polluted
Patos Lagoon, Brazil 8-337 8-267 Baisch et al., 1988 Unpoll-polluted
Jurujuba Sound, Brazil 10-223 5-123 Baptista Neto et al., 2000 Unpoll—polluted
Bahia Blanca, Argentina n.a. 13-17 Villa, 1988 Unpolluted
Carrasco Creek, Uruguay 10-807 17-73 Lacerda et al., 1998 Unpoll-polluted
Montevideo Bay, inner n.a. 40-148 Moresco & Dol, 1996 Polluted
Montevideo Bay, outer n.a. 13-34 Moresco & Dol, 1996 Polluted
Montevideo Bay, inner 57 3.1-35 Moyano et al., 1993 Polluted
Montevideo Costal Zone 0.8 0.92 Moyano et al., 1993 Unpolluted
Montevideo Harbour 83-253 44-128 Danulat et al., 1998 Polluted
Montevideo Bay, inner 68-1062 99-365 This study ?
Montevideo Coastal Zone 37-50 38-56 This study ?

n.a. —not analysed; n.d. — not defined; Status = defined by the author.

We cannot forget that the Montevideo coastal
zone is part of a broad ecosystem that receives input
of contaminants and organic load from several
industrialized cities like Buenos Aires and Sao Paulo,
throughout the Parana-Uruguay watershed.

IMPLICATIONS AND
CONCLUSIONS

The analysis of trace metals in sediment
samples from the Montevideo coastal area allowed
us to define some aspects of the geographical
distribution of these contaminants and identify some
areas with high concentrations.

The PCA results showed clearly the division of
the study area into two well defined regions which,
in turn reflect, not only the degree of disturbance due
to anthropogenic activities but also the different
characteristics of these benthic environments. On the
other hand, no important temporal variations were
detected in this portion of the Montevideo coastal zone.

We can affirm with some degree of confidence,
that the Punta Carretas submarine sewage pipe is
not the main source of metal input in this ecosystem,
since the metal load recorded in Punta Yeguas is
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similar to those recorded in Punta Carretas. The
smaller variation in metal concentrations observed
at the outermost stations of Montevideo Bay, Punta
Carretas, and Punta Yeguas is the result of more
homogeneous environmental characteristics than
those in the inner region of the bay.

If we consider the inner region of the bay by
some of the sediment quality guidelines (SQGs)
based on toxicity tests that imply potentially adverse
biological effects (Long et al., 1995; MacDonald
et al., 1996) we observe that it always presents Cr
and Pb values above the PEL level and sometimes
also above the ER-M level. The outer region of
Montevideo Bay and the adjacent coastal zone
present Cr values below the TEL level, and Pb
values between TEL and PEL levels. Toxicity rarely
occurs below the TEL level but it occurs frequently
above the PEL, so that it is between the two levels
that toxicity probably occurs. The ER-M is the
effects range medium or the 50" percentile values
in the effects data set and is always higher than
the PEL. These results coincide, in part, with those
observed for the benthic fauna of Montevideo Bay
(Muniz et al., 2000) and the adjacent coastal zone
(Venturini et al., 2004).
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The authors observed that the innermost region
of the bay is almost defaunated, presenting only
nematodes, and that richness and diversity increase
in the outer bay and in the external coastal zone.

Since the area is ecologically attractive to
commercially important species like the white
croaker, Micropogonias furnieri, that stands second
in national landings and is the main species captured
through coastal trawling (Acufia et al., 1997), we
recommend more investigations on this topic,
particularly about metal distribution in the local biota,
in order to evaluate conditions either risky or harmful
to human health. Recently, Viana (2001) detected
Hg and Zn accumulation in fishes from the
Montevideo coast and maximum Cu and Zn levels
in the mullet Mugil platanus, an iliophagous species.

Finally, it is important to stress that this data
set would be useful and should be taken into account
by the Municipal Government as it considers the
construction of the new submarine sewage pipe in
the Punta Yeguas region.
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