
1. Introduction
Mercury was mined for many centuries from natural 
sources and the amount of mercury of anthropogenic 
origin grew steadily in the environment [1]. It is 
a circulating pollutant which occurs in many forms in 
various ecosystems. Metallurgical processes and coal 
combustion, the chlor-alkali industry and other industrial 
sources create a considerable environmental burden 
and produce significant quantities of hazardous waste 
[2]. Today, a number of questions concerning the 
evaporation of mercury into the atmosphere [3], mercury 
circulation, wet and dry deposition, mobility in terrestrial 
environments, the leaching of soil and ecological 
loads, bioavailability, biomethylation in sediments, 
accumulation in food chains, and toxicity to humans 
have already been answered [4-6].

Information about the mobility, binding, and thus, 
toxicity of various mercury forms can be obtained by 
speciation analysis. Sequential extraction is a suitable 

method for the speciation analysis of solid samples 
and many schemes have been intensively studied by 
many authors [7-12]. Several comprehensive reviews 
with extensive references have been published in 
this field [13-15]. Wide variability in the approach to 
mercury speciation is obvious in these work as well as in 
a number of applications.

In addition to sequential extraction, selective 
extractions are also used [16-19], especially for 
methylmercury determination [20]. Furthermore, 
advanced hyphenated techniques [21] and thermal 
desorption from the solid phase are used [22-26], which 
can be combined with sequential extraction procedures 
for more complex research [27-29]. The results of 
thermal desorption are usually expressed as a mercury 
absorbance versus temperature plot, the so-called 
mercury release curve. The thermal desorption method 
is also suitable for soil remediation [30,31].

The main aim of this research was an understanding 
of mercury speciation changes from the initial 
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elemental form to another species in anthropogenically 
contaminated soils and tailings. The sequential 
extraction and thermal desorption of mercury were 
approaches selected for this study. Mercury speciation 
was observed in both bulk samples and fractions with 
defined particle sizes.

2. Experimental procedure

2.1. Sample preparation and characterization
The samples of soil and tailings studied were collected 
from three localities (Zunmod, Boroo, Narangin gol) 
in the Selenge district of northern Mongolia. Intensive 
mining of small and medium-sized gold deposits in 
these areas has been continuing from the 1920s to the 
present day. Serious ecological damage has occurred 
as a result of metallic mercury and cyanide use in the 
primary treatment of gold-bearing ores. The samples 
from the Zunmod locality were collected by means of 
drilling; samples from Boroo and Narangin gol were 
collected by a geological probe.

All samples were provided in PE packaging without 
any treatment. The samples were freeze-dried for 
24 hours at –50°C in a Christ Gamma freeze drier. 
Afterwards,  the samples were sifted using a geological 
sieve (1.25 mm).

Thereafter, five sub-samples were sifted from the 
aliquot of bulk samples (below 1.25 mm) and samples 
of the following particle sizes were obtained: 1.25 – 1, 
1 – 0.5, 0.5 – 0.125, 0.125 – 0.063 and < 0.063 mm. The 
subsamples were weighed and stored at 4°C until further 
analysis. The bulk samples were then homogenized on 
a Pulverisette 7 mill and also stored at 4°C. Special 
care was taken to maintain purity and thus to avoid  
contamination of the samples during all operations. 
Total, organic and inorganic carbon in the bulk samples 
was determined on a Vario TOC Cube analyser and the 
pH in the water suspension was measured using a pH 
meter. (The carbon determination was controlled by 
the standard of potassium hydrogen phthalate – No.: 
35.00-0151, elementar, Germany).

The certified reference material CC 580 (No:0160, 
European Commission DG JRC, IRMM, Geel, Belgium) 
was used for this work. The total mercury content in 
this sediment is 132 ± 3 mg kg-1 and the methylmercury 
content  is 75.5 ± 3.7 μg kg-1.

