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Hg in the hydrothermal uids and gases in Baia di Levante, Vulcano, Italy
Hannah Roberts *, Thomas Pichler

Universität Bremen, Fachbereich Geowissenschaten, Geochemistry and Hydrogeology, Klagenurter Str. 2-4, 28359 Bremen, Germany

A B S T R A C T

The importance o uid and gaseous mercury (Hg) emissions rom hydrothermal systems in the shallow, coastal
ocean is poorly constrained. However, there are indicators that they could be a signifcant natural Hg source. We
evaluated the hydrothermal Hg emissions around Vulcano Island, Aeolian Arc, Italy, which is host to a marine
shallow-water hydrothermal system (MSWHS) in Baia di Levante. Fluids were collected with porewater probes,
and gases were collected into Tedlar© bags. Total Hg (THg) concentrations in the hydrothermal uids ranged
rom 2.9 to 2888 pM. The concentrations o volatile Hg were below 8 pM and trended positively with increasing
temperature. Monomethyl Hg (MMHg) was not detected. Total Hg in the gases ranged rom 0.03 to 1.82 μmol/
m3.
High concentrations o THg were associated with low Cl-concentrations, low pH-values, and high K/Cl and

Mg/Cl ratios. Concentrations o THg in the hydrothermal uids resulted rom mixing between meteoric water,
seawater, condensed umarolic vapor, and a deep hydrothermal uid. However, not all low-Cl uids were high
THg samples. Samples taken along the coast o the La Fossa crater contained substantially less THg (2.9 to 29.4
pM), despite similar hydrothermal indicators as those in the Baia di Levante samples. These data support sub-
surace circulation models, which discuss the downslope ow o condensed La Fossa crater gases to the coast. In
the hydrothermally active area o Baia di Levante, concentrations o THg were elevated relative to background
surace seawater, ranging rom 40 to 5110 pM. In comparison, the remainder o the bay ranged rom 0.8 to 2.4
pM.
The ux o Hg to the atmosphere rom surace waters was calculated through dissolved Hg concentrations. The

ux at each sampled site ranged rom 0 to 19.6 pmol/m2/hr. The highest ux rates were determined or those
areas with visible hydrothermal activity, particularly those with high gaseous emission rates. Surace water
concentrations declined rapidly away rom point sources, indicating atmospheric emission, dilution through
mixing, or scavenging and sedimentation. In hydrothermally active areas, Baia di Levante sediments contained
THg concentrations o 2.42 nmol/g and 49.52 nmol/g, which were signifcantly above background (0.03 nmol/
g).
The largest gaseous point source, Bambino, released >2 L o gas per second. Although, Hg concentrations in

the gas were low (113 to 122 nmol/m3) relative to other measured point sources near the beach (1768 to 1817
nmol/m3), due to the volume o discharge, surace water concentrations were elevated (131 pM).
The Hg present in the hydrothermal system o Vulcano contributes Hg to the atmosphere and local seawater as

a natural source.

1. Introduction

Mercury (Hg) is a well-known biological toxin aecting environ-
mental and human health. Anthropogenic Hg emissions are the primary
source to the environment, while natural sources o Hg play a lesser role
and are poorly constrained in global models (Lamborg et al., 2002;
Outridge et al., 2018). In the marine cycle, Hg is primarily deposited

rom the atmosphere to surace waters as elemental Hg (Hg0) or ionic Hg
(Hg2+) (Mason and Fitzgerald, 1996; Mason and Sheu, 2002). Abiotic
and biotic reactions oxidize Hg0 to ionic Hg (Hg2+), ater which pri-
marily biological processes generate methylated species mono-
methylmercury and dimethylmercury (MMHg and DMHg) (Fitzgerald
et al., 2007). These organic Hg compounds are highly toxic, given their
ability to pass through the blood-brain barrier. Additionally, organic
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species bioaccumulate to levels that can aect human health. Dissolved
species (Hgdiss) include colloidally bound Hg (< 0.45 μm) and unbound
Hg2+, Hg0, and methylated species. Volatile species include Hg0 and
DMHg. Total Hg (THg), which includes dissolved and particle-bound Hg,
in the Mediterranean Sea, is generally in the low pM (< 5 pM) con-
centration range with variable concentrations in the water column
spatially and temporally (e.g., Cossa et al., 2018; Cossa et al., 1997b;
Fitzgerald et al., 2007; Horvat et al., 2003).

Marine shallow-water hydrothermal systems (MSWHS) are sparingly
described natural sources o Hg to the atmosphere and marine envi-
ronment (e.g., Bagnato et al., 2017; Leal-Acosta et al., 2010; Roberts
et al., 2021; Stoers et al., 1999). Emission types can be concentrated at
a single point (point sources) or occur diusely across a wide area
(diusive ux) and are generally associated with elevated temperatures
o up to 120 ◦C (Pichler et al., 1999b; Price and Giovannelli, 2017;
Roberts et al., 2021). Features associated with MSWHS include micro-
bial mats (e.g., Price and Giovannelli, 2017; Price et al., 2013b);

chimneys and hydrothermal precipitates (e.g., Esposito et al., 2018;
Pichler and Veizer, 2004); and uid, brine, and gas emission (e.g.,
Bagnato et al., 2009; Pichler et al., 1999a; Valsami-Jones et al., 2005).
As a volatile element, Hg can be present in hydrothermal systems in the
gas or uid phase (Roberts et al., 2021; Varekamp and Buseck, 1984).
Depending upon depth and gas ow, emissions rom MSWHS can
contribute Hg directly to the atmosphere or dissolve constituents into
the water column (e.g., Bagnato et al., 2017; Pichler et al., 1999a;
Pichler et al., 1999c; Roberts et al., 2021). At the point o emission, no
methylated species have been observed in uids rom MSWHS (Roberts
et al., 2021). However, contributions o inorganic Hg species to local
waters, seagrasses, and sediments have been reported (Bagnato et al.,
2017; Leal-Acosta et al., 2013; Leal-Acosta et al., 2010; Roberts et al.,
2021). Additionally, the methylation o inorganic species within the
water column is a signifcant actor within the marine Hg cycle (Lehn-
herr et al., 2011; Monperrus et al., 2007; Munson et al., 2018).

