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Abstract: Ten soil and five plant samples from private gardens in Buhovo town and from the agricultural
area between Buhovo town and Yana village, Bulgaria, were investigated. Inductively coupled plasma mass spectrom-
etry was used for the determination of Cu, Pb, Zn, Cd, Hg, Ni, As, Cr, U and Th concentrations. The results showed
higher concentrations of Pb and As in soil samples. The highest contents of U and Th were determined in soils collected
from private gardens in Buhovo town and sample collected from the Manastirska riverside. Among the plant samples,
the highest uptake of Pb, As, Cr and Cu were established for the sunflower and wheat stems. The comparison of soil
and plant samples U/Th ratios clearly indicate uranium enrichment of the sunflower and thorium enrichment of the
wheat samples. In the wild briar, hawthorn and reed fruits the contents of U and Th were below the detection limit.
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INTRODUCTION

Heavy metals are released into the environ-
ment by both natural (naturally occurring radioac-
tive materials —NORM) and anthropogenic sources
(technologically enhanced naturally occurring ra-
dioactive material — TENORM). Generally, the
natural concentration of heavy metals in agricultural
soils, derived from soil parent materials, normally is
not sufficiently high to harm human health (ATSDR,
2018). However, anthropogenic sources such as mi-
ning, waste disposal, urban effluent, sewage sludge,
and agrochemicals can greatly increase heavy metal
concentrations in agricultural soils (Kabata-Pen-
dias, 2011). The presence of As, Cd, Co, Cu, Pb, Zn,
Ni, Hg, U, Th in the environment is of great
ecological significance due to their toxicity, translo-
cation through food chains and their non-biodegra-
dability which is responsible for their accumulation
in the biosphere (Opaluwa et al., 2012, Rahman et
al., 2012, Arogujo et al., 2009). Uranium has both
radiotoxicity and chemical toxicity, whereas thorium
is to be considered as only radiotoxic.

Uranium mining in Bulgaria started in 1942 at
the Buhovo ore field. It is located around 25 km
north of Sofia. The ore field was one of the largest
uranium mining and processing areas in Bulgaria,
covering an area of approximately 70 km? until its
closure in 1992. The ore was mined underground by
means of 7 schafts and 150 mine galleries with total
length around 55 km. As a result 198 dumps and
tailings ponds with a total volume of 4 Mm?3 rock
waste are disposed in the area. The amount of ex-
tracted uranium is 4219.4 t (Dikov and Bozhkov,
2014). Two tailings impoundments, covering an
area of 100 ha have been constructed near the pro-
cessing factory. They contain about 5.8 Mm? urani-
um tailing waste which is a complex mixture of
waste rock material, radionuclides, Pb, Zn, As, Cu
and other heavy metals in the form of sulfates, car-
bonates, nitrates and complex compounds. Water-
proof protection layers were not installed at the bot-
tom of the tailings impoundments at their construc-
tion thus some water soluble compounds could seep
into the environment (Arhangelova et al., 2010a) .
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Only a few studies concerning the contents and
the distribution of heavy metals in soils around
Buhovo town have been performed. Arhangelova et
al. (2010a, 2010b) reported elevated Pb and As con-
centrations in the meadow soils samples near the
Buhovo mine. The values of specific activity of
238y, 2Th and “°K reported to be within the admis-
sible range.

Inductively coupled plasma mass spectrometry
(ICP-MS) was used for the determination of U and
Th contents, 28U/2Th and 2°U/?*8U ratios (Mihay-
lova et al., 2013). The results showed that the Th
and U concentrations in the soils were over 50 times

higher than the background values, although the
sampling sites were not shown. The U/Th ratio was
markedly higher than the control value, suggesting
contamination with uranium. The concentrations of
U and Th in dandelion, wheat and grass collected
near the radioecologically problematic area were
found to be higher in comparison with plant samples
from unpolluted area.

This study reports the contents of heavy me-
tals, U and Th in agricultural soils and plants in the
vicinity of Buhovo town and adjacent reclaimed
tailings impoundment.