Artificial soil samples with four mercury species 
were prepared [32]. These samples contained 70% 
sand (Penta Czech Republic), 20% clay (Sigma–
Aldrich, Germany), 9.5% peat (Agro, Czech Republic) 
and 0.5% calcite (Lachema, Czech Republic).  The 
clay contained at least 30% kaolinite. Upland peat was 

dried and homogenized and its pH was adjusted from 
4 to 6 using ground calcite. Three types of artificial soil 
containing the following combinations of analytes were 
prepared: HgS – Hg(II) bound to humic acids (soil A), 
HgS – HgCl2 (soil B), and Hg0 – HgCl2 – HgS – Hg(II) 
bound to humic acids (soil C). (All the chemicals were 
from Sigma–Aldrich, Germany). Elemental mercury 
was adsorbed onto the sand in a flask. HgS and HgCl2 
were diluted with sand in the solid state. The column 
filled with humic acid was rinsed with an acidic solution 
(pH = 3) of HgCl2 for 72 hours. Enriched humic acids 
were dried at room temperature and homogenized with 
the peat. All components of the artificial soils were 
homogenized in a mortar. The pure chemicals diluted 
with sand and enriched humic acids were also used for 
the preparation of calibration materials.

2.2. Sequential     extraction     and    mercury  
       distribution
First, the total mercury content in the bulk samples and 
in the subsamples was determined on an AMA 254 
mercury analyser (Altec, Czech Republic) using solid 
sampling. The samples with high mercury contents (over 
40 mg kg-1) were diluted with sea sand (Penta, Czech 
Republic) before measurement. The homogeneity 
of samples was improved using this procedure. This 
procedure was verified using the certified reference 
material CC 580 and the artificial soil samples prepared 
with defined mercury contents. The CRM CC 580 was 
used for the verification of sequential extraction recovery 
and for the verification of methylmercury determination 
by the AMA 254 analyser.

The total organic mercury in the bulk samples was 
measured from the extract on the AMA 254 analyser. 
Each sample of 0.1 g weight was leached into 8 mL 
of chloroform (Penta, Czech Republic) in a 10 mL 
centrifugal tube on a GFL 3006 reciprocating shaker 
for 3 hours. This extraction step is considered as step 
F0 and be incorporated into the procedure before the 
following extractions. The liquid extracts were obtained 
using centrifugation on an EBA 20 Hettich centrifuge. 
The soil/liquid ratio was the same for all extraction 
reagents in the extractions. The residu obtained after 
the F0 extraction were used in the next procedure.

The sequential extraction procedure was performed 
on the bulk samples according to the following scheme: 
F1 with redistilled water – extracts mercury leachable in 
water; F2 with 0.5 M HCl  – extracts mercury leachable 
under acidic conditions; F3 with 0.2 M KOH  – extracts 
mercury bound to humic substances; F4 with 50% HNO3  
– extracts elemental mercury and mercury complexes; 
F5 with saturated solution of Na2S – extracts HgS; 
and F6 is solid residue – contains residual mercury. 
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This procedure differs from the published scheme in 
the first extraction step [33]. The extraction time was 
18 hours in F1, F2, F3, and F4, and 21 hours in F5. 
The solid residues were rinsed with redistilled 
water prior to changing each extraction solvent. All 
extraction reagents were prepared from p.a. chemicals 
(Sigma–Aldrich, Germany) with very low mercury 
content (< 5×10-7%).

In addition, the whole sequential extraction 
procedure was performed for all the subsamples of bulk 
samples Zun 9, Zun 12, Bor 5, Bor 8, Nar 2 and Nar 8.

