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Northern Adriatic: 
Two main sources 
of Hg contamination



Extension of the mineral deposit
Length: 1500 m NW-SE
Width: 300-600 m
Thickness: 450 m (+330/-120m) 

Minerals: cinnabarand metallicHg with metacinnabar, pyrite, marcasite, dolomite, calcite

Geological setting

Gosar& Tersic(2012) EGH

IDRIA

Epigeneticand singeneticHg mineralization
througha NW-SE fault system. 

156ore bodies in Carboniferousschistsand 
limestone, siltstoneand marlstone
(Permianφ[ƻǿŜǊ-Medium Triassic)

Pirc(2001) RMZ



ωOver мнȄмлы tonnesof Hg ore, 
mainly cinnabar, have been 
mined over the course of 500 
years (5ƛȊŘŀǊŜǾƛő, 2001 RMZ).

ω107,000 tonnes: the amount 
of metallic Hg produced during 
the ore roasting process. 

ω73%: this is the estimated 
percentage of Hg extracted. The 
remaining 37,000 tonnesof Hg 
represents loss in production 
and were partly released into 
the surrounding environment.
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Idrija mining activity 

15 levels down to a maxdepthof 400 m

700 km of galleriesand shafts



Max emissionfrom the chimney of 
the roastingplant in 1968-1972: 
20 kg Hg/day 
(Kostaet al., 1974) 

IdrijcaRiver

SilosRotary furnace

Idrija in 2025: what remains 
of the roasting plant



During high waters, the IdrijcaRiver carried away the burnt ore deposited on 
its banks. The deposited roasted material was washed away by flood waters to 
the Isonzo River and further to the Gulf of Trieste (2ŀǊ, 1998).

In the initial period of mining activities, the
recovery rate of Hg extraction methods was 
very low (50 % of Hglost into the ground, 
evaporated to the atmosphere, or remained in 
the ore that usually needed to be roasted once 
again). According to Mlakar (1974), it ranged 
from 70 to 75% in the period from 1867 up to 
1948.

After 1845, the rise in Hg production and the decrease in Hg content 
in ore led to a rapid increase in the quantities of processed ore, 
which led to problems in the disposal of ore residues(up to 1977 
deposited along the banks of the IdrijcaRiver or transported back 
into the mine and used as backfilling material).

With the introduction of modern 
rotary furnaces, the recovery 
rose to 90% (2ŀǊ1998). 

Environmental impact 
of mining activity



Using Hg thermo-desorption technique, Biesteret al. 
(1999)found out that in older roasted ore residue 
dumps, the predominant Hg species was cinnabar 
(HgS) due to incomplete roasting, whereas in 
residue dumps of the 20th century, the amount of 
cinnabar in the material was lower due to higher 
efficiency of the roasting processand the increasing 
use of ores bearing native Hg.

Mercury remaining in these younger residues mostly 
exists as metallic Hg, either adsorbed to matrix 
components or organically bound Hg formed by 
humicacids percolating through the residues from 
overlaying soils. 

Leaching tests showed that in younger residue 
dumps, high amounts of soluble Hg existed in 
reactive form (more mobile and bioavailable).

Mercury residues in residue dumps

Biesteret al. (1999) JGE 

Gosaret al. (2006) STOTEN 



Å The highest Hgdust/Hgsoil concentration ratios were identified at the maximum distance.
Å Soil and dust are depleted in the cinnabar fraction in distant areas where finer material 

has been deposited.
Å In summary, fine material prevails in remote locations and is richer in Hg2+ and Hg0

bound to soils and dust with inorganic matrix and organic matter (non-cinnabar 
components).

Total Hg
(mg/kg)

Cinnabar(%)

valley hills

Gosaret al., 2006 STOTEN 

Bindingof Hg in soil and attic dust in the Idrija mining area 

valley hills

attic dust soil

n=100
160 km2



Biesteret al. (2000) ES&T

Mercury speciation in overbank and fluvial 
sediments of the Idrijca-Isonzo river system

Alluvialplain
Temporaryfloodedsoils

Hg concentrationsare highest
in the fluvialplain(IDB 4) 
sedimentsand in the lowest
terrace(TEM 3) due to
the depositionof coarser
grain fractioncinnabarrich.

The avg.  amountof non 
cinnabarHg increasesfrom 
12% (TEM 3) to 40% (TEM 1)

3
4

Trieste

From Idrija downstream, non-cinnabarcompoundsdo not exceed15% of Hg tot.



