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Introduction

Mining and processing of mercury ore in one of the 
largest mercury deposits in the world – the Idrija mercury 
mine – have caused serious pollution in different envi-
ronmental compartments. The bulk of roasting residues 
from the mid-19th century to 1977 was discharged di-
rectly into the Idrijca River, and the material was carried 
at high waters to Soča River and farther into the adriatic 

Sea. It has been estimated that 45,500 tons of mercury 
were emitted into the environment during the operating 
period of the mine, which ceased production in 1994 [1]. 
In the lower reaches of the Idrijca the riverine deposits 
with high mercury contents have been, and will be in 
the future, a source of mercury-polluted sediment [2-7]. 
River terraces along Idrijca are rare; the valley is seldom 
broad enough to develop terraces [8]. They are somewhat 
more frequent farther downstream, roughly from conflu-
ence with the Trebušnica to the narrowing of the valley 
just before it enters the Soča River. The plains are every-
where carefully cultivated, as farmland is scarce in the *e-mail: mateja.gosar@geo-zs.si
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Abstract

half a millennium of mercury production at Idrija is reflected in increased mercury contents in all of its 
environmental segments. Stream sediments have been monitored along the Idrijca and Soča rivers (70 km) 
every 5 years since 1991. It has been discovered that there was no decrease in mercury concentration in 
stream sediments during the last 15 years. upstream from the town of Idrija, mercury concentrations in ac-
tive river sediments vary from 1 to 10 mg/kg dry weight (average 3.3 mg/kg). From Idrija to Spodnja Idrija 
mercury concentrations increase extremely and vary greatly. The average in this area amounts to 603 mg/kg 
with individual contents up to 4121 mg/kg. From Spodnja Idrija to the Idrijca-Soča confluence the average 
is 213 mg/kg, while the average in the Soča river sediments is 57 mg/kg.

Floodplain soils and samples of averaged meadow forage and plantain (Plantago lanceolata) were 
collected on river terraces at two localities in the lower course of the Idrijca. It has been determined that 
floodplains along the Idrijca River are strongly enriched with mercury. The average concentration of hg in 
the upper 20 cm of the floodplain at IdB location is 157.7 and at TEm location it is 294.8 mg/kg. Samples 
of averaged meadow forage and plantain contain from 0.055 to 0.220 mg hg/kg. In comparison to the plant 
samples from Idrija in the 1970s, these contents are relatively low. however, regarding mercury contents 
in plants in non-polluted soils the contents on the Idrijca River terraces are considerably higher than the 
background.
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narrow valley. as the analysis of vegetation on contami-
nated land or in mining areas may be utilized for identi-
fying the accumulation of heavy metals and to provide 
insight into their mobilization sequences and availability 
[9], we estimated the effects of high mercury contents on 
these river terraces by determining the mercury in plants 
grown on floodplains.

mechanisms of mercury dispersion in Idrija 
mercury mine Surroundings

Before mining activities in Idrija had started the mer-
cury levels in the environment of Idrija were heightened 
as a consequence of natural, geogenical conditions. The 
outcrop is very small (approximately 4,000 m2). natural 
migration of mercury into the wider surroundings of the 
deposit is limited owing to impermeable Carboniferous 
clastites and tectonic zones filled with clay [10].

The production of mercury in Idrija started in 1492. 
In the first decade of mercury mining in Idrija the ore was 
roasted in piles. Because enormous quantities of timber 
were required by the mining works, forests in the nearby 
surroundings of Idrija soon disappeared. Consequently, 
the miners decided to transport relatively small quantities 
of rich ore to various places in the woods in the surround-
ings of Idrija that were suitable for ore roasting. For the 
first 150 years, until 1652, the ore was roasted in earthen 
vessels at various sites in the woods around Idrija. up to 
now 21 localities of ancient roasting sites have been es-
tablished on the neighbouring hills (Pront, Pringl) and in 
more distant localities (Čekovnik, kanomlja) [11].

It should be emphasized that roasting of ore in piles 
and in earthen vessels gave a very poor yield and resulted 
in considerable losses. as a consequence of very high tem-
peratures a third of earthen vessels usually cracked dur-
ing burning and mercury escaped from the vessels. large 
quantities of broken pottery can be found at the locali-
ties where old small smelters in woods were situated. The 
concentrations of hg in soil at those places are, of course, 
very high (up to 7,474 mg/kg) [11]. The determined mer-
cury contents in soils at old roasting sites are very high, 
and they surpass all hitherto described localities at Idrija 
and in its surroundings [4-6, 12-16]. It is also estimated 
that there is about 40 tons of mercury still present at all 
roasting sites in the woods described up to now [11]. nev-
ertheless, a considerable amount of mercury-rich waste 
material from these places was transported into the Idrijca 
River valley.

another source of mercury pollution was mineralized 
rock dumps and especially roasting residues that still con-
tain rather high amounts of mercury. Since 1652, when 
the first smelter in Idrija was built, the mercury-rich by 
products of smelting have been deposited along the rivers 
nikova and Idrijca. The main reason for complex spatial 
distribution of roasting tailings in Idrija and its surround-
ings are threefold: the changes in combustion technol-
ogy over the centuries, continuously growing quantities 

of processed ore accompanied by decreasing mercury 
content and various methods of further treatment of ore 
residues. The depositories of poor quality ore and remains 
from smelters are both very important because they con-
tain large quantities of mercury.

