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Abstract. Soil and bottom sediment samples were collected from areas around the towns of Bregovo and Dimovo,
as well as the village of Staropatitsa, west of the Lom River, in northwestern Bulgaria. The concentrations of
several major pollutants — heavy metals and metalloids such as Cu, As, Pb, Cr, Co, and Ni, as well as Sb, Mn, and
Th — were measured using XRF and ICP-MS methods, and XRD was used to determine the mineral composition.
Correlations were established between the area’s geological structure, the mineral composition data obtained from
the samples, and their chemical content. Comparisons with state guidelines for harmful elements and the average
geochemical composition of bottom sediments in Europe and the upper continental crust (UCC) revealed increased
Cd accumulation in all soil samples, as well as isolated elevated levels of Pb, As, and Zn. The highest enrichment
in bottom sediments was found with the elements Cu, As, and Pb, which were most clearly visible in the Timok
River’s bottom sediments. These high levels could be related to the geological structure and mining activities.
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an obvious need to monitor their concentrations in
soils and water. The most significant anthropogenic
sources of PTEs are related to industry, urbaniza-
tion, transportation, agriculture, and mines (Wuana,

Introduction

Environmental pollution remains a global problem
and a key area of scientific research. Potentially

toxic elements (PTE), such as arsenic (As), cadmi-
um (Cd), cobalt (Co), chromium (Cr), copper (Cu),
manganese (Mn), nickel (Ni) and zinc (Zn), are oth-
erwise known as heavy metals and metalloids. These
metals are extremely harmful to humans (Orosun et
al., 2016). The concentration of toxic elements in
soil and bottom sediments results from the chemi-
cal composition of the parent rock, anthropogenic
activity, and the various properties of the soil, in-
cluding sorption and buffer capacity. This repre-
sents a major threat to the environment (Alamgir et
al., 2015). Due to the toxic nature of PTEs, there is
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Okieimen, 2011; Weissmannova, Pavlovsky, 2017;
Kovalska et al., 2018; Szmaglinski et al., 2021).
These metals adhered to particulate matter could be
released into the surrounding environment causing
contamination of soils, groundwaters, sediments,
and surface waters. PTEs entering the aquatic eco-
system are associated with fine-grained fractions of
suspended solids and sediments due to their large
surface areas and high sorption capacities (Bedn-
arova et al., 2013).

Soil and sediment contamination may be evalu-
ated in several ways. Geochemical, ecotoxico-log-
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ical, and bioindicator-related approaches can be
distinguished. Extensive evaluation includes geo-
chemical and ecotoxicological methods. The geo-
chemical assessment relies on comparing PTEs at
particular sites to the geochemical background or
baseline. The term “geochemical background” (or
“natural background”) has evolved. In exploration
geochemistry, it refers to the non-anomalous con-
centration of elements in the rocks surrounding the
mineral ore body. In environmental sciences, it is
used to detect anthropogenic impact on the environ-
ment (Dung et al., 2013).

The presence of heavy metals at background lev-
els has been previously detected in the soils and bot-
tom sediments of the Vidin area (Penin, Tanovska,
2003). As a part of a previous study assessing the
condition of the Lower Danube River Basin bottom
sediments, a sample of Timok River sediment was
examined. Elevated levels of arsenic and copper
were found among all the heavy metals and metal-
loids tested (Hikov et al., 2023).

This study aims to investigate the levels of ma-
jor elements, heavy metals and metalloids in soil
and bottom sediment samples from north-western
Bulgaria. We focused on this area due to a lack
of data for detailed studies, particularly of bottom
sediments. Therefore, we attempted to assess the
anthropogenic impact in the study area, particularly
with regard to the river basins.

Study area

The study area is located in the northwestern part
of Bulgaria, encompassing the westernmost parts of
the Danubian Plain and the northern slopes of the
West Stara Planina Mountains. Tectonically, the re-
gion falls within the Kula and West Balkan zones,
as well as parts of the Moesian Platform (Ivanov,
2017). A complex geological mosaic of metamor-
phic, magmatic, and sedimentary rocks of various
ages and origins characterizes the area.

Proterozoic and Paleozoic units. The oldest units
comprise a mixed assemblage of metamorphic and
igneous rocks. The Babin Nos Complex represents
an association of mixed volcanogenic, volcanogen-
ic-sedimentary, and sedimentary rocks that were
unevenly affected by low-grade greenschist facies
metamorphism (Angelov et al., 2006¢c). This com-
plex, widely distributed in the southwestern part of
the area, includes weakly metamorphosed diabases
and diabase tuffs alongside sedimentary rocks like
siltstones, sandstones, silty argillites, phyllitoid ar-
gillaceous shales, and sericite-chlorite schists.

