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The Augusta basin, located in SE Sicily (southern Italy), is a semi-enclosed marine area, labelled as
a highly contaminated site. The release of mercury into the harbour seawater and its dispersion to the

blue water, make the Augusta basin a potential source of anthropogenic pollution for the
Mediterranean Sea. A mass balance was implemented to calculate the HgT budget in the Augusta
basin. Results suggest that an average of ~0.073 kmol of HgT is released, by diffusion, on a yearly

basis, from sediments to the seawater, with a consequent output of 0.162 kmol y~' to coastal and

offshore waters; this makes the Augusta area an important contributor of mercury to the
Mediterranean Sea. Owing to the geographical location of the Augusta basin, its outflowing shelf-
waters are immediately intercepted by the surface Atlantic Ionian Stream (AIS) and mixed with the
main gyres of the eastern Mediterranean Sea, thus representing a risk for the large-scale marine system.

1. Introduction

Mercury is considered a harmful element for land and marine
ecosystems. Mercury also produces a wide range of adverse
health effects in humans (e.g., Clarkson,! Guzzi and La Porta?),
mainly because of its ability to form organic complexes such as
monomethyl mercury (MMHg) and dimethyl mercury (DMHg),
and to bioaccumulate and biomagnify within food webs (Mason
et al.? Gill et al.,* Covelli et al.,’ Langer et al.,* Hammerschmidt
et al.”). The mercury biogeochemical cycle and accurate mass

“Istituto per I’Ambiente Marino Costiero (CNR), Torretta Granitola
(Frazione di Campobello di Mazara, TP), Italy. E-mail: mario.
sprovieri@iame. cnr.it; Fax: +39092440445; Tel: +39092440670
*Dipartimento DISTeM, Universita di Palermo, Palermo, Italy

“Istituto Superiore per la Protezione e la Ricerca Ambientale (ISPRA),
Rome, Italy

“Institute for Coastal and Marine Environment (CNR), Naples, Italy
¢Enviroconsult, Naples, Italy

/Stazione Zoologica “Anton Dohrn”, Naples, Italy

budgets have been constructed for the global ocean (Lamborg
et al.,* Mason and Sheu,® Sunderland and Mason,'® Outridge
et al.,'* Hare et al'?). Particularly, ocean waters seem to play
a key role in modulating global mercury cycles (Mason et al.,"
Mason and Sheu,® Laurier et al.,'* Kotnik et al.*5).

Natural and anthropogenic Hg (from mining industry,
industrial plants, efc.) is introduced in the aquatic system by
atmospheric deposition and direct river discharge. In turn, Hg
(1), the main form of mercury in the atmosphere, can be reduced
to elemental Hg(0) by aquatic microorganisms (Mason et al.'®) or
by photo-reduction (Amyot ef al.,'” Costa and Liss'®'?). Most of
the aquatic environments are supersaturated with respect to
dissolved gaseous mercury (DGM) part of which is released into
the atmosphere (Schroder and Munthe,?® Mason et al.'®). Recent
data (e.g., Mason and Sheu,® Cossa and Coquery?') have
provided estimates of ocean mercury evasion that are three times
larger (order of magnitude of 2600 t y') than those measured for
the atmospheric deposition.

Environmental impact

The manuscript presents an unprecedented and high-quality dataset of HgT concentrations from the exceptionally contaminated
sediments of the Augusta basin (southern Italy) and speculates about the key role played by this area in exporting mercury (HgT) to
the Mediterranean Sea. Actually, the potential release of HgT from contaminated sediments outflowing the Augusta basin could
definitively influence the HgT content of the Levantine Intermediate Waters with an effective large-scale contamination of the entire
Mediterranean basin. Finally, the narrow continental margin off the Augusta coast, associated to steep slope and several gullies,
creates preferential transfer routes for polluted sediments to the Mediterranean basin.
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The fate of Hg in the marine system is affected by sorption/
desorption processes onto suspended particulate matter and,
based on associated kinetics, it may be partially transferred from
surface waters to bottom sediments. Microorganisms, at the
water/sediments interface such as sulfate reducing bacteria
(SRB), mediate the transformation of inorganic Hg to MMHg
with high rates of methylation favored by the presence of high
content of organic matter (Lambertsson and Nilsson??) under
reducing environmental conditions (e.g. Langer et al.€). There-
fore, sediments are considered key contributors of MMHg to the
marine ecosystem and recent estimates of emission from
Mediterranean deep sediments are around ~14 kmol y~' (Ogrinc
et al®).

