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Abstract

Purpose As the result of historical mining at Idrija (Slovenia), mercury (Hg) contamination in the Gulf of Trieste (northern
Adriatic Sea) is still an issue of environmental concern. The element has been conveyed into the coastal area by the Isonzo/
Soca River inputs of freshwater and suspended particles for centuries. This research aims to investigate the occurrence of
Hg bound to the settling sediment particles (SSP) in the coastal water and to assess the sedimentary Hg fluxes.

Methods Settling sediment particles were collected at four sites located in the innermost sector of the Gulf, a shallow and
sheltered embayment where the accumulation of fine sediments is promoted. Six sampling campaigns were performed under
different environmental conditions in terms of discharge from the Isonzo River and 12 sediment traps were installed in the
upper and bottom water column for SSP collection. Settling sediment particles (SSP) were collected approximately every
2 weeks and analysed for grain size and total Hg.

Results Settling sediment particles (SSP) consisted predominantly of silt (77.7 +10.1%), showing a concentration of Hg
ranging overall between 0.61 and 6.87 pg g~'. Regarding the daily SSP fluxes, the minimum (7.05+3.26 g m~> day~) and
the maximum (92.4 +69.0 g m~> day™~!) values were observed under conditions of low and high river discharge, respec-
tively. The daily Hg fluxes displayed a notable variability, up to an order of magnitude, both in the surface water layer
(3.07-94.6 ug m~2 day™') and at the bottom (11.3-245 ug m~2 day~!), reaching the maximum values following periods of
high river flow.

Conclusions The Isonzo River inputs of suspended particulate matter continue to convey Hg into the Gulf of Trieste, espe-
cially following river flood events, which represent one of the most relevant natural factors affecting the variations of the
Hg flux in the investigated area.

Keywords Mercury - Water column - Settling sediment particles - Sediment traps

1 Introduction

The accumulation of contaminants in sediments as well as
their potential remobilisation due to resuspension events
represents one of the most relevant environmental issues
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in marine-coastal areas (Che et al. 2003; Caplat et al. 2005;
Zhao et al. 2018; Acquavita et al. 2021; Le et al. 2022).
These processes are especially active in estuaries and semi-
enclosed coastal water basins where aggregation and set-
tling of the riverine inputs of suspended particulate matter
(SPM) are promoted by several factors including density/
salinity gradients and variations in flow velocity (Wright
1977; Menon et al. 1998; Santos-Echeandia et al. 2012 and
references therein). Indeed, these environments often act as a
sedimentary trap for particles transported in suspension and
for a variety of organic and inorganic contaminants adsorbed
on their surface, including potentially toxic trace elements
(PTEs) (Turner et al. 1991) among which mercury (Hg) is
of major concern due to the potential bioaccumulation of
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its most toxic chemical form, methylmercury, in the aquatic
trophic chain (Raj and Maiti 2019).

Mining and industrial activities (e.g. chlor-alkali plants)
have been recognised among the most relevant anthropo-
genic sources of Hg (Baumann and Mason 2019; Hatje et al.
2019) which is easily released in the atmosphere during min-
eral processing (mostly cinnabar, HgS), accumulated on the
soil surface through atmospheric deposition and transported
over long distances from the source (Kotnik et al. 2005).
Runoff and erosion of contaminated river banks and flood-
plain deposits in the vicinity of decommissioned mining dis-
tricts and industrial plants may also contribute to the convey-
ance of solid particles enriched in Hg to marine-coastal areas
(Biester et al. 2000; Kocman et al. 2011; Gosar and Zibret
2011; Rimondi et al. 2014; Dickson et al. 2019; Dellapenna
et al. 2020; Pavoni et al. 2021a) posing a potential risk for
aquatic biota. Indeed, the increased hydrological regime of
ariver contaminated by Hg may result in increasing Hg con-
centrations in mussels as found at the Ebro River estuary
(Spain; Campillo et al. 2019). In aquatic systems, Hg was
found to be mainly associated with the SPM and easily accu-
mulated in the bottom sediments by settling (Benoit et al.
1998; Hatje et al. 2019; Acquavita et al. 2021). One of the
main factors governing the distribution of major and trace
elements associated with the settling particles in marine-
coastal areas is represented by the magnitude and variability
in the flux of the settling particles (Buesseler et al. 2007)
which may be collected by means of sediment traps (Bloesch
and Burns 1980; Broman et al. 1994; Leivuori and Vallius
1998; Matthai et al. 2002; Ergiil et al. 2008; Nordmyr et al.
2008; Santos-Echeandia et al. 2012; Helali et al. 2016; Bel-
lucci et al. 2016; Gascon Diez et al. 2016, 2018; Paladini
de Mendoza et al. 2018). In this context, few studies are
currently available regarding the assessment of the Hg sedi-
mentary flux in both marine and freshwater systems by using
sediment traps (Broman et al. 1994; Gascé6n Diez et al. 2016,
2018; Botwe et al. 2018).

