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ABSTRACT
GRECCO, L. E.; MARCOS, A. O.; GÓMEZ, E. A.; BOTTÉ, S. and MARCOVECCHIO, J., 2006. Natural and
anthropogenic input of heavy metals in sediments from the Bahía Blanca Estuary (Argentina). Journal of Coastal
Research, SI 39 (Proceedings of the 8th International Coastal Symposium), 1021 - 1025. Itajaí, SC, Brazil, ISSN
0749-0208.
The geochemistry, mineralogy and grain size distribution of several estuarine sediment samples from potentially
man-influenced areas and zones without such influence were analyzed to determine the natural heavy metal content
in order to evaluate the man-originated impact into the Bahía Blanca estuarine environment. It is determined that
with the exception of those places where untreated sewage outfall occurs, a direct relationship between the
percentage of the clay size fraction (<2 m) and the total heavy metals content happens. The total heavy metal
contents were under the established hazardous levels in all the analyzed samples. Nevertheless, those potentially
man-influenced areas (harbors, industries, cities) show highest, total concentration values as well as percentages of
bioavailable fractions, which would evidence a low and not extensive anthropogenic input into the environment. The
relative high proportion in which Cd, Pb and Cr appear as bioavailable compounds at some sites not-influenced by
human activities, suggest the existence of a natural source of these elements. This could be attributed to the
weathering of naturally occurring volcanic minerals, indicating that a special care should be taken when sediment
monitoring in relation to anthropogenic activity are carried out within this estuarine environment.
ADDITIONAL INDEX WORDS: Estuarine pollution, sediment mineralogy and grain size distribution,
Pollutants bioavailability.

INTRODUCTION
Estuaries are sites of ports, industrial, urban and recreational
developments and also important to the biological diversity.
They often form sinks for sediment and thus for contaminants
associated with the sediment which arise from anthropogenic
activities in their hinterland and along their shores. These
contaminants can adversely affect estuarine ecosystems and are
the subject of international agreements on environmental
protection. For both of these reasons, it is important to increase
our knowledge of the distribution, concentration, controlling
influences on, and impacts of, estuarine pollutions.
Many anthropogenic pollutants are mainly associated with
clay minerals or have al least a similar dynamical behavior.
Such reasons sustain the fact that potentially dangerous
substances (including heavy metals) spread out to be
concentrated in those places where low environmental energy
allows fine sediment to settle as tidal flats and enclosed and
semi-enclosed docks.
Bahía Blanca Estuary is integrated by a complex morphology
composed by islands, extensive muddy flats and channels
subjected to a semidiurnal ebb and flood tidal action.At this site,
there are good chances to introduce pollutants into the
environment through man-activities. In the estuary's northern
coast it is located the most important deep harbor system of
Argentina (with all consequent related tasks as dredging,
coastal constructions, etc.), as well as several petrochemical
industries, the greatest agrochemical plant of South America
and populated cities as Bahía Blanca and PuntaAlta.
Once these substances are deposited within the mooring
sites, they have no negative consequences on the environment
as they are immobilized and the effects on the biota are
circumscribed to a relative reduced area. However, the Bahía
Blanca Estuary mooring sites (which behaves as huge sediment
traps) are periodically dredged by water injection (ca. 400,000
m3/yr), potentially promoting the transference of those
originally immobilized substances to bioavailable compounds
and its dissemination through the entire environment.

The purpose of this study is to preliminarily determine the
sediment natural content and origin of some heavy metals
occurring within this estuarine environment in order to analyze
the man-originated potential input. For such propose, the
geochemical partitioning as well as the grain size distribution
and mineralogy of a relative small number of sediment samples
representative of different conditions is analyzed. As it is shown
in Figure 1, three samples from not functional tidal flats with an
age between 3500 and 3300 years (BM1, BM2 and BM3) and
one from a functional tidal flat (TRIN) located far away from
the potential polluting sources (Trinidad Island) were obtained.
The remaining 10 samples were taken on the northern estuary
coast, representing from the internal to the external estuary area,
different conditions of potential pollution: a tidal channel where
industrial discharge takes place (AG); three semi-enclosed
docks with at least six months sediment settling (GWS, GEN
and GES); two transparent mooring sites dredged one month
before sampling (MEGA and PROF); two sides of an enclosed
dock (WW and WE) with at least six months sediment settling
and where the sewage outfall from Ing. White takes place
(WW); and the most external harbor of the estuary, a small
enclosed dock with one year of sediment settling where the
PuntaAlta City sewage outfall takes place (PRN and PRS).

