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Abstract - The content and mobility of trace elements are 
the ecological hallmarks of soils revealing their quality and 
safety. Since the mobilty of trace elements is one of the reliable 
indicators for soil toxicity the aim of this study is to assess the 
mobility of trace elements in virgin soils located in the vicinity 
of the Bobovdol Thermoelectric Power Plant operating with 
coal. Some of classical methods for sampling, morphogenetic 
diagnosis and chemical analysis of soils are applied [3, 4, 5, 6, 
14, 15, 16, 17, 18, 21, 36, 37]. The local geochemical 
particularities and key soil features are also used to assess the 
mobility of Cu, Zn, Pb and Mn. 
 
The total content of trace elements in studied soils is lower 
than the background values found in the Bulgarian soils, and 
determines the non-toxic mobile concentrations of Cu, Zn, Pb 
and Mn. Organic and mineral colloids (silt and clay fractions) 
are the basic collectors and providers of mobile metal species 
although the soil type dependent bioavailability of studied 
metals had also been recognized. 
 
The content of mobile zinc and manganese is the most strongly 
associated with pedogenesis and the superficial soil formation 
processes, providing their surface accumulation. The mobile 
content of Cu is extremely low (average of 0.04 mg/kg) and 
basically attached to the content of organic carbon and fine 
particles. Lead is usually allied with organic carbon but also 
occurs in fine soil fractions creating the soil type dependent 
bioavailable pools of Pb. It reacts antagonistically when 
organic carbon preferentially determines the mobility of Cu, 
Zn and Mn. 

 
Key words: mobility, trace elements, virgin soils, organic 
carbon, Bobov dol valley 

 
1. INTRODUCTION  

 
Trace elements are chemically active ingredients of all 

soils. As mineral species they present in clay minerals, 
ferrous and manganese oxides, wherein form the depots of 
potentially mobile metal species [10, 11]. Metals also occur 
in the organic fraction, frequently as valency bound forms. 

  
Heavy metals and metalloids can be involved in a series 

of complex chemical and biological interactions. The most 

important factors which affect their mobility are pH, sorbent 
nature, presence and concentration of organic and inorganic 
ligands, root exudates and nutrients. Furthermore, redox 
reactions, both biotic and abiotic, are of great importance in 
controlling the oxidation state and thus, the mobility and the 
toxicity of many elements, such as Cr, Se, Co, Pb, As, Ni and 
Cu [35]. 

 
Only a small portion of heavy metals and metalloids in 

soils is bioavailable. These amounts resulted in various 
processes such as precipitation-dissolution, sorption-
desorption, complexation-dissociation, and oxidation-
reduction. Not all the processes are equally important for 
each element and that is way it is crucial to study the 
reactions in soils that control the release of trace elements in 
order to manage the problems related to their deficiency and 
excess [13, 22]. 

 
The bioavailability of metals can be defined as an 

indicator showing the part of the element which is readily 
soluble and therefore, mobile and bioavailable mainly for 
plants and soil biota [25, 28]. In the case of soil 
contamination, the consumption of metals from terrestrial 
organisms is a complex and dynamic process involving all 
varieties of living organisms [1, 9]. The assessment of 
microelement availability in soils requires not only the 
knowledge of the amount of specifically adsorbed elements 
but also the types of surfaces which interact with these 
elements and the factors that contribute to their release 
from these surfaces [2].  

 
It is known that bioavailability, leaching and toxicity of 

metals and metalloids in soils is primary related to the 
element chemical speciation. The speciation of trace metals 
in soils depends on both the preliminary processes of parent 
materials formation and the secondary processes during the 
soil evolution. Therefore, the total content of heavy metals is 
insufficient to assess their real toxicity because the type of 
compounds of heavy metals determine their behavior in the 
environment [32], potential mobility and bioavailability [19, 
33]. 

 
Since the mobilty of trace elements is one of the reliable 

indicators for soil toxicity the aim of this study is to assess 
the mobility of trace elements in virgin soils located in the 
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vicinity of the Bobovdol Thermoelectric Power Plant (TPP) 
and its facilities. In the anthropogenically modified 
landscape of the Bobov dol valley this study allow to assess 
the toxicity level of soils caused by the accumulation of 
aerozoles and by-products of the Bobovdol Thermoelectric 
Power Plant opperating with coal.  

 

2. MATERIALS AND METHODS  
 
The local geochemical particularities, profile distribution 

of elements and key soil features were simultaneously used 
with element fractionation to assess the mobility of Cu, Zn, 
Pb and Mn. 