Here, we present Hg and water chemistry data or the hydrothermal

Fig. 1. Map o all hydrothermal sample locations on
Vulcano island with A) regional map, B) map o Baia
di Levante and the La Fossa samples with locations o
hydrothermal samples. LF samples were distinctive
rom Baia di Levante samples with greater inuence
rom the La Fossa crater. The maps were generated in
QGIS. C) Map o Baia de Levante hydrothermally
active area showing named point sources including
subaerial low-Cl, shore, rock boulder, tidal cave,
Bambino, white mat, and the mud bath area (MB).
Created rom drone images that were stitched with
Microsot ICE.
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uids and gases o the Vulcano MSWHS, along with data or surace
waters in Baia di Levante (Fig. 1). We hypothesize the source o Hg to be
a rising hydrothermal vapor phase. The fnal concentration o Hg is
controlled by mixing seawater and meteoric water. These fndings
support previous studies o subsurace circulation models (Oliveri et al.,
2019; Zambardi et al., 2009) and groundwater studies (Aiuppa et al.,
2000; Bagnato et al., 2009).

2. Geological setting

The island o Vulcano belongs to the Aeolian volcanic arc and is
comprised entirely o volcanic rock, with younger volcanic edifces in
the north and northwest (Keller, 1980). Volcanic activity began during
the Upper Pleistocene, and the last eruptive period was rom 1888 to
1890; however variable umarolic activity on land and oshore has
continued to the present (De Astis et al., 1997). Baia di Levante is located
between the La Fossa caldera and the Vulcanello peninsula. Following
drilling campaigns in the 1950s, the Baia di Levante area has been
known to be ed by a hydrothermal aquier beneath the bay (Sommar-
uga, 1984). Since that time, several subsurace circulation models have
been proposed (e.g., Aiuppa et al., 2020; Falcone et al., 2022; Federico
et al., 2010; Fulignati et al., 1998; Inguaggiato et al., 2012; Madonia
et al., 2015; Oliveri et al., 2019). All models agree that the system is
driven by a shallow geothermal aquier, which generates a boiling

hydrothermal brine that eeds the MSWHS in Baia di Levante. However,
the exact subsurace plumbing o the hydrothermal aquier, the sources
o various marine and sub-aerial point sources, and the relative signif-
cance o water sources (e.g., meteoric water and seawater) are not
conclusively established. Large variations in gas and liquid composition
and temperature were reported or the La Fossa and Baia di Levante
areas (e.g., Aiuppa et al., 2007; Aubert et al., 2008; Boatta et al., 2013;
Rogers et al., 2007). In Baia di Levante, multiple shallow-water point
sources emit metals, REEs, and other components to the seawater, which
aect the water chemistry o the bay (e.g., Capaccioni et al., 2001;
Oliveri et al., 2019; Sedwick and Stuben, 1996).

Hydrothermal activity is present north o the Vulcano port along the
beach and in the shallow bay (Figs. 1 and 2). Activity in the bay was
observed primarily in the orm o gaseous exhalations. An area o diuse
hydrothermal uid ux is indicated by the ormation o white biomats
north o the port (Fig. 1). A large, acidic mud bath requented by tourists
sits to the west o the bay, immediately onshore and north o the port.
The rocky outcropping that divides the beach and port areas contains at
least three acidic hydrothermal sources below or above sea level. The
area in Baia di Levante north o the outcropping area and directly east o
the mud bath is considered the mud bath area (MB) or purposes o data
discussion. North o MB is the largest gaseous exhalation in the bay,
named Bambino. Eastward rom Bambino are many small gaseous ex-
halations in addition to a point source northeast o Bambino (Mini-

Fig. 2. Point source examples on Vulcano island. A) gas sampling o subaerial low-Cl, B) submarine low-Cl with shimmering hydrothermal uid, C) Bambino surace
emission, D) white mat area. Point sources in the area o Bambino E) gaseous point source (Mini-Bambino), F) extensive gaseous exhalations to the east o Bambino.
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Bambino). Between the rocky outcropping and Bambino, the bottom
substrate is rocky with little sedimentation close to shore. Waters are
oten murky, with large occulants visible in the water column. The area
to the north o Bambino contains only a ew small gaseous point sources
(Aiuppa et al., 2020; Boatta et al., 2013). Small, low-Cl point sources
emit gas and uid onshore to the north o MB. Fluids are transparent
with some coloration on the surrounding fne sediment. To the south o
the port is the La Fossa area (LF). A cooler hydrothermal uid point
source was discovered near a mermaid statue in that area.

Concentrations o Hg were reported or La Fossa cone umaroles (e.
g., Bagnato, 2007; Ferrara et al., 2000; Zambardi et al., 2009) and
groundwaters (Aiuppa et al., 2000; Bagnato et al., 2009). However,
there were no data reported or Hg in the hydrothermal gases and uids
collected at the point o emission in Baia di Levante.

3. Methods

In June 2019 and September 2021, a total o 85 samples were
collected across the bay and around the island or Hgdiss (fltered) and
THg (unfltered) in surace waters, the water column, and rom hydro-
thermal point sources (PS), along with As, cations, and anions (Appendix
1 and 2). In a subset o samples, Hg was speciated (V25, V26, V29, V30,
and V36), which included the determination o THg, Hgdiss, Hg0, DMHg,
and MMHg and required a sample volume o 1 L. Surace waters (n= 32)
were collected by boat using 60 mL polypropylene syringes and fltered
immediately onboard through a 0.45 μm membrane. Hydrothermal
uids were collected using pore uid samplers constructed rom PTFE
tubing and 10 mL pipette tips at 10 cm sediment depth using poly-
propylene 60 mL syringes. Porewater temperatures were monitored at
the pipette tip, and deviations in temperature were not observed during
sampling. This ensured that samples were not contaminated with
seawater. Measurements o pH (Halo Wireless pH meter, Hanna In-
struments), conductivity and ORP (Myron Ultrameter) were immedi-
ately taken in the feld. The subsample or anion analysis was fltered
with a 0.45 μm syringe flter, and the subsamples or elemental analysis
(ICP-OES and ICP-MS) were additionally preserved with 2% (m/v)
concentrated nitric acid.

The syringes that were collected or Hg speciation were careully
expelled into a 1 L glass jar in the feld lab or Hg0 collection. To avoid
the potential loss o Hg0, utmost care was taken to prevent turbulent
ow while transerring the sample.

A total o six gas samples were collected or analysis o Hggas
(Table 1). Background surace seawater samples were collected in areas
with no visible hydrothermal activity outside Baia di Levante to the east
(V36) and on the other side o the island to the west (V47-V50).