The aim of this research is to evaluate the occurrence
of Hg associated with the settling sediment particles (SSP)
in the Bay of Panzano, the innermost sector of the Gulf of
Trieste which is known to be affected by Hg contamination
as a result of long-term mining activity at Idrija (Slovenia),
the world’s second-largest Hg mine (Horvat et al. 1999; Cov-
elli et al. 2001, 2006b, 2007, 2021; Pavoni et al. 2021b).
Another goal of this study is to improve the use of sediment
traps to evaluate background levels of SSP and associated
contaminants such as Hg. This is especially important at the
bottom of the water column and may represent a valuable
technical tool in the management of future dredging opera-
tions. In this context, the environmental issues related to the
occurrence and distribution of Hg in the investigated area are
of relevant concern since dredging is planned for the main
access channel to the Port of Monfalcone (the busiest port

of the northern Adriatic Sea). Indeed, the assessment of the
sedimentary Hg fluxes in this relatively shallow embayment
prone to the accumulation of fine sediments will provide
useful scientific support for environmental management and
risk assessment as well as for the future evaluation of the
impact of Hg in the Gulf of Trieste.

2 Materials and methods
2.1 Environmental setting

The semi-enclosed water basin of the Gulf of Trieste is
located in the northern Adriatic Sea (Italy), covering an
area of approximately 500 km?. The water depth is relatively
shallow, (maximum depth of 25 m) and the anticlockwise
circulation pattern of the Adriatic Sea mainly governs the
water circulation which is further affected by tides, seasonal
variations in freshwater inputs and winds including Bora
(E-NE), Libeccio (SW) and Sirocco (SE) (Olivotti et al.
1986; Malacic¢ and Petelin 2009). The salinity is typical
of brackish and marine waters, ranging between 25 and 38
PSU (using the Practical Salinity Scale), as the result of the
interaction between seawater and freshwater (Cozzi et al.
2012). The main freshwater input is provided by the Isonzo/
Soca River (average discharge of 123 m® s™!, for the period
1998-2005, at Turriaco, 13 km from the mouth, Comici
and Bussani 2007), with two main flood periods during
spring and autumn as the result of snowmelt and rainfall
respectively, followed by the Timavo/Reka River (average
discharge of 29.3 m? s~!, Petri¢ and Kogovsek 2016). Dur-
ing flood events, the Isonzo River flow develops a turbidity
plume characterised by a strong correlation between low
salinity and turbidity in the surface water layer (Covelli et al.
2007). Following a river plume event, the distribution of
the suspended particles appeared to be heavily affected by
wind. In detail, the river plume is stretched NE-SW under
prevailing E-NE wind (Bora) towards the Marano and Grado
Lagoon (Covelli et al. 2001; Turritto et al. 2018). Con-
versely, the plume heads east, affecting the Panzano Bay,
especially in the absence of wind or under prevailing SE
wind (Sirocco) (Covelli et al. 2001; Tondello 2017, 2020).