In time, less and less mercury-rich ore was excavated. 
In order to maintain mercury production on the same level, 
larger and larger quantities of ore had to be excavated and a 
larger smelter was needed. In 1867, a modern smelter was 
built on the right bank of the Idrijca River. new dumps of 
roasted ore were created on the right bank of the Idrijca 
River [10]. Since then, until 1977, most roasting remains 
were dumped directly into the Idrijca River, which car-
ried the material to the Soča River and the adriatic Sea. 
For this reason, the river sediments have extremely high 
mercury contents [4, 13, 17, 18]. high waters deposited 
mercury-rich material on the floodplains in the lower part 
of the Idrijca and Soča River valleys, building thus a large 
accumulation of mercury-enriched sediments.

mercury was brought far into the Idrija surrounding 
areas through atmospheric emissions of the new big rotary 
kiln chimney. The roasting process produced gaseous and 
particulate matter emissions, which were the major cause 
behind the huge geochemical halo around the Idrija mer-
cury mine [19, 20]. Total hg concentrations and hg spe-
ciation were determined in soils and attic dust in 160 km2 
area around the Idrija mercury mine. Spatial mercury dis-
tribution in the attic dust shows that the influence of atmo-
spheric emissions caused by the Idrija smelter resulted in 
impacts on the environment on a regional scale [20].

Materials and Methods

Sediments

The term stream sediment in geochemical prospecting 
usage normally means active stream sediment collected 
from stream bed in current contact with stream water. 
active the stream sediment is carried by a river in sus-
pension during floods, and by rolling, sliding or saltation 
under normal flow conditions. however, during normal 
discharge conditions of a river, only one or at most a few 
sources of limited area may be exposed to erosion. Con-
sequently clastic stream sediment may reflect only lim-
ited parts of the drainage area [21]. Overbank deposites 
(floodplain sediments) are fine-grained (silty-clay, clay-
ey-silt) alluvial soils of large and small floodplains [22] 
and are an alternative drainage sample type which is used 
in geochemical mapping and environmental prospecting 
[23, 24]. They are produced on floodplains when major 
floods occur in a river system. during such flood water 
discharge exceeds the quantity that can pass through an 
ordinary stream channel. Even in streams of moderate 
size, the water level can reach several meters above nor-
mal, thereby covering large areas. at these times many 
new sediment sources open up, and the origin of the load 
suspended in the stream is manifold. Throughout the flood 
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– and especially during its last phases – some of the load 
will be deposited on the floodplain at levels well above 
those of the ordinary stream channel. In this way, nearly 
horizontal strata of floodplain sediment are built up over 
long periods of time [25].

Boszke and kowalski [24] used floodplain soils of 
the warta River to identify the effect of Poznań agglom-
eration as a source of mercury pollution. Study results 
show that the distribution of mercury in the floodplain 
soils of the middle part of the Warta River is relatively 
uniform but the influence of the Poznań urban area on 
this distribution is observed. It was also observed that 
the floodplain soils had higher mercury concentrations 
than the corresponding river sediments. Mercury in the 
surface and ground water collected from various sites in 
Poznań is relatively uniform [26]. much higher differ-
ences in mercury concentrations were noted for wet pre-
cipitation [27] but they do not exceed acceptable legally 
admissible values.

The sediment-producing processes are often episodic 
events. Thus, a sample from the present sediments in the 
stream channel may be dominated by a source that was 
particularly active in the time preceding the sampling 
[28]. In mining areas physical remobilization of aban-
doned tailings or waste piles and heavy metal-contaminat-
ed floodplains alluvium (formed during historic mining 
activity) provide large amounts of metal contaminants to 
rivers [29].

Plants

Monitoring the state of environmental pollution with 
living organisms is one of the major activities of envi-
ronmental chemistry, and is usually called biomonitoring. 
The significance of observation of the pollution state of 
ecosystems with heavy metals by monitoring their con-
tents in living organisms has been in the centre of scien-
tific discussions for at least 30 years [30, 21, 31-33].