This study presents a mass-balance of total mercury (HgT) in
the Augusta basin, an artificial marine area situated within the
Augusta Bay, on the eastern coast of Sicily (Ionian Sea, southern
Italy). The Augusta basin, which extends for about 23.5 km?,
covers part of the Augusta Bay, and is considered one of the most
polluted areas of the Mediterranean Sea due to the careless
discharge of Hg (since the 1950s) from industrial and petro-
chemical plants. In particular, the southernmost part of the
Augusta basin hosted one of the most important chlor-alkali
plants of Italy (Syndial Priolo Gargallo), which with 765 kg of
Hg emission made up over 20% of total Italian emissions in 2001
(Le Donne and Ciafani**). The effects of this indiscriminate Hg
discharge include the alarming high concentrations of the
element recently measured in sediments of the basin (ICRAM,*
Romano er al?®), prompting the Italian government to include
the Augusta basin in the National Remediation Plan.

The large extension and high degree of contamination in the
Augusta basin call for an appropriate investigation on the
potential role played by this area in the impact of Hg contami-
nation at Mediterranean scale.

Rajar et al* calculated a total of 5400 kmol of HgT in the
Mediterranean Sea and suggested that this basin is a net source
of Hg to the atmosphere as well as to neighboring marine
systems. The mass balance of Rajar et al.?’ takes into account the
following primary Hg sources: atmospheric deposition (115 kmol
y 1), river influx (68.5 kmol y '), evasion from bottom sediments
(80 kmol y!) and a total of Hg anthropogenic input estimated
around 12.5 kmol y~'. Main outputs of the mass-balance take
into account the evasion of Hg to the atmosphere (249 kmol y ')
and sedimentary burial (55 kmol y~'). The net outflow through
Gibraltar was measured to be 8.5 kmol y~' and the net contri-
bution from the Black Sea is limited to 0.3 kmol y~'. The HgT
mass balance proposed by Rajar er al?” did not consider the
Augusta basin as a point source of HgT to the Mediterranean
Sea. More recent studies have already documented high
concentrations of HgT in Augusta offshore sediments, probably
due to significant remobilization of sediments from the internal
bay (Ogrinc et al.,>® Di Leonardo et al.,*®** Romano et al.*®) and
described the potential risk for local marine ecosystems. On the
other hand, no information is currently available on the potential
risk associated with the impact of HgT released to the seawater
from highly contaminated sediments to the seawater in the
Augusta basin and associated dispersion at Mediterranean scale.
For this reason, it appears essential to investigate the role of the
Augusta basin as a critical point source of HgT for the Medi-
terranean Sea.

2. Materials and methods

2.1. Study area. The Augusta basin is within a natural bay,
delimited in the northern sector by the Augusta town and closed
to the South and East by artificial dams, which were built in the
early ’60s (Fig. 1). Two main inlets allow connection with the
open sea: the Scirocco inlet, 300 m wide and 13 m deep, and
the Levante inlet, 400 m wide and 40 m deep. The basin is
characterised by three different circulation systems. Water
circulation, in the Levante inlet, is dominated by a northward
flowing affected by tidal forcing, with a mean velocity estimated
to be around 18 and 7 cm s~! at the surface and at the bottom,
respectively. Similarly, the southern current at the Scirocco inlet
flows parallel to the coast with moderate speeds (8 and 4 cm s~ at
the surface and the bottom, respectively). The northern portion
of the basin, characterised by low seabed, is scarcely affected by
active currents (ICRAM?). All the available data, concerning
physico-chemical and hydrodynamical characteristics, were
provided by the environmental characterisation carried out by
the Deputy Commissioner for Waste Management Emergency
and Water Conservation in Sicily and developed by ICRAM.3®
Recent “swath”-bathymetric surveys, carried out by IAMC-
CNR (Budillon et al?'), evidenced the main features of the
seabed between the Megarese harbour and the steep continental
slope to the East (Fig. 1). A very narrow shelf develops down to
100-130 m with a mean gradient of about 1.0°. The shelf-border
is quite sharp and approximately 4 km off the Levante gate;
beyond it is the slope, which abruptly deepens by a mean value of
about 15°, locally exceeding 25°. A dense net of gullies, often
showing shelf-breaching heads, incise the seabed and merge
towards the deep into V-shaped channels, thus forming
a herringbone erosional pattern, typical of unstable slopes. The
slope off the Augusta Bay is part of the Malta escarpment,
a morpho-structural lineament, north-south oriented, of the
Central Mediterranean Sea (Scandone et al.3?).

