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Inventory of the legal base for reclamation of lands disturbed by open-cast mining in Bulgaria
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Abstract. Samples of geological materials, used for reclamation of land, disturbed by open coal mining have been investigated. The obtained results for the 
opportunities of biological regeneration of the lands fertility, reclaimed with these materials, put them in the following order: Pliocene clays from the region of 
Maritza Iztok (the biggest energy complex with the largest open coal mine in Bulgaria); marl materials from the area of the town of Pernik; and last - sulfur 
containing materials from the region of Chukurovo Mine, Sofia region. It is proposed that the period for biological reclamation, shown in Article 4, item 2 §(а) 
from Regulation No. 26/1996 for reclamation of disturbed areas, improvement of lands of low productivity, removal and utilization of the humus layer, must be 
changed  from ”5 years” to ”7-12 years” for the lands reclaimed without humus and to ”3-5 years” for the lands reclaimed with of humus horizon used.
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Introduction

In the world tendency of waste accumulation a large share is 
attributed to mining industry especially that of open-cast coal mining 
(Pavlov and Banov, 2014). The methods and technologies that are 
used influence the environmental components in two ways – active 
and passive (Martines, 1995). The active influence is expressed by 
seizure and destruction of vast areas of the Earth's surface and the 
related changes of the location and structure of soils, waters, hydro-
geology, landscape, etc. The passive influence is expressed by 
accumulation and storage of large masses of geological and waste 
materials in heaps, ash storages, etc.

Generally the technology of open-cast mining is related to 
revealing the coal layer at the particular depth of sedimentation while 
the geological materials are accumulated outside the zone of the 
mine in the so called external heaps. After the advance of the front of 
the mining activities the seized land masses are stored in the pit of 
the mine in the form of internal heaps. The heaps are reclaimed with 
a view to restoration of their fertility and their retrieval into the fund of 
arable land, which is done by the application of technologies with a 
different term of execution dependent on the aim of reclamation – 
agricultural, forestry or recreational (Banov and Pavlov, 2014, 2016; 
Banov et al., 2015; Pavlov et al., 2015; Banov et al., 2016; Banov and 
Marinova, 2016; Kirilov and Banov, 2016).

This study aims to supplement (modernize) normative 
requirements for reclamation of damaged and contaminated lands 
and soils in Bulgaria, affected by open-cast mining activities, in 
relation to the regulation of the duration of the restoration 
(reclamation) measures on the basis of the qualitative 
characteristics of the materials forming the external and internal 
heaps.

Material and methods

Sites and Methods of Research
According to the requirements of Regulation No. 26/1996 the 

external and internal heaps, results from mining activities are subject 
to technical and biological reclamation. That is why before the start 
of the revealing activities an analysis of the geological materials of 
the over-coal layers is performed. The scheme of the analysis 
includes determination of the following indicators: 

l mechanical composition; 
l organic substance (humus) content; 
l content of nutritious elements for the plants (common and 

assimilated forms of Nitrogen, Phosphorus and Potassium); 
l content of dry residue and water-soluble salts; 
l overall amount of microelements; 
l exchange and relative density, etc. 
For the present study the data for the above-mention indicators 

were used from our previous investigations (Banov et al., 2013; 
Banov and Tzolova, 2013; Banov and Pavlov, 2014; Pavlov et al., 
2015). According to the obtained results the materials are classified 
by suitability for biological reclamation and are arranged by depth in 
the profile of the reclaimed lands (Treykyashki et al., 1982; Marinkina 
and Banov, 2001).

The following stage is that of biological reclamation, during 
which different crops are grown according to the type of terrain use – 
agricultural, forestry, etc. (Banov and Hristov, 1996; Banov and 
Tzolova, 2012; Tzolova et al., 2013).

In relation to the above stated and with a view to precision of the 
term of biological reclamation we did research of samples of 
geological materials used for the technical upbuilding of lands, 
disturbed by the open-cast mining of coal. The location of the sites is 
presented in three map schemes (Figures 1, 2 and 3). The sites are 
situated on mapping material of Open Street Map and processed in 
GIS (sof tware ArcGIS  10.5 )  (OpenStreetMap server : 
http://www.OpenStreetMap.org). These are marl materials from the 
area of Pernik town with open mining activities (Figure 1) (Pavlov et 
al., 2015), grey-greenish clays and clayey sandstones from 
Chukurovo Mine in Sofia district (Figure 2) (Marinkina et al., 1992) 
and yellow-greenish Pliocene clays from the area of Maritsa Iztok 
coal-mining basin (Figure 3) (Garbuchev et al., 1975).