MATERIALS AND METHODS
The fourteen collected surface sediment samples were stored
in a freezer at 20º C in polyethylene bags until their treatment in
the laboratory. The samples grain size distributions were
obtained following the conventional sieving and pipette
methods (KRUMBEIN and PETTIJOHN, 1956). As it is not possible the
mineral optical recognition below 63m, the observations on
petrographic microscope were carried out on the grain size
fraction (very fine sand) closer to the chemically analyzed siltclay fraction. X-ray diffraction patterns from total sample
(sand, silt and clay) and from sizes smaller than 2 m (clay
fraction) on all the samples were also obtained.
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Figure 1. Location map showing the sampling places.
Sediment sub-samples were dried up to constant weight (50
± 5º C / 40 hs), and then they were sieved with a stainless steel
sieve to remove the fraction smaller than 63 ìm. This fine
fraction of the sediment was analyzed in order to determine the
geochemical partitioning of eight metals: cadmium (Cd),
copper (Cu), lead (Pb), zinc (Zn), chromium (Cr), nickel (Ni),
manganese (Mn) and iron (Fe), following the method originally
described by MEGALATTI et al. (1983) and modified by both
LACERDA et al. (1988) and MADDOCK and LOPES (1988). The
methodology consist in a sequential extraction with different
solvents, which allows obtaining five geochemical fractions: FI,
exchangeable adsorbed metals, FII, metals in oxidizable
complexes, FIII, metals in carbonates, FIV, metals in reducible
compounds, and FV, residual metals. The total metal content
was determined following the method described by DAL ZIEL
and BAKER (1983) and modified by MARCOVECCHIO et al.
(1988), which includes a wet mineralization with an acid
mixture in a controlled temperature device.
An atomic absorption spectrophotometer Perkin Elmer 2380
with air/acetylene flame was utilized for all analysis in order to
determine the corresponding heavy metal concentrations.
Analytical grade reagents were used for the blanks and
calibration curves, and analytical quality (AQ) was checked
against reference materials from The National Institute of
Environmental Studies (NIES) at Tsukuba, Japan. All
determinations were carried out by duplicate accepting an error
up to 10 %. The results are expressed as ìg/g of dry weight,
except Fe which is expressed in mg/g of dry sediment.

RESULTS
Geochemistry
Total concentrations as well as ranges, partial mean values
(separating man-influenced and man-uninfluenced sites) and
total mean values of the eight heavy metals studied in the fine
fraction (<63 ìm) of the sediments are presented in Table 1.
Metal partial mean values are lowest in those not-impacted
areas by human activities, showing some of them (Pb, Cu, Zn,

Mn) concentrations 50 % smaller than the areas with an
anthropogenic input. The geochemical partitioning of the
mentioned trace metals has been determined in the <63 ìm
grain size fraction and the corresponding average results for
each fraction of all sites are showed in Table 2.
Fraction I added to fraction II (FI+FII) is considered the
potentially bioavailable fraction of a given heavy metal. The
heavy metal concentrations in bioavailable fractions for each
station are shown in Table 3, while the percentage
corresponding in the same fractions for all studied metals are
shown in Figure 2. In the case of Cu, Zn, Cr, Ni and Fe, the
averaged geochemical partitioning for all sites (Table 2) shows
that these metals are mainly associated with the residual
fraction (FV), between 88.9 and 99% respectively. Highest
metal values (in concentration or percentage) of the potentially
bioavailable fractions are observed for Cd (AG, PRS, PRN,
PROF, BM3), Pb (BM3, AG, WW, PRS, PROF, BM2), Zn
(PRS), Cr (MEGA, AG, BM1, BM2, BM3, WW, PROF), Ni
(PRS, AG, WW, MEGA) and Mn (MEGA, AG, WW). Most of
them are included into the expected results, with the exception
of Pb in BM3 (36.5 %) and Cr in BM1, BM2, BM3 and TRIN
(12.6, 12.2, 10.3 and 10.9 %, respectively), considering they are
not exposed to human activities area.

