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Abstract. All the coal used in the power plants in Bulgaria are mainly high ash coals, which
consequently leads to the release of big quantities of ash during their combustion. This cause
a significant pressure on ecological status of the soil cover in the plants areas. Recently it has
been proved that the magnetic susceptibility of polluted soils increases due to their
enrichment with different metal oxides. The main goal of this research is to be analyzed the
magnetic susceptibility values in the soils around “Bobov dol” thermal power plant (TPP) as
an indicators of heavy metals pollution. More than 60 field measurements of the soil
magnetic susceptibility were conducted around “Bobov dol” TPP. This measurements were
evenly distributed around the power plan in accordance with the established grid network.
The measured field value of the magnetic susceptibility range between 1.9358x10-6 SI and
475.233x10-6 SI. The higher values of the magnetic susceptibility are observed around the
“Bobov Dol” TPP and along the transport line that transport the waste from the burning
process to the nearby dump site. In addition frequency-dependent susceptibility - χFD% of
the same samples have been measured and very good positive correlation between higher
magnetic susceptibility values and lower frequency-dependent susceptibility have been
found which proved that the high MS values are due to the presence of coarse spherical
particles with anthropogenic origin.
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Introduction
In recent years, soil has been under
increasing environmental pressure, driven or
exacerbated by human activity. One of the
most common soil pollutants that are
extremely harmful for the human health are
the trace elements/heavy metals. Some of
these elements are essential for plants and
animals in small amounts but in the recent
years there has been an increasing ecological
and global public health concern associated
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with environmental contamination by these
metals (Tchounwou, 2012).
Solid fuel (coal) thermal power plants
are one of the major industrial pollutants
and emitters of heavy metals. Modern
thermal power plants are usually equipped
with sophisticated filters, however, some of
the ash inevitably passes through the filters
and is discharged into the atmosphere and
accumulated in the surrounding soils. These
are predominantly fine ash particles which
Union of Scientists in Bulgaria – Plovdiv
University of Plovdiv Publishing House

Soil Magnetic Susceptibility Properties as Indicators of Heavy Metals Pollution in “Bobov Dol” TPP Area (Bulgaria)
are the most dangerous, since they usually
contain elevated concentrations of some
heavy metals and toxic elements (Helble &
Sarofim, 1993; Helble, 1994; Ratafia-Brown,
1994, Mokreva et al., 2017; El Bagdadi et al.,
2011).
The traditional detection methods of
heavy metals in soil have strong specificity
and high sensitivity, but they also are
expensive and unsuitable for rapid or filed
determination. Because of that during recent
years, the measurements of magnetic
susceptibility have become a broadly
applied method to research the spatial
distribution of pollution and to identify
polluted sources. Measurements of magnetic
susceptibility (MS) provide a fast and cheap
alternative to conventional chemical analysis
and it was proved to be extremely useful in
disclosing industrial pollutants, traffic
emission and other atmospheric pollutants
(Morris et al., 1995; Dearing et al., 2006;
Bityukova et al., 1999; Durza, 1999;
Hoffmann et al., 1999; Kapicka et al., 1999;
Matzka & Maher, 1999; Shu et al., 2000;
Lecoanet et al., 2001; Hanesch et al., 2003;
Goddu et al., 2004, Mokreva et al., 2017, El
Bagdadi et al., 2011).
The main goals of this research is to
present the results of the field measurements
of the soil magnetic susceptibility (MS)
conducted in the proximity of the “Bobov
dol” TPP and to compare these data with the
data
acquired
by
the
laboratory
measurements of Frequency-dependent
susceptibility which can be used as indicator
for the relative contribution of the
anthropogenic and pedogenic ferromagnetic
minerals to the total magnetic fraction in the
soil.
Material and Methods
Test site
“Bobov dol” TPP is located in the
southwestern part of Bulgaria, near the town
with the same name. The area of interest in