The scientific base for utilization of the plants for de-
tecting environmental pollution is found primarily in the 
works of Russian researchers from the field of biogeo-
chemical mineral prospecting. They started using plant 
samples for prospecting, especially the copper and nickel 
deposits in the ural mountains and in Siberia. kovalevsky, 
the principal author from this field, published more than 
460 biogeochemical studies. he found the plants to be a 
good sampling material. In many instances he established 
a close relationship between metal contents in plants and 
those in mineralized areas. Even the comparison with 
soils showed in many cases that the plants indicated min-
eralization better than the soils. kovalevsky laid in his 
works the theoretical foundations of biogeochemistry as 
a prospecting method. he found that various plant species 
possess various abilities for fixing chemical elements.

In the last decade plants are also used to clean soils 
contaminated with potentially toxic metals and make them 
safe and usable for humans. This is designated in differ-

ent publications as phytoremediation or bioremediation 
[21, 33]. It is an outgrowth of principles and processes 
that have been used in biogeochemistry applied to mineral 
prospecting mentioned above. Phytoremediation is also 
used for the restoration of the environment in the world’s 
largest mercury mining district (almadén) [34, 35].

Sampling

Stream sediments were collected from the moving 
bottom load of fine sediments. They were collected as far 
away from the banks as possible, with special care not to 
sample collapsed bank material of the local origin. The 
stream sediments were monitored systematically since 
1991, every 5 years on 20 locations in the Idrijca and Soča 
River. Timing of sampling is a factor to be considered 
in the environmental studies in which seasonal dynam-
ics can affect analytical results [21]. a composite stream 
sediment sample was taken in similar summer low water 
conditions from 5 sublocations within a distance of 50 m, 
every 5 kilometres. In the vicinity of the Idrija mine each 
kilometre was sampled. The sampling locations are pre-
sented in Fig. 1.

Floodplain sediments, or better to say floodplain soils, 
were sampled in 1999 at two localities in the lower course 
of Idrijca, downstream from the Trebušnica confluence. 
near the village Idrija pri Bači (IdB) on river terraces 
two profiles were sampled (Idrija pri Bači 4 and 5 – IdB4, 
IdB5), and on river terraces near the Temnikar farm 
(TEm) three additional ones were taken (Temnikar 1, 2 
and 3 – TEm1, TEm2, TEm3) (Fig. 1). The data about the 
profiles are listed in Table 1.

The IdB4, IdB5, TEm1 and TEm2 profiles were 
sampled with a drilling set mounted on a field vehicle. 
The sediment profiles were sampled in 5 to 6 centimeter 
intervals. The TEm3 profile is situated at the edge of a 
terrace that has been formed by erosion of high waters. 
Samples were collected as follows. The river cut was 
cleaned on the surface (about 20 cm of surficial material 
were removed), and then channel-sampled.

at the locations of the terrace profiles the samples of 
averaged meadow forage and plantain (Plantago lanceo-
lata) were collected within a 50 meter radius. Of the col-
lected plants only the parts above the ground, stems and 
leaves, were used for analysis.

Sample Preparation and analytical methods

The samples of stream and floodplain sediments were 
air-dried. Two grain size fractions (<0.04 and <0.125 mm) 
of stream sediments were prepared for chemical analyses 
by dry sieving. Floodplain soils were gently crushed in 
a ceramic mortar, sieved and analyzed in a fraction be-
low 0.063 mm. The air dry plant material was ground to 
analytical grain size (<0.063 mm). In all samples mercury 
was determined using Cold vapour atomic absorption 
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Spectrometry (CvaaS) following the aqua regia extrac-
tion (1 hour, 95°C).

Quality was assured by shipping samples to the labora-
tory in a random succession to distribute any errors due to 

laboratory performance, while the objectivity was assured 
through the use of neutral laboratory numbers. More-
over, accuracy was estimated by blind determinations of 
Standard Reference material San Joaquin Soil (SJS-1). 
The values for total mercury in SJS1 in 1991 and 1995 
(0.097±0.015 mg/kg, n=9), 2001 (0.10±0.024 mg/kg, 
n=3) and 2005 (0.113±0.005 mg/kg, n=3) were in agree-
ment with the certified concentrations of 0.1±0.02 mg/
kg. Procedural blanks were run with each set of sample 
analyses. The reliability of determinations was assessed 
as very satisfactory. It was established that the means of 
hg concentration in the standard differ by less than 20% 
of the recommended values.

Results

Stream Sediments

at the first two sampling locations in the upper part 
of the Idrijca River, upstream of the Idrijca and Zala 
confluence, the mercury concentrations were on average 

Fig. 1. Stream sediment, floodplain and plant sampling locations.

Table 1. Characteristics of sampled soil profiles.

