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Abstract
The city of Mar del Plata, located on the coast of the Atlantic Ocean is the main seaside resort of
Argentina and has a stable population of about 615,000 inhabitants, however, during the summer
receives the main tourist flow of the country. At present, the wastewater is pre-treated by filtration
with milliscreens (0.5 mm apertures) and discharged at a unique point to the coastal marine waters.
The submarine outfall for the city is actually under construction. Mar del Plata Public Sanitation
Works (OSSE) has been evaluating the impact produced by the sewage discharge to the receiving
marine environment through the last two decades and the Quality Management Division
implemented in 1999 a monitoring sediment programme in order to have a baseline before the
submarine outfall construction, that provides a fundamental tool to evaluate the environmental
situation achieved after the outfall. Marine sediments were sampled in a surface around 36 km2
near the wastewater discharge. The sampling designs considered the geographical and the seasonal
variability and the variability caused by episodic storms. The parameters analyzed were grain-size
distribution, organic matter and heavy metals in total fraction and in fraction less than 63
micrometers. The general results obtained, shows the stability in the natural conditions but within
a broad range of natural variability. The levels of metals did not exceed the Provisory Binational
Reference Values (VRBPs, 2006) based on the Canadian sediment quality guidelines for the
protection of aquatic life (2002). Organic matter data shows a strong sedimentary dynamics in the
area.  This monitoring programme provides baseline chemical data and the comparison tools to
evaluate the influence of the Mar del Plata’s sewage outfall, in order to achieve and maintain the
quality objectives by the implementation of future improvements if necessary.
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INTRODUCTION
The city of Mar del Plata (38º S, 57º W), located on the coast of the Atlantic Ocean is the main
seaside resort of Argentina and has a stable population of about 615,000 inhabitants, however,
during the summer receives the main tourist flow of the country.

At present, the wastewater that generates a flow average of 2.8 m3. seg-1 in winter increasing to 3.5
m3. seg-1 in summer, is pre-treated by filtration with milliscreens (0.5 mm apertures) and
discharged at a unique point to the coastal marine waters. Different studies that OSSE requested to
several institutions1,2,3,4,5 recommended the construction of marine outfall as an alternative to meet
local health problems with regard to the recreational quality of the coast. In 2001 there was a failed
attempt to construct the outfall that has served to evaluate the impact due to the dredging works.
The submarine outfall for the city is actually under construction.

Taking into account other studies in the area6,7,8, Mar del Plata Public Sanitation Works (OSSE) has
been evaluating the impact produced by the sewage discharge to the receiving marine environment
through the last two decades and the Quality Management Division implemented in 1999 a
monitoring sediment programme in order to have a baseline before the submarine outfall
construction, that provides a fundamental tool to evaluate the future environmental situation.
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The aim of this communication is to present the baseline data for trace metals in sediments near the
wastewater discharge, compare results with reference values and evaluate variability due to seasonal
and climate changes and the impact of dredging during the 5 m deep outfall trench construction.

MATERIALS AND METHODS
Sampling and processing
Since 1999 marine sediments were sampled in a surface around 36 km2 near the wastewater
discharge (Fig. 1, Fig.2, Fig. 3 and Fig 4). The sampling designs considered the geographical and
the seasonal variability and the variability caused by episodic storms. Table 1 summarize the
sampling campaigns since 1999. In order to evaluate seasonal changes 18 samples have been taken
quarterly in the period 2001-2002 (Fig. 3). These evaluations match dredging during the 5 m deep
outfall trench construction.  Two campaigns were performed in 2003 to evaluate the effects of the
storms (Fig. 2). In 2007 seven sampling sites, located in the transect of 3800 m in the outfall trench
made in 2001, have been sampled (Fig 4).

Table 1- Summary of sampling campaigns 1999-2007

Year Nº of
locations

Sampling
frecuency

Nº of sampling
campaigns Objective

1999 49 1 8 Baseline study (Fig 1)

2001-
2002 18 4 10

Seasonal variability– evaluation of
impact due to outfall trench construction
(Fig 3)

2003 12 2 2 Climate influence variability  (Fig 2)
2007 8 1 1 Baseline update (Fig 4)

Figure 1 – Area sampled in 1999 Figure 2 – Area sampled in 2003
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Figure 3 - Area sampled in
                                                      2001      2001-2002

                                                                                                              Figure 4 - Area sampled in
                                                      2001      2007
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Sediments were collected using a stainless-steel Van Veen grab, and stored deep freeze (-18ºC) in a
plastic bag in the laboratory until analyses. The samples were dried (T<60ºC), lightly ground in a
mortar and pestle to break up aggregates9.