2.3. Thermal desorption analysis
The device for the thermal desorption of mercury 
compounds was composed of a heating unit prototype 
with argon thermoregulator. The argon served as 
a warming medium and carrier gas. A glass sampling 
tube and quartz cuvette were included in the optical 
system of the Perkin Elmer 306 AA spectrometer with 
deuterium background correction. The quartz cuvette 
was heated to over 800°C in an electric block to induce 
quantitative atomization. The behaviour of elemental 
mercury, mercury chloride, mercury sulfide, and mercury 
bound to humic substances was investigated. Thermal 
desorption was observed from 40°C up to 470°C. The 
heating rate was 30°C per minute and the gas flow 
through the cuvette was 0.5 L min-1. A weight of 10 – 
100 mg of each sample was used for measurements.

First, the mercury release curves of the calibration 
set of samples were measured. The curves obtained 
were integrated and the dependence of peak area and 
height (absorbance) on mercury content was achieved. 
This calibration was verified using CRM CC 580. 
Further, the thermal behaviour of the artificial soil, all 
the bulk samples and the subsamples of Zun 9, Zun 12, 
Bor 5, Bor 8, Nar 2, Nar 8 was observed.

3. Results and discussion

3.1. Sample characterization
The lowest pH values were observed in the tailings 
of the Zunmod locality. The pH was slightly alkaline 
(Table 1) for the most of samples. The total carbon 
content in the samples studied was up to 2% with 
three exceptions. Organic carbon formed the major 
proportion in most cases (Table 1). A high proportion of 
carbonates were observed in the samples Zun 16 and 
Nar 1, 2, 3, 4, 6. The subsamples with a particle size 
below 63 μm comprised the major part of the sample’s 
weight (Table 2). The fraction 0.5 – 0.125 μm constituted 
the main share of the weight for the Bor 5, 6 and Nar 2 

samples. The amount of particles below 63 μm had 
a considerable influence on the analytes’ behaviour 
mainly due to large surface.

3.2. Total mercury content
The limit of quantification for the solid samples was 
0.3 μg kg-1. (All limits of quantification were calculated 
as ten fold standard deviation of the blank.) Three 
replicates were made for each sample; RSD (relative 
standard deviation) was below 2% with the exception of 
subsamples with particle sizes 1.25 – 1 and 1 – 0.5 mm 
due to lower homogeneity (RSD < 5%).

The total mercury content was relatively high for 
some samples (Table 3) and exceeded 10 mg kg-1 in 
more than half of the cases. The highest contents were 
observed in the Nar 2, 3 and 8 soils from the Narangin 
gol locality. For the Zunmod and Boroo localities, the 
levels of mercury found in the tailings were significantly 
higher than those found in the soil.

The insight into mercury distribution in individual 
particle sizes was very helpful (Table 4). The highest 
mercury contents were present in the finest particles 
(< 63 μm) for two thirds of the studied samples, 
especially in the Nar 2 (1930 mg kg-1) sample. 
The mercury levels in the coarse-grained fraction 
(1 – 0.5 mm) were notable in the following samples: 
Zun 7, 10, 12 and Nar 3, 4. Samples Nar 4 and 8 evinced 
a downward trend in mercury content with decreasing 
particle sizes. This phenomenon may be caused by a 
specific binding of analytes to the sample matrix, since 
it is unexpected in terms of sorption behaviour.

3.3. Sequential     extraction     and    mercury  
       distribution
Three replicates were made for all samples and the 
mercury content  was determined on the AMA 254 
analyser. The mercury contents in F5 were calculated 
from the difference between the total mercury content 
and the sum of fractions. The relative standard deviation 
was below 5% for all other extraction steps. The limit of 
quantification was 0.3 μg kg-1 for F6 and 2 μg kg-1 for 
F1, F2, and F3. The limit of quantification for F4 was 
20 μg kg-1 due to a necessary sample dilution.