2.2. Sampling and analyses

The results of this study concern the surface levels (0-10 cm) of
315 sediment cores collected in the year 2005. Sediment cores

2

Kilometers

Fig.1 Location map of the Augusta basin with sampling points referred
to as the different contaminated areas of the basin (see text for details)
and high-resolution swath-bathymetry of the external area.
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were collected using a vibrocore and internal liner to preserve the
sediment from potential and cross-over contamination. They
were, successively, subsampled for the determination of physico-
chemical analysis such as grain-size, metals and organic
compounds (ICRAM?®). In particular, mercury was determined
using homogenised sample aliquots and analysed by Atomic
Absorption Spectrometry (AAS), according to Giani ef al.®

2.3. Geostatistical methods

In order to achieve the best estimate of HgT in surface sediments
of the Augusta basin, statistical interpolation was performed by
means of the block kriging technique (Fig. 3). In essence, kriging
is a probabilistic interpolation method based on the theory of
regionalized variables (Matheron®*). Assuming that, for a given
variable, the differences between values, observed at different
locations, tend to be minimized as distances decrease, the degree
of spatial continuity of the variable can be evaluated.

One of the most used indices of spatial continuity is the semi-
variance measure defined as follows:

h

1 N 5
v(h) = W;(Vﬂ - in+h)

where /1 is the so-called “lag distance”, N(/) is the number of pairs
of sampling points separated by /4, x is the sample position in the
space, v,; — Vyi+p 18 the difference between the values of the i™ pair
of sampling points separated from each other by 4. The semi-
variance is calculated for increasing (usually integer multiples)
lag values so that plotting (%) versus h values (experimental
variogram) and fitting the points (variogram modeling) provide
a model for spatial continuity. During interpolation, the value of
each cell is calculated by using known neighbouring values (using
a so-called “search radius”), and assigning to each of them
a weight based on the calculated spatial continuity model.

In this work interpolation was performed using a grid with
100 x 100 m cells, and statistics derived from cross-validation
was used to select the best neighbour search strategy. For each
cell the total amount of HgT was calculated by taking into
account the specific weight (SW) and volume of sediments
according to the following equation:

kg(Hg)s = [He] x SW x V

where [Hg] is the concentration of Hg (mg kg'), SW is the
specific weight (kg 1"), and V is the volume of sediments (1).

3. Results

Box-whisker plots in Fig. 2 show basic statistics of HgT distri-
bution patterns in the northern, southern, and eastern areas of
the Augusta basin (Fig. 2). Based on the different sources of
contamination, the Augusta basin is subdivided into (i)
a northern sector which extends from the peninsula of Magnisi to
the Marcellino river and is mainly affected by municipal waste
discharge of the town of Augusta, (ii) a south-western sector,
close to the coast between the Marcellino river and the dams,
where the most important chemical and petrochemical plants
operate (Syndial Priolo Gargallo, ESSO, ERG, etc.), and (iii) an
eastern sector which extends from the central area to the Scirocco