Profile
above 
normal 

river level

Sampled 
material 

distance 
from 
river

Soil type

Idrija pri Bači 4
IdB4 2.9 m flood-

plain 25 m alluvial 
soils

Idrija pri Bači 5
IdB5 4.2 m 1st terrace 63 m

eutric 
brown 
soils

Temnikar 3
TEm3 3.0 m flood-

plain 20 m alluvial 
soils

Temnikar 2
TEm2 3.7 m 1st ter-

race 100 m alluvial 
soils

Temnikar 1
TEm1 8.3 m 2 nd ter-

race 140 m
eutric 
brown 
soils



Mercury in River... 231

3.3 mg/kg (from 0.9 to 10.2 mg/kg, Table 2). In the Idrija 
town before the smelter higher mercury contents were de-
termined, from 5 to 643 mg/kg, while the average is 87 
mg/kg. In this part of the river the contents at the same 
locations vary greatly between the sampling years. It is 
evident that the influence of the mining waste material de-
posited at the river site is significant. Between the smelter 
location in Idrija and Spodnja Idrija the stream sediments 
contain a rather high mercury content: on average 603 mg/
kg. The maximum concentration (1,777 mg/kg in fraction 
<0.04 mm and 4,121 mg/kg in fraction <0.125 mm) was 
determined in the closest vicinity of the smelter in 2001. 
Further downstream, from Spodnja Idrija onwards, the 
sediments contained lower mercury concentrations. The 
mercury mean in this area is 213 mg/kg, whereas down-
wards in the Soča river it is 57 mg/kg. mercury contents 
in the analyzed sediments are presented in Figs. 2 and 3 
and basic statistical data in Table 2.

There is a strong correlation between mercury contents 
in the two analyzed fractions (r=0.91). mercury is enriched 
in the coarser-grained fraction (<0.125 mm; Fig. 2). There 
was no decrease in mercury concentration determined dur-
ing the last 15 years, although mercury production in Id-
rija stopped in 1995. That is most likely because unknown 
amounts of tailings containing high concentration of mer-
cury are still deposited along the banks of the river and 
significant amounts of this material are transported down-
stream during every high-water event.

Soil

mercury contents in the profiles on the river terraces 
have also been described in paper by Biester et al. [4]. 
Since mercury contents in plants are controlled by mer-
cury contents in soil at the depth of the roots, only the 
upper soil horizons (0–20 cm depth) in the traverses will 
be considered here.

In the Idrija pri Bači 4 profile (IdB4) the mercury con-
tents in the upper 20 cm vary between 130 and 196 mg/kg, 
the average is 157.7 mg/kg (Fig. 4). It is interesting to note 
that the contents of this profile are the highest in the top-
most segment (0-6 cm) – 196 mg/kg. The sampled material 
consisted of relatively unweathered sandy-silty sediment 
deposited on the floodplain overgrown with grass. The 

grain size is rather coarse, prevalence in medium grained 
sand, in contrast to fine grained sand in other samples.

In the Idrija pri Bači 5 profile (IdB5), located at a 
higher position on the first terrace, 4.2 m above the nor-
mal Idrijca water level, hg contents vary between 40 and 
46 mg/kg (average is 41.6 mg/kg) in the upper part of the 
profile (Fig. 4).

In the Temikar 1 profile (TEm1), located on the third 
river terrace 8.3 m above the Idrijca level, the contents 
of hg distinctly decrease with depth. The highest content 
was determined in the upper 6 cm (7.5 mg/kg), then mer-
cury contents decrease and are on average 5.4 mg/kg in 
the 0-20 cm in depth (Fig. 5).

In the lower situated Temikar 2 profile (TEm2) on 
the second river terrace (3.7 m above the normal Idrijca 
level), in the upper part 60.5 mg hg/kg appear with con-
tinuous decrease of hg to 20 cm depth, where 47.5 mg/kg 
hg were recorded. The average is 53.6 mg/kg.

In the upper 5 cm of Temnikar 3 profile (TEm3), situat-
ed 3 m above the river level, at the edge of the river terrace, 
a high value of 447 mg hg/kg was determined. In the pro-
ceeding deeper samples the contents are about half of that, 
so the average in the upper 20 cm is 294.8 mg/kg (Fig. 5).

Plants

at the Idrija pri Bači 4 (IdB4) location the average 
forage sample contains 0.145 mg hg/kg dry weight, and 
plantain 0.22 mg hg/kg. at the higher situated Idrija pri 
Bači 5 (IdB5) locality 0.24 mg hg/kg dry weight in aver-
age forage and 0.055 mg hg/kg dry weight in plantain 
were determined (Fig. 4). The illogical difference between 
the mercury concentration in these two plant samples tak-
en at the same locality was most probably caused by con-
tamination during sampling. The sampling form contains 
a remark saying that the collector did not wash his hands 
after sampling the high mercury sediment at IdB4, and 
collecting the forage material at IdB5. Since the mercury 
content in the corresponding plantain (Plantago lanceo-
lata) sample is relatively low, we presume that the real 
hg content of the forage sample on the same location also 
contains a relatively low amount of metal. Therefore, the 
determination of the forage at IdB5 location will not be 
considered further.