Solkanreservoir

The project of the power plant and artificial 
accumulation lake of Solkan(SLO)  along 
the Isonzo River was completed in 1984.

SK1

SK2

SK3

SK3

Hg
(mg/kg)

SK1   7.58
SK2 13.32
SK3   9.18
SK4 12.52

Artificial reservoirs 
assedimenttraps
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Hg >1 mg kg-1

Hg >5 mg kg-1

Isonzo River alluvial plain

Geostasticalrepresentation of the total Hg content 
in surface soils of the Isonzo River alluvial plain

Surface and subsurface soils (n=262): Hg < 0.06-41.0 mg kgҍм

50% of samples > 1 mg kgҍм,  31% > 5 mg kgҍ1

SEE (Bloom et al., 2003) on n=36 samples showed
negligible amounts of bioaccesibleHg forms and GEM < 3.0 ngm-3

Acquavita et al. (2022) JSS

Acquavita et al. (2022) JSS

Gorizia
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ü Avg. background value= 0.13 ± 0.04 µg g-1.

ü Exponentialincreaseof Hg in sedimentsisa 
consequenceof Hg activity at the Idrija mine.

ü Hg peaksҦ ƳŀȄƛƳǳƳ IƎ ǇǊƻŘǳŎǘƛƻƴ όмфмо-14)

ü Maximum thicknessof contaminatedsedimentsis
in front of the river delta: 90 cm!
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Whatkind of information from the relationship Hg vs < 16 µm ?

Hg concentrationvs the fine component of sediments
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Covelli et al. (2001) Appl. Geochem.
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Whatkind of information from the relationship Hg vs < 16 µm ?

Hg concentrationvs the fine component of sediments

Covelli et al. (2001) Appl. Geochem.
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Higherconcentrationsof Methyl-Hg in sedimentsfurther away from the
mouth of the IsonzoRiver,characterisedby fine sedimentsand higher
organicmatter content.
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Methyl-Hg in surfacesediments
of the Gulfof Trieste

Covelli et al. (2001) Appl. Geochem.

Coastalmarine sediments: 

MeHgusually0.3 - 1% of total Hg
(Kudoet al., 1977 Nature)



Methylation and Demethylation compete 

CH3Hg+CX+ Hg2+

Methylation

Demethylation

Å Theaccumulationof MeHgoccurswhenmethylationexceedsdemethylation.
Å Bothdemethylationandmethylationmust be consideredwhenassessingthe

ability of a habitat to produceandaccumulatemethylmercury.
Å Biogeochemicalconditionscontrol the ratio of methylationto demethylation,

andthereforenet accumulation.



Methylation and Demethylation 

Reductive demethylation: this is 
catalyzed by the gene activity 
encoding intracellular enzymes, 
a detoxification system present 
in Hg-resistant bacteria. Release 
of CH4

Oxidative demethylation: the 
methyl group (CH3) is oxidisedto 
carbon dioxide (CO2) and Hg is 
presumably released as Hg(II) 



Hines et al. (2017) J. Soils Sed.

Avg. on the first 10 cm of sediments

Methylation 
potential 

Demethylation 
potential 

Methylation pot.

Demethylation pot. 

Methylation and Demethylation potential
in surface sediments 

Experimental approach

K-meth (% day-1)

Spiking: 203HgCl

Measuring: CH3
203Hg

K-deg (% day-1)

Spiking: 14CH3HgCl

Measuring:

14CH4 reductive
14CO2 oxidative



unpublished data

RecentHg in surfacesedimentsof the Gulfof Trieste: work in progress

n= 162

Hg (µg g-1)

Max    43.09
Avg.       3.49
Std.     ± 5.32
Median1.59
Min        0.03



T (°C)

Hg: 24.54 mg/kg

347 °C

ID 5

T (°C)

Hg: 1.74 mg/kg

310 °C

450 °C

259 °C

ID 47

T (°C)

347 °C254 °C

Hg: 5.28 mg/kgID 15

Red cinnabar(a-HgS) amount in the surfacesedimentsof the Gulfof Trieste

unpublished data



Grado Lagoon

touristicbeachAdriaticSea

Cegolonet al. (2022) MPB

0.53 mg/kg

4.50 mg/kg6.07 mg/kg

2.75 mg/kg

Beach 
nourishment

Sand with Hg

What kind of Hg ?


