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Abstract
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The paper deals with the content and composition of organic matter of soils polluted with ash from Thermal Power Plant
“Bobov Dol”. Coal impurities have impact not only on the amount of total carbon but also on the type of humus. Fine ash
particles are deposited in the northern part of the valley, and they had change the composition of organic acids, where now
humic type of humus dominates. The average amount of organic carbon increases in the surface horizon since 1979. It could

be considered that this increase is due to 36 years of TPP “Bobov Dol” operation.
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Introduction

The content of organic carbon in soils is increasingly im-
portant topic in recent years in relation to climate change,
greenhouse gas emissions associated with carbon emissions
into the atmosphere. Recent years we are talking about se-
questration of carbon from the atmosphere and holding in the
soil to avoid the negative consequences of climate change.
Known fact is the increasing amount of carbon dioxide due
to fossil fuels, emitted mainly from transport and Thermal
Power Plants (TPP).

One of the main issues of the European Commission is to
reduce carbon emissions. Companies that emit large amounts
of carbon are sanctioned and required to buy carbon emis-
sions. One of the biggest pollutants emissions in Bulgaria is
TPP “Bobov dol”, which are frequently imposed with finan-
cial sanctions. In 2011 and heat station was threatened with
closure. “Bobov Dol has three blocks with a total installed ca-
pacity of 630 MWh, started in 1973-1975. Electricity is pro-
duced by burning lignite and brown coals. The main suppliers
are mines at Stanyantsi, Bobov Dol, Beli Breg and Chukuro-
vo. In 2012, was inserted new FGD installation, which should
reduce emissions for ecological standards and requirements
for dust, sulfur dioxide etc?
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The aim of this study is to examine the present state of soil
organic matter and to find out the effect of TPP “Bobov dol”,
on the humus quality, quantity and composition.

Material and Methods

The object of our study is Bobov Dol Valley, which is char-
acterized by mining and electricity production in TPP”Bobov
Dol”. Natural organic carbon in the soils is low (Blagoev
et al.,, 1978). The main soil types in the region are Haplic
Luvisols (WRB, 2006), Endocalcic Luvisols, Vertic Luvisols.
On the steep parts of the relief, weak developed and eroded
soils are found [Cambisols and Leptosols (WRB, 2006)]. In
the lowest parts of the valley near the riverbeds, Mollic Flu-
visols (WRB, 2006) are spread. Valley slopes, dry bottoms
and torrential valleys are made from coluvial materials. In
places along to the river Razmetitsa we can find depositions
of alluvial materials. All the rest of the valley is spread on the
soft Paleogene unstable sediments (Blagoev et al, 1979).

Zdravkov et al. (2012) studied the region for arsenic and
organic carbon (C ) in the surface horizon. The authors
point that the orgamc carbon content is similar to that in ear-
lier studies of the area. The highest content of C_ . is spread
in a thin strip, approximately 1.5 - 2 km width in north-south



486

B. Hristov, E. Filcheva, I. Nikova, A. Zdravkov, K. Ruskov, D. Petrov and D. Bakardzhiev

direction and close to two deposition spots in the territory of
TPP “Bobov Dol”. The distribution and content of the arse-
nic in humus horizon differs significantly from organic car-
bon content. To study the impact of TPP “Bobov Dol” on the
farmlands near the plant 28 soil samples were taken from a
depth of 0 - 30 cm from humus horizon. Sampling was taken
in irregular network (Zdravkov et al., 2012). The location of
soil samples is suitable to cover the maximum area.

Content and composition of soil organic matter in the stud-
ied profiles are determined with the modified Tjurin method
[oxidation with a solution K Cr,0./H,SO, in the thermostat at
125°C for 45 min, in the presence of a catalyst Ag SO, and titra-
tion with (NH,),SO, FeSO, 6H,0 and the Kononova - Belich-
kova method (Kononova, 1966; Filcheva and Tsadilas, 2002)].

Results and Discussion

Mainly Haplic Luvisols and Endocalcic Luvisols domi-
nate soil cover in the region of the Bobov Dol. Humus forma-
tion conditions are conducive to accumulation of significant
amounts of organic carbon (Filcheva, 2007). Haplic Luvisols,
accumulate more Corg then Endocalcic Luvisols because
the humus and basies aren’t leached. Amount of total car-
bon ranged from 0.6 to 1.75% (Table 2) that is low to moder-
ate content (Raytchev and Filcheva, 2011). An exception is
sample 81 Bd93-1, where Corg. is 4.41%, because it is taken
frorm the marshy ground of the sludge pond close to Kame-
nik village.