Liquid Hg samples were collected as unfltered and fltered (0.45
μm), stored and analyzed ollowing the USEPA (2002) protocol with a
Brooks Rand CV-AFS analyzer. The acidifed samples arrived rom the

feld in the laboratory and were held at 4 ◦C until analysis. On the day o
analysis, 40 mL sample were transerred into a 60 mL Volatile Organic
Analysis (VOA) glass vial with a PTFE lined cap. 400 μL acidifed bro-
mide/bromate (1:1 mixture o 0.01 M bromide/bromate solution (Tri-
trisol, Merck) and 32% hydrochloric acid (Optima grade, Fisher
Scientifc)) were added to the sample and let standing or at least 30
min at room temperature. The reactivity o the bromine chloride was
then quenched by adding 100 μL 30% (m/v) hydroxylamine hydro-
chloride solution (ReagentPlus, 99%, Sigma-Aldrich). Elemental Hg was
generated in the solution upon the addition o 200 μL 20% (m/v) tin(II)
chloride solution (Reagent grade, Ala Aesar). Each sample was analyzed
in duplicate whenever the sample volume allowed. The limit o detec-
tion or this method in our laboratory was determined to be 0.04 ng/L (n
= 10). The certifed reerence material ORMS-5 (elevated Hg in river
water, National Research Council Canada) was used or quality control.
The reerence material is certifed or a concentration o 26.2± 1.3 ng/L
THg.

The sediment samples were digested in 10:3 aqua regia ollowing
Bloom et al. (2003) and THg was analyzed by CV-AFS. The certifed
reerence material PACS-1, certifed or a concentration o 4.57 ± 0.16
μg/g THg was used or quality control.

Hg0 in the liquid phase was collected rom selected samples (Table 2)
by purging 1 L o hydrothermal uid with Hg ree nitrogen onto gold and
carbo traps and analyzed by CV-AFS (Cossa et al., 2011; Lehnherr et al.,
2011).

MeHg was analyzed by species-specifc isotope dilution-gas chro-
matography-inductively coupled plasma-mass spectrometry (SSID-GC-
ICP-MS) (Brombach et al., 2015). A 100 mL sample was spiked with a
solution o Me201Hg (ISC Science, Spain) and let standing or an hour
or equilibration. An optimal ratio o 4.25 or Me201Hg in the spike to
Me202Hg in the sample was the aim o the spiking. Based on the
assumption that 5% o THg was present as Me201Hg, the amount o the
enriched isotopic solution was calculated or the initial spiking. An
addition o 5 mL o a 1 M acetic acid – acetate buer at pH 3.9, prepared
rom trace metal grade acetic acid (Fisher Scientifc) and 30 M NaOH
(Suprapur, Merck), was added to the sample, and the pH was adjusted to
3.9 with sodium hydroxide (30 M, Suprapur, Merck). Subsequently, 1
mL propylation reagent (1 g sodium tetrapropylborate;Merseburger
Spezialchemikalien, Germany) in 100 mL oxygen-ree Milli-Q water was
added to the sample ollowed by 200 μL n-hexane (Reagent Grade ACS,
Riedel-de-Haen). The Hg species were extracted into the n-hexane phase
by shaking or 10 min, and the n-hexane phase was analyzed using a
Thermo Scientifc Trace 1300 GC coupled to a Thermo Scientifc
Element 2 ICP-MS. A cyclonic spray chamber was attached to the
transer line just beore the ICP torch or wet plasma conditions giving
the option o plasma tuning and monitoring with an internal Thallium
standard. General settings o the GC and the ICP-MS can be ound
elsewhere (Brombach et al., 2015).

Gas samples were collected into Tedlar© bags using a custom-built
glass unnel connected to Teon tubing in combination with a stan-
dard underwater lit bag. The lit bag was attached to lead weights
which enabled the calculation o the gas volume collected, i.e., the
volume o gas needed to displace enough seawater to lit the bag at a
given depth and lead weight. In some instances, gas point sources were

Table 1
Concentrations o Hg in the gas phase on Vulcano.
Sample Number Sample Description Gas nmol/m^3

Bambino
V51 Low Tide 122
V52 High Tide 113
B-B-06 2021 Low Tide 120
B-MB Mini-Bambino 282

White Patch
V29 White Patch 10 cm 7
V39 White Patch T Map: White 5

Baia di Levante
V30 Subaerial low-Cl 3
V42 Shore Sample 1768
V43 Rock Boulder at Mud Bath 1817

Table 2
Concentrations o dissolved Hg0 in collected uid samples rom Vulcano.

Sample Number Sample Description Hg0

pM

V36 Background (Vulcano) 0.98
B-B-06 Bambino 7.27
V29 White Patch 10 cm 5.33
V30 Subaerial low-Cl 1.52
V25 Tidal Cave 3.3
V26 Submarine Cave 2.58
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located at depths too shallow to use the lead weights. In these instances,
gas sample bags were flled as much as possible without damaging the
sample bag. H2S was removed rom the gas in an alkaline trap, to pre-
vent the ormation o HgS within sample vials. The sample was then
trapped in 0.5 M permanganate solution in 2 N suluric acid and
analyzed by CV-AFS as THg (Brombach and Pichler, 2019).

Anions were analyzed using a Metrohm 883 Basic IC plus instrument
ftted with a 5 μL injection loop and a Metrosep A Supp5 (150× 4.0 mm;
5 μm) column or anion separation in combination with a mobile phase
consisting o 3.2 mmol/L Na2CO3 (Analytical reagent grade, Fisher
Scientifc) and 1.0 mmol/L NaHCO3 (puriss. p.a., ≥ 99.7%, Sigma-
Aldrich). Quality control was assured with an internal laboratory stan-
dard and the artifcial seawater standard IAPSO. Major cations were
measured by inductively coupled plasma-optical emission spectrometry
(ICP-OES) using a Perkin Elmer Optima 7300 DV instrument. Quality
control was assured by using the EnviroMAT Groundwater Low (ES-L-2)
and High (ES-H-2) standards and a certifed seawater (CRM-SW, High
Purity Standard). Trace elements were analyzed by inductively coupled
plasma-mass spectrometry (ICP-MS, Element 2 Thermo Scientifc).
Quality control was identical to that o the ICP-OES measurements.