 
2.1 Geomorphological description of studied soils  
 
Four soil types located in the lands of the villages of 

Goliamo Selo, Palatovo and Kamenik, Bulgaria have been 
studied. These soils are affected by anthropogenic activity to 
a different extent and are uncultivated at the time of the 
study. The location of the studied soils and the landscape 
views are shown on fig. 1, 2, 3, 4 and 5. 

 

 
 

Fig – 1: Geographic location of the profiles 
 
Profile № 2. Pantotransportic Bathygarbic Technosol 

(Hypereutric, Loamic) 
 
The profile is situated in the reclaimed tailing pond 

"Suhoto dere" in the land of Palatovo village at 616 m. 

Biological reclamation is carried out with meadow 
vegetation, which is further enriched with self-settled local 
plant species, incl. bushes. The relief of the surrounding area 
is low mountainous (figure 2). These soils are included in the 
study because they contain microelements of geogenic origin  
 they are built by covering the tailing pond with 1.5 m of 
earth masses obtained from various excavation activities in 
the area. According to the regulatory framework in Bulgaria 
[30], these areas are reclaimed for recreational purposes 
only not for agriculture or forestry. 

 Fig – 2: Landscape view around profile 2 

 
Profile № 3. Chernic Phaeozem (Loamic, Colluvic, 

Epivermic) 
 
The soil is located on the territory of the village of 

Goliamo Selo at 520 m above sea level on non-carbonated 
diluvial-alluvial materials and weathered sandstones. It is 
covered with wild meadow and bushy vegetation. This soil 
province occupies lowlands and hills (figure 3). 

 

Fig – 3: Landscape view around profile 3 

 

Profile № 4. Gleyic Fluvisol (Loamic, Pantohumic) 
 
The profile is situated on the above flood terrace of the 

Bobovdolska river in a plain, non arable area, at 515 m above 
sea level, in the land of the village of Staro Selo (figure 4).  
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Fig – 4: Landscape view around profile 4 
 
It is formed on non-carbonate alluvial materials under 

the influence of meadow vegetation with the predominance 
of the moisture-loving species  (Typha angustifolia). The 
ground water is very shallow (60 cm).  The relief of the 
surrounding area is flat-hilly. 

 
Profile № 8. Albic Luvisol (Loamic, Hypereutric, 

Pantohumic) 
 
The profile is situated in a low mountainous relief on a 

slope with a slight incline to the east, at 652 m above sea 
level in the land of the village Kamenik. It is formed of non-
carbonate materials with the participation of meadow and 
bushy vegetation (figure 5). 

 

 
Fig – 5: Landscape view around profile 8 

 
2.2 Methods 

 
Soil survey in the Bobovdol valley was performed by 

advanced pedological methods for morphogenetic diagnosis 
of soils [21, 35, 37] and the actual sampling standards (3, 4, 
5). The methodology in Guidance for Soil Description [18] is 
also used for description of soil profiles. 

 
 

The following methods of analysis are applied: 
 
1. Pretreatment of soil samples for physico-chemical 

analysis according to [6]. 
 
2. pH (H2O) determination - potentiometrically according 

to [14]. 
 
3. Determination of the total content of trace elements – 

soil mineralization with “aqua regia” [17] and measuring the 
contents by AAC on a Perkin-Elmer 2100 [15]. 

 
4. Determination of the content of easily soluble trace 

elements - by extraction of soil with 1 M NH4NO3 [16]. 
 
5. Cation exchange capacity – method of Ganev and 

Arsova [12]. This method determines the contribution of the 
permenent, preferential charges (on basal surfaces, TCA) and 
variation charges (basically pH dependent exchange 
including the lateral surfaces, TA) of soil colloids in the cation 
exchange capacity of soils by titration of soil extract (4 g of 
soil and several portions of 8 cm3 of 1.0 n sodium acetate and 
0.2 n potassium maleate with pH 8.25 to reach 100 cm3) with 
0.04 n sodium hydroxide solution in the presence of 
phenolphthalein to determine TA and subsequent titration of 
the above eluate with 0.04 n complexon after dilution up to 
200 cm3 deionized water and addition of 10 cm3 of 
triethanolamine (1: 1) and 2 cm3 of 5.0 n potassium 
hydroxide solution (non-carbonate) to achieve pH 12-13 in 
the presence of chromium-blue to determine ТCA. 

 
6. Particle size distribution – method of Kachinsky [20]. 

This method differs form the method described in ISO 
11277:2009 mostly in samples pretreatment (NaOH is used 
here as a dispercing agent) and sieves mesh sizes. The 
following size of major fractions are recognized by 
Kachinsky: Sand – this fraction involves particles with 1.00 - 
0.05 mm equivalent spherical diameter; Silt fraction – from 
0.05 to 0.001 mm equivalent diameter and Clay <0,001 mm. 

