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Å Thanks to its high volatility, elemental mercury (Hg0) is easily released into the atmosphere

Å Long-range atmospheric transport of Hg0 (or GEM, Gaseous Elemental Mercury) is the main redistribution 

pathway of Hg on global scale, enhanced by secondary re-emission from natural surfaces (ñhopping effectò)(1)

Å Potentially high Hg0 fluxes at enriched and legacy contaminated sites

(1)Agnan et al., 2016, ES&T1

Gonzalez-Raymat et al., 2017; Environ. Pollut.
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1. Introduction
1.1 Mercury biogeochemical cycle



Å Fluxes magnitude is function of Hg content, speciation, and partitioning in the substrate

Å Formation of volatile Hg0 through reduction (abiotic and biotic)

Å Available Hg0 result of equilibrium reduction-oxidation and adsorption-desorption

Å Several influencing factors (radiation, temperature, microbial community, soil moisture, wind, turbidity)

Pannu et al., 2014, Environ. Pollut. Engstrom 2007, PNAS.
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1. Introduction
1.2 Hg0 fluxes from natural surfaces



2. Study area: Hg in FVG
Å Double contamination source:

Å Idrija Hg mine (SLO): 1500 ca.-1996

Å Torviscosa CAP: 1949-1984

Å High Hg concentrations in the environment (soils, 

sediments, waters)

Hg>1 mg kg -1

Hg>5 mg kg -1

Acquavita et al., 2022, JSS

Covelli et al., 2001, Appl. Geoch. Acquavita et al., 2012, ECSS
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Isonzo River alluvial plain

Soil-air Hg0 fluxes A

Summary

Idrija Hg mining district

Soil-air Hg0 fluxes B

Gulf of Trieste and Marano and Grado Lagoon

Water-air Hg0 fluxes A

24h monitoring

Water-air Hg0 fluxes B

Terrestrial and coastal areas

Impact on local atmosphere
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3. Soil-air Hg0 fluxes: Isonzo alluvial plain
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MAIN AIMS:

Å Assessment of magnitude and temporal variability of Hg0 fluxes at soil-air interface within the 

contaminated area of the Isonzo alluvial plain

Å Evaluation of the effect of soil Hg content, meteorological parameters, and vegetation cover on Hg0

volatilisation
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Floreani et al., 2023a; Env. Poll.



Methods: Soil-air Hg0 fluxes
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1. GEM Fluxes: flux chamber + real-time Hg analyser

(ZAAS-Lumex RA915M)

2. Topsoil (0-2 cm) characterisation (Ø < 2 mm):

a) Grain-size, organic matter (LOI)

b) Soil Hg concentration (AAS) + speciation (TD)

3. Meteorological parameters (UV radiation, air&soil temperature)

Å Repeated measurements at regular time intervals (~1h)

Å Bare vs. grass-vegetated soil plots

1a-Hg 0 fluxes bare soils

1b-Hg 0 fluxes vegetated soils



Methods: Soil-air Hg0 fluxes
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1. GEM Fluxes: flux chamber + real-time Hg analyser                   

(ZAAS-Lumex RA915M)

2. Topsoil (0-2 cm) characterisation (Ø < 2 mm):

a) Grain-size, organic matter (LOI)

b) Soil Hg concentration (AAS) + speciation (TD)

3. Meteorological parameters (UV radiation, air&soil temperature)

Å Repeated measurements at regular time intervals (~1h)

Å Bare vs. grass-vegetated soil plots

1a-Hg 0 fluxes bare soils

1b-Hg 0 fluxes vegetated soils

2b-DMA80 (Direct Mercury Analyser )

3-UV radiation
(Apogee SU-420)

2b Lumex RA915M + PYRO 915 +

ǂ-HgS
300÷ 370°C

ŐMnm ǂ-HgS»



3 3. Soil-air Hg0 fluxes: Isonzo alluvial plain
3.1 Soil Hg content and speciation

7 Floreani et al., 2023a; Env. Poll.



Average daily
Hg 0 fluxes

Min
(ng m -2 h-1)

Max
(ng m -2 h-1)

Bare soils 32.8± 10.1 800.2± 178.8

Vegetated soils 15.2± 4.5 344.6± 36.2

3. Soil-air Hg0 fluxes: Isonzo alluvial plain
3.2 Hg0 fluxes at soil-air interface

Å Highest fluxes in summer, lowest in 

winter (irradiation, high temperatures)

Å Good correlation with THg in summer

and autumn

Å Significant lower emissions from 

vegetated soil plots due to soil

shading

(1)Agnanet al., 2016, ES&T8
Floreani et al., 2023a; Env. Poll.