Estimated amount of organic carbon in the surface horizon
on the land of vilage Balanovo and village Golemo selo (Bla-
goev etal., 1978, 1979) is comparable to the amount of carbon
analyzed in this research. Amount of the total carbon (Table 1)
varies sharply. The highest amount of total carbon (1.8%) was
measured in Mollic Fluvisols (Blagoev et al., 1978).

Haplic Luvisols and Endocalcic Luvisols are the most
common soil types. The amount of COrg ranged from 0.38%
to 1.14 % and the average amount is 1.19 % (Table 2 with-
out sample 81 Bd 93-1). Compared with the content of COrg in
both tables the average amount of C  increases in the sur-
face horizon with 25 % since 1979 (from 0.95 % to 1.19%)).
It could be considered that this increase is due to 36 years of
TPP “Bobov Dol” operation.

Haplic Luvisols are characterized as fulvic-humic type
of humus (Ch/Cf 1-2). Ednocalcic Luvisols presents humic
— fulvic type (Ch/Cf 1 - 0.5) (Filcheva, 2007). This relation-
ship was observed in soil samples taken from the southern
part of the valley, near the village Balanovo. An exception to
this trend makes the point Bd 81-1, where the type of humus
is fulvic-humic (Ch/Cf = 1.94), but the sample is taken near
the village Palatovo where for agricultural is used probably

added organic fertilizer. Soil sample 76 Bd 89-3 is the only
one with fulvic type of humus, but there total amount of Corg
is low, probably because of the sloping terrain, shallow pro-
file and parent rock.

Highest pH (7.7) was observed in point 57 Bd 72-2 where
is unusual the type of organic matter to be humic-fulvic (Ch/
Cf=0.72). In this point, the soils are with anthropogenic for-
mation. This is reclaimed tailing and this point lies on its side
sloping side, and on the surface appear fine ash residues from
coal combustion of TPP “Bobov Dol”.

Humic type of organic matter (Ch/Cf> 2) is characteris-
tic for isohumic soils (Filcheva, 2007), which are neutral and
slightly alkaline, and they are saturated with bases. Soil sam-
ples from the northern part of the basin are mainly character-
ized with humic type (Ch/Cf> 2) and fulvic - humic type of
humus. It is not typically throughout the land of Golemo Selo
village humic type to be predominating in area with major-
ity of acidic soils. According to some authors (Banov et al.,
1989; Hristova et al., 2011) coal impurities have impact not
only on the amount of total carbon and also on the type of
humus and there humic type dominates. It can be assumed
that the fine ash particles deposited in the northern part of the
valley had change the composition of organic matter. Humic
acids are stable and they are 100% in a complex with calcium.

Table 1
Total carbon content in the surface (A) horizon
(restated Corg = Humus/1.724)
Soil types ‘ C.. %
Land of village Golemo Selo (Blagoev et al., 1979)

Profile 134, Endocalcic Vertic Luvisols 0.98
Profile 94, Endocalcic Luvisols 0.83
Profile 84,Epicalcic Luvisols 1.21

Profile 85, Epicalcic Vertic Luvisols 1.11

Profile 106, Haplic Cambisols 1.14
Profile 131, Mollic Fluvisols 1.02
Profile 80, Mollic Geyic Fluvisols 1.5
Profile 79, Mollic Geyic Fluvisols 1.8
Land of village Balanovo (Blagoev et al., 1978)
Profile 52, Epicalcic Luvisols 0.95
Profile 10, Epicalcic Luvisols 0.77
Profile 21, Haplic Luvisols 0.48
Profile 41, Haplic Cambisols 0.38
Profile 37, Haplic Cambisols 0.56
Profile 80, Haplic Luvisols 0.39
Profile 65, Mollic Fluvisols 1.04
Profile 13, Mollic Fluvisols 0.91
Average amount 0.95
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Table 2

Content and composition of the organic matter. Designations: a - % of the sample mass, b - % of the total carbon,

mass, ¢ - % of the total humic acids . Optical characteristics: E,/E_, h - humic acids, f — fluvic acids