As the result of its karst nature, the Timavo River has
particularly complex hydrological characteristics, since the
flow at the mouth also depends on underground circulation
in the Karst aquifer. The river can still produce a turbidity
surface plume that affects the northern part of the Bay of
Panzano especially under conditions of prevalent SE wind
(Tondello 2017, 2020).

The Hg contamination in the Gulf of Trieste is well known
(Horvat et al. 1999) due to over 500 years of cinnabar (HgS)
mining at the Idrija mining district which seriously affected
the environmental quality in the areas surrounding the mine
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as well as along the Isonzo River drainage basin (Kocman
et al. 2011; Gosar and Zibret 201 1; Gosar and Tersi¢ 2012;
Baptista-Salazar et al. 2017). As the result of the erosion of
Hg-enriched river banks and floodplains, the element was
and continues to be conveyed into the Gulf of Trieste mainly
in association with the SPM, especially following periods
of high river discharge (Covelli et al. 2004, 2006b, 2007,
2021; Pavoni et al. 2021b). Subsequently, remarkable Hg
concentrations, up to one order of magnitude higher than
the natural local background (0.13 +0.04 ug g~'; Covelli
et al. 2006a), were found in the surface sediments in front
of the mouth of the Isonzo River (23.3 ug g~'; Covelli et al.
2001), along the main access channel approaching the port
of Monfalcone (0.30-13.5 pg g~'; Covelli et al. 2021) and in
the Bay of Panzano (0.77-6.39 ug g~'; Pavoni et al. 2021b),
a shallow embayment suitable for the accumulation of fine
particles. Indeed, the supply of suspended particles enriched
in Hg from the Isonzo River to the Bay of Panzano appears
to be more effective with respect to the other directions of
SPM dispersion in the Gulf of Trieste (Covelli et al. 2001).

2.2 Sampling strategy

Installation of the sediment traps and sampling campaigns
were performed from February to May 2016 at four sites
(P1, P2, P4 and P5) located in the vicinity of the main access
channel to the Port of Monfalcone in the northernmost sector
of the Gulf of Trieste (Bay of Panzano) (Fig. 1, Table 1).

Sites P1 and P2 are located in a mussel farm (6 and 10 m
depth, respectively) and more precisely in front of the mouth
of the Timavo River at the northwestern end of the mussel
farm (site P1) and in its central sector among the mussel
longlines (site P2). Indeed, site P2 appears to be more pro-
tected among the investigated sites. Site P4 (5 m depth) is
characterised by the occurrence of seagrass and is located
in the coastal sector near a confined disposal area suitably
arranged for the storage of dredged sediments. Site P35 is
the shallowest site (4 m depth) and is representative of the
coastal area in front of the tourist sandy beach of Marina
Julia (Fig. 1). All the sampling sites may be affected by both
Isonzo River plume events as well as the resuspension of fine
sediments induced by both natural (e.g. waves) and anthro-
pogenic factors (e.g. dredging, transit of ships with large
draught) (Pavoni et al. 2021b).

Generally, low turbidity values (below 20-25 NTU) were
observed along the water column at the investigated area,
suggesting that both natural and anthropogenic perturbations
do not appear to promote a lasting increase in turbidity with
the subsequent quick restoration of unperturbed conditions
(Pavoni et al. 2021Db).

Sediment traps were built in-house, adapting suggestions
reported in Lukashin et al. (2011). Each trap consisted of
an opaque cylindrical PVC tube (diameter 14 cm, height
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56 cm, surface area 0.0154 m?) open at the top, a cone fixed
with a plastic glue in the hull of the cylinder and a coupling
clutch with a thread for the sample bottle (Fig. 2). The total
height of the trap from the base of the sample bottle to the
opening is 90 cm.