this research represent a square with a side
of 6 km. and enclose an area of 36 sq. km..
The “Bobov dol” TPP is situated in the
centre of the square. (Fig. 1). “Bobov dol”
TPP was commissioned in 1973 - 1975 with
three 210 MW units. Since then, mainly
lignite coal from the Chukurov, Beloberezh
and Stanyantzi basins is burned there, as
well as a small amount of brown coal from
the Bobov Dol Town and Pernik Town
basins as well (Kortensky & Zdravkov, 2008).
The soil cover around “Bobov dol” TTP
is diverse (according to WRBSR, 2006):
Leached and Typical Cinemon Forest Soils,
Endocalcic Luvisols and Haplic Luvisols,
Vertic Luvisols, with some steep terrain
poorly developed, shallow eroded soils
(Cambisols and Leptosols) have been
detected, Alluvial meadow soils (Mollic
Fluvisols) are located in the lowest parts of
the area near the river beds. The foothills of
the valley slopes, the dry valley bottoms and
the floodplains are occupied of deluvial
materials. Alluvial deposits are deposited
along the Razmetitsa River. The rest of the
basin is composed of Paleogene soft
sediments that are easily erodible (Nikova et
al., 2013).
In the lands of Bobov Dol Town, close to
Palatovo Village, a reclaimed tailing pond
was built. All the coal used in the power
plant are mainly high ash coals, which
consequently leads to the release of
significant quantities of ash during their
combustion. According to Donchev et al.
(2001) the plant generates about 900,000
tonnes of ash annually. Therefore, the
degraded ecological status of the soil cover
in the plant area could be due to the
continued use of solid fuel for the
production of electricity in the “Bobov dol”
TPP. According to Kortensky & Zdravkov
(2008), the ash of the coal used as a fuel in
“Bobov dol” TPP is characterized by the
relatively high concentration of SiO2, Al2O3,
TiO2 and other metal oxides.
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Fig. 1. Map of the “Bobov dol” TPP testing site with the sampling spots.
Field measurements for rapid assessment of
the magnetic susceptibility
The assessment is implemented with
Bartington MS3 susceptibility system which
includes MS3
meter, MS2D surface
scanning probe and MS2 probe handle. The
MS2D loop is designed for rapid assessment
of the magnetic susceptibility (Bartington
Manual).
In order to receive reliable
scientific information the square shaped
area of interest is divided by georeferenced
grid that forms 700 x 700 m squares each
grid cell was examined in a field campaign
in order to select suitable spots (Fig.1) for
assessment of the concentration of
ferromagnetic materials in the top 60 to 80
mm of the land surface. At the suitable
locations inside each grid cell, a visibly
homogeneous, undisturbed squares with
L=1 were selected. The geographical
coordinates of each square is measured by
portable GPS (WGS 84). Five independent

soil magnetic susceptibility measurements
were implemented at the vertices and in the
center of a square. The mean value are
assumed as the magnetic susceptibility of
the testing square. For each measurement
the grass was removed from the soil for
better soil contact. The sensitivity of the
Bartington MS3 susceptibility meter is 1x106
SI (Bartington Manual). The depth of
penetration when is used with MS2D
surface scanning loop is about 8–10 cm
when the sensor is in contact with the
surface; 50 % at 15 mm and 10 % at 60 mm
from the surface (Bartington Manual). All
measures were implemented when the
sensor is in contact with the surface.
Sample collection for assessment of the
frequency depended susceptibility
Sample extraction are implemented
according the methodology of Yordanova et
al. (2003; 2004; 2008) and Mokreva et al.
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(2017). Material of about 50 g was taken
from the top-soil at each corner and from
the center of the square. It resulted in a
pooled sample of roughly 250 g, considered
as representative for the point. The material
was kept and transported to the laboratory
in closed plastic bags.

transport line that transport the waste from
the burning process to the nearby dump site.
Whereas background soils are dominated
by thin superparamagnetic and single
domain particles, large multi- domain
particles prevail in urban soils (Veneva et
al., 2004).
Field measurements for
assessment of the magnetic susceptibility
are useful instrument for detecting the
presents of ferromagnetic materials in the
soils, however field sensors do not provide
absolute
values
of
mass-specific
susceptibility, but a kind of relative volumerelated data instead, because of that
additional investigation is needed to obtain
the frequency depended susceptibility and
to distinguish if the high values of the
magnetic susceptibility are due to presence
of primary minerals that are connected with
the process of pedo-genesis or because of
the presents of industrial pollutant. The
frequency dependent susceptibility in the
research area varies between 1 and 17.78
percent. There is very good connection
between the high values of the magnetic
susceptibility and low values of the
frequency dependent one (Fig.2). This fact
confirm the conclusion that the majority of
the magnetic minerals are with natural
pedogenic origin and only in a small area
around “Bobov dol” TPP the source of the
magnetic minerals are the anthropogenic
activities in the power plant.
Spatial distribution of the magnetic
susceptibility values
The measurements of the magnetic
susceptibility were evenly distributed around the
“Bobov dol” TPP (Fig. 1). The value of the
magnetic susceptibility range between 1.9358x106
SI and 475.233x10-6SI. The higher values of the
magnetic susceptibility are observed around the
“Bobovdol” TPP and along the transport line
that transport the waste from the burning
process to the nearby dump site (Fig. 3). Because
of the local wind patterns and the presents of the
transport line the area with high magnetic
susceptibility values has an elongated towards
the South shape.