Grain Size Distribution and Mineralogy
A decrease in the silt and clay contents on the samples from
the harbor area it is observed when they are compared with more
external sectors (Table 1). Samples from the northern estuary
coast are mainly silty clays to argillaceous silts; while samples
obtained at the ancient and functional tidal flats are sandy silt to
silty sands.
By means of microscopic study it is determined that the
samples are mainly composed by plagioclase (10%), quartz
(20%) and abundant volcanic glass (around 50%). The “heavy
minerals” content ranges between 3 and 5%, and it is composed
mainly by iron ores, amphiboles and pyroxenes. Some other
constituents as calcite, micas, microcline and fragments of
shells, are occasionally found.
Plagioclases appear as irregular fragments usually showing
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Table 1. Total concentrations of the eight metals studied in the estuarine sediment fine fraction (<63 ìm).
Cd

Pb

Cu

Zn

Cr

Ni

Mn

Fe

Sand

Silt

Clay

(g/g)

(g/g)

(g/g)

(g/g)

(g/g)

(g/g)

(g/g)

(mg/g)

(%)

(%)

(%)

BM1

1.16

10.06

7.36

34.8

7.14

9.25

198.7

18.76

37

52

11

BM2

0.60

4.84

5.19

22.76

4.38

8.02

149.5

12.09

18

67

15

BM3

0.89

9.02

8.38

33.85

6.26

12.57

253.0

18.77

40

45

15

TRIN

0.96

11.84

11.19

39.24

6.82

14.65

318.8

22.79

42

39

19

Partial
Mean

0.90

8.94

8.03

32.66

6.15

11.12

230.0

18.10

AG

1.12

17.77

18.08

54.74

7.34

15.91

507.2

24.67

3

31

66

GWS

1.12

21.71

17.35

61.12

8.82

15.61

460.2

27.00

1

36

63

GEN

1.61

19.07

15.87

57.91

8.84

14.9

457.5

25.90

1

34

65

GES

1.34

16.04

18.14

62.86

9.84

15.65

522.5

28.45

0

44

56

MEGA

0.89

14.85

14.67

44.86

7.32

13.73

389.0

24.28

4

39

57

PROF

0.82

14.88

15.04

45.73

7.34

15.91

360.2

25.81

8

72

20

WW

1.19

15.97

17.09

62.1

9.30

16.52

507.2

25.54

0

78

22

WE

1.56

17.07

18.32

62.76

9.11

16.0

485.1

27.61

0

35

65

PRN

1.42

22.68

23.32

87.05

13.03

16.33

405.9

26.30

5

53

42

PRS

1.34

19.96

18.16

69.94

12.23

16.24

460.0

25.66

12

45

43

Partial
Mean

1.24

18.0

17.6

60.9

9.32

15.68

455.5

26.12

Total
Mean

1.15

15.4

14.9

52.8

8.41

14.4

385

24.04

Range 0.6-1.6

4.8-22.7

5.2-23.3

22.8-87

4.4-13

8-16.5

149-522

12-28.5

polysynthetic twinning; some of the plagioclase grains are
zoned and they are always fresh. Quartz grains are sub-angular,
some with liquid inclusions. Volcanic glass is always present in
the form of angular shards of different sizes, shapes and
colorless to light brown varieties. These acid to lightly basic
shards sometimes show alteration signs.
Opaque iron ores such as magnetite appear as irregular
grains.
The amphiboles are represented by green hornblende, which
always appears fresh as prismatic grains. The pyroxenes, nearly
as abundant as the amphiboles, are hypersthene and augite;
appearing also fresh and clear as irregular grains.