Each trap was equipped with a dismountable baffle grid at
the opening in order to reduce turbulence and avoid wash-out
of the sediment from the upper part of the cylinder. The sam-
ple bottle was a standard recycled plastic bottle for chemical
reagents with a volume of 500 mL. The clutch was piled up
onto the cone, and the sample bottle was inserted into the
clutch. The water above the collecting bottle can be drained
via two stopcocks. The traps were used pairwise (Fig. 2) and
can operate at a selected depth by hanging vertically from
one of the mussel longlines in the mussel farm. Sediment
traps placed on the seabed consisted of the same cylindrical
sampling tubes mounted on a vertical stainless-steel struc-
ture fixed to a reinforced concrete base laid on the seabed.
Considering the complete geometry of the trap with its base,
the opening is placed approximately at 100 cm from the bot-
tom. The sampling tubes are easily detached and repositioned
by a scuba diver for recovery and transport aboard the boat
without removing the base. The deployment of the sediment
traps was set from the boat using an electric winch.

Once on board, each tube was emptied of its internal
water down to the cone with the help of the two stopcocks.
The water was collected in 2-L polyethylene containers. The
bottle with the sample was then unscrewed from the cone
into a bucket in order to recover the remaining water with
the SSP. A final rinse was performed from the inside walls
of each tube. In conclusion, each SSP sample consisted of
the sum of the material in the bottle and in the 2-L contain-
ers, which were left to decant in the laboratory to eliminate
excess water and then to combine the different SSP aliquots.

In summary, eight sediment traps (two in the surface water
layer at a depth of approximately 2 m and two at the bot-
tom) were placed in the mussel farm (sites P1 and P2). In
this way, the amount of the trapped material as well as the
corresponding daily SSP and Hg fluxes were measured in
replicates. Additional four sediment traps (two at each site)
were placed at the bottom in the shallowest sites (P4 and P5).
The SSP accumulated into each sediment trap were collected
approximately every 2 weeks according to Buesseler et al.
(2007) and Botwe et al. (2018), during six sampling cam-
paigns under various environmental conditions in terms of
the level of discharge from the Isonzo River (Fig. 1, Table 1).

2.3 Analytical determinations: grain size
composition and total Hg content

The SSP samples were stored in a dark room at 4 °C until
complete decantation of the solid material, the water was
removed and the remaining solid fraction was collected.
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Fig.1 A Index map of the study area and location of the sampling
sites (P1, P2, P4 and P6) near the main access channel to the Port
of Monfalcone (Bay of Panzano, Gulf of Trieste). Location of sam-
pling stations GT1, GT2, GT3 and AALI in the Gulf of Trieste where
previous investigations were performed by Faganeli et al. (2003) and

Grain size analysis was performed in replicates (two SSP
samples collected by means of two sediment traps at each
sampling site and at the same depth) using an aliquot of
each fresh sample which was treated with H,O, (3%) for
24 h to eliminate the majority of the organic matter and wet-
sieved through a 2-mm sieve. A laser granulometer (Malvern

Covelli et al. (2006a). B Isonzo River daily discharge (m® s™!) from
January 1, 2016, to May 30, 2016, during six sampling campaigns, as
measured at the Pieris Station (Gorizia), located approximately 15 km
upstream from the river mouth

Mastersizer 2000) was used for the grain size analysis of the
resulting < 2 mm fraction.

For total Hg determination, the remaining amount of
each fresh sample was frozen, freeze-dried (CoolSafe
55-4, SCANVAC) and homogenised. Three aliquots of
each sample were directly analysed using a Direct Mercury
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Table 1 Environmental conditions (perturbed: high river flow; unper-
turbed: medium—low river flow) and daily discharge from the Isonzo
River (m® s™!) during the six SSP sampling campaigns at the four
investigated sites in the Bay of Panzano

Environmen- Isonzo River discharge
tal condition (m?s™!)

Sampling campaign

Min — max Average

1 February 18-March 4 Perturbed 131471 256 +89

2 March 4-18 Perturbed 49.3-391 169+101

3 March 18-April 1 Unperturbed 2.93-76.0  44.0+18.3
4 April 1-15 Unperturbed  40.1-74.7  61.5+10.8
5 April 15-29 Unperturbed  16.1-188 55.5+425
6 April 29-May 17 Perturbed 33.6-462 143 +130

Analyser (DMA-80, Milestone) following EPA Method 7473
(EPA 1998). Certified reference material (PACS-3 Marine
Sediment CRM, NRCC) was analysed for quality control
obtaining acceptable recoveries (ranging between 88 and
101%). The limit of detection (LOD) was approximately
0.004 ug g~! and the precision of the analysis expressed as
RSD% was <2%.