STUDY AREA

The Buhovo ore field comprises around 10
uranium deposits which are genetically and spa-
tially related to the Buhovo-Seslavtsi pluton and
some are hosted in it. Buhovo-Seslavtsi pluton out-
crops on the surface as a small (2.5x3 km) stock of
monzonite, syenite and quartz-syenite with a grad-
ual transition between them. The syenites and mon-
zonites are cut by dykes of various compositions in
the following order of emplacement: syenite-aplite,
microsyenites (bostonites) and peralkaline syenite
to granite-porphyries (Dyulgerov and Platevoet,
2009). Quaternary materials overlay the primary
rocks in the southern part of the studied area.

The host rocks of the uranium deposits are: 1)
mainly Silurian argillite and shale with high content

of organic matter; 2) rarely — the magmatic rocks;
and 3) occasionally — the Ordovician argillite and
shale. The tectonic fractures are ore-controlling.
The metasomatic ore bodies are stocks, lenses and
veins with inconstant uranium content. The main
primary mineral is uraninite (pitchblende) associ-
ated with other minerals, such as pyrite, chalco-
pyrite, tennantite, galena, sphalerite, calcite, dolo-
mite and ankerite. Torbernite and autunite occur in
the near surface zone. Other rare secondary minerals
identified in the deposits are kasolite, soddvite, ura-
nocircite, phosphoruranilite, sabugalite, dewindtite
and bessetite (Kalaidjiev, 2009).

MATERIALS AND METHODS

Soil and plant sampling

In September 2015, nine soil samples (S1-7,
S9-10) were collected from the upper soil layer (5—
25 cm depth) and one sample (S8) was taken from
25 to 40 cm depth according to the I1ISO 10381-1:2005
and ISO 10381-2:2005. The sampling location of
S7, S8 and S9 is from private gardens in Buhovo
town where heavy metal industrial contamination is
less likely possible. The samples S7 and S8 were
taken at one place, but from different depth. The
other soil samples were gathered from agricultural
areas between the tailings impoundment and Yana
village. The weight of each sample was ~1 kg. Five
plant samples — wheat stems (P1), reed (Typha)
stems and leaves (P2), sunflower (Helianthus annu-
us) heads and upper parts of the stems (P3), wild
briar (Rosa canina) fruits (P4) and hawthorn (Cra-
taegus monogyna) fruits (P5) were collected as well.
The sampling sites of plants and soils are closely
located (Figure 1).
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5.1 :1 Sample location and | 1 km

Fig. 1. Simplified sketch map of Buhovo region with sampling
points of soils (S) and plants (P)
(modified after Angelov, 2010).
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Sample preparation

Soil samples. The samples were air-dried, ho-
mogenized and sieved. A 3-5 g portions of <0.063
mm fractions were analyzed. The chemical analyses
were performed at the Acme Labs — Canada, using
ICP-MS in accordance with ISO/IEC-17025:2005.

The soils pH was measured using 1 : 2.5 (wt :
wt) ratio of soil sample and deionized water. The

mixtures were stored at 25°C, homogenized five
times and pH was measured after 16 h.

Plant samples. The samples were oven-dried
at 60°C for 10 h and milled. After that, 0.5 g of the
sample was mixed with 20 ml acid solution (1:1:1
HNOs: HCI : H20) and digested in microwave. The
analysis was performed using ICP-MS at the Acme
Labs.

RESULTS AND DISCUSSION

Heavy metals contents in soils

The measured and the recommended concen-
tration of Cu, Ni, Zn, Pb, Cd, Cr, As, Hg, U, Th as

100
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01

Cu Ni 7Zn Pb Cd

Fig. 2. Heavy metals concentrations (mg/kg) in soil samples

well as the U/Th ratio and pH (slightly acidic to
neutral, 6.85 — 7.36) of soil samples are showed in
Figure 2 and Table 1.
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Table 1
pH , U and Th concentrations (mg/kg) in soil samples
S1 S2 S3 S4 S5 S6 ST S8 S9  S10
pH 6.88 6.8 7.02 728 733 740 6589 738 73 736
U 1.6 1.8 1.2 1.1 08 07 22 27 26 430
Th 7.4 5.6 8.0 7.9 75 68 252 208 60 77
UITh 022 032 015 014 011 010 009 013 04 558

Geologica Macedonica, 34 (2), 105-110 (2020)



108 T. Stoylkova, V. Mladenova, D. Dimitrova

The results showed that the concentrations of
Cu, Ni, Zn, Cd, Cr and Hg in all soil samples were
below the recommended by the Bulgarian Regula-
tion Ne 3, 2008 (Figure 2.). The Pb contents in nine
samples were higher than recommended levels.
Only in S7 soil sample the Pb value was lower — 65
mg/kg. The S10 sample was collected from the Ma-
nastirska riverside. Manastirska river drains the
Buhovo tailings impoundment and therefore the
concentration of all heavy metals and U in S10
sample were higher in comparison to other samples.
In the same S10 sample, the highest concentration
of Pb (163.7 mg/kg) was detected, which was 1.5
times more than standard value. The analytical
results for the As values showed lower levels in S5
and S6 samples. The As concentrations in other so-
ils were two to three times higher than the recom-
mended (Bulgarian Regulation Ne 3, 2008).