gate and is directly influenced by industrial activities on the
southern coast of the basin. Sediments in the southern part of the
Augusta basin show the highest HgT levels (0.1-527.3 mg kg™ ')
with a large range of variability (median value 23.8 mg kg™")
while the northern area is characterized by sediments with HgT
concentrations varying from 0.1 to 12.7 mg kg™' (median value
1.1 mg kg™"). Sediments of the eastern area exhibit values of HgT
concentrations ranging from 0.1 to 17.3 mg kg~' (median value
4.6 mg kg "). In the northern part of the Augusta basin, Inverse
Distance Weighted (IDW) interpolation of HgT data shows Hg
concentrations in the range of 0.2-47.8 mg kg~!, and a limited
number of hot-spots. The southern part of the Augusta basin
(from the Pontile Cementeria down to the dam) is characterized
by higher HgT concentrations with decreasing values from the
coastline. The coastal area between the Pontile Superpetroliere
and the Pontile Liquidi is the most HgT contaminated sector of
the basin (Fig. 3A). The specific weight of sediments ranges from
1.2 to 1.7 kg 1! (Fig. 3B). On the whole, higher SW values were
measured in the southern and northern sectors of the studied
area. It is noteworthy that in the south of the area, between the
Pontile Cementeria and the Pontile Superpetroliere, an anoma-
lous relatively lower specific weight zone occurs with values
ranging between 1.2 and 1.4 kg 1.

4. Mass balance of HgT in the Augusta basin

A first-order box model that calculates the budget of HgT in
seawater and sediments of the Augusta area is here tentatively
proposed. The Augusta marine area can be basically considered
as an “environmental compartment” with well-defined borders
and constrained hydrodynamics. The seawater outflows at the
bottom of the Levante and Scirocco inlets are about 7 and 6 cm
s~!, respectively (ICRAM?3?); this corresponds to an average
output of water mass of ~2.34 x 10" kg y .

The mass balance of HgT in the basin is calculated at the
steady-state by the following equation:

I+4A+AD+R=0+D+V (1)

where I represents the total Hg influx from the surface Medi-
terranean seawater, A represents the inputs of dissolved Hg from
anthropogenic activities, AD corresponds to the atmospheric Hg
deposition, R is the Hg re-suspension/release from sediments. On
the other side, O is the total Hg outflow from the basin, D
corresponds to sedimentary deposition and burial, and V is
a term accounting for evasion of HgT to the atmosphere (Fig. 4).
All the budgets and parameters described below are summarised
in Table 1.

For Mediterranean seawaters Kotnik et al'® reported HgT
concentrations of 1.46 + 0.62 and 1.21 £ 0.32 pM in summer and
spring, respectively. Such values correspond to an average input
of Hg in the Augusta basin (/) of about 8.48 x 1077 kmol y!
from the Ionian Sea.

Values of anthropogenic HgT inputs to the basin (A), including
discharge from wastewater treatment facilities and industrial
activities, are reported in the European pollutant emission
register (http://www.eper.sinanet.apat.it/site/it I'T/Registro_INES/
Ricerca_per_complesso_industriale/ricercalNES.html),** which
shows a total of 0.018 t in water for the year 2005.

This journal is © The Royal Society of Chemistry 2011
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Fig. 3 Maps of interpolated values of (A) HgT concentrations and (B) specific weight. During interpolation task coastline was used as interpolation

mask in order to take into account the effect of barriers.

Monthly, mean HgT depositions (wet + dry) calculated for the
Mediterranean region by Strode ez al. 3¢ were 1000 and 2500 ng
m~? in winter and summer, respectively. Accordingly, HgT AD
for the Augusta area corresponds to an average of 2.44 x 10~°
kmol y~'. On the other hand, the average HgT evasion (V)
calculated for the entire Mediterranean Sea surface was an
average of 383.86 kmol per year (Andersson et al37), which
corresponds to an average of 3.84 x 10~ kmol y~' for the
Augusta basin. Since 2005, industrial activities of the chlor-alkali
plant have been definitively dismissed and therefore D parameter
can be considered null in our mass balance.