2.4 Daily fluxes of settling sediment particles
and associated Hg

The daily SSP fluxes (Fggp) were estimated according to the
following Eq. (1) (Botwe et al. 2017, 2018) where M is the
mass (g) of the SSP accumulated into each sediment trap, A
is the cross-sectional area of the trap (m?) and D is the dura-
tion (days) of the trap deployment in situ.

Fig.2 Sediment traps placed
at the A seabed and B hang-
ing vertically from the mussel
longline at approximately 2 m
depth

stopcocks
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The corresponding daily Hg fluxes (F,) were calculated
according to Eq. (2) (Botwe et al. 2018), where Fqqp is the
daily SSP flux and (Hg) is the concentration of Hg in each
SSP sample:

FHg = Fggp * [Hg] 2

Although a certain contribution from sediment resus-
pension cannot entirely be excluded, especially in shallow
water, the SSP and Hg fluxes were calculated assuming that
the trapped material was accumulated by settling along the
water column.

3 Results and discussion

3.1 Settling sediment particles: grain size
composition and daily fluxes

Settling sediment particle (SSP) contents in the traps placed
in the surface water layer ranged between 1.04 +0.46 and
12.7+7.5 g (sampling campaign 4 and 2, respectively) and
between 1.76 +0.68 and 28.4+19.0 g (sampling campaign
4 and 2, respectively) at the bottom. Settling sediment par-
ticles (SSP) were generally found to be composed predomi-
nantly of silt (77.7 +£10.1%) followed by sand (13.8 +11.4%)
and clay (8.46+1.87) (Fig. 3) taking into account the main
textural components (Shepard 1954). Significant differences
in the grain size composition were not observed between

90 cm

opaque cylindrical
PVC tube
(56 cm height)

total height

cone fixed in the hull
of the cylindrer

sample bottle
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replicates at the same site and among different sites and sam-
pling campaigns. There was an exception during sampling
campaign 6 which showed a higher average content of sand
(29.4 +14.4%), especially in the surface water at the mussel
farm (sites P1 and P2, 47.0+1.7%). In detail, the bimodal
size distribution observed at the bottom of sites P1 and P2
(sampling campaign 6) and to a lesser extent at site P4 (sam-
pling campaign 5) may be related to settling processes from
the surface water layer to the bottom (Fig. 3). In addition to
the SPM entering the Gulf from the Isonzo River, this grain
size distribution could also be affected by the coarse (very
fine sand) suspended particle supply from the Timavo River
during high river discharge (unpublished data), since the
mussel farm is located in front of the river mouth (Fig. 1).
The grain size composition was generally consistent with
previous results focused on the surface sediments collected
from the same investigated area (Covelli et al. 2021; Pavoni
et al. 2021b) thus confirming that the fine suspended par-
ticles entering the Gulf of Trieste in association with the
Isonzo River inputs were trapped in the Panzano Bay where
settling may be completed in a couple of days (Covelli et al.
2001). Nevertheless, the generally low sand content sug-
gested that the sampling sites are far from the beach’s most
active zone, within a depth of 5-6 m, where the majority of
sand movement is brought on by typical waves and storms
(Marocco 1989; Gordini et al. 2003).

Among the investigated sites, sampling campaigns 4 and
2 showed the minimum (7.05 +3.26 g m~2 day~') and the
maximum (92.4 +69.0 g m~2 day~') average daily SSP flux,
respectively (Fig. 4). The particle fluxes observed in this
research were generally elevated with respect to other estua-
rine and marine environments, although with different SPM
supplies, such as the Gulf of Taranto (2.78-22.5 g m~2 day™';
Bellucci et al. 2016), estuarine environments in the Iberian
Peninsula (8.8-91.3 g m~2 day_'; Santos-Echeandia et al.
2012), in Finland (5-120 g m~2 day~'; Nordmyr et al. 2008)
in the Black Sea (9.4-56.4 g m~2 day™!; Ergiil et al. 2008)
and in the Baltic Sea (1.1-7.2 ¢ m~2 day~'; Broman et al.
1994; 0.55-1.6 g m~2 day~'; Leivuori and Vallius 1998).