* e-mail: banovm@abv.bg
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Figure 1. The area of Pernik town with open mining activities (OpenStreetMap server: 
http://www.OpenStreetMap.org)

Figure 2. The area of Chukurovo Mine – Sofia district (OpenStreetMap server: 
http://www.OpenStreetMap.org)
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Results and discussion

The results reflected in Tables 1-5 show that the investigated 
geological materials are characterized by a relative homogeneity 
regarding the distribution of mechanical fractions. The content of 
physical clay varies within the limits of 52.1% (Pliocene clays) and 
41.2% (marls), which is heavy sandy-clayey mechanical 
composition. All three investigated materials contain skeleton 
fraction – from 4.8 to 8.7% (Table 1). As far as mechanical fractions 
are concerned coarse powder, small sand and sludge are prevailing.

Availability of organic substance (humus) is not found in the 
three investigated samples. They are not hoarded with nutritious 
elements for the plants such as nitrogen and phosphorus. 
Potassium is an exception as it is within the limits of high and very 
high availability (Table 2).    

The reaction of the medium (pH in water) is within the limits of 
slightly alkaline meaning of the indicator in marls and Pliocene clays. 

In the grey-greenish clays and clayey sandstones from the area of 
Chukurovo Mine the medium is highly acidic – 4.9 (Table 3). 
Carbonates are found in marls and Pliocene clays, while for the third 
investigated material they are 0.06%. Pliocene clays and marls are 
not salinated – the dry residue is within the limits of 0.08 and 0.11%. 
The sulfates prevail in the water-soluble ions in Pliocene clays and in 
marls the prevailing ones are the bicarbonates. The materials from 
the Chukurovo mine are characterized by a high content of dry 
residue. 

The content of microelements is within the occupational 
exposure limits (OEL) with the exception of grey-greenish clays, 
where the low values of pH determine slight exceeding of OEL in 
regard to Cu and Zn content (Table 4). 

The high content of sludge and physical clay determine the 
unfavourable physical indicators of the investigated materials – high 
volume and relative density and low porosity. This leads to 
compaction of the reclaimed terrains during the infilling of the 

Figure 3. The area of Maritsa Iztok coal-mining basin (OpenStreetMap server: 
http://www.OpenStreetMap.org)

Table 1. Mechanical composition of samples from geological materials from the investigated regions (Garbuchev et al., 
1975; Marinkina et al., 1992; Pavlov et al., 2015)

Geological material

Мarls

Grey-greenish clays and 
clayey sandstones

Yellow-green Pliocene clays

Pernik town region

4.3

2.9

8.5

Sum >1 1 – 0.25 0.25 – 0.05 0.05 – 0.01 0.01 – 0.005 0.005 – 0.001 <0.001 Sum <0.01

14.1

19.5

12.2

21.7

17.6

12.4

9.5

9.7

9.1

5.3

13.2

5.6

4.2

10.0

8.2

31.2

18.9

38.3

41.2

42.2

52.1

Chukurovo Mine

Maritsa Iztok

Distribution of the mechanical fractions, mm
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materials and also to swamping and waterlogging (Table 5). Grey-
greenish clays and clayey sandstones are characterized by a high 
content of common, sulfate and sulfide Sulfur, which makes them 
toxic for the grown plants (Marinkina, 1999; Tzolova et al., 2014a).

The presented results as well as other research (Garbuchev et 
al., 1975; Banov, 1989; Marinkina et al., 1992; Hristov and Banov, 
1997), which discuses the opportunity of biological fertility 
restoration of the lands, reclaimed with the above mentioned 
materials put them in the following sequence: Pliocene clays from 
the area of Maritsa Iztok (the biggest energy complex with the largest 
open coal mine in Bulgaria); marls from the area of Pernik town and 
the last ones are sulfide containing materials from Chukurovo mine 
in Sofia district. Periodic research of the heaps upbuilt with these 
materials show that the reclaimed land from the area of Chukurovo 
mine has the longest term of biological reclamation – approximately 
20 years, in which there has been periodic replacement of the dead 

saplings (Marinkina and Banov, 2001; Tzolova and Ilieva, 2005; 
Tzolova et al., 2013; 2014b) In the rest of the investigated sites the 
newly formed soil functions of sustaining the development of the 

thvegetation occur not later than the 7  year after their biological 
reclamation.