Table 2. Basic statistics for mercury content in stream sediments.

Region n mean 
(mg/kg)

median
(mg/kg)

min
(mg/kg)

max
(mg/kg) S.d.

upsteam Idrijca – Zala confluence 16 3 2 0.9 10.2 2.6

Idrija town upstream smelter 24 87 22 5.4 643.1 172.5

Idrija smelter – Spodnja Idrija 40 603 410 32.0 4121.0 720.5

Spodnja Idrija -Soča river 56 213 174 3.2 878.5 176.2

Soča river 24 57 42 16.4 183.0 45.3
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Fig. 2. mercury in Idrijca river sediments in 1991, 1995, 2001 and 2005.
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The lowest mercury concentration at the Temnikar 
farm was determined in the samples from the highest ter-
race (TEm1): in the sample of average forage 0.123 and 
in the plantain 0.075 mg hg/kg dry weight (Fig. 5). On 
the second terrace (TEm2) the contents in the two plant 
samples are somewhat higher (in average forage 0.165 
and in plantain 0.125 mg hg/kg dry weight). On the first 
river terrace (TEm3) with extremely high contents in soil/
sediment, very high mercury contents also in plants were 
determined: in forage 0.2 and in plantain 0.135 mg hg/
kg dry weight (Fig. 4). all three locations at the Temnikar 

farm are characterized by somewhat higher hg in the for-
age versus the plantain.

Discussion and Conclusions

determination of hg content in the stream and flood-
plain sediments confirmed that the Idrijca River mer-
cury load is very high. The concentration of mercury in 
the river sediments varies greatly and does not depend 
simply on the distance from pollution sources but also 
on hydrological conditions. The Idrijca is a fast-flow-
ing river which, at higher water levels, partially erodes 
its own river bed. In this way, a large part of the pol-
luted sediments is swept away and carried downstream 
towards the Soča River before it is finally accumulated 
in the sediments of the adriatic Sea. another accumula-
tion of mercury-loaded material occurs in the floodplains 
along the Idrijca and Soča Rivers, which are flooded dur-
ing high waters. Floodplain soils on the first Idrijca river 
terrace have somewhat higher total mercury content at 
the Teminkar 3 (TEm3) location (mean 295 mg/kg, range 
231-447) than the corresponding river sediments (mean 
217, range 102–331). a similar situation, when the flood-
plain soils had higher mercury concentrations than the 
river sediments, was observed by other authors in flood-
plain soils of the Elbe River [36] and the warta River 
[24]. at the location Idrija pri Bači 4 (IdB4) the situation 
is quite the opposite: floodplain soils with the mean 157 
mg/kg (range 130 – 196) have some lower mercury con-
tent than the corresponding river sediments (mean 274, 
range 36–547). This again proves that the mercury con-
tents in sediments of the Idrijca River are not uniformly 
distributed but are highly dependent upon waterflow and 
erosion conditions in the catchment area.

The distribution of hg in plants has recently received 
attention in most studies because of the hg pathway into 
the food chain. Therefore, most information is at present 
related to the hg content of plant foodstuffs [37].

In the almadén mercury mining area the behaviour of 
mercury in the soil-plant system was studied and the mer-
cury absorption capacity of the different plant species was 
determined [33]. Special attention was given to the eas-
ily available forms of mercury in the analyzed soils and 
used as the transfer factor for the hg-availability index 
that relates to the amount of mercury in a plant with the 
total amount of mercury in soil and with easily available 
forms [35].

Samples of the average forage and plantain in the 
present study contain from 0.055 to 0.220 mg hg/kg 
dry weight. The Slovenian regulations [37] set the high-
est permitted contents of hg in forage at 0.2 mg/kg. This 
limit is exceeded in two samples:
 – plantain (0.22 mg hg/kg) on the first river terrace at 

Idrija near Bača (IdB4 locality),
 – average forage (0.20 mg hg/kg) on the first terrace at 

the Temnikar farm (TEm3 locality).
kosta and coauthors [39] and Stegnar [40] determined 

Fig. 3. average mercury contents in Idrijca and Soča sediments.

Fig. 4. mercury in floodplain soils and plants growing at Idrijca 
pri Bači (IdB).