 

3. RESULTS AND DISCUSSION 
 
The data on the content of microelements (trace metals) 

and their relation to the soil components shown in the tables 
confirm that pH, the content and cation exchange capacity of 
soil colloids (in particular the content of organic carbon, silt 
and clay fractions) have a very important role in the 
accumulation and the mobility of studied elements. 
Prevailing neutral pH (average value of 6.6) is one of the 
reasons for the uniform distribution of trace elements, their 
low solubility and low potential availability. In general, the 
content of trace elements is lower than the background 
values found in Bulgarian soils [31] and principally 
predetermines their low mobile concentrations. According to 
Prüeß’s [28] critical values for soil phytotoxicity, based on 1 
М NH4NO3 extract (1 mg/kg for Pb and Cu and 30 µg/g for 
Zn) the values obtained are non-toxic and ecologically safe.  
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The vertical distribution of trace elements in reference 
soils (profile 2) resembles the profile layered structure, 
while their mobile content depends on more factors (table 
2). For example, the mobile quantities of zinc and manganese 
seem related to pedogenesis and the more intensive 
weathering and soil-forming processes in the surface 40 cm 
(namely organic matter accumulation and recycling) leading 
to their superficial accumulation. In genetically older soils 
(profiles 3, 4 and 8), the tendency towards surface 
accumulation is not well expressed, especially in terms of the 
total forms. Lead mobility does not seem affected by the 
primary soil-forming processes, but rather by the geospatial 
variations of the element total content appearing as a weak 
accumulation near the TPP (profiles 3 and 4) and significant 
dispersion of the concentrations in the South [34]. 

 
In profile 2 (Technosol) copper content and accumulation 

is influenced by pH and soil organic carbon, which 
distinguishes it from the other elements for which mineral 
colloids are the main collectors of total and exchangeable 
amounts of zinc, manganese and lead (table 2). These data 
reveal that implementation of other methods of analysis 
(optical spectroscopy or combined techniques) would give 
more information about the chemical speciation and linkage 
of copper in these genetically young soils (although they are 
formed by geological materials that are old in a geo 
chronological sense). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table – 1: Content of trace elements in the studied soils 
(mg/kg, %) 
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Profile 3. Chernic Phaeozem 

А
h

 
0

-5
 

5
,8

 

1
9

.5
 

0
.0

5
 

0
.2

6
 

5
2

.0
 

0
.1

3
 

0
.2

4
 

3
0

0
.0

 

6
.1

0
 

2
.0

3
 

2
4

.5
 

0
.4

0
 

1
.6

3
 

А
1

 
5

-4
6

 

6
,0

 

1
8

.0
 

0
.0

3
 

0
.1

7
 

5
3

.0
 

0
.1

5
 

0
.2

8
 

2
4

5
.0

 

2
.8

8
 

1
.1

8
 

2
4

.0
 

0
.4

0
 

1
.6

7
 

B
tu

1
 

4
6

-8
8

 

6
,3

 

1
7

.5
 

0
.0

3
 

0
.1

7
 

5
9

.0
 

0
.1

3
 

0
.2

1
 

2
7

5
.0

 

1
.7

0
 

0
.6

2
 

2
4

.0
 

0
.5

0
 

2
.0

8
 

B
tu

2
 

8
8

-
1

3
3

 
7

,2
 

2
0

.0
 

0
.0

3
 

0
.1

5
 

6
0

.5
 

0
.0

8
 

0
.1

2
 

8
3

0
.0

 

0
.1

5
 

0
.0

2
 

2
3

.0
 

0
.5

0
 

2
.1

7
 

C
 

1
3

3
-

1
6

5
 

7
.3

 

1
8

.5
 

0
.0

3
 

0
.1

6
 

5
6

.5
 

0
.1

0
 

0
.1

8
 

4
8

0
.0

 

1
.0

0
 

0
.2

1
 

2
0

.0
 

0
.4

0
 

2
.0

0
 

M
 

6
.5

2
 

1
8

.7
 

0
.0

3
 

0
.1

8
 

5
6

.2
 

0
.1

2
 

0
.2

1
 

4
2

6
.

0
 

2
.3

7
 

0
.8

1
 

2
3

.1
 

0
.4

4
 

1
.9

1
 

SD
 

0
.6

2
 

1
.0

4
 

0
.0

1
 

0
.0

4
 

3
.6

8
 

0
.0

3
 

0
.0

6
 

2
4

3
.7

1
 

2
.3

1
 

0
.8

1
 

1
.8

2
 

0
.0

5
 

0
.2

5
 

Mob.* – mobile element content, mg/kg; %** - relative 
element content; М*** – arithmetic mean 
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Table – 1: Content of trace elements in the studied soils 
(mg/kg, %) 
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Profile 4. Gleyic Fluvisol 
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Profile 8. Albic Luvisol 
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In profile 3 (Chernic Phaeozem) there is a high 

correlation between the total content of copper and 
manganese, which reveals the importance of manganese 
oxides and oxy-hydroxides and their geochemical activity for 
Cu accumulation (Table 3). However, in this profile, the main 
source of mobile copper and manganese is the organic 

carbon, although the mobile copper content depends also on 
its total content. To some extent that is typical of mobile zinc 
too, but the mineral colloid are the more important factor for 
Zn bioavailability. 