Some important points should be mentioned 
concerning the results of sequential extraction 
(Table 3). First, the total content of organic species (F0) 
was below the limit of quantification (2 μg kg-1) for all the 
samples. The “mobile” mercury (fractions F1 and F2) in 
the samples from the Zunmod locality showed a much 
higher presence in the tailings than in the soil and these 
contents were comparatively significant in some cases. 
A distinct proportion of “mobile” mercury in the samples 
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from Boroo was noted only in Bor 5 and Bor 12. The 
dependence of mercury bound to humic matter (F3) on 
the sample’s character could be mentioned. This “semi-
mobile” fraction constituted a substantial proportion 
especially in the dark samples with higher carbon 
content – Zun 9, Zun 17, Bor 10, Bor 11 and Nar 8. 
A low content was present in sandy soil such as in 
Bor 12. The content of “non-mobile” forms of mercury 
(fractions F5 and F6) was significant in the Nar 2 sample 
and in some tailings such as Zun 12 and Zun 13.

The considerable differentiation of mercury 
speciation according to particle size was observed for 
all the subsamples of Nar 2 (Fig. 1). The main share 
of HgS (F5) was contained in the smallest particles at 
1240 mg kg-1. However, the resulting content of HgS in 
the bulk sample was 33.5% (Table 3) since the smallest 
particles constituted only 4.5% of the bulk sample 
weight (Table 2).

The mercury released in acidic conditions (F2) 
correlated (Pearson’s correlation coefficient r = 0.998, 
p = 5×10-6) with total content in the individual 
subsamples of Bor 5 (Fig. 2). The amount of HgS 
grew substantially with decreasing particle size in both 
absolute and percentage terms. The correlation of F2 
with total content was also evident in Bor 8 and the 
whole content of HgS was present in the finest particles. 
Such behaviour of speciation could be explained by 
the origin of these samples – these were tailings. It 
can be assumed that the sorption of inorganic divalent 
mercury releasable in F2 causes the dependence of 
increasing total mercury content on decreasing particle 
size. Afterwards, this mercury is changed into the most 
stable species – HgS. The same applies for the tailing 
Zun 12. The main mercury form of the Bor 8 subsamples 
was elemental mercury (F4), which is considered to 
be the first constituent of the subsequent speciation 
development and transformation of mercury forms. The 
mercury contents in F4 correlated with total contents in 
the subsamples for all three tailings.

The decreasing mercury content in the subsamples 
of Nar 8 was accompanied by a decrease in the mercury 
levels in F2, F4 and F5. The contents of mercury 
releasable in water (F1) and mercury bound to humic 
matter (F3) were stable in all the subsamples of Nar 8, 
in contrast to the other samples. The constant content of 
mercury in the most mobile fraction (F1) accompanied 
by the presence of organic matter could be explained 
by the strong influence of the soil matrix, which was 
confirmed in this sample.

The soil Zun 9 with the highest carbon content had 
a major share of mercury in F3. The maximum value was 
observed in size from 0.5 to 0.125 mm and the levels 
declined symmetrically to the largest and the smallest 

Table 1. Sample characterization.

Sample Type pH Ctotal % Corg % Cinorg %

Zun 7 tailing 2.62 0.068 0.064 0.004
Zun 8 tailing 3.05 0.116 0.112 0.004
Zun 9 soil 5.31 9.08 7.46 1.62
Zun 10 tailing 3.93 0.098 0.090 0.008
Zun 12 tailing 4.46 0.158 0.145 0.013
Zun 13 tailing 3.96 0.130 0.129 0.001
Zun 15 soil 6.11 0.426 0.376 0.050
Zun 16 soil 8.47 1.03 0.124 0.906
Zun 17 soil 8.11 2.06 1.84 0.220
Bor 1 soil 8.41 0.484 0.375 0.109
Bor 2 soil 8.48 1.19 0.709 0.481
Bor 3 soil 8.56 1.38 0.669 0.711
Bor 4 soil 8.65 1.67 0.945 0.725
Bor 5 tailing 8.90 0.336 0.189 0.147
Bor 6 tailing 8.29 0.204 0.143 0.061
Bor 8 tailing 8.71 0.718 0.489 0.229
Bor 10 soil 8.37 1.32 0.796 0.524
Bor 11 soil 8.30 1.46 0.879 0.581
Bor 12 soil 8.57 0.197 0.159 0.038
Nar 1 soil 8.67 0.307 0.066 0.241
Nar 2 soil 8.39 0.163 0.053 0.110
Nar 3 soil 8.65 0.197 0.059 0.138
Nar 4 soil 8.59 1.10 0.448 0.652
Nar 6 soil 8.90 0.208 0.080 0.128
Nar 8 soil 8.46 4.31 3.79 0.52

Table 2. Distribution of particles in %.