The Rayanovo Formation forms a tectonically
controlled strip with a volcanogenic-sedimentary
composition, conventionally divided into terrig-
enous and volcanogenic members. Its lithology
includes weakly metamorphosed conglomerates,
sandstones, tuffaceous sandstones, meta-siltstones,
argillites, basalts, andesitobasalts, and pyroclastites.
The volcanics are classified as calc-alkaline and are
porphyritic, though primary minerals like pyroxene
and olivine are entirely replaced by secondary min-
erals like quartz, chlorite, hydromica, and carbon-
ates (Chunev et al., 1962).

The Belogradchik Pluton is composed of two
parallel granitoid intrusions: the North Belograd-
chik body, consisting of medium-grained leuco-
cratic biotite granite, and the Kireevo body, built
entirely of plagiogranite (Angelov et al., 2006a).
Both are rich in quartz, plagioclase, and K-feldspar.

Mesozoic and Neogene units. The basement
is covered by numerous sedimentary formations
varying from coarse clastics to fine carbonates and
marls. The Mesozoic sequence includes several
formations. The Riksen Formation is characterized
by an alternation of light-gray coarse-grained sand-
stones and conglomerates with dark-gray argillite
interlayers. Carbonate units include the Toshkovdol
Formation light-gray and white massive limestones
and dolomites, and the Babino Formation yellow-
ish-white thin-bedded organogenic limestones. The
West Balkan Carbonate Group is represented by an
undivided unit of dark-gray micritic limestones and
the Magura Formation whitish organogenic lime-
stones (Decheva et al., 1995), while the Urgonian
Carbonate Group unites various organogenic Urgo-
nian-type limestones — porcellaneous, shell, coral,
oolitic (Filipov et al., 1995). Fine-grained units in-
clude the Rabisha Formation’s thin-bedded marls
and the argillaceous siltstones of the Kladorub For-
mation (Decheva et al., 1995). Terrigenous units
include the Petrohan Terrigenous Group’s grayish-
green to reddish-green sandstones and brownish-
black argillites, the Polaten Formation’s calcareous
conglomerates and sandy limestones, the Kicher
Formation’s pink gravelly sandstones and silty
reddish-pink clays (Decheva et al., 1995), and the
Staropatitsa Formation’s micaceous sandstones and
polygenic conglomerates.

The Neogene units include the clastic Dimovo
Formation’s sands, sandstones, and sandy detrital
limestones, the mixed Opanets Formation’s marls
and calcareous-silty clays, and the Kula Forma-
tion’s rhythmic alternation of sandstones, lime-
stones, marls, and conglomerates (Angelov et al.,
2006b). The Krivodol Formation is composed pri-
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marily of grayish-blue, slightly calcareous clays
with a groundmass of clay minerals and calcite,
along with secondary sandy detrital limestones and
sands. The Furen Formation (detrital oolites and
sandy limestones) is also present.

Materials and methods

In August 2025, five soil and eighteen bottom sedi-
ments samples were collected from the Northwest-
ern Bulgaria. Soil samples were taken from the west-
ernmost parts of the study area from the surface lay-
er (0—10 cm depth): Vrashka Chuka Peak and Babin
Nos. Soils in the study area are classified as Rendzic
Leptosol (Vrashka Chuka) and Dystric-eutric Cam-
bisol (Babin Nos) according to the Food and Agri-
culture Organization (FAO) (Ninov, 2002). Bottom
sediment samples (0—15 cm depth) were collected
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from the Timok River (in the Bregovo area), and
the Voynishka,Archar, Skomlia and Vidbol rivers
(Fig. 1). All of these rivers flow northwards through
the north-western area under study. The samples
were collected using a small shovel and preserved
in polyethylene bags. Each sample weighed approx-
imately 1.2-2 kg. The soil samples were quartered
and dried at room temperature and subsequently dry
sieved to a particle size of <0.063 mm. This fraction
was analyzed to determine the concentrations of the
studied elements.