Flux of HgT from sediments to the water column (R) by pore-
water diffusion and/or desorption from re-suspended contami-
nated particles is a key aspect in the Augusta basin due to the

high levels of contamination measured in the area. Actually,
mobility and availability of HgT depend on the nature and
concentration of the binding phases in the sediment and on redox
conditions of sediments. Usually, Hg is absorbed and co-
precipitates with sulfide minerals (Gobeil and Cossa,*® Gagnon
et al.,*® Wang et al.*’) and can potentially be released into pore-
water and eventually to overlying water via diffusion. Mercury
can also be released as a result of microbial degradation of
organic matter and chemical dissolution of sulfides due to redox
variations during diagenesis pathways. Numerous studies docu-
ment that Hg species and relative mobility increase in the over-
lying water with time, especially under conditions of relative
“anoxia” (e.g., Gill er al,* Rajar er al;*' Tomiyasu er al*?).
Particularly, Tomiyasu et al.** reported that about 33% of HgT
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Fig. 4 Conceptual scheme for mass-balance calculation of HgT in the
Augusta basin.

in sediment was released into the water column through re-
suspension of particles in anaerobic systems, while a slightly
greater percentage was found by Rajar er al*' for Hg re-
suspension in the Hg mass balance established for the Gulf of
Trieste.

The measured low Eh values and the high concentration of
organic matter in the Augusta sediments (ICRAM?®) have high
potential for Hg release at the water/sediment interface and for
significant diffusion from sediments to the water column. Pres-
ently, no measured benthic Hg fluxes are available for the
Augusta basin sediments. Thus, in order to obtain a reasonable
view of benthic fluxes from the sediments to the water column,
the authors applied the values calculated and measured by
Covelli et al.® in sediments highly polluted by Hg in the Gulf of
Trieste. Considering the low Eh values measured in the Augusta
sediments (median values of ~—300 mV), the state of semi-closed
environment of the basin and the low energy hydrodynamics of
the system, it is reasonable to consider the disoxic/anoxic
conditions of bottom sediments as being permanent. Hence, we
contemplated the whole range of variability of benthic effluxes of
Hg (27-6456 ng m 2 day ' with an average of 1719 ngm~2day ")
measured by Covelli et al.® This value is one- to four-fold lower
than those estimated in the Grado Lagoon (up to 33 200 ng m—2
day ' Covelli et al.**) and in the San Francisco Bay-Delta (Choe
et al.**), while the highest value is of the same order of magnitude
of those reported by Bothner et al.** for marine sediments with
high Hg pollution but different Eh and grain-size conditions.
Information reported by ENVIRON* about the HgT concen-
tration in pore-water of surface sediments of the southern
and most contaminated area of the Augusta basin corresponding
to a south-western sector in this study, range from 21.6 to

2550 ng 1°'. These are higher values than those reported by
Covelli et al.® for samples where benthic fluxes were calculated.
Thus, the application of benthic fluxes reported by Covelli et al.®
to the Augusta system was considered conclusively reasonable
and provided the best estimated benthic flux value. This implies
that our assumption for HgT benthic flux from the Augusta
sediments can reasonably represent the lower limit of the
potential range measured in analogous marine environments. We
are aware that only further and specific investigation on the
actual HET release from bottom sediments can improve this first
order estimation. For the purpose of this paper, the active sedi-
ment layer, defined as the active bioturbation depth, directly
involved in the exchange of HgT between the overlying water and
sediments, is considered to be 0.1 m (Di Toro*” and Di Toro and
Fitzpatrick*®). This layer can also be remixed by ship movements
inside the bay, with a probable enhanced re-suspension/release of
HgT from bed sediments. Considering an average value of
benthic flux of 1719 ng m~2 day ', a total of 0.073 kmol (0.001 to
0.276 kmol y~!' considering the whole range of benthic fluxes
reported by Covelli et al?®) is transferred yearly to the bottom
water of the Augusta Bay. The residence time calculated for the
bottom water of the Augusta, on the basis of the available
hydrodynamic data, is about 10 months and therefore it is
reasonable to assume that all the HgT released from sediments to
the bottom seawater of the basin is flushed on a yearly basis and
outflows to the eastern coast of Sicily. The calculated output of
HgT from the Augusta basin to lonian surface waters (O)
corresponds to an average of ~0.162 kmol y~'. These first-order
results (with an estimated average concentration of HgT dis-
solved of 0.075 nmol 17') seem to be in excellent agreement with
the nine measurements of HgT in seawater reported for bottom,
mid and surface waters by ENVIRON* with an average
concentration of 0.25 nmol 17! and a range of 0.05-0.37 nmol 1.