Sample 1.25–1
mm

1–0.5
mm

0.5–0.125
mm

125–63
μm

< 63
μm

Zun 7 0 5 37.8 30 27.2
Zun 8 0 0 17 31 52
Zun 9 2.2 6.5 12 12.4 66.9
Zun 10 0 1.5 23.3 31.9 43.3
Zun 12 0 0.2 8.6 25.1 66.1
Zun 13 0 0 4.6 19.8 75.6
Zun 15 7.1 22.4 7.5 0.7 62.3
Zun 16 0 0 36.9 29.5 33.6
Zun 17 0.3 0.7 10.2 5.3 83.5
Bor 1 10.7 25.5 33 3.5 27.3
Bor 2 0 0 2.9 9.2 87.9
Bor 3 0 0.2 2.4 5.5 91.9
Bor 4 0 0.2 3.9 6.5 89.4
Bor 5 1.3 5 56.2 17.1 20.4
Bor 6 0 0 42.9 39.8 17.3
Bor 8 0 0.4 21.4 17.3 60.9
Bor 10 0 0.1 1.2 4.2 94.5
Bor 11 0 0 0.6 3.5 95.9
Bor 12 13 61.8 24.5 0 0.7
Nar 1 0 0 28.1 36.5 35.4
Nar 2 1.3 6.6 74.5 13.1 4.5
Nar 3 0 1 27.4 34.7 36.9
Nar 4 0 0.3 6.1 26.6 67
Nar 6 0 1 33.2 32.6 33.2
Nar 8 0.9 6.5 12.3 22.6 57.7
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Table 3. Mercury forms content of bulk samples in mg kg-1.

Sample F1 F2 F3 F4 F5 F6 Total Content

Zun 7 0.21 9.4 2.2 7.2 3.1 0.022 22.1
Zun 8 0.26 3.7 3.9 7.7 4.2 0.061 19.8
Zun 9 – 0.177 3.9 0.67 0.64 0.0176 5.4
Zun 10 0.82 3.0 0.77 4.1 4.7 0.0060 13.4
Zun 12 1.16 9.4 2.4 6.8 10.1 0.0166 29.9
Zun 13 1.72 5.7 2.2 6.7 9.5 0.102 25.9
Zun 15 – 0.122 0.37 0.26 0.0164 0.0016 0.77
Zun 16 0.50 1.22 0.66 2.7 1.65 0.075 6.8
Zun 17 0.96 1.28 3.2 1.28 1.88 0.0047 8.6
Bor 1 – 0.49 0.166 0.139 0.0129 0.0021 0.81
Bor 2 0.91 2.6 1.75 0.73 2.3 0.0020 8.3
Bor 3 – 1.28 0.70 0.39 0.74 0.0087 3.12
Bor 4 0.71 4.1 3.9 3.9 4.6 0.0089 17.2
Bor 5 1.56 8.6 2.6 2.6 7.2 0.117 22.7
Bor 6 0.55 3.1 3.8 3.7 6.2 0.027 17.4
Bor 8 0.68 5.1 10.1 14.4 7.9 0.140 38.3
Bor 10 – 0.090 2.4 0.29 0.117 0.0030 2.90
Bor 11 – 0.196 1.83 0.48 0.092 0.0016 2.60
Bor 12 – 0.47 0.085 0.072 0.0030 – 0.63
Nar 1 0.33 5.0 1.00 2.8 3.3 0.046 12.5
Nar 2 8.9 56 16.7 88 91 11.2 272
Nar 3 1.83 10.2 3.2 19.3 10.5 0.061 45.1
Nar 4 1.52 9.0 1.62 1.75 1.06 0.0060 14.9
Nar 6 0.133 0.48 0.74 0.41 0.51 0.0120 2.28
Nar 8 1.52 8.9 18.8 11.9 6.4 0.034 47.6

– below the limit of quantification

Table 4. Total mercury content of subsamples in mg kg-1.