The heavy metals in S7 (surface) and S8
(depth) samples showed increased concentrations of
Cu, Pb, Zn, Cd and Hg in the depth. Therefore, the
rock forming substrate origin of the heavy metals
was assumed (Tomovski et al., 2019, Dyulgerov,
2005). Uranium and thorium contents in uncontami-
nated soils worldwide vary within the range of 1.9 —
4.4 mg/kg and 8.1 — 11 mg/kg, respectively (Ka-
bata-Pendias, 2011). The highest uranium concen-
tration was measured in sample S10 (43 mg/kg),
while the Th content was 7.7 mg/kg (Table 1). The
calculated U/Th ratios indicate small variations of
0.09 (S1) to 0.43 mg/kg (S9). Only for the soil
sample S10 it was 5.6 mg/kg (Table 1), suggesting
contamination with uranium. Additionally, decreas-
ing contents of Zn, As, U and Th from Buhovo town

Table 2

(S7, S8, S9) towards Yana village (S1, S2, S3, S4,
S5 and S6) were observed. These higher values in
samples from Buhovo town could possibly be due
to the participation of Buhovo-Seslavtsi pluton
rocks and uranium minerals in the soil formation
process as these rocks are enriched in As, U and Th
(Dyulgerov, 2005).

In the vicinity of the Yana village Paleozoic
and Mesozoic sedimentary rocks containing small
quantities of heavy metals have contributed in the
soil forming process. Therefore, the concentrations
of Cu, Ni, Zn, Pb, Cd, Cr, As, Hg, U and Th in the
agricultural soil samples decreased in north-south-
ern direction from Buhovo town to Yana village.

Heavy metals contents in plants

The contents of heavy metals (Cu, Ni, Zn, Pb,
Cd, Cr, As, Hg, U, Th) and U/Th ratio in the plant
samples are presented in Table 2. The measured
concentrations of Pb, As, Cd and Hg were compared
to the values listed in Regulation Ne 10, 2009. Lead
and arsenic contents in wheat stem and sunflower
heads were higher than recommended, whereas Cd
and Hg were within the permissible concentration
ranges for all plant samples.

Low levels of Cu, Zn and Cr(l1l) are essential
for humans, animals and plants. They are necessary
for maintaining good health of the organisms
(ATSDR, 2018). However, high levels, particularly
of Cr(VI), can cause harmful effects depending on
the dosage, duration of intake and the route of
exposure. The highest concentrations of Cr were
detected in wheat stems and in sunflower.

Heavy metals, U and Th concentrations (mg/kg) in plant samples

Regulation P1 P2 P3 P4 P5
Ne 10 wheat steams reed sunflower wild briar hawthorn

Cu - 6.56 5.9 20.11 4.38 3.69
Ni - 6.2 1.6 53 0.5 0.7
Zn - 24 133.5 40 9.1 9.5
Pb 10 10.67 112 14.46 0.07 0.25
Cd 1 0.21 0.05 0.24 <0.01 0.04
Cr - 13.7 53 8.0 15 15
As 2 29 0.2 31 <0.01 <0.01
Hg 0.1 0.017 0.021 0.039 0.004 0.002
U - 0.15 0.03 0.22 <0.01 <0.01
Th - 0.9 <0.01 0.37 <0.01 <0.01
U/Th - 0.17 - 0.59 - -
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The highest Zn contents (133.5 mg/kg) was
found in reed (stem and leaves). This is probably
due to reed's preferential absorption of Zn and the
soil substrate, which is probably enriched in Zn,
situated near S10 soil sample, showing the highest
trace elements content.