Generally, the highest fluxes of SSP were observed fol-
lowing periods of high discharge from the Isonzo River at
site P4 (188 +1 g m~2 day™!, sampling campaign 2) fol-
lowed by site P1 both in the surface water (maximum values
of 93.7 and 83.1+8.1 g m~? day~! during sampling cam-
paigns 1 and 2, respectively) and at the bottom (maximum
values of 77.4+39.8 and 167+8 g m™ day™' during sam-
pling campaigns 1 and 2, respectively).

Conversely, notably lower values were observed under
unperturbed environmental conditions, especially during
sampling campaigns 3 and 4. This suggested that a relation-
ship existed between the SSP fluxes and the Isonzo River
discharge, as also confirmed by the significant correlations

between the two parameters during the trap deployment at
each site (Fig. 5).

This is especially evident at site P4 (r=0.823, N=5,
P <0.5) showing a greater SSP flux (ranging between 7.72
and 188 g m~2 day~! during sampling campaigns 4 and 2,
respectively), as also suggested by the elevated slope of
the regression line (1.04). The situation is similar at the
nearby site P1 (r=0.932, N=6,0.01 <P <0.1, slope=0.40)
(Fig. 5). Although an equally significant correlation was
observed at site P2 (r=0.891, N=6, 0.1 <P <0.5), the
minimum values of SSP fluxes (ranging between 3.16 and
27.0 g m~? day~! during sampling campaigns 4 and 2,
respectively) as well as the minimum slope (0.11) of the
regression line were observed at this site. This evidence sug-
gested that site P2 was more protected and less affected by
the SSP river surface supply due to its location in the central
sector of the mussel farm where the mussel longlines may
have a protective effect towards the traps. Conversely, a weak
correlation was observed at site P5 (r=0.555, N=5, P<0.5)
most likely due to the shallow water depth which may pro-
mote permanence in the suspension of the suspended par-
ticles and/or resuspension events, as also suggested by the
low value of the slope of the regression line (0.20) (Fig. 5).

3.2 Mercury content and daily fluxes

The overall concentration of Hg in the SSP varied between
0.61 and 6.87 ug g~! (Fig. 4), showing values of the same
order of magnitude with respect to previous investigations
focused on the surface sediments collected from the same
area (Acquavita et al. 2010; Covelli et al. 2021; Pavoni
et al. 2021b), in the offshore sector of the Gulf (ranging
between 0.10 and 11.7 ug g~, Covelli et al. 2001) as well
as in the northern Adriatic Sea (ranging between 0.05 and
8.63 ug g~!, (Ferrara and Maserti 1992). Conversely, the
amount of Hg in the SSP was found to be notably lower
compared to surface sediments collected at the mouth of the
Isonzo River (ranging between 4.45 and 23.3 ug g~'; Covelli
et al. 2001) where the occurrence of detrital Hg, i.e. cinnabar
particles, was recognised in association with the sandy frac-
tion which is predominant in this area (Biester et al. 2000;
Covelli et al. 2001).

No notable differences in the amount of Hg associated with
the SSP were observed among the different sampling cam-
paigns at the mussel farm (1.37 +0.39 and 1.85+0.59 pg g™
at sites P1 and P2, respectively) although slightly higher Hg
concentrations were found at site P2, especially at the bottom
(2.10+0.50 pg g~!). Comparable Hg concentrations were
also found at site P4 (1.22+0.37 ug g~") which is quite close
to the mussel farm, whereas the highest concentrations of Hg
were observed at site P5 (4.80+1.36 ug g~!) (Fig. 4). Indeed,
this site appeared to be particularly affected by resuspension
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Fig.3 Mean grain size distribu-
tion and composition of SSP
collected at the four investigated
sites in the Bay of Panzano
under different environmen-

tal conditions. Significant
differences in the grain size
distribution and composition

of the samples collected at the
same depth at each site were not
observed
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events which could increase the amount of material in the
traps, most likely due to the shallow water depth.