Sample 1.25–1 mm 1–0.5 mm 0.5–0.125 mm 125–63 μm < 63 μm

Zun 7 – 50 8.1 11.6 51
Zun 8 – – 6.1 9.2 29.5
Zun 9 2.3 4.3 8.2 6.6 4.62
Zun 10 – 24 6.8 8.6 20.7
Zun 12 – 46 9.8 13.1 40.5
Zun 13 – – 6.6 10.8 31.1
Zun 15 0.3 0.38 0.59 1.07 1.03
Zun 16 – – 3.17 5.4 11.4
Zun 17 3.7 4.7 13.5 12.4 7.5
Bor 1 0.31 0.34 0.50 1.35 1.90
Bor 2 – – 5.9 5.6 8.4
Bor 3 – 0.85 1.02 1.38 3.16
Bor 4 – 7.3 16.2 12.7 16.8
Bor 5 11.2 9.4 15.2 26.9 43.8
Bor 6 – – 7.7 15.8 48
Bor 8 – 10.4 11.0 16.1 57
Bor 10 – 0.56 1.56 1.47 3.08
Bor 11 – – 1.01 1.35 2.76
Bor 12 0.45 0.53 0.70 – 6.6
Nar 1 – – 7.1 7.8 23.2
Nar 2 1160 770 93 458 1930
Nar 3 – 45 6.6 24.5 99
Nar 4 – 27 17.9 15.3 15.1
Nar 6 – 1.70 0.92 1.33 4.44
Nar 8 78 73 69 48 42.7

– no weight for the determination
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particles. This distribution and the contents of elemental 
mercury was in correlation (r = 0.967, p = 1.5×10-3). 
This trend appears to be natural due to the complexation 
capacity of organic matter which is the main factor for 
the speciation development of mercury in soils.

3.4. Thermal desorption analysis
The thermal behaviour of pure analytes in a calibration 
set was observed from the absorbance of 0.004 up to 
0.8. The limit of quantification was calculated after peak 
area integration as 50 ng Hg in a single peak desorption 
of calibration materials. RSD for total mercury 
determination according to the peak area was below 5% 
which was determined from 20 replicate measurements 
of the thermal desorption of tailing Bor 6 and validated 
during all the measurements. The peaks for each 
species were in these temperature intervals: 60 – 120°C 

for Hg0, 100 – 220°C for HgCl2, 260 – 350°C for humic 
Hg and 250 – 430°C for HgS (Fig. 3). The release curves 
in Fig. 3 show the desorption of 0.088 μg, 0.244 μg, 
0.248 μg, and 0.308 μg of mercury in the Hg0, HgCl2, 
humic Hg and HgS forms, respectively. The desorption 
yield of mercury introduced into the artificial soils was 
always greater than 95%. The thermal waveform and its 
shape were species dependent.

An exact standard preparation and its homogeneity 
are very important for successful calibration. This was 
obvious, especially for elemental mercury. A poorly 
prepared sample exhibited an irregular desorption curve 
due to inhomogeneity caused by sorption enrichment 
of the sample. It was also necessary to work with this 
sample immediately after preparation due to potential 
losses by evaporation. The use of an atomizator 
(quartz tube heated to 800°C) was necessary for the 

Figure 1. Mercury forms distribution of Nar 2 subsamples.

Figure 2. Mercury forms distribution of Bor 5 subsamples.