If specific research has to be planned to definitively constrain
benthic fluxes of HgT from bottom sediments of the Augusta
Bay, we are also convinced that other key parameters of eqn (1)
require further investigation. In particular, inputs of HgT from
land (parameter D in the equation) could be different from zero,
as reported in the mass-balance, since even after the stop of the
activity of the chlor-alkali plants using mercury technology, the
channels of wastewater discharge could contain still Hg and
could be supplementary inputs to the bay. Also, periods of
intense flooding could provide remobilization of mercury in
those channels and transport to the bay. This could limit the final
budget to an estimation by defect with respect to a more realistic
value. On the other hand, the term ¥ (evasion HgT through the
water—atmosphere interface) in eqn (1) represents a first-order
approximation. Actually, the evasion of HgT to the atmosphere
depends on several parameters including wind speed and dis-
solved gaseous mercury concentration that could be different in

Table 1 Parameters (sources and sinks) of HgT used to calculate the mass-balance of HgT in the Augusta basin

r A AD¢ 7 R D o
Units: t y! 1.70 x 1077 1.80 x 102 490 x 10* 7.70 x 104 1.47 x 102 — 3.20 x 102
Units: kmol y~! 8.48 x 1077 8.97 x 1072 2.44 x 1073 3.84 x 1073 7.30 x 102 — 1.62 x 107!

“ Kotnik et al. (2007). ® From the EPER database. ¢ Strode et al. (2007). ¢ Andersson et al. (2007). ¢ Covelli et al. (1999).
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such a highly contaminated area compared to the Mediterranean
Sea. However, the impact of this parameter, on the final mass-
balance of HgT in the bay, is limited (two orders of magnitude
lower than the final estimated output from the bay) and we
speculate that detailed information on that could not signifi-
cantly change the achieved results.

Rajar et al.*” reported a total input of Hg from anthropogenic
sources to the Mediterranean Sea of ~12.5 kmol y' with
a significant contribution from the Egyptian coastal area
(6.8 kmol y') but provided no information on the Augusta
basin. The mass-balance here reported for the Augusta basin
with an outflow value of ~0.162 kmol y~! documents a potential
role of this area as an important anthropogenic source of Hg
contamination to the Mediterranean Sea.

5. Discussion

In view of the achieved results, the HgT mass balance for the
Mediterranean Sea proposed by Rajar er al?’ needs to be
significantly revised in order to incorporate the Augusta as an
important HgT point source to the basin. Indeed, the HgT input
from the Augusta basin (0.162 kmol y~!) appears to be a source
of HgT for the Mediterranean Sea, increasing the value of
12.5 kmol y~! estimated by Rajar ez al.?” Actually, by adding the
estimated output of Hg input from the Augusta basin to the total
mercury amount estimated by Rajar et al?” for the Mediterra-
nean, the total HgT rises to 318.0 kmol y~' (Fig. 5) with
a resulting net outflow to the Atlantic ocean that varies between
40.9 and 40.7 kmol y~'.

If per se the HgT budget of the outflow from the Augusta basin
represents a primary concern as significant point source for the
Mediterranean Sea, the effects of meso-scale circulation of the
Tonian Sea create a higher potential risk for HgT contamination
of the basin. Indeed, the Ionian Sea stands in the Eastern
Mediterranean as the region mostly affected by the transit and
transformation of the major water masses, which regulate the
general thermohaline circulation in the upper, intermediate and
deep layers, respectively (Malanotte-Rizzoli et al*®). In parti-
cular, the Atlantic Ionian Stream (AIS) flowing over the conti-
nental shelf off the southern Sicilian coast, in proximity of Cape
Passero as an anticyclonic circulation, deviates over the Ionian
slope northward to the Messina Strait flowing close to the

Atmosphere
i = Fish harvesting = 1.2
Rivers = 68.5 out = 249 g
in=115

) Inventory 2005

] in =45 5400 kmol Hg Darfaneles = 0.3
Gibraltar .
Mediterranean Sea

out=53.5

to sediments = 55*

Augusta Bay
0.162

Geothermal vents Total in = 318.0 kmol y-1 Point sources
80 Total out = 358.7 kmol y-1 12.5
Net outflow of Hg = 40.7 kmol y-1

unit = kmol y-1

Fig.5 HgT flows calculated for the Mediterranean Sea with the Augusta
source point (modified by Rajar et al?).