The ux (pmol/m2/h) o Hg0 to the atmosphere rom each o the
sampling sites was calculated using the equations by Liss and Slater
(1974) (1) and Wanninkho (1992) (2), as implemented by Wängberg
et al. (2001), where DGM is the dissolved gaseous Hg concentration,
TGM is an approximate gaseous Hg concentration or the area o Sicily as
feld blank values were below detection limits (10.86 pmol/m3 (Kotnik
et al., 2014)), kw (cm/h) is the gas transer velocity, u10 is the wind speed
at 10 m height, ScHg is the Schmidt number or Hg in seawater and ScCO2
is the Schmidt number or CO2 in seawater (Kuss et al., 2009), and H′ is
the dimensionless Henry's law constant as calculated by Clever et al.
(1985) (3). An approximate value was used or atmospheric Hg (7.5
pmol/m3), and the percent volatile Hg0was assumed to be 10% o Hgdiss
in seawater samples (Horvat et al., 2003). Schmidt numbers 689 or Hg
and 660 or CO2 were used.

Flux to the Atmosphere = kw

(

DGM TGMH
′

)

(1)

kw = 031u2

10

(

ScHg
/

ScCO2

)05

(2)

H
′
= exp

(46333

Tw

+ 1453

)

(3)

4. Results

4.1. Seawater

In general, the surace water samples o Baia di Levante, outside o
the mud bath area (MB), had similar concentrations o cations, anions,
and metals as background seawater (Appendix 1). Signifcant deviations
were observed in samples rom areas with visible hydrothermal in-
uences. These variations included a lower pH and elevated concen-
trations o SO4, Si, H2S, Sr, Mn, THg, and Hgdiss (Figs. 3 and 4). Among
the surace water samples outside MB, a positive linear trend was
observed between THg and Hgdiss (Fig. 5). The samples within the
Vulcano Port area (V04 to V06, V10 to V12, and V16 to V17) were not
included within the surace maps to improve data visualization.

In MB, high THg concentrations were observed in seawater and gas
samples (Fig. 4). Samples taken at the orifces o two-point sources (Rock
Boulder (V43) and Shore Sample (V42)) near the beach contained up to
2800 pM THg and 270 pM Hgdiss in 2019 (Appendix 3) with over 1800
nmol/m3 Hg0 in the emitted gas phase. Surace water samples above the
point sources (V17 and V18, respectively) were higher than the sur-
rounding surace water samples (Appendix 1). Hgdiss concentrations
were lower closer to shore near the rocky outcropping and higher in
areas o gaseous point source activity.

To the east o MB, white mats were observed. There, concentrations
o THg in the gases were low (5 to 7 nmol/m3) (Table 3), while pore
uids were low to high in THg (7 to 276 pM) and Hgdiss (0 to 7 pM)
(Appendix 1). A signifcantly lower pH (pH 6.7) than that o seawater
(pH 8.1) was observed above the white mats at location V15. Three
vertical water column samples were collected at that station. The con-
centration o THg decreased substantially rom 71 pM at the surace
(V34) to 5 pM at a depth o 3 m (V33) and 3 pM at a depth o 5 m (V32).

Flux to the atmosphere was estimated at each surace site and ranged
rom 0.1 to 19.6 pmol/m2/h1 in 2019 (Appendix 2). Estimations or the
MB area ranged between 1.4 and 9.0 pmol/m2/h1. Emission rates were
highly dependent on Hgdiss concentrations. This is not necessarily sur-
prising, as other actors aecting emission rates (wind speed,

Fig. 3. Surace water maps o 2019 data o A) sample locations, B) SO4 (mM), C) Si (mM), D) H2S (μM), E)THg (pM), and F) Hgdiss (pM). Maps were generated in
QGIS. For mapping purposes, values below detection limits were replaced with 0. Distance coefcient (P) was 6.5. Output raster size was 1026 by 2019.
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Fig. 4. Surace seawater water concentrations or September 2021 within the MB area o A) Sr (μM), B) Mn (μM), C) THg (pM) with extreme concentration gradient
(3 m) highlighted by white points, and D) Hgdiss (pM). Maps were generated in QGIS. For mapping purposes, values below detection limits were replaced with 0.
Distance coefcient (P) was 5. Output raster size was 1000 by 986.

Fig. 5. Seawater (blue circles) and MB (white diamonds) concentrations o A) THg (pM) vs Hgdiss (pM), B) THg (pM) vs pH, C) Hgdiss (pM) vs pH. Bambino transect
with distance (m) rom shore. D)THg (pM) and E) pH. The location o Bambino is circled in red. (For interpretation o the reerences to colour in this fgure legend,
the reader is reerred to the web version o this article.)
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atmospheric Hg concentration, etc.) were considered the same or all
sites.

The Bambino gaseous point source contained 113 nmol/m3 Hg at
high tide and 122 nmol/m3 at low tide in 2019 and 120 nmol/m3 in
2021 (Table 3). It should be noted that the Bambino site was too shallow
to use lead weights to determine the gas collection volume. Due to the
potential or sampling error, those two values were considered the same
or both low and high tide and 2019 and 2021. An emission rate was
measured at the Bambino site. A 2 L graduated cylinder was flled with
seawater and placed over the point source. The rising gas displaced the
seawater rom the cylinder, with the timing o ull displacement indic-
ative o an emission rate. However, gas emissions exceeded 2 L/s when
approximations were attempted. The cylinder overowed with gas
immediately. Thereore, a minimum o 2 L/s was established or
calculation purposes. Under these assumptions, Bambino contributed
235 pmol/s o Hg to the area on average. In surace waters directly
above Bambino (V20), 131 pM THgwas observed in 2019, with 56 pM as
Hgdiss (Appendix 1). A sample o Hg0 rom surace waters was taken
above Bambino in 2021 with a concentration o 7.3 pM (Table 2), with
THg 92 pM (Appendix 1). The resulting ux to the atmosphere using the
Hg0 concentration was estimated at 13.6 pmol/m2/h1.

A surace and bottom water transect, including Bambino (B-S-06 and
B-B-06), were completed at ebb tide (Appendix 1, Fig. 5). Additional
samples were taken on separate days (B-01 and B-02). Surace water
samples only were collected at stations where the depth was too shallow
(B-S-01 and B-S-04) or too deep to sample without diving equipment (B-
01 and B-02). Concentrations o THg ranged rom 33 and 101 pM at the
surace and 43 to 61 pM at depth. The concentrations o THg were
highest directly above or adjacent to Bambino in the surace waters.
Bottom water concentrations were similar to surace water concentra-
tions at stations B-S-02 and B-S-03 but were signifcantly less than sur-
ace waters at B-S-05 and B-S-06. Temperatures were the same or all
samples except or B-01 and B-02. Values o pH decreased with prox-
imity to Bambino.