The U and Th contents in the wheat and
sunflower were considerably higher in comparison
to reed, the fruits of wild briar and hawthorn. The
wheat and sunflower samples were collected from
the places of S1 and S2 soil samples, respectively.
The comparison of their U/Th ratios clearly indicate
uranium enrichment of the sunflower and thorium
enrichment of the wheat samples. According to
Kabata—Pendias (2011) the contents of U and Th in
the plants vary widely within a broad range and
follow their occurrence in soils. Wheat is known to
accumulate amounts from 0.0032 to 0.019 mg/kg,
whereas sunflower from 0.043 to 0.24 mg/kg. In the
wild briar, hawthorn and reed fruits the contents of
U and Th were below the detection limit.

CONCLUSIONS

The aim of this research was to provide an
assessment of heavy metals contamination in agri-

cultural soil and plants cultivated or grown on these
soils. Due to weathering processes all rocks in the
area take part in the soil formation.

The lead and arsenic contents in the soil
samples were higher than recommended values. The
highest concentrations of U, Th and As were
measured in soil samples collected from Buhovo
town. These soils have been formed close to the
uranium deposits related to the Buhovo-Seslavtsi
pluton.

The Manastirska River drains the Buhovo
tailings impoundment therefore the concentration of
all heavy metals and U in the sample from its water-
front were higher compared to the other samples.

The contents of heavy metals, U and Th in the
agricultural soil samples decrease in north-southern
direction due to the increasing of distance from the
uranium deposits.

Among the plant samples sunflower and wheat
stems showed higher values of Pb, As, Cr and Cu
than recommended. The U/Th ratio showed that the
sunflower and wheat were enriched of U and Th,
respectively.
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Peszume

TEINKHAW METAJIU, YPAHUYM U TOPUYM BO IIOYBUTE U PACTEHUJATA
O/1 OBJIACTA HA BYXOBO, BYT'APUJA

Tama Crounakosal, Bacuika Muagenosal, Jumutpuna Jumurposa’

10ggen 3a muneparotuja, ietporoluja u exkonomcka teoroluja, I'eorowro-teotpagpcku akyainerd,
Coghucku Ynusepsuiueiu ,, Ce. Kaumeniti Oxpugcku *, Coghuja 1504, 6ya. Llap Ocaoboguivien 15
2Ieosowxu unctuuityim, Bytapcka akagemuja Ha HayKuite
oya, Axag.l" . bonues, 24, 1113 Coghuja, Bytapuja
tstoilkova@gea.uni-sofia.bg

Knyuynu 300poBu: ypaHUyM; TEIIKA METAIIN; IOYBHU; PAaCTEHH]a; ypaHHYMOBa pyaHa ob1acT byxoso

Wcnurysanu ce 10 mpumepoiu nousa u 5 npuMepoLH pac-
TEHHja 3eMEHHU OJ] IIPUBATHY I'PaJUHU BO rpasoT byxoBo u ox
3€MjOIeJICKH ITOBPLIMHHE IToMery rpanot byxoBo u cenoro Jana,
Byrapuja. 3a omnpezenyBame Ha KoHIeHTpanujata Ha Cu, Pb,
Zn, Cd, Hg, Ni, As, Cr, U u Th Gemre kopucTeHa MaceHa CIiek-
TPOMETPHja CO UHAYKTUBHO crperHara miasma (ICP-MS). Pe-
3yNTaTHTE MOKaKaa MOBHCOKU KOHIEHTpanuu Ha Pb u AS Bo
npuMeponute mousa. Bucoka coapkuna Ha U u Th Gemre y1-
Bp/IeHa BO NPHMEPOLIMTE Ha M0YBa O] NPHBATHU TPaJMHU O]

rpanot ByxoBo u ox 6peror Ha Manactupcka Pexa. Kaj pacre-
HHjata BUCOKa coapxuna Ha Pb, As, Cr u Cu Geure yaBp/eHa
BO IIPUMEPOLIUTE COHYOIIIEN ¥ BO cTeOsoTo Ha muenuna. Cro-
penbara Ha ogaocor U/Th Bo mpumeporure Ha moysara U Ha
pacTeHHjaTa jacHO MOKaka 300TaTyBame CO YpaHHYM BO COH-
YOTJIeZ0T U cO TopuyM Bo muenunara. Conpxunara Ha U u Th
BO IIUIKH ¥ BO IUIOZOBUTE HA TJIOT U TpcKa Oellie 1moJ| rpaHu-
[UTE Ha ICTEKIH]a. .
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