Augusta shelf (Lermusiaux and Robinson;*® Napolitano et al.*").
On the Augusta shelf, the coastal waters, at 30-60 m, mix with
the Messina Mixed Waters (MMW) originating in the Strait of
Messina and flow southward along the eastern Sicilian coast
(Raffa and Hopkins®*). The MMW extend for about 6.5 km
offshore, and therefore a portion of this water is transported
down to the Ionian shelf break where it mixes with AIS flow.
Over the Ionian shelf break, in the summer, water circulation is
controlled by predominant sub-basin-scale anticyclonic gyres
that make this zone highly dynamic. In this scenario, the out-
flowing bottom waters from the Augusta basin have the high
potential to contaminate an important portion of the surface
water masses of the central-eastern Mediterranean by meso-scale
ocean circulation. Interestingly, Kotnik et al'®* measured the
highest HgT concentrations of the Mediterranean Sea specifi-
cally in the Ionian seawaters during the spring of 2004.
Another critical point, in terms of potential risk associated to
the transfer of Hg from the Augusta basin to the Mediterranean
concerns the peculiar morphology of the continental margin off
the Augusta coast, which is characterised by a narrow shelf and
steep slope, with several gullies, dropping to the deep end of the
Ionian basin (Fig. 1). This creates preferential transferring of
polluted sediments from the internal Augusta basin, but also
from the external part where past and uncontrolled dredging
activities deposited part of contaminated sediments to the slope
system and, consequently, to the Levantine Intermediate Waters
(LIW). The LIW, flowing east to west in the Mediterranean,
could represent an effective mechanism of large-scale spreading
of HgT from the Augusta basin to the entire Mediterranean with
unpredictable contamination effects on the entire basin.

6. Conclusion

This study has shown that the high levels of Hg concentration in
the sediments of the Augusta basin, due to uncontrolled
discharge of industrial plants, can be a primary source of Hg in
the Augusta marine system. Taking into account the available
data, the calculated mass of HgT present in the surface sediments
(0-10 cm) of the Augusta basin was ~42 t, and the mass balance
evaluation of HET revealed that the outflow of HgT from the bay
to the Augusta coastal waters was on average ~0.162 kmol y~!
(~0.032 ty"). Considering that these values correspond to ~1 to
2% of the amount calculated for the entire Mediterranean area
(12.5 kmol y "), the Augusta basin plays an important role in
exporting HgT into the Mediterranean Sea and represents
a point source for that system. When the Augusta basin is
considered as a point source of Hg in the mass balance proposed
for Mediterranean Sea (Rajar et al.*®), the net outflow of HgT
from the Mediterranean Sea to Atlantic waters is 40.7 kmol y~'.
However, the most critical point related to the role played by the
Augusta Bay in the Hg contamination of the Mediterranean Sea
is associated to the outflow of bottom waters that intercept
surface meso-scale ocean circulation with potential widespread
contaminant distribution effects at basin scale. Finally, a narrow
continental margin off the Augusta coast, associated to steep
slope and several gullies, creates preferential transfer routes for
polluted sediments from the internal Augusta basin, and also
from the external part where past and uncontrolled dredging
activities have deposited part of contaminated sediments on the
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slope system. The potential release of HgT from contaminated
sediments in that context could certainly influence the HgT
content of the Levantine Intermediate Waters with an effective
mechanism of large-scale contamination of the entire Mediter-
ranean with unpredictable effects on the basin.

We are aware that the calculated HgT mass-balance for the
Augusta basin follows only a first-order quantitative approach
that needs to be supported by more definitive experimental data,
currently unavailable for the studied environment. However, we
also consider the presented results as a reasonable and reliable
speculation on a new and complete dataset of an intensively
polluted Mediterranean area valuable for planning further
researches. Actually, despite the semi-quantitative values of HgT
output from the Augusta basin we consider that the fundamental
outcomes of our mass-balance clearly and vigorously demon-
strate an essential role played by this area as mercury point-
source for the whole Mediterranean Sea.
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