4.2. Pore fuids

In general, pore uid samples had a lower pH, higher temperature,
elevated concentrations o Ca, K, Li, Mn, Si, H2S, THg, and Hgdiss, and
lower concentrations o Cl, Br, Na, and Sr than the background sample
(Appendix 3). No linear relationship was observed between THg and
Hgdiss. The tidal cave (V25 and F-01) was depleted in Cl, Br, Mg, Na, and
Sr but contained elevated concentrations o THg, Si, Fe, and SO4. The
two additional point sources on the rocky outcropping on the port side
(F-02 and F-03) were similar in anion and cation concentration to the
tidal cave, but with higher As (0.5 and 1.3 μM), lower THg (27 and 26

pM) and Hgdiss (6.5 and 5.5 pM) concentrations. The shore sample
contained depleted but near background concentrations o major con-
stituents. However, concentrations o THg, Hgdiss, Si, and Li were
elevated. An onshore subaerial site (V30) was sampled during an ebb
tide. The chemical composition o V30 was depleted in major constitu-
ents, acidic, and elevated in Si and THg. Gas concentrations o Hg were
low (3 nmol/m3).

The LF samples contained hot, acidic uid with close to background
concentrations omajor constituents. THg and Hgdisswere elevated in all
samples but highest in the sample with no Fe or H2S. The uid o V27
was similar to the La Fossa Submarine Cave sample (V26), except or
higher As concentrations (3.3 μM). Si concentrations were high in all
samples. A similar chemical composition was observed or a nearby
submarine point source (V26).

A fve-point transect was completed in 2019 o porewaters within the
white mat area. Each sample represented dierent environmental con-
ditions: seagrass (V37), sand (V38), a dense white mat (V39), bubbling
sand (V40), and a sparse white mat (V41). Each sampled location
showed dierences in chemical composition (Appendix 3). Metals and
metalloids (Fe, Mn, Si, Hg, As) and H2S were elevated relative to
seawater in bubbling and white mat samples. However, Mg was not
depleted. The sample named ‘seagrass’ was near white mat activity;
however, the chemical composition was similar to seawater except or
elevated THg and Si.

4.3. Sediments

Sediments were collected as general representations o background
(Black Beach, 0.03 nmol/g), the MB area (MB-15, 2.4 nmol/g), and an
active point source (B-Bowl, 49.5).

4.4. Gases

Gases were collected rom point sources onshore, nearshore, and the
white mat area (Table 1). Concentrations ranged rom 3 nmol/m3

onshore, 113 to 1817 nmol/m3 in nearshore samples, and 5 to 7 nmol/
m3 in white mat samples.

4.5. Speciation

Neither MMHg nor DMHg was detected in the uids rom point
sources o the Vulcano MSWHS. Measurements o volatile Hg ranged in
concentration rom 0.98 to 7.27 pM. Hg0 pM.

4.6. Chloride ratios

Ratios o conservative elements (e.g., Cl, Na, Mg, Ca, K) ollow linear
trends in seawater, with changes in concentration due primarily to
mixing with resh water. Hydrothermal and seawater samples were
distinctly dierent with respect to conservative elements (Fig. 6). The
seawater and MB samples generally ollowed a linear trend between Na
and Kwhen normalized to Cl, while hydrothermal poreuid samples did
not (Fig. 6B). High THg concentrations in hydrothermally inuenced
samples were associated with lower Mg/Cl and K/Cl (g) ratios (Fig. 6B
and C).

5. Discussion

5.1. Overview

The enrichment o Hg in surace water samples in Baia di Levante
was due to intense and shallow hydrothermal activity (Fig. 7). Fluxes o
uids and gases containing high concentrations o Hg relative to back-
ground concentrations mix with overlying seawater upon emission.
However, due to the buoyancy o the warm uid, signifcant concen-
trations o Hg accumulated in the surace waters. Removal o Hg rom

Table 3
Concentrations o Hg in the gas phase.
Sample Number Sample Description THg Gas

nmol/m3

Bambino
V51 Low Tide 122
V52 High Tide 113
B-B-06 Bambino Transect 119.89
B-MB Mini-Bambino 281.65

White Patch
V29 White Patch 10 cm 7
V39 White Patch T Map: White 5

Subaerial and Tidal Sites
Baia di Levante

V30 Subaerial low-Cl 3
V42 Shore Sample 1768
V43 Rock Boulder at Mud Bath 1817
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Baia di Levante included ux to the atmosphere rom uids, sedimen-
tation due to changing redox conditions and temperature (see 4.2), and
dilution and transport in the water column.

5.2. Hg in Bahia di Levante seawater

The dominant source o THg to the surace water in Baia di Levante
was the accumulation o buoyant hydrothermal uid. This was
demonstrated by water column samples collected at V15, the Bambino
transect (Fig. 5), and was previously established or other systems and
metals (Pichler et al., 2019; Pichler et al., 1999b; Roberts et al., 2021).
Alternative sources o Hg to Baia di Levante (anthropogenic inuences
and atmospheric deposition) were not signifcant compared to the
MSWHS discharge. Increases in THg concentrations in proximity to the
coast, and thereore human activity, were observed (Fig. 3). However,
these enrichments were associated with hydrothermal activity. In areas

with increased boating activity and ewer hydrothermal inuences, THg
values were equivalent to or below background values. Atmospheric
deposition is known to generate supersaturated concentrations o Hg in
the ocean surace and mixed layer waters due to Hg0 oxidation (Fitz-
gerald et al., 2007). However, the magnitude o supersaturation due to
atmospheric deposition was ound to be comparatively low in the
Mediterranean (e.g., Cossa et al., 1997a; Horvat et al., 2003). In addition
to physical proximity to hydrothermal sources, elevated Hg concentra-
tions were observed together with elevated concentrations o As, devi-
ation rom linear mixing patterns o cations and anions (Fig. 6), and a
lower pH than background seawater. These actors are commonly
associated with hydrothermal activity (e.g., Khimasia et al., 2021;
Pichler et al., 1999b; Pichler et al., 1999c; Price et al., 2013a; Roberts
et al., 2021). The mobilization o As by hydrothermal systems due to
changing redox conditions is well established (Pichler et al., 1999b;
Price and Pichler, 2005) and both As and Hg belong to the “epithermal

Fig. 6. Plots o hydrothermal (white diamonds), MB
seawater (grey triangles), and seawater (blue circles)
samples. LF samples are circled. A) THg (pM) vs Cl
(mM), B) Na/Cl vs K/Cl ratio, C) THg (pM) vs Mg/Cl
ratio, D) Na/K ratio (mg) vs THg (pM) in seawater
(blue), hydrothermal (white), white mat area (red),
and MB (yellow), with bubble size indicating percent
THg as Hgdiss. MB samples contained greater THg
concentrations compared to seawater throughout
Baia di Levante but maintained Na and K linear
mixing trends. Hydrothermal samples did not show
linear mixing trends. (For interpretation o the re-
erences to colour in this fgure legend, the reader is
reerred to the web version o this article.)

