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Mercury (Hg) is of particular con-
cern in the global environment due to 
its high toxicity, capacity to bio-accu-
mulate, high persistence in different 
environmental pools, and rapid trans-
port, dispersion, and cycling. Waste 
material and ore associated with Hg 
mining and the naturally enriched 
rocks are one of the major sources 
of mercury. Such an example is the 
closed world-class mercury mine 
in Idrija, Slovenia, which produced 
about 145,000 t Hg from cinnabar 
and native mercury ore from 1490 
to 1988. A large part of more than 10 
Mt of mine-waste rocks and calcines 
(retorted ore) were dumped into the 
Idrijca river, used for land filling, and 
construction of roads and houses in 
the Idrija region. Ore smelter emis-
sions, mine-waste dumps and calcines 
are therefore considered to be the 
major sources of Hg contamination 
in Idrija. Previous environmental re-
search has focused on evaluating total 
mercury and methylmercury contami-
nations in water and sediments from 
the Idrijca river and the Gulf of Tri-
este (e.g., Gosar et al., 1997; Horvat 
et al., 1999). High Hg contents have 
been found in several miners and resi-
dents of Idrija.

The Idrija Hg ore is associated 
with hydrothermal petroleum rich 
in polycyclic aromatic hydrocarbons 
(PAH; Spangenberg et al., 1999; 
Lavric et al., 2003). Hence, natural 
PAH sources to the Idrija ecosystem 
include: (1) pyrolytic PAH released 
from the outcropping or during min-
ing exposed Hg- and PAH-enriched 
rocks, (2) PAH in the bitumen (soluble 
organic matter) from the host rocks 

which have reached the oil window 
maturation, and (3) PAH of biologi-
cal origin (e.g., plants degradation, 
biosynthesis). The mining-related 
Hg-PAH association may originate 
from: (1) weathering of mine waste 
materials containing natural pyrolytic 
hydrocarbons and Hg, (2) pyrolytic 
PAH and Hg emitted from ancient ore 
roasting facilities (wood fires) and ore 
smelters. 

This work deals with the inor-
ganic, organic molecular and isotope 
geochemistry of Idrija mine waste 
material. The studied materials in-
clude sediments and soils from old 
tailings and ore roasting sites, rock 
dumps, and fragments of clay retorts 
used for roasting of the Hg ore. Soils 
from a pristine locality near Idrija was 
sampled to assess the regional geo-
chemical background. The objectives 
of this study were to assess: (1) the 
vertical distribution and magnitude 
of Hg concentrations in Idrija soils, 
(2) the concentration of other metallic 
pollutants associated with Hg, and (3) 
if PAH released from Idrija ore con-
taminate the soils. 

Total Hg, thirty major (e.g., Si, Al, 
Fe, Mg, Ca, Na, K), minor (e.g., Mn, 
P, Ti, S), selected trace elements, and 
hydrocarbons were determined in: (1) 
sediments and soils in vertical profiles 
to a depth of up to 200 cm in three 
old ore roasting sites, (2) mine-waste 
calcines from the mine, (3) fragments 
of clay retorts used for roasting of the 
Hg ore, and (4) apparently uncon-
taminated soils from a nearby pristine 
locality. Compound specific carbon 
isotope analysis was used to assess 
the origin (Hg-ore, fossil fuel, biope-

dogenic) of the PAH and n-alkanes in 
these samples. 

Sediment samples collected from 
tailings contain highly elevated and 
highly variable Hg concentrations, 
decreasing downwards from 7,434 to 
the local background value of 2 µg/g, 
whereas total Hg concentration in 
pristine soil is 0.01 µg/g. The Hg con-
tent of retorts fragments (n = 5) ranges 
from 5,300 to 12,290 µg/g. Threshold 
values for pollutants in soils are ex-
ceeded also for As (up to 320 µg/g), S 
(up to 6,700 µg/g), and Br (up to 750 
µg/g). The concentrations of these el-
ements are significantly correlated (r2 
> 0.8) with Hg. High P
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tions (up to 5490 µg/g) in tailings and 
roasting sites samples likely originate 
from the phosphate rich Hg ore in the 
fossiliferous Skonca beds.

The distribution of n-alkanes in 
soil profiles ranges in C-chain length 
from C12 to C31 and shows an odd-
over-even C number predominance in 
the range C21 to C31, and a bimodal 
distribution with peaks at C16-17 
and C29. The source of shorter chain 
n-alkanes maximizing at C17 are typi-
cally algae and cyanobacteria, while 
the longer-chain n-alkanes with an 
odd-over-even predominance are gen-
erally attributed to terrestrial higher 
plants. The input of higher plant ma-
teria decreases with depth.

Only trace amount of PAH were 
measured in the soil samples. Frag-
ment of clay retorts show an n-al-
kanes distribution similar to that of 
the surrounding soils, but contain high 
amounts of non-methylated (parent) 
PAH and sulfur aromatic compounds 
such as benzonaphtothiophene, 
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chrysene, triphenylenothiophene, 
benzofluoranthenes, and benzo-
pyrenes. These samples are depleted 
in low molecular weight (LMW) and 
alkylated aromatic compounds, found 
in the primary PAH assemblage of 
Idrija ore (Lavric and Spangenberg, 

2004). Their δ13C values (~ –20‰) 
indicate their origin from annelation 
of LMW PAH during roasting of the 
ore. These results complement previ-
ous studies by the research group on 
the Hg-PAH association in the fossil 
hydrothermal vents of Idrija deposit, 
and permit to identify natural and 
anthropogenic sources of pyrolytic 
organic pollutants. 

This study will be the platform to 
prepare a comprehensive surface soil 
sampling around Idrija.
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