Fig. 5. mercury in floodplain soils and plants growing at Tem-
nikar (TEm).
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hg in the stems and leaves of various plant species at two 
locations in Idrija: close to the chimney of the roasting 
facility, and at Pront, in the outcropping area of native 
mercury-containing rocks. at the roasting plant they de-
termined from 0.91 to 12.14 mg hg/kg non-dried sample 
and at Pront from 0.06 to 0.77 mg hg/kg non dried sam-
ple. They also investigated the plants at Podljubelj near 
the abandoned mercury mine, where they found from 0.02 
to 0.25 mg hg/kg in non dried material. For comparison, 
we recalculated our data to non dry material. We obtained 
contents from 0.026 to 0.05 mg hg/kg non dried forage 
material and from 0.012 to 0.041 mg hg/kg of non dried 
material of plantain. These values are relatively low com-
pared to the Idrija soil samples from the 1970’s. They are 
of the order of magnitude of values determined in the sur-
roundings of the Podljubelj abandoned mercury mine.

gnamuš [41] and gnamuš and coauthors [14] deter-
mined mercury contents in samples of mixed deer plant 
food at several localities in the surroundings of Idrija and 
in a reference site at the ljubljana Zoo. Close to the roast-
ing plant chimney he found an average of 52 mg hg/kg, 
near the roasting installations an average of 33 mg hg/kg 
dry weight, and at three localities in Idrija from 0.5 to 1.3 
mg hg/kg dry weight, at Srednja kanomlja 0.3 mg hg/kg 
and at the ljubljana Zoo about 0.1 mg hg/kg dry weight 
[41]. moreover, the comparison with the presented con-
tents confirms a comparably low mercury plant intake on 
the Idrijca river terraces.

Referring to the mercury contents in the plants on 
unpolluted soil (background) that have been estimated at 
0.013 to 0.085 mg hg/kg dry weight in grasses [42], it 
can be concluded that the values of mercury on the Idrijca 
terraces are well above the background level.

Several authors have made an attempt to estimate a 
permissible limit for hg in food plants and proposed 0.05 
mg hg/kg non-dried weight. The allowable limit of hg in 
plant stuffs should always be calculated on the basis of 
daily hg intake by a given population group [37].

Of interest is the comparison of soil contents (up-
per horizons on river terraces) with those of plants on 
them (Figs. 4 and 5). The contents of total mercury in 
soils evidently influence the contents in plants to a cer-
tain degree. The comparison of the samples from river 
terraces at the Temnikar farm shows abrupt increases of 
soil contents from the first toward the third river terrace. 
In plants, however, the differences are small, possibly 
owing to the presence of a large part of mercury in the 
cinnabar [4], where it is inaccessible to plants. On the 
first river terrace (TEm3 locality), where the soil mer-
cury contents are no less than 55 times higher than on 
the third terrace, the average forage sample contains 1.6 
times more hg and plantain sample 1.8 times more hg 
than the comparable samples on the third terrace. This 
observation is consistent with the observations of au-
thors [37] who state that the contents in the plants from 
mining areas are not closely associated with high con-
tents in soils. They presume the existence of a barrier 
that prevents the plants to uptake larger amounts of mer-

cury from soils that contain it at very high levels. This 
is conforming to kovalevsky’s hypothesis of the absorp-
tion barrier [43]. The uptake of mercury from soils by 
plants also depends upon mercury speciation and numer-
ous factors in the soils, e.g. soil type, ph, and amounts of 
organic substances, ionic exchange capacity and various 
biological factors such as microbial activity and specific 
properties of plant species. an additional reason for rela-
tively low uptake by plants can be a strong bonding of 
mercury with the soil components.

References

 1. dIZdaREvIć T. The influence of mercury production in 
Idrija mine on the environment in the Idrija region and over 
a broad area. RmZ – materials and geoenvironment 48 (1), 
56, 2000.

 2. gOSaR m. mercury in sediments and air as a reflection of 
Idrija mineralization and mining Ph.d. thesis, (in Slovenian) 
university of ljubljana, Faculty of natural Sciences and 
Engineering, department of geology, ljubljana, 125 pp. 
1997.

 3. gOSaR m., PIRC S., BIdOvEC m. mercury in the Idrijca 
River sediments as a reflection of mining and smelting ac-
tivities of the mercury mine Idrija. J. of geochem. Exp. 58, 
125, 1997.

 4. BIESTER h., gOSaR m., COvEllI S. mercury specia-
tion in sediments affected by dumped mining residues in the 
drainage area of the Idrija mercury mine, Slovenia. Environ. 
Sci. Technol. 34 (16), 3330, 2000.

 5. hORvaT m., kOnTIć B., kOTnIk J., OgRInC n., 
JEREB v., lOgaR m., FaganElI J., RaJaR R., ŠIRCa 
a., PETkOvŠEk g., ŽagaR d., dIZdaREvIć T. Re-
mediation of mercury polluted sites due to mining activities. 
Crit. Rev. anal. Chem. 33, 291, 2003.

 6. kOCman d., hORvaT m., kOTnIk J. mercury fraction-
ation in contaminated soils from the Idrija mercury mine 
region. J. Environ. monit. 6, 696, 2004.