Sediment analyses. Grain size distribution was determined using the classical sieving methods
(4.75, 1, 0.5, 0.25, 0.125, 0.063 mm sieves). The fine sediment fraction (<63 µm) was microwave
acid digested with concentrated nitric acid. Metal concentrations (Cu, Zn, Pb, Cd, Ni, Cr) in
sediment digests were determined using flame atomic absorption spectrometry10 and Hg in the silt
clay fraction was analyzed using cold vapour atomic absorption spectrometry (AAnalyst 300 Perkin
Elmer).11 Organic matter was determined using ignition at 550 ºC until constant weight. 10

Quality control procedures. Blanks were included in each batch of analyses. The Quality Assurance
Programme for Waters Laboratory (OSSE) included the participation in the Laboratory
Performance Studies developed for the EU Quasimeme Programme (Quality Assurance of
Information for Marine Environmental Monitoring). The test materials corresponding to the rounds
46, 48, 50 y 52 (MS1- Trace metals in sediments, 2006-2008) were analysed with satisfactory
results for Cu, Zn, Cd, Pb, Ni, Cr and Hg.12

Sediment data analyses: to evaluate the differences between sample sites, seasonal changes and
temporal trends, analyses of variance were performed  with SPSS software with a 0.05 significance
level (ANOVA test)13.

RESULTS AND DISCUSSION
The general results obtained, shows the stability in the natural conditions but within a broad range
of natural variability. The sediments in the area near to the shore shows a predominance of fine
sand, while the deepest areas (>10 m) shows coarse sand with shells.

Even when the total and the fine (<63 µm) sediment fraction were analysed, in order to evaluate the
level of metal concentrations in the area the comparison was made with the data corresponding to
the fine fraction.

No statistical significant differences (P<0.05) were observed in the heavy metal levels found in
sediments from locations near shore, under direct anthropogenic influence, and those sampled in
blank zones. Also there were no seasonal significant differences in the data.

During the campaigns in 2001-2002, organic matter data shows differences related with the
occurrence of storms. This effect was evaluated in 2003 when 12 sites (Fig. 2) were sampled before
and after a storm. Organic matter data shows significant differences among same sample sites, due
to processes related with the transportation of sediments in the area as a result of currents and
climate conditions (Fig. 5).

Sediments provide habitat for benthic organisms and also act as a sink where contaminants can be
stored, acting then as a source of these contaminants to the overlying water and biota. In high-
energy environments with high energy of the overlying flow, the sorptive capacity of the sediments
for contaminants is small with consequent low depositional rates. 14 . The studied area is very
hydrodynamic, with high energy and a strong sedimentary dynamic associated to the action of
winds, currents and waves, favourable for dilution and dispersion of waste water. This effect has
been seen in 2001 when the bathyimetry after 75 days of the trench dredging during the failed
attempt of the outfall construction shows a range of sand accumulation from 3 to 4 m.



International Symposium on Outfall Systems, May 15-18, 2011, Mar del Plata, Argentina

5

As mentioned before, during the sample campaigns performed in 2001 some of the works related to
construction of the outfall were developed. Particular importance has the dredging of the trench,
with a high volume of mobilized sediment. In broad terms, between 80m and 500m from the shore,
the trench is 12 meters wide at the base; between 500m and 3300m, it is 5 meters wide at the base
and has almost vertical slopes and finally, the remainder line until 3800m has gradually smoother
slopes. The depth of the digging ranges from 3 to 4 meters15

Fig 5. Organic matter obtained in samples before and after a storm (2003). Sites location in Fig. 2

The littoral current flows from south to north16, so the dredged sediment was carried out north of the
area to avoid the refilling of the trench. The data evaluation (campaigns 2001-2002) shows no
significant differences (P<0.05) among metals concentration in the north and south area.