According to Article 4, item 2, §(а) from the above quoted 
Regulation No. 26/1996, the term of implementation is fixed to 5 
years for the reclaimed terrains, subject to agricultural use 
independently of the physical-chemical characteristics of the 
geological materials that they are composed of. In our opinion this 
term must be corrected because of the fact that the substrates in the 
profile of the reclaimed lands are extremely heterogeneous as far as 
their physico-chemical characteristics are concerned, so the 
restoration of their fertility is performed for a different period of time.

The research conducted and the qualification of the materials 
as a potential for growing plants leads to the conclusion that the term 

Table 2. General chemical properties of geological materials from the investigated regions (Garbuchev et al., 1975; 
Marinkina et al., 1992; Pavlov et al., 2015)

Geological material

Мarls

Grey-greenish clays and 
clayey sandstones

Yellow-green Pliocene clays

Pernik town region

13.1

  0.06

  2.26

Carbonates,

%
General General General

% % %mg/1000g mg/100g mg/100g

Assimilated Assimilated Assimilated

0.014

0.011

0.019

22.4

18.2

5.6

0.104

0.115

0.080

5.5

0.1

6.8

2.05

0.88

2.53

28.0

14.0

17.8

Chukurovo Mine

Maritsa Iztok

Nitrogen Phosphorus Potassium

Таble 3. Amount and composition of the water-soluble salts in samples from geological materials by investigated regions 
(Garbuchev et al., 1975; Marinkina et al., 1992; Pavlov et al., 2015)

Geological material

Мarls

Grey-greenish clays and 
clayey sandstones

Yellow-green Pliocene clays

Pernik town region

7.5

4.9

7.3

рН in water
Dry residue,

% –CL–HCO3

2++SO4

2++Ca 2++Mg

0.08

0.26

0.11

0.025

-

0.009

0.005

-

0.026

0.019

0.17

0.369

0.003

0.030

0.075

0.001

0.018

0.016

Chukurovo Mine

Maritsa Iztok

Composition of the water-soluble salts 

Table 4. General amount of micro-elements in samples 
from geological materials by investigated regions 
(Garbuchev et al., 1975; Marinkina et al., 1992; Pavlov 
et al., 2015)

Таble 5. Physical indicators of samples from geological 
materials by investigated regions (Garbuchev et al., 1975; 
Marinkina et al., 1992; Pavlov et al., 2015)

Geological material Geological material

Мarls Мarls

Grey-greenish clays and 
clayey sandstones

Grey-greenish clays and 
clayey sandstones

Yellow-green Pliocene clays Yellow-green Pliocene clays

Pernik town region Pernik town region

mg/kg

49

96

50

1.35

1.31

1.42

20

60

31

2.69

2.63

2.72

286

252

560

49.81

50.19

47.79

Chukurovo Mine Chukurovo Mine

Maritsa Iztok Maritsa Iztok

Zn Volume density
3g/cm

Cu Relative 

density

Mn Porosity

%
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of biological reclamation, stated in Article 4, item 2, §(а) of 
Regulation No. 26/1996 must be altered from “5 years” to “7 to 12 
years” for lands reclaimed without humus use. For terrains 
reclaimed by infilling of a humus horizon, which require a 
comparatively short period of time for restoration of the biological 
processes in the used humus material the term must be “3 to 5 
years”. The exact duration will be determined at expert level on the 
basis of the quality characteristics of the materials used at the 
technical level of reclamation. The term of biological reclamation for 
terrains that have already been reclaimed will be determined after 
conducting vegetative or field tests with the appropriate indicative 
crops for establishing the productive potential of the land.

It is advisable to accurately determine the period of biological 
recultivation, in particular, after conducting purposeful field 
experiments under controlled conditions.

Conclusion

The research conducted and the qualification of the materials 
as a potential for growing plants leads to the conclusion that the term 
of biological reclamation, stated in Article 4, item 2, §(а) of 
Regulation No. 26/1996 must be altered from “5 years” to “7 to 12 
years” for lands reclaimed without humus use. For terrains 
reclaimed by infilling of a humus horizon, which require a 
comparatively short period of time for restoration of the biological 
processes in the used humus material the term must be “3 to 5 
years”. The exact duration will be determined at expert level on the 
basis of the quality characteristics of the materials used at the 
technical level of reclamation. The term of biological reclamation for 
terrains that have already been reclaimed will be determined after 
conducting vegetative or field tests with the appropriate indicative 
crops for establishing the productive potential of the land. It is 
advisable to accurately determine the period of biological 
reclamation, in particular, after conducting purposeful field 
experiments under controlled conditions. The proposed change 
initiative should be joint - by scientists from interested institutes and 
the Ministry of Agriculture, Food and Forestry.
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Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows:  Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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