- 5 Optical
Organic carbon, % Organic carbon , % o _g O %. chaE%cg%rlitlcs o .
Horizon Total extracted with *g S E e o By rggmc
Depth, | pH | carbon |0.IM Na,P,0+0.IM NaOH| C /C, | Humic acid fractions | Z .2 e gz Total Free IC\I?O(I?
em Corg, = §° E S humic | humic % '
% Total | Humic | Fulvic Fieegnd Ca- |2 %D gk acids acids
ota acids | acids R0, complexed 2
complexed
3Bd 0.53* 038 0.5 1.02 0.04 0.22
12-1 48 135 34196 2452 9.67 2.33 0 100 65.81 2.58 363 ) 14.19
6 Bd 048 034 014 0.88 0.04 0.12
3 L 24 1 4 -
14-1 6.3 36 35.29 25 10.29 3 0 00 64.71 2.94 343 8.82
8 Bd 052 042 0.1 0.14 0.28 1.08 0.03 0.22
16-1 7 16 325 2625  6.25 4.2 33.36 66.67 67.5 1.87 4.8 2.74 13.75
11 Bd 035 026  0.09 0.54 0.03 0.14
52 0.89 2.89 0 100 4.63 -
25.1 3932 2921 1011 60.67  3.37 1573
12 Bd 052 036 016 0.85 0.03 0.26
49 1. 22 1 . -

26-1 ? 37 3795 2628 11.67 > 0 00 62.05  2.19 378 18.98
17 Bd 028  0.28 0.53 0.03 0.08
. 81 - 1 41 -

36-1 7308 3457 34.57 0 0 00 65.43 37 8 9.88
20 Bd 0.56 040  0.16 1.09 0.03 0.23
38-1 LS 0 44 7 2 0 100 6606 182 o 13.94

22 Bd 0.25 0.17 0.08 047 0.03 0.1
39-1 61 072 3472 2361 1LI11 213 0 100 6528 417 >3 ) 13.89
25Bd 043 029 014 0.73 0.03 0.17
1 11 2. 1 4. -
47-1 > 6 37.07 25 12.07 07 0 00 6293 259 06 14.66
27 Bd 037 022 015 0.93 0.03 0.14
49-1 3913 2846 1693  11.54 147 0 100 71.54 231 >33 ) 10.76
32 Bd 036 022 014 0.79 0.03 0.07
512 72 LIS 313 1913 1217 157 0 100 68.7 2.61 47 ) 6.09
34 Bd 0.55 04 0.15 0.87 0.03 0.21
6 142 2. 1 2. -
52-1 36 3873 2817 10.56 67 0 00 61.27 211 39 14.79
36 Bd 038 024 014 0.63 0.03 0.11
52-3 39 1ol 3762 2376 13.86 171 0 100 6238 297 4.56 ) 10.89
40 Bd 05 029 021 063 003 0.21
48 113 1.38 0 100 2.38 -
54-1 4425 2566 18.58 5575  2.65 18.58
45 Bd 044 029 0.15 0.58 0.03 0.14
62-1 33 102 43.14 2843 1473 1.93 0 100 56.86  2.94 4.01 ) 13.72
48 Bd 0.55 031 024 0.14 0.17 0.83 0.03 0.26
9 1. 1.2 42
64-2 39 38 39.85 2246 17.39 ? 45.16 5484  60.15 2.17 8 3 18.84
57 Bd 027 0.13 0.14 0.45 0.04 0.1
72-2 7072 s 1806 1944 093 0 100 62.5 5.56 3.72 ) 13.89
62 Bd 044  0.18 0.26 0.83 0.03 0.26
75-1 AT 127 ga6s 1417 2047 000 0 100 6535 236 4.44 ) 20.47
66 Bd 027 011 0.16 0.78 0.03 0.17
79-2 39 105 2571 1048 15.23 0.69 0 100 7429  2.86 3.35 ) 16.19

continued on next page
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Table 2 (Continued)

Content and composition of the organic matter. Designations: a - % of the sample mass, b - % of the total carbon,
mass, ¢ - % of the total humic acids . Optical characteristics: E /E, h - humic acids, f - fluvic acids