Through qualitative and quantitative X-ray diffraction
patterns from total sample, the main identified minerals were:
plagioclase (10-45%), quartz (7-20%), clay minerals (4-16%)
and amorphous materials (27-65%). Also scarce hornblende,
micas, zeolites and carbonates were recognized. The clay
fraction (<2 µ) analysis indicated the presence of smectites as
the main component (15-39%). There were also illite (3-12%),
interstratified minerals (3-38%), chlorite and kaolinite (1-4%)
and amorphous materials (16-68%). As accessory minerals,
quartz and feldspars were also determined in this fraction, while
the amorphous materials are mainly represented by volcanic
glass and diatom frustules in a lesser extent.

Table 2. Average geochemical partitioning for all sites of the
eight metals in the five fractions in the studied estuarine
sediments (<63 mm). (FI+FII) as potentially bioavalable
fractions of heavy metal.

Cd
(%)

Pb
(%)

Cu
(%)

Zn
(%)

Cr
(%)

Ni
(%)

Mn
(%)

Fe
(%)

FI

5.4

3.9

0.3

0.0

1.5

1.0

2.3

0.0

F II

3.3

11.2

4.3

3.4

8.5

5.5

9.2

0.2

F III

7.5

3.8

1.8

0.2

0.5

2.7

1.9

0.2

F IV

0.0

5.4

3.0

0.8

0.6

1.1

2.3

0.5

FV

83.8 75.6 90.6 95.6 88.9 89.5 84.3 99.0

FI+FII 8.7

15.1 4.6

3.4

10.0 6.5

11.5

0.2

Figure 2. Percentage of heavy metals bioavailable fraction
(FI+FII) for each sediment sample.
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Figure 3. Relationship between total heavy metal contents and
sample clay contents. Samples influenced by sewage outfalls
(WW, PRN and PRS) were excluded in the computations.
Values were standardized in order to improve visualization.

DISCUSSIONS
The heavy metals distribution within the estuarine
environment depends on several factors such as the global and
estuarine circulation, sediment composition and transport,
atmospheric deposition and anthropogenic input.
Considering the range of total heavy metals contents (Table
1), those more external areas within the estuary (TRIN, BM1,
BM2, and BM3) showed lesser concentrations than sites
located on the northern coast of the system. Usually, an increase
in the metal concentration in the bioavailable fractions (even at
low values) as average of all sites suggest a human impact into
the environment, as occur with Cd, Pb, Ni or Mn (Figure 2).
Several sampling stations show higher total contents of some
of the studied metals than others; for example Pb, Cu, Zn and Cr
levels in PRN and PRS. Mean values of Mn and Zn are lesser to
those reported by FERRER et al. (1996), while they are similar in
the case of Cr. According to MARCOVECHIO et al. (1998) and
BAISCH et al. (1998), the heavy metals contents found through
this investigation (Table 1) are in general below hazardous
polluting levels.
The grain size distribution shows that those samples obtained
on the northern estuary coast are composed mainly by silt and
clay (<63 µ), while samples from ancient and functional tidal
flats present a significant increase of sand and a decrease of
clay. Such differing grain size distribution exclusively obeys to
dynamical differences of the depositional environment. As
coarse sediments are transported as bed load, sandy materials
can not enter into protected areas such as enclosed or semienclosed docks because tidal currents and wave activity are
almost insignificant there. On the contrary, sandy materials can
be transported on tidal flats as these environments are cyclically
influenced by tidal currents, also being greatly impacted by
climatic events due its shallowness.
To the analyzed heavy metals, it is observed a weak direct
relationship between the total metals contents and the
proportion of the size fraction smaller than 2 µ (clay fraction)
referred to the total fraction where heavy metals were analyzed
(<63 µ, silt and clay). As it is shown in Figure 3, this relationship
is noticeably improved when samples PRN, PRS and WW are
not included into the regression. In this graphic, total heavy
metal contents and clay percentages as standardized values
(ranges between 0 and 1) are shown for a better visualization.
This fact reflects a local heavy metals input from the untreated
sewage outfall occurring at these places and could be related to a
local lack of equilibrium between the dynamics and chemistry
of the clay minerals of the environment. Despite their higher
values, Fe and Mn are not discussed here as both metals are not
considered potential hazardous pollutants and their contents are