 
Table – 2: Correlations between the content of elements 

and mobility sources contents in profile 2 
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Another characteristic of these soils is the expressed 

(categorical) antagonism between the mobile forms of lead 
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and the other mobile elements, which probably is the result 
of the clear association of lead (total content) with the 
organic matter which also predominantly determines the 
mobility of the other elements.  

 
Table – 3: Correlations between the content of elements 

and mobility sources contents in profile 3 
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In summary, lead is associated with organic carbon, but it 

has not a significant contribution to the extraction of lead in 

the soil solution. Whereas pH and clay fraction play a 
significant role for accumulation of copper, zinc and 
manganese, the organic carbon is the source of their mobile 
forms. 

 
Table – 4: Correlations between the content of elements 

and mobility sources contents in profile 4 
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In Gleyic Fluvisol (profile 4), the relationship between 

total and mobile forms of copper, zinc and manganese is best 
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expressed, but again except lead (Table 4). This confirms the 
logical and quintessential links between the elements and 
the mineral colloids, essentially for copper and zinc. The 
exchangeable forms of the last elements pronounced as a 
adsorption on weaky acid positions of mineral colloids are 
their main mobile forms. The mobility of manganese and 
lead, conversely, is related to the strongly acid positions of 
mineral colloids. There is a lack of correlation in profile 4 
between the total manganese and the fine particles, which 
can be explained by the accumulation of manganese in the 
larger mechanical fractions, and especially in the heavy and 
non-visible minerals which are richer in manganese [7, 8, 
26] although the transportation and sizing of minerals by 
water may also be responsible for allocation of the elements.  

Soil formation in Albic Luvisol (profile 8) goes under the 
influence of leaching and metamorphism, which are the 
likely factors of the few positive correlations between the 
elements found here (Table 5).  

 
Table – 5: Correlations between the content of elements 

and mobility sources contents in profile 8 
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Table – 5: Correlations between the content of elements 
and mobility sources contents in profile 8 
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The most expressed relationships are observed between 

the total zinc and lead content and between the clay 
fractions and the organic matter, which also determines the 
high significance of pH for their accumulation. The organic 
matter is a source of mobile lead, whereas its link with 
copper is not explicit. In fact, copper does not form clear 
positive correlations, either with the studied soil factors or 
with the other elements. The lack of correlation with the 
basic soil factors gives us reason to suppose that copper is 
interlinked with iron which is already found for the surface 
horizons of a variety of soils from the valley [33]. 

 

4. CONCLUSION 
 
The total content of trace elements in studied soils is 

lower than the background values found in Bulgarian soils, 
and determines the non-toxic mobile concentrations of Cu, 
Zn, Pb and Mn. Prevailing neutral pH also contributes to the 
uniform distribution of the trace elements, their low 
solubility and low potential availability. Organic and mineral 
colloids (silt and clay fractions) are the basic collectors and 
providers of mobile metal species although the soil type 
dependent bioavailability of studied metals had also been 
recognized. 

 
The content of mobile zinc and manganese is most 

strongly associated with pedogenesis and the superficial soil 
formation processes (intensive weathering resulting in pH 
decrease, organic matter accumulation and recycling), 
providing their surface accumulation. Except acidity, the 
reducing conditions in Gleyic Fluvisol also increase the 
mobility of manganese. 

 
The mobile content of Cu is extremely low (average of 

0.04 mg/kg) and uniformly distributed along profile depths. 
It is basically attached to the content of organic carbon and 
fine particles content. Geochemical activity of manganese 
(mostly oxides and oxy-hydroxides) and affinity for Cu 
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during the formation of Chernic Phaeozem results in their 
simultaneous accumulation and synergism of mobile forms. 

 
Lead is usually allied with organic carbon but also occurs 

in fine soil fractions. In Gleyic Fluvisol and Albic Luvisol the 
organic carbon is very fine sized and is also present in the 
fine fractions creating the soil type dependent bioavailable 
pools of Pb. This element reacts antagonistically with other 
mobile forms when organic carbon preferentially determines 
the mobility of Cu, Zn and Mn (as in Chernic Phaeozem). 
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