Fig. 7. Schematic o Hg cycling rom Vulcano point
sources. Fluxes o uids mix with the surrounding
seawater, however due to the buoyancy o the warm
uid, signifcant concentrations o Hg accumulate in
the surace waters. Due to changes in temperature
and redox conditions, Hg may also precipitate rom
the water column. Gaseous Hg species may partially
or ully dissolve in the water column during their
ascent to the surace. In cases o shallow depth and
high rates o gas emission, gaseous Hg may primarily
be emitted to the atmosphere. For the Vulcano sys-
tem, diusive uxes did not appear to play a large
role in Hg accumulation within surace waters.
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suite” o elements (Au, Ag, Te, Se, Hg, As, Sb, and Tl) (Berger and Eimon,
1983; Saunders and Brueseke, 2012; Saunders et al., 2008). The
grouping is generally controlled in their similar behavior by two main
properties: (1) they are all sot Lewis acids and thereore orm covalent
bonds with sot Lewis bases, and (2) they have similar volatility resulting
in their liberation rom the mantle. Several studies identifed enrich-
ments o epithermal suite elements in MSWHS (Gamo and Glasby, 2003;
Johnson and Cronan, 2001; McCarthy et al., 2005; Prol-Ledesma et al.,
2004; Roberts et al., 2021) and ollowing mixing with seawater, hy-
drothermally derived As and Hg have been shown to accumulate in
surace waters (Pichler et al., 2019; Pichler et al., 1999b; Roberts et al.,
2021). Thereore, elevated concentrations o THg and Hgdiss were
considered to be caused by the hydrothermal activity in Baia di Levante.

The ate o Hg rom the MSWHS o Baia di Levante is strongly tied to
surace water conditions because, due to hydrothermal uid buoyancy,
Hg accumulates at the surace and is potentially transported over large
distances. For example, Leal-Acosta et al. (2013) reported dissolved Hg
at a signifcant distance (km) away rom hydrothermal sources in the
Gul o Caliornia. Elevated Hgdiss concentrations in Baia di Levante,
which trended positively with THg in surace waters outside o MB
(Fig. 5), indicated the potential or transport and biological uptake.
However, the surace water concentrations o Hg in Baia di Levante did
not mirror the extent o other hydrothermal indicators (e.g., SO4 and Si,
see Fig. 4). Despite high concentrations o THg and Hgdiss in surace
waters directly above or adjacent to point sources (e.g., MB-01), surace
waters decreased in THg rom 5110 pM to 164 pM over a distance o <5
m (Fig. 4). In contrast, Hgdiss increased rom 7.6 pM to 29.8 pM. Addi-
tionally, a negative trend was observed between pH and THg and Hgdiss
(Fig. 5). With an increasing seawater pH, the adsorption o Hg onto
particles is enhanced, specifcally or clay minerals and iron oxy-
hydroxides (Anderson, 1979). The sedimentation o particles, as previ-
ously discussed or other submarine and subaerial systems (e.g., King
et al., 2006; Leal-Acosta et al., 2010; Roberts et al., 2021), would result
in a reduction o THg in addition to Hgdiss due to sedimentation. Sedi-
ment collected in the MB (2.42 nmol/g) and Bambino (49.52 nmol/g)
areas reected this process when compared to sediment collected within
Black Beach (0.03 nmol/g). A previous study o a subaerial system
showed a similar pattern, where THg concentrations rapidly declined
away rom hydrothermal sources, with amorphous S precipitates
dominating removal (King et al., 2006). In accordance with those fnd-
ings, surace waters above the MSWHS in Bahia di Levante could be
considered a reservoir o THg and, thereore, may play a crucial role in
the ultimate ate o Hg discharged rom any MSWHS.

The MSWHS in Baia di Levante discharged large volumes o hydro-
thermal gases, which rapidly percolated through the water column and
into the atmosphere. Thereore, gas emissions rom this system directly
aected the overlying water through bubble dissolution and the atmo-
sphere through evasional and ebullitive ux (Fig. 7). Previous studies
indicated efcient dissolution o gases in deep and shallow waters (e.g.,
McGinnis et al., 2011; Zhao et al., 2016), and Pichler et al. (1999a)
highlighted the impact o gases on water chemistry and sedimentation.
The highest calculated atmospheric ux o Hg to the atmosphere rom
surace waters (19.6 pmol/m2/hr) was signifcantly higher than that
observed by Roberts et al. (2021) or the Milos MSWHS (2.7 pmol/m2/
hr) but not as high as the ux calculated by Bagnato et al. (2017) or the
Panarea MSWHS (45 pmol/m2/hr). While not intended to provide pre-
cise evasional ux measurements, the calculation illustrated the
magnitude o hydrothermal impacts on surace waters with distance
rom point sources. Signifcant dierences were observed in the surace
waters o Baia di Levante. The highest were near, or directly above,
shallow point sources. The Hg in hydrothermal gases is presumed to be
Hg0 (Brombach and Pichler, 2019). Bambino represents an ideal point
source to study, with a high volume o gas output at a shallow depth
where evasional and ebullitive ux are potentially signifcant. However,
only 43% o the THg was Hgdiss above Bambino, and<10% o Hgdisswas
Hg0. Ater a distance o 9 m to the west and 21 m to the east o Bambino,

the THg concentrations in surace water were reduced to 28% and 48%
o the Bambino surace water concentration. This result was surprising,
given the numerous point sources at a lower depth east o Bambino
(Fig. 2F). The ormation o bound Hg species was likely due to oxidative
reactions, which rapidly reduced Hgdiss away rom point sources. The
rapid (frst-order rate constant k = 0.1 h1) oxidation o Hg0 beore
reaching surace waters is expected to be driven by photochemical re-
actions and enhanced with the presence o Cl (Amyot et al., 1997;
Lalonde et al., 2001). The oxidation o Hg0 to Hg2+ prevented the
evasion o dissolved Hg0 to the atmosphere and, thus, preserved Hg in
seawater.