Measurements of Frequency-dependent
susceptibility
Frequency-dependent susceptibility χFD% was calculated and used as indicator
for the relative contribution of the
anthropogenic ferromagnetic minerals to
the total magnetic fraction in the soil. The
formula is χFD% = 100 x (χLF − χHF) /χLF
(Yordanova, 2008; Mokreva et al., 2017).
Following the protocol developed by
Yordanova
et
al.
(2008)
magnetic
susceptibility was measured in the
laboratory on homogenized material, sieved
through 1 mm-mesh. The material was
filled in 10 cm3 plastic cylindrical containers
and magnetic susceptibility is measured by
Bartington MS3 meter equipped with dualfrequency sensor (MS2B) at two frequencies
—0.46 (KLF) and 4.6 kHz (KHF). The
weight of the samples was measured and
used for calculation of the mass-specific
magnetic susceptibility (χLF). In order to
achieve reliable results the signal and the
weight of the empty containers was
subtracted from the readings
Results and Discussion
Magnetic susceptibility values around
“Bobov dol” TPP
During the field campaign a total of 60
measurements
of
the
magnetic
susceptibility were conducted around
“Bobov dol” TPP. This measurements were
evenly distributed around the power plan
in accordance with the established grid
network. The value of the magnetic
susceptibility range between 1.9358x10-6 SI
and 475.233x10-6 SI. The higher values of the
magnetic susceptibility are observed around
the “Bobov Dol” TPP and along the
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Fig. 2. Relation between frequency dependent MS and the field MS values around “Bobov dol” TPP.

Fig. 3. Distribution of magnetic susceptibility values around “Bobov dol” TPP.
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Heavy metal and magnetic susceptibility
relation
The magnetic fractions of the urban
topsoil are highly enriched in heavy metals.
Many previous studies have reported the
strong relationships between magnetic
susceptibility and heavy metals in polluted
soils (Hu et al., 2007; Chaparro et al., 2008;
Bijaksana & Huliselan, 2010; El Bagdadi et
al., 2011; Mokreva et al., 2017).
El Bagdadi et al. (2011) for example
found a very good correlation between
higher MS values and the presence of heavy
metals in the urban soils close to roads and
automobile repair depos in Beni Mellal City
(Morocco). El Bagdadi et al. (2011) in situ
magnetic
susceptibility
measurements
closely to the road ranged from 67.9 to 577x
10-5 SI with median value 206 x 10-5 SI which
is significantly higher than the magnetic
susceptibility value of background soils
ranging from 15 x 10-5 to 114 x 10-5 SI. El
Bagdadi et al. (2011) also found that the
content of Cd, Cu, Zn, Fe and Pb in the
studied areas is significantly higher than
those of background soils in Beni Mellal
region with average concentrations of Cd,
Cu, Zn, and Fe up to three times higher
than the mean values of rural soils; but
these of Pb is six time higher El Bagdadi et
al. (2011).
One of the first regional magnetic maps
was created in the Czech Republic for the
area near the brown coal fired TPP (Kapicka
et al., 1999). In the testing area, the in situ
magnetic susceptibility ranged from 16 ×
10–5 to 118 × 10–5 SI. Within the same area,
the total content of cobalt varied from 1.5 to
12.6, that of arsenic from 0.5 to 6.8, and
copper from 6 to 62 mg/kg (Kapicka et al.,
1999). On the maps, contamination by these
heavy elements is found to be consistent
with magnetite contamination of soils
(through magnetic susceptibility) and
depends on the wind rose and distance
from TPP (Kapicka et al., 1999).
The same conclusions were made by
Mokreva et al. (2017) in a research about the

degree of anthropogenic pollution of soils in
the area of the Maritza-East coal mining and
power plant complex located in central
south Bulgaria. In this research Mokreva et
al. (2017) used the magnetic susceptibility
as proxy method to detect soil pollution
with heavy metals and they reaffirm the
conclusions made by Veneva et al., (2004)
that a linear relationship has been obtained
between the high magnetic susceptibility of
fly ashes from different Bulgarian TPPs
(including “Maritza iztok” TPP) and the
content of Fe2O3. Furthermore Mokreva et
al. (2017) also proved that the samples
showing the highest MS values all have low
frequency dependent susceptibility (Xfd%),
generally below 4%. Which can be used as
evidence that their magnetic mineralogy is
dominated by magnetically strong, but
coarse iron oxide particles (Mokreva et al.,
2017). This reaffirm the fact that magnetic
fly ash grains are generally coarse spherical
particles (Veneva et al., 2004; Jordanova et
al., 2006).
Similar results were obtained during
the filed measurements of magnetic
susceptibility (MS) values around “Bobov
dol” TPP. The value of the magnetic
susceptibility range between 1.9358x10-6 SI
and 475.233x10-6 SI. The higher values of the
magnetic susceptibility are observed around
the “Bobov dol” TPP and along the
transport line that transport the waste from
the burning process to the nearby dump site
(Fig. 3). Furthermore the higher MS values
are very well correlated with the lower
values of the frequency dependent
susceptibility (Xfd%) of the same samples.
The values of the χFD% of the samples with
higher MS values are well below 4 % which
according the Mokreva et al. (2017), Veneva
et al. (2004) and Jordanova et al. (2006) can
be used as evidence that higher MS values
of the soil around “Bobov dol” TPP are due
to the presence of fly ash grains which are
generally coarse spherical particles with
anthropogenic origin and are not related to
the natural pedogenic processes. However
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