For cadmium all values fell below the analytical detection limit (Cd < 0.03 mg/kg), and for
mercury, several results fell below the analytical detection limit (Hg < 0.1 mg/kg) with a maximum
value detected of  0.15 mg/kg.

Based in the Canadian sediment quality guidelines for the protection of aquatic life (2002),17

Argentina and Uruguay set in 2006 the VRBP (Valores de Referencia Binacionales Provisorios)18

as quality guidelines. In general, the levels of metals found in sediment samples taken during the
sampling campaigns since 1999 did not exceed VRBP (Figure 6). This is consistent with the
predominance of food industry in the city of Mar del Plata. Only in a few cases, some values were
slightly higher than the VRBP, but were always below the probable effect level (PEL) so no
incidence of adverse biological effects can be expected 17, 19, 20.

The evaluations of data since 1999 to 2007 do not indicate a temporal trend in the level of trace
metal concentrations in the fine sediment fraction.

CONCLUSIONS
The concentration ranges of metals found in sediment samples taken since 1999 are below the
VRBP, do not present high levels of contaminants and no adverse biological effects are expected.

The evaluation of trace metals data in the fine sediment fraction shows no geographical, seasonal or
temporal trends.
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Fig. 6- Box plot presentation for particle size, organic matter and metal concentrations in sediment
fraction < 63 µm.

VRBP : 18.7 mg/kg

af ter storm

bef ore storm

seasonal change

COPPER

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MAY 05 JUN 06 JUL 07

SAMPLING DATE

5.0

7.5

10.0

12.5

15.0

17.5

20.0

C
u 

(m
g/

kg
)

A

A

A

A

A

A

A

S

n=29

n=18

n=18 n=18

n=15

n=10

n=12 n=8

CHROM IUM

VRBP: 52.3 mg/kg

bef ore
storm

seasonal change

af ter storm

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MAY 05 JUN 06 JUL 07

SAMPLING DATE

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

C
r (

m
g/

kg
)

A

A

A

S

S

S

n=29

n=18

n=18

n=18

n=15

n=10
n=12

n=8

LEAD

VRBP : 30.2  mg/kg

af ter storm

bef ore
storm

seasonal change

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MAY 05 JUN 06 JUL 07
SAMPLING DATE

5.0

10.0

15.0

20.0

25.0

30.0

P
b 

(m
g/

kg
)

A

A

A

A

A

A

S

S

n=29

n=18

n=18

n=18

n=15

n=10

n=12

n=8

ZINC
VRBP : 124  mg/kg

 af ter storm

bef ore
storm

seasonal change

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MAY 05 JUN 06 JUL 07
SAMPLING DATE

20.0

40.0

60.0

80.0

100.0

120.0

Zn
 (m

g/
kg

)

n=29
n=18

n=18

n=18

n=15

n=10

n=12

n=8

PARTICLE SIZE

af ter st orm
bef ore
 st orm

seasonal change

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MA Y 05 JUN 06 JUL 07
SAM PLING DATE

0

5

10

15

20

%
  <

 6
3 

um

A

A

A

A

A

A

S

S

n=30

n=18

n=18 n=18

n=17

n=10
n=12

n=8

ORGANIC MATTER

af ter storm

bef ore storm

seasonal change

OCT 99 NOV 00 JAN 02 FEB 03 MAR 04 MAY 05 JUN 06 JUL 07
SAMPLING DATE

1

2

3

4

5

6

7

8

9

%
 o

rg
an

ic
 m

at
te

r

A

A

S

S

S

n=47

n=18
n=17

n=18

n=17

n=11

n=12 n=8



International Symposium on Outfall Systems, May 15-18, 2011, Mar del Plata, Argentina

7

The dredging of a trench around four kilometers long, perpendicular to the coast , during the failed
attempt to build the outfall in 2001, would be the anthropogenic actions of greater impact on the
coastal ecosystem but showed no effect on the quality of marine sediments. That evidences
the strong drift of sediments in a south-north direction which led to the partial filling of the trench.

This monitoring programme provides baseline chemical data and the comparison tools to evaluate
the influence of the Mar del Plata’s sewage outfall, in order to achieve and maintain the quality
objectives by the implementation of future improvements if necessary
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