It should be noted that sample B-S-05, located 3 m west o Bambino,
was higher in THg concentration than B-S-06 taken directly above
Bambino in the bubbling area. Two scenarios could account or this
phenomenon. First, transport away rom Bambino during ebb tide would
result in overall eastward movement o surace waters, although the
distance between the stations was minimal. Displacement and mixing
due to Bambino itsel or anthropogenic activities (e.g., boating activ-
ities) could account or an increase in concentrations adjacent to the
point source. This scenario is less likely, as the pH is lowest at the
Bambino site, with a signifcant dierence between the surace and
bottom waters pH at B-S-05. This is despite the higher THg concentra-
tions in the surace water samples than in the bottom water samples.
Second, the slight decrease in concentration at B-S-06 could be due to
intense bubbling directly above the point source. The decrease was
approximately equal to the concentration o Hg0 at B-S-06, which was
taken <1 m away rom the bubbling area. While oxidation o Hg0 is
expected to be efcient at this location, Hg0 present in surace seawater
would be expected to be transerred to the atmosphere due to wind and
bubbling.

5.3. Source o Hg

The MSWHS on Vulcano is thought to be ed by a combination o
meteoric water, seawater, magmatic water, and a boiling aquier
beneath the bay (Aiuppa et al., 2020; Federico et al., 2010; Fulignati
et al., 1998; Inguaggiato et al., 2012; Madonia et al., 2015; Oliveri et al.,
2019). The boiling aquier resulted in a Hg-rich vapor phase that was the
primary contributor o Hg to the system. Hg concentrations in ground-
waters and subaerial umarole gases on Vulcano are linked to magmatic
and hydrothermal origins (Aiuppa et al., 2007; Bagnato et al., 2009;
Nuccio et al., 1999; Paonita et al., 2002; Zambardi et al., 2009). Bagnato
et al. (2009) concluded that the THg ound in Vulcano groundwaters was
o hydrothermal origin and transported as Hg0 in a vapor phase and
oxidized to Hg2+ in shallow groundwaters. A similar scenario, i.e., a Hg-
rich vapor as the source or Hg in the Bahia di Levante MSWHS should
also be likely. Low-Cl, high THg hydrothermal uids are discharging in
Baia di Levante (Fig. 6A), which would indicate the condensation o a
hydrothermal vapor low in Cl, but enriched in Hg. The white patch area,
where diuse uid ow and limited gas emission are present, also
revealed higher THg concentrations in pore uids at or below back-
ground Cl concentrations.

In a previous study, Roberts et al. (2021) described the MSWHS on
the island o Milos with regard to Hg concentrations. There, elevated
THg was associated with high Cl and low Na/K ratios, which indicated a
greater arc-magmatic input coupled with ast ascension rates. This result
was surprising, given the volatility o Hg and its association with the
hydrothermal vapor phase in the subsurace (Barnes and Seward, 1997;
Varekamp and Buseck, 1984). In contrast to the Milos system, the Hg
concentrations o the MSWHS o Baia di Levante were associated with
low-Cl uids, a more intuitive result given the above. The presence o
Hg, and its association with major elements, is descriptive o signifcant
subsurace properties and processes. The proposed subsurace reactions
can be supported by the relative concentrations and behavior o Hg in
comparison to major elements. This study supports previous work
associating localized elevated environmental Hg concentrations in the
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areas surrounding hydrothermal systems (Leal-Acosta et al., 2018; Leal-
Acosta et al., 2010; Prol-Ledesma et al., 2004; Roberts et al., 2021). In
particular, this study and Roberts et al. (2021) emphasize the impor-
tance o sampling both uids and gases rom MSWHS. In two distinct
sampling areas with notably dierent subsurace processes, the con-
centrations o THg, Hgdiss, and Hggas demonstrate reactions in the
shallow subsurace. These reactions played a crucial role in Hg emissions
rom MSWHS and potential urther transport.

Volatile species constituted a considerable portion o Hgdiss in some
samples (Table 2). This fnding urther supports hydrothermal vapor as
the primary Hg source in this system. The Hg0 concentrations increased
linearly with increasing temperature (Fig. 8). Similarly, pH decreased
with increasing temperature. While not defnitive, temperature and
increasing acidity indicate hydrothermal activity (e.g., Khimasia et al.,
2021; Roberts et al., 2021). Longer, slower transport increases the po-
tential or redox reactions and thereore changes in speciation, partic-
ularly or the white mat and sedimented areas (Hsu-Kim et al., 2013;
Roberts et al., 2021). The hotter, more acidic uid may indicate a more
direct, less seawater diluted hydrothermal gas and uid ow. Higher
Hg0 concentrations would reect greater proportions, or aster ascen-
sion o, the hydrothermal vapor phase. In one instance (V26), the vol-
atile measurement exceeded Hgdiss concentrations. This result may be
rom measurement error or the result o volatile species bound to par-
ticulates (Wang et al., 2015).

5.4. White mat area

The hydrothermal white mat areas did not contribute signifcantly to
THg concentrations in Baia di Levante. While the pore uids concen-
trations o THg were generally high (Appendix 3), the evidence did not
support signifcant diusive transport to the overlying water column.
White mat areas have previously been ound to aect Hg concentrations
in the gas streams o MSWHS through subsurace removal o Hg species
(Roberts et al., 2021). The white mat area o Baia di Levante was the
only sedimented area where gases were measured (V29, V39). Gas ow
was low, and Hg concentrations were between 5 and 7 nmol m3 (8).
Nearby (V15) water column measurements at depths o 2.7 m and 5.4 m
did not indicate vertical transport as a signifcant contributor to surace
concentrations. Additionally, the Na/K ratios o the white mat area uid
samples indicated slower ascension rates through the subsurace
(Fig. 6D) (Khimasia et al., 2021; Nicholson, 1993; Roberts et al., 2021).
Slower ascension rates were previously hypothesized to reduce THg
concentrations in gases and uids through HgS ormation in the sub-
surace (Roberts et al., 2021). Contributions o the white mat area were
thereore not signifcant to surace concentrations due to limited surace
area in Baia di Levante and lack o vertical transport.