 7. ŽagaR d., knaP, a., waRwICk J. J., RaJaR R., hOR-
vaT m., ČETIna m. modelling of mercury transport and 
transformation processes in the Idrijca and Soča river sys-
tem. Sci. Total Environ. 368 (1), 143, 2006.

 8. ŽIBRET g., gOSaR m. Calculation of the mercury accu-
mulation in the Idrijca River alluvial plain sediments. Sci. 
total environ. 368 (1), 291, 2006.

 9. muRPhy a. P., COudERT m, BaRkER J. Plants as bio-
markers for monitoring heavy metal contaminants on land-
fill sites using sequential extraction and inductively coupled 
plasma atomic emission spectrophotometry (ICP-aES). J. 
Environ. Monitor. 2 (6), 621, 2000.

10. ČaR J. mineralized rocks and ore residues in the Idrija re-
gion. In: miklavčič m, editor. Idrija as a natural and anthro-
pogenic laboratory, mercury as a global pollutant, Proceed-
ing, 24 may 1996, Idrija, Slovenia, pp 10-15, 1998.

11. gOSaR m., ČaR J. Influence of mercury ore roasting sites 
from 16th and 17th century on the mercury dispersion in sur-
roundings of Idrija. geologija 49 (1), 91, 2006.



Mercury in River... 235

12. hESS a. verteilung, mobilität und verfügbarkeit von hg in 
Böden und Sedimenten am Beispiel zweier hochbelasteter 
Industriestandorte, Band 71. heidelberger geowissen-
schaftliche abhandlungen, heidelberg, 1993.

13. PalInkaŠ l., PIRC S., mIkO S. F., duRn g., 
namJESnIk k., kaPElJ S. The Idrija mercury mine, 
Slovenia, a semi-millennium of continuous operation: an 
ecological impact. In: Richardson m, (Eds.) Environmen-
tal Toxicology assessment. Taylor & Francis, london, pp. 
317-341, 1995.

14. gnamuŠ a., ByRnE a. R., hORvaT m. mercury in 
the soil-plant-deer-predator food chain on a temperate 
forest in Slovenia. Environ. Sci. Technol. 34 (16), 3337, 
2000.

15. gOSaR m., ŠaJn R. mercury in soil and attic dust as a 
reflection of Idrija mining and mineralization (Slovenia). 
geologija 44 (1), 137, 2001.

16. BIESTER h., gOSaR m., mÜllER g. mercury specia-
tion in tailings of the Idrija mercury mine. J. geochem. Ex-
plor. 65, 195, 1999.

17. gOSaR m. mercury distribution in the Idrijca river sedi-
ments in 1991, 1995 and 2001. In: 6th International Sympo-
sium on Environmental geochemistry: final programme and 
book of abstracts, pp. 213. 2003.

18. kOTnIk J., kOCman d., hORvaT m., gIBIČaR d., 
FaJOn v., lOgaR m. hg distribution in Soča river catch-
ment area. RmZ – materials and geoenvironment 51 (1-3), 
1142, 2004.

19. gOSaR m., ŠaJn R. geochemical soil and attic dust sur-
vey in Idrija, Slovenia. In: Boutron, Claude F. (Eds.), Fer-
rari, Christophe (Eds.). XIIth International Conference on 
heavy metals in the Environment, grenoble, may 26-30, 
2003, J. Phys. Iv 107, 561, 2003.

20. gOSaR m., ŠaJn R., BIESTER h. Binding of mercury in 
soils and attic dust in the Idrija mercury mine area (Slove-
nia). Sci. Total Environ. 369 (1/3), 150, 2006.

21. SIEgEl F. R. Environmental geochemistry of Potentially 
Toxic metals. Springer verlag. 218 pp., 2002.

22. daRnlEy a. g., BJÖRklund a., BÖlvIkEn B., 
guSTavSSOn n., kOval P. v., PlanT J. a., STEEn-
FElT a., TauChId m., XIE X. a global geochemical da-
tabase for environmental and resource management. Final 
report of IgCP Project 259. Earth Sciences 19, unESCO 
Publishing, Paris, 122 pp., 1995.

23. SalmInEn R., BaTISTa m. J, BIdOvEC m., dEm-
ETRIadES a., dE vIvO B., dE vOS w., duRIS 
m.,gIluCIS a., gREgORauSkIEnE v., halamIC J., 
hEITZmann P., lIma a., JORdan g., klavER g., 
klEIn P., lIS J., lOCuTuRa J., maRSIna k., maZ-
REku a., O’COnnOR P. J., OlSSOn S. Å., OTTESEn 
R. T., PETERSEll v., PlanT J.a., REEdER S., SalPE-
TEuR I., SandSTRÖm h., SIEwERS u., STEEnFElT 
a., TaRvaInEn T. geochemical atlas of Europe. Part 1 
– Background Information, methodology and maps. geo-
logical Survey of Finland. pp. 525, 2005.