The estimated daily Hg fluxes associated with the SSP
showed a notable variability, up to an order of magnitude, and
ranged overall between 3.07 +0.86 and 245 +25 ug m~> day ™!
during sampling campaigns 4 and 2 (unperturbed and per-
turbed conditions, respectively) (Fig. 4).

Results were found to be comparable to those observed
in the fine sedimentary fraction collected through sediment
traps placed in a harbour area which may act as a sink for
contaminants associated with suspended particles in the Gulf
of Guinea, Ghana (from 13.0+4.5 to 11485 pg m=2 day™/;
Botwe et al. 2018).

Moreover, the temporal variability during the 6 sampling
campaigns suggested that there were periods of enhanced
Hg accumulation, especially under perturbed conditions
(sampling campaign 2), whereas the lowest Hg fluxes were
observed under unperturbed conditions (sampling campaigns
3 and 4). With the only exception being sampling campaign
6, the highest Hg fluxes were observed at site PS5 especially
following periods of high discharge from the Isonzo River
(sampling campaign 2). In addition, the Hg fluxes appeared
to be related to the Isonzo River discharge as evidenced by
the strong correlation with the average discharge during the
trap deployment in the surface water at sites P1 (r=0.862,
N=5, P<0.5) and P2 (r=0.843, N=5, P<0.5) (Fig. 5).
Sampling campaign 1 (perturbed conditions with the high-
est average discharge of 256 m® s™!) represents an outlier
since it appears to be depleted in terms of Hg concentrations
and fluxes. This may be due to dilution effects in the SSP
which were likely composed of different material deriving
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Average discharge (m3s1) Average discharge (m3s

1

(squares) at the four investigated sites in the Bay of Panzano. Surface
SSP and Hg fluxes are displayed for sites P1 and P2

from enhanced erosion processes along both the Isonzo
River drainage basin and those of its major tributaries not
affected by Hg contamination. Although the Hg fluxes and
the river discharge are significantly correlated, the surface
Hg fluxes were found to be relatively low in the mussel farm
with respect to sites P4 and PS5, especially at site P2 (rang-
ing between 3.07 and 53.8 ug m~2 day~! during sampling
campaigns 4 and 2, respectively). This further confirms that
site P2 was the most protected and less affected in terms of
both SSP and Hg fluxes, as also suggested by the low slope
value of the regression line between the Hg flux in the sur-
face water and the river discharge (0.21, Fig. 5). Conversely,
site P4 showed the maximum values of Hg fluxes (ranging
between 11.3 and 169 ug m=2 day~! during sampling cam-
paigns 4 and 2, respectively) which were strongly correlated
to the river discharge (r=0.831, N=5, P<0.5). Moreover,
the elevated slope value (0.90) suggested that site P4 was the
most affected by both SSP and Hg fluxes. This was similar
at site P5, although a weaker correlation between the daily
fluxes of Hg and the average discharge was observed most
likely due to the shallow water depth and potential contribu-
tions from resuspension events (Fig. 5).

An estimation of the annual Hg fluxes made on the basis
of the average daily Hg fluxes at each site during the entire
sampling period ranged between 15.3 and 37.5 mgm~2y~!
at sites P2 and PS5, respectively (Table 2). In this context, a
comparison can be made with the Hg fluxes estimated by
sediment cores collected from different sectors of the Gulf
of Trieste (Covelli et al. 2006a; Fig. 1, Table 2).