5.5. Bambino

The point sources responsible or elevated Hg concentrations in Baia
di Levante surace seawater were not necessarily those with the highest
Hg concentrations. The intensity and volume o ow were also impor-
tant actors. The Bambino point source had less Hg in the gas phase (113
to 121 nmol/m3) than the MB point sources (1800 pM) but at the same
time had a higher emission rate. A nearby smaller point source (Mini-
Bambino) emitted gases with a higher Hg concentration (281 nmol/m3),
however, it emitted signifcantly less gas volume than Bambino. Further
east o Bambino, several small point sources emitted gases at 2 m depth
(Fig. 2F). Despite the larger overall number o point sources east o
Bambino, the surace water concentrations o THg were highest near
Bambino. The THg concentrations observed in the 2021 transect
decreased rom 92 pM to 26 pM over a distance o 9 m towards the
shoreline and to 44 pM over a distance o 21 m to the east. Despite many
point sources with elevated THg concentrations (342 pM THg, VB-7B),
surace water concentrations were not higher than concentrations
observed closer to shore. Additional water depth led to two signifcant
dierences. First, water depth increases the dilution o hydrothermal
uids and gases by increasing the water volume between sources and the
surace. Second, there is additional potential or the removal by pre-
cipitation and sedimentation, since uid and gas are exposed to
oxygenated seawater and photochemical reactions or a longer period
beore reaching the surace (Davey and van Moort, 1986; Lalonde et al.,
2001). Thereore, despite lower concentrations o Hggas than MB point
sources, the Bambino area signifcantly impacted surace water con-
centrations o THg and Hgdiss (56 pM), as well as pH (Fig. 5).

Bambino was estimated to output 235 pmol/sec Hg, with a surace
water atmospheric ux o 25 pmol/m2/h. As a primarily gaseous point
source (e.g., Fig. 2E), a surprisingly signifcant portion o THg was
bound to particulates in the uid sample in 2019 (75 pM). Despite high
Hgdiss concentrations in 2019 (56 pM), Hg0 was only 7.3 pM when
measured in 2021. Amyot et al. (1997) estimated Hg0 loss due to
oxidation as roughly hal o the ux to the atmosphere at a depth o 1 m.
This rate o oxidation would account or the high Hg concentration
bound to particulates despite a source enriched in Hg0. The emission o
THg rom Bambino is 10-times the rate o ux rom the seawater surace
to the atmosphere. This leaves a signifcant portion o THg not
accounted or. I all THg rom Bambino remained within the water
column, concentrations o THg in B-S-06 would exceed 1 nM in fve
minutes despite the ux o Hgdiss rom the surace to the atmosphere.
Considering THg concentrations throughout Baia di Levante and the
Bambino area (Figs. 3 and 4), transport away rom the site was limited.

Additionally, THg rom Bambino aected surace seawater but had
little impact on the bottomwater concentrations (Fig. 5). Thereore, THg
emitted by Bambino not accounted or in the surace was likely emitted
directly to the atmosphere. The study o oxidation rates at the concen-
trations and environmental conditions at hydrothermal systems is
necessary to support this hypothesis urther.

5.6. La Fossa (LF) samples

The LF samples (V26, V44-V46) likely originated as condensed va-
pors rom the La Fossa crater, which were transported downslope. This
contrasts the Baia di Levante samples, which were likely generated by a
boiling hydrothermal aquier. La Fossa crater gases are a mixture o
magmatic water and seawater (Chiodini et al., 1995), and soil temper-
atures exceed 100 ◦C with concentrations averaging 12 nmol/m3 Hggas
(Aiuppa et al., 2007; Barde-Cabusson et al., 2009; Zambardi et al.,
2009). Magmatic vapors condense to orm a salt-rich, acidic uid, which
is then transported and diluted by seawater or groundwater (Madonia
et al., 2015; Williams-Jones and Heinrich, 2005). Oxidation o Hg
caused by low pH drives speciation to Hg2+ and changes in temperature
and oxidation remove Hg rom solution, particularly at near-surace
pressures and temperatures (Varekamp and Buseck, 1984; Williams-Fig. 8. Plot o Hg0 (pM) and temperature (◦C).
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Jones and Heinrich, 2005). We propose that the LF samples resulted
rom mixing between condensed La Fossa crater vapor, meteoric water,
and seawater. Notably, the LF samples were below 65 ◦C. This temper-
ature was previously associated with a turning point o lower THg
concentrations on the island o Milos (Roberts et al., 2021). Bagnato
et al. (2009) discussed the groundwaters o Vulcano, where increases in
THg were associated with SO4 and thereore hydrothermal or magmatic
activity. However, the LF samples contain higher cation/anion con-
centrations and signifcantly lower THg concentrations than can be
explained by mixing between seawater and groundwater. Similarly, the
inuence o a hydrothermal brine is unlikely. The LF samples do contain
high Mn concentrations in comparison to background samples. High Mn
is associated with rising hydrothermal brines (Valsami-Jones et al.,
2005). Models o the Vulcano system also indicate the existence o a
rising hydrothermal brine (Bolognesi and D'Amore, 1993) with the po-
tential to aect groundwaters (Bagnato et al., 2009) and subaerial u-
maroles (Chiodini et al., 1995; Di Liberto et al., 2002). However, low Cl
coupled with high Li concentrations in these samples does not support
this theory.

6. Conclusions

The Vulcano system highlights the complexity o Hg cycling in
MSWHS. The Vulcano system demonstrated the direct inuence o
gaseous point sources on the Hg concentration in surace waters ol-
lowed by rapid oxidation. Hg concentrations (THg and Hgdiss) were
elevated in Baia di Levante, particularly in the MB area, due to hydro-
thermal activity as highlighted by water column concentrations, hy-
drothermal uid and gas THg concentrations and surace water maps o
THg. The area north o Vulcano port and close to shore contained the
highest Hg concentrations in uids and gases. Condensed vapor rom La
Fossa crater and diuse venting rom white mat areas are unlikely to
contribute signifcantly to surace coastal Hg concentrations or this
system. Thereore, the elevated THg in Baia di Levante was due to hy-
drothermal point sources located in the shallow waters o the bay.

The Hg present in the hydrothermal system o Vulcano impacts local
groundwaters and the coastal waters o Baia di Levante and constitutes a
natural source o Hg to the atmosphere. High volumes o gas emissions
rich in Hg, coupled with highly elevated localized concentrations o THg
and Hgdiss, warrant urther investigation, particularly into the sediments
and organisms o Baia di Levante.
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