Mineral composition was characterized by X-
ray powder diffraction (XRD). X-ray fluorescence
analysis (XRF) was used to determine the major
elements in borate fusion beads, while inductively
coupled plasma (ICP-MS) was used to determine
the trace elements (Cu, Pb, Zn, As, Cr, Co, Ni, Sb,
V, and Th). The samples were dissolved using a mi-
crowave digestion system and aqua regia.
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Fig. 1. Geological map of the study area after Decheva et al. (1995), Filipov et al. (1995), Angelov et al. (2006 a,b,c).
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Results and discussion

Soils. The following minerals were found in the soil
samples studied: major minerals in all samples are
quartz (45-76%) and albite/K-feldspar (15-26%),
in some samples muscovite (4.6-32%). The minor
minerals are clinochlore (Cr-bearing), dolomite,
amphibole and calcite.

The major element composition of the soils in-
cludes SiO, (51.94-76.94 wt.%), Al,O, (14.80-
21.55 wt.%), Fe,O, (2.82-7.28 wt.%), CaO (0.58-
9.40 wt.%), MgO (1.11-2.88 wt.%), TiO, (0.69—
0.93 wt.%), K,0 (2.61-3.70 wt.%), and Na,O (0.20-
2.98 wt.%) (Table 1). These values are mainly due
to the presence of quartz, feldspars, clay minerals,
mica and amphibole. The trends of enrichment or
depletion of the major elements become clear after
normalization to the upper continental crust (UCC)
(Rudnick, Gao, 2014) (Fig. 2). Sample 16 was dis-
tinguished by its higher calcium and magnesium

content. This is probably related to the presence of
carbonates, such as calcite and dolomite.
Determined concentrations of trace elements
were compared to maximum permissible levels
for soils (Regulation Ne3, 2008) (Fig. 3) and UCC
(Rudnick, Gao, 2014). According to the measured
pH values of the soil samples, the alkaline-acidic
environment in the area varies from slightly acidic
to neutral (6.4-7.2). The pH values are as follows:
16-6.4; 17-6.8; 18— 6.8; 22— 7.1; 23-7.2.
Normalizing the heavy metal content of soil sam-
ples to the levels specified in Regulation 3 shows
that all samples contain slightly increased rates of
Cd. Pb enrichment was identified only in sample 22,
where the Pb concentration exceeds the maximum
permissible limit more than 2.5 times. In addition,
As and Zn enrichment was observed in sample 16,
with the As concentration exceeding the regula-
tory threshold by approximately 2.5. An unequally
distributed content is observed in soil samples taken

Table 1. Major oxides contents (wt %) in soil samples and bottom sediments

Sample Si0, ALO; Fe,0O; TiO, MnO CaO MgO K,O NaO P,0; SO, LOI Total
S 16 51.64 17.23 6.28 093  0.58 9.40 268 261 020 227 - 5.76 99.58
S 17 7494  14.80 2.82 0.69 0.10 0.58 .11 370 1.04 0.11 - 0.12 100.01
S 18 69.18  18.11 3.41 087 022 0.62 .51 278 2091 0.03 - 0.19 99.83
S22 64.16 15.40 6.21 0.85 1.08 2.41 1.66  3.45 1.44 1.91 - 1.23 99.80
S 23 69.79  15.35 5.07 086 033 1.21 1.63  3.33 1.59  0.39 - 0.27 99.82
BS1 56.66  15.94 5.75 090  0.09 9.32 224 199 0385 0.19 - 5.16 99.09
BS2 58.91 7.63 2.24 040 004 1324 1.15 146 196 0.22 - 12.69  99.94
BS3 61.69  6.86 2.24 039 005 1282 123 124 1.67 0.14 - 10.81 99.13
BS 4 60.79  15.07 5.10 0.89  0.10 8.01 1.84 1.72 1.18 0.19 - 4.93 99.82
BS5 72.89  9.54 2.58 048  0.06 4.48 1.82 1.76 257 0.13 - 2.75 99.06
BS 6 52.06 15.76 8.42 0.69 0.30 7.05 193 175 0.66 037 3.38 7.01 99.38
BS 7 52.19 1490 10.66 0.70  0.02 2.63 086 1.37 050 0.17 11.77 4.3 99.90
BS 8 5932 17.76 9.00 0.67  0.08 1.91 196 186  0.55 0.32 3.66 3.02 100.11
BS9 69.51  20.71 1.44 0.75  0.01 1.30 023 129 1.19 0.09 - 3.09 99.61