mainly associated to the residual fraction (low metal
bioavailability).
The range of heavy metal total contents (Table 1) at those
areas with potential anthropogenic input show similar values,
although higher, than those with scarce or null anthropogenic
influence (TRIN, BM1, BM2 and BM3). It would be indicating
a recent environmental human impact. The relative higher
bioavailable fraction contents for some metals where a direct
local man-originated input occurs (AG, PRS, WW, PRN,
MEGA and PROF) in relation to the relative low values of some
of the neighboring sites (GWS, GEN, GES and WE), similar to
those from man-uninfluenced areas, as well as the mentioned
clay-heavy metal contents relationship; would be indicating a
low and not extensive man originated impact into the estuarine
environment.
The relative higher proportion in which Pb and Cd appear as
bioavailable compounds in some of the free man-influenced
samples as BM3 (Figure 2), strongly suggest a natural source
for these elements. This can be attributed to the weathering of
the local sediments, which were originated from southern
Argentina volcanic rocks (TERUGGI, 1957). The volcanic origin
of the sediments is evidenced by the presence of plagioclase,
scarce quartz, volcanic glass and accessory minerals as
hornblende, augite and iron ores. The presence of smectites as
practically the only clay mineral constitutes another proof for
the volcanic origin of the sediments of the estuary. From the
different characteristics of volcanic glasses (color, size and
shape) it may be pointed that the origin of the sediments is due to
several volcanic events during the Tertiary and Quaternary.
Weathering of those volcanic minerals (especially
plagioclase and volcanic glass, which occur at high contents in
the sediments of the studied area), promotes the formation of
clay minerals with a great cation exchange capacity (smectites
and zeolites), concentrating the heavy metals originally
contained in the volcanic minerals as bioavailable compounds.
As these sediments remain immobilized during periods of time
of several thousands years (enough time to be weathered), great
part of the compounds from weathering would remain close to
where they were originated.
The results from the present preliminary study indicate that a
special care should be taken when sediment environment
monitoring related to anthropogenic activity are carried out, as
at the estuary channels there are too many places where
cohesive materials deposited between 1500 and 10000 years
ago are cropping out. The geochemical analysis of these
sediments, which are exposed by present erosion at the
intertidal area and up to 15 m depth, may show relatively high
heavy metal contents with high proportions of bioavailable
compounds but not representing any anthropogenic impact.

CONCLUSIONS
Based on the results obtained in the present preliminary study
carried out on sediments subjected to a potential anthropogenic
influence and materials without such influence, it could be
summarized the following conclusions:
1) With the exception of those places where untreated sewage
outfall occurs, a direct relationship between percentage of the
clay size fraction (<2 µ) and heavy metals total content occurs.
2) The total heavy metal contents are under the established
hazardous levels in all the analyzed samples.
3) Although a anthropogenic bioavailable heavy metal input
at some places can be recognized, the relative low values at
some neighboring sites, similar to those from manuninfluenced areas, evidences a low and not extensive man
originated impact into the estuarine environment.
4) The relative high proportion in which bioavailable
compounds of Pb and Cd appears at some free man-influenced
samples, strongly suggest the existence of a natural source for
them. This, besides the mineralogical composition, indicates
that within the estuarine environment such source could be
attributed to the weathering of naturally occurring volcanic
minerals.
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5) In agreement with point (4), and in order to avoid
sampling ancient materials, a special care should be taken when
sediment monitoring in relation to anthropogenic activity are
carried out within this estuarine environment.
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