According to Covelli et al. (2006a), the annual Hg fluxes
ranged between 1.77 mg m~2 y~!, in the deepest sector of
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Table 2 Annlie;l I-_Ilg Sampling site Hg—SSP Hg—sediment  Annual Hg flux  Reference
fluxes (mg m™" y~ ') and 0 -1 2
concentrations of Hg (ug ngeg ugg mgm “y
—15 .
g ) in the SSP and in the Pl BayofPanzano 1374039  0.77% 232 This study
surface sediments (Pavoni P et al 2021b
et al. 2021a, b) at the four P2 1.85+0.59 2.46% 15.3 avoni et al.
investigated sites in the Bay P4 1.22+037  0.78* 24.7
of Panzano compared to P5 4.80+1.36  4.23% 37.5
previous results from the Gulf
of Trieste (Faganeli et al. AAl  Gulf of Trieste 2.68+042 3.21 14.0%* **Faganeli et al. 2003
2003; Covelli et al. 2006a)
GT1 Gulf of Trieste n.d 2.34 3.75 ***Covelli et al. 2006a
GT2 n.d 8.45 315
GT3 n.d 1.56 1.77

nd not determined

“Previous results on surface sediments (Pavoni et al. 2021b) **Estimated from sediment traps (Faganeli
et al. 2003) ***Estimated from sediment cores (Covelli et al. 2006a)

the Gulf (site GT3, 25 m depth), and 31.5 mg m~2 year‘l,
just in front of the mouth of the Isonzo River (site GT2;
15 m wwdepth), respectively. Although the estimation
approaches are different, the same orders of magnitude
for the annual Hg fluxes observed in this study suggested
that the contribution of settling particles in terms of Hg
accumulation at the sea bottom has not showed notable
changes in the last 20-25 years. Moreover, results from
this research are also comparable with the annual Hg flux
estimated by means of sediment traps placed 4.5 miles SE
from the mouth of the Isonzo River (14 mg m~2 year™!,
site AA1; Faganeli et al. 2003; Fig. 1, Table 2). This is
consistent with the dynamics of Hg dispersion in the Gulf
which is affected by several factors and wind in particular
(Covelli et al. 2001). Indeed, under conditions of a prevail-
ing SE wind, the supply of suspended particles enriched by
Hg from the Isonzo River to the Bay of Panzano appears
to be promoted. However, it cannot be excluded that a
non-negligible contribution from sediment resuspension
may occur, especially at the shallowest site (P5) where
the shallow water depth may favour permanent particle
suspension, according to observations of other shallow
coastal areas (Bellucci et al. 2016). Moreover, the open-
ing of the sediment traps was high enough (approximately
120 cm from the bottom) to avoid most of the contribu-
tion from sediment resuspension. This is also confirmed
by the average concentration of Hg in the SSP which was
generally found to be of the same order of magnitude with
respect to the surface sediments at the same sites (Pavoni
et al. 2021b; Table 2).

4 Conclusions
Although the Idrija mining district closed in 1996, Hg

is still conveyed into the marine-coastal area of the Gulf
of Trieste by freshwater inputs from the Isonzo River.

Results from this research suggested that notable fluxes of
SSP (max 188+ 1 g m~2 day~!) and associated Hg (max
245 +25 ug m~2 day™!) may occur but they were limited
to brief periods of elevated river discharge, which was con-
firmed as a still active and relevant source of Hg in the Gulf.

Moreover, Hg concentrations in the SSP (0.61-6.87 ug g~ 1)
were found to be of the same order of magnitude with respect
to the amount of Hg observed in the surface sediments in
previous investigations. This suggests that settling processes
in relatively shallow water still play a crucial role in the quick
transfer of Hg-enriched suspended particles from the water
column to the seabed compartment.

Insights from this research suggest that variations in
the Hg fluxes appeared to be predominantly governed by
natural factors such as flood events from the Isonzo River
and, to a lesser extent, by physical resuspension in shallow
water due to increased wave motion. This is of relevant
concern since local anthropogenic perturbations, such
as those projected to occur in the future during dredging
operations planned along the navigation channel approach-
ing the Port of Monfalcone, would be most likely be con-
strained and are not expected to seriously affect natural Hg
fluxes from the water column to the seabed.
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