BS 10 67.75 11.69 4.57 0.73  0.15 5.82 1.68 1.52 2.08 0.13 - 3.34 99.45

BS 11 8539 749 1.92 032  0.09 1.90 072 1.14 0.75 0.22 - 0.22 100.16

BS 12 4727 753 2.70 056 0.13 19.66 146 1.06 129 0.17 - 17.89  99.72

BS 13 66.88  12.56 2.42 0.58  0.05 5.21 148 231 255 0.13 - 5.56 99.72

BS 14 66.80  14.50 4.11 .13 0.06 5.21 .71 1.77 166  0.08 - 3.01 100.02

BS 15 65.06 13.46 5.37 1.31 0.13 5.34 193 1.54 140 0.08 - 4.46 100.08

BS 19 68.13  16.70 4.11 0.89  0.07 1.97 194 232  3.68 0.10 - 0.16 100.07

BS 20 61.07 13.54 6.39 1.29  0.11 7.70 245 1.50  2.05 0.31 - 3.89 100.30

BS 21 71.81 15.19 4.19 088 0.16 1.28 1.50 227 204 023 - 0.38 99.93

*S — Soil sample
*BS — Bottom sediment

*LOI (loss on ignition) — weight loss of the sample after calcination (1000°C).
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in close proximity to each other. Nevertheless, the
elevated levels of Cd, As, Zn, and Pb can be ex-
plained by the measured pH values. Within the
established pH range, heavy metal hydroxides are
slightly soluble, which limits their migration and
is a prerequisite for their accumulation in the area.
The relief also suggests some transport and accu-
mulation of material from Babin Nos Diabase Com-
plex and Rayanovo Formation.

10

Seil/UCC

1 m uCa
nTi
mFe

0.1
LR 17 18 2 23

Normalization to UCC shows that all samples
have elevated levels of Pb (Fig. 4). Sample 22 has
higher Pb content at 254 ppm. Enrichment of As
was also found in most of the soil samples. These
levels were particularly pronounced in sample 16,
with an absolute value of 61.29 ppm. Higher con-
tents have also been found for both Cu and Zn, and
the highest amounts were estimated in samples
22-172 ppm (Cu) and 16-614 ppm (Zn). Sample

Ne of sample

Fig. 2. Major elements in the soil samples normalized to UCC (normalizing values after Rudnick, Gao, 2014).
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Fig. 3. Trace elements in the soil samples normalized to MPL (normalizing values after Regulation Ne3, 2008); MPL — maximum

permissible levels of concentration.
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Fig. 4. Trace elements in the soil samples normalized to UCC (normalizing values after Rudnick, Gao, 2014).

16 is noteworthy, as it has elevated levels of all the
measured elements. X-ray diffraction analysis did
not reveal the presence of pyrite and chalcopyrite,
but based on the chemical analysis data and accord-
ing to the literature, we believe that the elevated
contents of these elements are probably related to
the weathering of pyrite and chalcopyrite. Arsenic
and Sb are released most probably by weathering of
primary sulfide ore minerals. The increased Pb and
Zn content is probably related to the weathering of
primary galena and sphalerite.

We were surprised by the unexpectedly high Th
content of the soil samples. Figure 5 shows the Th
amounts, normalized to the upper continental crust.
The data indicate enrichment of Th in samples 16
and 18 (collected from Vrashka Chuka) and sam-
ples 22 and 23 (collected from the Babin Nos area).
Samples 16 and 22 had the highest measured con-
tents, at 17 ppm and 15 ppm, respectively.

Normally, rocks that host U and Th include
some crystalline rocks such as granites and quartz
conglomerate metamorphic rocks, as well as certain
sedimentary rocks, such as organic shales, sand-
stones, carbonates and phosphorites. The behavior
of radioelements found in the natural environment,
therefore, depends on their geochemistry, their half-
life and the nature of their environment (Stafilov,
éajn, 2025; Cowart, Burnett, 1994). The occurrence
of Th and U in surface soils and sediments is pre-
dominantly of geogenic origin. However, some an-
thropogenic activities, such as electronics and min-
ing, have contributed to their increased content but
we are supposed that in our case the origin is only
geogenic. The slightly acidic to neutral pH of the
soils studied is a prerequisite for the lower mobility

of the hydrolytic form of Th, as well as its ability
to form organic complexes with the organic matter
in the soils. Its accumulation in the soils studied is
most likely due to these factors.

Bottom sediments. The quantities of the main ele-
ments in the bottom sediments are presented in Ta-
ble. 1 and the normalized data is shown in Fig. 6.
Almost all of the samples are enriched in Ca. Sam-
ples 14,15, 19,20 and 21, taken from the Voynishka
and Vitbol rivers, show increasing Ti content, while
the samples 6, 7 and 8, taken from the Timok River,
are enriched with Fe.