Global av. flux mining sites

Global av. flux naturally enrichend sites



3. Soil-air Hg0 fluxes: Isonzo alluvial plain
3.3 Hg0 fluxes at soil-air interface diurnal variability

Å Good tracking of incident UV radiation

Å Rapid response of fluxes to shading (clouds, 

surroundings trees)

Å Higher correspondence fluxes-soil temperature 

in autumn and winter at higher soil moisture

contents

9 Floreani et al., 2023a; Env. Poll.
Hg0 Hg0



4. Soil-air Hg0 fluxes: Idrija

Å Measurement of maximum potential 

Hg0 evasion at selected sites:

Å Low contaminated (ID1)

Å Naturally enriched (ID2)

Å Highly contaminated from 

atmospheric deposition from 

modern furnaces (ID3)

Å Heavily contaminated historical 

ore roasting site in forest (PS2)

Å Low contaminated area near

historical roasting site (PS1)

10 Floreani et al., 2023b; Atmosphere



ID1

ID2

ID3

Sampling sites at Idrija

ID3

ID2

ID1

Bavec et al. 2015 J. Geochem. Explor.

THg = 7.36-13.1 mg/kg

THg = 128-219 mg/kg

THg = 120-225 mg/kg
11



Sampling sites at Pġenk

TerƄiőet al. 2011 Applied Geochem.
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PS1

PS2

Roasting vessel fragment
(Ph. M. Gosar)Earthen vessels position at the roasting place 

2ar & Terpin 2005, Idrijski razgledi

THg = 2184-10400 mg/kg

PS2

PS1

THg = 11.1-22.8 mg/kg



4. Soil-air Hg0 fluxes: Idrija
4.1 Hg0 fluxes at the soil-air interface

13

Å Hg0 fluxes under direct sunlight (ID1, ID2, ID3, PS1) related to Hg content in soil

Å Higher emissions than Isonzo plain soils due to heavier enrichment (ID2, ID3)

Å Strong limitation of fluxes at ancient roasting site (PS2) due to trees
Floreani et al., 2023b; Atmosphere

ID1

ID3



Å PS2-A: mainly mosses
Å PS2-B: mainly leaves
Å PS2-C: uproated tree

max GEM Flux
2466 ng m -2 h-1

PS2-C

4. Soil-air Hg0 fluxes: Idrija
4.2 Effect of soil cover

14
before litter removal after litter removal



5. Water-air Hg0 fluxes: coastal area
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MAIN AIMS:

Å Evaluate Hg0 exchanges at the water-air interface in differently impacted aquatic environments

Å Impacted fishfarm (Val Noghera: VN1 & VN3)

Å Open eastern lagoon environment (Grado, G)

Å Pristine area of the Gulf of Trieste (Pirano, P)

Å Assess seasonal variability of Hg0 fluxes and main influencing factors

VN3 VN1

G P

Floreani et al., 2019; STOTEN



Methods: Water-air Hg0 fluxes

1. Hg0 Fluxes: floating flux chamber + real-time Hg analyser

(ZAAS-Lumex RA915M)

Å3 seasonal campaigns (summer, autumn, winter)

ÅRepeated measurements at regular time 

intervals (~1 h)

2. Total dissolved mercury (TDHg) concentrations (CV-AFS)

3. Surface water physico-chemical parameters
ï water temperature, D.O., pH, Eh, é

4. Meteorological parameters (OSMER-FVG/ARSO):
ï Solar radiation, air temperature, wind speed

Flux
chamber

Lumex
analyser

1-Hg 0 fluxes

2-TDHg (CV-AFS)

3-water column
parameters
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Å Strong seasonal variability

Å Good correlations with radiation and water 

temperature

Å Dissolved Gaseous Mercury (DGM) 

production (photoreduction)

Å Solubility change

Å Comparable Hg0 fluxes despite different

TDHg in water

Site
Range min -max
TDHg (ng L-1)

Range min -max
flussi ( ng m -2 h-1)

Pirano (P) < 0.63 ŕ5.47 6.03 ŕ68.0

Grado (G) 1.06 ŕ26.5 11.4 ŕ97.4

VN1 3.45 ŕ71.5 15.9 ŕ86.8

VN3 0.85 ŕ44.5 16.4 ŕ64.0

5. Water-air Hg0 fluxes: coastal area
5.1 Average Hg0 fluxes at water-air interface

17 Floreani et al., 2019; STOTEN



Å No constant diurnal trend

Å High site-specific variability related to:

Å Depletion of available DGM during 

morning (P)

Å Hydrodynamic conditions (P: wind; 

G: tides)

Å Turbidity (VN1 e VN3)

Floreani et al., 2019; STOTEN

5. Water-air Hg0 fluxes: coastal area
5.2 Hg0 fluxes at water-air interface diurnal variation
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VN3
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MAIN AIMS:

Å Evaluate Hg0 dynamics at the water-air interface over 24h period at sites characterised by different:

Å Contamination degree (VN high contamination, PR quasi-pristine)

Å Hydrodynamic conditions (VN confined environment, PR open coastal area)

Å Assess the contribution of volatilisation in reducing Hg burden in aquatic environment

Day

Night

6. Water-air Hg0 fluxes: coastal area (24h)

Floreani et al., 2023c; Env. Poll.