Organic carbon, % = o Optical
Organic carbon , % |3.8 O&, charcterisitcs Oreani
Horizon Total extracted with B § = | 3z (E,/E,) rgle)tmc
Depth, | pH | carbon |0.IM Na,P,O+0.IM NaOH| C /C, | humic acid fractions |5 o 23| SZ 2 N
cm Corg, e free and 5 Eo | £3 Total Free Nao H,
o, Total | Humic | Fulvie RO Ca- |S§@& s humic | humic Yo
ota acids | acids 273 |complexed| O g acids | acids
complexed E
68 Bd 033 015 0.8 0.84  0.05 0.2
46 117 TS TS 083 0 100 = = 34 -
80-2 282 12.82 1538 71.8 427 17.09
69 Bd 047 031 016 1.28 0.04 0.28
56 175 1.94 0 100 5 -
81-1 26.86 1771 914 7314 228 16
72 Bd 035 0.5 0.2 106  0.04 0.23
45 141 0.75 0 100 372 -
83-1 2482 10.64 14.18 7518  2.84 16.31
76 Bd 0.26 0.08 0.8 0.33 0.04 0.15
54 059 o T 044 0 100 S T 567 - =
89-3 4407 13.56  30.51 5593 678 25.42
78 Bd 028 013 015 1.01 0.04 0.11
64 129 0.87 0 100 5.25 -
90-3 2171  10.08 11.63 78.29 3.1 8.52
81 Bd 093 042 051 0.29 0.13 348  0.08 0.59
59 441 0.82 482 617
93-1 21.09 952 1156 69.05 3095 7891 181 13.38
84 Bd- 035 022 013 0.13 0.09 0.84  0.04 0.24
76 119 1.69 404  3.64
100 2941 1849 1092 59.09 40.91 70.59  3.36 20.17
Only in four samples (8, 48, 81 and 84), there are “free” and arsee 20e 2

23:2'E 23"I3'E 23"I4'E

bind with RO, forms of humic acids. According to the map
(Figure 1) soils near rivers and pond of the power plant, have
initial process of soil formation. Similar results in other ar-
eas of the country with the participation of the coal particles
were obtained earlier (Banov et al., 1989; Gencheva et al.,
1995; Filcheva et al., 2000; Hristova et al., 2011). Unextracted
amount of organic carbon is high. It varies from 55 to 78%,
this indicates a stable condition in the insoluble fraction of
organic matter. There is a minimal amount of aggressive ful-
vic acids (Extracted C_ . with. 0.IN H,SO,). Similar results
were obtained by the aforementioned authors in reclaimed
soils from different regions of the country where we can find
coal impurities. 42160
The optical soils’ characteristics (E,/E,) in the valley
showed that more than half of the samples have a mean (av-
erage) optical density of humic acids from 4 to 5 (E/E,).
These results are quite typical for Epicalcic and Haplic Lu- ~ “™™]

42°19'N

42°18'NA

2000m

Bd6-1

[M42°19'N

42°18'N

5142°17'N

42°16'N

visols, which have relatively low humus content and forma- 2%

tion in acidic environment, continental climate and vegeta- Cj oot
tion typical for the researched area (Artinova, 2007). Humic
acids are high condensed and with high optical density at
one-third of the samples (E,/E, 3 and 4). This is character-

@  Soil Sample

ley. In limited places, humic acids with low optical density valley Bobov Dol (Zdravkov et al., 2012)

T
23°1'E

T T T
232 23°3E 23°4E
Corg [%]

T
23°5'E

0-022 [Moss-11 [N 1.76-198
022-044 M 11-132 [ 198-22

0.44-0.66 [ 1.32-1.54

[0 0.66-0.38 [N 1.54-1.76
istic for Mollic Fluvisols, located in the middle of the val- Fig. 1. Spatial distribution of organic carbon (Corg) of
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are spread (E/E, 5 to 6). These data are not typical for the
area, because this type of optical characteristic is distrib-
uted mainly in the mountains, where conditions of humus
formation are more severe. In this case, it cannot be argued
that TPP “Bobov Dol has influence.

Conclusion

Soil” researches in the Bobov Dol Valley show that the
separation of fine particles and transport of combustion resi-
dues of TPP “Bobov Dol” have impact on the quantity and
composition of soil organic matter. This process can be ob-
served mainly in the northern part of the valley and near to
ponds around the villages Kamenik and Palatovo. For 36
years, operation of TPP “Bobov Dol” the total carbon amount
has increased average by 25% in the humus horizon. The type
of organic matter is predominantly humic. Base elements are
associated with humic acids, which favor the quality of soil
organic matter. There is no potential risk for export of organ-
ic mater and elements along the profile depth. Following soil
features differs from representative of soils in the region.
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