The concentrations of the metal(oid)s studied
are normalized to bottom sediments in Europe
(Salminen, 2005) (see Fig. 7). The results show a
significant increase in Cu and As values, followed
by Pb, Zn, Co, and Sb. A less pronounced increase

16 l l I l

Ne of sample

Soil/lUCC
s = o o
~ - a -]

e

Fig. 5. Thorium content in the soil samples normalized to UCC
(normalizing values after Rudnick, Gao, 2014).
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Fig. 6. Major elements in the bottom sediments normalized to UCC (normalizing values after Rudnick, Gao, 2014).
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Fig. 7. Trace elements in the bottom sediments normalized to the bottom sediments in Europe (normalizing values after Salminen

et al., 2005).

in Cr content is also evident in almost all samples.
Our data show an increase in Cu and Pb contents,
which is particularly pronounced in samples from
the Timok River. These results are similar to those
obtained by Penin and Tanovska (2003), who also
found elevated levels of copper and lead in bot-

234

tom sediments from the Timok River and the area
around the town of Vidin. According to their re-
sults, bottom sediments in the area, compared to
the national average, are characterized by higher
copper and lead content, while the other elements
are lower.
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Fig. 8. Trace elements in the bottom sediments normalized to UCC (normalizing values after Rudnick, Gao, 2014).
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Fig. 9. Thorium content in the bottom sediments normalized to UCC (normalizing values after Rudnick, Gao, 2014).

The highest concentrations of Cu were detected
in samples 6, 8 and 10 were 2088 ppm, 2095 ppm
and 559 ppm, respectively. Hikov et al. (2023)
also found similar concentrations of copper, above
2000 ppm, in bottom sediments from the Timok Riv-
er and the authors supposed that this accumulation
may be due to the presence of sulfide ore deposits
(in the towns of Zajecar and Bor, Serbia) and is also
affected by copper mining at the Bor region, Serbia.
The measured As contents in the same samples (6,
7, 8 and 10) are: 141 ppm, 82 ppm, 190 ppm and
190 ppm, respectively, while the highes Pb values
found were 59 ppm, 45 ppm, 71 ppm and 110 ppm,
in samples 6, 7, 8 and 9, respectively. Samples 20
and 21 from the Vitbol River have an average Pb

content of 30 ppm, probably linked to the Babin
Nos Diabase Complex. An accumulation of Sb has
also been found in most of the samples.

Considering that the samples studied represent
young bottom sediments, we also normalized the
contents of the elements studied to the UCC (Fig. 8).
The results show the same enrichments as those
obtained when normalized to bottom sediments
in Europe. Samples 6, 7, 8, 9 and 10 (collected
from the Timok River) show clearly increased
concentrations of Cu and As following by Pb, Sb,
Co and Zn, respectively.

As can be seen in Fig. 9, there was no Th en-
richment in the bottom sediments. The Th content
in the sediments (samples 6, 7, 8, 9 and 10), where
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the highest concentrations of heavy metals and met-
alloids were found, was below the detection limit
of the method, so these samples were excluded.
Samples 1, 4, 15 and 21 had the highest absolute
Th content, at 6—8 ppm. Samples 4, 15 and 21 were
taken along the Voynishka River and have virtually
identical Th amount.

Conclusions

This investigation presents data on the accumula-
tion of several major pollutants — heavy metals and
metalloids — in soil sample, and bottom sediments
from the area of the towns of Bregovo and Dimovo
and the village Staropatitsa, west of the Lom River,
in Northwestern Bulgaria.

The contents of the studied elements in the soils
samples normalized to the permissible concentra-
tions, according to Regulation 3, showed an insig-
nificant enrichment with Cd, while normalization
to the upper continental crust shows accumulation
of Pb, As, Zn, and Sb, as well as elevated levels
of Th in some samples. This may be related to the
weathering and dissolution of pyrite, chalcopyrite,
galena and sphalerite, which build ore deposits near
the study area. Of all the bottom sediments studied,
only those from the Timok River exhibit significant
increasing of some heavy metals, such as Cu, As and
Pb. We assume that these contents originate from
sulfide ore mineralization within the territory of the
Republic of Serbia and from mining activities in the
Bor region, Serbia. Thorium content normalized to
the upper continental crust shows enrichment only
in soil samples. We assume that thorium is of geo-
genic origin and that its accumulation is due to soil
pH and its association with organic matter.
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