24. BOSZkE l., kOwalSkI a. Total Mercury in Floodplain 
Soils of the warta River, Poland Polish J. of Environ. Stud., 
16 (4), 517, 2007.

25. OTTESEn R. T., BOgEn J., BOlvIkEn B., vOldEn T. 
Overbank sediment: a representative sample medium for re-
gional geochemical mapping. J. geochem. Explor. 32, 257, 
1989.

26. kOwalSkI a., SIEPak m., BOSZkE l. mercury con-
tamination of surface and ground waters of Poznan, Poland. 
Polish J. Environ. Stud. 16 (1): 67, 2007

27. kOwalSkI a., BOSZkE l., kuRZyCa I. One year ob-
servation of mercury in wet precipitation of Poznań City 
(Poland). Polish J. Environ. Stud. 14, (Suppl. v), 37, 2005.

28. BOgEn J., BOlvIkEn B., OTTESEn R.T. Environmen-
tal studies in western Europe using overbank sediment. In: 
Erosion and Sediment Transport monitoring Programmes 
in River Basins, august 1992, Oslo, norway, pp. 317-325, 
1992.

29. hudSOn-EdwaRdS k.a. Sources, mineralogy, chem-
istry and fate of heavy metal-bearing particles in mining-
affected river systems. Mineral. Mag. 67(2), 205 2003.

30. maRkERT B. Plants as biomonitors. vCh verlagsgesell-
schaft mbh & vCh Publishers Inc., 644 pp., weinheim, 
new york, 1993.

31. mERTEnS J., luySSaERT S., vERhEyEn k. use 
and abuse of trace metal concentrations in plant tissue for 
biomonitoring and phytoextraction. Environ. Pollut. 138 (1), 
1, 2005.

32. madEJOn P., maRanOn T., muRIllO J.m., ROBIn-
SOn B. In defence of plants as biomonitors of soil quality. 
Environ. Pollut.143 (1), 1, 2006.

33. dEan J. R. Bioavailability, Bioaccessibility and mobility 
of Environmental Contaminants. wiley-vChverlag gmbh, 
weinheim, 316 pp., 2007.

34. hIguERaS P., OyaRZun R., BIESTER h., lIllO J., 
lOREnZO S. a first insight into mercury distribution and 
speciation in soils from the almaden mining district, Spain. 
J. of geochem. Explor. 80 (1), 95, 2003.

35. mIllan R., gamaRRa R., SChmId T., SIERRa m.J., 
QuEJIdO a. J., SanChEZ d. m., CaRdOna a. I., FER-
nandEZ a., vERa R. mercury content in vegetation and 
soils of the almaden mining area (Spain). Sci. Total Envi-
ron. 368 (1), 79, 2006.

36. wallSChhlÄgER d., dESaI m. v. m., SPEnglE R. 
m.,wIlkEn R. d. mercury speciation in floodplain soils 
and sediments along a contaminated river transect. J. Envi-
ron. Qual. 27, 1034, 1998.

37. kaBaTa-PEndIaS a. & PEndIaS, h. Trace elements in 
soils and plants. CRC Press, 315 pp., Boca Raton, Florida, 
1986.

38. OFFICIal gaZETTE SFRJ. Regulations of the highest 
permitted contents of toxic substances in forage (in Slove-
nian). Official gazette SFRJ 2, 28 pp., Beograd, 1987.

39. kOSTa l., ByRnE a. R., ZElEnkO v., STEgnaR P., 
dERmElJ v., RavnIk v. Studies on the uptake, distribution 
and transformations of mercury in living organisms in the Id-
rija region and comparative areas. vestnik Skd 21, 49, 1974.

40. STEgnaR P. uptake of hg and its distribution in plants and 
animals. m. Sc. Thesis (in Slovenian), Biotehnical faculty, 
Biology department, univesity of ljubljana, 58 pp., lju-
bljana. 1973.



Gosar M. 236

41. gnamuŠ a. mercury in the terrestrial food chain – bio-
indicators, uptake and accumulation (in Slovenian). Jožef 
Stefan Institute, 266 pp., ljubljana. 2002.

42. ROvInSky F. y., BuRTSEva l. v., ChICEva T. B. 
heavy metals in the vegetation as indicators for environ-
mental pollution in the area of the former uSSR. In: markert 
B. (Eds.), Plants as biomonitors. vCh verlagsgesellschaft 

mbh & vCh Publishers Inc., weinheim, new york, pp 
508-515, 1993.

43. BROOkS R. R. geobotanical and biogeochemical methods 
for detecting mineralization and pollution from heavy met-
als in Oceania, asia, and the americas. In: markert, B.(Eds), 
Plants as biomonitors. vCh verlagsgesellschaft mbh & vCh 
Publishers Inc., weinheim, new york, pp 127-155, 1993.