 

 

1570



P. Coufalík et al.

decomposition of the HgCl2 molecule. (No signal was 
measured during HgCl2 desorption without  atomization.) 
The most regular curves were obtained for humic 
mercury and HgS.

The behaviour of artificial soils was studied as the 
next step. The mixture of HgS and mercury bound to 
humic acids in artificial soil A could be distinguished for 
lower absorbances in the content ratio of 1:1. The curve 
of soil A in Fig. 4 represents a desorption of 0.149 μg 
Hg in humic form and 0.216 μg Hg in HgS. The areas of 
individual peaks are not distinguished due to the other 
ratio of analytes.

The behaviour of HgCl2 is very interesting, since the 
temperature of desorption in the artificial soil is shifted to 
the higher temperature and the shape is irregular. Such 
behaviour could be caused by the different desorption 
characteristics of crystalline HgCl2 on the clay particles 
in the artificial soil. The desorbed mercury content in 

Fig. 4 (soil B) was 0.369 μg Hg in the mercury chloride 
form and 0.216 μg Hg in the form of mercury sulfide.

The desorption curve of soil C with all the analytes 
studied is presented in Fig. 3. With the exception of the 
simplest situation in which all the species were in the 
same concentration, some difficulties were observed. 
The desorbed mercury contents in this case were 
0.120 μg, 0.270 μg, 0.090 μg and 0.120 μg Hg in the 
form of Hg0, HgCl2, humic Hg and HgS, respectively. 
Elemental mercury could be determined; HgS could be 
identified, but without content determination. Mercury 
chloride and mercury bound to humic acids were not 
distinguished. The thermal shift of analytes in artificial 
soil compared to pure substances is also obvious.

All the bulk samples and selected subsamples were 
desorbed and some findings should be mentioned. An 
ideal curve for thermal desorption analysis is presented 
in Fig. 5 (desorption of 30 mg Zun 17). However, the 

Figure 3. Mercury release curves of pure chemicals and artificial soil C.

Figure 4. Mercury release curves of artificial soil A and B.
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contents of individual mercury forms could not be 
determined accurately due to differences in the thermal 
behaviour of artificial and real samples. This shape 
of release curve was also observed in the subsample 
with a particle size < 63 μm, not for the bigger 
particles.

The desorption curves for 10 mg of the three Zun 12 
subsamples are shown in Fig. 5. A simple symmetrical 
signal was recorded for most samples with peaks 
between 200 and 300°C. The explanation could lie 
in the amorphous structure of the analytes and in the 
matrix fitting. Nevertheless, the total mercury content in 
desorbed samples could be calculated from the curves’ 
waveforms due to the linear dependence of peak area 
on mercury amount.

4. Conclusions
This work suggests possible speciation in the materials 
studied on the basis of performed experiments. It can 
be assumed that the contained elemental mercury is 
transformed by the environment to the bivalent form that 
can be released under acidic conditions. The reason 
for the mercury stabilization could be the complexation 
character of organic matter or the natural stability of 
cinnabar. This development was also observed in the 
studied materials.

The sequential extraction procedure used is 
clearly suitable for the mercury speciation analysis in 

contaminated soils and tailings. The samples exhibited 
high mercury contents with the highest levels in the 
finest particles. It can be assumed that this is the result 
of sorption on a large particle surface.

The thermal behaviour of four mercury species 
was characterized in this work. It was found that the 
behaviour of pure analytes is distinguished from their 
thermal parameters in artificial soils. The difference 
in behaviour of thermal mercury release is probably 
caused by the amorphous structure of the analytes in 
natural conditions and by the different matrix bonding. 
The total mercury contents could be determined 
according to this method and the thermal parameters of 
the studied materials could be assessed.

The obtained results allowed the nature and toxicity 
of mercury in the studied samples to be determined. 
Research in this field is also significant for work involving 
the remediation of contaminated materials.
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